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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(2) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LS| are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.
— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LS| is not guaranteed if they are accessed.
4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
stabilized.
— When the clock signal is generated with an external resonator (or from an external oscillator) during
a reset, ensure that the reset line is only released after full stabilization of the clock signal. Moreover,
when switching to a clock signal produced with an external resonator (or by an external oscillator)
while program execution is in progress, wait until the target clock signal is stable.
5. Differences between Products
Before changing from one product to another, i.e. to one with a different type number, confirm that the
change will not lead to problems.
— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.




How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the M16C/29 Group. Make sure to refer to the latest versions of these documents.
The newest versions of the documents listed may be obtained from the Renesas Technology Web site.

Document Type Description Document Title | Document No.
Datasheet Hardware overview and electrical characteristics | M16C/29 Group |REJ09B0101
Datasheet
Hardware manual | Hardware specifications (pin assignments, M16C/29 Group | This hardware
memory maps, peripheral function Hardware Manual | manual

specifications, electrical characteristics, timing
charts) and operation description

Note: Refer to the application notes for details on
using peripheral functions.

Software manual | Description of CPU instruction set M16C/60, REJ09B0137
M16C/20,
M16C/Tiny Series
Software Manual
Application note | Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update |etc.




2.

Notation of Numbers and Symbols
The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.
(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO03 bit in the PMO register
P35 pin, VCC pin
(2) Notation of Numbers

The indication “2” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “16” is appended to humeric values given in hexadecimal format. Nothing
is appended to numeric values given in decimal format.
Examples Binary: 112

Hexadecimal: EFAQ16

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described below.

XXX Register

b7 b6

b5 b4 b3 b2

0 Symbol Address After Reset
XXX XXX 0016

1 1 1 1 1 1 1 1
I T T T A R
vt b1 Bit Symbol Bit Name Function RW *9
1 1 1 1 1 1 1 1 /
A A XXX bit b1.00
Py its 10: XXX @
A A A 0 1: XXX
i i i i i i i 1 0: Do not set.
: : : : : : I XXX1 11 XXX RW
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
A R — Nothing is assigned. If necessary, set to 0.
HE B (b2) When read, the content is undefined. - |3
b —
1 1 1 1 1
A A . | Reserved bits |
oo (b3) eserved bits Setto O. RW |«
T
P ) . . , ]
L S XXXA XXX bits Function varies according to the operating RW
o mode.
1 1 1
1 1 1
1 1 1
1 1 1
IR R OV XXX5 WO
P
1 1
1 1
P
| mmmmmmmmmmmemeoed XXX6 RW
i
i
L L L PP L P L XXX bit 0: XXX

XXX7 1 XXX RO

*1

Blank: Set to 0 or 1 according to the application.
0: Setto 0.
1: Setto 1.

X: Nothing is assigned.

*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.

*3
* Reserved bit
Reserved bit. Set to specified value.

*4

* Nothing is assigned
Nothing is assigned to the bit. As the bit may be used for future functions, if necessary, set to 0.

* Do not set to a value
Operation is not guaranteed when a value is set.

» Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for information
on the individual modes.




4. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment bus
/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator
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16.4.3 Bit 4: Data Format Select Bit (ALS) ........oooiiiiiiiiiiiiiiiiiee et 267
16.4.4 Bit 6: 1°C bus Interface Reset Bit (IHR) ........ueeiiiieiiiiiieee e 267
16.4.5 Bit 7: 1°C bus Interface Pin Input Level Select Bit (TISS) .......cccvvveveeiiiiiiiiieneenns 268
16.5 17CO Status Register (S10 regISEI) ....uuueiiiieeiiiiiiiiiee et e e ereeee e e e 269
16.5.1 Bit 0: Last ReceiVe Bit (LRB) .....cccuiiiiiiiiiiii ittt 269
16.5.2 Bit 1: General Call Detection Flag (ADRO) ........ccccuuiiiiiiiiiiiiiiieeeeeee e 269
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16.5.3 Bit 2: Slave Address Comparison Flag (AAS) ......uoiieiiiiiiiiii e 269

16.5.4 Bit 3: Arbitration Lost Detection Flag (AL) .....coooevviiiiiiiiiiiiieeeeeee e 269
16.5.5 Bit 4: I°C bus Interface Interrupt Request Bit (PIN) ......ccvveveiieiiiiiiiiii, 270
16.5.6 Bit 5: BUS BUSY FIagQ (BB) ....uiiiiiiiiiiiii ettt 270
16.5.7 Bit 6: Communication Mode Select Bit (Transfer Direction Select Bit: TRX)....... 271
16.5.8 Bit 7: Communication mode select bit (master/slave select bit: MST) ................ 271
16.6 12C0 Control Register 1 (S3DO0 regiStEr) ....ccciiiieeiieie e 272
16.6.1 Bit O: Interrupt Enable Bit by STOP Condition (SIM ) .......cooviiiiiiiiiiiiiieiiiieieeeeee, 272
16.6.2 Bit 1: Interrupt Enable Bit at the Completion of Data Receive (WIT) .................. 272
16.6.3 Bits 2,3 : Port Function Select Bits PED, PEC .........ccooiiiiiiiiiiein 273
16.6.4 Bits 4,5 : SDA/SCL Logic Output Value Monitor Bits SDAM/SCLM .................... 274
16.6.5 Bits 6,7 : 12C System Clock Select Bits ICKO, ICKL .......evvviiiiiiiieiieiiiiiiiiiiee, 274
16.6.6 Address Receive in STOP/WAIT MOAE .......ccooeviiiiiiiiiiiiieeeeeee e 274
16.7 12C0 Control Register 2 (S4D0 REJISIEN) ...ccooeieiieeieee et 275
16.7.1 Bit0: Time-Out Detection Function Enable Bit (TOE) ........ccccovvvviiiiiieiiiiiiiiieeeeeens 276
16.7.2 Bitl: Time-Out Detection Flag (TOF )....couuuiiiiiiiiiie e 276
16.7.3 Bit2: Time-Out Detection Period Select Bit (TOSEL) .......coooevvvviiiiiiieiiiiiiieieeeeees 276
16.7.4 Bits 3,4,5: I12C System Clock Select Bits (ICK2-4) .........uuveeeiiiieiiiiiiieeiieeeeeeeceee, 276
16.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN).........ccccccevvereenn. 276
16.8 1°CO START/STOP Condition Control Register (S2D0 RegiSter) ........c.ccccuvveveeeennnnnee. 277
16.8.1 Bit0-Bit4: START/STOP Condition Setting Bits (SSCO-SSC4) ..........ceeevvviviinnne 277
16.8.2 Bit5: SCL/SDA Interrupt Pin Polarity Select Bit (SIP) .........uuveiiiiiiiiiiiiiiiiiiiiee 277
16.8.3 Bit6 : SCL/SDA Interrupt Pin Select Bit (SIS) .......ccccuviiiiiiiiiiiiiieeeeeeeees 277
16.8.4 Bit7: START/STOP Condition Generation Select Bit (STSPSEL) .............ccene. 277
16.9 START Condition Generation Method ...............uuiiiiiiiiiie e 278
16.10 START Condition Duplicate Protect FUNCHON ..........cccociiiiiiiiiiiiiiiiieeeeeeeee e 279
16.11 STOP Condition Generation Method ...............uuuiiiiiiiiii e 279
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G T o% - 11 1 o USSR 284
17. CAN Module 287
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17.1.1 CANDO MESSAGE BOX ..ceeeeiiriiiiiiiiiiee ettt e e e e e e 289
17.1.2 Acceptance Mask REQISIEIS .......cuuiiiiiiiiieiie ettt 291
17.1.3 CAN SFR REQISIEIS ....uutitiiiiiiiiiiiiiiiie e ettt e e e e e e e e e e e e e e e e e e e e e 292
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17.2 Operating MOUES .......uiiiiiiiiiiii et e e e e e e e et e e e e e e e e e e e e aaaa s 300

17.2.1 CAN Reset/Initialization MOAE .........cooooiiiiiiiiiiiiii e 300
17.2.2 CAN Operating MOAE ........ouuiiiiiiiiiii et e e et eeeeaae 301
17.2.3 CAN SIEEP MOUE ....ueiciiiii e e et e e e e e e e eaaaaas 301
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17.9 LiSteN-ONlY MOUE ......uuiiiiiiiiiie e e e e e e e et e e e e e aaae e as 308
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At O I =T o T o] £ PSP 310
17.010.2 TrANSIMISSION «...iiiiiiieiiiieitti e e e e e ettt e ettt e s e e e e e e e e e e e e e e e e s sebbaaa e a e e e e e eeeaaaas 311
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18.1 CRC SNOOP ..eeeeiiiiiiieeett et e ettt e e e e e e e e et e e e e e e e et bab e e e e e e e e e eaeeeenennrrn 313
19. Programmable 1/O Ports 316
19.1 Port Pi Direction Register (PDi Register, i =010 3, 6 10 10) .....cevvvveiiiiiiiiiiniiiiiiiiiins 316
19.2 Port Pi Register (Pi Register, i =010 3, 6 10 10) ......cccoiiiiiiiiiiiiiiiiiieeeeeeeee e 316
19.3 Pull-up Control Register 0 to 2 (PURO t0 PUR2 REQISIEIS) .....evvviiiiiiiiiiiiiiiiiiiiiiies 316
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A-7
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20.7.4 Program CoOmMMANT (4016) ......uuuuuurrriiieiieieeieeaeeeeeeeesass st eeeeaeeeaaeeeeeeeas 348
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Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol Page
000016 004016
000116 004116 | CANO wakeup interrupt control register CO1WKIC 76
000216 004216 | CANO successful reception interrupt control register CORECIC 76
000316 004316 | CANO successful transmission interrupt control regiser | COTRMIC 76
000415 | Processor mode register 0 PMO 44 004415 | INT3 interrupt control register INT3IC 76
000515 | Processor mode register 1 PM1 44 004515 | IC/OC 0 interrupt control register ICOCOIC 76
000615 | System clock control register 0 CMO 49 004615 | IC/OC 1 interrupt control register, ICOC1IC 76
000715 | System clock control register 1 CM1 50 12C bus interface interrupt control register | 1ICIC 76
000816 004715 | IC/OC base timer interrupt control register| BTIC 76
0009:s | Address match interrupt enable register | AIER 88 ScLSDA interrupt control register SCLDAIC 76
000Ass | Protect register PRCR 69 004815 | SI/O4 interrupt control register, S41C 76
000B1s INTS5 interrupt control register INTSIC 76
ooocss | Oscillation stop detection register CM2 51 004915 | SI/O3 interrupt control register, S3IC 76
000D16 INT4 interrupt control register INT4IC 76
000E1s | Watchdog timer start register WDTS 90 004A16 | UART2 Bus collision detection interrupt control register | BCNIC 76
oooris | Watchdog timer control register WDC 90 004B1s | DMADO interrupt control register DMOIC 76
001015 004C1s | DMA1 interrupt control register DM1IC 76
oo11:s |Address match interrupt register O RMADO 88 004D1s | CANO error interrupt control register CO1ERRIC 76
001216 004E1s | A/D conversion interrupt control register | ADIC 76
001316 Key input interrupt control register KUPIC 76
001416 004F1s | UART2 transmit interrupt control register S2TIC 76
00151 |Address match interrupt register 1 RMAD1 88 005015 | UART2 receive interrupt control register S2RIC 76
001616 005116 | UARTO transmit interrupt control register SOTIC 76
001716 005215 | UARTO receive interrupt control register SORIC 76
001816 005316 | UARTL1 transmit interrupt control register S1TIC 76
001915 | Voltage detection register 1 VCR1 41 005415 | UARTA receive interrupt control register S1RIC 76
001A1s | Voltage detection register 2 VCR2 41 005516 | Timer AQ interrupt control register TAOIC 76
001B16 00561 | Timer Al interrupt control register TAlIC 76
oo1css | PLL control register O PLCO 53 005716 | Timer A2 interrupt control register TA2IC 76
001D1s 005816 | Timer A3 interrupt control register TA3IC 76
001E1s | Processor mode register 2 PM2 52 005916 | Timer A4 interrupt control register TA4IC 76
001Fss | Low voltage detection interrupt register | D4INT 42 005A1s | Timer BO interrupt control register TBOIC 76
002016 005B1s | Timer B1 interrupt control register TB1IC 76
00211 | DMAO source pointer SARO 95 005C16 | Timer B2 interrupt control register TB2IC 76
002215 005D16 | INTO interrupt control register INTOIC 76
002315 005E1s | INT1 interrupt control register INT1IC 76
002415 005F16 | INT2 interrupt control register INT2IC 76
002516 | DMAO destination pointer DARO 95 006016
002616 006116
gzgi: ggz:z CANO message box 0: Identifier/DLC 289
DMAQO transfer counter TCRO 95
002916 006416
002A16 006516
002B16 006616
002c:s | DMAO control register DMOCON 94 006716
002D16 006816
002E:0 0069:e CAN 0 message box 0: Data field 289
002F16 006A16
003016 006B16
00311 | DMA1 source pointer SAR1 95 006C16
003216 006D16
0083:e 0068 | = ANO message box 0: Time stamp 289
003416 006F16
003515 | DMA1 destination pointer DAR1 95 007016
003616 007116
o oo | cANO message box 1 Identifier/DLC 289
DMAL1 transfer counter TCR1 95
003916 007416
003A16 007516
003B16 007616
003cis | DMA1 control register DM1CON 94 007716
003D16 007816
0031 007%:¢ | = AN 0 message box 1: Data field 289
003F16 007A16
Note: The blank areas are reserved and cannot be accessed by users. 00781
007C16
007D16
007826 CANO message box 1: Time stamp 289
007F16
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Quick Reference to Pages Classified by Address

00BF16

00FF16

Address Register Symbol | Page Address Register Symbol | Page
008016 00CO016

008116 00C116

22::: CANO message box 2: Identifier/DLC 289 222;: CANO message box 6: Identifier/DLC 289
008416 00C416

008516 00C516

008616 00C616

008716 00C716

008816 00C816

008915 ) 00C916 )

008As CANO message box 2: Data field 289 00CAL CANO message box 6: Data field 289
008B1s 00CB1s

008C16 00CC1s

008D16 00CD1s

008E1s . 00CE1s .

008F15 CANO message box 2: time stamp 289 00CF16 CANO message box 6: time stamp 289
009016 00DO016s

009116 00D116

009226 CANO message box 3: Identifier/DLC 289 00D2se CANO message box 7: Identifier/DLC 289
009315 00D316

009415 00D416

009516 00D516

009615 00D616

009716 00D716

009816 00D816

009916 ) 00D916 "

009A CANO message box 3: Data field 289 00DAL CANO message box 7: Data field 289
009B1s 00DB1s

009C16 00DC16

009D16 00DD1s

009E1s ) 00DE1s ]

009F 1 CANO message box 3: time stamp 289 00DF1e CANO message box 7: time stamp 289
00A015 00EO15

00A11s 00E11s

00AZ:e CANO message box 4: Identifier/DLC 289 00E2:e CANO message box 8: Identifier/DLC 289
00A315 00E31s

00A41s 00E41s

00A516 00E516

00A616 00E616

00A718 00E718

00A816 00E81s

00AS:e CANO message box 4: Data field 289 00E91e CANO message box 8: Data field 289
00AA16 00EA16

00AB1s 00EB1s

00AC1s 00EC1s

00AD1s 00ED1s

00AE1s . O00EE1s .

00AF1e CANO message box 4: time stamp 289 00EF1e CANO message box 8: time stamp 289
00B01s 00F016

00B11s 00F116

00B21s - 00F216 .

008316 CANO message box 5: Identifier/DLC 289 00F31s CANO message box 9: Identifier/DLC 289
00B416 00F416

00B516 00F516

00B61s 00F615

00B715 00F716

00B81s 00F816

008915 ) 00F916 )

00B A CANO message box 5: Data field 289 00F A CANO message box 9: Data field 289
00BB1s 00FB16

00BCis 00FCis

00BD16 00FD16

9982 ) ANO message box 5: time stamp 289 00FEss CANO message box 9: time stamp 289

Note: The blank areas are reserved and cannot be accessed by users.
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Quick Reference to Pages Classified by Address

Address Register Symbol | Page Address Register Symbol | Page
010016 014016

010116 014116

010216 . 014216

o103, | CANO message box 10: Identifer/DLC 289 o143, | CANO message box 14: Identifier/DLC 289
010416 014416

010516 014516

010616 014616

010716 014716

010816 014816

oo |CANO message box 10: Data field 289 o | CANO message box 14: Data field 289
010B1s 014B1s

010C16 014Cie

010D1e 014Dss

212: CANO message box 10: time stamp 289 zi:: CANO message box 14: time stamp 289
011016 015016

011116 015116

011216 - 015216

o113, | CANO message box 11: Identifier/DLC 289 o153, | CANO message box 15: Identifier/DLC 289
011416 015416

011516 015516

011616 015616

011716 015716

011816 015816

gﬁiﬁ CANO message box 11: Data field 289 gi/g_\l; CANO message box 15: Data field 289
011B16 015B16

011C16 015C16

011D16 015D16

011E1s . 015E16

011, | CANO message box 11: time stamp 289 o155, | CANO message box 15: time stamp 289
012016 016016

012116 016116

012216 g 016216 i

01231 CANO message box 12: Identifier/DLC 289 o163 | CANO global mask register COGMR 201
012416 016416

012516 016516

012616 016616

012716 016716

v 01680 CANO local mask A register COLMAR 291
012916 ) 016916

o12A, | CANO message box 12: Data field 289 01671

012B1s 016B1s

012C16 016C16

012D16 016D16

212511: CANO message box 12: time stamp 289 Zizzz CANO local mask B register COLMBR 201
013016 017016

013116 017116

013216 . 017216

01331 CANO message box 13: Identifier/DLC 289 017320

013416 017416

013516 017516

013616 017616

013716 017716

013816 017816

013916 ) 01791

013A1 CANO message box 13: Data field 289 017Au

013B16s 017B16

013C16 017Cis

013D16 017D16

013E1s . 017E16

013F1s CANO message box 13: time stamp 289 017F10

Note: The blank areas are reserved and cannot be accessed by users.




Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol Page
018016 024016
018116 024116
018216 024216 . )
018310 02431 CANO acceptance filter support register] COAFS 299
018416 024416
018516 024516
018616 024616

024716

024816

024916
01BO016 024A16
01B1s 024C16
01B216 024D16
01B31s | Flash memory control register 4 (Note 2)| FMR4 342 024E16
01B41s 024F1s
01B51s | Flash memory control register 1 (Note 2)| FMR1 341 025016
01B61s 025116
01B71s | Flash memory control register 0 (Note 2)| FMRO 341 025216
01B81s 025316
01B916 025416
01BA1s 025516
01BB1s 025616
01BCie 025716

025816

025916

025A15 | Three-phase protect control register TPRC 139
02001 | CANO message control register 0 COMCTLO 292 025B16
02011 | CANO message control register 1 COMCTL1 292 025C1s | On-chip oscillator control register ROCR 50
020215 | CANO message control register 2 COMCTL2 292 025D1s | Pin assignment control register PACR 177, 326
020315 | CANO message control register 3 COMCTL3 292 025E1s | Peripheral clock select register PCLKR 52
020415 | CANO message control register 4 COMCTL4 292 025F1s | CANO clock select register CCLKR 53
020516 | CANQ message control register 5 COMCTL5S 292
020615 | CANO message control register 6 COMCTL6 292
020715 | CANO message control register 7 COMCTL? 292
02081 | CANO message control register 8 COMCTLS8 292
02091 | CANO message control register 9 COMCTL9 292
020A15 | CANO message control register 10 COMCTL10 292
020B1s | CANO message control register 11 COMCTL11 292
020C1s | CANO message control register 12 COMCTL12 292
020D16 | CANO message control register 13 COMCTL13 292
020E1s | CANO message control register 14 COMCTL14 292
020F1s | CANO message control register 15 COMCTL15 292
gigi: CANO control register COCTLR 203
021216 .
021315 CANO status register COSTR 294
021416 )
021515 CANO slot status register COSSTR 295

> - -

giiz CAN 0 interrupt control register COICR 296 zzzz I°CO data shift register 500 258
021816 i 02E215 |12CO address register S0DO0 257
0219, | CANO extended ID register COIDR 296 02E31s | 12C0 control register 0 S1D0 259
021A1s . i i 02E415 | 12CO clock control register S20 258
021B16 CANO configuration register COCONR 297 02E515 | 12CO start/stop condition control registerf S2D0 263
021C1s | CANO receive error count register CORECR 298 02E61 | 12CO control register 1 S3D0 261
021Dss | CANO transmit error count register COTECR 298 02E716 IECO control register 2 S4D0 262
2212: CANO time stamp register COTSR 299 z;zi: I7CO status register 10 260
021016 02EA1s
02FE1s 02FE1s
02FF16 02FF16

Note 1: The blank areas are reserved and cannot be accessed by users.

Note 2: This register is included in the flash memory version.
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Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol Page
0300 | 131 WG register 0 G1TMO, GIPOO| 146,147 034015

030116 034116

0302 | T\ WG register 1 G1TM1, G1PO1| 146,147 034215 | 1ymer AL-1 register TA11 130
030316 034316

0304 | T\, WG register 2 G1TM2, G1PO2| 146,147 034415 | Timer A2-1 register TA21 130
030516 034516

03061 | T\ WG register 3 G1TM3, GIPO3| 146,147 03481 | Timer A4-1 register TA41 130
030716 034716

030815 . 034815 | Three-phase PWM control register 0 INVCO 127
030916 M, WG register 4 GLTM4, G1PO4| 146,147 034915 | Three-phase PWM control register 1 INVC1 128
030A1s . 034A1s | Three-phase output buffer register 0 IDBO 129
030B1s M, WG register 5 GLTMS, G1POS| 146,147 034B16 | Three-phase output buffer register 1 IDB1 129
030C16 T™, WG register 6 G1TM6, G1POS| 146,147 034ci6 | Dead time timer DTT 129
030D16 034D16 | Timer B2 interrupt occurrence frequency set counter] [CTB2 129
030E1s T™, WG register 7 GITM7, G1PO7| 146,147 03416 | Position-data-retain function contol register PDRFE 137
030F1s 034F16

031016 | WG control register 0 G1POCRO 146 035016

031136 | WG control register 1 G1POCR1 146 035116

031216 | WG control register 2 G1POCR2 146 035216

031316 | WG control register 3 G1POCR3 146 035316

031416 | WG control register 4 G1POCR4 146 035416

031516 | WG control register 5 G1POCR5 146 035518

031616 | WG control register 6 G1POCR6 146 035616

031715 | WG control register 7 G1POCRY 146 035716

031815 | TM control register 0 G1TMCRO 145 035815 | Port function control register PFCR 139
031955 | TM control register 1 G1TMCR1 145 035916

031A15 | TM control register 2 G1TMCR2 145 035A16

031B1s | TM control register 3 G1TMCR3 145 035B16

031C1s | TM control register 4 G1TMCR4 145 035Ci6

031Ds1s | TM control register 5 G1TMCR5 145 035D16

031E1s | TM control register 6 G1TMCR6 145 035E16 | Intermupt request cause select register 2 IFSR2A 77
031F1s | TM control register 7 G1TMCRY 145 035F1s | Interrupt request cause select register | IFSR 77,85
032015 Base timer register G1BT 142 036015 | SI/O3 transmit/receive register S3TRR 218
032116 036116

032215 | Base timer control register 0 G1BCRO 142 036215 | SI/O3 control register S3C 218
032315 | Base timer control register 1 G1BCR1 143 036315 | SI/O3 bit rate generator S3BRG 218
032415 | TM prescale register 6 G1TPR6 145 036415 | SI/O4 transmit/receive register S4TRR 218
032555 | TM prescale register 7 G1TPRY 145 03651

032615 | Function enable register GI1FE 148 036615 | SI/O4 control register S4C 218
032715 | Function select register G1FS 148 036715 | SI/O4 bit rate generator S4BRG 218
032815 | Base timer reset register G1BTRR 144 03681

032916 036916

032a16 | Divider register G1DbV 143 036A15

032B16 036B16

032C16 036C16

032D16 036D16

032E16 036E16

032F16 036F16

033016 | INnterrupt request register G1IR 149 037016

033116 | Interrupt enable register 0 G1IEQO 150 037116

033216 | Interrupt enable register 1 GlIE1 150 037216

033316 037316

033416 037415 | UART2 special mode register 4 U2SMR4 179
033516 037515 | UART2 special mode register 3 U2SMR3 179
033616 037615 | UART2 special mode register 2 U2SMR2 178
033716 037715 | UART2 special mode register U2SMR 178
033816 037816 | UART2 transmit/receive mode register U2MR 175
033916 037916 | UART2 bit rate generator U2BRG 174
033Ass 037 UART?2 transmit buffer register u2TB 174
033B16 037B16

033Ci6 037Ci16 | UART2 transmit/receive control register 0 U2Co 176
033D16 037D16 | UART2 transmit/receive control register 1 U2C1 177
033E1s | NMI digital debounce register NDDR 327 037E1s ) :

033F:s | P17 digital debounce register P17DDR 327 037F16 UART? receive buffer register U2RB 174

Note : The blank areas are reserved and cannot be accessed by users.
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Quick Reference to Pages Classified by Address

Note : The blank areas are reserved and cannot be accessed by users.

B-6

Address Register Symbol Page Address Register Symbol Page

0380 | count start flag TABSR 11%2 118, 08¢0 | A/ register 0 ADO 226
03Cl1e

038116 | Clock prescaler reset flag CPSRF 105,118| 03C21s .

038215 | One-shot start flag ONSF 105 03C31s A/D register 1 AD1 226

038315 | Trigger select register TRGSR 105,132 03C416 .

03840 | Up-down flag UDF 104 oacsys | VD register 2 AD2 226

o ‘ oco | AID register 3 AD3 226

038716 Timer AO register TAO 104 03081 _

03880 | . ) 03G9 A/D register 4 AD4 226

038956 Timer Al register TAl 104 03CAL _

038 | . ] 03CB1s A/D register 5 AD5 226

038810 Timer A2 register TA2 104 03CCas _

038Css | . ] 03CD1s A/D register 6 AD6 226

038016 Timer A3 register TA3 104 03CEL _

038516 | . ] 03CFss A/D register 7 AD7 226

Timer A4 register TA4 104

038F16 03D016

039016 . . 03D116

039116 Timer BO register B0 118 03D216 | A/D trigger control register ADTRGCON 225

039216 | - . 03D31s | A/D convert status register O ADSTATO 226

039316 Timer B1 register Bl 118 03D41s | A/D control register 2 ADCON2 224

039416 | . 03D516

039516 Timer B2 register B2 118 03D61s | A/D control register 0 ADCONO 224

039615 | Timer AO mode register TAOMR 103 03D71s | A/D control register 1 ADCON1 224

039715 | Timer A1 mode register TAIMR 133 03D81s

039815 | Timer A2 mode register TA2MR 133 03D916

039955 | Timer A3 mode register TA3MR 103 03DA16

039A15 | Timer A4 mode register TAAMR 133 03DB1s

039815 | Timer BO mode register TBOMR 117 03DCi6

039C:s | Timer B1 mode register TBIMR 117 03DD16

039D:6 | Timer B2 mode register TB2MR 133 03DEis

039E1s | Timer B2 special mode register TB2SC 131 03DFis

039F16 03E01s | Port PO reqister PO 324

03A01s | UARTO transmit/receive mode register UOMR 175 03E1:6 | Port P1 register P1 324

03a1s | UARTO bit rate generator UOBRG 174 03E2:6 | Port PO direction register PDO 323

03A25s | | ARTO transmit buffer register UOTB 174 03E31s | Port P1 djre_ction register PD1 323

03A316 03E41s | Port P2 reqister P2 324

03A41s | UARTO transmit/receive control register 0 UoCo 176 03ES16 | Port P3 register P3 324

03A51 | UARTO transmit/receive control register 1 uoc1 177 03E61s | Port P2 direction register PD2 323

034615 | | ARTO receive buffer register UORB 174 03E716 | Port P3 direction register PD3 323

03A716 03E816

03A816 | UARTL transmit/receive mode register UIMR 175 03E916

03A91s | UART1 bit rate generator U1BRG 174 03EA1s

03AALs | ART1 transmit buffer register uiTB 174 03EB1s -

03AB1s 03EC16 | Port P6 register P6 324

03AC1s | UARTL transmit/receive control register 0 U1cCo 176 03ED1s | Port P7 register P7 324

03AD1s | UART1 transmit/receive control register 1 ulc1i 177 03EE1s | Port P6 direction register PD6 323

03AEis | ART1 receive buffer register UIRB 174 03EF1s | Port P7 direption register PD7 323

03AF16 03F01s | Port P8 register P8 324

03B01s | UART transmit/receive control register 2 UCON 176 03F11s | Port P9 register P9 324

03B11s 03F21s | Port P8 direction register PD8 323

03B216 03F31s | Port P9 direction register PD9 323

03B316 03F41s | Port P10 register P10 324

03845 | CRC snoop address register CRCSAR 314 — — -

03B516 03r61s | Port P10 direction register PD10 323

03B6:s | CRC mode register CRCMR 314 03F716

03B716 03F816

038815 | DMAO request cause select register DMOSL 93 03F916

03B916 03FA16

03BA1s | DMA1 request cause select register DM1SL 94 03FBi6

03BB1s 03FC1s | Pull-up control register 0 PURO 325

03BCi6 ) 03FDss | Pull-up control register 1 PUR1 325

03BD1s CRC data register CRCD 314 03FEss | Pull-up control register 2 PUR2 325

03BE1s | CRC input register CRCIN 314 03FF1s | Port control register PCR 326

03BF16




ENESAS

M16C/29 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1. Overview

1.1 Features

The M16C/29 Group of single-chip MCUs is built using the high-performance silicon gate CMOS process
using a M16C/60 Series CPU core and is packaged in a 64-pin and 80-pin plastic molded LQFP. These
single-chip MCUs operate using sophisticated instructions featuring a high level of instruction efficiency.
With 1M bytes of address space, they are capable of executing instructions at high speed. They also
contain one CAN module, makes it suitable for control of cars and LAN system of FA. In addition, they
contain a multiplier and a DMAC, also making it suitable for control of various OA, communication, and
industrial equipment which requires high-speed arithmetic/logic operations.

1.1.1 Applications
Automotive body, car audio, LAN system of FA, etc.

Rev. 1.11 Dec.11, 2006 page 1 of 458 RENESAS
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M16C/29 Group

1. Overview

1.1.2 Specifications
Table 1.1 lists performance overview of M16C/29 Group 80-pin package.
Table 1.2 lists performance overview of M16C/29 Group 64-pin package.

Table 1.1 Performance Overview of M16C/29 Group (T-ver./\V-ver.) (80-Pin Package)
Item Performance
CPU Number of basic instructions 91 instructions
Shortest instruction 50 ns (f(BCLK) = 20MHz, Vcc=3.0t0 5.5V)  (Normal-ver./T-ver.)
excution time 100 ns(f(BCLK) = 10MHz, Vcc=2.7t05.5V)  (Normal-ver.)
50 ns (f(BCLK) = 20MHz, Vcc=4.2t0 5.5V, -40 to 105°C)  (V-ver.)
62.5 ns (f(BCLK) = 16MHz, Vcc=4.210 5.5 V, -40 to 125°C)  (V-ver.)
Operation mode Single chip mode
Address space 1 Mbyte
Memory capacity ROM/RAM: See Tables 1.3to 1.5
Peripheral | Port Input/Output: 71 lines
Function | Multifunction timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels
Three-phase Motor Control Timer
TimerS (Input Capture/Output Compare):
16 bit base timer x 1 channel (Input/Output x 8 channels)
Serial I/O 2 channels (UART, clock synchronous serial 1/0)
1 channel (UART, clock synchronous serial /0, 12C bus(®), or IEbus(@))
2 channels (Clock synchronous serial 1/0O)
1 channel (Multi- master I2C bus(Y)
A/D converter 10 bits x 27 channels
DMAC 2 channels
CRC calculation circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
CAN module 1 channel, supporting CAN 2.0B specification
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 29 internal and 8 external sources, 4 software sources,
interrupt priority level: 7
Clock generation circuit 4 circuits
» Main clock I:'(These circuits contain a built-in feedback
* Sub-clock presistor)
» On-chip oscillator(main-clock oscillation stop detect function)
* PLL frequency synthesizer
Oscillation stop detect Function | Main clock oscillation stop, re-oscillation detect function
Voltage detection circuit Available (Normal-ver.) / Not available (T-ver., V-ver.)
Electrical | Power supply voltage Vcc =3.0to0 5.5V (f(BCLK) = 20 MHz) (Normal-ver.)
Charact- Vce=2.7t0 5.5V (f(BCLK) = 10 MHz)
eristics Vcc=3.0to 5.5V (T-ver.)
Vcc=4.2t05.5V (V-ver.)
Power consumption 18 mA (Vcc =5V, f(BCLK) = 20 MHz)
25 pA (f(Xcn) = 32 kHz on RAM)
3 A (Vcc =5V, f(Xcn) = 32 kHz, in wait mode)
0.8 pA (Vcc =5V, in stop mode)
Flash Program/erase supply voltage 2.7t05.5V (Normal-ver.), 3.0 to 5.5V (T-ver.),4.2t05.5V (V-ver.)
memory | Program and erase endurance 100 times (all space) or 1,000 times (blocks 0 to 5)/
10,000 times (blocks A and B®)
Operating ambient temperature -20 to 85°C/-40 to 85°C) (Normal-ver.)
-40 to 85°C (T-ver.), -40 to 125°C (V-ver.)
Package 80-pin plastic mold LQFP
NOTES:

1. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
2. IEBus is a trademark of NEC Electronics Corporation.
3. Refer to Table 1.6 to Table 1.11 Product code.

Rev. 1.11 Dec.11, 2006
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M16C/29 Group

1. Overview

Table 1.2 Performance Overview of M16C/29 Group (64-Pin Package)

Iltem Performance
CPU |Number of basic instructions 91 instructions
Shortest instruction 50 ns (f(BCLK) = 20MHz, Vcc=3.0t0 5.5V)  (Normal-ver./T-ver.)
excution time 100 ns(f(BCLK) = 10MHz, Vcc=2.7t05.5V)  (Normal-ver.)
50 ns (f(BCLK) = 20MHz, Vcc=4.2t0 5.5V, -40 to 105°C)  (V-ver.)
62.5 ns (f(BCLK) = 16MHz, Vcc=4.2t0 5.5V, -40 to 125°C)  (V-ver.)
Operation mode Single chip mode
Address space 1 Mbytes
Memory capacity ROM/RAM: See Tables 1.3to 1.5
Peripheral Port Input/Output: 55 lines
function | Multifunction timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels
Three-phase Motor Control Timer
TimerS (Input Capture/Output Compare):
16bit base timer x 1 channel (Input/Output x 8 channels )
Serial I/0 2 channels (UART, clock synchronous serial 1/0)
1 channel (UART, clock synchronous serial I/0, 12C bus(), or IEbus(?))
1 channel (Clock synchronous serial 1/0)
1 channel (Multi-master 12C bus(®))
A/D converter 10 bits x 16 channels
DMAC 2 channels
CRC calculation circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
CAN module 1 channel, supporting CAN 2.0B specification
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 28 internal and 8 external sources, 4 software sources,
interrupt priority level: 7
Clock generation circuit 4 circuits
» Main clock I:l(These circuits contain a built-in feedback
* Sub-clock resistor)
» On-chip oscillator(main-clock oscillation stop detect function)
* PLL frequency synthesizer
Oscillation stop detect function | Main clock oscillation stop, re-oscillation detect function
Voltage detection circuit Available (Normal-ver.) / Not available (T-ver., V-ver.)
Electrical |Power supply voltage Vce =3.0t0 5.5V (f(BCLK) = 20 MHz) (Normal-ver.)
Charact- Vcc =2.7t0 5.5V (f(BCLK) = 10 MHz)
eristics Vcc=3.0to 5.5V (T-ver.)
Vcc=4.2t05.5V (V-ver.)
Power consumption 18 mA (Vcc =5V, f(BCLK) = 20 MHz)
25 pA (f(Xcn) = 32 kHz on RAM)
3 A (Vcc =5V, f(Xcn) = 32 kHz, in wait mode)
0.8 pA (Vcc =5V, in stop mode)
Flash Program/erase supply voltage 2.7105.5V (Normal-ver.), 3.0t0 5.5V (T-ver.),4.2t05.5V (V-ver.)
memory |Program and erase endurance 100 times (all space) or 1,000 times (blocks 0 to 5)/
10,000 times (blocks A and B®))
Operating ambient temperature -20 to 85°C/-40 to 85°C) (Normal-ver.)
-40 to 85°C (T-ver.), -40 to 125°C (V-ver.)
Package 64-pin plastic mold LQFP
NOTES:

1. I2C bus is a trademark of Koninklijke Philips Electronics N. V.
2. IEBus is a trademark of NEC Electronics Corporation.
3. Refer to Table 1.6 to Table 1.11 Product code.
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M16C/29 Group

1. Overview

1.2 Block Diagram
Figure 1.1 is a block diagram of the M16C/29 Group, 80-pin package.

% 8 A8 8 % 8
_ _ _ _ _ ¥ _ _
1/0 Ports [PortPO | [PortPI ]

| Port P2 |

| Port P3 |

1. The ROM capacity varies depending on each product.
2. The RAM capacity varies depending on each product.

o
o
Internal Peripheral Functions % - -
3 ©
Timer (16 bits) UART/clock synchronous SI/O System clock generator —
) (8 bits x 3 channels)
Output (Timer A) : 5 XIN-XOUT o
Input (Timer B) : 3 Clock synchronous SI/O XCIN-XCouT S |l
(8 bits x 2 channels) On-chip oscillator o ©
3-phase PWM PLL frequency synthesizer ~
Multi-master 12C bus —
Timer S ]
( Input capture/ CAN module CRC calculation circuit g
Output compare (1 channel) (CCITT, CRC-16) s
Time measurement : 8 channels g oo
Waveform generating : 8 channels M16C/60 Series CPU Core Memory L
A/D converter ROH | ROL [ SB | ROM() p
(10 bits x 27 channels) RIH [ RIL USP ~ -
R2 T ~
R3 ISP (2) S
: W] RAM —
Watchdog timer A0 5C —
(15 bits) AT [ pC ] -
FB FLG | S |l
DMAC Multiplier E o]
(2 channels) o
NOTES:

Figure 1.1 M16C/29 Group, 80-Pin Block Diagram

Rev. 1.11 Dec.11, 2006
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M16C/29 Group

1. Overview
Figure 1.2 is a block diagram of the M16C/29 Group, 64-pin package.
A 4 A 3 A 8 % 4
- - - - - - v - - -
Y
/O Ports [PortPO | [PortPl| [PortP2| [PortP3 |
S
I'| Internal Peripheral Functions %41*»
©
o
Timer (16 bits) UART/Clock synchronous SI/O System clock generator —
) ) (8 bits x 3 channels) XIN-XOUT ]
Output (Timer A)_' 5 Clock synchronous SI/O XCIN-XcouT 3
Input (Timer B) : 3 (8 bits x 1 channel) On-chip oscillator 3 [
3-phase PWM Multi-master 12C bus PLL frequency synthesizer 3 | foe)
CAN module CRC calculation circuit —
Timer S (1 channel) (CRC-CCITT, CRC16)
( Input capture/ é’
Output compare : o Bl B
Time measurement : 8 channels M16C/60 Series CPU Core Memory 3 ®
| Waveform generating : 8 channels —
ROH SB ROM® (]
A/D converter R1H I g(l)t l | S
(10 bits x 16 channels) R2 uUsp A [ —
o RAM) s ~
©
]
Watchdog tmer AT =
(15 bits) Al ol |
FB l FLG | Multiplier ,% e
DMAC . o
(2 channels) '5
NOTES:
1. The ROM capacity varies depending on each product.
2. The RAM capacity varies depending on each product.

Figure 1.2 M16C/29 Group, 64-Pin Block Diagram
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M16C/29 Group

1. Overview

1.3 Product List

Tables 1.3 to 1.5 list the M16C/29 Group products and Figure 1.3 shows the type numbers, memory sizes
and packages. Tables 1.6 to 1.8 list the product code of flash memory version for M16C/29 Group. Figure
1.4 to Figure 1.6 show the marking diagram of flash memory version for M16C/29 Group.

Table 1.3 Product List (1) -Normal Version

As of December, 2006

REJ09B0101-0111

ROM RAM Product
Type Number Capacity Capacity Package Type Remarks Code
M30290FAHP 96 K + 4 K 8 K
PLQPO08SOKB-A (80P6Q-A)
M30290FCHP 128 K + 4 K 12 K Flash U3, U,
M30291FAHP 96 K + 4 K 8 K Memory u7, U9
PLQPO0064KB-A (64P6Q-A)
M30291FCHP 128 K + 4 K 12 K
M30290M8-XXXHP 64 K 4K
M30290MA-XXXHP 96 K 8K PLQPO0SOKB-A (80P6Q-A)
M30290MC-XXXHP 128 K 12 K Mask U3 Us
M30291M8-XXXHP 64 K 4K ROM '
M30291MA-XXXHP 96 K 8 K PLQPO0064KB-A (64P6Q-A)
M30291MC-XXXHP 128 K 12 K
Table 1.4 Product List (2) -T Version As of December, 2006
ROM RAM Product
Type Number Capacity Capacity Package Type Remarks Code
M30290FATHP 96 K + 4 K 8 K
PLQPO0SOKB-A (80P6Q-A)
M30290FCTHP 128 K+ 4K 12 K Flash U3, US,
M30291FATHP 96 K + 4 K 8K Memory u7, u9
PLQPO0064KB-A (64P6Q-A)
M30291FCTHP 128 K+ 4K 12 K
M30290M8T-XXXHP 64 K 4K
M30290MAT-XXXHP 96 K 8K PLQPO0SOKB-A (80P6Q-A)
M30290MCT-XXXHP 128 K 12 K Mask o
M30291M8T-XXXHP 64 K 4K ROM
M30291MAT-XXXHP 96 K 8 K PLQPO0064KB-A (64P6Q-A)
M30291MCT-XXXHP 128 K 12 K
Rev. 1.11 Dec.11, 2006 page 6 of 458 RENESAS




M16C/29 Group

1. Overview

Table 1.5 Product List (3) -V Version

As of December, 2006

ROM RAM Product
Type Number Capacity Capacity Package Type Remarks Code
M30290FAVHP 96 K + 4 K 8 K
PLQPO0SOKB-A (80P6Q-A)
M30290FCVHP 128 K + 4 K 12 K Flash U3, US,
M30291FAVHP 96 K +4K 8 K Memory | U7, U9
PLQP0064KB-A (64P6Q-A)
M30291FCVHP 128 K + 4 K 12 K
M30290M8V-XXXHP 64 K 4K
M30290MAV-XXXHP 96 K 8K PLQPO08OKB-A (80P6Q-A)
M30290MCV-XXXHP 128 K 12 K Mask o
M30291M8V-XXXHP 64 K 4K ROM
M30291MAV-XXXHP 96 K 8 K PLQP0064KB-A (64P6Q-A)
M30291MCV-XXXHP 128 K 12 K
Rev. 1.11 Dec.11, 2006 page 7 of 458 RENESAS
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M16C/29 Group 1. Overview

Type No. M3029 0 FATHP-U3

Product Code
See Table 1.6 for Normal-ver., Table 1.7
for T-ver., and Table 1.8 for V-ver..

Package type:
HP = Package PLQPO080KB-A (80P6Q-A)
Package PLQP0064KB-A (64P6Q-A)

Version
Blank: Normal-version
T: T-version
V: V-version

ROM capacity /RAM capacity:
8: (64 K) bytes/4 K bytes
A: (96 K+4 K) bytes®/8 K bytes
C: (128 K+4 K) bytesw/12 K bytes

NOTE:
1. "+4 K bytes" is needed only in flash memory version.

Memory type:
M: Mask ROM version
F: Flash memory version

Pin count
0: 80-pin package
1: 64-pin package
M16C/29 Group

M16C Family
Figure 1.3 Type No., Memory Size, and Package
Rev. 1.11 Dec.11, 2006 page 8 of 458 RENESAS
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M16C/29 Group

1. Overview

Table 1.6 Product Codes of Flash Memory Version

-M16C/29 Group, Normal-ver.

Internal ROM Internal ROM
(User Program Space) (Data Space) . .
Product Package 5 5 Operating Ambient
Code rogram Temperature rogram Temperature Temperature
and Erase Range and Erase Range
Endurance 9 Endurance 9
U3 -40 to 85°C
100 100 0 to 60°C
us -20 to 85°C
Lead-free 0 to 60°C
u7 -40 to 85°C -40 to 85°C
1,000 10,000
U9 -20 to 85°C -20 to 85°C
Table 1.7 Product Codes of Flash Memory Version -M16C/29 Group, T-ver.
Internal ROM Internal ROM
(User Program Space) (Data Space) . .
Product Package 5 5 Operating Ambient
Code rogram Temperature rogram Temperature Temperature
and Erase Range and Erase Range
Endurance 9 Endurance 9
u3 100 100
Lead-free 0 to 60°C -40 to 85°C -40 to 85°C
u7 1,000 10,000
Table 1.8 Product Codes of Flash Memory Version -M16C/29 Group, V-ver.
Internal ROM Internal ROM
(User Program Space) (Data Space) . .
Product Package 5 5 Operating Ambient
Code ro9réam | temperature rogram | remperature Temperature
and Erase Range and Erase Range
Endurance 9 Endurance 9
U3 100 100
Lead-free 0 to 60°C -40 to 125°C -40 to 125°C
u7 1,000 10,000
Table 1.9 Product Codes of Mask ROM Version -M16C/29 Group, Normal-ver.
Product Operating Ambient
Code Package Temperature
U3 -40 to 85°C
Lead-free
U5 -20 to 85°C
Table 1.10 Product Code of Mask ROM Version -M16C/29 Group, T-ver.
Product Operating Ambient
Code Package Temperature
uo Lead-free -40 to 85°C
Table 1.11 Product Code of Mask ROM Version -M16C/29 Group, V-ver.
Product Operating Ambient
Code Package Temperature
uo Lead-free -40 to 125°C
Rev. 1.11 Dec.11, 2006 Page 9 of 458 RENESAS
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M16C/29 Group

1. Overview

(1) Flash Memory Version, PLQP0080KB-A (80P6Q-A), Normal-ver.

M16C
M30290FAHP
A U3
XXXXXXX

©)

Product Name: indicates M30290FAHP
—— Chip Version and Product Code:
A: indicates chip version
The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.6)
Date Code (7 digits): indicates manufacturing management code

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), Normal-ver.

30291FA
A U3
XXXXXXX

©)

Product Name: indicates M30291FAHP
—— Chip Version and Product Code:
A: indicates chip version
The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.6)
Date Code (7 digits): indicates manufacturing management code

Figure 1.4 Marking Diagrams of Flash Memory Version - M16C/29 Group Normal-ver. (Top View)

(1) Flash Memory Version, PLQP0O080KB-A (80P6Q-A), T-ver.

M16C
M30290FATHP
A U3
XXXXXXX

o

Product Name : indicates M30290FATHP
—— Chip Version and Product Code:
A : indicates chip version
The first edition is shown to be blank and continues with A and B.
U3 : indicates product code (see Table 1.7)
Date Code (7 digits) : indicates manufacturing management code

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), T-ver.

A U3
M30291FATHP
XXXXXXX

o

— Chip Version and Product Code:
A :indicates chip version
The first edition is shown to be blank and continues with A and B.
U3 : indicates product code (see Table 1.7)
Product Name : indicates M30291FATHP
Date Code (7 digits) : indicates manufacturing management code

Figure 1.5 Marking Diagrams of Flash Memory Version - M16C/29 Group T-ver. (Top View)

Rev. 1.11 Dec.11, 2006
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M16C/29 Group

1. Overview

M16C
M30290FAVHP
A U3
XXXXXXX

o

A U3
M30291FAVHP
XXXXXXX

o

(1) Flash Memory Version, PLQP0O080KB-A (80P6Q-A), V-ver.

Product Name: indicates M30290FAVHP
——— Chip Version and Product Code:
A: indicates chip version
The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.8)
Date Code (7 digits): indicates manufacturing management code

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), V-ver.

— Chip Version and Product Code:
A: indicates chip version
The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.8)
Product Name: indicates M30291FAVHP

Date Code (7 digits): indicates manufacturing management code

Figure 1.6 Marking Diagrams of Flash Memory Version - M16C/29 Group V-ver. (Top View)

(1) Mask ROM Version, PLQP0O080KB-A (80P6Q-A), Normal-ver.

M16C _,_ Type No. M30290MAHP

M30290MA-
XXXHP A U5 = chip version and product code
XXXXXXX XXX : ROM No.
O A : Chip version and product code(l)

U5 : Product code. (Table 1.9)

Date code seven digits
Manufacturing management code

(2) Mask ROM Version, PLQP0064-KB-A (64P6Q-A), Normal-ver.

O

XXXXXXX [ Date code seven digits

Manufacturing management code

M30291MA- f—— Type No. M30291MAHP
XXXHP A Us|— Chip version and product code
XXX: ROM No.

A : Chip version and product code(l)

The first edition is shown to be blank and continues with A, B and C.

U5 : Product code. (Table 1.9)

The first edition is shown to be blank and continues with A, B and C.

Figure 1.7 Marking Diagrams of Mask ROM Version - M16C/29 Group Normal-ver. (Top View)

Rev. 1.11 Dec.11, 2006
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M16C/29 Group 1. Overview

1.4 Pin Assignments
Figures 1.7 and 1.8 show the pin assignments (top view).
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NOTE:
1.Set bits PACR2 to PACRO in the PACR register to "0112" before
signals are input or output to individual pins after reset. When the
PACR register is not set, signals are not input or output for some

Figure 1.8 Pin Assignment (Top View) of 80-Pin Package
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M16C/29 Group

1. Overview

Table 1.12 Pin Characteristics for 80-Pin Package

Zi(: Cc:)r::]rol Port Intliri:]upt Timer Pin Timer S Pin UART/CAN Pin '\l/lzléltthals._,tiir Analog Pin
1 P9s CLK4 AN25
2 P93 CTX AN24
3 P92 TB2IN CRX AN32
4 P91 TB1IN AN31
5 |CLKout |P90 TBoIN AN3o0
6 |CNVss
7 | XCIN P87
8 |Xcout P8s
9 |RESET
10 |Xout
11 |Vss
12 [XIN
13 |[Vcc
14 P85 |NMI SD
15 P84 |[INT2 zP
16 P83 |[INT1
17 P82 |INTo
18 P81 TA4N / U
19 P8o TA40uT / U
20 P77 TA3IN
21 P76 TA30uUT
22 P75 TA2IN | W
23 P74 TA20UT / W
24 P73 TALN/ V CTS2/RTS2/ TxD1
25 P72 TAw0UT/ V CLK2 / RxD1
26 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2 / SDA2 /| RTS1/

27 P70 TAoouT CTS1/CTSo/ CLKS1
28 P67 TxD1
29 P66 RxD1
30 P6s CLK1

RTS1/CTS1/ CTSo/
31 P64 CLKS1

32 P37
33 P3s6
34 P35
35 P34
36 P33
37 P32 SouTs
38 P31 SIN3
39 P30 CLK3
40 P63 TxDo
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M16C/29 Group

1. Overview

Table 1.12 Pin Characteristics for 80-Pin Package (continued)

Zi; C?:,r::o' Port Int(;ri:]upt Timer Pin Timer S Pin UART/CAN Pin “ﬂgtit;?sa;tiir Analog Pin
41 P62 RxDo
42 P61 CLKo
43 P60 RTSo/CTSo
44 P27 OUTC17/ INPC17
45 P26 OUTC16 / INPC16
46 P25 OUTC15 / INPC15
47 P24 OUTC14/ INPC14
48 P23 OUTC13/INPC13
49 P22 OUTC12/ INPC12
50 P21 OUTC11/ INPC11 SCLmm
51 P20 OUTC1o/ INPC1lo SDAMM
52 P17 [INTs IDU INPC17
53 Ple |INT4 IDW
54 P15 |INT3 IDV ADTRG
55 P14
56 P13 AN23
57 P12 AN22
58 Pl1 AN21
59 Plo AN20
60 PO7 ANO7
61 P06 ANOs
62 POs ANOs
63 P04 ANO4
64 P03 ANO3
65 P02 ANO2
66 P01 ANO1
67 P00 ANOo
68 P107 |Ki3 AN7
69 P10s |KI2 AN6
70 P105 |Ki1 ANs
71 P104 |Klo AN4
72 P103 AN3
73 P102 AN2
74 P101 AN1
75| AVss
76 P100 ANo
77| VREF
78| Avee
79 P97 SINg AN27
80 P9 SouT4 ANZ26
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M16C/29 Group

1. Overview

PO2/ANO2 + [ 49 |

PO1/ANO1 >[50
PO0/ANO0 +—* [ 51 |
P107/AN7/KIz +—> 52 |

P106/ANs/KI2 > [ 53
P105/ANs/KI1 +—* [ 54 |
P104/ANa/Klo +—> 55 |
P103/AN3 +—> [ 56 |
P102/AN2
P101/AN1
AVss —»| 59
P100/ANo
VRer —»| 61

P93/AN24/CTX
P92/AN32/TB2IN/CRX *+—*| 64

NOTES:
1.Set bits PACR2 to PACRO in the PACR register to "0102" before
signals are input or output to individual pins after reset. When the
PACR register is not set, signals are not input or output for some
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Figure 1.9 Pin Assignment (Top View) of 64-Pin Package
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M16C/29 Group

1. Overview

Table 1.13 Pin Characteristics for 64-Pin Package

P | conrol | pory | MOl fimer pin | Timer S Pin UART/CAN Pin M maser | analog Pin
P91 TB1IN AN31

2 |CLKouTt [P90 TBoIN AN30
3 |CNVss

4 | XCIN P87

5 |Xcout P8s6

6 |RESET

7 | Xout

8 |[Vss

9 |XIN

10 [Vcc

11 P85 [NMI SD

12 P84 |INT2 zpP

13 P83 |[INT1

14 P82 |INTo

15 P81 TA4N /U

16 P8o TA4ouT / U

17 P77 TA3IN

18 P76 TA3ouT

19 P75 TA2IN /| W

20 P74 TA20uT | W

21 P73 TAUN/V ‘CTS2/ RTS2/ TxD1
22 P72 TA1ouT/V CLK2 / RxD1

23 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2 / SDA2/ RTS1/

24 P70 TAoouT CTS1/CTSo/ CLKS1
25 P67 TxD1

26 P66 RxD1

27 P65 CLK1

RTS1/CTS1/ CTSo/

28 P64 CLKS1

29 P33

30 P32 SouTs

31 P31 SIN3

32 P30 CLK3

33 P63 TxDo

34 P62 RxDo

35 P61 CLKo

36 P60 RTSo/ CTSo

37 P27 OUTC17/INPC17

38 P26 OUTC1e / INPC1le

39 P25 OUTC15/ INPC1s5

40 P24 OUTC14/INPC14
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1. Overview

Table 1.13 Pin Characteristics for 64-Pin Package (continued)

Zi; C?Dr;:]rol Port Intt;ri:]upt Timer Pin Timer S Pin UART/CAN Pin hﬂgtik;?sa;tiir Analog Pin
41 P23 OUTC13/INPC13
42 P22 OUTC12/INPC12
43 P21 OUTC11/INPC11 SCLmm
44 P20 OUTC1o/ INPC1o SDAMM
45 P17 |[INTs IDU INPC17
46 Ple |INT4 IDW
47 P1s |INT3 IDV ‘ADTRG
48 P03 ANO3
49 P02 ANO2
50 PO1 ANO1
51 POo ANOo
52 P107 |KI3 AN7
53 P106 |KI2 ANs
54 P10s |Kl1 ANs5
55 P104 |Klo ANa
56 P103 AN3
57 P102 AN2
58 P101 AN1
59| AVss
60 P100 ANo
61| VREF
62| AVcc
63 P93 CTX AN24
64 P92 TB2iN CRX AN32

Rev. 1.11 Dec.11, 2006
REJ09B0101-0111

page 17 of 458

RENESAS




M16C/29 Group 1. Overview

1.5 Pin Description
Table 1.14 Pin Description (64-pin and 80-pin packages)

Classification Symbol 1/0 Type Function

Power supply | Vcc, Vss | Apply 0V to the Vss pin. Apply following voltage to the Vcc pin.

2.7t0 5.5V (Normal), 3.0to 5.5V (T-ver.), 4.2t0 5.5V (V-ver.)
Analog power | AVcc | Supplies power to the A/D converter. Connect the AVcc pin to Vcc and
supply AVss the AVss pin to Vss
Reset input RESET | The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Connect the CNVss pin to Vss
Main clock XIN | I/O pins for the main clock oscillation circuit. Connect a ceramic resonator
input or crystal oscillator between XiN and XouT. To apply external clock, apply
Main clock XOUT o it to XIN and leave XouT open. If XIN is not used (for external oscillator or
output external clock) connect XIN pin to Vcc and leave XouT open

Sub clock input | XCIN I/O pins for the sub clock oscillation circuit. Connect a crystal oscillator

|
Sub clock output | XcouTt (0] between XcIN and XcouTt
Clock output | CLKouTt (0] Outputs the clock having the same frequency as f1, fs, f32, or fc
INT interrupt | INTO to INT5 I Input pins for the INT interrupt. INT2 can be used for Timer A Z-phase
input function
NMTI interrupt | NMI I Input pin for the NMI interrupt. NMI cannot be used as I/O port while the three-
input phase motor control is enabled. Apply a stable "H" to NMI after setting it's
direction register to "0" when the three-phase motor control is enabled

Key input interrupt | Klo to KI3 I Input pins for the key input interrupt
Timer A TAOOUT to 110 I/O pins for the timer AO to A4

TA4ouT

TAOIN to | Input pins for the timer AO to A4

TA4IN

ZP | Input pin for Z-phase
Timer B TBOIN to | Input pins for the timer BO to B2

TB2IN
Three-phase | U, U, V,V, 0 Output pins for the three-phase motor control timer
motor control | W, W
timer output IDU, IDW, 110 Input and output pins for the three-phase motor control timer

IDV, SD
Serial /0 CTS0to CTS2 I Input pins for data transmission control

RTSO0 to RTS2 (0] Output pins for data reception control
CLKO to CLK3 110 Inputs and outputs the transfer clock

RxDO to RxD2 | Inputs serial data

SIN3 | Inputs serial data

TxDO0 to TxD2 (0] Outputs serial data

SouT3 (0] Outputs serial data

CLKS1 (0] Output pin for transfer clock
I2C bus Mode | SDA2 110 Inputs and outputs serial data

SCL2 Inputs and outputs the transfer clock
Multi-master SDAMM 110 Inputs and outputs serial data
12C bus SCLMM Inputs and outputs the transfer clock
Reference VREF | Applies reference voltage to the A/D converter
voltage input
A/D converter | ANo to AN7 | Analog input pins for the A/D converter

ANOo to ANO3

AN24

AN30 to AN32

ADTRG I Input pin for an external A/D trigger

I: Input O: Output I/O: Input and output
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M16C/29 Group 1. Overview

Table 1.14 Pin Description (64-pin and 80-pin packages) (Continued)

Classification Symbol 1/10 Type Function

Timer S INPC10 to INPC17 I Input pins for the time measurement function
OUTCLoto OUTCL? o Output pins for the waveform generating function

CAN CTX | Input pin for the CAN communication function
CRX @] Output pin for the CAN communication function

1/0 Ports PO0o to P03 110 I/0O ports for CMOS. Each port can be programmed for input or output
P1sto P17 under the control of the direction register. An input port can be set, by
P20 to P27 program, for a pull-up resistor available or for no pull-up resister available
P30 to P33 in 4-bit units
P60 to P67
P70 to P77
P8o to P87
P90 to P93
P100 to P107

I: Input O: Output I/0O: Input and output
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1. Overview

Table 1.14 Pin Description (80-pin packages only) (Continued)

Classification Symbol I/0 Type Function

Serial I/0 CLK4 110 Inputs and outputs the transfer clock
SiN4 I Inputs serial data
SouT4 (@) Outputs serial data

A/D Converter | ANO4 to ANO7 I Analog input pins for the A/D converter
AN20 to AN23
AN2s5 to AN27

I/0 Ports P04 to PO7 110 I/O ports for CMOS. Each port can be programmed for input or output under the
Ploto P14 control of the direction register. An input port can be set, by program, for a pull-
P34 to P37 up resistor available or for no pull-up resister available in 4-bit units
P9s to P97 110 1/0 ports having equivalent functions to PO

| : Input O : QOutput I/O : Input and output
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M16C/29 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, A0, Al and FB

comprise a register bank. There are two register banks.

b31 bl5 b8b7

bo

ROH(RO's high bits) ROL(RO's low bits

R1H(R1's high bits|R1L(R1's low bits)]

R2

R3

A0

Al

FB

b19 b15

bo

[ INTBH | INTBL

The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

b19

b0

PC

b5

bo

USpP

ISP

SB

bo

| FLG

b8 b7

1
bo!

| [ [ [ [v[1]o[e]s]z[p]c]

Data registers (Note)

} Address registers (Note)

Frame base registers (Note)

Interrupt table register

Program counter

User stack pointer
Interrupt stack pointer
Static base register

Flag register

Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Note: These registers comprise a register bank. There are two register banks.

Figure 2.1. Central Processing Unit Register

2.1 Data Registers (RO, R1, R2 and R3)

The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to

R3 are the same as RO.

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-bit

data register (R2R0). R3R1 is the same as R2R0.
2.2 Address Registers (A0 and Al)

The register AO consists of 16 bits, and is used for address register indirect addressing and address regis-
ter relative addressing. They also are used for transfers and arithmetic/logic operations. Al is the same as

AO.

In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1AQ).
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M16C/29 Group 2. Central Processing Unit (CPU)

2.3 Frame Base Register (FB)

FB is configured with 16 bits, and is used for FB relative addressing.
2.4 Interrupt Table Register (INTB)

INTB is configured with 20 bits, indicating the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)

SB is configured with 16 bits, and is used for SB relative addressing.
2.8 Flag Register (FLG)

FLG consists of 11 bits, indicating the CPU status.

2.8.1 Carry Flag (C Flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
2.8.2 Debug Flag (D Flag)

The D flag is used exclusively for debugging purpose. During normal use, it must be set to 0.
2.8.3 Zero Flag (Z Flag)

This flag is set to 1 when an arithmetic operation resulted in O; otherwise, it is 0.
2.8.4 Sign Flag (S Flag)

This flag is set to 1 when an arithmetic operation resulted in a negative value; otherwise, it is 0.
2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when this flag is O ; register bank 1 is selected when this flag is 1.
2.8.6 Overflow Flag (O Flag)

This flag is set to 1 when the operation resulted in an overflow; otherwise, it is O.
2.8.7 Interrupt Enable Flag (I Flag)

This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is 0, and are enabled when the | flag is 1.
The | flag is cleared to 0 when the interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is 0; USP is selected when the U flag is 1.

The U flag is cleared to 0 when a hardware interrupt request is accepted or an INT instruction for software
interrupt Nos. 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from level

0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.

2.8.10 Reserved Area

When write to this bit, write 0. When read, its content is undefined.
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3. Memory

Figure 3.1 is a memory map of the M16C/29 Group. M16C/29 Group provides 1-Mbyte address space from
addresses 0000016 to FFFFF16. The internal ROM is allocated lower addresses beginning with address

FFFFF16. For example, 64-Kbytes internal ROM is allocated addresses FO00016 to FFFFF16.

Two 2-Kbyte internal ROM areas, block A and block B, are available in the flash memory version. The

blocks are allocated addresses FO00016 to FFFF16.

The fixed interrupt vector tables are allocated addresses FFFDC16 to FFFFF16. It stores the starting ad-

dress of each interrupt routine. See the section on interrupts for details.

The internal RAM is allocated higher addresses beginning with address 0040016. For example, 4-Kbytes
internal RAM is allocated addresses 0040016 to 013FF16. Besides sotring data, it becomes stacks when the

subroutines is called or an interrupt is acknowledged.

SFR, consisting of control registers for peripheral functions such as I/O port, A/D converter, serial 1/O,
timers is allocated addresses 0000016 to 003FF16. All blank spaces within SFR are reserved and cannot be

accessed by users.

The special page vector table is allocated to the addresses FFEOO16 to FFFDB16. This vector is used by the

JMPS or JSRS instruction. For details, refer to the M16C/60 and M16C/20 Series Software Manual.

Internal RAM area Internal ROM area
Memory size XXXXX16 | Memory size YYYYY16
4 Kbytes 013FF16 64 Kbytes FO000016
0000016 8 Kbytes 023FF16 96 Kbytes E800016
SFR Area 12 Kbytes 033FF16 128 Kbytes E000016
0040016
Internal RAM
, FFEQO16
XXXXX16 ;
1
Reserved Space J
Special Page
0F00016 !
Internal ROM / Vector Table
(data space)” K
OFFFF16 \
I’ ________________________
J FFFDC16 E" (ndefined Instruction 3
1 E 3
Reserved Space ! E Overflow - =
N E BRKlnstruction 3
' E  Address Match 3
K 2 Single Step 3
YYYYYi6 ’l 3 Watcf;:ié)g Timer 3
Internal ROM®@ |/ E — E
(program space) E NMI 3
FFFFFe | | ___. FFFFF16 E Reset E
NOTES:

1. The block A (2K bytes) and block B (2K bytes) are shown (only flash memory).
2. Do not write to the internal ROM area in Mask ROM ver..

Figure 3.1 Memory Map
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4. Special Function Registers (SFRs)

SFRs (Special Function Registers) are the control registers of peripheral functions. Table 4.1 to 4.11 list the
SFR address map.

Table 4.1 SFR Information (1)

Address Register Symbol After reset
000016

000116

000216

000316

000415 | Processor mode register 0 PMO 0016

000516 | Processor mode register 1 PM1 000010002
000616 | System clock control register 0 CMO 010010002
000716 | System clock control register 1 CM1 001000002
000816

00096 | Address match interrupt enable register AIER XXXXXX002
000A1s__| Protect register PRCR XX0000002
000B1s

ooocis | Oscillation stop detection register (Note 2) CM2 0X0000102
000D16

000E1s | Watchdog timer start register WDTS XX16

000Fis | Watchdog timer control register wDC 00XXXXXX2
001016 [ Address match interrupt register 0 RMADO 0016

001116 0016

001216 X016

001316

oo14is | Address match interrupt register 1 RMAD1 0016

001516 0016

001616 X016

001716

001816

001916 | Voltage detection register 1 (Note 3,4) VCR1 000010002
o01Ais | Voltage detection register 2 (Note 3,4) VCR2 0016

001B1s

ooicis | PLL control register O PLCO 0001X0102
001D16

001Eis | Processor mode register 2 PM2 XXX000002
oo1Fs | Low voltage detection interrupt register (Note 4) DAINT 0016

00206 | DMAO source pointer SARO XX16

002116 XX16

002216 XX16

002316

002416 | DMAO destination pointer DARO XX16

002516 XX16

002616 XX16

002716

0028:¢ | DMAO transfer counter TCRO XX16

002916 XX16

002A16

002B1s

002cis | DMAO control register DMOCON 00000X002
002D16

002E1s

002F16

003016 | DMA1L source pointer SAR1 XX16

003116 XX16

003216 XX16

003316

00341 | DMA1 destination pointer DAR1 XX16

003516 XX16

003616 XX16

003716

oo3sis | DMAL transfer counter TCR1 XX16

003916 XX16

003A16

003B16

0o3cis | DMAL control register DM1CON 00000X002
003D16

003Ez1s

003F16

Note 1: The blank areas are reserved and cannot be used by users.

Note 2: Bits CM20, CM21, and CM27 do not change at oscillation stop detection reset.

Note 3: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.
Note 4: This registe can not use for T-ver. and V-ver.

X : Undefined
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Table 4.2 SFR Information (2)

Address Register Symbol After reset
004016

0041:6 | CANO wakeup interrupt control register CO1WKIC XXXXX0002
004215 | CANO successful reception interrupt control register CORECIC XXXXX0002
004315 | CANO successful transmission interrupt control register COTRMIC XXXXX0002
004416 | INT3 interrupt control register INT3IC XX00X0002
004516 |ICOC 0 interrupt control register ICOCO0IC XXXXX0002
004615 | ICOC 1 interrupt control register, I1°C bus interface interrupt control register 1 ICOC1IC,lICIC XXXXX0002
004715 |ICOC base timer interrupt control register, ScL/Spa interrupt control register 2 BTIC,SCLDAIC XXXXX0002
004815 | SI/O4 interrupt control register, INT5 interrupt control register S4IC, INT5IC |  XX00X0002
004915 | SI/O3 interrupt control register, INT4 interrupt control register S3IC, INT4IC | XX00X0002
oo4Ais | UART2 Bus collision detection interrupt control register BCNIC XXXXX0002
004B1s__| DMAQO interrupt control register DMOIC XXXXX0002
oo4cis | DMAL interrupt control register DM1IC XXXXX0002
004D1s | CANO error interrupt control register CO1ERRIC XXXXX0002
004E16 | AID conversion interrupt control register, Key input interrupt control register (Note 2) ADIC, KUPIC| XXXXX0002
004Fis  |UART2 transmit interrupt control register S2TIC XXXXX0002
005016 | UART2 receive interrupt control register S2RIC XXXXX0002
005116 | UARTO transmit interrupt control register SOTIC XXXXX0002
005216 | UARTO receive interrupt control register SORIC XXXXX0002
005316 | UART1 transmit interrupt control register S1TIC XXXXX0002
005416 | UARTL receive interrupt control register S1RIC XXXXX0002
005515 | TimerAOQ interrupt control register TAOIC XXXXX0002
005616 | TimerAl interrupt control register TA1IC XXXXX0002
005715 | TimerA2 interrupt control register TA2IC XXXXX0002
005816 | TimerA3 interrupt control register TA3IC XXXXX0002
005916 | TimerA4 interrupt control register TA4IC XXXXX0002
005A16 | TimerBO interrupt control register TBOIC XXXXX0002
oosB1s | TimerB1 interrupt control register TBlIC XXXXX0002
ooscis | TimerB2 interrupt control register TB2IC XXXXX0002
005D1s | INTO interrupt control register INTOIC XX00X0002
005E1s | INT1 interrupt control register INT1IC XX00X0002
005F1s | INT2 interrupt control register INT2IC XX00X0002
006016 | CANO message box O: Identifier/DLC XX16

006116 XX16

006216 XX16

006316 XX16

006416 XX16

006516 XX16

ooe6is | CANO message box 0 : Data field XX16

006716 XX16

006816 XX16

006916 XX16

006A16 XX16

006B16 XX16

006C16 XX16

006D16 XX16

oo6eis | CANO message box 0 : Time stamp XX16

006F1s XX16

00701 | CANO message box 1 : Identifier/DLC XX16

007116 XX16

007216 XX16

007316 XX16

007416 XX16

007516 XX16

oo76:s | CANO message box 1 : Data field XX16

007716 XX16

007816 XX16

007916 XX16

007A16 XX16

007B16 XX16

007C1s XX16

007D1s XX16

oo7Eis | CANO message box 1 : Time stamp XXz16

007F1s XX16

Note 1: The blank areas are reserved and cannot be used by users.

Note 2: A/D conversion interrupt control register is effective when the bitl(Interrupt source select register ( address 35Eh IFSR2A)
is set to "0". Key input interrupt control register is effective when the bitl is set to "1".

X': Undefined
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Table 4.3 SFR Information (3)

Address Register Symbol After reset
0080is | CANO message box 2: Identifier/DLC XX16
008116 XX16
008216 XX16
008316 XX16
008416 XX16
008516 XX16
ooges | CANO message box 2 : Data field XX16
008716 XX16
008816 XX16
008916 XX16
008A16 XX16
008B1s XX16
008C1s XX16
008D16 XX16
oosEis | CANO message box 2 : Time stamp XX16
008F1s XX16
009016 [ CANO message box 3 : Identifier/DLC XX16
009116 XX16
009216 XX16
009316 XX16
009416 XX16
009516 XX16
00961s | CANO message box 3 : Data field XX16
009716 XX16
009816 XX16
009916 XX16
009A16 XX16
009B16 XX16
009C16 XX16
009D1s XX16
oo9eis | CANO message box 3 : Time stamp XX16
009F16 XX16
00A0is | CANO message box 4: Identifier/DLC XX16
00Al1s XX16
00A216 XX16
00A316 XX16
00A416 XX16
00A516 XX16
00A61s | CANO message box 4 : Data field XX16
00A716 XX16
00A816 XX16
00A916 XX16
00AA16 XX16
00AB1s XX16
00AC16 XX16
00AD1s XX16
00AEis | CANO message box 4 : Time stamp XX16
00AF16 XX16
ooBois | CANO message box 5 : Identifier/DLC XX16
00B11s XX16
00B216 XX16
00B316 XX16
00B416 XX16
00B516 XX16
ooBeis | CANO message box 5 : Data field XX16
00B716 XX16
00B81s XX16
00B916 XX16
00BAis XX16
00BB16 XX16
00BCis XX16
00BD16 XX16
ooBEss | CANO message box 5 : Time stamp XX16
00BF16 XX16

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.4 SFR Information (4)

Address Register Symbol After reset
oocois | CANO message box 6: Identifier/DLC XX16
00C116 XX16
00C216 XX16
00C316 XX16
00C416 XX16
00C516 XX16
ooceis | CANO message box 6 : Data field XX16
00C716 XX16
00C816 XX16
00C916 XX16
00CA16 XX16
00CBi6 XX16
00CCi1s XX16
00CD1s XX16
oocess | CANO message box 6 : Time stamp XX16
00CF1s XX16
oopois | CANO message box 7 : Identifier/DLC XXz16
00D116 XX16
00D216 XX16
00D316 XX16
00D416 XX16
00D516 XX16
oobeis | CANO message box 7 : Data field XX16
00D716 XX16
00D81s XX16
00D916 XX16
00DA16 XX16
00DB16 XX16
00DC1s XX16
00DD1s XX16
ooDEis | CANO message box 7 : Time stamp XX16
00DF16 XX16
00e0is | CANO message box 8: Identifier/DLC XX16
00El16 XX16
00E216 XX16
00E316 XX16
00E416 XX16
00E516 XX16
ooe6is | CANO message box 8: Data field XX16
00E716 XX16
00E816 XX16
00E916 XX16
00EA16 XX16
00EB16 XX16
00EC16 XX16
00ED1s XX16
ooeeis | CANO message box 8 : Time stamp XX16
00EF16 XX16
oorois | CANO message box 9 : Identifier/DLC XX16
00F116 XX16
00F216 XX16
00F316 XX16
00F416 XX16
00F516 XX16
ooreis | CANO message box 9 : Data field XX16
00F716 XX16
00F816 XX16
00F916 XX16
00FA16 XX16
00FB1s XX16
00FC16 XX16
00FD1s XX16
ooreis | CANO message box 9 : Time stamp XX16
00FF16 XX16

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.5 SFR Information (5)

Address Register Symbol After reset
01001 | CANO message box 10: Identifier/DLC XX16
010116 XX16
010216 XX16
010316 XX16
010416 XX16
010516 XX16
010616 | CANO message box 10 : Data field XX16
010716 XX16
010816 XX16
010916 XX16
010A16 XX16
010B16 XX16
010C1s XX16
010D1s XX16
0106 | CANO message box 10 : Time stamp XX16
010F1s XX16
0110:6 |CANO message box 11 : Identifier/DLC XX16
011116 XX16
011216 XX16
011316 XX16
011416 XX16
011516 XX16
01166 | CANO message box 11 : Data field XX16
011716 XX16
011816 XX16
011916 XX16
011A16 XX16
011B16 XX16
011Cis XX16
011D16 XX16
o116 |CANO message box 11 : Time stamp XX16
011F16 XX16
012015 | CANO message box 12: Identifier/DLC XX16
012116 XX16
012216 XX16
012316 XX16
012416 XX16
012516 XX16
012616 | CANO message box 12: Data field XX16
012716 XX16
012816 XX16
012916 XX16
012A16 XX16
012B16 XX16
012Cis XX16
012D16 XX16
o12e:.s | CANO message box 12 : Time stamp XX16
012F1s XX16
01301 | CANO message box 13 : Identifier/DLC XX16
013116 XX16
013216 XX16
013316 XX16
013416 XX16
013516 XX16
013616 | CANO message box 13 : Data field XX16
013716 XX16
013816 XX16
013916 XX16
013A16 XX16
013B16 XX16
013C1s XX16
013D1s XX16
01366 | CANO message box 13 : Time stamp XX16
013F1s XX16

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.6 SFR Information (6)

Address| Register Symbol After reset
01406 | CANO message box 14: Identifier/DLC XX16
014116 XX16
014216 XX16
014316 XX16
014416 XX16
014516 XX16
014616 | CANO message box 14 : Data field XX16
014716 XX16
014816 XX16
014916 XX16
014A16 XX16
014Bas XX16
014Cis XX16
014D16 XX16
014:s | CANO message box 14 : Time stamp XX16
014F16 XX16
01501 | CANO message box 15 : Identifier/DLC XX16
015116 XX16
015216 XX16
015316 XX16
015416 XX16
015516 XX16
015616 | CANO message box 15 : Data field XX16
015716 XX16
015816 XX16
015916 XX16
015A16 XX16
015B16 XX16
015C16 XX16
015D16 XX16
o1sE:s | CANO message box 15 : Time stamp XX16
015F16 XX16
016016 | CANO global mask register COGMR XX16
016116 XX16
016216 XX16
016316 XX16
016416 XX16
016516 XX16
016616 | CANO local mask A register COLMAR XX16
016716 XX16
016816 XX16
016916 XX16
016A16 XX16
016B16 XX16
o16cis | CANO local mask B register COLMBR XX16
016D16 XX16
016Ez1s XX16
016F1s XX16
017016 XX16
017116 XX16
01B31s | Flash memory control register 4 (Note 2) FMR4 0100000X2
01B416

01B51s | Flash memory control register 1 (Note 2) FMR1 000XXX0X2
01B616

01B71s | Flash memory control register 0 (Note 2) FMRO 0116
01FD1s

O01FE1e

01FFi6

Note 1: The blank areas are reserved and cannot be used by users.
Note 2: This register is included in the flash memory version.

X : Undefined
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Table 4.7 SFR Information (7)

Address Register Symbol After reset
0200:s | CANO message control register 0 COMCTLO 0016

020115 | CANO message control register 1 COMCTL1 0016

020215 | CANO message control register 2 COMCTL2 0016

0203 | CANO message control register 3 COMCTL3 0016

020415 | CANO message control register 4 COMCTL4 0016

020516 | CANO message control register 5 COMCTLS 0016

020615 | CANO message control register 6 COMCTLS6 0016

020715 | CANO message control register 7 COMCTL7 0016

020815 | CANO message control register 8 COMCTLS8 0016

020915 | CANO message control register 9 COMCTL9 0016

020A1s__| CANO message control register 10 COMCTL10| 0016

02081 | CANO message control register 11 COMCTL11| 0016

020cis | CANO message control register 12 COMCTL12| 0016

020D1s | CANO message control register 13 COMCTL13| 0016

020e:s | CANO message control register 14 COMCTL14| 0016

020Fis | CANO message control register 15 COMCTL15| 0016

02105 | CANO control register COCTLR X00000012
021116 XX0X00002
0212:s | CANO status register COSTR 0016

021315 X00000012
021415 | CANO slot status register COSSTR 0016

02151 0016

02166 | CANO interrupt control register COICR 0016

021716 0016

021815 | CANO extended ID register COIDR 0016

021916 0016

021A1s | CANO configuration register COCONR XX16

021B16 XX16

021cis | CANO receive error count register CORECR 0016

021015 | CANO transmit error count register COTECR 0016

021e:s | CANO time stamp register COTSR 0016

021F16 0016

024215 | CANO acceptance filter support register COAFS XX16

024315 XX16

025A16 | Three-phase protect control register TPRC 0016

025B16

025Cis | On-chip oscillator control register ROCR 000001012
025D1s | Pin assignment control register PACR 0016

025E16 | Peripheral clock select register PCLKR 000000112
025F1s | CANO clock select register CCLKR 0016

02E01s | 1°CO data-shift register S00 XX16

02E1l16

02215 |12CO address register S0DO 0016

02E3:s | 1°CO control register 0 S1D0 0016

02415 |12CO clock control register S20 0016

02E5:6 | 1°CO start/stop condition control register S2D0 000110102
02E61 | 12CO control register 1 S3D0 001100002
02735 |12CO control register 2 S4D0 0016

02E8:s | 1CO status register S10 0001000X2
02FD16

02FE1s

02FF16

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.8 SFR Information (8)

Address Register Symbol After reset
030015 | Time measurement, Pulse generation register 0 G1TMO0,G1PO0| XXi6
030116 XX16
030215 | Time measurement, Pulse generation register 1 G1TM1,G1PO1| XXi6
030316 XX16
030415 | Time measurement, Pulse generation register 2 G1TM2,G1P0O2| XXi6
030516 XX16
030615 | Time measurement, Pulse generation register 3 G1TM3,G1P0O3| XXi6
030716 XX16
030815 | Time measurement, Pulse generation register 4 G1TM4,G1P0O4| XXi6
030916 XX16
030A1s | Time measurement, Pulse generation register 5 G1TM5,G1PO5| XXzi6
030B1s XX16
030cis | Time measurement, Pulse generation register 6 G1TM6,G1PO6| XXi6
030D16 XX16
030E1s | Time measurement, Pulse generation register 7 G1TM7,G1PO7| XXi6
030F16 XX16

031015 | Pulse generation control register 0

G1POCRO 0X00XX002

031115 | Pulse generation control register 1

G1POCR1 0X00XX002

0312:s__|Pulse generation control register 2

G1POCR2 0X00XX002

031315 | Pulse generation control register 3

G1POCR3 0X00XX002

031416 | Pulse generation control register 4

G1POCR4 0X00XX002

031515 | Pulse generation control register 5

G1POCR5 0X00XX002

031615 | Pulse generation control register 6

G1POCR6 0X00XX002

031716 __|Pulse generation control register 7

G1POCRY 0X00XX002

031815 | Time measurement control register 0

G1TMCRO 0016

031916 | Time measurement control register 1

G1TMCR1 0016

031A1s | Time measurement control register 2

G1TMCR2 0016

031Bis | Time measurement control register 3

G1TMCR3 0016

031Ccis | Time measurement control register 4

G1TMCR4 0016

031D:s | Time measurement control register 5

G1TMCR5 0016

031E1s | Time measurement control register 6

G1TMCR6 0016

031Fis | Time measurement control register 7

G1TMCRY? 0016

032015 |Base timer register
032116

G1BT XX16
XX16

032215 | Base timer control register 0

G1BCRO 0016

032315 | Base timer control register 1

G1BCR1 0016

032415 | Time measurement prescale register 6 G1TPR6 0016
032515 | Time measurement prescale register 7 G1TPR7 0016
032616 | Function enable register G1FE 0016
032716 | Function select register G1FS 0016
032815 |Base timer reset register G1BTRR XX16
032916 XX16
032A1s | Count source division register G1DbV 0016
032B1s
032C16
032D1s
032E16
032F16
033016 | Interrupt request register G1lIR XX16
033115 | Interrupt enable register 0 G1IEOQ 0016
033216 | Interrupt enable register 1 G1IE1 0016
033316
033416
033516
033616
033716
033816
033916
033A16
033B16
033Cis
033D1s
033E1s__| NMI digital debounce register NDDR FF16
033F1s | Port P17 digital debounce register P17DDR FFie

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.9 SFR Information (9)

Address Register Symbol After reset
034016

034116

034216 | Timer Al-1 register TA1l XXz16

034316 XX16

034416 | Timer A2-1 register TA21 XX16

034516 XX16

034616 | Timer A4-1 register TA41 XX16

034716 XX16

034815 | Three phase PWM control register 0 INVCO 0016

034916 | Three phase PWM control register 1 INVC1 0016

034A1s | Three phase output buffer register 0 IDBO 0016

034B1s | Three phase output buffer register 1 IDB1 0016

034Cis | Dead time timer DTT XX16

034D1s | Timer B2 Interrupt occurrence frequency set counter ICTB2 XX16

034E1s | Position - data - retain function control register PDRF XXXX00002
034F16

035016

035116

035216

035316

035416

035516

035616

035716

035815 | Port function control register PFCR 001111112
035916

035A16

035B16

035C1s

035D16

03sEis | Interrupt cause select register 22 IFSR2A 00XXX0002
035F1s | Interrupt cause select register IFSR 0016

036016 | SI/O3 transmit/receive register S3TRR XX16

036116

036216 | SI/O3 control register S3C 010000002
036315 | SI/O3 bit rate register S3BRG XX16

036416 | SI/O4 transmit/receive register S4TRR XX16

036516

036616 | SI/O4 control register S4C 010000002
036716 | SI/O4 bit rate register S4BRG XX16

036816

036916

036A16

036B16

036C16

036D16

036E16

036F16

037016

037116

037216

037316

03741 | UART2 special mode register 4 U2SMR4 0016

03751 | UART2 special mode register 3 U2SMR3 000X0X0X2
037616 | UART2 special mode register 2 U2SMR2 X00000002
03771 | UART2 special mode register U2SMR X00000002
03781 | UART2 transmit/receive mode register U2MR 0016

037916 |UART?2 bit rate register U2BRG XX16

037A1s | UART2 transmit buffer register u2TB XX16

037B16 XX16
037cis | UART2 transmit/receive control register 0 U2Co 000010002
037015 | UART?2 transmit/receive control register 1 U2C1 000000102
037E:s | UART2 receive buffer register U2RB XX16

037F1s XX16

Note 1: The blank areas are reserved and cannot be used by users.
Note 2: Write 0 to the bit O after reset.

X : Undefined
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4. Special Function Registers (SFRs)

Table 4.10 SFR Information (10)

Address Register Symbol After reset
038015 | Count start flag TABSR 0016

03815 | Clock prescaler reset flag CPSRF OXXXXXXX2
038215 | One-shot start flag ONSF 0016

038315 | Trigger select register TRGSR 0016

038415 | Up-dowm flag UDF 0016

038516

038615 | Timer AO register TAO XX16

038716 XX16

038815 | Timer Al register TAl XX16

038916 XX16

038A1c | Timer A2 register TA2 XX16

038B1s XX16

03sCis | Timer A3 register TA3 XX16

038D16 XX16

038E1s | Timer A4 register TA4 XX16

038F16 XX16

039015 | Timer BO register TBO XX16

039116 XX16

039215 | Timer B1 register TB1 XX16

039316 XX16

039415 | Timer B2 register TB2 XX16

039516 XX16

039615 | Timer AO mode register TAOMR 0016

03971 | Timer A1 mode register TAIMR 0016

039815 | Timer A2 mode register TA2MR 0016

039916 | Timer A3 mode register TA3SMR 0016

039A1s | Timer A4 mode register TAAMR 0016

039B1s | Timer BO mode register TBOMR 00XX00002
039cis | Timer B1 mode register TB1IMR 00XX00002
039D1s | Timer B2 mode register TB2MR 00XX00002
0391 | Timer B2 special mode register TB2SC X00000002
039F16

03A01s | UARTO transmit/receive mode register UOMR 0016

03A1s | UARTO bit rate register UOBRG XX16

03a2is | UARTO transmit buffer register UoTB XX16

03A316 XX16

03A41s | UARTO transmit/receive control register 0 Uoco 000010002
03A5:s | UARTO transmit/receive control register 1 UOC1 000000102
03a61s | UARTO receive buffer register UORB XX16

03AT716 XX16

03A8s | UARTL1 transmit/receive mode register ULMR 0016

03A%:s | UART1 bit rate register U1BRG XX16

03aAis  |UART1 transmit buffer register uiTB XX16

03AB1s XX16

03Acis |UARTL1 transmit/receive control register 0 UlCo 000010002
03ADis | UART1 transmit/receive control register 1 UicCi 000000102
03aEis  |UART1 receive buffer register U1RB XX16

03AFi6 XX16

03B01s | UART transmit/receive control register 2 UCON X00000002
03B1lis

03B216

03B316

03B41s | CRC snoop address register CRCSAR XX16

03B516 OOXXXXXX2
038615 | CRC mode register CRCMR OXXXXXX02
03B716

03B81s | DMAO request cause select register DMOSL 0016

03B916

03BA1s | DMAL request cause select register DM1SL 0016

03BB1s

03Bcis |CRC data register CRCD XX16

03BD1s XX16

03BE1s | CRC input register CRCIN XX16

03BF16

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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Table 4.11 SFR Information (11)

Address Register Symbol After reset
03cois  |[A/D register O ADO XX16
03Cl1s XX16
o3c2is |[A/D register 1 AD1 XX16
03C316 XX16
03c4is | A/D register 2 AD2 XX16
03C516 XX16
o3ces |A/D register 3 AD3 XX16
03C716 XX16
o3csws |A/D register 4 AD4 XX16
03C916 XX16
03caws |A/D register 5 AD5 XX16
03CBis XX16
o3ccis |A/D register 6 AD6 XX16
03CD1s XX16
03cews |A/D register 7 AD7 XX16
03CF1s XX16
03D016

03D116

03p2:1s | A/D trigger control register ADTRGCON | XXXX00002
03D31s | A/D status register O ADSTATO 00000X002
03D41s | A/D control register 2 ADCON2 0016
03D516

03615 | A/D control register 0 ADCONO 00000XXX2
03D71s | A/D control register 1 ADCON1 0016
03D816

03D916

03DA16

03DB1s

03DC16

03DD16

03DE1s

03DF16

03E01s | Port PO register PO XX16
03ELis | Port P1 register P1 XX16
03e2:6 | Port PO direction register PDO 0016
03e316 | Port P1 direction register PD1 0016
03E41s | Port P2 register P2 XX16
03516 | Port P3 register P3 XX16
03616 | Port P2 direction register PD2 0016
03E71s__| Port P3 direction register PD3 0016
03E816

03E916

03EA16

03EBz16

03EC1s | Port P6 register P6 XX16
03eD1s | Port P7 register P7 XX16
03EE1s | Port P6 direction register PD6 0016
03EFs__ | Port P7 direction register PD7 0016
03rF01s | Port P8 register P8 XX16
03FLis | Port P9 register P9 XX16
03F21s | Port P8 direction register PD8 0016
03rF31s | Port P9 direction register PD9 000X00002
03F41s | Port P10 register P10 XX16
03F516

03F61s | Port P10 direction register PD10 0016
03F71s

03F816

03F916

03FA16

03FBis

03rFcis | Pull-up control register 0 PURO 0016
03rFDis | Pull-up control register 1 PUR1 0016
03FEs | Pull-up control register 2 PUR2 0016
03FF1s | Port control register PCR 0016

Note 1: The blank areas are reserved and cannot be used by users.

X : Undefined
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5. Resets

Hardware reset 1, brown-out detection reset (hardware reset 2), software reset, watchdog timer reset, and
oscillation stop detection reset are implemented to reset the MCU.

5.1 Hardware Reset
Hardware reset 1 and brown-out detection reset are available as the hardware reset.
5.1.1 Hardware Reset 1

Pins, CPU, and SFRs are reset by using the RESET pin. When a low-level (“L") signal is applied to the
RESET pin while the supply voltage meets the recommended operating condition, pins, CPU, and SFRs
are reset (see Table 5.1 Pin Status When RESET Pin Level is “L”). The oscillation circuit is also reset and
the on-chip oscillator starts oscillating as the CPU clock. CPU and SFRs re reset when the signal applied
to the RESET pin changes from “L” to high (“H”). The MCU executes a program beginning with the
address indicated by the reset vector. The internal RAM is not reset. When an “L” signal is applied to the
RESET pin while writing data to the internal RAM, the content of internal RAM is undefined.

Figure 5.1 shows an example of the reset circuit. Figure 5.2 shows a reset sequence. Table 5.1 shows
status of the other pins while the RESET pin is held “L". Figure 5.3 shows CPU register states after reset.
Refer to 4. Special Function Register (SFR) about SFR states after reset.

1. Reset on a stable supply voltage

(1) Apply an “L” signal to the RESET pin
(2) Wait fa(ROC) or more

(3) Apply an “H” signal to the RESET pin

2. Power-on reset

(1) Apply an “L” signal to the RESET pin

(2) Increase the supply voltage until it meets the the recommended performance condition
(3) Wait for faP-~)or more to allow the internal power supply to stabilize

(4) Wait Za(ROC) or more

(5) Apply an “H” signal to the RESET pin

5.1.2 Brown-Out Detection Reset (Hardware Reset 2)

Note
| Brown-out detection reset in the M16C/29 Group, T-ver. and V-ver. cannot be used. I

Pins, CPU, and SFR are reset by using the on-chip voltage detection circuit, which monitors the voltage
applied to Vcc pin.

When the VC26 bit in the VCR2 register is set to 1 (reset level detection circuit enabled), pins, CPU, and
SFR are reset as soon as the voltage applied to the VVcc pin drops to Vdet3 or below.

Then, pins, CPU, and SFR are reset as soon as the voltage applied to the Vcc pin reaches Vdet3r or
above. The MCU executes the program in an address determined by the reset vector.

The MCU executes the program after detecting Vdet3r and waiting 7o(S-/<)ms. The same pins and
registers are reset by the hardware reset 1 and brown-out detection reset, and are also placed in the
same reset state.

The MCU cannot exit stop mode by brown-out detection reset.
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Recommended | ~

operating
vee voltage
ov
RESET vce
¢ wEE Equalto or less | |
i qual to or less P Equal to or less

- than 0.2Vcc

e ov

than 0.2Vcc

—»! |4— More than td(ROC) + td(P-R)

Figure 5.1 Example Reset Circuit

5.2 Software Reset

The MCU resets its pins, CPU, and SFRs when the PMO03 bit in the PMO register is set to 1 (reset) and the
MCU executes a program in an address indicated by the reset vector. Then the on-chip oscillator is se-
lected as the CPU clock.

The software reset does not reset some portions of the SFRs. Refer to 4. Special Function Registers
(SFRs) for details.

5.3 Watchdog Timer Reset

The MCU resets its pins, CPU, and SFRs when the PM12 bit in the PM1 register is set to 1 (watchdog timer
reset) and the watchdog timer underflows. The MCU executes a program in an address indicated by the
reset vector. Then the on-chip oscillator is selected as the CPU clock.

The watchdog timer reset does not reset some portions of the SFRs. Refer to 4. Special Function Regis-
ters (SFRs) for details.

5.4 Oscillation Stop Detection Reset

The MCU resets its pins, CPU, and SFRs and stops if the main clock stop is detected when the CM20 bit in
the CM2 register is set to 1 (oscillation stop, re-oscillation detection function enabled) and the CM27 bit in
the CM2 register is O (reset at oscillation stop detection). Refer to the section 7.8 oscillation stop, re-
oscillation detection function for details.

The oscillation stop detection reset does not reset some portions of the SFRs. Refer to 4. Special Func-
tion Registers (SFRs).
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A P ) [ O

Content of reset vector

Vce
ROC A A A A s
- -
td(P-R) More than
td(ROC)
RESET CPU clock 28cycles
-
CPU clock
FFFFC1s

Address { | FFFFE

Y
L

Figure 5.2 Reset Sequence

Table 5.1 Pin Status When RESET Pin Level is “L”

Pin name Status
PO to P3, o
P6 to P10 Input port (high impedance)

b15 b0

000016
000016 I
000016 1
000016 1
000016 1
000016 1
000016 I

!
b19 b0
0000016

Content of addresses FFFFE16 to FFFFC16
b15 b0

000016

000016

000016
b15 b0
| 000016 |
b15_--~" - b8 b7 bOi
AR EEN
IPL Ul OBS ZDC

Data register(RO0)
Data register(R1)
Data register(R2)

Data register(R3)

Address register(A0)
Address register(Al)

Frame base register(FB)

Interrupt table register(INTB)
Program counter(PC)

User stack pointer(USP)

Interrupt stack pointer(ISP)
Static base register(SB)

Flag register(FLG)

Figure 5.3 CPU Register Status After Reset
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5.5 Voltage Detection Circuit
Note

Vcc =5V is assumed in 5.5 Voltage Detection Circuit.

Voltage detection circuit in the M16C/29 Group, T-ver. and V-ver. cannot be used.

The voltage detection circuit has the reset level detection circuit and the low voltage detection circuit. The
reset level detection circuit monitors the voltage applied to the Vcc pin. The MCU is reset if the reset level
detection circuit detects Vcc is Vdet3 or below. Use bits VC27 and VC26 in the VCR2 register to determine

whether the individual circuit is enabled.

Use the reset level detection circuit for brown-out detection reset.
The low voltage detection circuit also monitors the voltage applied to the Vcc pin. The low voltage detec-
tion circuit use the VC13 bit in the VCRL1 register to detect Vcc is above or below Vdet4. The low voltage

detection interrupt can be used in the voltage detection circuit.

VCR2 Register

O_FD"—‘“' BEREE Y

Reset level
detection circuit

— +
>Vdet3

CM10 Bit=1 _437 £
(Stop Mode)

f 1 shot

el

Brown-out Detect Reset
(Hardware Reset 2
Release Wait Time)
td(S-R)

>

+
>Vdet4

vee O

Low voltage
detection circuit

VC13 Bit

—  Detect Signal
VCR1 Register

Internal Reset Signal
(“L" active)

Low Voltage

Figure 5.4 Voltage Detection Circuit Block
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Voltage Detection Register 1

b7 b6 b5 b4 b3 b2 bl bo

b7 b6 b5 b4 b3 b2 bl bo

Voltage Detection Register 2 (1)

reset.

to 1.

Symbol Address After Reset (2)
[o[oJoJo] [ofo]o] vcra 001916 000010002

¢+ | Bit Symbol Bit Name Function RW
T T S S ) Reserved bit Setto 0 RW
R Low voltage monitor flag () 0:VCC < Vdet4

oo ve13 9 9 1:VCC = Vdetd RO
(AN S S (b7-b4) Reserved bit Setto 0 RW
NOTES:

1. The VC13 bit is useful when the VC27 bit of VCR2 register is set to 1 (low voltage detection circuit enable).
The VC13 bit is always 1 (Vcc= Vdet4) when the VC27 bit in the VCR2 register is set to 0 (low voltage
detection circuit disable).

2. This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

1. Write to this register after setting the PRC3 bit in the PRCR register to 1 (write enable).

2. Set the VC26 bit to 1 to use brown-out reset.

3. VC26 bit is disabled in stop mode. (The MCU is not reset even if the voltage input to Vcc pin becomes
lower than Vdet3.)

4. When the VC13 bit in the VCRL1 register and D42 bit in the D4INT register are used or the D40 bit is set
to 1 (low voltage detection interrupt enable), set the VC27 bit to 1.

5. This register does not change at software reset, watchdog timer reset and oscillation stop detection

6. The detection circuit does not start operation until td(E-A) elapses after the VC26 bit or VC27 bit is set

Symbol Address After Reset ()
| | |o]o]o]ofo]o] VCR2 001A16 0016

¢+ 1| BitSymbol Bit Name Function RW

P beedeleellold pspo) Reserved bit Setto 0 RwW

. : . 0: Disable reset level detection

P VC26 gessgt level monitor bit cireuit

I ERRLALALELELLLEEE o 1: Enable reset level detection RW

H circuit

vcar Low voltage monitor 0: Disable low voltage

' (4. 6) detection circuit

R ELREEEEELEEEES bit ¢ 1: Enable low voltage RW
detection circuit

NOTES:

Figure 5.5 VCR1 Register and VCR2 Register
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Low Voltage Detection Interrupt Register (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
DX [ [ ]| || oant 001F16 0016

P44 o4 4o 1| BitSymbol Bit Name Function RW
L D40 Low voltage detection 0 : Disable RW
R interrupt enable bit () 1: Enable
T STOP mode deactivation 0: Disable (do not use the low
A control bit 4 voltage detection interrupt to exit
stop mode)
. 1: Enable (use the low voltage RW
- detection interrupt to exit stop
e mode)
D42 Voltage change detection flag | 0: Not detected RW
[ @ 1: Vdet4 passing detection ®
R T T V. D43 WDT overflow detect flag 0: Not detected RW
N 1: Detected ®
R : : b5b4
- DFO Sampling clock select bit 00 : CPU clock divided by 8 RW
- 01 : CPU clock divided by 16
E DF1 10 : CPU clock divided by 32
v 11 : CPU clock divided by 64 RW
______________________ Nothing is assigned. If necessary set to 0. When read, the

(b7-b6) content is 0 -

NOTES:
1. Write to this register after setting the PRC3 bit in the PRCR register to 1 (write enable).
2. Useful when the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled). If the VC27
bit is set to 0 (low voltage detection circuit disable), the D42 bit is set to O (Not detect).
3. This bit is set to 0 by writing a 0 in a program. (Writing 1 has no effect.)
4. If the low voltage detection interrupt needs to be used to get out of stop mode again after once used for that
purpose, reset the D41 bit by writing a 0 and then a 1.
5. The D40 bit is effective when the VC27 bit in the VCR2 register is set to 1. To set the D40 bit to 1, follow the
procedure described below.
(1) Set the VC27 bit to 1.
(2) Wait for td(E-A) until the detection circuit is actuated.
(3) Wait for the sampling time (refer to Table 5.3 Sampling Clock Periods).
(4) Set the D40 bit to 1.

Figure 5.6 DA4INT Register

5.0V 5.0V

Vdet4
Vdet3r
VCC Vdet3

Vdet3s
VSS

Internal Reset Signal

L |

Set to 1 by program (reset level detect circuit eﬁable)
1 1

|
|
|
|
|
|
RESET :
|
|
|
|
|
|

VC13 bit in -
VCRL1 register Undefined
VC26 bit in Undefined \

VCR2 register (V)

VC27 bitin Undefined \

VCR2 register

«~
| 1
1
Set to 1 by program
(low voltage detection circuit enable)

| | |

NOTES :
1. VC26 bit is invalid in stop mode. (the MCU is not reset even if input voltage of VCC pin
becomes lower than Vdet3).

Figure 5.7 Typical Operation of Brown-Out Detection Reset (Hardware Reset 2)
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5.5.1 Low Voltage Detection Interrupt
If the D40 bit in the D4INT register is set to 1 (low voltge detection interrupt enabled), a low voltage
detection interrupt request is generated when voltage applied to the VVcc pin is above or below Vdet4.
The low voltage detection interrupt shares the same interrupt vector with watchdog timer interrupt and
oscillation stop, re-oscillation detection interrupt.
Set the D41 bit in the D4INT register to 1 (enabled) to use the low voltage detection interrupt to exit stop
mode, set the D41 bit in the D4INT register to 1 (enable).
The D42 bit in the D4INT register is set to 1 (above or below Vdet4 detected) as soon as voltage applied
to the Vcc pin goes above or below Vdet4 due to the voltage change. When the D42 bit setting changes
0 to 1, a low voltage detection interrupt is generated. Set the D42 bit to O (not detected) by program.
However, when the D41 bit is set to 1 and the MCU is in stop mode, a low voltage detection interrupt
request is generated, regardless of the D42 bit setting, if voltage applies to the Vcc pin is detected to rise
above or drop below Vdet4. The MCU then exits stop mode.
Table 5.2 shows how a low voltage detection interrupt request is generated.
Bits DF1 and DFO in the D4INT register determine sampling period that detects voltage applied to the
Vcc pin rises above or drops below Vdet4. Table 5.3 shows sampling periods.

Table 5.2 Voltage Detection Interrupt Request Generation Conditions

Operation Mode VC27 bit D40 bit D41 bit D42 bit CMO02 bit VC13 bit
Normal 3)
operation o 0to1 . Ol
mode(1) 1to0 )
Otol (3
Wait mode 1 1 Oto1l 0 ©)
@) — 1to0 (3)
—_ 1 Oto1l
Stop mode 1 — 0 Otol
(2)
—:0or1
NOTES:

1. The status except the wait mode and stop mode is handled as the normal mode. (Refer to 7. Clock generating circuit)

2. Refer to 5.5.2 Limitations on stop mode and 5.5.3 Limitations on wait mode.

3. An interrupt request for voltage reduction is generated a sampling time after the value of the VC13 bit has changed.
Refer to the Figure 5.9 for details.

5. Resets

Table 5.3 Sampling Clock Periods

CPU Sampling clock (us)
clock DF1 to DF0=00 DF1 to DF0=01 DF1 to DF0=10 DF1 to DFO=11
(MH2) (CPU clock divided by 8) [(CPU clock divided by 16) [ (CPU clock divided by 32)[(CPU clock divided by 64)
16 3.0 6.0 12.0 24.0
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Low voltage detection circuit

Low voltage detection interrupt generation circuit

VC27

Noise

DAINT clock(the
clock with which it |
operates also in
wait mode)

— VC13

DF1, DFO

o

=\
o]
O

D42 bit is set to 0 (not detected) by

disabled), the D42 bit is setto 0.

rejection

(Rejection wide:200 ns)

Low voltage detectign
signal

“H” when VC27 bit = 0

Watchdog timer block

A4 y b4
| Noise rejection Digital
| circuit filter

D41

(disabled)
CM10
CMO02
WAIT instruction (wait modey
D43
»

Watchdog timer
underflow signal

D40 —

This bit is set to 0 (not detected) by writing a 0 by program.

writing a 0 in a program. VC27 bit is
set to 0 (low voltage detection circuit

Watchdog
timer interrupt
signal

Low voltage
detection
interrupt signal

Oscillation stop,
re-oscillation
detection
interrupt signal

Non-maskable
interrupt signal

Figure 5.8 Low Voltage Detection Interrupt Generation Block

VCC

VC13 bit

Output of the digital filter (2)

D42 bit

Low voltage detection
interrupt signal

NOTES:

I
I

—

sampling |

—l

sampling |

sampling

sampling

No low voltage detection inlerrupt signals are

generated when the D42 bitis 1.
|

-—

U

I —

Setto 0 by
program (not
detected)

T

SettoO by a
program (not |

detected)

[ m—

|
I
I

1. D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled).
2. Output of the digital filter shown in Figure 5.7.

I

Figure 5.9 Low voltage Detection Interrupt Generation Circuit Operation Example
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5.5.2. Limitations on Stop Mode
When all the conditions below are met, the low voltage detection interrupt is generated and the MCU exits
stop mode as soon as the CM10 bit in the CM1 register is set to 1 (all clocks stopped).
* the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled)
« the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)
« the D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit stop mode)
« the voltage applied to the VVcc pin is higher than Vdet4 (the VC13 bit in the VCR1 register is 1)

Set the CM10 bit to 1 when the VC13 bit is set to set to 0 (Vcc < Vdet4), if the MCU is configured to enter
stop mode when voltage applied to the Vcc pin drops Vdet4 or below and to exit stop mode when the
voltage applied rises to Vdet4 or above.

5.5.3. Limitations on WAIT Instruction

When all the conditions below are met, the low voltage detection interrupt is generated and the MCU exits
wait mode as soon as WAIT instruction is executed.

 the CMO02 bit in the CMO register is set to 1 (stop peripheral function clock)

« the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled)

« the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)

« the D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit wait mode)

« the voltage applied to the VVcc pin is higher than Vdet4 (the VC13 bit in the VCR1 register is 1)

Execute the WAIT instruction when the VC13 bit is set to set to 0 (Vcc < Vdet4), if the MCU is configured
to enter wait mode when voltage applied to the Vcc pin drops Vdet4 or below and to exit wait mode when
the voltage applied rises to Vdet4 or above.

Rev. 1.11 Dec.11, 2006  page 43 of 458 RENESAS
REJ09B0101-0111



M16C/29 Group 6. Processor Mode

6. Processor Mode

The MCU supports single-chip mode only. Figures 6.1 and 6.2 show the associated registers.

Processor Mode Register 0 (1)

The MCU is reset when
EEEEEEEEREE PMO03 Software reset bit this bit is set to 1. When read, RW
its content is 0.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

lolo]o]o]| [o]o][o] ewmo 000416 0016
1+ 1 1| Bit Symbol Bit Name Function RW
Pt (b2-b0) Reserved bit Setto 0 RW

-------------- (b7-bd) Reserved bit Setto 0 RW

.
Lmcecccccccccccccccc——————
Leccccccccccccececeee e

NOTES:
1. Set the PMO register after the PRC1 bit in the PRCR register is set to 1 (write enable).

Processor Mode Register 1®

b7 b6 b5 b4 b3 b2 bl bO bol d4d t
Symbo Address After Reset

||0|0|0|1||0|| PM1 000516 000010002
P ¢ ¢ 1| Bit Symbol Bit Name Function RW
P Flash data block access | O: Disabled
oo . PM10 h RW
A bit @ 1: Enabled ®
-1 (b Reserved bit Setto 0 RW
] Watchdog timer function | 0 : Watchdog timer interrupt
oo PM12 select bit 1 : Watchdog timer reset (4) RW
A (03) Reserved bit Setto 1 RW
CH R P —— (b6-b4) Reserved bit Setto 0 RW
o i hit (5) 0 : No wait state
' PM17 Wait bit 1: Wait state (1 wait) RW

NOTES:

1. Rewrite the PM1 register after the PRCL1 bit in the PRCR register is set to 1 (write enable).

2. To access the two 2K-byte data spaces in data block A and data block B, set the PM10 bit to 1. The PM10
bit is not available in mask version.

3. When the FMROL1 bit in the FMRO register is set to 1 (enables CPU rewrite mode), the PM10 bit is
automatically set to 1.

4. Set the PM12 bit to 1 by program. (Writing O by program has no effect)

5. When the PM17 bit is set to 1 (wait state), one wait is inserted when accessing the internal RAM or the
internal ROM.

Figure 6.1 PMO Register and PM1 Register
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Processeor Mode Register 2 (1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
|><|><|><| | 0 | | | | PM2 001E16 XXX000002
Bit Symbol Bit Name Function RW
Specifying wait when 0: 2 waits
o PM20 accessing SFR 2) 1: 1 wait RW

System clock protective 0: Clo_ck is protected by PRCR
[ PM21 bit(3’4) register RW
1: Clock modification disabled

0: CPU clock is used for the
watchdog timer count source

R, WDT count source

' PM22 . £(3,5) 1: On-chip oscillator clock is used RW
, protective bit for the watchdog timer count

source

(b3) Reserved bit Setto 0 RW

0: P8s function (NMI disabled)
1: NMi function RW

___________________ _ Nothing is assigned. When write, set to 0.
(b7-b5) | When read, thecontent is undefined

PM24 P8s/NMI configuration bit(6,7)

,.____________________________________________________.
i

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable).
2. The PM20 bit becomes effective when PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20
bit when the PLCO7 bit is set to 0 (PLL off). Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.
3. Once this bit is set to 1, it cannot be cleared to 0 by program.
4. Writting to the following bits has no effect when the PM21 bit is set to 1:
CMO2 bit in the CMO register
CMO5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CM1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
Do not execute WAIT instruction when the PM21 bit is set to 1.
5. Setting the PM22 bit to 1 results in the following conditions:
* The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer
count source.
» The CM10 bit in the CM1 register cannnot be written. (Writing 1 has no effect, stop mode is not entered.)
* The watchdog timer does not stop in wait mode.
6. For NMI function, the PM24 bit must be set to 1(NMT function) in first instruction after reset. Once this bit is set
to 1, it cannot be set to 0 by program. When the PM24 bit is set to 1, the P8s direction register must be 0.
7. SD input is valid regardless of the PM24 setting.

Figure 6.2 PM2 Register
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The internal bus consists of CPU bus, memory bus, and peripheral bus. Bus Interface Unit (BIU) is used to
interfere with CPU, ROM/RAM, and perpheral functions by controling CPU bus, memory bus, and periph-
eral bus. Figure 6.3 shows the block diagram of the internal bus.

ROM RA

CPU address bus
CPU
K_ CPU data bus >

DMAC

BIU

il

S~

Memory address bus >

Memory data bus

CPU clock

Clock 5
generation Peripheral function
circuit

>

snq ssaippe [esayduad

snq eyep [esyduad

<

L N
Serial 1/10
—/
—N,
— |
Py,

CRC
41\

/1O

=

uonouny jesayduad

Figure 6.3 Bus Block Diagram

The number of bus cycle varies by the internal bus. Table 6.1 lists the accessible area and bus cycle.

Table 6.1 Accessible Area and Bus Cycle

Accessible Area Bus Cycle
SFR PM20 bit = 0 (2 waits) 3 CPU clock cycles
PM20 bit = 1 (1 wait) 2 CPU clock cycles

ROM/RAM PM17 bit = 0 (no wait) 1 CPU clock cycle

PM17 bit = 1 (1 wait)

2 CPU clock cycles
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7. Clock Generation Circuit

The clock generation circuit contains four oscillator circuits as follows:
(1) Main clock oscillation circuit

(2) Sub clock oscillation circuit

(3) Variable on-chip oscillators

(4) PLL frequency synthesizer

Table 7.1 lists the specifications of the clock generation circuit. Figure 7.1 shows the clock generation
circuit. Figures 7.2 to 7.7 show clock-associated registers.

Table 7.1 Clock Generation Circuit Specifications

Main Clock Sub Clock ; i : PLL Frequency
ltem Oscillation Circuti Oscillation Circuit Variable On-chip Oscillator Synthesizer
Use of clock - CPU clock source | - CPU clock source |- CPU clock source - CPU clock source
- Peripheral function| - Timer A, B's clock |- Peripheral function clock source| - Peripheral function clock
clock source source - CPU and peripheral function source

clock sources when the main
clock stops oscillating

Clock frequency 0to 20 MHz 32.768 kHz Selectable source frequency: 10 to 20 MHz
f1(ROC), f2(ROC), f3(ROC)
Selectable divider:
by 2, by 4, by 8

Usable oscillator | - Ceramic oscillator | - Crystal oscillator
- Crystal oscillator

Pins to connect | XIN, XouT XCIN, XcouT
oscillator -
Oscillation stop, | Available Available Available Available
restart function
Oscillator status | Oscillating Stopped Oscillating Stopped
after reset (CPU clock source)
Other Externally derived clock can be input
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CCLK2-CCLK0=0002
CCLK2-CCLK0=0012
CCLK2-CCLK0=0102 fean
CCLK2-CCLKO0=0112
CCLK2-CCLKO0=1002
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ey f
CMO04 {ws2] c32
| D f1 ] PCLKO=1
Sub-clock N}
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fc ™
On-chip
° on-chip oscillator 32
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N~_fAaD
— L
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stop, re- PCLK1=1
oscillation P
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1 | clock CPU clock
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s Q
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: 1/32 :
RESETO H
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CMO00, CM01, CM02, CM04, CM05, CM06, CMO7: Bits in the CMO register H CM17, CM16=012
CM10, CM11, CM16, CM17: Bits in the CM1 register
PCLKO, PCLK1, PCLKS: Bits in the PCLKR register H CM06=0
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d ; CM17, CM16=002 Details of divider

Oscillation stop, re-oscillation detection circuit Variable On-chip Oscillator

Internal low-
pass filter
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Reset
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. circuit for clock Charge, circuit detection reset H
Main dge detection [—{ discharge :
clock and charge, circuit O—— Oscillation stop, [—# Oscillation stop, /8
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detection interrupt detection signal : :
generating circuit ROCR1, ROCRO=112 ROCR3, RQCR2=102 H
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[
|
|
i Programmable
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|
i
|
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Figure 7.1 Clock Generation Circuit
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System Clock Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | Symbol Address After Reset
e CMO 000616 010010002
R A
¢ 44 4 1+ [ BitSymbol Bit Name Function RW
) ) ) '
: o E E E L CMO00 Clock output function See Table 7.3 RW
R I select bit
A vl cmot RW
' ) ) )
] N ' ]
' E E ! ' CMO02 Wait Mode peripheral function | 0: Do not stop peripheral function clock in wait mode RW
Yoo T clock stop bit (10) 1: Stop peripheral function clock in wait mode ()
) ) )
Yy o ) : P R
' ' XCIN-XcouT drive capacity | 0: LOW
T R CMO3 | elect bit @ 1: HIGH RW
O Port Xc select it (2) 0: I/0 port P86, P87
) . ’
' E Prormmememeeey CMo4 1: XcIN-XcouT generation function® RW
)
N Main clock stop bit 0:0n®@
T RRREREEELD CMmO5 | (587 5005 P 1 Off ®) RW
¢ '
' - — -
L T CMO6 Main clock division select | 0: CM16 and CM17 valid
: bit 0 (7. 13, 14) 1: Division by 8 mode RW
)
] CcMo7 System clock select bit 0: Main clock, PLL clock, or on-chip oscillator clock RW
(6,10, 11, 12) 1: Sub-clock
NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. The CMO3 bit is set to 1 (high) when the CMO04 bit is set to 0 (I/O port) or the MCU goes to a stop mode.

3. This bit is provided to stop the main clock when the low power dissipation mode or on-chip oscillator low power dissipation mode
is selected. This bit cannot be used for detection as to whether the main clock stopped or not. To stop the main clock, the
following setting is required:

(1) Set the CMO07 bit to 1 (Sub-clock select) or the CM21 bit in the CM2 register to 1 (on-chip oscillator select) with the sub-
clock stably oscillating.

(2) Set the CM20 bit in the CM2 register to 0 (Oscillation stop, re-oscillation detection function disabled).

(3) Set the CMO05 bit to 1 (Stop).

4. During external clock input, set the CMO5 bit to 0 (On).

5. When CMO5 bit is set to 1, the XouT pin goes "H". Futhermore, because the internal feedback resistor remains connectes,
the XiN pin is pulled "H" to the same level as XourT via the feedback resistor.

6. After setting the CMO04 bit to 1 (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from 0 to 1 (sub-clock).

7. When entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip oscillator low power mode, the
CMO6 bit is set to 1 (divided-by-8 mode).

8. The fc32 clock does not stop. During low speed or low power dissipation mode, do not set this bit to 1(peripheral clock turned
off in wait mode).

9. To use a sub-clock, set this bit to 1. Also, make sure ports P86 and P87 are directed for input, with no pull-ups.

10. When the PM21 bit in the PM2 register is set to 1 (clock modification disable), writing to bits CM02, CM05, and CMO07 has
no effect.

11. If the PM21 bit needs to be set to 1, set the CMO07 bit to 0 (main clock) before setting it.

12. To use the main clock a the clock source for the CPU clock, follow the procedure below.
(1) Set the CMO5 bit to O (oscillate).
(2) Wait the main clock oscillation stabilized.
(3) Set all bits CM11, CM21, and CMO7 to 0.

13. When the CM21 bit is set to 0 (on-chip oscillaor turned off) and the CMO05 bit is set to 1 (main clock turned off), the CMO06 bit
is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capability High).

14. To return from on-chip oscillator mode to high-speed or middle-speed mode set both bits CM06 and CM15 to 1.

Figure 7.2 CMO Register

Rev. 1.11 Dec.11, 2006  page 49 of 458 RENESAS
REJ09B0101-0111



M16C/29 Group

7. Clock Generation Circuit

System Clock Control Register 1 ()

b7 b6 b5 b4 b3 b2 bl b0

| 0 | 0 | 0 | | | Symbol Address After Reset
. N i E N CM1 000716 001000002
: oo i 1| Bit Symbol Bit Name Function RW
e cM10 | All clock stop control bit 0: Clock on RW
e (4,6) 1 : All clocks off (stop mode)
A CM11 | System clock selectbit1 |0 : Main clock RW
€7 1:PLL clock ()
AR TELEEL L eI CERE (ba-b2) | Reserved bit Setto 0 RW
XIN-XouT drive capacity 0:LOW
P tTmmmmmmmmmmmmmmeeed CM15 select bit (2) 1:HIGH RW
I b7 b6
D] CM16 Main clock division 0 0 : No division mode RW
! select bits (3) 0 1: Division by 2 mode
: 10 : Division by 4 mode
--------------------------- CMm17

1 1: Division by 16 mode RwW

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. When entering stop mode from high or middle speed mode, or when the CMO5 bit is set to 1 (main clock
turned off) in low speed mode, the CM15 bit is set to 1 (drive capability high).

3. Effective when the CMO06 bit is 0 (bits CM16 and CM17 enable).

4. If the CM10 bit is 1 (stop mode), XouT goes “H” and the internal feedback resistor is disconnected. The XcIN
and XcouT pins are placed in the high-impedance state. When the CM11 bit is set to 1 (PLL clock), or the
CM20 bit in the CM2 register is set to 1 (oscillation stop, re-oscillation detection function enabled), do not set
the CM10 bit to 1.

5. After setting the PLCO7 bit in the PLCO register to 1 (PLL operation), wait until tsu (PLL) elapses before setting
the CM11 bit to 1 (PLL clock).

6. When the PM21 bit in the PM2 register is set to 1 (clock modification disable), writing to bits CM10, CM11 has
no effect. When the PM22 bit in the PM2 register is set to 1 (watchdog timer count source is on-chip oscillator
clock), writing to the CM10 bit has no effect.

7. Effective when CMO7 bit is 0 and CM21 bitis O .

Figure 7.3 CM1 Register

On-chip Oscillator Control Register (1)

b7 b6 b5 b4 b3 b2 bl b
|>&| 6| 5| 4| 3| 2| 1| o| Symbol Address After Reset
. 0 O 0 A1 ROCR 025C16 X00001012
P ¢ 11| Bit Symbol Bit Name Function RW
E - H E H X b1 b0
i+ i | ROCRO Frequency select bits 0 0: f1 (ROC) RW
Yo HE 0 1: f2 (ROC)
1 0: Do not set to this value
o A ROCR1 1 1: f3 (ROC) RW
E i i i L. . b3 b2
R et ROCR2 Divider select bits 0 0: Do not set to this value RW
R 0 1: divide by 2
1 0: divide by 4
it ROCR3 1 1: divide by 8 RW
LRI S (b6-b4) | Reserved bit Setto 0 RwW
o o7 Nothing is assigned. When write, set to 0. When read, its _
(b7) content is undefined

NOTE:
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

Figure 7.4 ROCR Register
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Oscillation Stop Detection Register ()

b7 b6 b5 b4 b3 b2 bl b0

detection function enabled

| N 0 |O | | | | | Symbol Address After Reset
N - CMm2 000C16 0X0000102(11)
++ | Bit Symbol Bit Name Function RW
CM20 Oscillation stop, re- 0: Oscillation stop, re-oscillation
S oscillation detection bit detection function disabled RW
' (7,9,10,11) 1: Oscillation stop, re-oscillation

CcM21 System clock select bit 2 [ 0: Main clock or PLL clock
______ 2,3,6,8,11,12) 1: On-chip oscillator clock RW
(On-chip oscillator oscillating)

CM22 Oscillation stop, re- 0: Main clock stop,or re-oscillation
o] oscillation detection flag not detected RW
, 4 1: Main clock stop,or re-oscillation
' detected
L XIN monitor flag 0: Main clock oscillating
CM23 (5) 1: Main clock not oscillating RO
et (b5-ba) | Reserved bit Setto 0 RW
' _______________________ - Nothing is assigned. When write, set to 0. When read, its -
(b6) content is undefined
CM27 Operation select bit 0: Oscillation stop detection reset
ERRREEETEETEEETEECEEREERREE (when an oscillation stop, | 1: Oscillation stop, re-oscillation RW
re-oscillation is detected) detection interrupt
(11

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. When the CM20 bit is 1 (oscillation stop, re-oscillation detection function enabled), the CM27 bitis setto 1
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the CM21 bit is
automatically set to 1 (on-chip oscillator clock) if the main clock stop is detected.

3. If the CM20 bitis set to 1 and the CM23 bit is set to 1 (main clock not oscillating), do not set the CM21 bit to O.

4. This flag is set to 1 when the main clock is detected to have stopped or when the main clock is detected
to have restarted oscillating. When this flag changes state from 0 to 1, an oscillation stop, reoscillation restart
detection interrupt is generated. Use this flag in an interrupt routine to discriminate the causes of interrupts
between the oscillation stop, reoscillation detection interrupts and the watchdog timer interrupt. The flag is
cleared to 0 by writing 0 by program. (Writing 1 has no effect. Nor is it cleared to 0 by an oscillation stop or an
oscillation restart detection interrupt request acknowledged.) If when the CM22 bit is set to 1 an oscillation
stoppage or an oscillation restart is detected, no oscillation stop, reoscillation restart detection interrupts are
generated.

5. Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine the
main clock status.

6. Effective when the CMO7 bit in the CMO register is set to 0.

7. When the PM21 bit in the PM2 register is 1 (clock modification disabled), writing to the CM20 bit has no effect.

8. When the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set 1
(oscillation stop, re-oscillation detection interrupt), and the CM11 bit is 1 (the CPU clock source is PLL clock),
the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is set to O under
these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop detection; it is,
therefore, necessary to set the CM21 bit to 1 (on-chip oscillator clock) inside the interrupt routine.

9. Set the CM20 bit to 0 (disable) before entering stop mode. After exiting stop mode, set the CM20 bit back to 1
(enable).

10. Set the CM20 bit to 0 (disable) before setting the CMO05 bit in the CMO register.

11. Bits CM20, CM21 and CM27 do not change at oscillation stop detection reset.

12. When the CM21 bit is set to 0 (on-chip oscillator turned off) and the CMO05 bit is set to 1 (main clock turned
off), the CMO6 bit is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capability High).

Figure 7.5 CM2 Register
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Peripheral Clock Select Register @

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
lofo] [ofo]o] | | Pckr 025E16 000000112

Bit Symbol Bit Name Function RW

Timers A, B clock select bit
(Clock source for the timers A,

A "1 PCLKO | B, the timer S, the dead timer, lf - RW
H SI/03, SI/04 and multi-master ’
oo I°C bus)
SI/O clock select bit 0: 2510
. PCLK1 (Clock source for UARTO to l: f1S10 RW
AR UART2) '
R I (b4-b2) Reserved bit Setto 0 RW
R —— pcLks | Clock output function Refer to Table 7.3 RW
H expansion select bit
(b7-b6) Reserved bit Setto 0 RW
NOTE:
1. Write to this register after setting the PRCO bit in PRCR register to 1 (write enable).
Processeor Mode Register 2 (1)
b7 b6 b5 b4 b3 b2 bl bo
. o 1 Symbol Address After Reset
0 | | | | PM2 001E16 XXX000002
Bit Symbol Bit Name Function RW
Specifying wait when 0: 2 waits
o T PM20 accessing SFR 1: 1 wait RW
System clock protective 0: Clo_ck is protected by PRCR
Pt PM21 bit(3’4) register RW
! 1: Clock modification disabled
0: CPU clock is used for the
H watchdog timer count source
"""" PM22 WDtT (;_ounkt]l?(%%r)ce 1: On-chip oscillator clock is used RW
protective bi for the watchdog timer count
source
(b3) Reserved bit Setto 0 RW
............... — 0: P8s function (NMI disabled)
PM24 P85/NMI configuration bit(6,7) 1: NV function RW
___________________________ —_— Nothing is assigned. When write, set to 0.
(b7-b5) When read, thecontent is undefined -

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable).
2. The PM20 bit becomes effective when PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20
bit when the PLCO7 bit is set to O (PLL off). Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.
3. Once this bit is set to 1, it cannot be cleared to 0 by program.
4. Writting to the following bits has no effect when the PM21 bit is set to 1:
CMO2 bit in the CMO register
CMO5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CM1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
Do not execute WAIT instruction when the PM21 bit is set to 1.
5. Setting the PM22 bit to 1 results in the following conditions:
» The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer
count source.
* The CM10 bit in the CM1 register cannnot be written. (Writing 1 has no effect, stop mode is not entered.)
» The watchdog timer does not stop in wait mode.
6. For NMI function, the PM24 bit must be set to 1(NMT function) in first instruction after reset. Once this bit is set
to 1, it cannot be set to 0 by program. When the PM24 bit is set to 1, the P8s direction register must be 0.
7. SD input is valid regardless of the PM24 setting.

Figure 7.6 PCLKR Register and PM2 Register
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NOTES:

this bit cannot be modified

PLL Control Register 0 @2

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset

| | 0 |O | 1 |><| | | | PLCO 001C16 0001X0102
P Pl Bit Bit N Funcii
o : 1 1 1| Symbol It Name unction RW
P Pl L b2 b1b0
Poi b D L prooo P THEPYINGIBEOT 000 po not set RW
oo P select bit 00 1: Multiply by 2
0 1 0: Multiply by 4
R A T pPLCOL 011: RW
- H - 100:
101: } Do not set
. A PLCO2 110: RW
HE H 111:
Nothing is assigned. If necessary, set to 0.
R T (b3) |When read, the content is undefined -
Pl e (ba) | Reserved bit Setto 1 RW
P temehemeseeeneeeeeeeene (b6-b5) | Reserved bit Setto 0 RW
e . @ | 0:PLLOA "

PLCO7 |[Operation enable bit 1: PLL On

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).
2. When the PM21 bit in the PM2 register is 1 (clock modification disable), writing to this register has no effect.
3. These three bits can only be modified when the PLCO7 bit is set to 0 (PLL turned off). The value once written to

4. Before setting this bit to 1 , set the CMO7 bit to 0 (main clock), set bits CM17 to CM16 bits to 002 (main
clock undivided mode), and set the CMO06 bit to 0 (CM16 and CM17 bits enable).

CANO Clock Select Register (Y

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset

CCLKR 025F16 0016
v 111w 4| Bit Symbol Bit Name Function RW
- b2 b1 b0
e CCLKO 000 No division RW
R 0 0 1: Divide-by-2
A 0 1 0: Divide-by-4
' L b1 v ... CCLKL [CANOclock selectbits® | 01 1: Divide-by-8 RW
oo 10 0: Divide-by-16
o 101
Vol teaeao CCLK2 110: }Inhibited
A 111: RW
E E L. CANO CPU interface 0: CANO CPU interface operating
o CCLKS | sleep bit® 1: CANO CPU interface in sleep | RW
S R S W) Nothing is assigned. If necessary, set to 0. When read, RW

the content is 0

NOTES:

(Reset/Initialization mode).

mode).

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).
2. Configuration of bits CCLK2 to CCLKO can be done only when the Reset bit in the COCTLR register is setto 1

3. Before setting this bit to 1(CANO CPU interface in sleep), set the Sleep bit in COCTLR register to 1 (Sleep

Figure 7.7 PLCO Register and CCLKR register
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The following describes the clocks generated by the clock generation circuit.

7.1 Main Clock
The main clock is generated by the main clock oscillation circuit. This clock is used as the clock source for
the CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouT pins. The main clock oscillator circuit contains a feedback resistor,
which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillator circuit may also be configured by feeding an exter nally
generated clock to the XIN pin. Figure 7.8 shows the examples of main clock connection circuit.
The power consumption in the chip can be reduced by setting the CMO5 bit in the CMO register to 1 (main
clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or on-chip
oscillator clock. In this case, XouT goes “H”. Furthermore, because the internal feedback resistor remains
on, XIN is pulled “H” to XouT via the feedback resistor.
During stop mode, all clocks including the main clock are turned off. Refer to “power control”.
If the main clock is not used, it is recommended to connect the XIN pin to VCC to reduce power consump-
tion during reset.

MCU MCU
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CIN

XIN I I }— Xin | — External Clock
Oscillator |:| vee M
Vss

Xout 4/\/\/\/—L{

Rd® Cout

Vss l
NOTE:

1. Insert a damping resistor if required. Resistance value varies depending on the oscillator setting.
Use resistance value recommended by the oscillator manufacturer. If the oscillator manufacturer
recommends that a feedback resistor be added to the chip externally, insert a feedback resistor
between XiN and Xour.

2. The external clock should not be stopped when it is connected to the XIN pin and the main clock is
selected as the CPU clock.

Xout | Open

Figure 7.8 Examples of Main Clock Connection Circuit
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7.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for the
CPU clock, as well as the timer A and timer B count sources.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XcIN and XcouT
pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the oscillator
circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub clock
oscillator circuit may also be configured by feeding an externally generated clock to the Xcin pin. Figure
7.9 shows the examples of sub clock connection circuit.

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscillator
circuit.

To use the sub clock for the CPU clock, set the CMO07 bit in the CMO register to 1 (sub clock) after the sub
clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to “power control”.

MCU MCU
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CcIN

XCIN I I }— Xcin |— External Clock
Oscillator[ ] vee
Vss
Xcout 4/\/\/\/L{ }—0

Rcd® Ccout

Vss 1 Xcout [ Open
NOTE:

1. Place a damping resistor if required. Resistance values vary depending on the oscillator setting.
Use values recommended by each oscillator manufacturer.
Place a feedback resistor between XciN and XcourT if the oscillator manufacturer recommends
placing the resistor externally.

Figure 7.9 Examples of Sub Clock Connection Circuit
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7.3 On-chip Oscillator Clock

This clock is supplied by a variable on-chip oscillator. This clock is used as the clock source for the CPU
and peripheral function clocks. In addition, if the PM22 bit in the PM2 register is 1 (on-chip oscillator clock
for the watchdog timer count source), this clock is used as the count source for the watchdog timer (Refer
to 10. Watchdog Timer « Count source protective mode”).

After reset, the on-chip oscillator clock divided by 16 is used for the CPU clock. It can also be turned on by
setting the CM21 bit in the CM2 register to 1 (on-chip oscillator clock), and is used as the clock source for
the CPU and peripheral function clocks. If the main clock stops oscillating when the CM20 bit in the CM2
register is 1 (oscillation stop, re-oscillation detection function enabled) and the CM27 bit is 1 (oscillation
stop, re-oscillation detection interrupt), the on-chip oscillator automatically starts operating, supplying the
necessary clock for the MCU.

7.4 PLL Clock

The PLL clock is generated from the main clock by a PLL frequency synthesizer. This clock is used as the
clock source for the CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL
frequency synthesizer is activated by setting the PLCO7 bit to 1 (PLL operation). When the PLL clock is
used as the clock source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CM1 register to 1.
Before entering wait mode or stop mode, be sure to set the CM11 bit to 0 (CPU clock source is the main
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to O (PLL
stops). Figure 7.10 shows the procedure for using the PLL clock as the clock source for the CPU.
The PLL clock frequency is determined by the equation below.

PLL clock frequency=f(XIN) X (multiplying factor set by bits PLC02 to PLCOO in the PLCO register

(However, 10 MHz < PLL clock frequency < 20 MHz)

Bits PLCO02 to PLCOO can be set only once after reset. Table 7.2 shows the example for setting PLL clock
frequencies.

Table 7.2 Example for Setting PLL Clock Frequencies

XIN PLCO02 PLCO1 PLCOO Multiplying factor PLL clock
(MHz) (MHz)®
10 0 0 1 2
5 0 1 0 4 20
NOTE:

1. 10MHz < PLL clock frequency < 20MHz.
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C STA|RT )

Set the CMO07 bit to 0 (main clock), bits CM17 and CM16 to
002(main clock undivided), and the CMO06 bit to 0
(bits CM17 and CM16 enabled). @

Set bits PLC02 to PLCO00 (multiplying factor).

(To select a 16 MHz or higher PLL clock)
Set the PM20 bit to 0 (2-wait states).

Set the PLCO7 bit to 1 (PLL operation).

Wait until the PLL clock becomes stable (tsu(PLL)).

Set the CM11 bit to 1 (PLL clock for the CPU clock source).

|
C END )

NOTE:
1. PLL operation mode can be entered from high speed mode.

Figure 7.10 Procedure to Use PLL Clock as CPU Clock Source
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7.5 CPU Clock and Peripheral Function Clock
The CPU clock is used to operate the CPU and peripheral function clocks are used to operate the peripheral
functions.

7.5.1 CPU Clock

This is the operating clock for the CPU and watchdog timer.

The clock source for the CPU clock can be chosen to be the main clock, sub clock, on-chip oscillator clock
or the PLL clock.

If the main clock or on-chip oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in
CMO register and bits CM17 to CM16 in CM1 register to select the divide-by-n value.

When the PLL clock is selected as the clock source for the CPU clock, the CMO06 bit should be set to 0 and
bits CM17 and CM16 to 002 (undivided).

After reset, the on-chip oscillator clock divided by 16 provides the CPU clock.

Note that when entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CMO05 bit in the CMO register is set to 1 (main clock
turned off) in low-speed mode, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

7.5.2 Peripheral Function Clock(f1, f2, fs, f32, f1sio, f2sio, fgsio, f32sio, fAD, fc32, fCANO)
These are operating clocks for the peripheral functions.
Of these, fi (i= 1, 2, 8, 32) and fisio are derived from the main clock, PLL clock, or on-chip oscillator clock
divided by i. The clock fi is used for Timer A, Timer B, SI/O3 and SI/O4 while fiSIO is used for UARTO to
UART?2. Additionally, the f1 and f2 clocks are also used for dead time timer, Timer S, multi-master 12C bus.
The faD clock is produced from the main clock, PLL clock or on-chip oscillator clock, and is used for the A/
D converter.
The fcano clock is derived from the main clock, PLL clock or on-chip oscillator clock devided by 1 (undi-
vided), 2, 4, 8, or 16, and is used for the CAN module.
When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to 1 (peripheral
function clock turned off during wait mode), or when the MCU is in low power dissipation mode, the fi, fisio,
faD, and fcano clocks are turned off. (Note 1)
The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can only be used
when the sub clock is on.
Note 1: fcano clock stops at "H" in CANO sleep mode.

7.5.3 ClockOutput Function

The f1, fs, f32 or fc clock can be output from the CLKouT pin. Use the PCLKS5 bit in the PCLKR register
and bits CM01 to CMO0O in the CMO register to select. Table 7.3 shows the function of the CLKouT pin.

Table 7.3 The function of the CLKoUT pin

PCLK5 CM01 CMO00 The function of the CLKouUT pin
0 0 0 I/0 port P90
0 0 1 fc
0 1 0 fs
0 1 1 f32
1 0 0 fi
1 0 1 Do not set
1 1 0 Do not set
1 1 1 Do not set
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7.6 Power Control
There are three power control modes. In this chapter, all modes other than wait and stop modes are
referred to as normal operation mode.

7.6.1 Normal Operation Mode

Normal operation mode is further classified into seven modes.

In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the
CPU clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits
are turned off, the power consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source must be in stable
oscillation. If the new clock source is the main clock, sub clock or PLL clock, allow a sufficient wait time
in a program until it becomes oscillating stably.

Note that operation modes cannot be changed directly from low power dissipation mode to on-chip oscil-
lator mode or on-chip oscillator low power dissipation mode. Nor can operation modes be changed
directly from on-chip oscillator mode or on-chip oscillator low power dissipation mode to low power dissi-
pation mode.

When the CPU clock source is changed from the on-chip oscillator to the main clock, change the opera-
tion mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the CMO06 bit
in the CMO register was set to 1) in the on-chip oscillator mode.

7.6.1.1 High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fc32 can be used as the
count source for timers A and B.

7.6.1.2 PLL Operation Mode
The main clock multiplied by 2 or 4 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is on, fc32 can be used as the count source for timers A and B. PLL operation
mode can be entered from high speed mode. If PLL operation mode is to be changed to wait or stop
mode, first go to high speed mode before changing.

7.6.1.3 Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used
as the count source for timers A and B.

7.6.1.4 Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit is set to 0 (on-chip oscillator turned off), and the on-chip oscillator
clock is used when the CM21 bit is set to 1 (on-chip oscillator oscillating).
The fc32 clock can be used as the count source for timers A and B.

7.6.1.5 Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock
provides the CPU clock. The fc32 clock can be used as the count source for timers A and B. Periph-
eral function clock can use only fc32.
Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes 1 (divided by
8 mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium
speed (divided by 8) mode is to be selected when the main clock is operated next.
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7.6.1.6 On-chip Oscillator Mode
The selected on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock.
The on-chip oscillator clock is also the clock source for the peripheral function clocks. If the sub clock
is on, fc32 can be used as the count source for timers A and B. The on-chip oscillator frequency can be
selected by bits ROCR3 to ROCRO in the ROCR register. When the operation mode is returned to the
high and medium speed modes, set the CMO06 bit to 1 (divided by 8 mode).

7.6.1.7 On-chip Oscillator Low Power Dissipation Mode
The main clock is turned off after being placed in on-chip oscillator mode. The CPU clock can be se-
lected as in the on-chip oscillator mode. The on-chip oscillator clock is the clock source for the periph-
eral function clocks. If the sub clock is on, fc32 can be used as the count source for timers A and B.

Table 7.4 Setting Clock Related Bit and Modes

CM2 Register CM1 Register CMO Register

Modes CM21 CM11 | CMI17,CM16 | CMO7 | CMO6 | CMO5 | CMO4
PLL operation mode 0 1 002 0 0 0 —
High-speed mode 0 0 002 0 0 0 -
Medium- | divided by 2 0 0 012 0 0 0 —
speed divided by 4 0 0 102 0 0 0 —
mode divided by 8 0 0 — 0 1 0 —

divided by 16 0 0 112 0 0 0 -
Low-speed mode — — — 1 — 0 1
Low power dissipation mode — — — 1 1@ 1@) 1

divided by 1 1 — 002 0 0 0 —
On-chip divided by 2 1 — 012 0 0 0 —
oscillator I yided by 4 1 — 102 0 0 0 —
mode(3) —

divided by 8 1 — —_— 0 1 0 —

divided by 16 1 - 112 0 0 0 —
On-chip oscillator low power 1 — @] 0 @ 1 _
dissipation mode

NOTES:
1. When the CMO05 bit is set to 1 (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and CMO06 bit is set to 1(divided by 8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in on-chip oscillator mode.
3. On-chip oscillator frequency can be any of those described in the section 7.6.1.6 On-chip Oscillator Mode.

7.6.2 Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the
watchdog timer. However, if the PM22 bit in the PM2 register is 1 (on-chip oscillator clock for the watch-
dog timer count source), the watchdog timer remains active. Because the main clock, sub clock, on-chip
oscillator clock and PLL clock all are on, the peripheral functions using these clocks keep operating.

7.6.2.1 Peripheral Function Clock Stop Function
When the CMO02 bit is 1 (peripheral function clocks turned off during wait mode), f1, f2, fs, f32, f1sI0,
f2sio, f8sio, f32s10, and faD stop running in wait mode to reduce power consumption. However, fCc32
remains active.

7.6.2.2 Entering Wait Mode
The MCU enters wait mode by executing the WAIT instruction.
When the CM11 bit is set to 1 (CPU clock source is the PLL clock), be sure to clear the CM11 bit to 0
(CPU clock source is the main clock) before going to wait mode. The power consumption of the chip
can be reduced by clearing the PLCO7 bit to O (PLL stops).
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7.6.2.3 Pin Status During Wait Mode
Table 7.5 lists pin status during wait mode.

Table 7.5 Pin Status in Wait Mode

Pin

Status

1/0 ports

Retains status before wait mode

When fC selected

Does not stop

CLKouT | When f1, f8, f32 selected

Does not stop when the CMO02 bit is set to 0

Retains status before wait mode when the CMO02 bit is set to 1

7.6.2.4 Exiting Wait Mode
The MCU exits from wait mode by a hardware reset, NMI interrupt, or peripheral function interrupt.
If wait mode is exited by a hardware reset or NMI interrupt, set the peripheral function interrupt priority
bits ILVL2 to ILVLO to 0002 (interrupts disabled) before executing the WAIT instruction.
The CMO02 bit affects the peripheral function interrupts. If the CMO02 bit is O (peripheral function clocks
not turned off during wait mode), all peripheral function interrupts can be used to exit wait mode. If the
CMO02 bit is 1 (peripheral function clock stops during wait mode), the peripheral functions using the
peripheral function clock stops operating, so that only the peripheral functions clocked by external sig-
nals can be used to exit wait mode.
Table 7.6 lists the interrupts to exit wait mode.

Table 7.6 Interrupts to Exit Wait Mode

Interrupt

CM02=0

CM02 =1

NMI interrupt

Available

Available

Serial I/O interrupt

Available when internal and external
clocks are used

Available when external clock is used

mode

Multi-master I12C interrupt Available Do not used
Key input interrupt Available Available
A/D conversion interrupt Available in one-shot or single sweep Do not use

Timer A interrupt
Timer B interrupt

Available in all modes

Available in event counter mode or when
count source is fC32

Timer S interrupt

Available in all modes

Do not use

INT interrupt

Available

Available

CANO wake_up interrupt

Available in CAN sleep mode

Available in CAN sleep mode

To use peripheral function interrupts to exit wait mode, set the followings before executing the WAIT

instruction.

1. Set the interrupt priority level to the bits ILVL2 to ILVLO in the interrupt control register of the periph-
eral function interrupts that are used to exit wait mode. Also, set bits ILVL2 to ILVLO of all peripheral
function interrupts that are not used to exit wait mode to 0002 (interrupt disabled).

2. Set the | flag to 1.
3. Operate the peripheral functions that are used to exit wait mode.

When the peripheral function interrupts are used to exit wait mode, an interrupt routine is executed

after an interrupt request is generated and the CPU is clocked.

The CPU clock used when exiting wait mode by a peripheral function interrupt is the same CPU clock
that is used when executing the WAIT instruction.
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7.6.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least amount of
power is consumed in this mode. If the voltage applied to Vcc pin is VRAM or more, the internal RAM is
retained. When applying 2.7 or less voltage to Vcc pin, make sure Vcc=VRAM.
However, the peripheral functions clocked by external signals keep operating. The following interrupts can
be used to exit stop mode.

« NMl interrupt

* Key interrupt

« INT interrupt

e Timer A, Timer B interrupt (when counting external pulses in event counter mode)

» Serial 1/O interrupt (when external clock is selected)

« Low voltage detection interrup (refer to "Low Voltage Detection Interrupt” for an operating

condition)
« CANO Wake_up interrupt (in CAN sleep mode)

7.6.3.1 Entering Stop Mode
The MCU is placed into stop mode by setting the CM10 bit in the CM1 register to 1 (all clocks turned off).
At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode) and the CM15 bit in the
CM10 register is set to 1 (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit to 0 (oscillation stop, re-oscillation detection function dis-
able).
Also, if the CM11 bitis 1 (PLL clock for the CPU clock source), set the CM11 bit to 0 (main clock for the
CPU clock source) and the PLCO7 bit to 0 (PLL turned off) before entering stop mode.

7.6.3.2 Pin Status during Stop Mode
The 1/O pins retain their status held just prior to entering stop mode.

7.6.3.3 Exiting Stop Mode
The MCU is moved out of stop mode by a hardware reset, NMI interrupt or peripheral function interrupt.
If the MCU is to be moved out of stop mode by a hardware reset or NMI interrupt, set the peripheral
function interrupt priority bits ILVL2 to ILVLO to 0002 (interrupts disable) before setting the CM10 bit to 1.
If the MCU is to be moved out of stop mode by a peripheral function interrupt, set up the following before
setting the CM10 bit to 1.
1. In bits ILVL2 to ILVLO of the interrupt control register, set the interrupt priority level of the peripheral
function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set bits ILVL2 to ILVLO to
0002.
2. Setthe | flag to 1.
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt service routine is executed.

Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is deter-
mined by the CPU clock that was on when the MCU was placed into stop mode as follows:

If the CPU clock before entering stop mode was derived from the sub clock: sub clock

If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8

If the CPU clock before entering stop mode was derived from the on-chip oscillator clock: on-chip oscil-
lator clock divide-by-8
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Figure 7.11 shows the state transition from normal operation mode to stop mode and wait mode. Figure
7.12 shows the state transition in normal operation mode.
Table 7.7 shows a state transition matrix describing allowed transition and setting. The vertical line

shows current state and horizontal line shows state after transition.

CMO07=0
CMO06=1
CM05=0
CM11=0
CM10=1
®)

All oscillators stopped

— Normal operation mode —

WAIT

CPU operation stopped

_L£M10=16) wiedi Trod instruction
< edium-speed mode .
—» Stop mode | — >(\ (divided-by-8 mode) J« | = Wait mode
nterrupt nterrupt
A A
Interrupt /
WAIT
v instruction N
Stop mode /¢ High-speed, medium- "y > Wait mode
CM10=1(6) Kspeed mode ~ Interrupt
A A
1,2)
v
PLL operation
mode WAIT
‘CM10=1(5> v v instruction
Stop mode )= » Low-speed mode < = Wait mode )
Interrupt _‘\ A Interrupt
@ WAIT
‘CM10=1(5) instruction
Stop mode | :( Low power dissipation mode )« ~|  Wait mode )
Interrupt Interrupt
CM21=0 CM21=1
WAIT
CM10=16) instruction
Stop mode « On-chip oscillator low power » f
( p ” > dissipation mode ): \_ Wait mode
Interrupt(®) N Interrupt
r
v
On-chip oscillator mode
(selectable frequency) WAIT
CM10=1(6) instruction
— S E— .
Stop mode |T—— T, Wait mode
Interrupt(®) Interrupt
On-chip oscillator
mode (f,(ROC)/16)
A

o

CMO05, CM06, CMO07: Bits in the CMO register
CM10, CM11: Bits in the CML1 register

Reset

—: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.

NOTES:

Do not go directly from PLL operation mode to wait or stop mode.

PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode.
. When the PM21 bit is set to 0 (system clock protective function unused).

The on-chip oscillator clock divided by 8 provides the CPU clock.

arwNR

. Write to the CMO register and CM1 register simultaneously by accessing in word units while CM21 bit is set to 0 (on-chip oscillator

turned off). When the clock generated externally is input to the XCIN pin, transit to stop mode with this process.

o

function disabled).
. The CMO6 bit is set to 1 (divide-by-8).

~

Before entering stop mode, be sure to clear the CM20 bit in the CM2 register to 0 (oscillation stop and oscillation restart detection

Figure 7.11 State Transition to Stop Mode and Wait Mode
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Main clock oscillation

On-chip oscillator clock

oscillation
On-chip oscillator low power
PLL operation mode P | Middle-speed mode ~ Middle-speed mode  Middle-speed mode  Middle-speed mode On-chip oscillator mode G e P
tiot High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16)
CPU clock: f(PLL) a CM21=0 CPU clock 05— CPU clock
Mo7=0 . (5) CPU clock: f(Xin) \ | (* CPU clock: f(Xm)/2 CPU clock: f(XiN)/4 CPU clock: f(Xin)/8 CPU clock: f(XN)/16 (6) fROC) CM05=0 fROC)
cmor=0 || CMO7=0 CMo7=0 CMo7=0 (ROC)I2 {(ROC)I2
CM06=0 1 CMO7=0
_ CM06=0 CM06=0 CM06=0 CM06=0 (ROC)/4 (ROC)/4
CM17=0 o | o ow1I-1 om17-1 > (ROC)B Shios=" f(ROC)/8
= = = = f(ROC)/16 = f(ROC)/16
CM16=0 w0 ] COM16=1 CM160 CMO06=1 CM161 CM21=1 (ROC)/ P (ROC)/
®) ]
CMo4=1 CM04=0 CMo4=1 CM04=0 CMo4=1 CM04=0 CMo4=1 CM04=0
On-chip oscillator
PLL operation ) Middie-speed mode Middie-speed mode _ Midde-speed mode _Middle-speed mode On-ehip oscilator Yo ode
PLCO7=1 High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16) 2
CPU clock: f(PLL) CM11=1 1 CM21=0 CPU clock CPU clock
(5) CPU clock: f(Xin) CPU clock: f(XN)2 CPU clock: f(Xn)/4 CPU clock: {(XN)/8. CPU clock: f(Xn)/16 (6) (ROC) CMos=0 (ROC)
CMo7= | CMo! 07=0 eMo7=0 CMo7=0 {(ROC)12 {(ROC)2
| CM06=0 CM06=0 (ROC)/4 (ROC)/4
PLCO7=0 » ] _ _ > f(ROC)/8 f(ROC)/8
CM11=0 cMLr=0 ) cowar=t CMo6=1 comar=t cM21=1 f(ROC)/16 (ROC)/16
® CM16=0 CM16=0 CM16=1
| CMo5=1
)
CcMmo7=1 CMO7=0 CMo7=1 CMO7=0
@) 2.4) [©] @
Low-speed
v Low-speed mode cM21=0 mode
CPU clock: f(XcIN) \ [ CPU clock: f(XciN)
CMo7=0 A — CMO7=0
CM21=1
CMO5=1 CM05=0
€7
¥ Low power dissipation mode
CPU clock: f(XcIN)
CMo7=0
CM0G=1
CM15=1

Sub clock oscillation

—: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.
NOTES:
1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled).

Set the CM20 bit to 0 illation stop, re-oscillati ion function disabled) before transiting.
Wait for the main clock oscillation stabilization time before switching over.
Switch clock after oscillation of sub-clock is sufficiently stable.
Change bits CM17 and CM16 before changing the CMO6 bit.
The PM20 bit in the PM2 register becomes effective when the PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20 bit when the PLCO7 bit is set to 0 (PLL off).
Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.
Set the CMO06 bit to 1 (division by 8 mode) before changing back the operation mode from on-chip oscillator mode to high- or middle-speed mode.
When the CM21 bit is set to 0 (on-chip oscillator turned off) and the CMO5 bit is set to 1 (main clock turned off), the CMO06 bit is fixed to 1 (divide-by-8 mode) and the
CM15 bit is fixed to 1 (drive capability High).

o hwN

No

Figure 7.12 State Transition in Normal Mode
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Table 7.7 Allowed Transition and Setting

State after transition
. . i - On-chip oscillator
] o puo | g | crwosten | B grpe | st
High- d mode,
midce.speed mode 8 7 - (133 (15) - e €]
- 2
Low-speed mode" (8) (11)1’ 6 - (8) - (16)1 (17)
Low power dissipation 1
) mode - (10) - - - (16) (17)
©
2 PLL operation mode? (12)3 - - - - - -
o —
8 On-chip oscillator mode (14)4 (9)7 - - 8 (ll)l (16)1 (17)
On-chip oscillator
low power dissipation - - -- - (20) 8 (16)1 a7
mode
sepmoe (18)5 (18) (18) - (18)5 (18)5 -
Waitmode (18) (18) (18) - (18) (18) -
NOTES:

. . . . i o . . --: Cannot transit
1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled).

Set the CM20 bit to 0 (oscillation stop, re-oscillation detection function disabled) before transiting.

2. On-chip oscillator clock oscillates and stops in low-speed mode. In this mode, the on-chip oscillator can be used as peripheral function clock.
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as a clock for the timers A and B.

3. PLL operation mode can only be entered from and changed to high-speed mode.

4. Set the CMO6 bit to 1 (division by 8 mode) before transiting from on-chip oscillator mode to high- or middle-speed mode.

5. When exiting stop mode, the CMO6 bit is set to 1 (division by 8 mode).

6. If the CMOS bit is set to 1 (main clock stop), then the CMO6 bit is set to 1 (division by 8 mode).

7. Atransition can be made only when sub clock is oscillating.

8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below.

Sub clock oscillating Sub clock turned off
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided |Divided
division | by 2 by 4 by 8 by 16 division | by 2 by 4 by 8 by 16
No division (4) (5) (7) (6) 1) - - - -
. oPvidedby2 | (3) ® |l o e | - o |- - |-
2 Z|Dividedby 4 | (3) 4 @) (6) - - 1) - -
3 §|pividedbys | (3) (4) (5) (6) - - - (1) -
Divided by 16|  (3) 4) (5) (@) - - - - 1)
No division ) - - - - (4) (5) (Y] (6)
% [Divided by2 | - ) - - - (3) (5) @ | (®)
o
H § Divided by 4 - - ) - - ®3) (4) (@) (6)
@ 3|Dividedby 8 | - - - ) - @3) (4) (5) (6)
Divided by 16| - - -- - (2) (3) 4) (6) )
9. () : setting method. Refer to following table. -+ Cannot transit
Setting Operation
CMO04, CM05, CM06, CMO07 : Bits in the CMO register
1) CM04 =0 Sub clock turned off CM10, CM11, CM16, CM17 : Bits in the CM1 register
o CM20, CM21 : Bits in the CM2 register
(2) CM04 =1 Sub clock oscillating PLCO7 : Bit in the PLCO register
3) CMl;:i/lgG Elsl’le = o CPU clock no division mode
4) CM1(7:'\£%6 :c?}ne _ 1| CPU clock division by 2 mode
(5) CMlghil(?Ls ?:(n)/im = o| CPU clock division by 4 mode
CMO06 =0, .
(6) CM17=1.CM16=1 CPU clock division by 16 mode
@) CMO06 =1 CPU clock division by 8 mode
- Main clock, PLL clock,
® CMo7 =0 or on-chip oscillator clock selected
(©)] CM07 =1 Sub clock selected
(10) CM05 =0 Main clock oscillating
(11) CMO05 =1 Main clock turned off
(12), Félﬁffjoo' Main clock selected
PLCO7 =1,
(13) CM11 =1 PLL clock selected
(14) CM21=0 Main clock or PLL clock selected
(15) CM21=1 On-chip oscillator clock selected
(16) CM10=1 Transition to stop mode
(17), wait instruction Transition to wait mode
(18) Hardware interrupt | Exit stop mode or wait mode
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7.7 System Clock Protective Function
When the main clock is selected for the CPU clock source, this function protects the clock from modifica-
tions in order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit in the PM2 register is set to 1 (clock modification disabled), the following bits are protected
against writes:
« Bits CM02, CMO05, and CMO07 in CMO register
* Bits CM10 and CM11 in CML1 register
* CM20 bit in CM2 register
« All bits in the PLCO register

Before the system clock protective function can be used, the following register settings must be made while
the CMOS5 bit in the CMO register is 0 (main clock oscillating) and CMO07 bit is 0 (main clock selected for the
CPU clock source):

(1) Set the PRC1 bit in the PRCR register to 1 (enable writes to PM2 register).

(2) Set the PM21 bit in the PM2 register to 1 (disable clock modification).

(3) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM2 register).

Do not execute the WAIT instruction when the PM21 bit is 1.

7.8 Oscillation Stop and Re-oscillation Detect Function
The oscillation stop and re-oscillation detect function detects the re-oscillation after stop of main clock
oscillation circuit. When the oscillation stop and re-oscillation detection occurs, the oscillation stop detect
function is reset or oscillation stop and re-oscillation detection interrupt is generated, depending on the
CM27 bit set in the CM2 register. The oscillation stop detect function is enabled or disabled by the CM20 bit
in the CM2 register. Table 7.8 lists a specification overview of the oscillation stop and re-oscillation detect
function.

Table 7.8 Specification Overview of Oscillation Stop and Re-oscillation Detect Function
Item Specification

Oscillation stop detectable clock and | f(Xin) = 2 MHz
frequency bandwidth
Enabling condition for oscillation stop, | Set CM20 bit to 1(enable)
re-oscillation detection function

Operation at oscillation stop, *Reset occurs (when CM27 bit =0)
re-oscillation detection *Oscillation stop, re-oscillation detection interrupt occurs(when CM27 bit =1)
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7.8.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)
When main clock stop is detected when the CM20 bit is 1 (oscillation stop, re-oscillation detection func-
tion enabled), the MCU is initialized, coming to a halt (oscillation stop reset; refer to “SFR”, “Reset”).
This status is reset with hardware reset 1. Also, even when re-oscillation is detected, the MCU can be
initialized and stopped,; it is, however, necessary to avoid such usage. (During main clock stop, do not set
the CM20 bit to 1 and the CM27 bit to 0.)

7.8.2 Operation When CM27 bit = 1 (Oscillation Stop and Re-oscillation Detect Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and re-
oscillation detect function enabled), the system is placed in the following state if the main clock comes to
a halt:
* Oscillation stop and re-oscillation detect interrupt request occurs.
*» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the CPU clock and
clock
source for peripheral functions in place of the main clock.
* CM21 bit = 1 (on-chip oscillator clock for CPU clock source)
» CM22 bit = 1 (main clock stop detected)
* CM23 bit =1 (main clock stopped)

When the PLL clock corresponds to the CPU clock source and the CM20 bit is 1, the system is placed in
the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, setitto 1
(on-chip oscillator clock) inside the interrupt routine.

» Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit = 1 (main clock stop detected)

* CM23 bit =1 (main clock stopped)

» CM21 bit remains unchanged

When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from the
stop condition:

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit =1 (main clock re-oscillation detected)

* CM23 bit =0 (main clock oscillation)

» CM21 bit remains unchanged
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7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function

» The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.

» Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source by program. Figure 7.13 shows the procedure for switching the clock
source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes 1. When the CM22 bit is set at 1, oscillation stop, re-oscillation detection interrupt are disabled.
By setting the CM22 bit to 0 by program, oscillation stop, re-oscillation detection interrupt are enabled.

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CMO02 bit to
0 (peripheral function clocks not turned off during wait mode).

» Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to 0 (Oscillation stop, re-oscillation detection function disabled)
where the main clock is stopped or oscillated by program, that is where the stop mode is selected or the
CMOS5 bit is altered.

» This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit
to 0.

( Switch to the main clock )

Determine several times whether
the CM23 bit is set to 0
(main clock oscillates)

Set the CMO06 bit to 1
(divide-by-8 mode)

Set the CM22 bit to 0
("oscillatin stop, re-oscillation" not detected)

Set the CM21 bit to 0
(main clock or PLL clock)

N
L

CMO6: Bit in the CMO register
C End ) CM23 to CM21: Bits in the CM2 register

NOTE:
1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation
mode after set to high-speed mode.

Figure 7.13 Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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8. Protection

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 8.1 shows the PRCR register. The following lists the registers protected by
the PRCR register.

« Registers protected by the PRCO bit: CM0, CM1, CM2, PLCO, ROCR, PCLKR, and CCLKR

* Registers protected by the PRC1 bit: PMO, PM1, PM2, TB2SC, INVCO, and INVC1

« Registers protected by the PRC2 bit: PD9 , PACR, S4C, and NDDR

 Registers protected by the PRC3 bit: VCR2 and D4INT

The PRC2 bit is set to O (write enabled) when data is written to a desired address after setting the PRC2 bit
to 1 (write enable). Set registers PD9, PACR, S4C and NDDR immediately after setting the PRC2 bit in the
PRCR register to 1 (write enable). Do not generate an interrupt or a DMA transfer between the instruction
to set the PRC2 bit to 1 and the following instruction. Bits PRC3, PRC1, and PRCO are not set to 0 even if
data is written to given addresses. Set bits PRC3, PRC1, and PRCO to 0 by program.

Protect Register

b7 b6 b5 b4 b3 b2 bl b0

|><|><I 0 | 0 | | | | | Symbol Address After Reset
NN -] T PRCR 000A16 XX0000002
A T Symbol Bit Name Function RW
PRCO Protect bit 0 Enable write to register CMO, CM1,

CM2, ROCR, PLCO, PCLKR, and
CCLKR RW
0: Write protected
1: Write enabled

. Enable write to registers PMO, PM1,
H PRC1 Protect bit 1 PM2, TB2SC, INVCO, and INVC1

0: Write protected
1: Write enabled

RW

: . . . . : Enable write to registers PD9,
P [ R SO PRC2 Protect bit 2 PACR, S4C, and NDDR

0: Write protected
1: Write enabled(®

RW

N PRC3 Protect bit 3 Enable write to registers VCR2 and
B DAINT RW
o 0: Write protected
1: Write enabled

R L LR (b5-bd) Reserved bit Setto 0 RW

Nothing is assigned. If necessary, set to 0.
(b7-b6) When read, its content is undefined

NOTE:
1. The PRC2 bit is set to 0 when writing into a desired address after the PRC2 bit is set to 1. Bits
PRCO, PRC1, and PRC3 are not automatically set to 0. Set them to 0 by program.

Figure 8.1 PRCR Register
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9. Interrupts

Note
The SI/04 interrupt of peripheral function interrupts is not available in the 64-pin package.

The low voltage detection function is not available in M16C/29 T-ver. and V-ver..

9.1 Type of Interrupts
Figure 9.1 shows types of interrupts.

[] Undefined instruction (UND instruction)
Software E Overflow (INTO instruction)
[] (Non-maskable interrupt) ] BRK instruction
0 [] INT instruction
5 0
Interrupt [] [l pec @
% _ E Watchdog timer
0 [] Special [] Oscillation stop and re-oscillation
B [J (Non-maskable interrupt] ] detection
O Hardware E E Low voltage detection
0 0 Single step @
L] Address match
E Peripheral function ®
(Maskable interrupt)
NOTES:
1. Peripheral function interrupts are generated by the MCU's internal functions.
2. Do not normally use this interrupt because it is provided exclusively for use by development
tools.

Figure 9.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
» Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.

Rev. 1.11 Dec.11, 2006  page 70 of 458 RENESAS
REJ09B0101-0111



M16C/29 Group 9. Interrupts

9.1.1 Software Interrupts

A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

9.1.1.1 Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

9.1.1.2 Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to 1 (the opera-
tion resulted in an overflow). The following are instructions whose O flag changes by arithmetic: ABS,
ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.1.1.3 BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

9.1.1.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. O to 63
can be specified for the INT instruction. Because software interrupt Nos. 1 to 31 are assigned to
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be
executed by executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is
cleared to O (ISP selected) before executing an interrupt sequence. The U flag is restored from the
stack when returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not
change state during instruction execution, and the SP then selected is used.
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9.1.2 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.

9.1.2.1 Special Interrupts
Special interrupts are non-maskable interrupts.

9.1.2.1.1 NMI Interrupt
An NMl interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to the section "NMI interrupt".

9.1.2.1.2 DBC Interrupt
This interrupt is exclusively for debugger, do not use in any other circumstances.

9.1.2.1.3 Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer".

9.1.2.1.4 Oscillation Stop and Re-oscillation Detection Interrupt
Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-
tion stop and re-oscillation detection function, refer to the section "clock generating circuit".

9.1.2.1.5 Low Voltage Detection Interrupt
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to the
section "voltage detection circuit".

9.1.2.1.6 Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development tools.

9.1.2.1.7 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO or RMADL register, if the corresponding enable bit (AIERO or AIER1 bit in
the AIER register) is set to 1. For details about the address match interrupt, refer to the section
“address match interrupt”.

9.1.2.2 Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the MCU's internal functions.
The interrupt sources for peripheral function interrupts are listed in Table 9.2 Relocatable Vector
Tables. For details about the peripheral functions, refer to the description of each peripheral function
in this manual.
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9.2 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 9.2 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000

Figure 9.2 Interrupt Vector

9.2.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 9.1 lists the
fixed vector tables. In the flash memory version of MCU, the vector addresses (H) of fixed vectors are
used by the ID code check function. For details, refer to the section "flash memory rewrite disabling
function".

Table 9.1 Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFDC16 to FFFDF16 | Interrupt on UND instruction M16C/60, M16C/20
Overflow FFFEO16 to FFFE316 | Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 [ If the contents of address |maual
FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table

Address match FFFE816 to FFFEB16 Address match interrupt]
Single step @) FFFEC16 to FFFEF16
Watchdog timer FFFFO16 to FFFF316 Watchdog timer,
Oscillation stop and clock generating circuit,
re-oscillation detection, voltage detection circuit
low voltage detection
DBC () FFFF416 to FFFF716
NMI FFFF816 to FFFFB16 NMI interrupt
Reset(2) FFFFCi6 to FFFFF16 Reset

NOTES:

1. Do not normally use this interrupt because it is provided exclusively for use by development tools.
2. The b3 to b0 in the address FFFFF16 are reserved bits. Set them to 11112.
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9.2.2 Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector
table area. Table 9.2 lists the relocatable vector tables. Setting an even address in the INTB register

results in the interrupt sequence being executed faster than in the case of odd addresses.

Table 9.2 Relocatable Vector Tables

Interrupt source

Vector address (1)

Software interrupt

Reference

Address (L) to address (H) number
M16C/60, M16C/20
BRK instruction ) +0 to +3 (000016 to 000316) 0 series software
manual

CANO wakeup® +4 to +7 (0004 16 to 0007 16) 1
CANO receive completion +8 to +11 (0008 16 to 000B 16) 2 CAN module
CANO transmit completion +12 to +15 (000C 16 to O00F16) 3
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt
IC/OC interrupt O +20 to +23 (0014 16 to 0017 16) 5 Timer S
IC/OC interrupt 1, 12C bus interface 4) +24 to +27 (001816 to 001B16) 6 Timer S
IC/OC base timer, Sct/Spa® +28 to +31 (001C 16 to 001F16) 7 mtr'f;'\ﬂgster 1%C bus
SI/04, INT56) +32 to +35 (002016 to 002316) 8 INT interrupt
SI/03, INT46®) +36 to +39 (0024 16 to 0027 16) 9 Serial I/0
UART 2 bus collision detection (6) +40 to +43 (002816 to 002B16) 10 Serial 1/0
DMAO +44 to +47 (002C 16 to 002F16) 11
DMA1 +48 to +51 (003016 to 003316) 12 DMAC
CANO state, error +52 to +55 (0034 16 to 0037 16) 13 CAN module
A/D, Key input interrupt ™ +56 to +59 (003816 to 003B16) 14 Q’e'?, icr?;a’ﬁ[]‘?er;mpt
UART2 transmit, NACK2 ®) +60 to +63 (003C 16 to 003F16) 15
UART?2 receive, ACK2 ® +64 to +67 (004016 to 004316) 16
UARTO transmit +68 to +71 (0044 16 to 0047 16) 17 )
UARTO receive +72 to +75 (004816 to 004B16) 18 Sefial V0
UART1 transmit +76 to +79 (004C 16 to 004F16) 19
UARTL1 receive +80 to +83 (005016 to 005316) 20
Timer AO +84 to +87 (0054 16 to 0057 16) 21
Timer A1 +88 to +91 (005816 to 005B16) 22
Timer A2 +92 to +95 (005C 16 to 005F16) 23
Timer A3 +96 to +99 (006016 to 006316) 24 )
Timer A4 +100 to +103 (0064 16 to 0067 16) 25 Timer
Timer BO +104 to +107 (0068 16 to 006B16) 26
Timer B1 +108 to +111 (006C 16 to 006F 16) 27
Timer B2 +112 to +115 (007016 to 007316) 28
INTO +116 to +119 (007416 to 007716) 29
INTL +120 to +123 (0078 16 to 007B16) 30 INT interrupt
INTZ +124 to +127 (007C 16 to 007F 16) 31

+128 to +131 (0080 16 to 008316) 32 M16C/60, M16C/20
Software interrupt (@ to to series software

+252 to +255 (00FC 16 to O0FF16) 63 manual

NOTES:
1. Address relative to address in INTB.
2. These interrupts cannot be disabled using the | flag.
3. Set the IFSR22 bit in the IFSR register to 0.
4. Use bits IFSR26 and IFSR27 in the IFSR2A register to select.
5. Use bits IFSR6 and IFSR7 in the IFSR register to select.
6

. Bus collision detection: In IEBus mode, this bus collision detection constitutes the cause of an interrupt. In 12C bus

mode, however, a start condition or a stop condition detection constitutes the cause of an interrupt.

~

. Use the IFSR21 bit in the IFSR2A register to select.

8. During I12C bus mode, NACK and ACK interrupts comprise the interrupt source.
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9.3 Interrupt Control
The following describes how to enable/disable the maskable interrupts, and how to set the priority in which
order they are accepted. What is explained here does not apply to nonmaskable interrupts.
Use | flag in the the FLG register, IPL, and bits ILVL2 to ILVLO in the each interrupt control register to

enable/disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each
interrupt control register.

Figure 9.3 shows the interrupt control registers.
Also, the following interrupts share a vector and an interrupt control register.

sINT4 and SIO3

sINT5 and SI04

*A/D converter and key input interrupt
*IC/OC base timer and ScL/SbA

+IC/OC interrupt 1 and I12C bus interface

An interrupt request is set by bits IFSR6 and IFSR7 in the IFSR register and bits IFSR27, IFSR26, and
IFSR21 in the IFSR2A register. Figure 9.4 shows registers IFSR register and IFSR2A.
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Interrupt Control Register(

Symbol Address After reset
CO1WKIC 004116 XXXXX0002
CORECIC 004216 XXXXX0002
COTRMIC 004316 XXXXX0002
ICOCOIC 004516 XXXXX0002
ICOCL1IC, lICIC®) 004616 XXXXX0002
BTIC, SCLDAIC®) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMOIC, DM1IC 004B16, 004C16 XXXXX0002
CO1ERRIC 004Dz1e XXXXX0002
ADIC, KUPIC(3) 004E1s XXXXX0002
SOTIC to S2TIC 005116, 005316, 004F16 XXXXX0002
D e D4 b3 b2 bl b0 SORIC to S2RIC 005216, 005416, 005016 XXXXX0002
TAOIC to TA4IC 005516 to 005916 XXXXX0002
S e i e TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
i ¥ . 1 ' ' ' 1
E - Bit Symbol Bit Name Function RW
ooy ILVLO Interrupt priority level
e select bit b2 b1 b0 : ) RW
oo e 000: Level O (interrupt disabled)
R R 001: Levell
R R 010: Level 2
A VL 011 Level3 RW
Poor o 100: Level4
R A 101: Level5
R ILVL2 110: Level6
111: Level7 RW
A IR Interrupt request bit 0: Interrupt not requested RW
vy 1: Interrupt requested
O — Nothing is assigned. If necessary, set to 0. _
(b7-b4) When read, the contents are undefined

NOTES:
1. This bit can only be reset by writing 0 (Do not write 1).
2. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that register.
For details, refer to 22. 4 Interrupts.
3. Use the IFSR2A register to select.

Symbol Address After reset
INT3IC 004416 XX00X0002

b? ¥ L% b4 b3 b2 bl bO S4IC, INT5IC 004816 XX00X0002

|>(‘y’| 0 | | | | | | S3IC, INT4IC 004916 XX00X0002
AN L L INTOIC to INT2IC 005D16 to 005F16 XX00X0002
T Symbol Bit Name Function RW
R ILVLO Interrupt priority level 12 b1 b0
R select bit : i RW
- 000 : Level O (interrupt disabled)
e 001:Levell
A ILVLL 010:Level2
oo e e T 011:Level3
SR 100: Level 4 RW
A 101:Level5
. ILVL2 110:Level 6
[ 111:Level?7 RW
[ IR Interrupt request bit 0: Interrupt not requested
Vo RwW(1)
oo 1: Interrupt requested
A POL Polarity select bit 0: Selects falling edge 3. 4)
. 1: Selects rising edge RW
S —— @ Reserved bit Setto 0 RW
I S — Nothing is assigned. If necessary, set to 0. _

(b7-b6) When read, the contents are undefined

NOTES:

1. This bit can only be reset by writing 0 (Do not write 1).

2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. For details, refer to 22.4 Interrupts.

3. If the IFSRI bit in the IFSR register (i = 0 to 5) is 1 (both edges), set the POL bit in the INTIIC register to O
(falling edge).

4. Set the POL bit in register S3IC or S4IC to 0 (falling edge) when the IFSR®6 bit in the IFSR register is set to 0
(SI/03 selected) or IFSR7 bit in the IFSR register to 0 (SI/04 selected), respectively.

Figure 9.3 Interrupt Control Registers
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Interrupt Request Cause Select Register

b7 b6 b5 b4 b3 b2 bl bo

T
'
'
'
'
'
'
'
'
'
'
[

Symbol Address After Reset
IFSR 035F16 0016
Bit Symbol Bit Name Function RW
IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1:Bothedges (1)
IFSR1 INT1 interrupt polarity 0: One edge
switching bit 1:Bothedges (1) RW
IFSR2 INT2 interrupt polarity 0: One edge
switching bit 1:Both edges (1) RW
IFSR3 INT3 interrupt polarity 0: One edge
switching bit 1:Both edges (1) RW
IFSR4 INT4 interrupt polarity 0: One edge
switching bit 1:Both edges (1) RwW
IFSR5 INT5 interrupt polarity 0: One edge
switching bit 1:Both edges (@ RW
IFSR6 Interrupt request cause 0:Sl/03 (3
select bit 1:INT4 RW
IFSR7 Interrupt request cause 0:SI/04 ()
select bit 1:INT5 RW

NOTES:

1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT5IC is set to

0 (falling edge).

2. When setting this bit to 0 (SI/03, SI/O4), make sure the POL bit in registers S3IC and S4IC is set to

0 (falling edge).

Interrupt Request Cause Select Register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset
IFSR2A 035E16 00XXX0002
Bit Symbol Bit Name Function RW
IFSR20 Reserved bit Setto 0 RW
Interrupt request cause 0: A/D conversion
IFSR21 select bit 1: Key input RW
Interrupt request cause 0: CANO wakeup/error
IFSR22 select bit 1: Do not set RW
_ Nothing is assigned. If necessary, set to 0. o
(b5-b3) When read, the contents are undefined
Interrupt request cause 0: IC/OC base timer
IFSR26 select bit 1: ScL/Spa RW
Interrupt request cause 0: IC/OC interrupt 1
IFSR27 select bit 1: 12C bus interface RW

Figure 9.4 IFSR Register and IFSR2A Register
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9.3.1 1 Flag

The | flag enables or disables the maskable interrupt. Setting the | flag to 1 (= enabled) enables the
maskable interrupt. Setting the | flag to O (= disabled) disables all maskable interrupts.

9.3.2 IR Bit

The IR bit is set to 1 (= interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is

cleared to O (= interrupt not requested).

The IR bit can be cleared to 0 in a program. Note that do not write 1 to this bit.

9.3.3ILVL2 to ILVLO Bits and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.

Table 9.3 shows the settings of interrupt priority levels and Table 9.4 shows the interrupt priority levels

enabled by the IPL.

The following are conditions under which an interrupt is accepted:

‘lflag=1
IR bit=1
- interrupt priority level > IPL

The | flag, IR bit, bits ILVL2 to ILVLO, and IPL are independent of each other. In no case do they affect

one another.

Table 9.3 Settings of Interrupt Priority
Levels

Table 9.4 Interrupt Priority Levels

Enabled by IPL

ILVL2 to ILVLO bits Interrlilg\t/é)lriority Por:?,gtry IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) _ 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 v 1102 Interrupt levels 7 and above are enabled
1112 Level 7 High 1112 All maskable interrupts are disabled
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9.4 Interrupt Sequence
An interrupt sequence (the device behavior from the instant an interrupt is accepted to the instant the
interrupt routine is executed) is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
The CPU behavior during the interrupt sequence is described below. Figure 9.5 shows time required for
executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading
the address 0000016. Then it clears the IR bit for the corresponding interrupt to O (interrupt not
requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal
temporary register(Note),

(3) The I, D and U flags in the FLG register become as follows:

The | flag is cleared to O (interrupts disabled).

The D flag is cleared to 0 (single-step interrupt disabled).

The U flag is cleared to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) The CPU's internal temporary register®) is saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

NOTE:
1. This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address bus %%%réelsg Undefined(®) >< SP-2 X SP-4 X vec >< vec+2 X PC
Data bus Interrupt : SP-2 SP-4 vec vec+2
Xinformat?onx Undefined(!) Xcontents Xcontents Xcontents X contents X

RD I_I_\< Undefined() y I_I I_l
WR® I_l U

NOTES:
1. The undefined state depends on the instruction queue buffer. A read cycle occurs when the instruction queue
buffer is ready to accept instructions.
2. When the stack is in the internal RAM, the WR signal indicates the write timing by changing high-level to low-level.

Figure 9.5 Time Required for Executing Interrupt Sequence
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9.4.1 Interrupt Response Time
Figure 9.6 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of the time from when an interrupt request is generated till
when the instruction then executing is completed ((a) in Figure 9.6) and the time during which the inter-
rupt sequence is executed ((b) in Figure 9.6).

Interrupt request generated Interrupt request acknowledged

i ..

Instruction in
interrupt routine

S Instruction Interrupt sequence

[t @ - (b) Lt

Interrupt response time

(a) The time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) The time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address | SP value Without wait
Even Even 18 cycles
Even Odd 19 cycles
Odd Even 19 cycles
Odd Odd 20 cycles

Figure 9.6 Interrupt response time

9.4.2 Variation of IPL when Interrupt Request is Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set
in the IPL.
When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed
in Table 9.5 is set in the IPL. Shown in Table 9.5 are the IPL values of software and special interrupts
when they are accepted.

Table 9.5 IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt sources IPL setting
Watchdog timer, NMI, Oscillation stop and re-oscillation detection, Low volage detection 7
Software, address match, DBC, single-step No change
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9.4.3 Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 9.7 shows the stack status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address
MSB

Stack

m Content of previous stack  |wg——

m+ 1| Content of previous stack

Stack status before interrupt request
is acknowledged

LSB

[SP]
<«¢— New SP value

Address Stack
MSB
m-—4 PCL
:: m-3 PCw
m-2 FLGL
m-1 FLGH PCH
[SP]
SP value before .
interrupt request is m Content of previous stack
accepted.
m+ 1| Content of previous stack

Stack status after interrupt request

is acknowledged

Figure 9.7 Stack Status Before and After Acceptance of Interrupt Request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP(),
at the time of acceptance of an interrupt request, is even or odd. If the stack pointer 1) is even, the FLG
register and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time.
Figure 9.8 shows the operation of the saving registers.

NOTE:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated
by the U flag. Otherwise, it is the ISP.

(1) SP contains even number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Odd)
[SP] - 4 (Even) PCL _—
(2) Saved §imultaneously,
[SP] _ 3(Odd) PCwm - all 16 bits
[SP] -2 (Even) FLGL -t
(1) Saved simultaneously,
[SP] — 1(Odd) FLGH PCH - all 16 bits
[SP] (Even)
Finished saving registers
in two operations.

(2) SP contains odd number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Even)
[SP] - 4(Odd) PCL -—(3)
[SP] - 3 (Even) PCw - (4)
Saved, 8 bits at a time
[SP] - 2(Odd) FLG. - (1)
[SP] -1 (Even) FLGH PCH - (2)
[SP]  (Odd)
Finished saving registers
in four operations.
NOTE:

1. [SP] denotes the initial value of the SP when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 9.8 Operation of Saving Register
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9.4.4 Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt se-
guence are restored from the stack by executing the REIT instruction at the end of the interrupt routine.
Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

9.5 Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request that
has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using bits ILVL2 to
ILVLO. However, if two or more maskable interrupts have the same priority level, their interrupt priority is
resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 9.9
shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High
NMI A
DBC

Watchdog timer, oscillation stop,
re-oscillation detection,
low voltage detection

Peripheral function

Single step v
Low

Address match

Figure 9.9 Hardware Interrupt Priority

9.5.1 Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 9.10 shows the circuit that judges the interrupt priority level.

Rev. 1.11 Dec.11, 2006  page 83 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 9. Interrupts

Priority level of each interrupt

PR . Level 0 (initial value) A Highest
| INTL :
| Timer B2
[ Timer BO
| Timer A3
| Timer A1

i [icoc interrupt 1, 12C bus interface

—=—
1 s
| T
[ Timer B1
| Timer A4
[ Timer A2

| ICOC base timer, ScL/Spa

| ICOC interrupt O
[ UART1 reception
| UARTO reception
[ uART2 reception, Ack2

|A/D conversion, Key input interrupt [+

: | DMAL H Priority of peripheral function interrupts
' ' (if priority levels are same)
H | UART 2 bus collision +
O SI/04, INTS
| Timer AO
| UART1 transmission
| UARTO transmission

[ uART2 transmission, Nack2 |

CAN 0 error

DMAO

| SI/03, INT4

[ CAN 0 transmission

H | CAN 0 reception

Lowest

| CAN 0 wakeup :

Interrupt request level resolution output to clock
1 generating circuit (See Figure.7.1)

| ) Interrupt
request
accepted

R R R R R R R R RS

| flag

Address match

Watchdog timer

re-oscillation detection

Low voltage detection

DBC

|
|
|
| Oscillation stop and
|
|
|

NMI

Figure 9.10 Interrupts Priority Select Circuit
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9.6 INT Interrupt

INTi interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the
IFSRI bit in the IFSR register.

The INT5 input has an effective digital debounce function for a noise rejection. Refer to "19.6 Digital
Debounce function" for this detail. When using INT5 interrupt to exit stop mode, set the P17DDR register
to FF16 before entering stop mode.

To use the INT4 interrupt, set the IFSRG6 bit in the IFSR register to 1 (INT4). To use the INT5 interrupt, set
the IFSR7 bit in the IFSR register to 1 (INT5).

After modifiying bit IFSR6 or IFSR7, clear the corresponding IR bit to O (interrupt not requested) before
enabling the interrupt.

Figure 9.11 shows the IFSR registers.

Interrupt Request Cause Select Register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address After Reset
T T T T ' T T T IFSR 035F16 0016
R R Bit Symbol Bit Name Function RW
i 1 ] IFSRO INTO interrupt polarity 0 : One edge RW
oo switching bit 1:Both edges (1)
R R S IFSR1 INT1 interrupt polarity 0 : One edge
P switching bit 1:Bothedges (@) RW
IFSR2 INT2 interrupt polarity 0 : One edge
e switching bit 1:Both edges (1) RW
oo ____________ IFSR3 INT3 interrupt polarity 0 : One edge
oo switching bit 1:Bothedges @ RW
' v IFSR4 INT4 interrupt polarity 0 : One edge
P T switching bit 1:Both edges (1) RW
o IFSR5 INTS interrupt polarity 0 : One edge
P Tt switching bit 1:Bothedges @) RW
! IFSR6 Interrupt request cause 0:SII03 (2
v T select bit 1:INT4 Rw
:L __________________________ IFSR7 Interrupt request cause 0:S1/04 (2
select bit 1:INTS RwW
NOTES:
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT5IC is set to
0 (falling edge).
2. When setting this bit to 0 (SI/03, SI/O4), make sure the POL bit in registers S3IC and S4IC is set to
0 (falling edge).

Figure 9.11 IFSR Register
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9.7 NMI Interrupt
An NMI interrupt request is generated when input on the NMI pin changes state from high to low, after the
NMI interrupt was enabled by writing a 1 to bit 4 in the register PM2. The NMI interrupt is a non-maskable
interrupt, once it is enabled.
The input level of this NMI interrupt input pin can be read by accessing the P8_5 bit in the P8 register.
NMl is disabled by default after reset (the pin is a GPIO pin, P85) and can be enabled using bit 4 in the PM2
register. Once enabled, it can only be disabled by a reset signal.
The NMI input has a digital debounce function for noise rejection. Refer to "19.6 Digital Debounce func-
tion" for details. When using NMI interrupt to exit stop mode, set the NDDR register to FF16 before entering
stop mode.

9.8 Key Input Interrupt
A key input interrupt is generated when input on any of the P104 to P107 pins which has had bits PD10_7 to
PD10_4 in the PD10 register set to 0 (= input) goes low. Key input interrupts can be used for a key-on
wakeup function to get the MCU to exit stop or wait modes. However, if you intend to use the key input
interrupt, do not use P104 to P107 as analog input ports. Figure 9.12 shows the block diagram of the key
input interrupt. Note, however, that while input on any pin which has had bits PD10_7 to PD10_4 setto 0 (=
input mode) is pulled low, inputs on all other pins of the port are not detected as interrupts.

PU25 bit in the PUR2

register
Pull—gp KUPIC register
transistor PD10_7 bit in the

PD10 register

PD10_7 bit in the PD10 register

3 O
Pull-up PD10_6 bit in the
transistor PD10 register
_ . Key input interrupt
Kz O T Interrupt control circuit request
f’“”“.‘pt PD10_5 bit in the
ransistor PD10 register
R O—+
PD10_4 bit in the
Pull-up PD10 register
transistor
Ko O—-

Figure 9.12 Key Input Interrupt
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9.9 CANO Wake-up Interrupt
CANO wake-up interrupt occurs when a falling edge is input to CRX. The CANO wake-up interrupt is en-
abled when the PortEn bit is set to 1 (CTX/CRX function) and Sleep bit is set to 1(Sleep mode enabled) in
the COCTLR register. Figure 9.13 shows the block diagram of the CANO wake-up interrupt.

CO1WKIC register

Sleep bit in COCTLR register
PortEn bit in COCTLR register \

| : j o CANO wake-up
CRX O 3 Interrupt control circuit —)interrupt request

Figure 9.13 CANO Wake-up Interrupt Block Diagram

9.10 Address Match Interrupt
An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMADI register (i=0 to 1). Set the start address of any instruction in the RMADI
register. Use bits AIER1 and AIERO in the AIER register to enable or disable the interrupt. Note that the
address match interrupt is unaffected by the | flag and IPL. For address match interrupts, the value of the
PC that is saved to the stack area varies depending on the instruction being executed (refer to “Saving
Registers”).
(The value of the PC that is saved to the stack area is not the correct return address.) Therefore, follow one
of the methods described below to return from the address match interrupt.
» Rewrite the content of the stack and then use the REIT instruction to return.
 Restore the stack to its previous state before the interrupt request was accepted by using the POP or
similar other instruction and then use a jump instruction to return.
Table 9.6 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.
aFigure 9.14 shows registers AIER, RMADO, and RMAD1.
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Table 9.6 PC Value Saved in Stack Area When Address Match Interrupt Request Is Acknowledged

Instruction at the address indicated by the RMAD:I register

Value of the PC that is
saved to the stack area

« 2-byte op-code instruction
« 1-byte op-code instructions which are followed:

AND.B:S  #IMM8,dest
#IMM8,dest

ADD.B:S #IMM8,dest  SUB.B:S #IMM8,dest

OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B:S
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest

CMP.B:S #IMM8,dest PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8

MOV.B:S  #IMM,dest (However, dest=A0 or A1)

The address
indicated by the
RMAD:I register +2

Instructions other than the above

The address
indicated by the
RMAD:I register +1

Value of the PC that is saved to the stack area : Refer to “Saving Registers”.

Op-code is an abbreviation of Operation Code. It is a portion of instruction code.

Refer to Chapter 4 Instruction Code/Number of Cycles in M16C/60, M16C/20 Series Software Manual. Op-code is shown

as a bold-framed figure directly below the Syntax.

Table 9.7 Relationship Between Address Match Interrupt Sources and Associated Registers

Address match interrupt sources | Address match interrupt enable bit [ Address match interrupt register
Address match interrupt O AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
Address Match Interrupt Enable Register
b7 D6 bS b4 bS b2 bl b0 Symbol Address After Reset
AIER 000916 XXXXXX002
Bit Symbol Bit Name Function RW
oo R AIERQ [|Address match interrupt O 0 : Interrupt disabled RW
enable bit 1 : Interrupt enabled
o ] AIER1 |Address match interrupt 1 | 0 : Interrupt disabled RW
enable bit 1 : Interrupt enabled
A CCECTEE SETLRFSRRRRRIRERY b7-b2 Nothing is assigned. If necessary, set to 0. _
(b7-b2) When read, the content is undefined
Address Match Interrupt Registeri (i=0to 1)
(023) ©l9 G015 o8 o Symbol Address After Reset
RMADO 001216 to 001016 X0000016

|><|><|><|><| | | | RMAD1 001616 t0 001416 X0000016
Function Setting Range RW
‘---1 Address setting register for address match interrupt 0000016 to FFFFF16 |RW
""""""""""""""""""" Nothing is assigned. If necessary, set to 0. —

When read, the content is undefined

Figure 9.14 AIER Register, RMADO and RMAD1 Registers
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10. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recommend
using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit counter which
counts down the clock derived by dividing the CPU clock using the prescaler. Whether to generate a watchdog
timer interrupt request or apply a watchdog timer reset as an operation to be performed when the watchdog timer
underflows after reaching the terminal count can be selected using the PM12 bit in the PM1 register. The PM12
bit can only be set to 1 (reset). Once this bit is set to 1, it cannot be set to 0 (watchdog timer interrupt) in a
program. Refer to 5.3 Watchdog Timer Reset for the details of watchdog timer reset.

When the main clock source is selected for CPU clock, on-chip oscillator clock, PLL clock, the WDC?7 bit in the
WDC register value for prescaler can be chosen to be 16 or 128. If a sub-clock is selected for CPU clock, the
prescaler is always 2 no matter how the WDCY bit is set. The period of watchdog timer can be calculated as
given below. The period of watchdog timer is, however, subject to an error due to the prescaler.

With main clock source chosen for CPU clock, on-chip oscillator clock, PLL clock
Prescaler dividing (16 or 128) X Watchdog timer count (32768)

CPU clock

Watchdog timer period =

With sub-clock chosen for CPU clock
Prescaler dividing (2) X Watchdog timer count (32768)

Watchdog timer period =
CPU clock

For example, when CPU clock is set to 16 MHz and the divide-by-N value for the prescale ris set to 16, the
watchdog timer period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset. Note that
the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is activated to start
counting by writing to the WDTS register.

Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.

In stop mode and wait mode, the watchdog timer and prescaler are stopped. Counting is resumed from the held
value when the modes or state are released.

Figure 10.1 shows the block diagram of the watchdog timer. Figure 10.2 shows the watchdog timer-related

registers.
Prescaler
T emor =0
: 116 ! WDC7 =0
LI PM12 =0
E ,—| é\%/hé%iol PM22 =0 Watchdog timer
CPU clock | 1/128 L 0o O interrupt request
cMo7=1 T PM22 = 1 Watchdog timer
: : =
: 172 = lo) o >
] S A PM12=1

Reset

...............

On-chip oscillator clock
Set to 7FFF16
Write to WDTS register

Internal reset signal 4>
(low active) ,L/

Figure 10.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 bl bO

| | O| 0| | | | | | Symbol Address After Reset
B Bl el N N O I wDC 000F16 0OXXXXXX2
oo Bt Symbol Bit Name Function RW
' boedodod (b4-b0) High-order bits of watchdog timer RO
S (b_5) Reserved bit Setto 0 RW
E ..................... (b_6) Reserved bit Setto O RW
: , 0 : Divided by 16
........................ WDC7 Prescaler select bit 1" Divided by 128 RW
Watchdog Timer Start Register®
b7 b0 Symbol Address After Reset
WDTS 000Ez16 Undefined
I Function RW

! The watchdog timer is initialized and starts counting after a write instruction
------------- to this register. The watchdog timer value is always initialized to 7FFF16 \'e]
regardless of whatever value is written.

Figure 10.2 WDC Register and WDTS Register

10.1 Count Source Protective Mode
In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer
can be kept being clocked even when CPU clock stops as a result of run-away.
Before this mode can be used, the following register settings are required:
(1) Set the PRCL1 bit in the PRCR register to 1 (enable writes to PM1 and PM2 registers).
(2) Set the PM12 bit in the PM1 register to 1 (reset when the watchdog timer underflows).
(3) Set the PM22 hit in the PM2 register to 1 (on-chip oscillator clock used for the watchdog timer count source).
(4) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM1 and PM2 registers).
(5) Write to the WDTS register (watchdog timer starts counting).
Setting the PM22 bit to 1 results in the following conditions
« The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer

count source. i
Watchdog timer count (32768)

Watchdog timer period = on-chip oscillator clock

» The CM10 bit in the CM1 register is disabled against write. (Writing a 1 has no effect, nor is stop mode entered.)
» The watchdog timer does not stop when in wait mode.
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11. DMAC

Note
I Do not use SI/O4 interrupt request as a DMA request in the 64-pin package. I

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of
a cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time
after a DMA request is generated. Figure 11.1 shows the block diagram of the DMAC. Table 11.1 shows
the DMAC specifications. Figures 11.2 to 11.4 show the DMAC-related registers.

{ Address bus 0
A
_I:>|DMA0 source pointer SAR0(20) ':>
| | (addresses 002216 to 002016)
:>|DMAO destination pointer DARO (20) |:>
U {} (addresses 002616 to 002416)
|DMAO forward address pointer (20) @) |:>
—I:>| DMAQO transfer counter reload register TCRO (16) ':> :>|DMA1 source pointer SAR1 (20) ':>
{} (addresses 0029 16, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) ':> >|DMA1 destination pointer DAR1 (20) ':>
U O (addresses 003616 to 003416)
>|DMA1 transfer counter reload register TCR1 (16) ':> |DMAl forward address pointer (20) l:>
{/ (addresses 0039 16, 003815)
|DMA1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
g Data bus low-order bits S
V
{ Data bus high-order bits y
NOTE:
1. Pointer is incremented by a DMA request.

Figure 11.1 DMAC Block Diagram

A DMA request is generated by a write to the DSR bit in the DMISL register (i = 0,1), as well as by an
interrupt request which is generated by any function specified by the DMS and bits DSEL3 to DSELO in the
DMISL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the |
flag and the interrupt control register, so that even when interrupt requests are disabled and no interrupt
request can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not
affect interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON
register is set to 1 (DMA enabled). However, if the cycle in which a DMA request is generated is faster than
the DMA transfer cycle, the number of transfer requests generated and the number of times data is trans-
ferred may not match. For details, refer to “DMA Requests”.
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Table 11.1 DMAC Specifications

Item Specification
No. of channels 2 (cycle steal method)
Transfer memory space « From any address in the 1M bytes space to a fixed address

* From a fixed address to any address in the 1M bytes space
* From a fixed address to a fixed address
Maximum No. of bytes transferred |128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (. 2) Falling edge of INTO or INTL

Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UARTL1 transfer, UART1 reception interrupt requests
UART?2 transfer, UART2 reception interrupt requests
SI/03, SI/O4 interrupt requests

A/D conversion interrupt requests

Timer S(IC/OC) requests

Software triggers

Channel priority DMAO > DMA1 (DMAO takes precedence)
Transfer unit 8 bits or 16 bits
Transfer address direction forward or fixed (The source and destination addresses cannot both be

in the forward direction)

Transfer mode |Single transfer |Transfer is completed when the DMAI transfer counter (i = 0,1)
underflows after reaching the terminal count

Repeat transfer |When the DMAI transfer counter underflows, it is reloaded with the value
of the DMAI transfer counter reload register and a DMA transfer is con

tinued with it
DMA interrupt request generation timing | When the DMAI transfer counter underflowed
DMA startup Data transfer is initiated each time a DMA request is generated when
the DMAE bit in the DMAICON register = 1 (enabled)

DMA shutdown |Single transfer |+ When the DMAE bit is set to O (disabled)

* After the DMAI transfer counter underflows

Repeat transfer |When the DMAE bit is set to 0 (disabled)

Reload timing for forward ad-{When a data transfer is started after setting the DMAE bitto 1 (en
dress pointer and transfer abled), the forward address pointer is reloaded with the value of the
counter SARI or the DARI pointer whichever is specified to be in the forward
direction and the DMAI transfer counter is reloaded with the value of the
DMA. transfer counter reload register

NOTES:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the
interrupt control register.

2. The selectable causes of DMA requests differ with each channel.

3. Make sure that no DMAC-related registers (addresses 002016 to 003F16) are accessed by the DMAC.
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b7 b6 bS5 b4 b3 b2 bl b0

DMAO Request Cause Select Register

NOTE:

Symbol Address After Reset
| DMOSL 03B816 0016
Bit Symbol Bit Name Function RW
~{ DSELO RW
N DSEL1 DMA request cause Refer to note (1) RW
i S select bit RW
o DSEL3 RW
—_ Nothing is assigned. When write, set to 0. _
(b5-b4) When read, their content are 0
DMS DMA request cause 0: Basic cause of request RW
" expansion select bit 1: Extended cause of request
A DMA request is generated by
N setting this bit to 1 when the DMS bit
DSR Eict)ftware DMA request is 0 (basic cause) and bits DSEL3 to
DSELO are 00012 (software trigger).
The value of this bit when read is 0

1. The causes of DMAO requests can be selected by a combination of DMS bit and bits DSEL3 to DSELO in the
manner described below.

DSEL3 to DSELO [ DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTO pin IC/OC base timer
00012 Software trigger -

00102 Timer AO IC/OC channel 0
00112 Timer A1 IC/OC channel 1
01002 Timer A2 —

01012 Timer A3 —

01102 Timer A4 Two edges of INTO pin
01112 Timer BO —

10002 Timer B1 —

10012 Timer B2 -

10102 UARTO transmit IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART? transmit IC/OC channel 4
11012 UART?2 receive IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 transmit IC/OC channel 7

Figure 11.2 DMOSL Register
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DMA1 Request Cause Select Register

NOTES:

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| DM1SL 03BA16 0016
Bit Symbol Bit Name Function RW
DSELO DMA request cause Refer to note (1) RW
DSEL1 select bit RW
DSEL2 RW
DSEL3 RW
Nothing is assigned. If necessary, set N
(b5-b4) to 0. When read, their contents are 0
DMS DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to 1 when the DMS bit
DSR is 0 (basic cause) and the DSEL3 to RW
DSELDO bits are 00012
(software trigger).
The value of this bit when read is 0

DSEL3 to DSELO | DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INT1 pin IC/OC base timer
00012 Software trigger —

00102 Timer AO IC/OC channel 0
00112 Timer Al IC/OC channel 1
01002 Timer A2 -

01012 Timer A3 SI/03

01102 Timer A4 SI/04

01112 Timer BO Two edges of INT1
10002 Timer B1 -

10012 Timer B2 —

10102 UARTO transmit IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART2 transmit IC/OC channel 4
11012 UART2 receive/ACK2 IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 receive IC/OC channel 7

DMAI Control Register(i=0,1)

NOTES:

1. The causes of DMA1 requests can be selected by a combination of DMS bit and bits DSEL3 to DSELO in the
manner described below.

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
|><|><| | | DMOCON 002C16 00000X002
DM1CON 003C16 00000X002
Bit Symbol Bit Name Function RW
' DMBIT Transfer unit bit select bit 2 ésbitilsts RW
Repeat transfer mode 0: Single transfer
DMASL select bit 1: Repeat transfer RwW
T S DMA request bit 0: DMA not requested RW
R DMAS a 1: DMA requested (€}
___________ DMA enable bit 0: Disabled
. DMAE 1: Enabled RW
Source address direction | o: Fixed
H H Voo TTTTETETTTETEET DSD select bit (2 1: Forward RW
Destination address 0: Fixed
 SERRRELEELEELED DAD direction select bit (2) 1: Forward R
N Nothing is assigned. If necessary, set to 0. When I
(b7-b6) read, their contents are 0

1. The DMAS bit can be set to 0 by writing 0 by program (This bit remains unchanged even if 1 is written).
2. At least one of bits DAD and DSD must be set to 0 (address direction fixed).

Figure 11.3 DM1SL Register, DMOCON Register, and DM1CON Registers
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DMAI Source Pointer (i=0, 1) @)

(b23) (b19) (b16)(b15)
b7 b3 b0 b7

(b8)

counter underflows when the DMASL bit in the
DMICON register is 1 (repeat transfer), the value
of the DMAI transfer counter reload register is
transferred to the DMAI transfer counter.

When read, the DMAI transfer counter is read

b0 b7 b0 Symbol Address After Reset
|><|><|><|><| : : SARO 002216 to 002016  Undefined
LA N : . : SAR1 003216 to 003016  Undefined
Vo : : Function Setting Range RW
oo I Set the source address of transfer 0000016 to FFFFF16 | RW
bbb Nothing is assigned. If necessary, set 0. When read, the contents
""""""""""""""""""""""""" are 0 -
NOTE:
1. If the DSD bit in the DMICON register is O (fixed), this register can only be written to when the DMAE bit in the
DMICON register is set to 0 (DMA disabled).
If the DSD bit is set to 1 (forward direction), this register can be written to at any time.
If the DSD bit is set to 1 and the DMAE bit is set to 1 (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.
DMAI Destination Pointer (i = 0, 1)()
(b23) (b19) (b16)(b15) (b8)
b7 b3 bo b7 bo b7 50 Symbol Address After Reset
DXXIXIX] ; ; DARO 002616 to 002416 Undefined
I T DAR1 003616 to 003416 Undefined
; Function Setting Range RW
Set the destination address of transfer 0000016 to EEFFF16 | RW
Nothing is assigned. If necessary, set 0. When read, the contents —
are 0
NOTE:
1. If the DAD bit in the DMICON register is 0 (fixed), this register can only be written to when the DMAE bit in the
DMICON register is set to 0 (DMA disabled).
If the DAD bit is set to 1 (forward direction), this register can be written to at any time.
If the DAD bit is set to 1 and the DMAE bit is set to 1 (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.
DMAI Transfer Counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 b0
H Symbol Address After Reset
: TCRO 002916, 002816 Undefined
! TCR1 003916, 003816 Undefined
Function Setting Range RW
Set the transfer count minus 1. The written value is
H stored in the DMAI transfer counter reload register,
: and when the DMAE bit in the DMICON register is
T set to 1 (DMA enabled) or the DMAI transfer 000016 to EFFE1s | RW

Figure 11.4 SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers
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11.1 Transfer Cycles
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write)
bus cycle. The number of read and write bus cycles is affected by the source and destination addresses of
transfer. Furthermore, the bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses

If the transfer unit is 16 bits and the source address of transfer begins with an odd address, the source
read cycle consists of one more bus cycle than when the source address of transfer begins with an even
address.

Similarly, if the transfer unit is 16 bits and the destination address of transfer begins with an odd address,
the destination write cycle consists of one more bus cycle than when the destination address of transfer
begins with an even address.

11.1.2 Effect of Software Wait

For memory or SFR accesses in which one or more software wait states are inserted, the number of bus
cycles required for that access increases by an amount equal to software wait states.

Figure 11.5 shows the example of the cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating transfer cycles, take into consideration each condition for the
source read and the destination write cycle, respectively. For example, when data is transferred in 16 bit
units and when both the source address and destination address are an odd address ((2) in Figure 11.5),
two source read bus cycles and two destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

CPU clock

Address N Dummy
bus CPU use Source Destination cycle CPU use

RD signal

WR signal

Data - Dummy
bus CPU use >< Source >< Destination >< cycle CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address.

CPU clock

Address - Dummy

bus CPU use Source Source + 1 Destination cycle CPU use
RD signal

WR signal

Data

CPU use Source Y Source + 1 inati Dummy
bus >< >< >< Destination >< cycle CPU use

(3) When the source read cycle under condition (1) has one wait state inserted

CPU clock

Address - Dumm
bus CPU use Source Destination cycle Y CPU use

RD signal

WR signal

Data - Dumm
bus CPU use Source Destination cycle y CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

CPU clock

ﬁ‘ggress CPU use >< Source >< Source + 1 >< Destination >< E;Crlrémy >< CPU use

RD sgnal D

wRsgnal 1

l:lz))ua;a CPU use >< Source X Source + 1 >< Destination >< E;Jcr:;my >< CPU use
NOTE:

1. The same timing changes occur with the respective conditions at the destination as at the source.

Figure 11.5 Transfer Cycles for Source Read
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11.2. DMA Transfer Cycles

Any combination of even or odd transfer read and write adresses is possible. Table 11.2 shows the
number of DMA transfer cycles. Table 11.3 shows the Coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k

Table 11.2 DMA Transfer Cycles

Transfer unit Access address | No. of read cycles No. of write cycles
8-bit transfers Even 1 1
(DMBIT=1) Odd 1 1
16-bit transfers Even 1 1
(DMBIT= 0) Odd 2 2

Table 11.3 Coefficient j, k

Internal Area

Internal ROM, RAM SFR
No wait |With wait| ©Walt | 2wait

j 1 2 3

k 1 2 3

NOTE:
1. Depends on the set value of PM20 bit in PM2 register
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11.3 DMA Enable

When a data transfer starts after setting the DMAE bit in the DMICON register (i=0, 1) to 1 (enabled), the
DMAC operates as follows:
(a) Reload the forward address pointer with the SARI register value when the DSD bit in DMICON register
is 1 (forward) or the DARI register value when the DAD bit in the DMICON register is 1 (forward).
(b) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to 1 again while it remains set, the DMAC performs the above operation. However,
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
(1) Write 1 to bits DMAE and DMAS in DMiICON register simultaneously.
(2) Make sure that the DMAI is in an initial state as described above (a) and (b) by program.
If the DMAI is not in an initial state, the above steps should be repeated.

11.4 DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the DMS
bit and bits DSEL3 to DSELO in the DMISL register (i = 0, 1) on either channel. Table 11.4 shows the timing
at which the DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to 1 (DMA requested) regardless of whether or
not the DMAE bit is set. If the DMAE bit was set to 1 (enabled) when this occurred, the DMAS bit is set to
0 (DMA not requested) immediately before a data transfer starts. This bit cannot be set to 1 by program (it
can only be set to 0).

The DMAS bit may be set to 1 when the DMS or the DSEL3 to DSELO bits change state. Therefore, always
be sure to set the DMAS bit to 0 after changing the DMS or the DSEL3 to DSELDO bits.

Because if the DMAE bit is set to 1, a data transfer starts immediately after a DMA request is generated, the
DMAS bit in almost all cases is 0 when read by program. Read the DMAE bit to determine whether the
DMAC is enabled.

Table 11.4 Timing at Which the DMAS Bit Changes State
DMAS Bit in the DMICON Register
Timing at which the bit is setto 1 Timing at which the bit is set to 0

DMA Factor

Software trigger When the DSR bit in the DMiSL » Immediately before a data transfer starts
register is set to 1 » When set by writing 0 by program

Peripheral function When the interrupt control register
for the peripheral function that is
selected by bits DSEL3 to DSELO
and the DMS bit in the DMiSL
register has its IR bit set to 1
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11.5 Channel Priority and DMA Transfer Timing

If both DMAO and DMAL1 are enabled and DMA transfer request signals from DMAO and DMAL1 are de-
tected active in the same sampling period (one period from a falling edge to the next falling edge of CPU
clock), the DMAS bit on each channel is set to 1 (DMA requested) at the same time. In this case, the DMA
requests are arbitrated according to the channel priority, DMAO > DMAL1. The following describes DMAC
operation when DMAO and DMA1 requests are detected active in the same sampling period. Figure 11.6

shows an example of DMA transfer effected by external factors.

DMAO request having priority is received first to start a transfer when a DMAO request and DMA1 request
are generated simultanelously. After one DMAO transfer is completed, a bus arbitration is returned to the
CPU. When the CPU has completed one bus access, a DMAL transfer starts. After one DMAL1 transfer is

completed, the bus arbitration is again returned to the CPU.

In addition, DMA requsts cannot be counted up since each channel has one DMAS bit. Therefore, when
DMA requests, as DMAL in Figure 11.6 occurs more than one time, the DAMS bit is set to 0 as soon
as getting the bus arbitration. The bus arbitration is returned to the CPU when one transfer is completed.

An example where DMA requests for external causes are detected active at the same

CPU clock
DMAO = —___

I [ E ' E ' iaht
o B T Z g | "
INTO | ' '
DMAO P 5
request bit
INT1 B ]

DMA1

request bit | |

DMA1 %— Obtainment

of the bus

Figure 11.6 DMA Transfer by External Factors
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12. Timers

Eight 16-bit timers, each capable of operating independently of the others, can be classified by function as
either timer A (five) and timer B (three). The count source for each timer acts as a clock, to control such
timer operations as counting, reloading, etc. Figures 12.1 and 12.2 show block diagrams of timer A and
timer B configuration, respectively.

* Main clock

* PLL clock f
» On-chip oscillator]
clock

f1or f2 f8 f32 fc32

f2PCLKO bit=0

f1 or f2

PCLKO bit=1
f8

32

Clock prescaler

xein ()

Set the CPSR bit in the
CPSRF register to 1
(prescaler reset)

« Timer mode
« One-shot timer mode

TAoN ()

 Pulse Width Measuring (PWM) mode
o\c | Timer AO

« Event counter mode

« Timer mode
« One-shot timer mode

TAIN (O

NZWM mode
|
° !

Timer Al

Timer AO interrupt

Timer Al interrupt

« Event counter mode

« Timer mode
« One-shot timer mode

TA2n ()

\-ZWM mode
|
° 1

Timer A2

-

Timer A2 interrupt

« Event counter mode

« Timer mode
* One-shot timer mode

TA3IN Q

XZWM mode
|
o}
|

Timer A3

|

Timer A3 interrupt

« Event counter mode

« Timer mode
* One-shot timer mode

TA4N ()

N
O
—oO o
—O
>—{aH
Vv filter ?
N
O
—O o
- —O
IS Noise
Z —
&c
O
—O [¢]
- —O
N Noise
Z —<
&
O
—O [¢]
- —O
N Noise
Z <
&
O
—oO [¢]
- —O
S Noise
Z =

\-:WM mode
|
O
|

Timer A4

-

Timer A4 interrupt

« Event counter mode

Timer B2 overflow or underflow

-

Figure 12.1 Timer A Configuration
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* Main clock

f1or f2 fg f32 fC32

N

t

f2 PCLKO bit = 0

f1
e PLL clock o
« On-chip oscillator PCLKO bit = 1
clock

Timer B2 overflow or underflow ( to Timer A count source)

Clock prescaler

f1 or 2

xein (O)

Set the CPSR bit in the
CPSRF register to 1
(prescaler reset)

f8

f32

 Timer mode

« Pulse width measuring mode,
Timer BO interrupt

\;ulse period measuring mode
o) Timer BO L

TBOIN Q

TB1IN G

821N ()

) Noise ¢
2> filter oo
« Event counter mode
« Timer mode
g « Pulse width measuring mode,
) — s \zulse period measurlng.mode Timer B1 interrupt
@—E O~O o} Timer B1 -
« Event counter mode
« Timer mode
O « Pulse width measuring mode,
O pulse period measuring mode i i
) — s \C Timer B2 interrupt
@_E oo © Timer B2 -

« Event counter mode

Figure 12.2. Timer B Configuration
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12.1 Timer A

Figure 12.3 shows a block diagram of the timer A. Figures 12.4 to 12.6 show registers related to the timer A.

The timer A supports the following four modes. Except in event counter mode, timers A0 to A4 all have the

same function. Use bits TMOD1 to TMODO in the TAIMR register (i = 0 to 4) to select the desired mode.
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external device or overflows and underflows of

other timers.

» One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count 000016.
* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

Data bus high-order bits S
[l A
Clock source -
selection < Timer Datii tfus low-order bits S
fiorf2—o * One shot Low-order High-order
B —0N, - PwM L[] swits 1| 8vis
f32 —O e Timer [ Reload register |
fc3p ——O (gate function) VAN 7N
« Event counter Clock selection L 194
o Polarity Counter }
TAIN selection Increment/decrement
- : Always counts down except
(i=0to4) Clock selection TABSR register [in event counter mode J
1) TAI Addresses TAj TAk
0 T!mer AO 038716 - 038616 T@mer A4 T?mer Al
TB2 overfloz) To external T!mer Al 038916 - 038816 T!mer A0 T!mer A2
i 'e) trigger circuit T!mer A2 038Bis - 038A16 T!mer Al T!mer A3
Téj.overﬂow ._ ._ 9 Decrement  —Q Timer A3 038D1s - 038C1s  Timer A2 Timer A4
(j=1-1. however, j=4 wheni=0) i \\ Timer A4 038Fis - 038E1s  Timer A3 Timer AO
UDF register O
TAk overfow ————O
(k =i+ 1. however, k= 0 when i = 4) ?
TAiouT Pulse output
(i=0to4) I |
o | l Toggle flip-flop [
NOTE:
1. Overflow or underflow
Figure 12.3 Timer A Block Diagram
Timer Ai Mode Register (i=0 to 4)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
I N I TAOMR to TAAMR 039616 to 039A16 0016
I Bit Symbol Bit Name Function RW
TMODO Operation mode select bit 'E)IDS - Timer mode RW
o 0 1 : Event counter mode
TMOD1 1 0 : One-shot timer mode
. 11 : Pulse width modulation RW
P (PWM) mode
o ey MRO Function varies with each RW
P e MR1 operation mode RW
P MR2 RW
. MR3 RW
R TCKO Count source select bit Function varies with each RW
L] TCK1 operation mode RW

Figure 12.4 TAOMR to TA4MR Registers
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Timer Ai Register (i= 0 to 4) 0

width modulator.

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bO

1. The register must be accessed in 16 bit units.

2. If the TAi register is set to 000016, the counter does not work and timer Ai interrupt requests are not
generated either. Furthermore, if “pulse output” is selected, no pulses are output from the TAIOUT pin.

3. If the TAi register is set to 000016, the pulse width modulator does not work, the output level on the
TAIOUT pin remains low, and timer Ai interrupt requests are not generated either. The same applies
when the 8 high-order bits of the timer TAi register are set to 000016 while operating as an 8-bit pulse

4. Use the MOV instruction to write to the TAI register.
5. The timer counts pulses from an external device or overflows or underflows in other timers.

Symbol Address After Reset
e © o TAO 038716, 038616 Undefined
TAL 038916, 038816 Undefined
| | TA2 038B16, 038A16 Undefined
' TA3 038D16, 038C16 Undefined
TA4 038F16, 038E16 Undefined
Mode Function Setting Range RW
-1 Timer Divide the count source by n + 1 where n = set 000016 to FFEF16 RW
mode value
Event Divide the count source by FFFF16 —n + 1
counter where n = set value when counting up or by n + [ 000016 to FFFF16 RW
mode 1 when counting down(s)
One-shot | Divide the count source by n where n = set 000016 to FFFF16 WO
timer mode | value and cause the timer to stop (2,4)
Pulse width | Modify the pulse width as follows:
modulation | PWM period: (216 — 1) / fj
X - ] FFFE
modg High level PWM pulse width: n / fj where n = set ?3?3?16 to 16| wo
(16-bit PWM) | value, fj = count source frequency
Pulse width | Modify the pulse width as follows: 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ fj (High-order address)
mode High level PWM pulse width: (m + 1)n / fi where |0016 to FF16 wo
(8-bit PWM) | n = high-order address set value, m = low-order |(Low-order address)
address set value, fj = count source frequency G4
NOTES:

Up/Down Flag @

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
TABSR 038016 0016
Bit Symbol Bit Name Function RW
TAOS Timer AO count start flag 0 : Stops counting RW
TALS Timer Al count start flag 1: Starts counting RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
TBOS Timer BO count start flag RW
TB1S Timer B1 count start flag RW
TB2S Timer B2 count start flag RW
Symbol Address After Reset
UDF 038416 0016
Bit Symbol Bit Name Function RW
TAOUD Timer AO up/down flag 0: Down count RW
TALUD | Timer Al up/down flag 1: Up count RW
- Enabled by setting the MR2 bit in
TA2UD T A2 up/d fl R . RW
?mer Updown 1'ag the TAIMR register to 0
TASUD | Timer A3 up/down flag (= switching source in UDF register)l_RW
TA4UD Timer A4 up/down flag during event counter mode RW
TA2P T_imer A2 tvvo—phase pulse_ 0: two-phase pulse signal WO
signal processing select bit processing disabled
TA3P Timer A3 two-phase pulse | 1: two-phase pulse signal WO
signal processing select bit processing enabled (2, 3)
Timer A4 two-phase pulse
TA4P signal processing select bit wo

NOTES:

input mode.

1. Use MOV instruction to write to this register.
2. Make sure the port direction bits for the TA2IN to TA4IN and TA20uUT to TA40UT pins are set to 0

3. When the two-phase pulse signal processing function is not used, set the corresponding bit to 0.

Figure 12.5 TAO to TA4 Registers, TABSR Register, and UDF Register
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One-shot Start Flag

b7 b6 b5 b4 b3 b2 bl b0

| Symbol Address After Reset
ONSF 038216 0016
Bit Symbol Bit Name Function RW
TA0OOS | Timer AO one-shot start flag | The timer starts counting by setting | RW
- this bit to 1 while bits TMOD1 and
TA10S Timer Al one-shot startflag | T\oDO in the TAIMR register (i = 0 RW
TA20S | Timer A2 one-shot start flag | 1© 4) = 102 (= one-shot timer mode) | gy
and the MR2 bit in the TAIMR
TA30S | Timer A3 one-shot start flag | register = 0 (=TAIOS bit enabled). RW
- When read, its content is 0
TA40S [ Timer A4 one-shot start flag RW
. . 0: Z-phase input disabled
TAZIE - RW
Z-phase input enable bit 1: Z-phase input enabled
TAOTGL | Timer AO event/trigger b7 b6
select bit 99 0 0: Input on TAOIN is selected® RW
0 1: TB2 overflow is selected @
TAOTGH 1 0: TA4 overflow is selected (2 RW
1 1: TAl overflow is selected @
NOTES:
1. Make sure the PD7_1 bit in the PD7 register is set to 0 (input mode).
2. Overflow or underflow.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
| TRGSR 038316 0016
Bit Symbol Bit Name Function RW
Timer Al event/trigger b1b0
I TALTGL select bit 9 0 0: Input on TALN is selected (1) RW
01: TB2 is selected (2)
N TALTGH 1 0: TAO is selected (2) RW
11: TA2is selected (2)
Timer A2 event/trigger b3 b2
P TAZTGL select bit 99 0 O: Input on TA2N is selected (1) Rw
HE 0 1: TB2 is selected (2)
E E TA2TGH 10: TAl is selected ) RW
HE 1 1: TA3 is selected (2)
H H Ti A3 t/tri b5 b4
P TASTGL stlarIT(]-:‘((a:rt bit eventlrigger 0 0: Input on TA3IN is selected (1) RW
HE 0 1: TB2 is selected (2)
P TA3TGH 10: TA2 is selected (2) RW
v 11: TA4 is selected (2)
b : : b7 b6
P T TAATGL :Snerreil; ﬁ: event/trigger 0 0: Input on TA4IN is selected (1) RW
: 0 1: TB2 is selected (2)
e ] TA4TGH 1 0: TA3 is selected (2) RW
11: TAO is selected (2)
NOTES:
1. Make sure the port direction bits for the TALIN to TA4IN pins are set to O ( input mode).
2. Overflow or underflow.
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
LNENLNLNENENL CPSRF 038116 OXXXXXXX2
P 4+ v Bit Symbol Bit Name Function RW
. — Nothing is assigned. If necessary, set to 0. _
VT (b6-b0) When read, their contents are undefined
: CPSR Clock prescaler reset flag Setting this bit to 1 initializes the RW

prescaler for the timekeeping clock.
(When read, its content is O

Figure 12.6 ONSF Register, TRGSR Register, and CPSRF Register
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12.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.1). Figure 12.7 shows
TAIMR register in timer mode.

Table 12.1 Specifications

in Timer Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

» Decrement
* When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio

1/(n+1) n: setvalue of TAiregister (i=0to4) 000016 to FFFF16

Count start condition

Set TAIS bit in the TABSR register to 1 (start counting)

Count stop condition

Set TAIS bit to 0 (stop counting)

Interrupt request generation timing

Timer underflow

TAIIN pin function

I/O port or gate input

TAiouT pin function

I/O port or pulse output

Read from timer

Count value can be read by reading TAi register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)

Select function

* Gate function
Counting can be started and stopped by an input signal to TAIIN pin

« Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When not counting, the pin outputs a low.

Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

L lol 11 [ofo

..........................

NOTE:

1. The port direction bit for the TAi IN pin must be set to O ( input mode).

Symbol Address After Reset
| TAOMR to TAAMR 039616 to 039A16 0016
Bit Symbol Bit Name Function RW
TMODO Operation mode b0 RW
TvoDL | select bit 0 0: Timer mode RW
MRO Pulse output function 0: Pulse is not output
select bit (TAiouT pin is a normal port pin) RW
1: Pulse is output
(TAiouT pin is a pulse output pin)
H H b4 b3
MR1 Gate function select bit 0 0: 1 Gate function not available
01: J (TAiN pin functions as I/O port) RW
1 0: Counts while input on the TAi IN pin
MR2 is low (1)
1 1: Counts while input on the TAi IN pin  |RW
is high(1)
MR3 Set to 0 in timer mode RW
B b7 b6
TCKO Count source select bit 00: f1orf2 RW
01:fs
TCK1 10:f32
11:fc32 RW

Figure 12.7 Timer Ai Mode Register in Timer Mode
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12.1.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3, and A4 can count two-phase external signals. Table 12.2 lists specifica-
tions in event counter mode (when not processing two-phase pulse signal). Table 12.3 lists specifica-
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4).
Figure 12.8 shows TAIMR register in event counter mode (when not processing two-phase pulse signal).
Figure 12.9 shows TA2MR to TA4MR registers in event counter mode (when processing two-phase
pulse signal with the timers A2, A3 and A4).

Table 12.2 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count source « External signals input to TAIIN pin (i=0 to 4) (effective edge can be selected
in program)

* Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows

Count operation * Increment or decrement can be selected by external signal or program

» When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divided ratio 1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to 1 (start counting)
Count stop condition Set TAIS bit to 0 (stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function I/O port or count source input
TAiouT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading TAi register
Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select function » Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it
 Pulse output function
Whenever the timer underflows or underflows, the output polarity of TAiout
pin is inverted . When not counting, the pin outputs a low.
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Timer Ai Mode Register (i=0 to 4)
(When not using two-phase pulse signal processing)

| b7 | b6 | ;5 | b4 | b3 | b2 | kz)l | T | Symbol Address After Reset

TAOMR to TAAMR 039616 to 039A16 0016

Vv 4 4 1 % v 1| BitSymbol Bit Name Function RW
P b 0 1t LI TMOoDo . 1w RW
oo Operation mode select bit 01 Event t de @
T —— TMOD1 : Event counter mode RW
- R 0: Pulse is not output
e MRO Pulse output function (TAiouT pin functions as I/O port) RW
A select bit 1: Pulse is output

E . 1 . . (TAiourt pin functions as pulse output pin)

0: Counts external signal's falling edge

LT EEEEEr i it @ ; o’

MR1 Count polarityselect bit 1: Counts external signal's rising edge RW
T T A Up/down switching 0: UDF register

MR2 cause select bit 1: Input signal to TAiouT pin®) RW
Py T MR3 Set to 0 in event counter mode RW
R Count operation type 0: Reload type

: TCKO select bit 1: Free-run type RW
Rk TCK1 Can be 0 or 1 when not using two-phase pulse signal processing RW

NOTES:
1. During event counter mode, the count source can be selected using registers ONSF and TRGSR.
2. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
3. Decrement when input on TAIOUT pin is low or increment when input on that pin is high. The port
direction bit for TAIOUT pin must be set to 0 (input mode).

Figure 12.8 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal
processing)
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Table 12.3 Specifications in Event Counter Mode
(when processing two-phase pulse signal with timers A2, A3 and A4)

Item

Specification

Count source

» Two-phase pulse signals input to TAiIN or TAiOUT pins (i = 2 to 4)

Count operation

* Increment or down-count can be selected by two-phase pulse signal

» When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio

1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16

Count start condition

Set TAIS bit in the TABSR register to 1 (start counting)

Count stop condition

Set TAIS bit to O (stop counting)

Interrupt request generation timing

Timer overflow or underflow

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

Count value can be read by reading timer A2, A3 or A4 register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to reload register
(Transferred to counter when reloaded next)

Select function (Note)

» Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN pin
when input signals on TAjouT pin is “H”.

TAjouT J L
TAJIN J 4 4 * * L

0:2,3) Increment  Increment Increment Decrement  Decrement  Decrement

» Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAkin(k=3, 4) pin goes “H” when the
input signal on TAkourT pin is “H”, the timer counts up rising and falling
edges on TAkouT and TAKIN pins. If the phase relationship is such that
TAKIN pin goes “L” when the input signal on TAkouT pin is “H”, the timer
counts down rising and falling edges on TAkouT and TAKIN pins.

TAkom\_****f YA*A*Z

Increment all edges Decrement all edges
TAKIN
o Ay Y Y Y 0y
N\ D _
~~ ~"
Increment all edges Decrement all edges

« Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

NOTE:

1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to
multiply-by-4 processing operation.
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Timer Ai Mode Register (i=2 to 4)
(When using two-phase pulse signal processing)

b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | | 0 | 1 |o | 0 |0 | 1 | TA2MR to TAAMR 039816 to 039A16 0016
i 4 i i b i Bit Symbol Bit Name Function RW
P i TMoDo overa to celoct it |2 RW
S T T T R TMODL peration mode select bit |0 1: Event counter mode RW
T EEERRRR MRO To use two-phase pulse signal processing, set this bit to O RW
bbb e MR1 To use two-phase pulse signal processing, set this bit to 0 RW
E  SRARREELEE MR2 To use two-phase pulse signal processing, set this bit to 1 RW
E EERCRCOEREERRELE MR3 To use two-phase pulse signal processing, set this bit to 0 RW
T TCKO Count operation type 0: Reload type RW
: select bit 1: Free-run type
Two-phase pulse signal . . )
R EEELEEEREEE TCK1 processing operation O: Normal processing operation RW

select bit (V@) 1: Multiply-by-4 processing operation

NOTES:

1. The TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate
in normal processing mode and x4 processing mode, respectively.

2. If two-phase pulse signal processing is desired, following register settings are required:
« Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
* Set bits TAITGH and TAITGL in the TRGSR register to 002 (TAIIN pin input).
« Set the port direction bits for TAiIN and TAiouT to O (input mode).

Figure 12.9 TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse
signal processing with timer A2, A3 or A4)
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12.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing
This function initializes the timer count value to 0 by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing 000016 to the TA3 register and setting the
TAZIE bit in ONSF register to 1 (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse

width applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count
source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 12.9 shows
the relationship between the two-phase pulse (A phase and B phase) and the Z phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this
function.

TA3ouTt

(A phase) ‘ —,—I—I_
-(réAgthase) ‘ — ; ! —
Count source |_| |_| |_| |_| —I |_| —I |_| I_I |_|
INT2 @ j

(Z phase) 1 :

! l ’ . Input equal to or greater than one clock cycle
of count source

Timer A3 Xme+1X1X2X3X4X5

NOTE:
1. This timing diagram is for the case where the POL bit in the INT2IC register is set to 1 (rising edge).

Figure 12.10 Two-phase Pulse (A phase and B phase) and the Z Phase
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12.1.3 One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 12.4) When the
trigger occurs, the timer starts up and continues operating for a given period. Figure 12.11 shows the
TAIMR register in one-shot timer mode.

Table 12.4 Specifications in One-shot Timer Mode

ltem Specification
Count source f1, f2, f8, f32, fc32
Count operation * Decrement

* When the counter reaches 000018, it stops counting after reloading a new value
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n  n: setvalue of TAi register 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAIS bit in the TABSR register is set to 1 (start counting) and one of the

following triggers occurs.

« External trigger input from the TAIIN pin

* Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

» The TAIOS bit in the ONSF register is set to 1 (timer starts)

Count stop condition » When the counter is reloaded after reaching 000016

» TAIS bit is set to 0 (stop counting)

Interrupt request generation timing | When the counter reaches 000016

TAIIN pin function I/O port or trigger input

TAIouUT pin function I/O port or pulse output

Read from timer An undefined value is read by reading TAi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Pulse output function

The timer outputs a low when not counting and a high when counting.
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Timer Ai Mode Register (i=0 to 4)
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | 0 | | | | 1 | 0 | TAOMR to TA4MR 39616 to 039A16 0016
: [ Bit Symbol Bit Name Function RW
Pl 1 ] TMODO | operat oo RW
o HE peration mode select bit . ; )
- TMODL 1 0: One-shot timer mode RW
) 0: Pulse is not output (TAiouT pin functions
] MRO Pulse output function as IIO_port) ) ) ) RW
oo select bit 1: Pulse is output (TAiouT pin functions as a
Vol pulse output pin)
b . . 0: Falling edge of input signal to TAIIN pin @
A 1) - . . S
oo MR1 External trigger select bit 1: Rising edge of input signal to TAIIN pin @ RW
P . . 0: TAIOS bit is enabled
ooy MR2 | Trigger select bit 1: Selected by bits TATTGH to TAITGL RW
P MR3 Set to 0 in one-shot timer mode RW
E i b7 b6
e ECeCE L P LEEEPEE TCKO 00:fiorf2 RW
Count source select bit 01:fs
e eeemmmmeaaaa TCK1 10:f32 RW
11:fc32
NOTES:
1. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
2. The port direction bit for the TAIIN pin must be set to 0 (input mode).

Figure 12.11 TAIMR Register in One-shot Timer Mode
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12.1.4 Pulse Width Modulation (PWM) Mode
In PWM mode, the timer outputs pulses of a given width in succession (see Table 12.5). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 12.12 shows
TAIMR register in pulse width modulation mode. Figures 12.13 and 12.14 show examples of how a 16-
bit pulse width modulator operates and how an 8-bit pulse width modulator operates.

Table 12.5 Specifications in Pulse Width Modulation Mode

Item Specification
Count source f1, f2, fs, f32, fc32
Count operation « Decrement (operating as an 8-bit or a 16-bit pulse width modulator)

« The timer reloads a new value at a rising edge of PWM pulse and continues counting
* The timer is not affected by a trigger that occurs during counting

16-bit PWM  High level width n/fj n : set value of TAi register (i=o0 to 4)

« Cycletime (216-1)/fjfixed fj: count source frequency (f1, f2, fs, f32, fc32)
8-bit PWM * High level width nx(m+1)/ff n:setvalue of TAi register high-order address

« Cycletime (28-1) x (m+1)/fi m: set value of TAi register low-order address
Count start condition * TAIS bit in the TABSR register is set to 1 (= start counting)

» The TAIS bit = 1 and external trigger input from the TAIIN pin
» The TAIS bit = 1 and one of the following external triggers occurs
* Timer B2 overflow or underflow,

timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,

timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

Count stop condition TAIS bit is set to 0 (stop counting)

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function I/O port or trigger input

TAiouT pin function Pulse output

Read from timer An undefined value is read by reading TAi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TAi register is written to only reload register

(Transferred to counter when reloaded next)
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Timer Ai Mode Register (i=0 to 4)
b7 b6 b5 b4 b3 b2 bl b0
| 1 | 1 | Symbol Address After Reset
. TAOMR to TAAMR 039616 to 039A16 0016
i1 1 1 1+ | Bit Symbol Bit Name Function RW
bbb L TMoDo . D RW
oo Operation mode select bit | 1 1: PWM mode
v w----d TMODI1 RW
E E E E -------- Pulse output funcion 0: E’g:;e is not output (TAIOUT pin functions as 1/0
o MRO select bit 1: Pulse is output (TAIOUT pin functions as a pulse RW
N output pin)
H R . . 0: Falling edge of input signal to TAIIN pin@
[ (D)
v MR1 External trigger select bit 1: Rising edge of input signal to TAIIN pin® RW
Pt MR2 Trigger select bit 0: Write 1 to TAiS bit in the TASFlregister RW
! 1: Selected by bits TAITGH to TAITGL
o MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator | o\,
select bit 1: Functions as an 8-bit pulse width modulator
b7 b6
----------------------- TCKO 00: frorf2 RW
c lect bi 01:fs
ount source select bit 10 f32
-------------------------- TCK1 11 fes RW
NOTES:
1. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
2. The port direction bit for the TAiIN pin must be set to 0 (input mode).

Figure 12.12 TAIMR Register in Pulse Width Modulation Mode
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1/fix(2¥%-1)

Count source : D
Input signal to H + f _____________
TAIIN pin o AN

PWM pulse output  “H" |
from TAiouT pin a | L e ____ L

IR bitin the 1
TAIIC register o | |
fj : Frequency of count source \ /

(f1, f2, fs, f32, fc32)
i=0to4

o

Set to 0 upon accepting an interrupt request or by program

NOTES:
1. n = 000016 to FFFE16.
2. This timing diagram is for the case where the TAi register is 0003 16, bits TAITGH and TAITGL in the ONSF or
TRGSR register is set to 002 (TAIIN pin input), the MR1 bit in the TAIMR register is set to 1 (rising edge), and
the MR2 bit in the TAIMR register is set to 1 (trigger selected by TAITGH and TAITGL bits).

Figure 12.13 Example of 16-bit Pulse Width Modulator Operation

Count source (1)

Input signal to H

TAIIN pin a

Underflow signal of “H”

8-bit prescaler (2) w

PWM pulse output “H”

from TAiouT pin =

IR bit in the 1

TAIIC register 0

fi : Frequency of count source \
(f1, f2, f8, f32, fca2) Set to 0 upon accepting an interrupt request or by program

i=0to4

NOTES:

1. The 8-bit prescaler counts the count source.

2. The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

3. m = 0016 to FF16; n = 0016 to FE16.

4. This timing diagram is for the case where the TAi register is 020216, bits TAITGH and TAITGL in the ONSF or
TRGSR register is set to 002 (TAIIN pin input), the MR1 bit in the TAIMR register is set to 0 (falling edge), and the
MR2 bit in the TAIMR register is set to 1 (trigger selected by bits TAITGH and TAITGL).

Figure 12.14 Example of 8-bit Pulse Width Modulator Operation
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Figure 12.15 shows a block diagram of the timer B. Figures 12.16 and 12.17 show registers related to the

timer B.

Timer B supports the following four modes. Use bits TMOD1 and TMODO in the TBIiMR register (i = 0 to 2)

to select the desired mode.

» Timer mode: The timer counts the internal count source.

» Event counter mode: The timer counts the external pulses or overflows and underflows of other timers.
* Pulse period/pulse width measurement mode: The timer measures the pulse period or pulse width of

external signal.

» A/D trigger mode: The timer starts counting by one trigger until the count value becomes 00001s6.
This mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of A/D

converter to start A/D conversion.

Clock source selection

* Timer mode

fiorfo—o « Pulse period/, pulse width measuring mode |

Data bus high-order bits

HIAY

Data bus low-order bits

] [Low-order 8 bits U

High-order 8 bits

Reload register

f32 —o
fca2 ') « Event counter

; Polarity switching,
TBIIN
(i=0102) O— edge pulse

Can be selected in
onlyevent counter mode

f8 —o \O « A/D trigger mode

Clock selection

i

U]

Counter

A

TABSR register

Counter reset circuit I—

) TBi Address TBj
TBj overflow (1) - Timer BO 039116 - 039016 Timer B2
(=i—1,except j=2ifi=0) Timer B1 039316 - 039216 Timer BO
Timer B2 039516 - 039416 Timer B1
NOTE:
1. Overflow or underflow.
Figure 12.15 Timer B Block Diagram
Timer Bi Mode Register (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl b0
| | Symbol Address After Reset
— 1 TBOMR to TB2MR  039B16 to 039D16 00XX00002
o [Bit Symbol Bit Name Function RW
Y _ . [ brbo
Porob M1 TMODO Operation mode select bit | g 0 : Timer mode or A/D trigger mode RW
[ E ! 0 1 : Event counter mode
o 1 0 : Pulse period measurement mode,
IR LS TMOD1 pulse width measurement mode RW
N 11: Do not set
[ MRO _ o .
oo Function varies with each operation RW
! [ MR1 mode RW
Vo RW(1
I RERREE MR2 | R,
' —
LR EETREE MR3 RO
R RREREREEE, TCKO . Function varies with each operation RW
Count source select bit
------------------------ TCK1 mode RW
NOTES:
1. Timer BO.
2. Timer B1, Timer B2.
Figure 12.16 TBOMR to TB2MR Registers
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(b15)
b7

Timer Bi Register (i=0 to 2)1)

NOTES:

Count Start Flag

b7 b6 b5 b4 b3 b2

Clock Prescaler Reset flag

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
) TBO 039116, 039016 Undefined
b0 b7 bo TB1 039316, 039216 Undefined
| TB2 039516, 039416 Undefined
Mode Function Setting Rrange |RW
Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 RW
mode where n = set value @
Pulse period Measures a pulse period or width
modulation mode, RO
Pulse width
modulation mode
A/D trigger Divide the count source by n + 1 where | 000016 to FFFF16 RW
mode ) n = set value and cause the timer stop
1.The register must be accessed in 16 bit units.
2. The timer counts pulses from an external device or overflows or underflows of other timers.
3. When this mode is used combining delayed trigger mode 0, set the larger value than the
value in the timer BO register to the timer B1 register.
bl bo
Symbol Address After Reset
TABSR 038016 0016
Bit Symbol Bit Name Function RwW
TAOS Timer AO count start flag 0: Stops counting RW
TA1S Timer Al count start flag 1: Starts counting RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
TBOS Timer BO count start flag RW
TB1S Timer B1 count start flag RW
TB2S Timer B2 count start flag RW
Symbol Address After Reset
CPSRF 038116 OXXXXXXX16
i | | BitSymbol Bit Name Function RW
il — Nothing is assigned. If necessary, set to 0. When read, the _
(b6-b0) | contents are undefined
Clock prescaler reset flag [ Setting this bit to 1 initializes the
CPSR prescaler for the timekeeping clock. RW,|
(When read, the value of this bit is 0)

Figure 12.17 TBO to TB2 Registers, TABSR Register, CPSRF Register
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12.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.6). Figure 12.18

shows TBIMR register in timer mode.

Table 12.6 Specifications in Timer Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

» Decrement
* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: set value of TBiregister (i=0to2) 000016 to FFFF16

Count start condition

Set TBIS bit(V) to 1 (start counting)

Count stop condition

Set TBIS bit to 0 (stop counting)

Interrupt request generation timing

Timer underflow

TBIIN pin function

1/O port

Read from timer

Count value can be read by reading TBi register

Write to timer

» When not counting and until the 1st count source is input after counting start
Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

NOTE:

1. Bits TBOS to TB2S are assigned to the bit 7 to bit 5 in the TABSR register.

b7 b6 b5 b4 b3 b2 bl bo

[o]o]

Timer Bi Mode Register (i= 0 to 2)

Symbol Address After Reset
TBOMR to TB2MR 039B16 to 039D16 00XX00002
Bit Symbol Bit Name Function RW
Tvon9 Operation mode select bit 8“8) Timer mode or A/D trigger mode RW
TMOD1 ' 99 RW
MRO No effect in timer mode RW
MR1 CanbesettoOor1l RW
TBOMR register
Set to 0 in timer mode RwW
MR2 TB1MR, TB2MR registers
Nothing is assigned. If necessary, setto 0. When read, its J—
content is undefined
When write in timer mode, set to 0. When read in timer mode, its
MR3 content is undefined RO
B b7 b6
TCKO Count source select bit 00: i or f2 RW
01:fs
10:f32
TCK1 11:fc32 RW

Figure 12.18 TBiMR Register in Timer Mode
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12.2.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers (see Table 12.7). Figure 12.19 shows the TBIMR register in event counter mode.

Table 12.7 Specifications in Event Counter Mode

ltem Specification
Count source  External signals input to TBiIN pin (i=0 to 2) (effective edge can be selected
in program)
 Timer Bj overflow or underflow (j=i-1, except j=2 if i=0)
Count operation » Decrement

« When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio 1/(n+1) n: set value of TBi register 000016 to FFFF16

Count start condition Set TBIS bitV) to 1 (start counting)

Count stop condition Set TBIS bit to 0 (stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

NOTE:
1. Bits TB2S to TBOS are assigned to the bit 7 to bit 5 in the TABSR register.

Timer Bi Mode Register (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
| | | | | | 01 | TBOMR to TB2MR  039B16 to 039D16  00XX00002
V4 4 v v 1 1 1| BitSymbol Bit Name Function RW
P4 o 1 4 4+ %1 TMODO | Operation mode select bit |t RW
I TMOD1 0 1: Event counter mode RW
i b3 b2
R MRO Count polarity select 0 0: Counts external signal's
bit @ h RwW
falling edges
0 1: Counts external signal's rising
edges
! 1 0: Counts external signal's
"""""" MR1 falling and rising edges RW
1 1: Do not set
TBOMR register RW
' Set to 0 in timer mode
"""""""" MR2 TBIMR, TB2MR registers

Nothing is assigned. If necessary, set to 0. When read, the -

content is undefined

MR3 When write in event counter mode, set to 0. When read in event

""""""""" counter mode, its content is undefined RO
] TCKO No effect in event counter mode RW

CanbesettoOorl

: 0 : Input from TBiIN pin (2)
R RREEEEEEEEEELEEE TCK1 Event clock select 1 : TBj overflow or underflow RW
(j=i—1,exceptj=2ifi=0)

NOTES:
1. Effective when the TCK1 bit is set to 0 (input from TBIIN pin). If the TCK1 bit is set to 1 (TBj overflow or
underflow), these bits can be setto 0 or 1.
2. The port direction bit for the TBiIN pin must be set to O (= input mode).

Figure 12.19 TBiMR Register in Event Counter Mode
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12.2.3 Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal (see Table 12.8). Figure 12.20 shows the TBiIMR register in pulse period and pulse width
measurement mode. Figure 12.21 shows the operation timing when measuring a pulse period. Figure
12.22 shows the operation timing when measuring a pulse width.

Table 12.8 Specifications in Pulse Period and Pulse Width Measurement Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

* Increment
 Counter value is transferred to reload register at an effective edge of mea-
surement pulse. The counter value is set to 000016 to continue counting.

Count start condition

Set TBiS (i=0 to 2) bit ® to 1 (start counting)

Count stop condition

Set TBIS bit to 0 (stop counting)

Interrupt request generation timing

« When an effective edge of measurement pulse is input (1)

* Timer overflow. When an overflow occurs, MR3 bit in the TBIMR register is set to
1 (overflowed) simultaneously. MR3 bit is cleared to O (no overflow) by writing
to TBIMR register at the next count timing or later after MR3 bit was setto 1. At
this time, make sure TBIS bit is set to 1 (start counting).

TBIIN pin function

Measurement pulse input

Read from timer

Contents of the reload register (measurement result) can be read by reading TBi register (2

Write to timer

Value written to TBi register is written to neither reload register nor counter

NOTES:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.
2. Value read from TBi register is undefined until the second valid edge is input after the timer starts counting.
3. Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register .

b7 b6 b5 b4 b3 b2 bl bo

LLL LT [2]o]

Timer Bi Mode Register (i=0 to 2)

Symbol Address After Reset
TBOMR to TB2MR  039B16 to 039D16 00XX00002
Bit Symbol Bit Name Function RW
TMODO i e ' '
Opler?tkl)(_)tn mode 1 0: Pulse period / pulse width RW
TMOD1 select bi measurement mode RW
Measurement mode | =%
select bit 0 0: Pulse period measurement
MRO (Measurement between a falling edge and the RW
next falling edge of measured pulse)
0 1: Pulse period measurement
(Measurement between a rising edge and the nex
rising edge of measured pulse)
1 0: Pulse width measurement
MR1 (Measurement between a falling edge and the RW
next rising edge of measured pulse and between
arising edge and the next falling edge)
1 1: Do not set.
TBOMR register RW
MR2 Setto 0in pulse period and pulse width measurementmode | "7
TB1MR, TB2MR registers -
Nothing is assigned. If necessary, setto 0. When read, its content is undefined
MR3 Timer Bi overflow 0 : Timer did not overflow
flag (1) 1: Timer has overflowed RO
b7 b6
TCKO Count source 00: f1or f2 RW
select bit 01 fs
10: f32
TCKl 11:fcaz2 Rw

NOTE:

1.This flag is undefined after reset. When the TBIS bit is set to 1 (start counting), the MR3 bit is cleared to 0 (no overflow) by
writing to the TBIMR register at the next count timing or later after the MR3 bit was set to 1 (overflowed). The MR3 bit cannot be
set to 1 by program. Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register.

Figure 12.20 TBiIMR Register in Pulse Period and Pulse Width Measurement Mode
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Measurement pulse

Count source | --

ransfer Transfer
undefined value) / (measured value)

=d

L (L
:/() :/()

transfer timing

/v 2

Timing at which counter

1 -

Reload register« counter 1 |_| |_|
reaches 000016

TBIS bit 0

A

Set to 0 upon accepting an interrupt request or by program

0 --
Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register.

i=0to2

NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 002 (measure the
interval from falling edge to falling edge of the measurement pulse).

TBIIC register's 1 ‘ ‘
IR bit 0 |_4|
; iatart 1 '7
TBIMR register's
MR3 bit

Figure 12.21 Operation timing when measuring a pulse period

Count source I -

Measurement pulse

Transfer Transfer o Transfer | Transfe-r B
| . (undefined /1 (measured value) | (measurey (measured value)
/' value) i /" value) '

Reload register « counter | I‘I
transfer timing 1

SO A
[ I [ N 1

Timing at which counter
reaches 000016

TBIS bit 1

TBIIC register’ 1
e |bit register's . ,_| I_u_l__r
> o A l

Set to 0 upon accepting an interrupt request or by

1 program Ii
The MR3 bit in the

0 --
TBIMR register

Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register.
i=0to2
NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 to MRO in the TBiMR register are 102 (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the
measurement pulse).

Figure 12.22 Operation timing when measuring a pulse width
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12.2.4 A/D Trigger Mode
A/D trigger mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of
A/D conversion to start A/D conversion. It is used in timer BO and timer B1 only. In this mode, the timer
starts counting by one trigger until the count value becomes 000016. Figure 12.23 shows the TBiMR
register in A/D trigger mode and Figure 12.24 shows the TB2SC register.

Table 12.9 Specifications in A/D Trigger Mode

ltem Specification
Count Source f1, f2, f8, f32, and fc32
Count Operation * Decrement

« When the timer underflows, reload register contents are reloaded before
stopping counting
* When a trigger is generated during the count operation, the count is not

affected
Divide Ratio 1/(n+1) n: Setting value of TBi register (i=0,1)
000016-FFFF16
Count Start Condition When the TBIS (i=0,1) bit in the TABSR register is 1(count started),

TBIEN(i=0,1) in TB2SC register is 1 (A/D trigger mode) and the following
trigger is generated.(Selection based on bits TB2SEL in the TB2SC)

» Timer B2 interrupt

» Underflow of Timer B2 interrupt generation frequency counter setting

Count Stop Condition « After the count value is 000016 and reload register contents are reloaded
« Set the TBIS bit to 0 (count stopped)

Interrupt Request Timer underflows (1)

Generation Timing

TBIIN Pin Function 1/O port

Read From Timer Count value can be read by reading TBi register

Write To Timer @ « When writing in the TBi register during count stopped.

Value is written to both reload register and counter
* When writing in the TBi register during count.
Value is written to only reload register (Transfered to counter when reloaded next)

NOTES:
1: A/D conversion is started by the timer underflow. For details refer to 15. A/D Converter.
2: When using in delayed trigger mode 0, set the larger value than the value of the timer BO register
to the timer B1 register.
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Timer Bi Mode Register (i= 0 to 1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | 0 | 0 | TBOMR to TBIMR 039B16 to 039C16  00XX00002
pob oot [ it symbol Bit Name Function RW
. P~ TMODO : | bibo RW
N Vo Operation mode select bit 0 0: Timer mode or A/D trigger mode
Vo ‘ TMOD1 RW
MRO Invalid in A/D trigger mode RW
Vo ' EitherOor 1i bled
Pl MR1 ither O or 1 is enable RW
MR2 TBOMR register RW
o Set to 0 in A/D trigger mode
TB1MR register
I Nothing is assigned. If necessary, set to 0. When read, its —
E : : content is undefined
E GRREREEEEE MR3 When write in A/D trigger mode, set to 0. When read in A/D trigger
. mode, its content is undefined RO
: B EEECGEEE PP, it (1) | b7bs
i TCKO Count source select bit 00: fiorf2 RW
[ 01:fs
TCK1 10: 32
11: fcaz RW

NOTE:

1. When this bit is used in delayed trigger mode 0, set the same count source to the timer BO and timer B1.

Figure 12.23 TBiMR Register in A/D Trigger Mode

b7 b6 b5 b4 b3 b2 bl bo

Timer B2 special mode register @

Symbol Address After Reset

0]0 1|11

|>,<| | | | ; | . | . | . | TB2SC 039E16 X00000002
E i 1 1| Bit Symbol Bit Name Function RW
N ' ' ' PWCON | Timer B2 reload timing 0: Timer B2 underflow
P switch bit @ 1: Timer A output at odd-numbered RW
I H : L IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff
: : SD control bit 1 by SD pin input (high impedance)
: oo G.4.7) disabled RW
H N 1: Three-phase output forcible cutoff
: R by SD pin input (high impedance)
. enabled
HEE ; ________ TBOEN |Timer BO operation mode | 0: Other than A/D trigger mode RW
o select bit 1: A/ID trigger mode ~ ©®
: [ TB1EN |Timer B1 operation mode | 0: Other than A/D trigger mode W
Vo select bit 1: A/D trigger mode ~ ©
: P TB2SEL | Trigger select bit © 0: TB2 interrupt W
P e 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
P (b6-b5) | Reserved bits Setto 0 RW
L —_ Nothing is assigned. If necessary, set to 0. _

""""""""""""" (b7) When read, its content is 0

NOTES:

B2 underflow).

mode).

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. If the INV11 bit is O (three-phase mode 0) or the INV06 bit is 1 (triangular wave modulation mode), set this bit to 0 (timer

3. When setting the IVPCRL bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD8s bit to 0 (= input

4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied to the SD pin
and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L”) signal is applied to the SD pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCRL bit is 0, pins U, O, V, V, W, and W become programmable 1/0 ports. When the IVPCR1 bit is set to 1,
pins U, 0, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode O, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

6. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the INV02
bit to 1 (three-phase motor control timer function).

Figure 12.24 TB2SC Register in A/D Trigger Mode
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12.3 Three-phase Motor Control Timer Function

Timers Al, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 12.10 lists the
specifications of the three-phase motor control timer function. Figure 12.24 shows the block diagram for
three-phase motor control timer function. Also, the related registers are shown on Figures 12.26 to 12.32.

Table 12.10 Three-phase Motor Control Timer Function Specifications

ltem Specification
Three-phase waveform output pin Six pins (U, U, V, V, W, W)
Forced cutoff input () Input “L” to SD pin
Used Timers Timer A4, Al, A2 (used in the one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in the timer mode)
Carrier wave cycle control
Dead time timer (3 eight-bit timer and shared reload register)
Dead time control
Output waveform Triangular wave modulation, Sawtooth wave modification
Enable to output “H” or “L” for one cycle
Enable to set positive-phase level and negative-phase
level respectively
Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2
Sawtooth wave modulation: count source x (m+1)
m: Setting value of TB2 register, 0 to 65535
Count source: f1, f2, fs, f32, fc32
Three-phase PWM output width Triangular wave modulation: count source x n x 2
Sawtooth wave modulation: count source x n
n: Setting value of TA4, TA1 and TA2 register (of TA4,
TA41, TAL, TA1l, TA2 and TA21 registers when setting
the INV11 bit to 1), 1 to 65535
Count source: f1, f2, fs, f32, fc32
Dead time Count source x p, or no dead time
p: Setting value of DTT register, 1 to 255
Count source: f1, f2, f1 divided by 2, f2 divided by 2

Active level Eable to select “H” or “L”

Positive and negative-phase concurrent Positive and negative-phases concurrent active disable
function
Positive and negative-phases concurrent active detect func-
tion

Interrupt frequency For Timer B2 interrupt, select a carrier wave cycle-to-cycle

basis through 15 times carrier wave cycle-to-cycle basis

NOTE:
1. When the INVO02 bit in the INVCO register is set to 1 (three-phase motor control timer function), the

SD function of the P85/SD pin is enabled. At this time, the P85 pin cannot be used as a programmable
I/0 port. When the SD function is not used, apply “H” to the P85/SD pin.

When the IVPCR1 bit in the TB2SC register is set to 1 (enable three-phase output forced cutoff by SD
pin input), and “L” is applied to the SD pin, the related pins enter high-impedance state regardless of
the functions which are used. When the IVPCRL1 bit is set to 0 (disabled three-phase output forced
cutoff by SD pin input) and “L” is applied to the SD pin, the related pins can be selected as a program-
mable 1/O port and the setting of the port and port direction registers are enable.

Related pins:  P72/CLK2/TAlouT/V/RXD1 P73/CTS2/RTS2/TALIN/VITXD1

P74/TA20UT/W P7s/TA2IN/W
P8o/TA40uUT/U P81/TA4IN/U
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Three-phase PWM Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
LTI L] mveo 034816 0016
Bit Symbol Bit Name Function RW

0: ICTB2 counter is incremented by 1 on
the rising edge of timer Al reload control
Effective interrupt output signal

e —

INVOO | potarity select bit®® 1: ICTB2 counter is incremented by 1 on RW
the falling edge of timer Al reload control
signal
L 0: ICTB2 counter incremented by 1 at a
INVO1 Effective interrupt output timer B2 underflow RW

..... specification bit(2: 3)

[

: Selected by INVOO bit

: Three-phase motor control timer
function unused

o

INVO02 Mode select bit(® RW

dead time timer is also generated. The
""""""""""""" value of this bit when read is 0

......... 1: Three-phase motor control timer
function (5)
0: Three-phase motor control timer output
. disabled (5)
(6)
............ INVO3 Output control bit 1: Three-phase motor control timer output RW
enabled
Positive and negative 0: Simult i tout bled
INVO4 phases concurrent output : imultaneous active output enabie RW
ALERECEEEt disable bit 1: Simultaneous active output disabled
Positive and negative )
: INVO5  |phases concurrent output |0+ Not detected yet RW
T R EEE T detect flag 1: Already detected ()
. - 0: Triangular wave modulation mode
o INVO6 Modulation mode select bit®) 1. sawtooth wave modulation mode © RW
Setting this bit to 1 generates a transfer
INVO7 Software trigger select bit trigger. If the INVO6 bit is 1, a trigger for the RW

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable). Note also that bits INVOO to INVO02,
bits INV04 and INVO06 can only be rewritten when timers Al, A2, A4 and B2 are idle.

2. If this bit needs to be set to 1, set any value in the ICTB2 register before writing to it.

3. Effective when the INV11 bit in the INV1 register is 1 (three-phase mode 1). If INV11 is set to O (three-phase mode 0), the
ICTB2 counter is incremented by 1 each time the timer B2 underflows, regardless of whether the INV0O and INVO1 bits are
set. When setting the INVOL1 bit to 1, the first interrupt is generated when the timer B2 underflows n-1 times, if n is the value
set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflow.

4. Setting the INVO2 bit to 1 activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.

5. When the INVO02 bit is set to 1 and the INVO3 bit is set to 0, U, U, V, V, W, W pins, including pins shared with other output
functions, enter a high-impedance state. When INV03 is set to 1, U/V/W corresponding pins generate the three-phase PWM
output.

6. The INVO3 bit is set to O in the following cases:
* When reset
» When positive and negative go active (INV05 = 1) simultaneously while INVO4 bit is 1
* When set to 0 by program
+ When input on the SD pin changes state from “H” to “L” regardless of the value of the INVCR1 bit. (The INVO3 bit cannot be
set to 1 when SD input is “L”.) INVO3 is set to 0 when both bits INVO5 and INV04 are set to 1.

Item INV06=0 INV06=1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing at which transferred from registers Transferred only once synchronously | Transferred every transfer trigger
IDBO to IDBL1 to three-phase output shift with the transfer trigger after writing to
register registers IDBO to IDB1
Timing at which dead timg _timer trigger is Synchronous with the falling edge of Synchronous with the transfer
generated when INV16 bit is 0 timer A1, A2, or A4 one-shot pulse trigger and the falling edge of timer
Al, A2, or A4 one-shot pulse
INV13 bit Effective when INV11 is set to 1 and No effect
INVO6 is set to O

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when the INV10 bit is set to 1.
9: If the INVO6 bit is set to 1, set the INV11 bit to O (three-phase mode 0) and set the PWCON bit to O (timer B2 reloaded by a
timer B2 underflow)
10. When the PFCi (i = 0 to 5) bit in the PFCR register is set to 1 (three-phase PWM output), individual pins are enabled to output.

Figure 12.26 INVCO Register
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Three-phase PWM Control Register 1 ()

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
| 0 | | | | | | | | INVC1 034916 0016
Voo v v v | Bit Symbol Bit Name Function RW
Timer A1, A2, A4 start 0: Timer B2 underflow
Voo INnvIo trigger signal select bit 1: Timer B2 underflow and write to the RW

TB2 register(2)

A Timer Al-1, A2-1, Ad-1 0: Three-phase mode 0 2

A INV11 control bit @) | 1: Three-phase mode 1 RW
o L ________ Dead time timer count 0: f1 or f2
: : INV12 source select bit 1: f1 divided by 2 or f2 divided by 2 RW

0: Timer Reload control signal is set to 0 RO

R S R S INV13 Carrier wave detect flag ®) ! ! I
. Timer Reload control signal is set to 1

[

A 0 : Output waveform “L" active

e INV14 Output polarity control bit 1 : Output waveform “H" active RW

o

: : L . . Dead time timer enabled
i INV15 Dead time invalid bit 1: Dead time timer disabled RW

0: Falling edge of timer A4, Al or A2

HEH Dead time timer trigger one-shot pulse

INV16 select bit 1: Rising edge of three-phase output shift RW
register (U, V or W phase) output(®)

S ERIECTITTEEIERE, (b7) Reserved bit Setto 0 RW
NOTES:

1. Write to this register after setting the PRCL1 bit in the PRCR register to 1 (write enable). Note also that this register
can only be rewritten when timers A1, A2, A4 and B2 are idle.

2. A start trigger is generated by writing to the TB2 register only while timer B2 stops.

3. The effects of the INV11 bit are described in the table below.

Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TA11, TA21, TA41 registers Not Used Used
INVOO bit, INVO1 bit Has no effect. ICTB2 counted every time | Effect

timer B2 underflows regardless of
whether bits INV0O and INVO1 are set

INV13 bit Has no effect Effective when INV11 bit is 1 and
INVO6 bit is 0

4. If the INVO6 bit is 1 (sawtooth wave modulation mode), set this bit to O (three-phase mode 0). Also, if the INV11 bit is
0, set the PWCON bit to 0 (timer B2 reloaded by a timer B2 underflow).
5. The INV13 bit is effective only when the INVO6 bit is set to 0 (triangular wave modulation mode) and the INV11 bit is
set to 1 (three-phase mode 1).
6. If all of the following conditions hold true, set the INV16 bit to 1 (dead time timer triggered by the rising edge of three-
phase output shift register output)
* The INV15 bit is 0 (dead time timer enabled)
» When the INVO3 bit is set to 1 (three-phase motor control timer output enabled), the Dij bit and DiBj bit (i:U, V, or
W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output different levels
during the period other than dead time).
Conversely, if either one of the above conditions holds false, set the INV16 bit to 0 (dead time timer triggered by the
falling edge of one-shot pulse).

Figure 12.27 INVC1 Register
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M16C/29 Group

12. Timer (Three-phase Motor Control Timer Function)

Three-phase Output Buffer Register(i=0,1)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

|0 | 0 | | | | | | | IDBO 034A16 001111112
- R IDB1 034B16 001111112
Bit Symbol Bit Name Function RW
L. DUi U phase output buffer i Write the output level RW
oro o 0: Active level
A DUBI U phase output buffer i 1: Inactive level RW
) ] When read, these bits show the three-phase
I DVi V phase output buffer i output shift register value. RW
. ............ DVBi v phase output buffer i RW
ERRRRR— DWi W phase output buffer i RW
ER DWBI w phase output buffer i RW
—_ Nothing is assigned. If necessary, setto 0. When read,
AR n R

(b7-b6) these contents are 0 o

NOTE:

1. Registers IDBO and IDB1 values are transferred to the three-phase shift register by a transfer trigger. The value
written to the IDBO register aftera transfer trigger represents the output signal of each phase, and the next value
written to the IDB1 register at the falling edge of the timer A1, A2, or A4 one-shot pulse represents the output signal
of each phase.

Dead Time Timer (1. 2)

If the INVO1 bit is 1 (ICTB2 counter count timing
selected by the INVOO bit), assuming the set value
=n, a timer B2 interrupt is generated at every nith
occurrence of a timer B2 underflow that meets the
condition selected by the INVOO bit (€]

b7 b0 Symbol Address After Reset
| DTT 034Ci16 Undefined
Function Setting Range RW
Assuming the set value = n, upon a start trigger the timer starts | 1 tg 255
H counting the count souce selected by the INV12 bit and stops
S after counting it n times. The positive or negative phase
whichever is going from an inactive to an active level changes wo
at the same time the dead time timer stops.
NOTES:
1. Use MOV instruction to write to this register.
2. Effective when the INV15 bit is set to 0 (dead time timer enable). If the INV15 bit is set to 1, the dead time timer is
disabled and has no effect.
Timer B2 Interrupt Occurrences Frequency Set Counter
0 f Zliam—m‘ Symbol Address After Reset
ICTB2 034D16 Undefined
Function Setting Range RW
If the INVO1 bit is O (ICTB2 counter counted every 11015
time timer B2 underflows), assuming the set value 0
! =n, a timer B2 interrupt is generated at every nith
: occurrence of a timer B2 underflow. WO

B LR PR R R N e)

Nothing is assigned. If necessary, set to 0. When read, its content is
undefined

Nothing is assigned. If necessary, set to 0. RO

NOTE:
1. Use MOV instruction to write to this register.
If the INVOL1 bit is set to 1, make sure the TB2S bit also is set to O (timer B2 count stopped) when writing to
this register. If the INVO1 bit is set to 0, although this register can be written even when the TB2S bit is set to
1 (timer B2 count start), do not write synchronously with a timer B2 underflow.

Figure 12.28 IDBO Register, IDB1Register, DTT Register, and ICTB2 Register
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Timer Ai, Ai-1 Register (i=1, 2, 4) 1.2,3,4,5)

Symbol Address After reset
TAl 038916-038816 Undefined
TA2 038B16-038A16 Undefined
(19 8 bo TA4 038F16-038E16 Undefined
| | TA116.7) 034316-034216 Undefined
| TA21(67) 034516-034416 Undefined
: TA416.7) 034716-034616 Undefined
Function Setting Range | RW

----- Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16
starts counting the count source and stops after counting WO
it n times. The positive and negative phases change at
the same time timer A, A2 or A4 stops.

NOTES:
1. The register must be accessed in 16 bit units.
2. When the timer Ai register is set to 000016, the counter does not operate and a timer Ai interrupt does not occur.
3. Use MOV instruction to write to these registers.
4. If the INV15 bit is 0 (dead time timer enable), the positive or negative phase whichever is going from an inactive
to an active level changes at the same time the dead time timer stops.
5. If the INV11 bitis O (three-phase mode 0), the TAi register value is transferred to the reload register by
atimer Ai (i = 1, 2 or 4) start trigger.
If the INV11 bitis 1 (three-phase mode 1), the TAil register value is transferred to the reload register by a timer Ai
start trigger first and then the TAi register value is transferred to the reload register by the next timer Ai start trigger.
Thereafter, the TAIil register and TAI register values are transferred to the reload register alternately.
6. Do not write to TAIl registers synchronously with a timer B2 underflow In three-phase mode 1.
7. Write to the TAIl register as follows:
(1) Write a value to the TAIl register
(2) Wait for one cycle of timer Ai count source.
(3) Write the same value to the TAIl register again.

Figure 12.29 TA1, TA2, TA4, TA1l, TA21, and TA41 Registers
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Timer B2 Special Mode Register ©

b7 b6 b5 b4 b3 b2 bl bo

|><| 0 | | | | | | | Symbol Address After Reset

. ; TB2SC 039E16 X00000002
E Bit Symbol Bit Name Function RW
E PWCON | Timer B2 reload timing | o: Timer B2 underflow
A switch bit  (2) 1: Timer A output at odd-numbered RW
o i IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff by SD pin input
oo SD control bit 1 (high impedance) disabled
A (3.4,7) 1: Three-phase output forcible cutoff by SD pin input | RW
A H (high impedance) enabled
P E TBOEN |Timer BO operation mode | 0: Other than A/D trigger mode RW
R select bit 1: A/D trigger mode 5)
A TB1EN |Timer B1 operation mode | 0: Other than A/D trigger mode RW
oo select bit 1: A/D trigger mode (5)
TB2SEL | Trigger select bit (6) 0: TB2 interrupt RW
SRR LD 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
b oo (b6-b5) Reserved bits Setto 0 RW
— Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7) When read, the content is 0.
NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bit is O (three-phase mode 0) or the INVO6 bitis 1 (triangular wave modulation mode), set this bit to 0 (timer
B2 underflow). _

3. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD8s bit to O (= input
mode).

4. Related pins are U(P80), U(P81), V(P72), V(P7s), W(P74), W(P7s). When a high-level ("H") signal is applied to the SD pin
and set the IVPCRL1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L") signal is applied to the STD pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCR1 bitis 0, pins U, U, V, V, W, and W become programmable 1/O ports. When the IVPCRL1 bit is set to 1,
pins U, U, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

6. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTBZ2]), set the INV02
bit to 1 (three-phase motor control timer function).

7. Refer to "19.6 Digital Debounce Function” for the SD input.

The effect of SD pin input is below.
1.Case of INV03 = 1(Three-phase motor control timer output enabled)

IVPCR1 bit SD pin inputs® Status of U/V/W pins Remarks
1 H Three-phase PWM output
(Three-phase output . Three-phase output
forcrible cutoff enable) L@ High impedance® forcriblg cutoff p
0 H Three-phase PWM output
(Three-phase output
forcrible cutoff disable) L@ Input/output port®

NOTES:
1. When "L" is applied to the SD pin, INVO3 bit is changed to 0 at the same time.
2. The value of the port register and the port direction register becomes effective.
3. When SD function is not used, set to 0 (Input) in PD8s and pullup to "H" in SD pin from outside.
4. To leave the high-impedance state and restart the three-phase PWM signal output after the three-phase PWM signal
output forced cutoff, set the IVPCR1 bit to 0 after the SD pin input level becomes high (“H").

2.Case of INV03 = 0(Three-phase motor control timer output disabled)

IVPCR1 bit SD pin inputs Status of U/V/W pins Remarks
1 H Peripheral input/output
or input/output port
(Three-phase output L Three-phase output
forcrible cutoff enable) L High impedance forcrible cutoff)
0 H Peripheral input/output
(Three-phase outpur Ferphoral ool
forcrible cutoff disable) L or input/output port

NOTE:
1. The three-phase output forcrible cutoff function becomes effective if the INPCRL1 bit is set to 1 (three-phase output
forcrible cutoff function enable) even when the INVO3 bit is O (three-phase motor control timer output disalbe)

Figure 12.30 TB2SC Register
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Timer B2 Register

(b15) (b8) b0
b7 b0 b7
Symbol Address After Reset
] TB2 039516-039416 Undefined
Function Setting Range RW
R Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RW
underflow.
NOTE:
1. Access the register by 16 bit units.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
TRGSR 038316 0016
Bit Symbol Bit Name Function RW
TALTGL Timer Al event/trigger To use the V-phase output control RW
select bit circuit, set these bits to “012"(TB2
underflow).
TALTGH RW
TA2TGL | Timer A2 eventitrigger | To use the W-phase output control | o/
select bit circuit, set these bits to “012"(TB2
underflow).
TA2TGH RW
Timer A3 event/trigger bS b4
TASTGL ; 99 00 : Input on TA3N is selected (1) RW
select bit
01: TB2is selected (2
TA3TGH 10: TA2is selected () RW

11: TA4is selected ()

TA4TGL Timer A4 event/trigger To use the U-phase output control RW

select bit circuit, set these bits to “012"(TB2
underflow).
TA4TGH RW
NOTES:

1. Set the corresponding port direction bit to O (input mode).

2. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

| TABSR 038016 0016

Bit Symbol Bit Name Function RW
oo b = TAOS Timer AO count start flag 0 : Stops counting RW
temend TALS Timer Al count start flag 1: Starts counting RW
R TA2S Timer A2 count start flag RW
R GOhREEEEt TA3S Timer A3 count start flag RW
P e TA4S Timer A4 count start flag RW
S LLCLTITIOR, TBOS Timer BO count start flag RW
e SESEELLEELLEEEEERL TB1S Timer B1 count start flag RW
e RGGCEEEEERTLLEEEEEEEE TB2S Timer B2 count start flag RW

Figure 12.31 TB2 Register, TRGSR Register, and TABSR Register
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M16C/29 Group

12. Timer (Three-phase Motor Control Timer Function)

b7 b6 b5 b4 b3 b2 bl b0

LI [ofs] Jo]s]o]

Timer Ai Mode Register

b7 b6 b5 b4 b3 b2 bl b0

Timer B2 Mode Register

Symbol Address After Reset
TAIMR 039716 0016
TA2MR 039816 0016
TAAMR 039A16 0016
Bit Symbol Bit Name Function RW
TMODO Operation mode Set to 102 (one-shot timer mode) for t_he RW
TMOD1 select bit three-phase motor control timer function RW
MRO Pulse output function Setto O for the three-phase motor control RW
select bit timer function
MR1 External trigger select bit No effect fqr the three-phase motor control RW
timer function
Setto 1 (selected by event/trigger select
MR2 Trigger select bit register) for the three-phase motor control RW
timer function
MR3 Setto O for the three-phase motor control timer function RW
b7 b6
TCKO 00:fiorf2 RW
Count source select bit 01:fs
TCK1 10:f32 RW
11:fc32
Symbol Address After Reset
TB2MR 039D16 00XX00002
Bit Symbol Bit Name Function RW
TMODO Operation mode select bit | Set to 002 (timer mode) for the three- RwW
TMOD1 phase motor control timer function RW
MRO No effect for the three-phase motor control timer function. RW
MR1 If necessary, set to 0. When read, the contents are undefined RW
MR2 Set to O for the three-phase motor control timer function RW
MR3 When write in three-phase motor control timer function, write 0. RO
When read, the content is undefined
b7 b6
TCKO 00: f1orf2 RW
Count source select bit 0 1 fs
TCK1 10: 32 RW
11:fc32

Figure 12.32 TAIMR, TA2MR, TA4MR, and TB2MR Registers
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

The three-phase motor control timer function is enabled by setting the INVO2 bit in the INVCO register to 1.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, Al and A2 are used to
control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated dead-
time timer. Figure 12.33 shows the example of triangular modulation waveform, and Figure 12.34 shows
the example of sawtooth modulation waveform.

Triangular waveform as a Carrier Wave
Triangular wave \&\‘ ! |

[ I I I

Signal wave —#| \/ 1

I I

Il

I

|

TB2S bitin the
TABSR register

Timer B2

Start trigger signal
for timer A4(1)

Timer A4
one-shot pulse(®

Rewrite registers IDB:O and IDB1

\ Transfer the values

to the three-phase
/ output shift register
L

U phase
output signal @)
U phase

output signal @)

|
|
|
|
T
|
|
|
|
|
|
I
|
|
|
|
T
|
|
|
|
|
|
s
[
|
|
|
|
!
[
|
|
|
L
[
|
|
|
|
|
|

I I
‘ l
I I
lNVl4 :(,) I : : ! I I [ :
(“L" active) ' ' ! toroa [ !
U phase Lo ' bl ¥ 1
o | >« Dead time H |
U phase L J : :
INVI4 =1 P [l [l I [l ! y [ [ !_! [
(" actve) o | | > < Deadtime ! |
I I I ] I I L ] 11 L
U phase 1 1 ! L | L |
| : : ! !
| : : ! !
INV13 | ‘ ‘l—‘ :l—‘ ﬁ
(INV11=1(three-phase
mode 1)) b
NOTE:
1. Internal signals. See Figure 12.25.
The above applies under the following conditions:
INVCO = 00XX11XX2 (X varies depending on each system) and INVC1 = 010XXXX02.
Examples of PWM output change are:
(1)When INV11 = 1 (three-phase mode 1) (2)When INV11 = 0 (three-phase mode 0)
- INVO1 = 0 and ICTB2 = 216 (the timer B2 interrupt is generated -INVO1 = 0, ICTB2 = 116 (the timer B2 interrupt is generated
every two times the timer B2 underflows), whenever timer B2 underflows)
or INVO1 = 1, INVOO = 1, and ICTB2=116 (the timer B2 interrupt is - Default value of the timer: TA4 = m. The TA4 register is changed
generated at the falling edge of the timer Al reload control signal.) whenever the timer B2 interrupt is generated.
- Default value of the timer: TA41 =m, TA4 =m. First time: TA4 = m. Second tim:, TA4 =n.
Registers TA4 and TA41 are changed whenever the timer B2 Third time: TA4 = n. Fourth time: TA4 = p.
interrupt is generated. Fifth time: TA4 =p.
First time, TA41 =1, TA4 = n. Second time, TA41 =p, TA4 = p. - Default values of registers IDBO and IDB1:
- Default values of registers IDBO and IDB1: DUO=1,DUB0O=0,DU1=0,DUB1=1.
DUO=1,DUB0=0,DU1=0,DUB1 =1. They are changed to DUO =1, DUBO =0, DU1 =1, and DUB1 =0
They are changed to DUO = 1, DUBO = 0, DU1= 1 and DUB1 =0 when the sixth timer B2 interrupt is generated.

when the third timer B2 interrupt is generated.

The value written to registers TA4 and TA41 becomes effective at the rising edge of the timer Al reload control signal.

Figure 12.33 Triangular Wave Modulation Operation
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Sawtooth Waveform as a Carrier Wave

Sawtooth wave —p

Timer B2

Start trigger signal ﬂ
for timer A4(1)

IplipinSnlinln
one-shot pulse®

I I I I I

! ! ! ! Rewrite registers | . X :

! ' ' ; IDBO and IDB1 ! Transfer the values to the three-
| I I I \/ phase output shift register

gu[t)gtisseignal @ l I I | | | I |

U phase
output signal (@)

I I I

U phase | | | | |

INV14 =0 - ‘ _ : | |

(“L” active) | | —» <— Dead time | . !
T phase o ¥ | | | | 1IN

1 1 1 [ 1 1 1 1 1

1 1 1 [ 1 1 1 1 1

: ; : b | | : : :

I I I I I I I I

I I I I I I I I

INvi4 =1 | U Pphase | | ! | ‘ ‘ ‘ ‘

(“H” active) ! ! —»! la— Dead time ! ! !

U phase 1 1 1 1 l ‘ : 1

NOTE:

1. Internal signals. See Figure 12.25.
The above applies under the following conditions:
INVCO = 01XX110X2 (X varies depending on each system) and INVC1 = 010XXX002.
Examples of PWM output change are:
« Default value of registers IDBO and IDB1: DU0=0, DUBO=1, DU1=1, DUB1=1.
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 when the timer B2 interrupt is generated.

Figure 12.34 Sawtooth Wave Modulation Operation
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

12.3.1 Position-Data-Retain Function
This function is used to retain the position data synchronously with the three-phase waveform
output.There are three position-data input pins for U, V, and W phases.
A trigger to retain the position data (hereafter, this trigger is referred to as "retain trigger") can be selected
by the PDRT bit in the PDRF register. This bit selects the retain trigger to be the falling edge of each
positive phase, or the rising edge of each positive phase.

12.3.1.1 Operation of the Position-data-retain Function
Figure 12.35 shows a usage example of the position-data-retain function (U phase) when the retain
trigger is selected as the falling edge of the positive signal.
(1) At the falling edge of the U-phase waveform ouput, the state at pin IDU is transferred to the PDRU
bit in the PDRF register.
(2) Until the next falling edge of the Uphase waveform output,the above value is retained.

Carrier wave /\/\A/\

® ®

U-phase waveform output

D-phase waveform output |
I

1 1
1 1
| |
1 1
O Panl
A
1
1

1
. I
Pin IDU : | | A
! ¥ Transferred ¥ Transferred v
. 1 Transferred | Transferred
PDRU bit

Note: The retain trigger is the falling edge of the positive signal.

Figure 12.35 Usage Example of Position-data-retain Function (U phase)

Rev. 1.11 Dec.11, 2006  page 136 of 458 RENESAS
REJ09B0101-0111



M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

12.3.1.2 Position-data-retain Function Control Register
Figure 12.36 shows the structure of the position-data-retain function contol register.

Position-Data-Retain Function Control Register @)

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
|><|><D<D<| | | | | PDRF 034E16 XXXX 00002
Bit Symbol Bit Name Function RW
' 5 - Input level at pin IDW is read out.
| PDRW \év phase pcés.'t'on 0:"L" level RO
ata retain bit 1: "1 level
' 3 - Input level at pin IDV is read out.
— PDRV Z phase POZTUO” 0:"L" level RO
ata retain bit 1: "1 level
H _ i Input level at pin IDU is read out.
] oo | | 0
1: "H" level
SN pprT | Retain-trigger 0: Rising edge of positive phase RW
polarity select bit | 1: Falling edge of positive phase
- Nothing is assigned. If necessary, setto 0. When read,
e RLL LI EETEEPT PP (b7-b4) S
the contents are undefined

NOTE:
1.This register is valid only in the three-phase mode.

Figure 12.36 PDRF Register

12.3.1.2.1 W-phase Position Data Retain Bit (PDRW)
This bit is used to retain the input level at pin IDW.

12.3.1.2.2 V-phase Position Data Retain Bit (PDRV)
This bit is used to retain the input level at pin IDV.

12.3.1.2.3 U-phase Position Data Retain Bit (PDRU)
This bit is used to retain the input level at pin IDU.

12.3.1.2.4 Retain-trigger Polarity Select Bit (PDRT)
This bit is used to select the trigger polarity to retain the position data.
When this bit is set to 0, the rising edge of each positive phase selected.
When this bit is set to 1, the falling edge of each pocitive phase selected.

Rev. 1.11 Dec.11, 2006  page 137 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

12.3.2 Three-phase/Port Output Switch Function
When the INVCO3 bit in the INVCO register set to 1 (Timer output enabled for three-phase motor control)
and setting the PFCi (i=0 to 5) in the PFCR register to 0 (/O port), the three-phase PWM output pin (U, U,
V, V, W and W) functions as I/O port. Each bit of the PFCi bits (i=0 to 5) is applicable for each one of
three-phase PWM output pins. Figure 12.37 shows the example of three-phase/port output switch func-
tion. Figure 12.38 shows the PFCR register and the three-phase protect control register.

Timer B2

Uphase | ! ' l
V Phase __,—|—[—‘

4444_ﬁ444

c
>
(2]
=
S
3
7]
QD
2]

i)

154

a
o
<
S

W phase Functions as port P74 |
: | | I
I | | I
- . Writing PFCR register
Writing PFCR register PECO bit: 1
< PFCO bit: 1 > < EC2 bit. O >
PRC2bit: 1 PFC4 bit: 1
PFC4 bit: 0

Figure 12.37 Usage Example of Three-phse/Port Output Switch Function
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Port Function Control Register (1)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
|><|><I | | | | | PFCR 035816 0011 11112
Pt 1 1 i 11| BitSymbol Bit Name Function RW
0: Input/Output port P8o
H Port P8 tput
Piobb bbb R preo [0S0 0P | 1 Three-phase PWM output RW
T (U phase output)
E I Port P81 output o Inhput/OL;]tput port P81
e PFC1 function select bit 1: Three-phase PWM output RwW
- (U phase output)
: Port P72 output O Input/Output port P72
T A B bbb PFC2 function select bit 1: Three-phase PWM output RW
- (V phase output)
Pl 0: Input/Output port P73
H Port P73 output
L S — PFC3 | O 20 P | 1: Three-phase PWM output RW
oo (V phase output)
E Port P74 output o: Inhput/OL;]tput port P74
T PFC4 function select bit | 1+ Three-phase PWM output RW
I (W phase output)
: ; Port P7s output 0 Input/Output port P7s
Por o T PFC5 function select bit | 1 Three-phase PWM output RW
I (W phase output)
H Nothing is assigned. If necessary, setto 0. When read,
LR LR LT EE RPN (b7-b6) —
the contents are 0
NOTE:
1. This register is valid only when the INVCO3 bit in the INVCO register is 1 (Three-phase motor control
timer.

Three-phase Protect Control Register

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
MM_J TPRC 025A16 0016
Bit Symbol Bit Name Function RW

Enable write to PFCR register

Three-phase

-1 TPRCO rotect control bit 0: Write protected RW
P 1: Write enabled
.......................... (b7-b1) Nothing is assigned. If necessary, setto 0. When read, .

the contents are 0

Figure 12.38 PFCR Register, and TPRC Register
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13. Timer S

The Timer S (Input Capture/Output Compare : here after, Timer S is referred to as "IC/OC".) is a high-
performance I/O port for time measurement and waveform generation.

The IC/OC has one 16-bit base timer for free-running operation and eight 16-bit registers for time measure-
ment and waveform generation.

Table 13.1 lists functions and channels of the IC/OC.

Table 13.1 IC/OC Functions and Channels

Function Description

Time measurement () 8 channels

Digital filter 8 channels

Trigger input prescaler 2 channels

Trigger input gate 2 channels
Waveform generation (1) 8 channels

Single-phase waveform output Available

Phase-delayed waveform output Available

Set/Reset waveform output Available

NOTE:
1. The time measurement function and the waveform generating function share a pin.
The time measurement function or waveform generating function can be selected for each channel.
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Figure 13.1 shows the block diagram of the IC/OC.

Main clock, PCLKO0=0
PLL clock, Y
On-chip oo——P fiorfe

. PCLKO=1
oscillator clock

Request by matching G1IBTRR and base timer

Request by matching G1POO register and base timer

Request from INT1 pin —l
BTS —o I

BCK1 to BCKO

Base timer reset

CTS1to CTSO

DF1 to DFO
]

- 10:f8T1 00
ital 1l:fiorf E

o Edge Gate
INPCLe ter DF1 to DFO l register
] 00 CTS1to CTSO X
F.
\NPC17 o] Digital Digial |_11:fiorf Eal‘.u Edge s .
debounce filter DF1 to DEO select| [function| register

CTS1to CTSO

(Note 1)

frorf —4—o (n+1)
Divider register fers I Base timer
—o
Two-phase 10
pulse input 1] (G1DV)
register (G1BTRR)
o e
INPClo © 1Lfiorfe &‘_.‘ Erfge G1TMO, G1POO
il DF1 to DFO ;:_:CI‘ s register
00 to
10:fBT1
INPC11  © F ital 1Lfiorf :‘. Etlige G1TM1, G1PO1
00 o
10:fBT1
INPC12 © lifiorf :‘. Edge G1TM2, G1PO2
er DF1 to DFO (S:eT':Cll 5o register
- 10:feT1 00 to
INPC13 ital 11:fiorf2 E] Edge G1TM3, G1PO3
filter select register
— DFLIo OF0 CTS1 10 CTSO
F 10811 00 °
INPC14 o] Digital 1:fiorf2 :‘. Edge GLTMa, G1PO4
filter select register
DF1 to DFO
[ ] o CTS1to CTSO
o E
Digital 1L fiorf2 Edge G1TMS5, G1PO5
INPCls 0 S select register

G1TM6, G1PO6

G1TM7, G1PO7

BCK1 to BCKO : Bits in the G1BCRO register

BTS: Bits in the G1BCRL register

CTS1to CTSO, DF1 to DFO, GT, PR : Bits in the GITMCR; register (j= 0 to 7)
PCLKO : Bits in the PCLKR register

Base timer over flow request

Base timer interrupt request

Base timer reset request

[—0 OUTClo
PWM
output|
—0 OUTC11
[0 OUTC12
PWM
output|
0 OUTC13
O OUTC14
PWM
output
0 OUTC1s
0 OUTC1e
PWM
output
O OUTC17

\— ChOtoch7 .
interrupt request signal

Figure 13.1 IC/OC Block Diagram
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Figures 13.2 to 13.10 show registers associated with the IC/OC base timer, the time measurement func-
tion, and the waveform generating function.

Base Timer Register'”
?bl;) (Eg) b7 bo Symbol Address After Reset

| | GI1BT 032116 - 032016 Undefined

Function Setting Range | RW

¢ When the base timer is operating:
When read, the value of base timer plus 1 can
be read. When write, the counter starts counting
from the value written. When the base timer is
reset, this register is set to 000016. (2 000016 to FFFF16 | RW
e When the base timer is reset:
This register is set to 000016 but a value read is
undefined. No value is written. (2

NOTES:
1. The G1BT register reflects the value of the base timer, synchronizing with the count source faT1 cycles.
2. This base timer stops only when bits BCK1 to BCKO in the G1BCRO register are set to 002 (count source
clock stop). The base timer operates when bits BCK1 to BCKO are set to other than 002. When the BTS
bit in the G1BCRL1 register is set to 0, the base timer is reset continuously, and remaining set to 000016.
When the BTS bit is set to 1, this state is cleared and the timer starts counting.

Base Timer Control Register O

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

| | | 0 | 0 | 0 | | | | G1BCRO 032216 0016
P11 1 i |Bit Symbol Bit Name Function RW
S b1bo
Pl o4 o4 111 = BCKO 0 0: Clock stop RW
[ Count source .
e ) 0 1: Do not set to this value
- - select bit . 1
A BCKL 1 0: Two-phase input @ R
A 11:fiorf2®
- 0: Do not reset Base timer by matching
A RST4 Base t'm'ler rte s.ft 4 G1BTRR RW
- R cause select bi 1: Reset Base timer by matching
A G1BTRR®)
o
Pon Rereemteeeeeeees (b5-b3) | Reserved bit Setto 0 RW
P Channel 7 input  [0: P27/OUTC17/INPC17 pin
I RRRCALEELEELE H7INSEL ) — _
: CHYINSEL | ¢ oject bit 1: P17/INT5/INPC17/IDU pin RW
.......................... T Base timer 0: Bit 15 in the base timer overflows

interrupt select bit | 1: Bit 14 in the base timer overflows RW

NOTES:
1. This setting can be used when bits UD1 to UDO in the G1BCRL1 register are set to 102 (two-
phase signal processing mode). Do not set bits BCK1 and BCKO to 102 in other modes.
2. When the PCLKO bit in the PCLKR register is set to 0, the count source is f2 cycles. And when
the PCLKO bit is set to set to 1, the count source is f1 cycles.
3. When the RST4 bit is set to 1, set the RST1 bit in the G1BCR1 register to 0.

Figure 13.2 G1BT and G1BCRO Registers
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Divider Register
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
| | G1DV 032A16 0016
: Function Setting range RW
R Divide f1, f2 or two-phase pu.lse input by (n+1) 0016 to FE16 RW
for fBT1 clock cycles generation.
n: the setting value of the G1DV register
Base Timer Control Register 1
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
lo| | | o] | o] octBcRe 032316 0016
- - A Bit _ _
Poron b symbol Bit Name Function RW
(b0) | Reserved bit Setto 0 RW
) 0: The base timer is not reset by
e Base timer reset matching the G1POO register
O RST1 . ) ; . RW
e cause select bit1  [1: The base timer is reset by matching
with the G1POO register 1
0: The base timer is not reset by
A A RST? Base timer reSfet .applying L to the INT1 pin | rRw
oy oy cause select bit 2 1: The base timer is reset by applying "L
A to the INT1 pin
: R (b3) | Reserved bit Setto 0 RW
T S BTS | Base timer start bit 0: Base t!mer Is reset . RW
I 1: Base timer starts counting
b6b5
S uDO 0 0: Counter increment mode RW
P Counter increment/ | 0 1: Counter increment/decrement mode
decrement control bit 10: Twcé-phase pulse signal processing
g uD1 mode ) RW
: 1 1: Do not set to this value
T ELCTITCTTERIRRRE, (b7) | Reserved bit Setto 0 RW
NOTS:
1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the
G1POO register. (See Figure 13.7 for details on the G1POO register) When the RST1 bit is setto 1,
the value of the G1PQj register (j=1 to 7) for the waveform generating function must be set to a
value smaller than that of the G1POO register.
When the RST1 bit is set to 1, set the RST4 bit in the G1BCRO register to 0.

Figure 13.3 G1DV Register and G1BCR1 Register

Rev. 1.11 Dec.11, 2006  page 143 of 458
REJ09B0101-0111

RENESAS



M16C/29 Group

13. Timer S

Symbol Address After Reset
G1BTRR 032916 - 032816 Undefined
Function Setting Range RW
When enabled by the RST4 bit in the GIBCRO 000016 to FFEF16 RW

register, the base timer is reset by matching the
G1BTRR register setting value and the base

timer setting value.

Base Timer Reset Register®
b15 b8

(b7) (b0) b7 b0

NOTE:

1. The G1BTRR register reflects the value of the base timer, synchronizing with the count source fT1 cycles.

Figure 13.4 G1BTRR Register
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Time Measurement Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bO

G1TMCRO to GITMCR3 031816, 031916, 031A16, 031B16 0016

G1TMCR4 to GITMCR7 031C16, 031D16, 031E16, 031F16 0016

| | | | | | | | | Symbol Address After Reset

Syl?rlltbol Bit Name Function RwW

R A b1b0

Porob oo CTS0 Ti 0 0: No time measurement RW

¢ !me mezalsu[ir:ent 0 1: Rising edge

' ' ' ' ' ' ' rigger seiect ni i .

R T cTS1 1 0: Falling edge RW

- 1 1: Both edges

A b3b2

R DFO | il fiter functi 0 0: No digital filter RW

|?|ta bl.ter unction 0 1: Do not set to this value

, ____________ DF1 select bit 1 0:fBT1 RW

11:fiorf2@

_ ________________ GT Gate function 0: Gate function is not used RW

select bit (@) 1: Gate function is used

: 0: Not cleared

- Gate funct I X

P4 tTmmmmmmmmmmmmmmnnes GOC ale ‘;ﬁc(f? f)ear 1: The gate is cleared when the base | Rw

select bit = = timer matches the G1POK register

Gate function clear The gate is cleared by setting the

: GSC | pir23 GSC bitto 1 RW

, __________________________ PR Prescaler function 0: Not used AW
select bit @ 1: Used

NOTES:
PCLKO bit is set to 1, the count source is f1 cycles.

G1TMCR5 to 0.
. These bits are enabled when the GT bit is set to 1.

w

register (k=4 when j=6 and k=5 when j=7).

Time Measurement Prescale Register j (j=6,7)"”

1. When the PCLKO bit in the PCLKR register is set to 0, the count source is f2 cycles. And when the

2. These bits are in registers GITMCR6 and G1TMCRY7. Set all bits 4 to 7 in registers GITMCRO to

4. The GOC bit is set to 0 after the gate function is cleared. See Figure 13.7 for details on the G1POk

ever a trigger input is counted by n+1 @)

b7 bo Symbol Address After Reset
| | G1TPR6 to GITPR7 032416, 032516 0016
Function Setting Range RW
As the setting value is n, time is measured when-
............... 9 0016 to FF16 RwW

NOTES:

fBT1 cycles.
2. The first prescaler, after the PR bit in the GITMCR] register is changed from 0 (not used) to 1
(used), may be divided by n, rather than n+1. The subsequent prescaler is divided by n+1.

1. The G1TPR6 to G1TPRY registers reflect the base timer value, synchronizing with the count source

Figure 13.5 G1TMCRO to G1TMCRY7 Registers, and G1TPR6 to G1TPR7 Registers
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Waveform Generation Register j (j=0 to 7)

b15 b8 Symbol Address After Reset

(7) (bO)b7 bo G1TMO to GITM2  030116-030016, 030316-030216, 030516-030416  Indeterminte
| | G1TM3to G1TM5 030716-030616, 030916-030816, 030B16-030A16 Indeterminte

E G1TM6 to GITM7 030D16-030C16, 030F16-030E16 Indeterminte

Function Setting Range RW

L] The base timer value is stored every RO
measurement timing

Waveform Generation Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bo

Nothing is assigned. If necessary, set to 0.

| |>q Symbol Address After Reset

— e G1POCRO to G1IPOCR3 031016, 031116, 031216, 031316 0X00 XX002
oo G1POCR4 to G1IPOCR7 031416, 031516, 031616, 031716 0X00 XX002
A Bit B i
oo Symbol Bit Name Function RW
Pl b1bo
MODO 00: Single waveform output mode RW
- Operating mode 01: SR waveform output mode @
oo select bit 10: Phase-delayed waveform
- output mode
MOD1 11: Do not set to this value RW

v mmmTmmmmmenes (03-b2) | \when read, their contents are undefined B
VL Output initial value 0: "L" output as a default value RW
pooTTTmmmmmTT select bit® 1: "H" output as a default value
0: Reloads the G1POj register when
e RLD | G1POiregister value value is written RW
reload timing select bit | 1: Reloads the G1POj register when
the base timer is reset
—_— Nothing is assigned. If necessary, set to 0. B
"""""""""""" (b6) When read, its content is undefined
___________________________ INV Inverse output function | 0: Output is not inversed RW

select bit @ 1: Output is inversed

NOTES :

1. This setting is enabled only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels
provide waveform output. Odd channels provide no waveform output.

2. The inverse output function is the final step in waveform generating process. When the INV bit is set
to 1, and "H" signal is provided a default output by setting the IVL bit to 0, and an "L" signal is
provided by setting it to 1.

3. In the SR waveform output mode, set not only the even channel but also the correspoinding even
channel (next channel after the even channel).

4. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to 0
(select waveform generating function) and IFE]j bit in the G1FE register to 1 (functions for channel j
enabled). Then set the IVL bitto 0 or 1.

Figure 13.6 G1TMO to G1TMY7 Registers, and G1POCRO to G1POCR7 Registers
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Waveform Generation Register j (j=0 to 7)
b15 b8 Symbol Address After Reset
©7) GOLI % G1POO0 to GIPO2  030116-030016, 030316-030216, 030516-030416  Undefined
| G1PO3to G1PO5 030716-030616, 030916-030816, 030B16-030A16 Undefined
' G1PO6 to G1PO7 030D16-030C16, 030F16-030E16 Undefined
Function Setting Range RW
e When the RLD bit in the GIPOCR; register is
set to 0, value written is immediately reloaded
: into the G1POj register for output, for example,
R a waveform output,reflecting the value.
® When the RLD bit is set to 1, value reloaded 000016 to FFFF16 | RW
while the base timer is reset.
The value written can be read until reloaded

Figure 13.7 G1POO0 to G1PO7 Registers
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Function Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| GIFS 032716 0016
Vo Bit . .
Poron v | symbol Bit Name Function RW
- Channel 0 time measure- R .
it vl EscO | mentwaveform generating 0: Select the waveform generating | ryy
R function select bit function
e Channel 1 Time Measure- 1: Select the time measurement
HE A L L FSC1 | mentWaveform Generating function RW
- L Function Select Bit
- Channel 2 time measure-
[ T [ ment/waveform generating
E E E E E FSC2 function select bit RW
H- - H Channel 3 time measure-
R FSC3 | mentwaveform generating RW
oo function select bit
H- - Channel 4 time measure-
- H T FSC4 ment/waveform generating RW
oo function select bit
oo Channel 5 time measure-
e GEGEEEEEE L FSC5 ment/iwaveform generating RW
v function select bit
HE Channel 6 time measure-
Vo M FSC6 ment/waveform generating RW
' function select bit
: Channel 7 time measure-
R R EEEEE FSC7 | mentiwaveform generating RW
function select bit
. . l
Function Enable Register®
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| GIFE 032616 0016
- T S Bit - .
oo b bbbt symbol Bit Name Function RW
“-| IFEO |Channel O function enable bit 0 : Disable function s for channel j @ RW
P IFE1 |Channel 1 function enable bit | 1 : Enable functions for channel j RW
Vo (=0to 7)
Por o eeeeeand IFE2 |Channel 2 function enable bit RwW
O GhhEREELl IFE3  [Channel 3 function enable bit RW
R SAGCEELTTTELEE IFE4  [Channel 4 function enable bit RW
O ARLLLLELEEEEEEE IFE5 | Channel 5 function enable bit RW
SRR ETLLLLEEEE T IFE6  |Channel 6 function enable bit RW
T L L L PP L PP LR EP IFE7  [Channel 7 function enable bit RW

NOTES:

1. The G1FE register reflects the base timer value, synchronizing with the count source fBT1 cycles.

2. When functions for the channel j are disabled, each pin functions as an I/O port.

Figure 13.8 G1FS and G1FE Registers
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NOTE:

Interrupt Request Register @)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| | our 033016 Undefined
SR - .
porob o b | symbol Bit Name Function RW
0 : No interrupt request
P G1IR0O Interrupt request, ChO 1: Interrupt requested RW
A R S S PR G1IR1 Interrupt request, Chl RW
I S G1IR2 Interrupt request, Ch2 RW
P e G1IR3 Interrupt request, Ch3 RW
S RLCITITE G1IR4 Interrupt request, Ch4 RW
T S S G1IR5 Interrupt request, Ch5 RW
S TTITIEPEERERPS G1IR6 Interrupt request, Ch6 RW
R R G1IR7 Interrupt request, Ch7 RW

1. When writing O to each bit in the G1IR register, use the following instruction:
AND, BCLR

Figure 13.9 G1IR Register
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Interrupt Enable Register O
b7 b6 b5 b4 b3 b2 bl b Symbol Address After Reset

| | G1IEO 033116 0016
AR A A N T - .
Porob b r b | symbol Bit Name Function RW
i 0 : IC/OC interrupt O request disable
G1IEQO | Interrupt enable 0, CHO 1 : IC/OC interrupt O request enable RW
A A . G1IEO1 | Interrupt enable 0, CH1 RW
bbb e G1IE02 | Interrupt enable 0, CH2 RW
T G1IEQ3 | Interrupt enable 0, CH3 RW
e G1IE04 | Interrupt enable 0, CH4 RW
R S SRR G1IEO05 | Interrupt enable 0, CH5 RW
et GLIE06 | Interrupt enable 0, CH6 RW
LR G1IEQ7 | Interrupt enable O, CH7 RW
Interrupt Enable Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | GlIE1 033216 0015
A I | |
Porobn r b | symbol Bit Name Function RW
A 0 : IC/OC interrupt 1 request disable
G1IE10 | Interrupt enable 1, CHO 1 : IC/OC interrupt 1 request enable RW
. G1IE11 | Interrupt enable 1, CH1 RW
eeeeene G1IE12 | Interrupt enable 1, CH2 RW
s G1IE13 | Interrupt enable 1, CH3 RW
Pobl G1IE14 | Interrupt enable 1, CH4 RW
.- G1IE15 | Interrupt enable 1, CH5 RW
eseeresenenerararannas G1IE16 | Interrupt enable 1, CH6 RW
LR G1lIE17 | Interrupt enable 1, CH7 RW

Figure 13.10 G1IEO and G1IE1 Registers
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13.1 Base Timer

The base timer is a free-running counter that counts an internally generated count source.

Table 13.2 lists specifications of the base timer. Table 13.3 shows registers associated with the base timer.
Figure 13.11 shows a block diagram of the base timer. Figure 13.12 shows an example of the base timer
in counter increment mode. Figure 13.13 shows an example of the base timer in counter increment/decre-

ment mode. Figure 13.14 shows an example of two-phase pulse signal processing mode.

Table 13.2 Base Timer Specifications

Item

Specification

Count source(fBT1)

f1 or f2 divided by (7+1), two-phase pulse input divided by (77+1)
n: determined by the DIV7 to DIVO bits in the G1DV register. n=0 to 255
However, no division when n=0

Counting operation

The base timer increments the counter value
The base timer increments/decrements the counter value
Two-phase pulse signal processing

Count start condition

The BTS bit in the G1BCR1 register is set to 1 (base timer starts counting)

Count stop condition

The BTS bit in the G1BCR1 register is set to 0 (base timer reset)

Base timer reset condition

(1) The value of the base timer matches the value of the G1BTRR register
(2) The value of the base timer matches the value of G1POO register.
(3) Apply a low-level signal ("L") to external interrupt pin,INT1 pin

Value for base timer reset

000016

Interrupt request

The base timer interrupt request is generated:

(1) When the bit 14 or bit 15 in the base timer overflows

(2) The value of the base timer value matches the value of the base timer
reset register

Read from timer

» The G1BT register indicates a counter value while the base timer is running
» The G1BT register is undefined when the base timer is reset

Write to timer

When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while
the base timer is reset.

Selectable function

» Counter increment/decrement mode

The base timer starts counting from 000016. After incrementing to FFFF1s,
the timer counter is then decremented back to 000016. The base timer
increments the counter value again when the timer counter reaches 000016.
(See Figure 13.13)

» Two-phase pulse processing mode
Two-phase pulse signals from pins P80 and P81 are counted (See Figure

13.14)
U ERENEN RN

The timer increments  The timer decrements
a counter on all edges a counter on all edges
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feT1
BCK1 to BCKO

frorz =0 —
—O (n+1) divider Base timer Ib143 b15|
Two-phase pulse input i—O (Note 1) A X
L Overflow signal
BTS bit in GIBCR1 register OKO—> Base timer
egiste e} overflow request
1
IT
Matched with GIBTRR @
Base timer reset
Matched with G1POO register
RST2
w - NOTE:
Input "L" to INT1 pln—@— 1. Divider is reset when the BTS bit is set to 0.

IT, RST4, BCK1 to BCKO: Bits in the G1BCRO register
RST2 to RST1: Bits in the GIBCRL1 register

Figure 13.11 Base Timer Block Diagram

Table 13.3 Base Timer Associated Register Settings (Time Measurement Function, Waveform
Generation Function, Communication Function)

Register Bit Function
G1BCRO BCK1 to BCKO Select a count source
RST4 Select base timer reset timing
IT Select the base timer overflow
G1BCR1 RST2 to RST1 Select base timer reset timing
BTS Used to start the base timer
UD1 to UDO Select how to count
G1BT - Read or write base timer value
G1DbV - Divide ratio of a count source

Set the following registers to set the RST1 bit to 1 (base timer reset by matching the base timer with the G1POO register)
G1POCRO MOD1 to MODO | Set to 002 (single-phase waveform output mode)

G1POO0 - Set reset cycle
G1FS FSCO Set to 0 (waveform generating function)
G1FE IFEO Set to 1 (channel operation start)
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State of a counter

IT=1 in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal

Base Timer interrupts

IT=0 in the G1BCRO register
(Base timer interrupt generated
by the bit 15 overflow)

b15 overflow signal

Base Timer interrupt

FFFF16

C00016

800016

400016 |----

000016

The above applies to the following conditions.

=The RST4 bit in the G1BCRO register is set to 0 (the base timer is not reset by matching the G1BTRR register)
-The RST1 bit in the G1BCRL1 register is set to O (the base timer is not reset by matching the G1POO register)

-Bits UD1 to UDO in the G1BCRL1 register are set to 002 (counter increment mode)

Figure

13.12 Counter Increment Mode

State of a counter

IT=1 in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal

Base Timer interrupts

IT=0 in the G1BCRO register
(Base timer interrupt generated
by the bit 15 overflow)

b15 overflow signal

Base Timer interrupt

FFFFis

C00016

800016

400016

000016

T et

Figure 13.13 Counter Increment/Decrement Mode
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(1) When the base timer is reset while the base timer increments the counter
e

P8o (A-phase)

Input waveform < >

P81 (B-phase) —| : min 1 ps
N i

Whenseecisno ) J1 11 1T s

division with the divider by (n+1)

— (Note 1)

A

INT1 (Z-phase)

Base timer starts counting
0 C1 X 2 X

Set to 0 at this timing Set to 1 at this timing

Value of counter X m Xm+1

(2) When the base timer is reset while the base timer decrements the counter
e

P80 (A-phase) —|

—>

Input waveform < ' min 1 us

P81 (B-phase)
~ :

( ren sl " ﬂ ] T_I j ssE

division with the divider by (n+1)

min 1 ps

i

E— @

7 N

INT1 (Z-phase)

A 4

Base timer starts counting

0 FrFF1< FFFELRX

Value of counter X m >< m-1

Set to 0 at this timing Set to FFFF16 at this timing

NOTE:
1. 1.5 faT1 clock cycle or more are required.

Figure 13.14 Base Timer Operation in Two-phase Pulse Signal Processing Mode
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13.1.1 Base Timer Reset Register(G1BTRR)
The G1BTRR register provides the capability to reset the base timer when the base timer count value
matches the value stored in the G1BTRR register. The G1BTRR register is enabled by the RST4 bit
in the G1BCRO register. This function is identical in operation to the G1POO0 base timer reset that is
enabled by the RST1 bit in the G1BCRO reigster. If the free-running operation is not selected, the
channel 0 can be used for a waveform generation when the base timer is reset by the GIBTRR
register. Do not enable bits RST1 and RST4 simultaneously.

RST4 4|

Base timer Ym-2Ym-1) m Y m+1)000016f 000116
G1BTRR register X m
(Base timer reset register)

Base timer interrupt |

Base timer overflow request ()

NOTE:
1. Following conditions are required to generate a base timer overflow request by resetting the base timer.
If the IT bit is set to 0: 07FFF16 <m < OFFFE16
If the IT bit is set to 1: 07FFF16 <m < OFFFE16 or 0BFFF16 <m < OFFFE16

Figure 13.15 Base Timer Reset operation by Base Timer Reset Register

RST1 |
Base timer Ym-2Ym-1Y m ) m+1)000016] 000116
G1POO X m
G1lIRO

Figure 13.16 Base Timer Reset operation by G1POO0 register

NOTE:

RST2

Base timer Xm-2Xm-1f m X m+1)000016} 000116

P83/INT1 | |

1. INT1 Base Timer reset does not generate a Base Timer interrupt. INT1 may generate an interrupt if enabled.

Figure 13.17 Base Timer Reset operation by INT1
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13.2 Interrupt Operation

The IC/OC interrupt contains several request causes. Figure 13.18 shows the IC/OC interrupt block dia-
gram and Table 13.4 shows the IC/OC interrupt assignation.

When either the base timer reset request or base timer overflow request is generated, the IR bit in the BTIC
register corresponding to the IC/OC base timer interrupt is set to 1 (with an interrupt request). Also when an
interrupt request in each eight channels (channel i) is generated, the bitiin the G1IR register is set to 1 (with
an interrupt request). At this time, if the bit i in the G1IEO register is 1 (IC/OC interrupt O request enabled),
the IR bit in the ICOCOIC register corresponding to the IC/OC interrupt O is set to 1 (with an interrupt
request). And if the bit i in the G1IE1 register is 1 (IC/OC interrupt 1 request enabled), the IR bit in the
ICOC1IC register corresponding to the IC/OC interrupt 1 is set to 1(with an interrupt request).
Additionally, because each bit in the G1IR register is not automatically set to O even if the interrupt is
acknowledged, set to 0 by program. If these bits are left as 1, all IC/OC channel interrupt causes, which are
generated after setting the IR bit to 1, will be disabled.

Interrupt Select Logic
DMA Requests (channel 0 to 7)

Channel 0 to 7 Interrupt requests [

All register are read / write G1IE0 G1IR G1IEL

ENABLE | REQUEST] | ENABLE
[TTTTTTT] [TTTTTT]

\J:D—D— IC/OC interrupt 1 request

[_D—[>—> IC/OC interrupt O request

Base timer reset request D—» IC/OC base timer interrupt request
Base timer overflow request g

Base Timer Interrupt / DMA Request

Figure 13.18 IC/OC Interrupt and DMA request generation

Table 13.4 Interrupt Assignment

Interrupt Interrupt control register
IC/OC base timer interrupt BTIC(004716)
IC/OC interrupt O ICOCO0IC(004516)
IC/OC interrupt 1 ICOCO0IC(004616)

13.3 DMA Support

Each of the interrupt sources - the eight IC/OC channel interrupts and the one Base Timer interrupt - are
capable of generating a DMA request.
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13.4 Time Measurement Function

In synchronization with an external trigger input, the value of the base timer is stored into the G1TMj
register (j=0 to 7). Table 13.5 shows specifications of the time measurement function. Table 13.6 shows
register settings associated with the time measurement function. Figures 13.19 and 13.20 display opera-
tional timing of the time measurement function. Figure 13.21 shows operational timing of the prescaler
function and the gate function.

Table 13.5 Time Measurement Function Specifications

Item Specification
Measurement channel Channels 0 to 7
Selecting trigger input polarity Rising edge, falling edge, both edges of the INPC1j pin ()
Measurement start condition The IFEj bit in the G1FE register should be set to 1 (channels j function

enabled) when the FSCj bit (j=0 to 7) in the G1FS register is set to 1 (time
measurement function selected).

Measurement stop condition The IFEj bit should be set to 0 (channel j function disabled)

Time measurement timing *No prescaler: every time a trigger signal is applied
*Prescaler (for channel 6 and channel 7):

every GITPRk (k=6,7) register value +1times a trigger signal is applied

Interrupt request generation timing | The G1IRi bit (i=0 to 7) in the interrupt request register (See Figure 13.9) is
set to 1 at time measurement timing

INPC1j pin function ) Trigger input pin

Selectable function « Digital filter function

The digital filter samples a trigger input signal level every f1, f2 or fBT1
cycles and passes pulse signal matching trigger input signal level three
times

* Prescaler function (for channel 6 and channel 7)
Time measurement is executed every G17PRk register value +1 times a
trigger signal is applied

* Gate function (for channel 6 and channel 7)
After time measurement by the first trigger input, trigger input cannot be
accepted. However, while the GOC bit in the GITMCRK register is set to 1
(gate cleared by matching the base timer with the G1POp register (p=4
when k=6, p=5 when k=7)), trigger input can be accepted again by
matching the base timer value with the G1POp register setting

« Digital Debounce function (for channel7)

See 13.6.2 Digital Debounce Function for P17/INT5/INPC17 and 19.6

Digital Debounce Function for details

NOTE:
1. The INPC1o0 to INPC17 pins
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Table 13.6 Register Settings Associated with the Time Measurement Function

Register Bit Function
G1TMCRj CTS1to CTSO Select time measurement trigger
DF1 to DFO Select the digital filter function
GT, GOC, GSC Select the gate function
PR Select the prescaler function
G1TPRKk - Setting value of prescaler
G1FS FSCj Set to 1 (time measurement function)
G1FE IFEj Set to 1 (channel j function enabled)

j=0to7 k=6,7

Bit configurations and function varys with channels used.
Registers associated with the time measurement function must be set after setting registers associated with the base timer.

INPC1j pin input

Base timer

FFFF16

n lF--------

p _________________________

mll---------

000016

i

G1TM,; register

G1IRj bit

n

o

p

—

j=0to7

G1IRj bit: Bits in the G1IR register

The above applies to the following condition.

« Bits CTS1 to CTSO in the GLTMCR; registers are set to 012 (rising edge). The PR bit is

When setting to 0, write O by F')rogram

[ 1

set to 0 (no prescaler used) and the GT bit is set to 0 (no gate function used).

« Bits RTS4, RTS2, and RTS1 in registers GIBCRO and G1BCR1 are set to 0 (no base

timer reset). Bits UD1 to UDO bits are set to 002 (counter increment mode).

Set the base timer to 000016 (setting the RST1 bit to 1, and bits RST4 and RST2 to 0),

when the base timer value matches the G1POO register setting. The base timer is set to 000016

after it reaches the G1POO register value + 2.

Figure 13.19 Time Measurement Function (1)
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(a) When selecting the rising edge as a timer measurement trigger
(Bits CTS1 and CTSO in the GITMCRj register (j=0 to 7)=012)

fBT1

Base timer @@ﬂ@@@@@@@@@@@@@ 0419

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IRj bit @
V Delayed by 1 clock Y V wrlte 0 by program if setting to 0
G1TM,; register X N X s X s
NOTES :

1. Bits in the G1IR register.
2. Input pulse applied to the INPC1j pin requires 1.5 fBT1 clock cycles or more.

(b) When selecting both edges as a timer measurement trigger
(Bits CTS1 and CTSO = 112)

fBT1

Base timer (2 Xt X n X nsaf 2K sk meaX nseh o el e o1k 1K1 19

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IR] bit @

\Wr|te 0 by program
if setting to O

\/ \/ \/ V V
G1TM,j register @ X n X n+2 X n+5 X n+8 X n+12

NOTES :
1. Bits in the G1IR register.
2. No interrupt is generated if the MCU receives a trigger signal when the G1IRj bit is set to 1.
However, the value of the G1TM,; register is updated.

(c) Trigger signal when using digital filter
(Bits DF1 to DFO in the GITMCR; register =102 or 112)

f1 or f2 or faT1 @

INPC1j pin m ‘ ‘ m

>, v <‘ »' Maximum 3. 5(1f)1 or f2 or fBT1
Trigger signal after Signals, which do not match 3 clock cycles
passing the digital times, are stripped off
filter The trigger signal is delayed

by the digital filter

NOTE:
1. fBT1 when bits DF1 to DFO are set to 102, and f1 or f2 when set to 112.

Figure 13.20 Time Measurement Function (2)
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(a) With the prescaler function
(When the G1TPR;j register (j = 6, 7) is set to 0216, the PR bit in the GITMCR; register (j = 6, 7) is set to 1)

fBT1

Base timer (o)X maf_n Xneafnsz) el ns4x mesK nse) X n-eXns9Xor1080+11X +19Kn+130+14

INPC1j pin input or

trigger signal after
passing the digital /I I_I I__
filter
Internal time
\/ \/

measurement trigger

\/
Prescaler 2 X 1 X 0 X 2

Set 0 by program if necessary
G1IR] bit @ ¥

\/ v
G1TM,; register X n+1 X n+13

NOTES:
1. This applies to 2nd or later prescaler cycle after the PR bit in the GITMCR;j register is set to 1 (prescaler used).
2. Bits in the G1IR register.

(b) With the gate function
(The gate function is cleared by matching the base timer with the G1POKk register(k = 4, 5),
the GT bit in the GITMCR;j register is set to 1, the GOC bit is set to 1)

FFFF16

i Value of the G1POK register - - - ------- - - —-=
Base timer

000016
IFE]j bit in G1FE
register _I
INPC1j pin input or m
trigger signal after |_|

passing the digital

filter This trigger input is disabled
due to gate function.

Internal time |—|
measurement trigger

G1POKk register h

match signal
A

Gate control signal

¥ Gate Gate cleared > ¥ Gate

. Set 0 by program if necessary

G1IR bit ® [ s [

V v
G1TM,j register X X

NOTE:

1. Bits in the G1IR register.

Figure 13.21 Prescaler Function and Gate Function
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13.5 Waveform Generating Function

Waveforms are generated when the base timer value matches the G1POj (j=0 to 7) register value.
The waveform generating function has the following three modes :

* Single-phase waveform output mode

« Phase-delayed waveform output mode

» Set/Reset waveform output (SR waveform output) mode

Table 13.7 lists registers associated with the waveform generating function.

Table 13.7 Registers Related to the Waveform Generating Function Settings

Register Bit Function
G1POCRj MOD1 to MODO Select output waveform mode
IVL Select default value
RLD Select G1POj register value reload timing
INV Select inverse output
G1PQOj - Select timing to output waveform inverted
G1FS FSCj Set to 0 (waveform generating function)
G1FE IFEj Set to 1 (enables function on channel j)
j=0to 7

Bit configurations and functions vary with channels used.
Registers associated with the waveform generating function must be set after setting registers associated with the base timer.
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13.5.1 Single-Phase Waveform Output Mode

Output signal level of the OUTCL1j pin becomes high ("H") when the INV bit in the GIPOCR] (j=0 to 7)
register is set to O(output is not reversed) and the base timer value matches the G1PQj (j=0 to 7) register
value. The "H" signal switches to a low-level ("L") signal when the base timer reaches 000016. Table 13.8
lists specifications of single-phase waveform mode. Figure 13.22 lists an example of single-phase wave-

form mode operation.

Table 13.8 Single-phase Waveform Output Mode Specifications

Item

Specification

Output waveform

* Free-running operation

(bits RST1, RST2, and RST4 of registers G1BCR1 and G1BCRO are setto 0

(no reset))

Cvele 65536
y T fBT1
Default output level width :
fBT1
) 65536-m
Inverse level width e —
fBT1

« The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and RST4 and RST2 hits to 0), or

(b) G1BTRR register (enabled by setting RST4 hit to 1, and RST2 and RST1 bits to 0)

Cycle . _n+2
fBT1

Default output level width : m
fBT1

Inverse level width _n+2-m
fBT1

m : setting value of the G1PQ;j register (j=0 to 7), 000116 to FFFD16
n : setting value of the G1POO register or the G1BTRR register, 000116 to FFFD16

Waveform output start condition

The IFE]j bit in the G1FE register is set to 1 (channel j function enabled)

Waveform output stop condition

The IFE;j bit is set to 0 (channel j function disabled)

Interrupt request

The G1IRj bit in the G1IR register is set to 1 when the base timer value
matches the G1POj register value (See Figure 13.22)

ouTC1j pin @

Pulse signal output pin

Selectable function

« Default value set function: Set starting waveform output level

« Inverse output function: Waveform output signal is inversed and provided
from the OUTC1,j pin

NOTE:
1. Pins OUTC1o0 to OUTC1y7.
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(1) Free-running operation
(The RST4, RST2, and RST1 bits in the GIBCRO and G1BCR1 registers are set to 0)

FFFFL6 |- === == mm o o e e o e o e e e e e e e e e e e
Base timer
M bommmm e T e e e e oo
000015
Coom 65536-m '
E fatz | fat1 ! H
OUTC1j pin m\lnverse
; : > Return to default output level
' " 65536 | ;
A fBT1 !
! When setting to 0, !
G1IRj bit o~ Write O by program [
j=0to 7

m : Setting value of the G1POj register
G1IRj bit : Bits in the G1IR register

The above applies under the following conditions.
-The IVL bit in the G1IPOCR; register is set to 0 ("L" output as a default value) and the INV bit is set to 0
(not inversed).
-Bits UD1 to UDO are set to 002 (counter increment mode).

(2) The base timer is reset when the base timer matches either following register

(a) G1IPOO (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)
FFFF16
[ R e 7, Ml
Base timer
11 T e < L
000016 )
' m | n+2-m ! ' | '
S S ‘ ; i
ouTC1 pin me
i . 2 ',E;Retum to (Ijefault
' e i\zvsrg?ﬁggbgfoporog am output level
GLIR] bit [ [
=1to 7

m : Setting value of the G1PQ;j register
n: Setting value of either G1POO register or G1BTRR register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
-The IVL bit in the G1IPOCR] register is set to O ("L" output as a default value) and the INV
bit is set to 0 (not inversed).
-Bits UD1 to UDO are set to 002 (counter increment mode).

Figure 13.22 Single-phase Waveform Output Mode
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13.5.2 Phase-Delayed Waveform Output Mode
Output signal level of the OUTC1j pin is inversed every time the base timer value matches the G1POj
register value (j=0to 7). Table 13.9 lists specifications of phase-delayed waveform mode. Figure 13.23
shows an example of phase-delayed waveform mode operation.

Table 13.9 Phase-delayed Waveform Output Mode Specifications

Item Specification

Output waveform * Free-running operation

(bits RST1, RST2, and RST4 in registers GIBCR1 and G1BCRO are setto 0
(no reset))

| 65536 x 2

Cycle fBT1

"HY and "L width - 22236
fBT1

« The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and bits RST4 and RST2 to 0), or

(b) G1BTRR register (enabled by setting RST4 hit to 1, and bits RST2 and RST1 to 0)

~2(n+2)
Cycle fBT1
"H" and "L" width n+2
fBT1

n : setting value of either G1POO register or GIBTRR register

Waveform output start condition The IFE]j bit in the G1FE register is set to 1 (channel j function enabled)

Waveform output stop condition The IFE;j bit is set to 0 (channel j function disabled)

Interrupt request The G1IRj bit in the interrupt request register is set to 1 when the base timer
value matches the G1POj register value. (See Figure 13.23)

OUTC1j pin @ Pulse signal output pin

Selectable function « Default value set function: Set starting waveform output level

« Inverse output function : Waveform output signal is inversed and provided
from the OUTC1j pin

NOTE:
1. Pins OUTC1o0to OUTC17.
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(1) Free-running operation
(Bits RST4, RST2, and RST1 in the registers GIBCRO and G1BCR1 are set to 0)

[ e T R e, mi e
Base timer

02 X .« |

000016

! 65536 : 65536 ;

! faT1 ! faT1 !

| | Inverse :

OUTC1j pin 4!\ Inverse !‘/ |

= | 655362 :

! Write 0 by program ! fam1 E

: if setting to O : .

G1IRj bit e |

j=0to 7

m : Setting value of the G1PQ;j register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
* The IVL bit in the G1IPOCR] register is set to 0 (L output as a default value). The INV bit
is set to O (not inversed).
e Bits UD1 to UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFFis
[ i a7 il
Base timer
1212 T S )
000016
m ! n+2 ! n+2 !
fBT1 ! fBT1 ! fBT1 !
OUTC1j pin ~Inverse |/ Inverse ~
] . + Inverse
! ) ' 2(n+2) !
' Write 0 by program | T '
! if setting to 0 ! BT1 !
G1IRj bit |_| v l_l I_‘_
j=1to 7

m : Setting value of the G1POj register n: Setting value of either register G1IPOO or GIBTRR
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1IPOCR] register is set to O (L output as a default value).
The INV bit is set to 0 (not inversed).
e Bits UD1 to UDO are set to 002 (counter increment mode).

Figure 13.23 Phase-delayed Waveform Output Mode
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13.5.3 Set/Reset Waveform Output (SR Waveform Output) Mode
Output signal level of the OUTC1j pin becomes high ("H") when the INV bit in the G1POCRI (i=0to 7) is
set to O (output is not reversed) and the base timer value matches the G1PO;j register value (j=0, 2, 4, 6).
The "H" signal switches to a low-level ("L") signal when the base timer value matches the G1POk (k=j+1)
register value. Table 13.10 lists specifications of SR waveform mode. Figure 13.24 shows an example of
the SR waveform mode operation.

Table 13.10 SR Waveform Output Mode Specifications

Item Specification

Output waveform « Free-running operation

(the RST1, RTS2, and RST4 bits of the GIBCR1 and G1BCRO registers are set
to 0 (no reset))

Cycle 65536
fBT1

Inverse level width® :  _N-M__
fBT1

* The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and bits RST4 and RST2 to 0)\2, or

(b) G1BTRR register (enabled by setting RST4 bit to 1, and bits RST2 and RST1 to 0)

Cycle p+2
fBT1

Inverse level width®@ : —-M__
fBT1

m : setting value of the G1PQj register (j=0, 2,4, 6 )
n : setting value of the G1POK register (k=j+1)
p : setting value of the G1POO register or GIBTRR register

value range of m, n, p: 000116 to FFFD16

Waveform output start condition Bits IFEj and IFEk in the G1FE register is set to 1 (channel j function enabled)

Waveform output stop condition Bits IFEj and IFEk are set to 0 (channel j function disabled)

Interrupt request The G1IRj bit in the G1IR register is set to 1 when the base timer value
matches the G1POj register value.

The G1IRk bit in the interrupt request register is set to 1 when the base timer
value matches the G1POKk register value (See Figure 13.24)

OouTC1;j pin @ Pulse signal output pin

Selectable function  Default value set function : Set starting waveform output level

« Inverse output function: Waveform output signal is inversed and provided
from the OUTC1, pin

NOTES:
1. The odd channel's waveform generating register must have greater value than the even channel's.
2. When the G1POO register resets the base timer, the channel 0 and channel 1 SR waveform generating functions
are not available.
3. Pins OUTC10, OUTC12, OUTC14, OUTCl1s.
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(1) Free-running operation
(Bits RST2 and RST1 in the G1BCRO register and the RST4 bit in the GIBCR1
register are set to 0)

[ ol T e e ”
O Ul PR
Base timer i i
N — T s
000016 : :
©on-m ' 65536-n+m ! |
1 feTL . fett ! ,

Return to default

j pi . level
outetipin e imese Y e O

\ 65536
: faT1
Write 0 by program

G1lIRj bit . if setting to 0 |
¢ inverse
G1IRK bit I

j=0,2,4,6 k=j+1
m : Setting value of the G1POj register n: Setting value of the G1POk register
G1IRj, G1IRK bits: Bits in the G1IR register
The above applies under the following conditions.
® The IVL bit in the GLPOCR;j register is set to 0 (L output as a default value). The INV bit is set to 0
(not inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
A R Ly e LR LR LS T
T e s % e

Base timer m e

p+2-n+m
fBT1

000016

Return to default output level

OUTCYj pin M

: Pz E E :
| ! faT1 ' ' ' E
: Write 0 by program ! ! :
G1IR]j bit [ ~if settingto 0 [ : ] :
E When setting to 0, : 1
G1IRK bit | ~~Write 0 by program ‘—\_
j=2,4,6 k=j+1
m : Setting value of the G1POQj register n: Setting value of the GLPOK register

p: Setting value of either register GIPOO or GIBTRR
G1IRj, G1IRK bits: Bits in the G1IR register

The above applies under the following conditions.
® The IVL bit in the G1IPOCR;j register is set to 0 (L output as a default value). The INV bit is set to 0 (not
inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

Figure 13.24 Set/Reset Waveform Output Mode
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13.6 1/0O Port Function Select
The value in the G1FE and G1FS registers decides which IC/OC pin to be an input or output pin.
In SR waveform generating mode, two channels, a set of even channel and odd channel, are used every
output waveform, however, the waveform is output from an even channel only. In this case, the correspond-

ing pin to the odd channel can be used as an 1/O port.

Table 13.11 Pin setting for Time Measurement and Waveform Generating Functions

Pin IFE | FSC |MOD1|MODO | Port Direction Port Data
P27/INPC17/| O X X X Determined by PD27 P27
OUTC1~ 1 1 X X Determined by PD27, Input to INPC17 is always active | P27 or INPC17
1 0 0 0 Single-phase Waveform Output OUTC1~
1 0 0 1 Determined by PD27, SR waveform output mode P27
1 0 1 0 Phase-delayed Waveform Output OUTC17
P26/INPC1e/| O X X X Determined by PD2s P26
OUTC1s 1 1 X X Determined by PD2s, Input to INPC1s is always active | P26 or INPC1e
1 0 0 0 Single-phase Waveform Output OUTC1se
1 0 0 1 SR Waveform Output OUTC1s
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P2s/INPC1s/| O X X X Determined by PD2s P2s
OUTC1s 1 1 X X Determined by PD2s, Input to INPC1s is always active | P25 or INPC1s
1 0 0 0 Single-phase Waveform Output OUTC1s
1 0 0 1 Determined by PD2s, SR Waveform Output mode P2s
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P24/INPC14/| O X X X Determined by PD24 P24
OUTC14 1 1 X X Determined by PD24, Input to INPC14 is always active | P24 or INPC14
1 0 0 0 Single-phase Waveform Output OUTC14
1 0 0 1 SR Waveform Output OUTC14
1 0 1 0 Phase-delayed Waveform Output OUTC14
P23/INPC13/| O X X X Determined by PD23 P23
OUTC13 1 1 X X Determined by PD2s, Input to INPC13s is always active | P23 or INPC13
1 0 0 0 Single-phase Waveform Output OUTC13
1 0 0 1 Determined by PD23, SR waveform output mode P23
1 0 1 0 Phase-delayed Waveform Output OUTC13
P22/INPC12/| O X X X Determined by PD22 P22
OUTC12 1 1 X X Determined by PD22, Input to INPC12 is always active] P22 or INPC12
1 0 0 0 Single-phase Waveform Output OUTC12
1 0 0 1 SR Waveform Output OUTC12
1 0 1 0 Phase-delayed Waveform Output OUTC12
P21/INPC11/| O X X X Determined by PD21 P21
OUTC1:1 1 1 X X Determined by PD21, Input to INPC11 is always active | P21 or INPC11
1 0 0 0 Single-phase Waveform Output OUTC1:1
1 0 0 1 Determined by PD21, SR waveform output mode P21
1 0 1 0 Phase-delayed Waveform Output OUTC1:1
P20/INPC10/| O X X X Determined by PD2o P20
OUTC1o 1 1 X X Determined by PD2o, Input to INPC1o is always active | P20 or INPC1lo
1 0 0 0 Single-phase Waveform Output OUTC1o
1 0 0 1 SR Waveform Output OUTC1o
1 0 1 0 Phase-delayed Waveform Output OUTC1o

IFE: IFE]j (j=0 to 7) bits in the G1FE register.
FSC: FSCj (j=0 to 7) bits in the G1FS register.

MOD?2 to MOD1: Bits in the GIPOCR] (j=0 to 7) register.
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13.6.1 INPC17 Alternate Input Pin Selection
The input capture pin for IC/OC channel 7 can be assigned to one of two package pins. The CH7INSEL
bit in the G1BCRO register selects IC/OC INPC17 from P27/OUTC17/INPC17 or P17/INT5/INPC17/IDU.

13.6.2 Digital Debounce Function for Pin P17/INT5/INPC17

The INT5/INPC17 input from the P17/INT5/INPC17/IDU pin has an effective digital debounce function
against a noise rejection. Refer to 19.6 Digital Debounce function for this detail.

Rev. 1.11 Dec.11, 2006  page 169 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 14.Serial 110

14. Serial I/0O

Note
| The S1/04 interrupt of peripheral function interrupt is not available in the 64-pin package. I

Serial I/0O is configured with five channels: UARTO to UART2, SI/O3 and SI/O4.

14.1 UARTI (i=0 to 2)

UARTI each have an exclusive timer to generate a transfer clock, so they operate independently of each
other.

Figure 14.1 shows the block diagram of UARTI. Figures 14.2 and 14.3 shows the block diagram of the
UARTI transmit/receive.

UARTI has the following modes:

* Clock synchronous serial I/O mode

* Clock asynchronous serial I/O mode (UART mode).

« Special mode 1 (12C bus mode): UART2

» Special mode 2: UART2

« Special mode 3 (Bus collision detection function, IEBus mode): UART2
 Special mode 4 (SIM mode): UART2

Figures 14.4 to 14.9 show the UARTI-related registers.
Refer to tables listing each mode for register setting.
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fosio_POLKL=0
f1s1 /o—> f1s10 or f2si0
Main clock, PLL clock, S0
or on-chip oscillator clock PCLK1=1
1/8 > fasio
(UARTO) [y M
RxD0O ——O TxDo
Clock source selection UART reception Receive
Reception clock
%Ib};l o CLKO Clock synchronous control circuit "
f1s10 or f2si0 0 type ; Transmi
. 012, ! receive
f;;zllg 102 Q UART transmission_ ! Transmit unit
External —o L [Transmission control| ] clock
Clock synchronous circuit |
CKDIR=1 type
Clock synchronous type
(when internal clockis selected)
CKDIR=0|
Clock synchronous type ¢
CKPOL p (when external clock is selected)  cxpjr=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOO— reversing \]
circuit
CTS/IRTS selected CTS/RTS disabled
o o CRS=1 RTS0
CTS0/RTS0
CRs=0 ~ Vcc
l CTSIRTS disabled
CRD=1 CTSo
CTSo from UARTL ———0 CRD=0
RCSP=1
RxD1O O TxD1
Clock source selection UART reception o Receive
CLK1 to CLKO Reception clock
Clock synchronous_ 1 control circuit Transmit/
f1S10 or f2510 Internal CKOIR=0 U1BRG type i receive
= ' !
fesio — 5, o Q e~ UART t ission__ ! T it ot
ransmission ransmi
—
fazsio o © 1/(n1+1) : Transmission | | clock
External]  cKDIR=1 Clock synchronous control circuit [
Clock synchronous type
CKPOL (when external clock is selected) CKDIR=1
CLK Clock synchronous type
polarity _ (when internal clock is selected)
CLK1 O‘ reversing {(}CLKMDO 0 )/]
circuit \I
CLKMDO=1
Clock output I
pin select CTS/RTS selected  CTS/RTS disabled
CTS1/RTS1/ O CLKMD1=1 CRS=1 }/I RTS1
CTS0/ CLKS1 CLRMDI p—— <
Vcc
l CTSIRTS disabled _ . rsr
CRD=1 CSP=0
—

CRD=0 o——— CTSo from UARTO

(UART2) Rese=L

TXD
RxD polarity o
rcuit
UART reception Receive circui
Reception clock

control circuit

Clock source selection
CLK1 to CLKO

Clock synchronous |
f1s10 or f2si0

type ' | Transmit/

| receive
fesio —2° . unit
f32s10 UART transmission _ ! | Transmit

—o

Transmission | [ clock
External| CKDIR=1

control circuit |

.
Clock synchronous
type

Clock synchronous type
(when internal clock is selected)
CKDIR=0
Clock synchronous type Y
(when external clock is selected CKDIR=1
CKPOL Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 OA reversing
circuit \I
CTSIRTS CTS/RTS disabled
selected cpg-y RTS2
- o <
CTS2/RTS2 RS0
Vcce
l CTSIRTS disabled
CRD=1 CTS2
O-
CRD=0
i=0to2
ni: Values set to the UiBRG register
SMD2 to SMDO, CKDIR: Bists in the UIMR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in the UiCO register
CLKMDO, CLKMD1, RCSP: Bits in the UCON register
Figure 14.1 Block diagram of UARTi (i = 0to 2)
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Clock
synchronous type

PAR

UART (7 bits)
disabled

UART (8 bits)

Clock
synchronous

UART (7 bits)
type

RrxDi( )

o]
PAR PRYE=1 UART
enabled

UART (9 bits)
Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTIi receive register

0§D8|

|D7§D6§D5§D4§D3§D2§D1§Do|

UARTI receive
buffer register

Address 03A616

| MSB/LSB conversion circuit

| Address 03A716

Data bus high-order bits

Data bus low-order bits

==

Address 03AE16
Address 03AF16

| MSB/LSB conversion circuit

A

<>

[Ds |

|D7§D6§D5§D4§D3§D2§D1§Do|

UARTI transmit

UART (8 bits)
UART (9 bits)

Clock synchronous

UART (9 bits) |6

PAR
2SP STPS=1 enabled pRYE=1 UART
Q Q
SN
= PRYE=0| Clock -
STPS=0 synchronous UART (7 bits)
type UART (7 bits)
1spP PAR
disabled UART (8 bits)

Clock synchronous
type

UARTI transmit register

SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the UiIMR

buffer register

Address 03A216
Address 03A316
Address 03AA16
Address 03AB16

TxDi

Figure 14.2 Block diagram of UARTI (i = 0, 1) transmit/receive unit
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No reverse
I0POL=0

3 RxD data
I0POL=1

Reverse

Clock

synchronous type
UART
PAR N
disabled gAlat_?)
Clock . ] : i
syﬁihmnous (8 bits) UART(7 bits) UARTI receive register
type

Clock
synchronous type

PAR
enabled

(9 bits)

OOOOOOOD8| |D7§D6§D5§D4§D3§D2§D1§D0|

(-

| Logic reverse circuit + MSB/LSB conversion circuitl

]

Data bus high-order bits

Data bus low-order bits

G (A

[ Logic reverse circuit + MSB/LSB conversion circuit|

&

Y
|Ds| |D7§D6§D5§D4§D3§D2§D1ED0|

UART

(8 bits)

UART

(9 bits)

Clock
synchronous type

UART
PAR (9 bits)
2gp STPS=1  enabledppyp-1 UART
Q

)
)
STPS=0 PRYE=0| Clock
synchronous

type

UART
(7 bits)

UART(7 bits) UARTI transmit register

1SP PAR
disabled

UART2 receive
buffer register

( Address 037E1s)
Address 037F16

UART2 transmit
buffer register

( Address 037A16 )
Address 037B16

(8 bits)

Clock
synchronous type

Error signal output
U2ERE disable |OPOL Noreverse

_ Reverse
-1 srr]raoélzlgnal output =1 Verst
SP: Stop bit
PAR: Parity bit

U2ERE : Bits in the U2C1 register

=0 =0
Error signal TxD data TxD2
output circuit reverse circuit
E I0POL

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the U2MR register

Figure 14.3 Block diagram of UART2 transmit/receive unit
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UARTi Transmit Buffer Register (i=0 to 2)®)

(b15) (8) Symbol Address After Reset
b7 b0 b7 b0 uoTB 03A316-03A216 Undefined
|><|><|><|><|><|><|><| | | U1TB 03AB16-03AA16 Undefined
u2TB 037B16-037A16 Undefined
Function RW
T SO Transmit data WO
e Nothing is assigned. If necessary, set to 0. _
When read, their contents are undefined
NOTES:
1. Use MOV instruction to write to this register.
UARTI Receive Buffer Register (i=0 to 2)
(b15) (b8) Symbol Address After Reset
b7 b0 b7 B0 UORB 03A716-03A616 undefined
LT ] | DXIX | | uirs 03AF15-03AE 15 undefined
' — T T U2RB 037F16-037E16 undefined
Pl 5 Bit Bit Name Function RW
oo Symbol
heeeeed (b7-b0) E— Receive data (D7 to Do) RO
Fromrmommmoemeoeeed 9 _— Receive data (Ds) RO
; A _________________________ — | Nothing is assigned. If necessary, set to 0.
Pl (b10-b9) | When read, their contents are undefined —
. Arbitration lost 0 : Not detected
ABT detecting flag 1 : Detected RW
R OER  |Overrun error flag® 0 No overrun error RO
1: Overrun error found
. 0 : No framing error
........................................ 1)
FER Framing error flag 1 - Framing error found RO
. 0 : No parity error
............................................. (1)
PER [Parity error flag 1 - Parity error found RO
0 : No error
------------------------------------------------ 1)
SUM  |Error sum flag 1+ Error found RO

NOTES:
1. When the SMD2 to SMDO bits in the UiMR register are set to 0002 (serial I/O disabled) or the RE bit in the UiC1 register is set to
0 (reception disabled), all bits SUM, PER, FER and OER are set to O (no error). The SUM bit is set to 0 (no error) when all of the
PER, FER and OER bits are set to 0 (no error). Also, bits PER and FER are set to 0 by reading the lower byte of the UiRB
register.
2. The ABT bit is set to 0 by setting to 0 by program. (Writing 1 has no effect.) Nothing is assigned at the bit 11 in the UORB and
U1RB registers. If necessary, set to 0. When read, its content is 0.

UARTi Baud Rate Generation Register (i=0 to 2)(.2.3)

b7 b0 Symbol Address After Reset
UOBRG 03A1l16 Undefined
U1BRG 03A916 Undefined
U2BRG 037916 Undefined
Function Setting Range RW
L Assuming that set value = n, UiBRG divides 0016 to FF16 WO
""""""""""""""""""" the"count source by n + 1
NOTES:

1. Write to this register while serial 1/O is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
The transfer clock is shown below when the setting value in the UIBRG register is set as n.
(1) When the CKDIR bit in the UiMR register to O (internal clock)
« Clock synchronous serial /0 mode : fj/(2(n+1))
« Clock asynchronous serial /0 (UART) mode : fj/(16(n+1))
(2) When the CKDIR bit in the UiMR register to 1 (external clock)
« Clock synchronous serial /0 mode s fexr
« Clock asynchronous serial /0 (UART) mode  : fext/(16(n+1))
fj : f1SIO, f2SIO, f8SIO, f32SI0
fext : Input from CLKi pin
3. Set the UIiBRG register after setting bits CLK1 and CLKO in the registers UiCO.

Figure 14.4 UOTB to U2TB, UORB to U2RB, UOBRG to U2BRG Registers
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UARTI Transmit/receive Mode Register (i=0, 1)

b7 b6 b5 b4 b3 b2 bl bo

00 1: Clock synchronous serial I/0O mode
..... SMD1 100 : UART mode transfer data 7 bit long RW

Symbol Address After Reset
| 0| | | | | | | | UOMR, UIMR 03A016, 03A816 0016
L T _ _
' b | symbol Bit Name Function RW
: Pl L] SMDO |ger i [ _
: A ?Srlal 110 mode select bit [ 4 5 ¢ - Serial 1/O disabled RW

10 1: UART mode transfer data 8 bit long

P SMD2 11 0: UART mode transfer data 9 bit long

Do not set the value other than the above RW
[CER—— CKDIR | Internal/external clock 0 : Internal clock RW
: Vo select bit 1: External clock ()

' eneeenee e STPS  |stop bit length select bit | O - One stop bit RW

1: Two stop bits

b PRY  |Odd/even parity select bit | Effective when PRYE = 1

[ 0 : Odd parity RW
1: Even parity
O CLRTEERRERRRR PRYE |Parity enable bit 0 : Parity disabled RW
1 : Parity enabled
L (b_7) Reserve bit Setto 0 RW
NOTES:

1. Set the corresponding port direction bit for each CLKi pin to O (input mode).

2. To receive data, set the corresponding port direction bit for each RxDi pin to 0.

UART2 Transmit/receive Mode Register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | Symbol Address After Reset
U2MR 037816 0016
i i . ~
: bt 01| symbol Bit Name Function RW
T A N ey e
: A Serial l/0 mode select bit | 0.0 0 Serial 1/0 disabled RW
H A 00 1: Clock synchronous serial /O mode
[ SMD1 010: 12C bus mode(3)
100 : UART mode transfer data 7 bit long RW
H H 101 : UART mode transfer data 8 bit long
RERRRE, SMD2 110 : UART mode transfer data 9 bits long RW
Do not set the value other than the above
[ S CKDIR |[Internal/external clock 0 : Internal clock RW
select bit 1: External clock (1)
H R . . 0 : One stop bit
' ' STPS |Stop bit length select bit
: : p bi 9 : 1: Two stop bits RW
T PRY |Odd/even parity select bit | Effective when PRYE =1
' 0 : Odd parity RW
1: Even parity
P PRYE |Parity enable bit 0: Parity disabled RW
1: Parity enabled
O JjoPOL |TxD, RxD I/O polarity 0 : No reverse RW
reverse bit 1: Reverse

NOTES:
1. Set the corresponding port direction bit for each CLK2 pin to 0 (input mode).
2. To receive data, set the corresponding port direction bit for each RxD2 pin to O (input mode).
3. Set the corresponding port direction bit for SCL2 and SDA2 pins to 0 (input mode).

Figure 14.5 UOMR to U2MR Registers
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NOTES:

w N =

o

No

b7 b6 b5 b4 b3 b2 bl bo

UARTI Transmit/receive Control Rregister O (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset

| | | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
. Poi| it . .
o | symbol Bit Name Function RW
. P b0
i '] CLKO | BRG count source 00 : f1sio or f2sio is selected RW
HE : select bit 01:fssio is selected
.. cwka 10: fa2sio is selected RW
11: Do not set
E E E ________ CRS CTS/RTS function Effective when CRD is set to 0
select bit (3 0 : CTS function is selected (1) RW
1: RTS function is selected
o TXEPT | Transmit register empty |0 : Data present in transmit register (during transmission)
HE flag 1 : No data present in transmit register RO
(transmission completed)
Pl CRD | CTS/RTS disable bit [0 : CTS/RTS function enabled
E E E --------------- 1: CTS/RTS function disabled RW
o (P60, P64 and P73 can be used as I/O ports)®
R NCH | Data output select bit® |0 : TXD2/SDA2 and SCLi pins are CMOS output RW
v 1: TxD2/SDA2 and SCLi pins are N-channel open-drain output®)
CKPOL | CLK polarity select bit 0 : Transmit data is output at falling edge of transfer clock
R, and receive data is input at rising edge RW
' 1: Transmit data is output at rising edge of transfer clock
and receive data is input at falling edge
_________________________ UFORM |Transfer format select bit |0 : LSB first RW

1: MSB first

NOTES:

fommmmm——————

UART Transmit/receive Control Register 2

. Set the corresponding port direction bit for each CTSi pin to 0 (input mode).
. Effective when bits SMD2 to SMDO in the UMR register to 0012 (clock synchronous serial I/O mode) or 0102 (UART mode transfer
data 8 bits long). Set the UFORM bit to 1 when bits SMD2 to SMDO are set to 1012 (I2C bus mode) and 0 when they are set to 1002.
. CTS1/RTS1 can be used when the CLKMD1 bit in the UCON register is set to 0 (only CLK1 output) and the RCSP bit in the UCON
register is set to 0 (CTS0/RTS0 not separated).
SDA2 and SCL2 are effective when i = 2.
. When bits SMD2 to SMD in the UiMR regiser are set to 0002 (serial I/O disable), do not set NCH bit to 1 (TxDi/SDA2 and SCL2 pins
are N-channel open-drain output).
When the UIMAP bit in PACR register is 1 (P73 to P70), P70 functions as CTS/RTS pin in UARTL.
When the CLK1 and CLKO bit settings are changed, set the UiBRG register.

Symbol Address After Reset
| UCON 03BO016 X00000002
Bit Bit Name Function RW
Symbol
UOIRS |UARTO transmit interrupt| O : Transmit buffer empty (Tl = 1)
cause select bit 1: Transmission completed (TXEPT = 1) RW
U1IRS |UARTL1 transmit 0 : Transmit buffer empty (TI = 1) RW
interrupt cause select 1: Transmission completed (TXEPT = 1)
UORRM |UARTO continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enable
U1RRM |UART1 continuous 0 : Continuous receive mode disabled
receive mode enable bit | 1 : Continuous receive mode enabled RW
CLKMDO [UART1 CLK/CLKS Effective when the CLKMD1 bit is set to 1
select bit 0 0 : Clock output from CLK1 RW
1: Clock output from CLKS1
CLKMD1|UART1 CLK/CLKS 0 : Output from CLK1 only
select bit 1 (1) 1 : Transfer clock output from multiple pins function selected RW
RCSP |Separate UARTO 0 : CTS/RTS shared pin (@) RW
CTS/RTS bit 1: CTS/RTS separated (P64 pin functions as CTSo pin )
J— Nothing is assigned. If necessary, set to 0.
(07)  [when read, the content is undefined -

1. When using multiple transfer clock output pins, make sure the following conditions are met:set the CKDIR bit in the UIMR
register to O (internal clock)
2. When the ULMAP bit in PACR register is set to 1 (P73 to P70), P70 pin functions as CTSo pin.

Figure 14.6 UOCO to U2C0 and UCON Registers
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UARTI Transmit/receive Control Register 1 (i=0, 1)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
UoC1, U1C1 03A516,03AD16 000000102
Bit . .
Bit Name Function RW
Symbol
TE Transmit enable bit 0 : Transmission disabled RW
1: Transmission enabled
T Transmit buffer 0 : Data present in UiTB register RO
empty flag 1: No data present in UiTB register
RE Receive enable bit 0 : Reception disabled RW
1 : Reception enabled
RI Receive complete flag 0 : No data present in UiRB register RO
1: Data present in UiRB register
— Nothing is assigned. _
(b7-b4) | If necessary, setto 0. When read, the content is 0
UART?2 Transmit/receive Control Register 1
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | u2c1 037D16 000000102
Bit Bit Name Function RW
Symbol
TE Transmit enable bit 0 : Transmission disabled
: 22 RW
1: Transmission enabled
TI Transmit buffer 0 : Data present in U2TB register RO
empty flag 1: No data present in U2TB register
RE Receive enable bit 0 : Reception disabled RW
1 : Reception enabled
RI Receive complete flag 0 : No data present in U2RB register RO
1: Data present in U2RB register
U2IRS | UART2 transmit interrupt | O : Transmit buffer empty (Tl = 1) RW
cause select bit 1: Transmit is completed (TXEPT = 1)
U2RRM | UART2 continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enabled
U2LCH | Data logic select bit 0: No reverse RW
' 1: Reverse
e U2ERE | Error signal output 0 : Output disabled RW
enable bit 1: Output enabled
Pin Assignment Control Register (1)
b7 b6 b5 b4 b3 b2 bl b0 Symbpl Address After Reset
zg Zg Zg zg PACR 025D16 0016
Vorob b | Bit Symbol Bit Name Function RW
Pl b b1 L] PACRO 010 : 64 pin RW
- H . . . 011: 80 pin
PACRL _ [Pin enabling bit All other values are reserved. Do |[RW
PACR2 not use. RW
Nothing is assigned.
bt ] Reserved bits If necessary, setto 0. When _
! (b6-b3) .
: read, the content is 0
UART1 pins assigned to
R E RS UIMAP  |UART1 pin remapping bit | 0: P67 to P64 RW
1:P73to P70
NOTE:
1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to 1(write enable).

Figure 14.7 UOC1 to U2C1 Register, and PACR Register
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UART?2 Special Mode Register
b7 b6 b5 b4 b3 b2 bl bo
I><| | | | o| | | Symbol Address After Reset
U2SMR 037716 X00000002
N Poi Bt i Functi RW
A i 1| symbol Bit Name unction
Pl | 0: Other than I12C bus mode
. HE 2
A Pt IICM [ 12C bus mode select bit 1 : 12C bus mode RW
[ A _| ABC | Arbitration lost detecting | O : Update per bit RW
flag control bit 1: Update per byte
BBS Bus busy flag 0 : STOP condition detected RV\;l)
I 1: START condition detected (busy)
] (b3) |Reserved bit Setto 0 RW
P _______________ Bus collision detect 0 : Rising edge of transfer clock
T ABSCS
Voo sampling clock select bit |1 : Underflow signal of timer AO RW
o ACSE | Auto clear function 0 : No auto clear function
Db e select bit of transmit 1 : Auto clear at occurrence of bus collision RW
[ enable bit
L sss Transmit start condition | 0 : Not synchronized to RxD2
select bit 1 : Synchronized to RxD2® RW
_________________________ (b_) Nothing is assigned. If necessary, setto 0. When read, the content is undefined
7 _
NOTES:
1: The BBS bit is set to 0 by writing 0 by program. (Writing 1 has no effect).
2: When a transfer begins, the SSS bit is set to 0 (Not synchronized to RxD2).
UART2 Special Mode Register 2
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
| | | U2SMR2 037616 X00000002
I HE Bit . .
v o Bit Name Function RW
HE 11| Symbol
1ICM2 12C bus mode select bit 2 | Refer to Table 14.13 RW
CSsC Clock-synchronous bit 0 : Disabled RW
oo T 1: Enabled
A SWC | SCL2 wait output bit 0 : Disabled RW
b 1: Enabled
_____________ ALS SDA2 output stop bit 0 : Disabled
[ 1: Enabled RW
P STAC | UART initialization bit 0 : Disabled RW
1: Enabled
LR EEEELEEE SWC2 | SCL2 wait output bit 2 0: Transfer clock RW
HE 1: “L” output
o SDHI | SDA2 output disable bit | 0: Enabled RW
1: Disabled (high impedance)
- Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7)  [when read, the content is undefined

Figure 14.8 U2SMR and U2SMR2 Registers
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bl b0

X

UART2 Special Mode Register 3

b7 b6 b5 b4 b3 b2

Symbol Address After Reset
U2SMR3 037516 000X0X0X2
Bit Bi ;
it Name Function RW
Symbol
- Nothing is assigned. If necessary, set to 0. _
(b0) | when read, the content is undefined
CKPH [ Clock phase set bit 0 : Without clock delay RW
1 : With clock delay
- Nothing is assigned. If necessary, set to 0. -
(b2) | When read, the content is undefined
NODC | Clock output select bit 0 : CLK2 is CMOS output
1: CLK2 is N-channel open drain output RW
- Nothing is assigned. If necessary, set to 0. _
(b4) When read, the content is undefined
DLO [ spA2 digital delay b7 b6 bS RW
setup bit 0 0 0: Without delay
1.2 0 0 1:1to 2 cycle(s) of U2BRG count source
DL1 0 1 0:2to 3 cycles of U2BRG count source
0 1 1:3to4cycles of U2BRG count source RW
1 0 0:4to5cycles of U2BRG count source
5 1 0 1:5t0 6 cycles of U2BRG count source
DL 1 1 0:6to 7 cycles of U2BRG count source RW
1 1 1:7to8cycles of U2BRG count source

NOTES:
1. Bits DL2 to DLO are used to generate a delay in SDA output by digital means during 12C bus mode. In other than 12C bus
mode,set these bits to 0002 (no delay).

2. The amount of delay varies with the load on pins SCL2 and SDA2. Also, when using an external clock, the amount of
delay increases by about 100 ns.

NOTE:

UART2 Special Mode Register 4

b7 b6 bS b4 b3 b2 bl b0
Symbol Address After Reset

| | | | . | | | U2SMR4 037416 0016
P b b Bit Bit Name Function RW
bbb | symbol
STAREQ | Start condition 0: Clear
o o generate bit (1) 1: Start RW
P N RSTAREQ [ Restart condition 0: Clear RW
o o generate bit ) 1: Start
o STPREQ | Stop condition 0: Clear
o : generate bit() 1: Start RW
____________ STSPSEL [ SCL2,SDA2 output 0 : Start and stop conditions not output RW
HE select bit 1 : Start and stop conditions output
T S ACKD | ACK data bit 0:ACK RW
. 1:NACK
S SERRRERELEEE ACKC | ACK data output 0 : Serial I/0 data output RW
enable bit 1: ACK data output
S SCLHI SCL2 output stop 0 : Disabled RW
enable bit 1: Enabled
: sSwc9 | SCL2 wait bit 3 0 : SCL2 “L” hold disabled RW
""""""""""""" 1:SCL2“L” hold enabled

1. Set to 0 when each condition is generated.

Figure 14.9 U2SMR3 and U2SMR4 Registers
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14.1.1 Clock Synchronous serial I/O Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 14.1
lists the specifications of the clock synchronous serial I/O mode. Table 14.2 lists the registers used in
clock synchronous serial I/O mode and the register values set.

Table 14.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock » The CKDIR bit in the UiIMR(i=0 to 2) register is set to 0 (internal clock) : fj/ (2(n+1))

fj = f1isi0, f2s10, f8sl0, f32s10. n: Setting value of UiIBRG register 0016 to FF16
* CKDIR bhitis set to 1 (external clock ) : Input from CLKi pin
Transmission, reception control « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition « Before transmission can start, the following requirements must be met @
- The TE bit in the UiC1 register is set to 1 (transmission enabled)
— The TI bit in the UiC1 register is set to 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition « Before reception can start, the following requirements must be met (1)
— The RE bit in the UiC1 register is set to 1 (reception enabled)
- The TE bit in the UiC1 register is set to 1 (transmission enabled)
— The TI bit in the UiC1 register is set to 0 (data present in the UiTB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing —The UIIRS bit ® is set to 0 (transmit buffer empty): when transferring data from the
UiTB register to the UARTI transmit register (at start of transmission)
— The UIIRS bit is set to 1 (transfer completed): when the serial 1/O finished sending
data from the UARTI transmit register
* For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error @
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the 7th bit in the the next data
Select function * CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
* | SB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
* Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
« Switching serial data logic (UART2)
This function reverses the logic value of the transmit/receive data
« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection
The UARTL1 pin can be selected from the P67 to P64 or P73 to P70

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register is set to 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the external
clock is in the high state; if the CKPOL bit in the UiCO register is set to 1 (transmit data output at the rising edge and the
receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in the UiRB register are undefined. The IR bit in the SiRIC register remains unchanged.

3. The UOIRS and U1IRS bits respectively are the bits 0 and 1 in the UCON register; the U2IRS bit is bit 4 in the U2C1 register.
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Table 14.2 Registers to Be Used and Settings in Clock Synchronous Serial /O Mode

Register Bit Function

uiTB® Oto7 Set transmission data

UIRB() Oto 7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set bit rate

UIMR®) | SMD2 to SMDO Set to 0012
CKDIR Select the internal clock or external clock
IOPOL(i=2) ¥ Setto 0

UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first

UiC1l TE Set this bit to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IrRs @ Select the source of UART2 transmit interrupt
U2RRM (D) Set this bit to 1 to use UART2 continuous receive mode
U2LCH G Set this bit to 1 to use UART2 inverted data logic
U2ERE @) Setto 0

U2SMR Oto7 Setto 0

U2SMR2 | Oto 7 Setto 0

U2SMR3 | 0to 2 Setto 0
NODC Select clock output mode
4t07 Setto 0

U2SMR4 | O0to7 Setto 0

UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, ULIRRM | Set this bit to 1 to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 is setto 1
CLKMD1 Set this bit to 1 to output UART1 transfer clock from two pins
RCSP Set this bit to 1 to accept as input the UARTO CTSo signal from the P64 pin
7 Setto O

NOTES:

1. Set bits 5 and 4 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and ULRRM are in the
UCON register.

2. Not all register bits are described above. Set those bits to 0 when writing to the registers in clock
synchronous serial /0 mode.

3. Set bits 7 and 6 in registers UOC1 and U1C1 to O.

4. Set the bit 7 in registers UOMR and U1MR to O.

i=0to 2
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Table 14.3 lists pin functions for the case where the multiple transfer clock output pin select function is
deselected. Table 14.4 lists the P64 pin functions during clock synchronous serial I/O mode.

Note that for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi
pin outputs an “H". (If the N-channel open-drain output is selected, this pin is in a high-impedance state.)

Table 14.3 Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)(®)

Pin Name

Function

Method of Selection

TxDi (i = 0 to 2)
(P63, P67, P70)

Serial data output

(Outputs dummy data when performing reception only)

RxDi
(P62, P66, P71)

Serial data input

Set the PD6_2 bit and PD6_6 bit in the PD6 register, and PD7_1 bit in the PD7
register to 0 (Can be used as an input port when performing transmission only)

CLKi
(P61, P65, P72)

Transfer clock output

Transfer clock input

Set the CKDIR bit in the UiMR register to 0

Set the CKDIR bit in the UiIMR register to 1
Set the PD6_1 bit and PD6_5 bit in the PD6 register, and the PD7_2 bit in the
PD7 register to 0

CTSI/RTSI
(P60, P64, P73)

CTS input

1/0 port

Set the CRD bit in the UiCO register to 0

Set the CRS bit in the UiCO register to 0

Set the PD6_0 bit and PD6_4 bit in the PD6 register is set to 0, the PD7_3 bit
in the PD7 register to 0

Set the CRD bit in the UiCO register to 0
Set the CRS bit in the UiCO register to 1

Set the CRD bit in the UiCO register to 1

NOTE:

1: When the ULIMAP bit in PACR register is 1 (P73 to P70), UART1 pin is assgined to P73 to P7o0.

Table 14.4 P64 Pin Functions(l)

Bit Set Value
Pin Function U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4

P64 1 — 0 0 — Input: 0, Output: 1
CTS1 0 0 0 0 — 0

RTS1 0 1 0 0 — |—

CTSo0( 0 0 1 0 — 0

CLKS1 - - — 10) 1 —

NOTES:

1. When the ULIMAP bit in PACR register is 1 (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to 0 (CT00/RT00 enabled) and the CRS bit in the
UOCO register to 1 (RTSo selected).
3. When the CLKMD1 bit is set to 1 and the CLKMDO bit is set to 0, the following logic levels are output:
* High if the CLKPOL bit in the U1CO register is set to 0
* Low if the CLKPOL bit in the U1CO register is set to 1
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(1) Example of Transmit Timing (Internal clock is selected)

Tc

Transfer clock

14. Serial 1/0

1 :
UiC1 register J :
TE bit 0 :Write data to the UiTB register

UiC1 register 1 ‘
TI bit 4>\

Transferred from UiTB register to UARTI transmit register

= UL = L

Stopped pulsing because CTSi = “H”

L

Stopped pulsing because the TE bit = 0
CLKi

PPEEREE PEEREERE POEEEEE

UiCO register 1 —I |_| I—I l_
TXEPT bit 0

ISF;TILE register (1) '—| '_l l_l

T N /

Cleared to “0” when interrupt request is accepted, or cleared to 0 by program
Tc=TCLK=2(n+1)/fj

fj: frequency of UIBRG count source (f1SI0, f2sI0, f8SI0, f32S10)

n: value set to UiIBRG register
i:0to2

The above timing diagram applies to the case where the register bits are set as follows:
» The CKDIR bit in the UiMR register is set to O (internal clock) _
« The CRD bit in the UiCO register is set to 0 (CTS/RTS enabled); CRS bit is set to 0 (CTS selected)
* The CKPOL bit in the UiCO register is set to O (transmit data output at the falling edge and receive data taken in at the rising edge of the
transfer clock)
« The UIiIRS bit is set to O (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the bit O in the UCON register
U1IRS bit is the bit 1 in the UCON register, and U2IRS bit is the bit 4 in the U2C1 register.

(2) Example of Receive Timing (External clock is selected)

1
UiC1 register
RE bit 0 J

1
UiC1 register ) ) .
TE bit 0 Write dummy data to UiTB register
UiC1 register 1 | q;‘ 4>\
Tl bit 0 ;

e
RTSi I I_I Even if the reception is completed, the RTS
“Lr does not change. The RTS becomes “L”

b e 1 e ¥~ when the RI bit changes to 0 from 1.
Q

CLKi

RxDi

Transferred from UARTI receive register Read out from UiRB register
to UiRB register

UiC1 register
RI bit 0

SiRIC register 1 |
IR bit 0
o

Cleared to 0 when interrupt request is
accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
* The CKDIR bit in the UiMR register is set to 1 (external clock) * UiCO register TE bit is set to 1 (transmit enabled)
* The CRD bit in the UiCO register is set to 0 (CTS/RTS enabled); « UiCO register RE bit is set to 1 (Receive enabled)
The CRS bitis set to 1 (RTS selected) » Write dummy data to the UiTB register

« UiCO register CKPOL bit is set to O (transmit data output at the falling edge and
receive data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

Figure 14.10 Typical transmit/receive timings in clock synchronous serial /O mode
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14.1.1.1 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in clock synchronous serial I/O mode,
follow the procedures below.
*Resetting the UIRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 0002 (Serial /0 disabled)
(3) Set bits SMD2 to SMDO in the UiMR register to 0012 (Clock synchronous serial /0O mode)
(4) Set the RE bit in the UiC1 register to 1 (reception enabled)

*Resetting the UiTB register (i=0 to 2)
(1) Set bits SMD2 to SMDO in the UiMR register to 0002 (Serial 1/0 disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 0012 (Clock synchronous serial /O mode)
(3) 1 is written to TE bit in the UiC1 register (reception enabled), regardless to the TE bit.
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14.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i=0 to 2) to select the transfer clock polarity. Figure 14.11
shows the polarity of the transfer clock.

(1) When the CKPOL bit in the UiCO register is set to 0 (transmit data output at the falling edge
and the receive data taken in at the rising edge of the transfer clock)

CLKi | @
TXDi XDoXmioz!imXMXDsXDeXm
RXDi X Do X b1 X D2 X b3 X pa X _ps X _ps X_D7

(2) When the CKPOL bit in the UiCO register is set to 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

CLKi (3)
TXDi XDo)'!(DlX%leXmXDsXDeXm

RXDi X_Do X b1 X_p2 X D3 X pa X _bs X D X_D7

i=0t02

NOTES:

1. This applies to the case where the UFORM bit in the UiCO register is set to 0 (LSB first) and the
UILCH bit in the UiC1 register is set to 0 (no reverse).
2. When not transferring, the CLKi pin outputs a high signal.

Figure 14.11 Polarity of transfer clock

14.1.1.3 LSB First/MSB First Select Function
Use the UFORM bit in the UiCO register (i=0 to 2) to select the transfer format. Figure 14.12 shows
the transfer format.

(1) When the UFORM bit in the UiCO register 0 (LSB first)

CLKi
TXDi X bo X b1 X b2 X D3 X Da X Ds X D6 X D7
RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM bit in the UiCO register is set to 1 (MSB first)

CLKi
TXDi X b7 X b6 X Ds X Da X b3 X b2 X b1 X Do
RXDi X b7 X D6 X D5 X Da X D3 X D2 X D1 X Do

i=0to2

NOTE:
1. This applies to the case where the CKPOL bit in the UiCO register is set to 0 (transmit data output at
the falling edge and the receive data taken in at the rising edge of the transfer clock) and the
UILCH bit in the UiC1 register 0 (no reverse).

Figure 14.12 Transfer format
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14.1.1.4 Continuous receive mode
When the UiRRM bit (i=0 to 2) is set to 1 (continuous receive mode), the Tl bit in the UiC1 register is
set to 0 (data present in the UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit is
set to 1, do not write dummy data to the UiTB register in a program. The UORRM and U1RRM bits are

the bit 2 and bit 3 in the UCON register, respectively, and the U2RRM bit is the bit 5 in the U2C1
register.

14.1.1.5 Serial data logic switch function (UART2)
When the U2LCH bit in the U2C1 register is set to 1 (reverse), the data written to the U2TB register
has its logic reversed before being transmitted. Similarly, the received data has its logic reversed
when read from the U2RB register. Figure 14.13 shows serial data logic.

(1) When the U2LCH bit in the U2C1 register is set to 0 (no reverse)

e e En N Bl Ha i N a—
TxD2 "H”
(o reversey - (D0 Y D1 \ D2 § D3 Y D4 Y D5 X D6 | D7

(2) When the U2LCH bit in the U2C1 register is set to 1 (reverse)

st L1 LU
s R o

NOTE:
1. This applies to the case where the CKPOL bit in the U2CO register is set to O (transmit data

output at the falling edge and the receive data taken in at the rising edge of the transfer
clock) and the UFORM bit is set to O (LSB first).

Figure 14.13 Serial data logic switch timing

14.1.1.6 Transfer clock output from multiple pins function (UART1)
The CLKMD1 to CLKMDO bits in the UCON register can choose one from two transfer clock output
pins. (See Figure 14.14) This function is valid when the internal clock is selected for UARTL.

MCU

TxD1 (P67)

CLKS1 (P64)

CLK1 (P65) fF—— IN IN

CLK CLK
Transfer enabled Transfer enabled
when the CLKMDO when the CLKMDO
bit in the UCON bit in the UCON
register is setto 0 register is setto 1

NOTES:
1. This applies to the case where the CKDIR bit in the ULMRregister is set to O (internal clock) and
the CLKMD1 bit in the UCON register is set to 1 (transfer clock output from multiple pins).
2. This applies to the case where ULIMAP bit in PACR register is set to 0 (P67 to P64).

Figure 14.14 Transfer Clock Output From Multiple Pins
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14.1.1.7 CTS/RTS separate function (UARTO)
This function separates CTS0/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin or P70 pin. To use this function, set the register bits as shown below.
» The CRD bit in the UOCO register is set to 0 (enables UARTO CTS/RTS)
» The CRS bit in the UOCO register is set to 1 (outputs UARTO RTS)
» The CRD bit in the U1CO register is set to 0 (enables UART1 CTS/RTS)
+ The CRS bit in the U1CO register is set to 0 (inputs UART1 CTS)
» The RCSP bit in the UCON register is set to 1 (inputs CTSo from the P64 pin or P70 pin)
» The CLKMD1 bit in the UCON register is set to 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.

MCU IC
TxDo (P63) 1 [N

RXDo (P62) |- ouT

CLKo (P61) P CLK

RTSo (P60) - CTS

CTSo (P64) |- RTS

NOTE:
1. This applies to the case where the ULMAP bit in the PACR register is set to 0 (P67 to P64).

Figure 14.15 CTS/RTS separate function usage
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14.1.2 Clock Asynchronous Serial I/O (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer data
format. Tables 14.5 lists the specifications of the UART mode.

Table 14.5 UART Mode Specifications
Item Specification
Transfer data format  Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bit: Selectable from 1 or 2 bits
Transfer clock » The CKDIR bit in the UIMR(i=0 to 2) register is set to O (internal clock) : fj/ (16(n+1))
fj = f1s10, f2si0, f8slo, f32s10. n: Setting value of UIBRG register 0016 to FF16
* CKDIR bit is set to 1 (external clock ) : fExT/16(n+1)
fEXT: Input from CLKi pin. n :Setting value of UIBRG register 0016 to FF16
Transmission, reception control | « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition | < Before transmission can start, the following requirements must be met
— The TE bit in the UiC1 register is set to 1 (transmission enabled)
— The TI bit in the UiC1 register is set to 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition « Before reception can start, the following requirements must be met"
- The RE bit in the UiC1 register is set to 1 (reception enabled)
— Start bit detection
« For transmission, one of the following conditions can be selected
Interrupt request - The UIiIRS bit @ is set to 0 (transmit buffer empty): when transferring data from the
UITB register to the UARTI transmit register (at start of transmission)
- The UIIRS bit is set tol (transfer completed): when the serial 1/O finished sending
data from the UARTI transmit register
 For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error @)
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit in the the next data
 Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
This error occurs when if parity is enabled, the number of 1 in parity and
character bits does not match the number of 1 set
* Error sum flag
This flag is set to 1 when any of the overrun, framing, and parity errors is encountered
Select function * | SB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
* Serial data logic switch (UART2)
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.
* TXD, RXD I/O polarity switch (UART2)
This function reverses the polarities of hte TXD pin output and RxD pin input. The
logic levels of all I/O data is reversed.
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection
The UARTL1 pin can be selected from the P67 to P64 or P73 to P70

generation timing

NOTES:
1. If an overrun error occurs, bits 8 to 0 in the UiRB register are undefined. The IR bit in the SiRIC register remains unchange.
2. Bits UOIRS and U1IRS respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 14.6 Registers to Be Used and Settings in UART Mode

Register Bit Function
UiTB 0to 8 Set transmission data (1)
UiRB Oto 8 Reception data can be read
OER,FER,PER,SUM| Error flag
UiBRG Oto7 Set bit rate
UiIMR SMD2 to SMDO Set these bits to 1002 when transfer data is 7 bits long
Set these bits to 1012 when transfer data is 8 bits long
Set these bits to 1102 when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL(i=2) ¥ Select the TXD/RxD input/output polarity
uico CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to 0 when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to 1 to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS @ Select the source of UART2 transmit interrupt
U2RRM (@ Setto 0
UiLCH ® Set this bit to 1 to use UART2 inverted data logic
UIiERE () Setto 0
UiSMR Oto7 Setto O
UiSMR2 Oto7 Setto O
UiSMR3 Oto7 Setto 0
UiSMR4 Oto7 Setto O
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM Setto 0
CLKMDO Invalid because CLKMDL1 is set to 0
CLKMD1 Setto 0
RCSP Set this bit to 1 to accept as input the UARTO CTSo signal from the P64 pin
7 Setto O

NOTES:
1. The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long;
bits 7 to 0 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
2. Set bits 5 and 4 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM and U1RRM are
included in the UCON register.
3. Set bits 7 and 6 in registers UOC1 and U1C1 to O.
4. Set the bit 7 in registers UOMR and U1MR to O.
i=0 to 2
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Table 14.7 lists the functions of the input/output pins in UART mode. Table 14.8 lists the P64 pin func-
tions during UART mode. Note that for a period from when the UARTI operation mode is selected to when
transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pinis in a
high-impedance state.)

Table 14.7 1/O Pin Functions in UART mode®

Pin Name Function Method of Selection
TxDi (i = 0 to 2) | Serial data output (Outputs "H" when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6_2 bit, PD6_6 bit in the PD6 register and the PD7_1 bit in the PD7 register
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port Set the CKDIR bit in the UiMR register to 0
(P61, P65, P72) . Set the CKDIR bit in the UiMR register to 1
Transfer clock input Set the PD6_1 bit and PD6_5 bit in the PD6 register to 0, PD7_2 bit in the PD7
register to O
CTSi/RTSI CTS input Set the CRD bit in the UiCO register to 0

Set the CRS bit in the UiCO register to 0
Set the PD6_0 bit and PD6_4 bit in the PD6 register to 0, the PD7_3 bit in the
PD7 register 0

(P60, P64, P73)

RTS output Set the CRD bit in the UiCO register to 0
_____________________ Setthe CRSbitinthe UiCOregistertol ]
Input/output port Set the CRD bit in the UiCO register 1

NOTE:
1. When the UIMAP bit in PACR register is set to 1 (P73 to P70), UART1 pin is assgined to P73 to P7o0.

Table 14.8 P64 Pin Functions in UART mode )

Bit Set Value
Pin Function U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 —
CTS0®@ 0 0 1 0 0
NOTES:

1. When the ULIMAP bit in PACR register is 1 (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to 0 (CTS0o/RTSo enabled) and the
CRS bit in the UOCO register to 1 (RTSo selected).
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« Example of transmit timing when transfer data is 8-bit long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked.
Te The transfer clock starts as the transfer starts immediately CTSi changes to “L”.

= s
Transfer clock H_H

UiC1 register

TE bit ! J |
0 Write data to the UiTB register

UiC1 register X

Tl bit 1
Transferred from UiTB register to UARTI transmit register

-
CTSi ‘

Sto:jped pulsing

Skt)zgtrt P%(ity glttop because the TE bit
i i i ="0"
0l STAOKOXLXOKOKONLXOKPY 57 \TAXLKOKOHOXCHNHONKP V5P
UiCO register 1 :
TXEPT bit

0

SiTIC register 1 I I
IR bit 0

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits Tc=16(n+1)/fjor16 (n+ 1)/ fexr

are set as follows: fj: frequency of UIBRG count source (f1SI0, f2S10, f8SI0, f32S10)
* Set the PRYE bit in the UIMR register to 1 (parity enabled) fEXT: frequency of UIBRG count source (external clock)
« Set the STPS bit in the UiIMR register to 0 (1 stop bit) n: value set to UIBRG
« Set the CRD bit in the UiCO register to 0 (CTS/RTS enabled), i=0to2

the CRS bit to 0 (CTS selected).
« Set the UIIRS bit to 1 (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

« Example of transmit timing when transfer data is 9-bit long (parity disabled, two stop bits)
Tc

e
Uiy i

Write data to the UiTB register | l_

Transfer clock

1
UiC1 register J

TE bit 0
'lI'JIi%ilt register 1 —|
0 Transferred from UiTB register to UARTI
transmit register
Start Stop Stop
bit bit bit

ol N\STARKONLXOKOXKOKONY 57 5P \STALNL KON LN KON KK 5P 5P
UiCO register 1

TXEPT bit 0

%TAE register i 4[ 4[ :
N /

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits are Tc=16(n+1)/fjor16 (n + 1)/ fext

set as follows: o . ) o fj: frequency of UIBRG count source (f1SI0, f2SI0, f8Sl0, f32SI0)
* Set the PRYE bit in the UiMR register to 0 (parity disabled) fEXT: frequency of UIBRG count source (external clock)
* Set the STPS bit in the UiIMR register to 1 (2 stop bits) n: value set to UIBRG

* Set the CRD bit in the UiCO register to 1 (CTS/RTS disabled)
« Set the UiIRS bit to O (an interrupt request occurs when transmit buffer
becomes empty):
UOIRS hit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

i=0to2

Figure 14.16 Typical transmit timing in UART mode (UARTO, UART1)
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

source MR, A
source . .
UiC1 register 1 —I """
RE bit 0 )
- Stop bit
RXDi . D1 D7) \
Sampled “L”
Receive data taken in
Transfer clock ' | |
Reception triggered when transfer clock Transferred from UARTI receive ' Read out from
UiC1 register 1 is generated by falling edge of start bit register to UiRB register \H/ UIRB register
RI bit 0 R 1
RTSi [' !
SiRIC register 1 :|—|
IR bit 0

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits are set as follows:
* Set the PRYE bit in the UIMR register to 0 (parity disabled)
« Set the STPS bit in the UiMR register to 0 (1 stop bit) o
« Set the CRD bit in the UiCO register to 0 (CTSI/RTSi enabled), the CRS bit to 1 (RTSi selected)
i=0to2

A

Figure 14.17 Receive Operation

14.1.2.1 Bit Rates
In UART mode, the frequency set by the UIBRG register (i=0 to 2) divided by 16 become the bit rates.
Table 14.9 lists example of bit rate and settings.

Table 14.9 Example of Bit Rates and Settings

Bit Rate | Count Source Peripheral Function Clock : 16MHz | Peripheral Function Clock : 20MHz
(bps) of BRG Set Value of BRG : n |Actual Time (bps) | Set Value of BRG : n | Actual Time (bps)
1200 f8 103(67h) 1202 129(81h) 1202
2400 f8 51(33h) 2404 64(40h) 2404
4800 f8 25(19h) 4808 32(20h) 4735
9600 fl 103(67h) 9615 129(81h) 9615
14400 fl 68(44h) 14493 86(56h) 14368
19200 fl 51(33h) 19231 64(40h) 19231
28800 fl 34(22h) 28571 42(2Ah) 29070
31250 fl 31(1Fh) 31250 39(27h) 31250
38400 fl 25(19h) 38462 32(20h) 37879
51200 fl 19(13h) 50000 24(18h) 50000
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14.1.2.2 Counter Measure for Communication Error

If a communication error occurs while transmitting or receiving in UART mode, follow the procedure
below.

* Resetting the UiRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set the RE bit in the UiC1 register to 1 (reception enabled)

* Resetting the UIiTB register (i=0 to 2)

(1) Set bits SMD2 to SMDO in UiMR register 0002 (Serial I/O disabled)

(2) Set bits SMD2 to SMDO in UiMR register 0012, 1012, 1102

(3) 1is written to TE bit in the UiC1 register (reception enabled), regardless of the TE bit

14.1.2.3 LSB First/MSB First Select Function

As shown in Figure 14.18, use the UFORM bit in the UiCO register to select the transfer format. This
function is valid when transfer data is 8 bits long.

(1) When the UFORM bit in the UiCO register is set to 0 (LSB first)

e L L)L L
TXDi ST A Do X D1 X D2 X D3 X Da X Ds X D6 X D7 X P Y sp
RXDi sT A po X b1 X D2 X D3 X Da X D5 X Ds X D7 X P ) spP

(2) When the UFORM bit in the UiCO register is set to 1 (MSB first)

xoi  \ ST A b7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P Y sP
RDi \.ST A b7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P Y sp

ST : Start bit
P : Parity bit
SP : Stop bit
i=0to2

NOTE:

1. This applies to the case where the CKPOL bit in the UiCO register is set to O (transmit data output at the
falling edge and the receive data taken in at the rising edge of the transfer clock), the UILCH bit in the UiC1
register is set to 0 (no reverse), the STPS bit in the UiMR register is set to 0 (1 stop bit) and the PRYE bit in
the UiMR register is set to 1 (parity enabled).

Figure 14.18 Transfer Format
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14.1.2.4 Serial Data Logic Switching Function (UART2)
The data written to the U2TB register has its logic reversed before being transmitted. Similarly, the
received data has its logic reversed when read from the U2RB register. Figure 14.19 shows serial
data logic.

(1) When the U2LCH bit in the U2C1 register is setto O (no reverse)

Transfer clock ™

IR

(norev—I;)r(sDei T \STI(DOXDlXDZXDSXD4XD5XD6XD7X P )ISP

(2) When the U2LCH bit in the U2C1 register is set 1 (reverse)

LrLrrur L L

\ ST { D0 \ DI \ Dz \ D3 | D4 \ D5 |\ D6 J D7 A P ) SP

Transfer clock

TxD2
(reverse)

w
W
.
W

NOTE: ST: Start bit
1. This applies to the case where the CKPOL bit in the U2CO register is set to 0 P: Parity bit
(transmit data output at the falling edge of the transfer clock), the UFORM bit in SP: Stop bit
the U2CO register is set to 0 (LSB first), the STPS bit in the U2MR register is set
to 0 (1 stop bit) and the PRYE bit in the U2MR register is set to 1 (parity

Figure 14.19 Serial Data Logic Switching

14.1.2.5 TxD and RxD I/O Polarity Inverse Function (UART2)
This function inverses the polarities of the TxD2 pin output and RxD2 pin input. The logic levels of all
input/output data (including the start, stop and parity bits) are inversed. Figure 14.20 shows the TxD
pin output and RxD pin input polarity inverse.

(1) When the IOPOL bit in the U2MR register is set to 0 (no reverse)

Transfer clock :’

(norevEr(Eei ‘f,'zf,' \ ST (D0 YD1 Y D2 \ D3 Y D4 \ D5 D6 \D7 Y\ P JSP

z

RxD2

ot \ ST X DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P X SP

(2) When the IOPOL bit in the U2MR register is set to 1 (reverse)

L
TxD2 W'
(reve)r(se§ QL /ST‘(WXHXUZXWXMXEXD_EXBTXP-)\SP
RxD2 ..  [ST \DO ) DI ) Dz ) D3 ) D4 ) D5) D6 ) D7) P )SP
(reverse)
NOTE: ST: Stgrt bjt
1. This applies to the case where the UFORM bit in the U2CO register is set P Parity bit

to 0 (LSB first), the STPS bit in the U2MR register is set to 0 (1 stop bit) SP: Stop bit

and the PRYE bit in the U2MR register is set to 1 (parity enabled).

Figure 14.20 TxD and RxD I/O Polarity Inverse
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14.1.2.6 CTS/RTS Separate Function (UARTO)
This function separates CTS0/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo

from the P64 pin or P70 pin. To use this function, set the register bits as shown below.

» The CRD bit in the UOCO register is set to 0 (enables UARTO CTS/RTS)
» The CRS bit in the UOCO register is set to 1 (outputs UARTO RTS)

» The CRD bit in the U1CO register is set to 0 (enables UART1 CTS/RTS)
+ The CRS bit in the U1CO register is set to 0 (inputs UART1 CTS)

» The RCSP bit in the UCON register is set to 1 (inputs CTSo from the P64 pin or P70 pin)
» The CLKMD1 bit in the UCON register is set to 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.

MCU IC
TxDo (P63) IN

RXDo (P62) [ ouT

RTSo (P60) CTS

CTSo (P64) [t RTS

NOTE:
1. This applies to the case where the ULMAP bit in the PACR register is set to 0 (P67 to P64).

Figure 14.21 CTS/RTS Separate Function
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14.1.3 Special Mode 1 (I2C bus mode)(UART2)
I2C bus mode is provided for use as a simplifed 12C bus interface compatible mode. Table 14.10 lists the
specifications of the 12C bus mode. Tables 14.10 and 14.11 list the registers used in the 12C bus mode
and the register values set. Table 14.13 lists the 12C bus mode fuctions. Figure 14.22 shows the block
diagram for 12C bus mode. Figure 14.23 shows SCL2 timing.

As shown in Table 14.11, the MCU is placed in 12C bus mode by setting bits SMD2 to SMDO to 0102 and
the IICM bit to 1. Because SDA2 transmit output has a delay circuit attached, SDA output does not
change state until SCL2 goes low and remains stably low.

Table 14.10 12C bus mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock  During master

the CKDIR bit in the U2MR register is set to 0 (internal clock) : fj/ (2(n+1))
fj = f1s10, f2sl0, f8sl0, f32s10. n: Setting value in the U2BRG register 0016 to FF16
* During slave
CKDIR bit is set to 1 (external clock ) : Input from SCL2 pin
Transmission start condition | * Before transmission can start, the following requirements must be met (1)
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The TI bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met (1)
- The RE bit in the U2C1 register is set to 1 (reception enabled)
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The TI bit in the U2C1 register is set to 0 (data present in the UiTB register)

Interrupt request When start or stop condition is detected, acknowledge undetected, and acknowledge
generation timing detected
Error detection « Overrun error (@)

This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the 8th bit in the the next data
Select function * Arbitration lost
Timing at which the ABT bit in the U2RB register is updated can be selected
» SDA digital delay
No digital delay or a delay of 2 to 8 U2BRG count source clock cycles selectable
* Clock phase setting
With or without clock delay selectable

NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in the high
state.
2. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC
register remains unchange.
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Start and stop condition generation block
SDA2 O+ STSPSEL=1 » DMAO, DMAL request
SDASTSP
—{SCLsTsP
— licM2=1
Transmission UART?2 transmit,
register 0 NACK interrupt
UART2 IICM=1 and request
1ICM2=0
ALS
Arbitration > DMAO
> Noise
Filter
lIcCM2=1 )
Reception register | UART2 receive,
ACK interrupt request,
0
UART2 \oveiang  DMAL request
Start condition liCM2=0
detection I_
Bus
l’ R busy
Stop condition ! NACK
detection
—
P Q
Falling edge T
detection
sCL2 b o
IICM=0 Port register T ACK
1/O port 1) 9th bit
Internal clock
||UART o oswez| | ek ‘ Start/stop condition
STSPSEL=1| External control detection interrupt
Noise clock request
Filter UART2
This diagram applies to the case where bits SMD2 to SMDO in the U2MR register is set to 0102 and the IICM bit in the U2SMR register
issetto 1.
IICM: Bit in the U2SMR register
IICM2, SWC, ALS, SWC2, SDHI: Bits in the U2SMR2 register
STSPSEL, ACKD, ACKC: Bits in the U2SMR4 register
NOTE:
1. If the IICM bit is set to 1, the pin can be read even when the PD7_1 bit is set to 1 (output mode).

Figure 14.22 12C bus mode Block Diagram
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Table 14.11 Registers to Be Used and Settings in 12C bus mode (1) (Continued)

Register Bit Function
Master Slave
u2TB Oto7 Set transmission data Set transmission data
U2rRBMD [0to 7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
U2BRG [0to 7 Set bit rate Invalid
U2MRM[SMD2 to SMDO | Set to 0102 Set to 0102
CKDIR Setto O Setto 1
IOPOL Setto O Setto O
uU2Cco CLK1, CLKO Select the count source for the U2BRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Setto 1 Setto 1
NCH Setto 1 Setto 1
CKPOL Setto O Setto O
UFORM Setto 1 Setto 1
u2C1 TE Set this bit to 1 to enable transmission Set this bit to 1 to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to 1 to enable reception Set this bit to 1 to enable reception
RI Reception complete flag Reception complete flag
U2IRS Invalid Invalid
U2RRM, Setto 0 Setto 0
U2LCH, U2ERE
U2SMR |lICM Setto 1 Setto 1
ABC Select the timing at which arbitration-lost| Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Setto O Setto O
U2SMR2[ 1ICM2 Refer to Table 14.13 Refer to Table 14.13
CsC Set this bit to 1 to enable clock Setto 0
synchronization
SWC Set this bit to 1 to have SCL2 output Set this bit to 1 to have SCL2 output
fixed to L at the falling edge of the 9th fixed to “L” at the falling edge of the 9t
bit of clock bit of clock
ALS Set this bit to 1 to have SDA2 output Setto 0
stopped when arbitration-lost is detected
STAC Setto 0 Set this bit to 1 to initialize UART2 at
start condition detection
SWC2 Set this bit to 1 to have SCL2 output Set this bit to 1 to have SCL2 output
forcibly pulled low forcibly pulled low
SDHI Set this bit to 1 to disable SDA2 output Set this bit to 1 to disable SDA2 output
7 Setto O Setto O
U2SMR3|0, 2, 4 and NODC| Setto 0 Setto O
CKPH Refer to Table 14.13 Refer to Table 14.13
DL2 to DLO Set the amount of SDA2 digital delay Set the amount of SDA2 digital delay

NOTE:

1. Not all bits in the register are described above. Set those bits to 0 when writing to the registers in 12C bus mode.
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Table 14.12 Registers to Be Used and Settings in 12C bus Mode (2) (Continued)

Register Bit Function
Master Slave
U2SMR4|STAREQ Set this bit to 1 to generate start Setto 0
condition
RSTAREQ Set this bit to 1 to generate restart Setto O
condition
STPREQ Set this bit to 1 to generate stop Setto O
condition
STSPSEL Set this bit to 1 to output each condition | Setto 0
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to 1 to output ACK data Set this bit to 1 to output ACK data
SCLHI Set this bit to 1 to have SCL2 output Setto O
stopped when stop condition is detected
SWC9 Setto 0 Set this bit to 1 to set the SCL2 to “L”
hold at the falling edge of the 9th bit of
clock
NOTE:

1: Not all bits in the register are described above. Set those bits to 0 when writing to the registers in 12C bus mode.
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Table 14.13 12C bus

mode Functions

Function

Clock synchronous serial I/O
mode (SMD2 to SMDO = 0012,
IICM =0)

12C bus mode (SMD2 to SMDO = 0102, IICM = 1)

IICM2=0 lIcM2 =1

(NACK/ACK interrupt) (UART transmit/ receive interrupt)
CKPH =0 CKPH=1 CKPH =0 CKPH=1
(No clock delay)|(Clock delay)| (No clock delay) (Clock delay)

Factor of interrupt number
10 O (Refer to Fig.14.23)

Start condition detection or stop condition detection

(Refer to Table 14.14)

Factor of interrupt number
15 1) (Refer to Fig.14.23)

UART2 transmission
Transmission started or
completed (selected by U2IRS)

No acknowledgment
detection (NACK)
Rising edge of SCL2 9th bit

UART2 transmission
Rising edge of
SCL2 9th bit

UART2 transmission
Falling edge of SCL2
next to the 9th bit

Factor of interrupt number
16 1) (Refer to Fig.14.23)

UART?2 reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection
(ACK)
Rising edge of SCL2 9th bit

UART2 transmission
Falling edge of SCL2 9th bit

Timing for transferring data
from the UART reception
shift register to the U2RB
register

CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCL2 9th bit

Falling edge of
SCL2 9th bit

Falling and rising
edges of SCL2 9th
bit

UART2 transmission
output delay

Not delayed

Delayed

Functions of P70 pin

TxD2 output

SDA2 input/output

Functions of P71 pin

RxD2 input

SCL2 input/output

Functions of P72 pin

CLK2 input or output selected

(Cannot be used in I2C bus mode)

Noise filter width

15ns

200ns

Read RxD2 and SCL2 pin
levels

Possible when the
corresponding port direction bit

Always possible no matter how the corresponding port direction bit is set

Initial value of TxD2 and
SDA?2 outputs

CKPOL =0 (H)
CKPOL =1 (L)

The value set in the port register before setting 12C bus mode @)

Initial and end values of
SCL2

H L

H

L

DMAL1 factor (Refer to Fig.
14.23)

UART?2 reception

Acknowledgment detection
(ACK)

UART?2 reception

Falling edge of SCL2 9th bit

Store received data

1st to 8th bits are stored in
bits bit 7 to 0 in the U2RB
register

1st to 8th bits are stored in
bits bit 7 to 0 in the U2RB
register

1st to 7th bits are stored into the bit 6 to
bit 0 in the U2RB register, with 8th bit
stored in the bit 8 in the U2RB register

1st to 8th bits are
stored in U2RB

register bit 7 to bit O
(©)

Read received data

U2RB register status is read
directly as is

Read U2RB register
Bit 6 to bit 0 as bit 7
to bit 1, and bit 8 as
bit 0 4

NOTES:

1. If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt
may inadvertently be set to 1 (interrupt requested). (Refer to “Notes on interrupts” in Precautions.)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore,
always be sure to clear the IR bit to O (interrupt not requested) after changing those bits
Bits SMD2 to the SMDO in the U2MR register, the IICM bit in the U2SMR register,
the IICM2 bit in the U2SMR2 register, the CKPH bit in the U2SMR3 register
2. Set the initial value of SDA2 output while bits SMD2 to SMDO in the U2MR register is set to 0002 (serial /0

disabled).

3. Second data transfer to U2RB register (Rising edge of SCL2 9th bit)
4. First data transfer to U2RB register (Falling edge of SCL2 9th bit)
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(1) When the IICM2 bit is set to 0 (ACK or NACK interrupt) and the CKPH bit is set to O (No clock delay)
1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit
SCL2
spA2 X D7 X De X Ds X Da X D3 X D2 X D1 X Do XDs(ACK or NACK)
ACK interrupt (DMA
request) or NACK interrupt
bis b9 b8 b7 bo
Data is transferred to the U2RB register [_] - [_|D8]D7]D6[D5[D4]D3[D2[D1[Do|

Contents of the U2RB register

(2) When the IICM2 bit is set to 0 and the CKPH bit is set to 1 (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

scL2
spaz X D7 X Ds X Ds X Da X D3 X D2 X D1 X Do XDs(ACK or NACK)
f

ACK interrupt (DMA
request) or NACK interrupt

b15 b9 b8 b7 bo
Data is transferred to the U2RB register ]~ [_Ds[D7[De[D5[D4]D3[D2[D]Do]

Contents of the U2RB register

(3) When the [ICM2 bit is set to 1 (UART transmit or receive interrupt) and the CKPH bit is set to 0

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

sce L[ LT LI LT L

spaz _ X D7 X Ds X Ds X Da X Ds X D2 X D1 X Do XDs(ACK or NACK)
!

Receive interrupt  Transmit interrupt
(DMA request)

? b1s b9 b8 b7 b0
Data is transferred to the U2RB register 1+ [ oo = o7[oe[os[o4D3[D2[Dy]

Contents in the U2RB register

(4) When the IICM2 bit is set to 1 and the CKPH bit is set to 1
1st 2nd 3rd 4th 5th 6th 7th 8th 9th

bit bit bit bit bit bit bit bit bit
SCL2

spAz X D7 X Ds X Ds X Da X Ds X D2 X D1 X Do XDs(ACK or NACK)
bt

Receive interrupt Transmit interrupt
(DMA request)

Data is transferred to the U2RB register  Data is transferred to the U2RB register

b1i5 b9 b8 b7 bo bis b9 b8 b7 bo
(]~ [Ioo =Io7[oe[Ds[p4os[Dzp1] [~ [[ps[b7]os[ps[p4ps[p2[bi]po]
Contents in the U2RB register Contents in the U2RB register

The above timing applies to the following setting :
* The CKDIR bit in the U2MR register is set to 1 (slave)

Figure 14.23 Transfer to U2RB Register and Interrupt Timing
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14.1.3.1 Detection of Start and Stop Condition
Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDA2 pin changes state from high
to low while the SCL2 pin is in the high state. A stop condition-detected interrupt request is generated
when the SDA2 pin changes state from low to high while the SCL2 pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-

tor, check the BBS bit in the U2SMR register to determine which interrupt source is requesting the
interrupt.

3 to 6 cycles < setup time ()
3t0 6 cycles < hold time V)

! Setup time ' Hold time
SCL2 4| I—

SDA2
(Start condition)

SDA2
(Stop condition)

NOTE:
1. When the PCLK1 bit in the PCLKR register is set to 1, the cycles indicates the f1SIO's

generation frequency cycles; when PCLK1 bit is set to 0, the cycles indicated the
f2S10's generation frequency cycles.

Figure 14.24 Detection of Start and Stop Condition

14.1.3.2 Output of Start and Stop Condition
A start condition is generated by setting the STAREQ bit in the U2SMR4 register to 1 (start).
A restart condition is generated by setting the RSTAREQ bit in the U2SMR4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the U2SMRA4 register to 1 (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).
(2) Set the STSPSEL bit in the U2SMR4 register to 1 (output).
Make sure that no interrupts or DMA transfers will occur between (1) and (2).
The function of the STSPSEL bit is shown in Table 14.14 and Figure 14.25.
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Table 14.14 STSPSEL Bit Functions

Function

STSPSEL =0

STSPSEL =1

Output of SCL2 and SDA2 pins

Output transfer clock and data/
Program with a port determines
how the start condition or stop
condition is output

The STAREQ, RSTAREQ and
STPREQ bit determine how the
start condition or stop condition is
output

Start/stop condition interrupt
request generation timing

Start/stop condition are detec-
ted

Start/stop condition generation
are completed

(2) In slave mode,

STPSEL bit 0

CKDIR is set to 1 (external clock)

interrupt

(2) In master mode,

A

Setto 1 by
program

SCL2
SDA2

Set STAREQ
to 1 (start)

ist 2nd 3rd 4t 5th  6th 7th 8th 9th bit
SCL2
SDA2

Start condition detection

CKDIR is set to 0 (internal clock), CKPH is set to 1(clock delayed)

STPSEL bit

Stop condition detection
interrupt

N

Set to 0 by
program

Start condition detection
interrupt

Set STPREQ Stop condition detection
to 1 (start)

A A

Setto 1 by Set to 0 by
program program

9th bit

interrupt

Figure 14.25 STSPSEL Bit Functions

14.1.3.3 Arbitration

Unmatching of the transmit data and SDA2 pin input data is checked synchronously with the rising
edge of SCL2. Use the ABC bit in the U2SMR register to select the timing at which the ABT bit in the
U2RB register is updated. If the ABC bit is set to O (updated bitwise), the ABT bit is set to 1 at the same
time unmatching is detected during check, and is cleared to 0 when not detected. In cases when the
ABC bit is set to 1, if unmatching is detected even once during check, the ABT bit is setto 1
(unmatching detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be
updated bytewise, clear the ABT bit to O (undetected) after detecting acknowledge in the first byte,
before transferring the next byte.
Setting the ALS bit in the U2SMR2 register to 1 (SDA2 output stop enabled) causes arbitration-lost to
occur, in which case the SDA2 pin is placed in the high-impedance state at the same time the ABT bit
is set to 1 (unmatching detected).
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14.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 14.25.
The CSC bit in the U2SMR2 register is used to synchronize the internally generated clock (internal
SCL2) and an external clock supplied to the SCL2 pin. In cases when the CSC bit is set to 1 (clock
synchronization enabled), if a falling edge on the SCL2 pin is detected while the internal SCL2 is high,
the internal SCL2 goes low, at which time the U2BRG register value is reloaded with and starts count-
ing in the low-level interval. If the internal SCL2 changes state from low to high while the SCL2 pin is
low, counting stops, and when the SCL2 pin goes high, counting restarts.
In this way, the UART2 transfer clock is comprised of the logical product of the internal SCL2 and SCL2
pin signal. The transfer clock works from a half period before the falling edge of the internal SCL2 1st
bit to the rising edge of the 9t bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the U2SMR2 register allows to select whether the SCL2 pin should be fixed to or freed
from low-level output at the falling edge of the 9th clock pulse.
If the SCLHI bit in the U2SMR4 register is set to 1 (enabled), SCL2 output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the U2SMR2 register is set to 1 (0 output) makes it possible to forcibly output
a low-level signal from the SCL2 pin even while sending or receiving data. Clearing the SWC2 bit to 0
(transfer clock) allows the transfer clock to be output from or supplied to the SCL2 pin, instead of
outputting a low-level signal.
If the SWCO bit in the U2SMRA4 register is set to 1 (SCL2 hold low enabled) when the CKPH bit in the
U2SMR3 register is set to 1, the SCL2 pin is fixed to low-level output at the falling edge of the clock
pulse next to the ninth. Setting the SWC9 bit to 0 (SCL2 hold low disabled) frees the SCL2 pin from
low-level output.

14.1.3.5 SDA Output
The data written to the bit 7 to bit 0 (D7 to Do) in the U2TB register is sequentially output beginning
with D7. The ninth bit (D8) is ACK or NACK.
The initial value of SDA2 transmit output can only be set when IICM is set to 1 (I2C bus mode) and bits
SMD2 to SMDO in the U2MR register is set to 0002 (serial I/O disabled).
Bits DL2 to DLO in the U2SMR3 register allow to add no delays or a delay of 2 to 8 U2BRG count
source clock cycles to SDA2 output.
Setting the SDHI bit in the U2SMR2 register to 1 (SDA2 output disabled) forcibly places the SDA2 pin
in the high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the
UART2 transfer clock. This is because the ABT bit may inadvertently be set to 1 (detected).

14.1.3.6 SDA Input

When the IICM2 bit is set to 0, the 1st to 8th bits (D7 to Do) in the received data are stored in bits 7 to
0 in the U2RB register. The 9th bit (D8) is ACK or NACK.

When the [ICM2 bit is set to 1, the 1st to 7th bits (D7 to D1) in the received data are stored in the bit 6
to bit 0 in the U2RB register and the 8th bit (Do) is stored in the bit 8 in the U2RB register. Even when
the IICM2 bit is set to 1, providing the CKPH bit is set to 1, the same data as when the IICM2 bit is set
to 0 can be read out by reading the U2RB register after the rising edge of the corresponding clock
pulse of 9th bit.
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14.1.3.7 ACK and NACK
If the STSPSEL bit in the U2SMR4 register is set to O (start and stop conditions not generated) and the
ACKC bit in the U2SMR4 register is set to 1 (ACK data output), the value of the ACKD bit in the
U2SMR4 register is output from the SDA2 pin.
If the ICM2 bit is set to 0, a NACK interrupt request is generated if the SDA2 pin remains high at the
rising edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDA2 pin
is low at the rising edge of the 9th bit of transmit clock pulse.
If ACK2 is selected for the cause of DMAL request, a DMA transfer can be activated by detection of an
acknowledge.

14.1.3.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit is set to 1 (UART2 initialization enabled), the serial I/

O operates as described below.

- The transmit shift register is initialized, and the content of the U2TB register is transferred to the
transmit shift register. In this way, the serial I/O starts sending data synchronously with the next clock
pulse applied. However, the UART2 output value does not change state and remains the same as
when a start condition was detected until the first bit in the data is output synchronously with the input
clock.

- The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the
next clock pulse applied.

- The SWC bitis set to 1 (SCL2 wait output enabled). Consequently, the SCL2 pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UART2 transmission/reception is started using this function, the Tl does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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14.1.4 Special Mode 2 (UART?2)

Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are
selectable. Table 14.15 lists the specifications of Special Mode 2. Table 14.16 lists the registers used in
Special Mode 2 and the register values set. Figure 14.26 shows communication control example for
Special Mode 2.

Table 14.15 Special Mode 2 Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * Master mode

the CKDIR bit in the U2MR register is set to O (internal clock) : fj/ (2(n+1))
fj = f1sio, f2s10, f8si0, f32s10. n: Setting value in the U2BRG register 0016 to FF16
 Slave mode
CKDIR bit is set to 1 (external clock selected) : Input from CLK2 pin
Transmit/receive control Controlled by input/output ports
Transmission start condition | * Before transmission can start, the following requirements must be met (1)
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
—The Tl bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start condition - Before reception can start, the following requirements must be met ()
- The RE bit in the U2C1 register is set to 1 (reception enabled)
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
—The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing — The U2IRS bit in the U2C1 register is set to 0 (transmit buffer empty): when trans

ferring data from the U2TB register to the UART2 transmit register (at start of transmission)
— The U2IRS bit is set to 1 (transfer completed): when the serial I/O finished sending

data from the UART2 transmit register
« For reception

When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection « Overrun error ()
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the 7th bit in the the next data
Select function « Clock phase setting

Selectable from four combinations of transfer clock polarities and phases

NOTES:
1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the U2CO register is set to
0 (transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the CKPOL bit in the U2CO register is set to 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.
2. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC register remains
unchanged.
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P13
P12
P93
P72(CLK2) P72(CLK2)
P71(RxD2) — P71(RxD2)
P70(TxD2) P70(TxD2)
MCU MCU
(Master) (Slave)
P93
P72(CLK2)
P71(RxD2)
P70(TxD2)
MCU
(Slave)

Figure 14.26 Serial Bus Communication Control Example (UART2)

Table 14.16 Registers to Be Used and Settings in Special Mode 2

Register Bit Function

u2tB® [ 0to7 Set transmission data

U2rRBM [ 0to7 Reception data can be read
OER Overrun error flag

U2BRG Oto7 Set bit rate

U2MR@ | SMD2 to SMDO Set to 0012
CKDIR Set this bit to 0 for master mode or 1 for slave mode
IOPOL Setto 0

u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD is setto 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TxD2 pin output format
CKPOL Clock phases can be set in combination with the CKPH bit in the U2SMR3 register
UFORM Select the LSB first or MSB first

u2C1 TE Set this bit to 1 to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS Select UART2 transmit interrupt cause
U2RRM, Setto 0
U2LCH, U2ERE

U2SMR Oto7 Setto 0

U2SMR2 | Oto 7 Setto 0

U2SMR3 | CKPH Clock phases can be set in combination with the CKPOL bit in the U2CO register
NODC Setto 0
0,2,4t07 Setto 0

U2SMR4 | Oto 7 Setto 0

NOTE:

1.Not all bits in the registers are described above. Set those bits to 0 when writing to the registers in Special Mode 2.
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14.1.4.1 Clock Phase Setting Function
One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit
in the U2SMR3 register and the CKPOL bit in the U2CO register.
Make sure the transfer clock polarity and phase are the same for the master and slave to communi-
cate.

14.1.4.1.1 Master (Internal Clock)
Figure 14.27 shows the transmission and reception timing in master (internal clock).

14.1.4.1.2 Slave (External Clock)
Figure 14.28 shows the transmission and reception timing (CKPH=0) in slave (external clock) while
Figure 14.29 shows the transmission and reception timing (CKPH=1) in slave (external clock).

Clock output H
(CKPOL=0, CKPH=0) "L"

!

!
Clock output “He — — — —  — ] 1
(CKPOL=1, CKPH=0) " N

!

!

!

—_

!

\

\

!

!

!

Clock output "H
(CKPOL=0, CKPH=1) »»

Clock output
(CKPOL=1, CKPH=1) "L"

\

!

Data output timing "H VA X ‘ X ‘ X ‘ X ‘ X ‘ X
wn x Do D1 D2 Ds D4 Ds

Y N N A N N

Figure 14.27 Transmission and Reception Timing in Master Mode (Internal Clock)
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Slave control input
(CKPOL=0, CKPH=0) "L"

(CKPOL=1, CKPH=0) ",  ____1 [
Data output timing ~ "H" _Q( DOX DlX DZX D3X D4X Ds X Ds X D7 >—
Data input timing Undefined T T T T T T T T

Figure 14.28 Transmission and Reception Timing (CKPH=0) in Slave Mode (External Clock)

-

-

o _
Slave control input nLn |
(CKPOL=0, CKPH=1) "L" ___ |
(CKPOL=1, CKPH=1) "
. "
Data output timing - < Do X D1 X D2 X D3 X D4 X Ds X Deé X D7 >_
Data input timing T T T T T T T T

Figure 14.29 Transmission and Reception Timing (CKPH=1) in Slave Mode (External Clock)
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14.1.5 Special Mode 3 (IEBus mode)(UART2)

In this mode, one bit in the IEBus is approximated with one byte of UART mode waveform.

Table 14.17 lists the registers used in IEBus mode and the register values set. Figure 14.30 shows the
functions of bus collision detect function related bits.
If the TxD2 pin output level and RxD2 pin input level do not match, a UART2 bus collision detect interrupt

request is generated.

Table 14.17 Registers to Be Used and Settings in IEBus Mode

U2LCH, U2ERE

Register Bit Function
u2TB 0to8 Set transmission data
U2rRB®) | 0to8 Reception data can be read
OER,FER,PER,SUM | Error flag
U2BRG Oto7 Set bit rate
U2MR SMD2 to SMDO Set to 1102
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Invalid because PRYE is setto 0
PRYE Setto 0
IOPOL Select the TxD/RxD input/output polarity
u2Co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRDis setto 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TxD2 pin output mode
CKPOL Setto 0
UFORM Setto 0
u2C1 TE Set this bit to 1 to enable transmission
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS Select the source of UART2 transmit interrupt
U2RRM, Setto 0

U2SMR 0to 3,7

Setto 0

ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to 1 to use the auto clear function of transmit enable bit
SSS Select the transmit start condition

U2SMR2 | O0to 7 Setto 0

U2SMR3 | Oto7 Setto 0

U2SMR4 | O0to 7 Setto 0

NOTE:

1. Not all register bits are described above. Set those bits to 0 when writing to the registers in IEBus mode.
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(1) The ABSCS bit in the U2SMR register (bus collision detect sampling clock select)
If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

>
Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxD2 ]

RxD2 |

Input to TAOIN T

Timer AO

If ABSCS is set to 1, bus collision‘is determined when timer
A0 (one-shot timer mode) underflows

(2) The ACSE bit in the U2SMR register (auto clear of transmit enable bit)

Transfer clock
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

I

TxD2

_
RxD2 J |

BCNIC register \ it ACSE bitis setto 1

IR bit (NOtE) automatically clear when bus collision
occurs), the TE bit is cleared to 0

u2c1 register (transmission disabled) when

the IR bit in the BCNIC register is
| set to 1 (unmatching detected).

TE bit

(3) The SSS bit in the U2SMR register (Transmit start condition select)

If SSS bit is set to 0, the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXD2 ] | |

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxD2

CLK2

f ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXD2 (Note 2) ) | |
RxD2 / | |

NOTES:
1: The falling edge of RxD2 when the IOPOL is set to O; the rising edge of RxD2 when the IOPOL is set to 1.
2: The transmit condition must be met before the falling edge (Note 1) of RxD.

This diagram applies to the case where the IOPOL is set to 1 (reversed)

Figure 14.30 Bus Collision Detect Function-Related Bits
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14.1.6 Special Mode 4 (SIM Mode) (UART?2)
Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be
implemented, and this mode allows output of a low from the TxD2 pin when a parity error is detected.
Tables 14.15 lists the specifications of SIM mode. Table 14.19 lists the registers used in the SIM mode
and the register values set.

Table 14.18 SIM Mode Specifications

Item Specification
Transfer data format « Direct format
* Inverse format
Transfer clock » The CKDIR bit in the U2MR register is set to O (internal clock) : fi/ (16(n+1))

fi = f1s10, f2sI10, f8slo, f32s10. n: Setting value of U2BRG register 0016 to FF16
» The CKDIR bit is set to 1 (external clock ) : fEXT/16(n+1)
fEXT: Input from CLK2 pin. n: Setting value of U2BRG register 0016 to FF16
Transmission start condition| < Before transmission can start, the following requirements must be met
—The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The TI bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met
- The RE bit in the U2C1 register is set to 1 (reception enabled)
— Start bit detection
Interrupt request * For transmission
generation timing (2 When the serial 1/O finished sending data from the U2TB transfer register (U2IRS bit =1)
 For reception
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection « Overrun error M)
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit in the the next data
 Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
During reception, if a parity error is detected, parity error signal is output from the
TxD2 pin.
During transmission, a parity error is detected by the level of input to the RxD2 pin
when a transmission interrupt occurs
« Error sum flag
This flag is set to 1 when any of the overrun, framing, and parity errors is encountered

NOTES:
1. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC
register remains unchanged.
2. A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to 1 (trans-
mission complete) and U2ERE bit to 1 (error signal output) after reset. Therefore, when using SIM
mode, be sure to clear the IR bit to O (no interrupt request) after setting these bits.
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Table 14.19 Registers to Be Used and Settings in SIM Mode

Register Bit Function

u2TBM Oto7 Set transmission data

U2RBD [ 0to7 Reception data can be read
OER,FER,PER,SUM| Error flag

U2BRG Oto7 Set bit rate

U2MR SMD2 to SMDO Set to 1012
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Set this bit to 1 for direct format or 0 for inverse format
PRYE Setto 1
IOPOL Setto O

u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRDis set to 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Setto O
CKPOL Setto 0
UFORM Set this bit to O for direct format or 1 for inverse format

u2C1 TE Set this bit to 1 to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS Setto 1
U2RRM Setto 0
U2LCH Set this bit to O for direct format or 1 for inverse format
U2ERE Setto 1

U2SMRM) | 0to 3 Setto 0

U2SMR2 | Oto7 Setto 0

U2SMR3 | 0to 7 Setto O

U2SMR4 | Oto 7 Setto O

NOTE:

1. Not all register bits are described above. Set those bits to 0 when writing to the registers in SIM mode.
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(1) Transmit Timing

Tc
vosecrse LU LU U UL UL
TE bitin U2C1 1 —
register 0 J Data is written to
the UART2 register
Tl bit in U2C1 1 X
register

0 AN
Data is transferred from the U2TB
register to the UART2 transmit

Sé?[“ Piﬂw Sttfi)tp register
:;ztzy Error Signal ST @@@@@@@@o S B c’ @@@@@@@®Q sP
returned from

Receiving End An "L" signal is applied from the SIM e
card due to a parity error

Y

FD2 pin Level Vo000 048 v2.000000 04N
TXEPT bit in U2 s . Qgtien;tesr[uHet(;?HEipe A'_Tlg:erLrupt routine detects
CO register 0
IR bitin S2TIC 1
register 0

™\ e

Set to 0 by an interrupt request acknowledgement or by program
The above timing diagram applies to the case where data is
transferred in the direct format.
* U2MR register STPS bit = 0 (1 stop bit)

« U2MR register PRY bit = 1 (even) Tc=16(n+1)/fior16 (n+1)/fexr

« U2CO register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f 18I0, f2SI0, f8SIO, f32SI0)

» U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)

« U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG

(2) Receive Timing TC
Transfer Clock
RE bit in U2C1 1
register ) J
Start Parity Stop
Transmit Waveform bit bt bit
from the — p
Transmitting End vOOL000008 voo000000.04
D2 TxD2 outputs "L" due /
to a parity error

RxD2 pin Level(®) VOO0 008 Vo000 0AVA
RI bitin U2C1 1 —_
register 0 ~__

Read the U2RB register —

S 7

Set to 0 by an interrupt request acknowledgement or by program

IR bit in S2RIC 1
register

The above timing diagram applies to the case where data is
transferred in the direct format.
* U2MR register STPS bit = 0 (1 stop bit)

+ U2MR register PRY bit = 1 (even) Tc=16(n+1)/fior16 (n+1)/fexr
« U2CO register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f 1810, f2SI0, f8SI0, f32SI0)
« U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)
« U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG
NOTES:

1. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error
signal sent back from receiver.

2. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform
and the parity error signal received.

Figure 14.31 Transmit and Receive Timing in SIM Mode
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Figure 14.32 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply

pull-up.

MCU

SIM card

TxD2 o

RxD2

Figure 14.32 SIM Interface Connection

14.1.6.1 Parity Error Signal Output
The parity error signal is enabled by setting the U2ERE bit in theU2C1 register to 1.

* When receiving

The parity error signal is output when a parity error is detected while receiving data. This is achieved
by pulling the TxD2 output low with the timing shown in Figure 14.33. If the R2RB register is read
while outputting a parity error signal, the PER bit is cleared to 0 and at the same time the TxD2 output

is returned high.

* When transmitting

A transmission-finished interrupt request is generated at the falling edge of the transfer clock pulse
that immediately follows the stop bit. Therefore, whether a parity signal has been returned can be
determined by reading the port that shares the RxD2 pin in a transmission-finished interrupt service

routine.
s inlninininipEpipipininini e
clock
RxD2 \ sT {Do)D1)XD2)YD3)D4)D5)D6)D7) P JsP
TxD2

U2C1 register
RI bit

NOTE:

w

1
0

This timing diagram applies to the case where the direct format is implemented. ~ ST: Start bit

1. The output of MCU is in the high-impedance state (pulled up externally).

@ \_/
—

P: Even Parity
SP: Stop bit

Figure 14.33 Parity Error Signal Output Timing
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14.1.6.2 Format
* Direct Format
Set the PRY bit in the U2MR register to 1, the UFORM bit in U2CO register to 0 and the U2LCH bit in
U2C1 register to 0.
* Inverse Format
Set the PRY bit to 0, UFORM bit to 1 and U2LCH bit to 1.
Figure 14.34 shows the SIM interface format.

(1) Direct format

TxD2 W
XD2 - \

fDo X D1 fD2)D3 ) D4a)D5) D6 D7) P [

P : Even parity

(2) Inverse format

Transfer clecck ™"

A W 672 3 5 678 50 67 58 0 I

P : Odd parity

Figure 14.34 SIM Interface Format
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14.2 SI/O3 and SI/O4

Note
| The S1/04 interrupt of peripheral function interrupt is not available in the 64-pin package. I

S1/03 and S1/04 are exclusive clock-synchronous serial I/Os.

Figure 14.35 shows the block diagram of SI/0O3 and SI/O4, and Figure 14.36 shows the SI/O3 and SI/O4-
related registers.

Table 14.20 shows the specifications of SI/O3 and SI/O4.

Clock source select

12 f2sio P LK1=0 SMil to SMi0
Main clock, f1s10 002 Data bus
PLL clock, L ¢ 0 |
or on-chip oscillator PCLK1=1 f8sio o\é)lz
clock 102

f32s10

Synchronous
a circuit l/(n+1)
SiBRG register

SMi4
CLK

polarity
CLKi O_ reversing

circuit

SI/Oi
interrupt request

SI/O counter i I

SMi2

SMi3
Souri O )/’¢SM|5 Lsge— \visB

¥ ,
SN O >| SITRR register }J
X

y

Note: i =3, 4.
n = A value set in the SiBRG register.

Figure 14.35 SI/O3 and SI/O4 Block Diagram
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SI/Oi Control Register (i = 3, 4) (1)

br b6 b5 b4 bS b2 b1 bO Symbol Address After Reset
| S3C 036216 010000002
T S4C 036616 010000002
Bit Bit N F ti
Symbol It Name unction
SMi0 |Internal synchronous clock b1b0 .
select bit (5) 0 0: Selecting f1 or f2 RW
0 1: Selecting fs
SMil 10: Selecting f32
11: Do not set RW
SMi2 | Souri output disable bit (4) | 0 : SouTi output
1 : Souri output disable(high impedance) RW
SMi3 | S I/Oi port select bit 0 : Input/output port
1 : Sourti output, CLKi function RW
0 : Transmit data is output at falling edge of

SMi4 CLK polarity selct bit transfer clock and receive data is input at

rising edge RW
1: Transmit data is output at rising edge of
transfer clock and receive data is input at

falling edge
SMi5 | Transfer direction select bit | 0 : LSB first
1: MSB first RW
SMi6 | Synchronous clock select bit | 0 : External clock (@
. 3 RW
1: Internal clock ()
SMi7 | Souri initial value set bit Effective when the SMi3 is set to 0
0 : “L" output RW
1:“H” output
NOTES:
1. Set the S4C register by the next instruction after setting the PRC2 bit in the PRCR register to 1 (write enable).
2. Set the SMi3 bit to 1 and the corresponding port direction bit to 0 (input mode).
3. Set the SMi3 bit to 1 (SOUTi output, CLKi function) .
4. When the SMi2 bit is set to 1, the corresponding pin goes to high-impedance regardless of the function in use.
5. When the SMil and SMiO bit settings are changed, set the SiBRG register .
SI/Oi Bit Rate Generation Register (i = 3, 4) 1. 2,3)
b7 bo Symbol Address After Reset
S3BRG 036316 Undefined
T S4BRG 036716 Undefined
: Description Setting Range RW
:L _____________ Assuming that set value = n, BRGi divides the count source by 0016 to FF16 WO
n+1
NOTES:
1. Write to this register while serial I/O is neither transmitting or receiving.
2. Use MOV instruction to write to this register.
3. Set the SiBRG register after setting bits SMil and SMiO in the SiC register.
SI/Oi Transmit/Receive Register (i = 3, 4) (1.2)
b7 bo Symbol Address After Reset
S3TRR 036016 Undefined
T SATRR 036416 Undefined
: Description RW
:L _____________ Transmission/reception starts by writing transmit data to this register. After RW
transmission/reception completion, reception data can be read by reading this register.

NOTES:
1. Write to this register while serial I/O is neither transmitting or receiving.
2. To receive data, set the corresponding port direction bit for SINi to O (input mode).

Figure 14.36 S3C and S4C Registers, S3BRG and S4BRG Registers, and S3TRR and S4TRR Registers
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Table 14.20 SI1/O3 and SI/O4 Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock » The SMi6 bit in the SiC (i=3, 4) register is set to 1 (internal clock) : fj/ (2(n+1))

fj = f1s10, f2s10, f8slo, f32s10. N=Setting value of SiBRG register 0016 to FF16.
« SMi6 bit is set to 0 (external clock) : Input from CLKi pin )

Transmission/reception « Before transmission/reception can start, the following requirements must be met
start condition Write transmit data to the SiTRR register (2 3)

Interrupt request * When the SMi4 bit in the SiC register is set to 0

generation timing The rising edge of the last transfer clock pulse ()

* When SMi4 is setto 1
The falling edge of the last transfer clock pulse (4)

CLKi pin fucntion I/O port, transfer clock input, transfer clock output
SouTi pin function I/O port, transmit data output, high-impedance
SINi pin function I/O port, receive data input

Select function * LSB first or MSB first selection

Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected

« Function for setting an SouTi initial value set function
When the SMi6 bit in the SiC register is set to 0 (external clock), the SouTi pin
output level while not tranmitting can be selected.

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling edge of
transfer clock can be selected.

NOTE:

1. To set the SMi6 bit in the SiC register to 0 (external clock), follow the procedure described below.

« If the SMi4 bit in the SiC register is set to 0, write transmit data to the SiTRR register while input on the CLKi
pin is high. The same applies when rewriting the SMi7 bit in the SiC register.

« If the SMi4 bit is set to 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The same
applies when rewriting the SMi7 bit.

» Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop the transfer
clock 2. Unlike UARTO to UARTZ2, SI/Oi (i = 3 to 4) is not separated between the transfer register and buffer.
Therefore, do not write the next transmit data to the SiTRR register during transmission.

3. When the SMi6 bit in the SiC register is set to 1 (internal clock), SouTi retains the last data for a 1/2 transfer
clock period after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit
data is written to the SiTRR register during this period, SouTi immediately goes to a high-impedance state, with
the data hold time thereby reduced.

4. When the SMi6 bit in the SiC register is set to 1 (internal clock), the transfer clock stops in the high state if the
SMi4 bit is set to 0, or stops in the low state if the SMi4 bit is set to 1.
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14.2.1 SI/Oi Operation Timing
Figure 14.37 shows the SI/Oi operation timing

1.5 cycle (max) (3)
|————

i3z

SI/QOi internal clock

CLKi output

Signal written to the
SiTRR register

jg

\ (@)
Souri output t‘ R < Do & D1 X D2] X b3 X Da_ X b5 X Ds_X_ D7 }----
SINi input [' X X X X X X X X

SiIC register 1
IR bit 0

i=3,4

NOTES:
1. This diagram applies to the case where the SiC register bits are set as follows:

rising edge of the transfer clock), SMi5 = 0 (LSB first) and SMi6 = 1 (internal clock)

the SiTRR register.

SMi2 = 0 (SouTi output), SMi3 = 1 (SouTi output, CLKi function), SMi4 = 0 (transmit data output at the falling edge and receive data input at the

2. When the SMi6 bit is set to O (internal clock), the SOUTi pin is placed in the high-impedance state after the transfer is completed.
3. If the SMi6 bit is set to O (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to

Figure 14.37 SI/Oi Operation Timing

14.2.2 CLK Polarity Selection

The the SMi4 bit in the SiC register allows selection of the polarity of the transfer clock. Figure 14.38

shows the polarity of the transfer clock.

(1) When the SMi4 bit in the SiC register is set to 0

CLKi

SINi

souT (oo X o Xp2 X“ps X(oa X ps X(me (o7

(2) When the SMi4 bit in the SiC register is set to 1

CLKi

SINi

souri {“oo X2 X b2 X s X s X ps X s X o7
i=3 and 4

NOTES:

1. This diagram applies to the case where the SiC register bits are set as follows:
SMi5 = 0 (LSB first) and SMi6 = 1 (internal clock)

2. When the SMi6 bit is set to 1 (internal clock), a high level is output from the CLKi pin if not transferring data.
3 When the SMi6 bit is set to 1 (internal clock), a low level is output from the CLKi pin if not transferring data.

Figure 14.38 Polarity of Transfer Clock
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14.2.3 Functions for Setting an Souri Initial Value

If the SMi6 bit in SiC register is set to 0 (external clock), the SouTi pin output level can be fixed high or low
when not transferring data. However, when transmitting data consecutively, the last bit (bit 0) value of the
last transmitted data is retained between the sccessive data transmissions. Figure 14.39 shows the

timing chart for setting an SourTi initial value and how to set it.

(Example) When “H” selected for SouTi initial value (1)

Signal written to reception

g

( Setting of the initial value of S ouTi
output and starting of transmission/

~N

J/

I
I
SITRR register :
I

v

Set the SMi3 bit to 0

Set the SMi3 bitto 1

SMi7 bit
I (SourTi pin functions as an /O port)
I
' v
I
SMi3 bit —
. : | Set the SMi7 bitto 1
! /' (Souri initial value = “H")
] 1
I I DO ¢
Souri (internal) :
I
I

I Initial value = “H" ()

I
1 . . . .
portoutput ! k/ b N o (SouTi pin functions as S ouTi output)
SourTi pin output : v
|

 —— ¢H level is output
from the Sourti pin

SMi2 = 0 (Souri output), SMi5 = 0 (LSB first) and SMi6 = 0 (external clock)

2. Souri can only be initialized when input on the CLKi pin is in the high state if the SMi4bit in the SiC
register is set to 0 (transmit data output at the falling edge of the transfer clock) or in the low state if
the SMi4 bit is set to 1 (transmit data output at the rising edge of the transfer clock).

3. If the SMi6 bit is set to 1 (internal clock) or if the SMi2 bit is set to 1 (SouTi output disabled), this
output goes to the high-impedance state.

(i=34) ¥ v
Setting the SouTi Port selection switching | Write to the SiTRR register
initial value to “H”  (I/O port = SouTi)
® ¢
NOTES:
1. This diagram applies to the case where the bits in the SiC register are set as follows: Serial transmit/reception starts

Figure 14.39 Souri Initial Value Setting
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15. A/D Converter

Note
Ports P04 to PO7(ANO4 to ANO7), P10 to P13(AN20 to AN23) and P95 to P97(AN25 to AN27) are not
available in 64-pin package. Do not use port PO4 to PO7(ANO4 to ANO7), P10 to P13(ANZ20 to AN23)

and P95 to P97(AN2s to AN27) as analog input pins in 64-pin package.

The MCU contains one A/D converter circuit based on 10-bit successive approximation method configured
with a capacitive-coupling amplifier. The analog inputs share the pins with P100 to P107 (ANo to AN7), POo
to PO7 (ANOo to ANO7), and P1o to P13, P93, P95 to P97 (AN20 to AN27), and P90 to P92 (AN3o0 to AN32).
Similarly, ADTRG input shares the pin with P15. Therefore, when using these inputs, make sure the corre-
sponding port direction bits are set to 0 (input mode).

When not using the A/D converter, set the VCUT bit to 0 (Vref unconnected), so that no current will flow
from the Vref pin into the resistor ladder, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register bits for ANi, ANOi, AN2i (i = 0 to 7), and AN3i pins (i
=0to 2). Table 15.1 shows the A/D converter performance. Figure 15.1 shows the A/D converter block
diagram and Figures 15.2 to 15.4 show the A/D converter associated with registers.

Table 15.1 A/D Converter Performance

Item Performance
A/D Conversion Method | Successive approximation (capacitive coupling amplifier)
Analog Input Voltage @ 0V to Avcc (Vce)
Operating Clock @ap @ faD/divided-by-2 or fab/divided-by-3 or fab/divided-by-4 or fab/divided-by-6
or fab/divided-by-12 or faD
Resolution 8-bit or 10-bit (selectable)

Integral Nonlinearity Error | When AVcc = Vref = 5V

« With 8-bit resolution: +2L.SB
» With 10-bit resolution: +3LSB
When AvVcc = Vref = 3.3V

» With 8-bit resolution: +2L.SB
» With 10-bit resolution: +5L.SB

Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, repeat
sweep mode 1, simultaneous sample sweep mode and delayed trigger mode 0,1
Analog Input Pins 8 pins (ANo to AN7) + 8 pins (ANOo to AN07) + 8 pins (AN20 to AN27) + 3 pins (AN3o0

to AN32)  (80-pin package)
8 pins (ANo to AN7) + 4 pins (ANOo to ANO3) + 1 pin (AN24) + 3 pins (AN30 to AN32)
(64-pin package)
Conversion Speed Per Pin | » Without sample and hold function
8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @AD cycles
* With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @AD cycles

NOTES:
1. Not dependent on use of sample and hold function.
2. Set the @AD frequency to 10 MHz or less.
Without sample-and-hold function, set the @AD frequency to 250kHz or more.
With the sample and hold function, set the @AD frequency to 1MHz or more.
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A/D conversion rate

selection CKS1=1
CKS2=0 o -
l oRSO-1°_o > > BAD
[ 12} [ 127] CKS1=0

0
CKS0=0

VREF
VCUT=0

AVss O————o
VCUT=1

Addresses
(03C116 to 03CO016)
(03C316 to 03C216)
(03C516 to 03C416)
(03C716 to 03C616)
(03C916 to 03C816)
(03CB316 to 03CAu1e)
(03CD16 to 03CCas)
(03CF16 to 03CEzs)

fao O l 13 o

CKS2=1

Resistor ladder |

Successive conversion register ADCONIW

A/D register 0(16)

(address 03D715) %

ADCONO register
(address 03D616)

A A

A/D register 1(16)
A/D register 2(16)

Decoder

A/D register 3(16)

for A/D register

A/D register 4(16)

A/D register 5(16)
A/D register 6(16)

A A

A/D register 7(16)
~Z [T

S

Data bus high-order

5

NENNEEE

Vref

S Data bus low-order ADCON?2 register
address 16
dd 03D4 w
Decoder
for channel Vin
1 selection
YYYYVVY \
Port P10 group CHZ_gO‘azHO ;
ANo O—W ADGSEL1 to ADGSEL0=002
bort PO v YYVYY Jrvige =010: |
0 rou| =
grotp o0 ANs O 1002 [o¥ol
ANoo O— — AN4 O 01> |
ANo1 O 20012, ANs O o ;
ANoz2 O o AN6 O iy ADGSEL1 to ADGSEL0=107
ey 20 e av; g—H—= 1
ANo4 =
ANos 8 :1012:\c o Q‘
ANos O :nozcizj !
ANo7 O =112, |
ADGSEL1 to ADGSELO=11>
PortP/PortPO | ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ }
group (Note) CH2 to CHO
ANzo O 0002 oy oo
=0012
AN21 O =0102 2 !
AN22 O o115 2 X
=011z - ADGSEL1 to ADGSEL0=01>
AN23 O =100z i
AN24 O =TT !
AN2s O =170:2 ’t‘
AN2s O =TEER © o1
AN27 O )
‘# ‘# ¢ V ‘# ‘# ‘# ¢ ADGSEL1 to ADGSEL0=002  VIN1
Port P9 group CH2 to CHO W
=0002 ~__ °
o 8 =001z
S =0102 ADGSEL1 to ADGSEL0=102
AN32 O 0 ~]
to ™o
ADGSEL1 to ADGSELO=112

6 ™o

ADGSEL1 to ADGSEL0=012

to o5

Note: ANo4 to ANo7, AN2o to AN23, and ANzs to AN27, is available for only 80-pin package.

Comparator 0

SSE=1
CH2 to CH0=0012

Comparator 1

Figure 15.1 A/D Converter Block Diagram
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A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

NOTE:

A/D Control Register 1 @)

b7 b6 b5 b4 b3 b2 bl bO

gy

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO RW
CH1 Analog input pin select bit | Function varies with each operation mode | RW
CH2 RW
b4 b3
MDO 0 0: One-shot mode or Delayed trigger RW
mode 0,1
A/D operation mode 0 1: Repeat mode
select bit 0 1 0: Single sweep mode or Simultaneous
sample sweep mode
MD1 1 1: Repeat sweep mode O or Repeat RW
sweep mode 1
. . 0: Software trigger
TRG Trigger select bit 1: Hardware trigger RW
. 0: A/D conversion disabled
ADST | AID conversion startflag | 1. o/p conversion started RW
CKS0 Frequency select bit 0 See Table 15.2 RW
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
SCANO RW
A/D sweep pin select bit Function varies with each operation mode
SCAN1 RW
MD2 A/D operation mode 0 : Other than repeat sweep mode 1 RW
select bit 1 1: Repeat sweep mode 1
. . 0 : 8-bit mode
BITS 8/10-bit mode select bit 1 : 10-bit mode RW
CKS1 Frequency select bit 1 See Table 15.2 RW
e 0 : Vref not connected
VCUT Vref connect Bit 1 : Vref connected RW
5756 Nothing is assigned. If necessary, setto 0. —
(b7-b6) When read, its content is 0

NOTES:

1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be undefined.
2. If the VCUT bit is reset from 0 (VREF unconnected) to 1 (VREF connected), wait for 1 ps or more before starting A/D

conversion.

A/D Control Register 2(1)

b7 b6 bS5 b4 b3 b2 bl bO

prmmmme—————————

Symbol Address After Reset
ADCON2 03D416 0016
Bit Symbol Bit Name Function RW
A/D conversion method 0: Without sample and hold
SMP select bit 1: With sample and hold RW
b2 b1
ADGSELO 0 0: Select port P10 group RW
A/D input group select bit | 0 1: Select port P9 group
1 0: Select port PO group
ADGSEL1 1 1: Select port P1/P9 group RW
(b3) Reserved bit Setto 0 RW
CKS2 Frequency select bit 2 See Table 15.2 RW
TRG1 Trigger select bit Function varies with each operation mode | RW
—_— Nothing is assigned. If necessary, set to 0. —_
(b7-06) When read, the content is 0

NOTS:

1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.2 ADCONO to ADCON2 Registers

Rev. 1.11 Dec.11, 2006

REJ09B0101-0111

page 224 of 458

RENESAS



M16C/29 Group

15. A/D Converter

A/D Trigger Control Register (.2)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
ADTRGCON 03D216 0016
Bit Symbol Bit Name Function RW
A/D Operation Mode 0 : Other than simultaneous sample sweep RW
SSE Select Bit 2 mode or delayed trigger mode 0,1
1 : Simultaneous sample sweep mode or
delayed trigger mode 0,1
: A/D Operation Mode 0 : Other than delayed trigger mode 0,1 RW
""" DTE Select Bit 3 1: Delayed trigger mode 0,1
| HPTRGO ANO Trigger Select Bit Function varies with each operation mode RW
HPTRG1 ANL1 Trigger Select Bit Function varies with each operation mode RW
] — Nothing is assigned. If necessary, set to 0. _
(b7-b4) When read, its content is 0

NOTES:

1. If the ADTRGCON register is rewritten during A/D conversion, the conversion result will be undefined.
2. Set 0016 in this register in one-shot mode, repeat mode, single sweep mode, repeat sweep mode 0 and repeat

sweep mode 1.

Figure 15.3 ADTRGCON Register

Table 15.2 A/D Conversion Frequency Select

CKS2 CKS1 CKS0 ZAD

0 0 0 fAD divided by 4
0 0 1 fAD divided by 2
0 1 0

fAD
0 1 1
1 0 0 fAD divided by 12
1 0 1 fAD divided by 6
1 1 0

fAD divided by 3
1 1 1

NOTE:

1. ZAD frequency must be under 10 MHz. Combination of the CKSO bit in the
ADCONO register, the CKS1 bit in the ADCONL1 register, and the CKS2 bit in the
ADCON2 register selects @AD.
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A/D Conversion Status Register 0 (1)
D7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | ADSTATO 03D316 0016
o i1 | Bit Symbol Bit Name Function RW
i 1| ADERRo |AN1trigger status flag 0: AN1 trigger did not occur during
o Vo ANO conversion RW
o : 1: ANL1 trigger occured during
o : ANO conversion
ADERR1 |Conversion termination flag | 0: Conversion not terminated
o O 1: Conversion terminated by RW
o Timer BO underflow
Nothing is assigned. If necessary, set to 0. o
A (b2) When read, its content is 0
N ADTCSE | Delayed trigger sweep 0: Sweep not in progress RO
R status flag 1: Sweep in progress
T ADSTTO |ANO conversion status flag | 0: ANO conversion not in progress RO
1: ANO conversion in progress
e ADSTT1 |AN1 conversion status flag | 0: AN1 conversion not in progress RO
1: AN1 conversion in progress
] ADSTRTO |ANO conversion 0: ANO conversion not completed RW
completion status flag 1: ANO conversion completed
e ADSTRT1 |AN1 conversion 0: AN1 conversion not completed RW
completion status flag 1: AN1 conversion completed
NOTE:
1. ADSTATO register is valid only when the DTE bit in the ADTRGCON register is set to 1.
A/D Register i (i=0 to 7) Symbol Address After Reset
ADO 03C116 to 03CO016 Undefined
AD1 03C316 to 03C216 Undefined
AD2 03C516 to 03C416 Undefined
AD3 03C716 to 03C616 Undefined
AD4 03C916 to 03C816 Undefined
AD5 03CBu16 to 03CA16 Undefined
AD6 03CD16 to 03CC1s6 Undefined
AD7 03CF16 to 03CE16 Undefined
(b15) (b8)
b7 b0 b7 b0
. : Function RwW
A i [When the BITS bit in the ADCON1 | When the BITS bit in the ADCON1
i [register is 1 (10-bit mode) register is O (8-bit mode) RW
.| Eignht low-order bits of A/D conversion result RO
A/D conversion result
_ _________________ Two high-order bits of When read, its content is RO
A/ID conversion result undefined
e Nothing is assigned. If necessary, set to 0. -
When read, its content is 0

Figure 15.4 ADSTATO Register and ADO to AD7 Registers
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Timer B2 special mode register @
b7 b6 b5 b4 b3 b2 bl bo

0 | 0 | | | | | | Symbol Address After Reset

— — 1 TB2SC 039E16 X00000002
¢+ 1| Bit Symbol Bit Name Function RW
PWCON | Timer B2 reload timing 0: Timer B2 underflow
Vo switch bit @ 1: Timer A output at odd-numbered RW

o] IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff
SD control bit 1 by SD pin input (high impedance)
(3,4,7) disabled RW

1: Three-phase output forcible cutoff
by SD pin input (high impedance)

L m e mmmemecc;;eeceeeememeeemmmmmmmemmmmmmmmmmmmmm————————

enabled
R TBOEN [Timer BO operation mode | 0: Other than A/D trigger mode RW
' select bit 1: A/D trigger mode ®)
O TB1EN [Timer B1 operation mode | O: Other than A/D trigger mode RW
select bit 1: A/D trigger mode ®)
TB2SEL | Trigger select bit © 0: TB2 interrupt RW
---------------- 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
STt (b6-b5) | Reserved bits Setto 0 RW

—_ Nothing is assigned. If necessary, set to 0.
(b7) When read, its content is 0

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bit is O (three-phase mode 0) or the INVO6 bitis 1 (triangular wave modulation mode), set this bit to O (timer
B2 underflow).

3. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD8s bit to 0 (= input
mode).

4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied to the SD pin
and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L”) signal is applied to the SD pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCR1 bit is 0, pins U, 0, V, V, W, and W become programmable 1/0O ports. When the IVPCRL1 bit is set to 1,
pins U, O, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the INV02
bit to 1 (three-phase motor control timer function).

(o2}

Figure 15.5 TB2SC Register
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15.1 Operating Modes

15.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is once converted to a digital code. Table
15.3 shows the one-shot mode specifications. Figure 15.6 shows the operation example in one-shot
mode. Figure 15.7 shows registers ADCONO to ADCON2 in one-shot mode.

Table 15.3 One-shot Mode Specifications
Item Specification

Function Bits CH2 to CHO in the ADCONO register and registers ADGSEL1 and
ADGSELO in the ADCONZ2 register select pins. Analog voltage applied to a
selected pin is once converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the

ADST bit to 1 (A/D conversion started)
A/D Conversion Stop « A/D conversion completed (If a software trigger is selected, the ADST bit is
Condition set to O (A/D conversion halted)).
» Set the ADST bitto O
Interrupt Request Generation Timing | A/D conversion completed
Analog Input Pin Select one pin from ANo to AN7, ANOo to ANO7, AN20 to AN27, AN30 to AN32
Readout of AID Conversion Result | Readout one of registers ADO to AD7 that corresponds to the selected pin

*Example when selecting AN2 to an analog input pin  (Ch2 to CHO = 0102)

A/D conversion started

I:l A/D pin input voltage
ANo sampling

A/D pin conversion
AN1

AN3 +

AN4 A/D interrupt request generated
ANs

ANe6
AN7

Figure 15.6 Operation Example in One-Shot Mode
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A/D Control Register 0 ()

b7 b6 b5 b4 b3 b2 bl bo

LLLTolol 1]

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO Analog input pin BZBE Select ANo RW
select bit (%) 00 1: Select AN1
01 0: Select AN2
CH1 01 1: Select AN3 RW
100: Select AN4
10 1: Select ANs 1
CH2 11 0: Select AN6 RW
11 1: Select AN7
. ba b3
MDO AD ope_ratloan mode 0 0: One-shot mode or delayed trigger mode | RW|
MD1 select bit 0 () 0.1 RW
TRG Trigger select bit 0: Software trigger ) RW
1: Hardware trigger (ADTRG trigger)
ADST AID conversion start flag | 0: A/D conversion disabled RW
1: A/D conversion started
CKS0 Frequency select bit 0 See Table 15.2 RW

NOTES:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOo to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as AN 0 to AN7. Use bits ADGSEL1

and ADGSEL 0 in the ADCON2 register to select the desired pin.
3. After rewriting bits MD1 and MDO, set bits CH2 to CHO over again using an another instruction.

A/D Control Register 1 (1)
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
i [ Jo] [ ] Abcom 03D716 0016
1+ | Bit Symbol Bit Name Function RW
A/ID Sweep Pin Invalid in one-shot mode RW
i | SCANO | select Bit
----1 SCANL RW
A/D Operation Mode 0 : Any mode other than repeat sweep
""""" MD2 Select Bit 1 mode 1 RW
............ 8/10-Bit Mode Select Bit |0 : 8-bit mode
oo BITS 1 : 10-bit mode RW
o """""""" CKs1 Frequency Select Bit 1 Refer to Table 15.2 RW
VCuT Vref Connect Bit (2) 1: Vref connected RW
—_ Nothing is assigned. If necessary, set to 0. _
(b7-b6) When read, the contents are 0
NOTES:
1. If the ADCONLI register is rewritten during A/D conversion, the conversion result will be undefined.
2. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting
A/D conversion.
A/D Control Register 2 @)
DT D0 b5 b b3 b2 b1 b0 Symbol Address After Reset
0 | | 0 | ADCON2 03D416 0016
H Bit Symbol Bit Name Function RW
: A/D conversion method 0: Without sample and hold
SMP select bit 1: With sample and hold RW
: . b2 bl
: ADGSELO | A/D input group select 0 0: Select port P10 group RW
bit 0 1: Select port P9 group
H 1 0: Select port PO group
. ADGSELL 1 1: Select port P1/P9 group RW
T (b3) Reserved bit Setto O RW
CKS2 Frequency select bit 2 See Table 15.2 RW
___________________ TRG1 Trigger select bit 1 Set to 0 in one-shot mode RW
Nothing is assigned. If necessary, setto 0. _
""""""""" (b7-b6) When read, the content is 0

NOTE:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.7 ADCONO to ADCON2 Registers in One-Shot Mode

Rev. 1.11 Dec.11, 2006

REJ09B0101-0111

page 229 of 458

RENESAS



M16C/29 Group 15. A/D Converter

15.1.2 Repeat mode
In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
15.4 shows the repeat mode specifications. Figure 15.8 shows the operation example in repeat mode.
Figure 15.9 shows the ADCONO to ADCON2 registers in repeat mode.

Table 15.4 Repeat Mode Specifications
ltem Specification
Function Bits CH2 to CHO in the ADCONO register and the ADGSEL1 to ADGSELO bits
in the ADCONZ2 register select pins. Analog voltage applied to a selected pin
is repeatedly converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to 1 (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to 0 (A/D conversion halted)
Interrupt Request Generation Timing| None generated
Analog Input Pin Select one pin from ANo to AN7, ANOo to ANO7, AN20 to AN27, and AN30 to AN32
Readout of A/D Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

*Example when selecting AN2to an analog input pin  (Ch2 to CHO = 0102)

I:l A/D pin input voltage
sampling

:] A/D pin conversion

A/D conversion started

ANo
AN1 ¥
ANz [ [ [ | |
AN3
AN4
ANs
ANe
AN7

Figure 15.8 Operation Example in Repeat Mode

Rev. 1.11 Dec.11, 2006  page 230 of 458 RENESAS
REJ0O9B0101-0111



M16C/29 Group

15. A/D Converter

A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl bO

o[ [ 1]

P

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
b2 bl b0
CHO 00 0: Select ANo RW
00 1: Select AN1
01 0: Select AN2
CH1 Analog input pin select 011: Select AN3 RW
bit 3 10 0: Select ANa
10 1: Select AN5
CH2 11 0: Select ANe RW
11 1: Select AN7
MDO AID operation mode oo RW
VDL select bit 0 @ 0 1: Repeat mode W
. . 0: Software trigger
TRG Trigger select bit 1: Hardware trigger (ADTRG trigger) RW
. 0: A/D conversion disabled
ADST A/D conversion start flag 1: A/D conversion started RW
CKS0 Frequency select bit 0 See Table 15.2 RW

NOTES:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.

2. ANOo to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1
and ADGSEL 0 in the ADCON2 register to select the desired pin.

3. After rewriting bits MD1 and MDO, set bits CH2 to CHO over again using an another instruction.

A/D Control Register 1 @

b7 b6 b5 b4 b3 b2 bl bO

D] | Tof |

Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
SCANO RW
A/D sweep pin select bit Invalid in repeat mode
SCAN1 RW
A/D operation mode
MD2 select bit 1 0: Other than repeat sweep mode 1 RW
. . 0: 8-bit mode
BITS 8/10-bit mode select bit 1: 10-bit mode RW
CKS1 Frequency select bit 1 See Table 15.2 RW
VvCuT Vref connect bit (@) 1: Vref connected RW
0706 Nothing is assigned. If necessary, set to 0. —
(b7-b6) When read, the content is 0

NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 pus or more before starting A/D

conversion.

A/D Control Register 2()

b7 b6 b5 b4 b3 b2 bl b0

prmmmmmmm i ————

Symbol Address After Reset
ADCON2 03D416 0016
Bit Symbol Bit Name Function RW
A/D conversion method 0: Without sample and hold
SMP select bit 1: With sample and hold RW
b2 bl
ADGSELO ) | 00: select port P10 group RW
AID input group select bit | o 1: Select port P9 group
1 0: Select port PO group
ADGSEL1 1 1: Select port P1/P9 group RW
(b3) Reserved bit Setto 0 RW
CKS2 Frequency select bit 2 See Table 15.2 RW
TRG1 Trigger select bit Set to 0 in one-shot mode RW
57 -b¢ Nothing is assigned. If necessary, set to 0. —
(b7-b6) When read, the content is 0

NOTE:
1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.9 ADCONO to ADCON2 Registers in Repeat Mode
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15.1.3 Single Sweep Mode
In single sweep mode, analog voltages applied to the selected pins are converted one-by-one to a digital
code. Table 15.5 shows the single sweep mode specifications. Figure 15.10 shows the operation
example in single sweep mode. Figure 15.11 shows the ADCONO to ADCONZ2 registers in single sweep
mode.

Table 15.5 Single Sweep Mode Specifications

ltem Specification
Function Bits SCAN1 to SCANO in the ADCON1 register and bits ADGSEL1 and
ADGSELO in the ADCONZ2 register select pins. Analog voltage applied to the
selected pins is converted one-by-one to a digital code
A/D Conversion Start Condition |» When the TRG bit in the ADCONO register is 0 (software trigger)
Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to 1 (A/D conversion started)
AID Conversion Stop Condition [» A/D conversion completed(When selecting a software trigger, the ADST bit
is set to 0 (A/D conversion halted)).
 Set the ADST bitto O
Interrupt Request Generation Timing| A/D conversion completed
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins),
ANo to AN7 (8 pins) @
Readout of A/ID Conversion Result | Readout one of registers ADO to AD7 that corresponds to the selected pin
NOTE:
1. ANOo to ANO7, AN 2 to AN27, and AN3o to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

I:l A/D pin input voltage

A/D conversion started :] SAa;rgzl'l:gcon ersion
+ | \Y |

ANo ||

AN1
AN2
AN3

AN4 *

ANs A/D interrupt request generated
ANe

AN7

Figure 15.10 Operation Example in Single Sweep Mode
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A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | 1 |O | | | ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
N CHO RW
CH1 Analog input pin select bit | Invalid in single sweep mode RW
P CH2 RW
P MDO ) bues RW
A/D operation mode 1 0: Single sweep mode or Simultaneous
S MD1 select bit 0 sample sweep mode RW
] ) ; 0: Software trigger
TRG Trigger select bit 1: Hardware trigger (ADTRG trigger) RW
: _ _______________ . 0: A/D conversion disabled
: ADST AJ/D conversion start flag 1: A/ID conversion started RW
T P CKSO0 Frequency select bit 0 See Table 15.2 RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
A/D Control Register 1 @
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
XX 1] | o] ADCON1  03D71s 0016
¢+ 1| Bit Symbol Bit Name Function RW
P SCANO nli;oen single sweep mode is selected, RW
P ) | 00: ANo to AN1 (2 pins)
HE @ .
P AID sweep pin select bit 0 1: ANO to AN3 (4 pins)
i bl scaNl 1 0: ANo to AN5 (6 pins) RW
: 1 1: ANo to AN7 (8 pins)
[ MD2 AD °pefa“°” mode 0: Other than repeat sweep mode 1 RW
select bit 1
. . 0: 8-bit mode
............ BITS 8/10-bit mode select bit 1: 10-bit mode RW
---------------- CKs1 Frequency select bit 1 See Table 15.2 RW
____________________ VCUT | Vref connect Bit @ 1: Vref connected RW
__________________________ —_— Nothing is assigned. If necessary, set to 0. —
(b7-b6) When read, the content is 0

NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOo to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1

and ADGSEL 0 in the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting A/D

conversion.

A/D Control Register 2(1)

b7 D6 85 b4 b3 b2 bl b0 Symbol Address After Reset

XX o] [o] | | ADCON2  03D41s 0016
o ¢+ 1+ | Bit Symbol Bit Name Function RW
o Vo A/D conversion method 0: Without sample and hold
I Lo SMP select bit 1: With sample and hold RW
I P b2b1
i 1 71 ADGSELO 0 0: Select port P10 group RW
A/D input group select bit| 0 1: Select port P9 group
N 1 0: Select port PO group
R ADGSEL1 1 1: Select port P1/P9 group RW
LR 03) Reserved bit Setto 0 RW
P e CKS2 Frequency select bit 2 See Table 15.2 RW
 RRERCEEEELEEED TRG1 Trigger select bit Set to 0 in single sweep mode RW
- Nothing is assigned. If necessary, set to 0. —_

(b7-06) When read, the content is 0

NOTE:

1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.11 ADCONO to ADCONZ2 Registers in Single Sweep Mode
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15.1.4 Repeat Sweep Mode 0
In repeat sweep mode 0, analog voltages applied to the selected pins are repeatedly converted to a
digital code. Table 15.6 shows the repeat sweep mode 0 specifications. Figure 15.12 shows the opera-
tion example in repeat sweep mode 0. Figure 15.13 shows the ADCONO to ADCONZ2 registers in repeat
sweep mode 0.

Table 15.6 Repeat Sweep Mode 0 Specifications

Item Specification

Function Bits SCAN1 and SCANO in the ADCONL1 register and bits ADGSEL1 and
ADGSELDO in the ADCON2 register select pins. Analog voltage applied to the
selected pins is repeatedly converted to a digital code
A/D Conversion Start Condition |* When the TRG bit in the ADCONO register is 0 (software trigger)

Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (Hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the ADST bit

to 1 (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to O (A/D conversion halted)
Interrupt Request Generation Timing|None generated
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins),
ANo to AN7 (8 pins) ()
Readout of A/D Conversion Result  |Readout one of registers ADO to AD7 that corresponds to the selected pin
NOTES:
1. ANOo to ANO7, AN 2 to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7.

However, all input pins need to belong to the same group.

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

A/D pin input voltage
A/D conversion started I:l samgling : 9

* [ AD pin conversion

ANo |

AN1 | _
AN2 | N
ANs3

ANa4
ANs
ANe6
AN7

Figure 15.12 Operation Example in Repeat Sweep Mode 0
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A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO RW
CH1 Analog input pin select bit | Invalid in repeat sweep mode 0 RW
CH2 RW
MDO . b4 b3 RW
A/D operation mode 1 1: Repeat sweep mode O or
MD1 select bit 0 repeat sweep mode 1 RW
. . 0: Software trigger
TRG Trigger select bit 1: Hardware trigger (ADTRG trigger) RW
’ 0: A/D conversion disabled
ADST A/D conversion start flag 1: A/ID conversion started RW
CKS0 Frequency select bit 0 See Table 15.2 RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
A/D Control Register 1 @
b7 D6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
1] [ [o[ [ | Abconi  03D71 0016
i | Bit Symbol Bit Name Function RW
- SCANO }ﬁl?oen repeat sweep mode 0 is selected, RW
A ) | 00: ANo to AN1 (2 pins)
[ A @ !
oo A/D sweep pin select bit 0 1: ANO to AN3 (4 pins)
T SCAN1 1 0: ANo to AN (6 pins) RW
[ 1 1: ANo to AN7 (8 pins)
(I T MD2 A/D ope_ranon mode 0: Other than repeat sweep mode 1 RW
oo select bit 1
A . _ [o: 8-bitmode
I BITS 8/10-bit mode select bit 1+ 10-bit mode RW
CKs1 Frequency select bit 1 See Table 15.2 RW
S VCUT Vref connect Bit @ 1: Vref connected RW
, ______________________ 5756 Nothing is assigned. If necessary, setto 0. —
(b7-b6) When read, the content is 0

NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be undefined.

and ADGSEL 0 in the ADCONB2 register to select the desired pin.

conversion.

A/D Control Register 2(Y)

2. ANOO to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1

3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting A/D

Nothing is assigned. If necessary, set to 0.
When read, the content is 0

(b7-b6)

b7 D6 85 b4 b3 b2 bl b0 Symbol Address After Reset

DXXJo] Jo] T ]| Abconz 03D 0016
[ T A Bit Symbol Bit Name Function RW
[ A/D conversion method 0: Without sample and hold
e SMP select bit 1: With sample and hold RW
N b2b1
Porob o st ADGSELO 0 0: Select port P10 group RW
A/D input group select bit| 0 1: Select port P9 group
N 1 0: Select port PO group
R ADGSEL1 1 1: Select port P1/P9 group RW
L 03) Reserved bit Setto 0 RW
I CKS2 Frequency select bit 2 See Table 15.2 RW
I TRG1 Trigger select bit Set to 0 in repeat sweep mode 0 RW

NOTE:
1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.13 ADCONO to ADCON2 Registers in Repeat Sweep Mode 0

Rev. 1.11 Dec.11, 2006  Page 235 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 15. A/D Converter

15.1.5 Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltage is applied to the all selected pins are converted to a digital code,
with mainly used in the selected pins. Table 15.7 shows the repeat sweep mode 1 specifications. Figure
15.14 shows the operation example in repeat sweep mode 1. Figure 15.15 shows registers ADCONO to
ADCONZ2 in repeat sweep mode 1.

Table 15.7 Repeat Sweep Mode 1 Specifications
ltem Specification
Function Bits SCAN1 and SCANO in the ADCONL1 register and bits ADGSEL1 and
ADGSELO in the ADCON2 register mainly select pins. Analog voltage applied
to the all selected pins is repeatedly converted to a digital code
Example : When selecting ANo
Analog voltage is converted to a digital code in the following order
AN0o — AN1 — ANo — AN2 — ANo — AN3, and so on.
A/D Conversion Start Condition |* When the TRG bit in the ADCONO register is 0 (software trigger)
Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to 1 (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to O (A/D conversion halted)
Interrupt Request Generation Timing| None generated
Analog Input Pins Mainly |Select from ANo (1 pins), ANo to AN1 (2 pins), ANo to AN2 (3 pins), ANo to
Used in A/D Conversions |AN3 (4 pins) D)
Readout of A/D Conversion Resultf Readout one of registers ADO to AD7 that corresponds to the selected pin
NOTES:

1. ANOo to ANO7, AN @ to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

*Example when selecting ANo to A/D sweep pins (SCAN1 to SCANO = 002)

I:l A/D pin input voltage
sampling
A/D conversion started :| A/D pin conversion

ANo [ N e 1 S O e [ | -
AN1 | |
AN: I I

AN3 D:l ________
AN4 D:l

ANs D:l

ANe D:l

AN7 D:l

Figure 15.14 Operation Example in Repeat Sweep Mode 1
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A/D Control Register 0 (1)

0: Software trigger

o TRG Trigger select bit 1: Hardware trigger (ADTRG trigger)

RW

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| | | | 1 | 1 | | | | ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
N CHO RW
CH1 Analog input pin select bit | Invalid in repeat sweep mode 1 RW
P CH2 RW
P MDO ) buvs RW
A/D operation mode 1 1: Repeat sweep mode O or
o ] MD1 select bit 0 repeat sweep mode 1 RW

. : A/ID conversion disabl
"""""""""""" ADST A/D conversion start flag 2, ﬁllD ggnxzr::gn g{;ﬁgsd RW

e CKS0 Frequency select bit 0 See Table 15.2 RW

NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.

A/D Control Register 1 @

DO [ o] || Abcons  osre oo Reset

Bit Symbol Bit Name Function RW

SCANO ?ﬁlgoen repeat sweep mode 0 is selected, RW

0 0: ANo (1 pin)

0 1: ANo to AN1 (2 pins)
SCAN1 1 0: ANo to AN2 (3 pins) RW
1 1: ANo to AN3 (4 pins)

A/D sweep pin select bit @

A/D operation mode

MD2 select bit 1 1: Repeat sweep mode 1 RW
BITS 8/10-bit mode select bit 2 ?&)l?it:irn:gze RW
CKS1 Frequency select bit 1 See Table 15.2 RW
VCUT Vref connect Bit @ 1: Vref connected RW
(b7_-b6) Nothing is assigned. If necessary, setto 0. _

When read, the content is 0

NOTES:
1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOO to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1
and ADGSEL 0 in the ADCONB2 register to select the desired pin.
3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting A/D
conversion.

A/D Control Register 2(t)

b7 D6 b5 b4 b3 b2 bl bo Symbol Address After Reset

DXJo] Jo] T[] Abconz — 03pass 0016
i1 1| Bit Symbol Bit Name Function RW
o SMP A/D conversion method 0: Without sample and hold RW
- HE select bit 1: With sample and hold
P Do b2 b1
i *----| ADGSELO 0 0: Select port P10 group RW
AJD input group select bit | 0 1: Select port P9 group
o H 1 0: Select port PO group
A ADGSEL1 1 1: Select port P1/P9 group RW
------------- (b3) Reserved bit Setto 0 RW
P e CKS2 Frequency select bit 2 See Table 15.2 RW
H RRERCLEEELEEEY TRG1 Trigger select bit Set to 0 in repeat sweep mode 1 RW

Nothing is assigned. If necessary, setto 0. —

--------------------------- (b7-b6) When read, the content is 0

NOTE:
1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.15 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 1

Rev. 1.11 Dec.11, 2006  Page 237 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group

15. A/D Converter

15.1.6 Simultaneous Sample Sweep Mode
In simultaneous sample sweep mode, analog voltages applied to the selected pins are converted one-by-
one to a digital code. The input voltages of ANO and AN1 are sampled simultaneously using two circuits
of sample and hold circuit. Table 15.8 shows the simultaneous sample sweep mode specifications.
Figure 15.16 shows the operation example in simultaneous sample sweep mode. Figure 15.17 shows
registers ADCONO to ADCON2 and Figure 15.18 shows ADTRGCON registers in simultaneous sample
sweep mode. Table 15.9 shows the trigger select bit setting in simultaneous sample sweep mode. In
simultaneous sample sweep mode, Timer BO underflow can be selected as a trigger by combining soft-
ware trigger, ADTRG trigger, Timer B2 underflow, Timer B2 interrupt generation frequency setting counter
underflow or A/D trigger mode of Timer B.

Table 15.8 Simultaneous Sample Sweep Mode Specifications

ltem Specification

Function

Bits SCAN1 and SCANO in the ADCONL1 register and bits ADGSEL1 and
ADGSELO in the ADCONZ2 register select pins. Analog voltage applied
to the selected pins is converted one-by-one to a digital code. At this time,
the input voltage of ANo and AN1 are sampled simultaneously.

A/D Conversion Start Condition

bit to 1 (A/D conversion started)

When the TRG bit in the ADCONO register is O (software trigger)
Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
When the TRG bit in the ADCONO register is 1 (hardware trigger)
The trigger is selected by bits TRG1 and HPTRGO (See Table 15.9)
The ADTRG pin input changes state from “H" to “L” after setting the ADST

Timer BO, B2 or Timer B2 interrupt generation frequency setting counter
underflow after setting the ADST bit to 1 (A/D conversion started)

A/D Conversion Stop Condition

automatically set to 0 ).
Set the ADST bit to 0 (A/D conversion halted)

A/D conversion completed (If selecting software trigger, the ADST bit is

Interrupt Generation Timing A/D conversion completed

Analog Input Pin

or ANo to AN7 (8 pins) (1)

Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins),

Readout of A/D conversion result

Readout one of registers ANO to AN7 that corresponds to the selected pin

NOTE:

1. ANOo to ANO7, AN 2 to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7. However, all input
pins need to belong to the same group.

*Example when selecting ANo to AN3 to A/D pins for sweep (SCAN1 to SCANO = 012)

D A/D pin input voltage
A/D conversion started sampling
+ A/D pin conversion

ANo
AN1 |
AN2 | |

AN3

ANa +

ANs A/D interrupt request generated
ANe

AN7

Figure 15.16 Operation Example in Simultaneous Sample Sweep Mode
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A/D Control Register 0 4

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | | | 1 | 1 | | | | ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
P b s CHO RW
: CH1 Analog input pin select bit | Invalid in repeat sweep mode 0 RW
P Pt CH2 RW
i MDO . 0403 RW
A/D operation mode 1 0: Single sweep mode or
o MD1 select bit 0 simultaneous sample sweep mode RW
P TRG | Trigger select bit See Table 15.9 RW
. 0: A/D conversion disabled
LT ADST AID conversion start flag 1: A/D conversion started RW
e L ReGEECEEEEEE P L CKS0 Frequency select bit 0 See Table 15.2 RW
NOTE:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.

A/D Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

|><|><| 1| | | Ol | | Symbol Address After Reset
e ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
I When simultaneous sample sweep mode
- A R SCANO is selected,
b1 bo RW
A/D sweep pin select bit @ | 0 0: ANo to AN1 (2 pins)
oo e e 0 1: ANo to AN3 (4 pins)
Pl b el SCANL 1 0: ANO to AN5 (6 pins) RW
N 1 1: ANo to AN7 (8 pins)
T T S MD2 AD ope_ranon mode 0: Other than repeat sweep mode 1 RW
oo select bit 1
R . | 0: 8-bit mode
O BITS 8/10-bit mode select bit 1- 10-bit mode RW
O — CKs1 Frequency select bit 1 See Table 15.2 RW
ERTITT R VCUT Vref connect Bit 3 1: Vref connected RW
: 57t Nothing is assigned. If necessary, setto 0. —

(b7-b6) When read, the content is 0

NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOO to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1

and ADGSEL 0 in the ADCONZ2 register to select the desired pin.

3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting A/D

conversion.

A/D Control Register 2(1)

b7 D6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset

[o] ] J1] ADconz  03Daw 0016
oo i n b ]| Bit Symbol Bit Name Function RW
[ A SMP A/D conversion method Set to 1 in simultaneous sample sweep RW
select bit mode
A b2 b1
Pt 0 st ADGSELO 0 0: Select port P10 group RW
A/D input group select bit | 0 1: Select port P9 group
e 1 0: Select port PO group
T R T ADGSEL1 1 1: Select port P1/P9 group RW
PR ©3) Reserved bit Setto 0 RW
R R Rt CKS2 Frequency select bit 2 See Table 15.2 RW
SEELELELELELE TRG1 Trigger select bit See Table 15.9 RW
_______________________ ey Nothing is assigned. If necessary, set to 0. _

(b7-b6) When read, the content is 0

NOTE:

1. If the ADCONB2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.17 ADCONO to ADCON2 Registers in Simultaneous Sample Sweep Mode
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A/D Trigger Control Register

b7 b6 BS” b4~ b3 b2 bl b0 Symbol Address After Reset
DD o] [1][1] ADTRGCON 03D216 0016
i+ 1| Bit Symbol Bit Name Function RW
o SSE A/D operation mode select | 1: Simultaneous sample sweep mode or RW
bit 2 delayed trigger mode 0, 1

A/D operation mode select

P DTE  1hit3

0: Other than delayed trigger mode 0, 1 RW

- HPTRGO | ANO trigger select bit See Table 15.9 RW

Set to 0 in simultaneous sample sweep

V] HPTRG1 [ ANL1 trigger select bit mode

RW

___________________________ _ Nothing is assigned. If necessary, set to 0.
(b7-b4) When read, the content is 0

NOTE:
1. If ADTRGCON is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.18 ADTRGCON Register in Simultaneous Sample Sweep Mode

Table 15.9 Trigger Select Bit Setting in Simultaneous Sample Sweep Mode

TRG TRG1 | HPTRGO TRIGGER
0 - - Software trigger
- 1 Timer BO underflow (1)
1 0 0 ADTRG
1 1 0 Timer B2 or Timer B2 interrupt generation frequency setting
counter underflow (2)
NOTES:

1. A count can be started for Timer B2, Timer B2 interrupt generation frequency
setting counter underflow or the INT5 pin falling edge as count start
conditions of Timer BO.

2. Select Timer B2 or Timer B2 interrupt generation frequency setting counter
using the TB2SEL bit in the TB2SC register.
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15.1.7 Delayed Trigger Mode O

In delayed trigger mode 0, analog voltages applied to the selected pins are converted one-by-one to a
digital code. The delayed trigger mode 0 used in combination with A/D trigger mode of Timer B. The
Timer BO underflow starts a single sweep conversion. After completing the ANo pin conversion, the AN1
pin is not sampled and converted until the Timer B1 underflow is generated. When the Timer B1 under-
flow is generated, the single sweep conversion is restarted with the AN1 pin. Table 15.10 shows the
delayed trigger mode O specifications. Figure 15.19 shows the operation example in delayed trigger
mode 0. Figures 15.20 and 15.21 show each flag operation in the ADSTATO register that corresponds to
the operation example. Figure 15.22 shows registers ADCONO to ADCONZ2 in delayed trigger mode 0.
Figure 15.23 shows the ADTRGCON register in delayed trigger mode 0 and Table 15.11 shows the
trigger select bit setting in delayed trigger mode 0.

Table 15.10 Delayed Trigger Mode O Specifications
Item Specification
Function Bits SCAN1 and SCANO in the ADCON1 register and bits ADGSEL1 and ADGSELO
in the ADCONZ2 register select pins. Analog voltage applied to the input voltage of
the selected pins are converted one-by-one to the digital code. At this time, timer BO
underflow generation starts ANo pin conversion. Timer B1 underflow generation
starts conversion after the AN1 pin. ()
A/D Conversion Start ANo pin conversion start condition
*When Timer BO underflow is generated if Timer BO underflow is generated again
before Timer B1 underflow is generated , the conversion is not affected
*When Timer BO underflow is generated during A/D conversion of pins after the
AN1 pin, conversion is halted and the sweep is restarted from the ANo pin again
AN1 pin conversion start condition
*When Timer B1 underflow is generated during A/D conversion of the ANo pin, the
input voltage of the AN1 pin is sampled. The AN1 conversion and the rest of the

sweep start when ANo conversion is completed.

A/D Conversion Stop *When single sweep conversion from the ANo pin is completed
Condition «Set the ADST bit to 0 (A/D conversion halted)
Interrupt request A/D conversion completed

generation timing
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins)
and ANo to AN7 (8 pins)®)

Readout of A/D conversion | Readout one of registers ANO to AN7 that corresponds to the selected pins
result

NOTES:
1. Set the larger value than the value of the timer BO register to the timer B1 register. The count source for timer BO
and timer B1 must be the same.
2. Do not write 1 (A/D conversion started) to the ADST bit in delayed trigger mode 0. When write 1, unexpected
interrupts may be generated.
3. ANOo to ANO7, AN 2 to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7. However, all input
pins need to belong to the same group.
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*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

«Example 1: When Timer B1 underflow is generated during ANo pin conversion |:| A/D pin input
voltage sampling
Timer BO underflow A/D pin conversion

Timer B1 underflow

ANo
AN1 L]

AN2
AN3 | |

*Example 2: When Timer B1 underflow is generated after ANo pin conversion

Timer BO underflow

b= 7
s -

AN3 _I_I

Timer B1 underflow

«Example 3: When Timer BO underflow is generated during A/D conversion of any pins except ANo pin

Timer BO underflow Timer BO “”derﬂ‘?w .
+ (Abort othrt pins conversion)

Timer B1 underflow Timer B1 under flow

ANo + +
AN1 |_|_ | |

AN2 |

AN3 _l_l

Example 4: When Timer BO underflow is generated again before Timer B1 underflow is generated
after Timer BO underflow generation

Timer BO underflow ~ Timrt BO underflow

An interrupt does not affect A/D conversion)
Timer B1 underflow

ano 1]

AN1

AN2 |

AN3 _l_l

Figure 15.19 Operation Example in Delayed Trigger Mode 0
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ADST flag
ADERRO flag
ADERR1 flag
ADTCSF flag
ADSTTO flag
ADSTT1 flag
ADSTRTO flag

ADSTRT1 flag

register

ADST flag
ADERRO flag
ADERR1 flag
ADTCSF flag
ADSTTO flag
ADSTT1 flag
ADSTRTO flag

ADSTRT1 flag

register

IR bit in the ADIC 1

IR bit in the ADIC 1

«Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

*Example 1: When Timer B1 underflow is generated during ANo pin conversion

Timer BO underflow

ANo |

I:' A/D pin input
voltage sampling

Timer B1 underflow A/D pin conversion

AN1 | I_l

ANz | ; |

we |l -
R S =

0 J:\I%JO not set :to 1by program :I_
o——1 | |
T | !

0 : ; T T T
— L
o

0 | 1

Set to 0 by program

i

Set to 0 by an interrupt request acknowledgement or a program

*Example 2: When Timer B1 underflow is generated after ANo pin conversion

Timer BO underflow

avo LT ]

ANz :
ANz .
AN3 |

Timer B1 underflow

1
I
I
1
1
I
I
1
1
I
1
I
I

Do not set to 1 by program
I
i
T
1
I
I
i
T
I
1
1
I
I
I
1
i
1

I
I
I
I
I
|
I
I
| ! i |
1 I 1 ! 1
. . ! I
0 T T | i
. , H I I
I I ! !
0 L L T T
| ! I I
1 |
- : ;
! : i 1
1 | |
0 A H ' |
|
1 ! ! ] i 1
I
0 ; T { f 1
! | I I ] I
L L L
L | i ‘ i |
I I |
0 i ' Set to 0 by program /:'
1 ! \l_
I )
0 |
I
I
I
j

0

ADST flag: Bit 6 in the ADCONO register
ADERRO. ADERR1. ADTCSF. ADSTT0. ADSTT1. ADSTRTO and ADSTRT1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

Set to 0 by an interrupt request acknowledgement or a program

Figure 15.20 Each Flag Operation in ADSTATO Register Associated with the Operation
Example in Delayed Trigger Mode 0 (1)
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Timer BO underflow

Timer BO underflow X .
(Abort othrt pins conversion )

ANo \ \

AN1

Timer B1 underflow Timer B1 underflow

«Example 3: When Timer BO underflow is generated during A/D pin conversion of any pins except ANo pin

]

AN2

AN3 |

L

ADST fla 1
A —

Do not set to 1 by program

ADERRO flag ! !

0 T T
ADERR1flag 1 1 1

0 T 7 ‘ !
ADTCSF flag 1 T T

o — ! : L
ADSTTO flag 1—,—l——l—]

0
ADSTT1 flag

ADSTRTO flag

o » o m

'
'
'
'
'
'
'
'
'
'
'
'
L
[
'
'
'
'
'
'
'
'
'
'
'
'
'
'
L
[
'

Set to 0 by program

ADSTRT1flag 1

T
I '
L L
| |
I '
I '
| '
I '
| '
| '
| '
I '
I |
| '
I '
I '
| '
T T
' '

‘
|
|
‘
‘
|
|
‘
‘
‘
‘
|
|
|
|
|
—
B
N
‘
]
—
‘
|
|
|
|
|
‘
|
|
|
‘
|
‘

ADST flag: Bit 6 in the ADCONO register

before Timer B1 underflow is genetaed

Timer BO underflow ~ Timrt BO underflow
} ‘An interrupt does not affect A/D conversion)

Timer B1 underflow
ANo

AN1
AN2

AN3 |

ADST flag ! ~—_ 1

ADSTTO flag 1 —
0

0 : Do not set to 1 by prograr :
ADERRO flag 1 : |

0 7
ADERR1flag ! | |

0 : |
ADTCSF flag L ‘

o [

e

ADSTT1 flag

S

1
0

ADSTRTO flag 1
0

Set to O‘by program

'
'
T
'
'
'
I

ADSTRTI1 flag 1

Set to 0 by interrupt request acknowledgement or a program

ADST flag: Bit 6 in the ADCONO register

IR bit in the ADIC 1 | |
register 0 ] ] |

0 | i |
IR bit in the ADIC1 r
register 0 j ]

|
. : i

Set to 0 by interrupt request acknowledgement or a program !
] I |

i

ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

*Example 4: After Timer BO underflow is generated and when Timer BO underflow is generated again

[

ADERRO. ADERR1. ADTCSF. ADSTTO. ADSTT1. ADSTRTO and ADSTRT1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

A/D pin input
voltage sampling
A/D pin conversion

A/D pin input
voltage sampling
A/D pin conversion

Figure 15.21 Each Flag Operation in ADSTATO Register Associated with the Operation

Example in Delayed Trigger Mode 0 (2)
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b7 b6 b5 b4 b3 b2 bl b0
[LIoLhAL]

A/D Control Register 0 @

NOTES:

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 1 ®

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO ::;:I;gbii?put pin ?I.Qh:ll.hi: Set to 111b in delayed trigger RW
mode 0
CH1 RW
CH2 RW
- bab3
MDO ,:é?e;p;;aélon mode 0 0: One-shot mode or delayed trigger mode | RWI
MD1 0.1 RW
TRG Trigger select bit Refer to Table 15.11 RW
ADST AID conversion start flag | 0: A/D conversion disabled RW
(@) 1: A/ID conversion started
CKSO0 Frequency select bit 0 Refer to Table 15.2 RW
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
2. Do not write 1 in delayed trigger mode 0. When write, set to 0.
Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
AJD sweep pin When selecting delayed trigger sweep mode 0 | RW
SCANO  |select bit @ o160
0 0: ANo to AN1 (2 pins)
0 1: ANo to AN3 (4 pins) |
SCAN1 1 0: ANo to ANs (6 pins) RW
1 1: ANo to AN7 (8 pins)
A/D operation mode 0: Any mode other than repeat sweep
MD2 select bit 1 mode 1 RW
8/10-bit mode select bit  |0: 8-bit mode
BITS 1: 10-bit mode RW
CKs1 Frequency select bit1 | Refer to Table 15.2 RW
vCcuT Vref connect bit (3) 1: Vref connected RW
JR— Nothing is assigned. If necessary, setto 0. _
(b7-b6) When read, its content is 0

NOTES:

A/D conversion.

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOo to ANO7, AN20 to AN27, and AN3o to AN32 can be used in the same way as AN o to AN7. Use bits ADGSEL1 and

ADGSELO in the ADCONZ2 register to select the desired pin.
3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 pus or more before starting

A/D Control Register 2 @
D7 D6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
0| | 0 | | | 1 | ADCON2 03D416 0016
. Bit Symbol Bit Name Function RW
HE AJ/D conversion method Wi
SMP select bit @ 1: With sample and hold RW
[ . b2 b1
o ADGSELO | A/D input group 0 0: Select port P10 group RW
select bit 0 1: Select port P9 group
R 1 0: Select port PO group
ADGSELL 1 1: Select port P1/P9 group RW
. @ Reserved bit Setto 0 RW
[ CKS2 Frequency select bit 2 Refer to Table 15.2 RW
TRG1 Trigger select bit 1 Refer to Table 15.11 RW
Nothing is assigned. If necessary, setto 0. _
(b7-b6) When read, its content is 0

NOTES:

2. Set to 1 in delayed trigg

er mode 0.

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.22 ADCONO to ADCONZ2 Registers in Delayed Trigger Mode O
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NOTE:

1(1(1]1

A/D Trigger Control Register 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
ADTRGCON 03D216 0016
Bit Symbol Bit Name Function RW
SSE A/D operation mode select | Simultaneous sample sweep mode or RW
bit 2 delayed trigger mode 0, 1
DTE ﬁi/thoperatlon mode select Delayed trigger mode 0, 1 RW
HPTRGO | ANo trigger select bit See Table 15.11 RW
HPTRG1 | ANL1 trigger select bit See Table 15.11 RW
— Nothing is assigned. If necessary, set to 0. _
(b7-b4) When read, the content is 0

1. If ADTRGCON is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.23 ADTRGCON Register in Delayed Trigger Mode 0

Table 15.11 Trigger Select Bit Setting in Delayed Trigger Mode 0

TRG TRG1 HPTRGO | HPTRG1 Trigger
0 0 1 1 Timer BO, B1 underflow
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15.1.8 Delayed Trigger Mode 1

In delayed trigger mode 1, analog voltages applied to the selected pins are converted one-by-one to a
digital code. When the input of the ADTRG pin (falling edge) changes state from “H" to “L”, a single sweep
conversion is started. After completing the ANo pin conversion, the AN1 pin is not sampled and converted
until the second ADTRG pin falling edge is generated. When the second ADTRG falling edge is generated,
the single sweep conversion of the pins after the AN1 pin is restarted. Table 15.12 shows the delayed
trigger mode 1 specifications. Figure 15.24 shows the operation example of delayed trigger mode 1.
Figure 15.25 and 15.26 show each flag operation in the ADSTATO register that corresponds to the
operation example. Figure 15.27 shows registers ADCONO to ADCON2 in delayed trigger mode 1.
Figure 15.28 shows the ADTRGCON register in delayed trigger mode 1. Table 15.13 shows the trigger
select bit setting in delayed trigger mode 1.

Table 15.12 Delayed Trigger Mode 1 Specifications

Iltem Specification
Function Bits SCAN1 and SCANO in the ADCON1 register and bits ADGSEL1 and ADGSELO
in the ADCON2 register select pins. Analog voltages applied to the selected

pins are converted one-by-one to a digital code. At this time, the ADTRG pin

falling edge starts ANo pin conversion and the second ADTRG pin falling edge
starts conversion of the pins after AN1 pin
A/D Conversion Start ANo pin conversion start condition
Condition The ADTRG pin input changes state from “H” to “L” (falling edge) @)
ANz pin conversion start condition (2)
The ADTRG pin input changes state from “H” to “L” (falling edge)
*When the second ADTRG pin falling edge is generated during A/D conversion of

the ANo pin, input voltage of AN1 pin is sampled or after at the time of ADTRG
falling edge. The conversion of AN1 and the rest of the sweep starts when ANo
conversion is completed.

*When the ADTRG pin falling edge is generated again during single sweep
conversion of pins after the AN1 pin, the conversion is not affected

A/D Conversion Stop *A/D conversion completed
Condition «Set the ADST bit to 0 (A/D conversion halted) (3)
Interrupt Request Single sweep conversion completed

Generation Timing
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins)
and ANo to AN7 (8 pins) )

Readout of A/D Conversion Result |Readout one of registers ANO to AN7 that corresponds to the selected pins

NOTES:
1. Do not generate the next ADTRG pin falling edge after the AN1 pin conversion is started until all selected pins
complete A/D conversion. When an ADTRG pin falling edge is generated again during A/D conversion, its trigger

is ignored. The falling edge of ADTRG pin, which was input after all selected pins complete A/D conversion, is
considered to be the next ANO pin conversion start condition.

2. The ADTRG pin falling edge is detected synchronized with the operation clock fAD. Therefore, when the ADTRG pin
falling edge is generated in shorter periods than fAD, the second ADTRG pin falling edge may not be detected. Do
not generate the ADTRG pin falling edge in shorter periods than fAD.

3. Do not write 1 (A/D conversion started) to the ADST bit in delayed trigger mode 1. When write 1,unexpected
interrupts may be generated.

4. ANOo to ANO7, AN 2 to AN27, and AN3o0 to AN32 can be used in the same way as ANo to AN7. However, all input
pins need to belong to the same group.

Rev. 1.11 Dec.11, 2006  Page 247 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 15. A/D Converter

Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

*Example 1: When ADrre pin falling edge is generated during ANo pin conversion I:' A/D pin input
voltage sampling

A/D pin conversion
ADrtra pin input :l P

ANo
AN1 |_|

AN2

AN3 _l—l

*Example 2: When ADTrec pin falling edge is generated again after ANo pin conversion

ADrra pin input % %

avo LT ]
AN1

AN2 |

AN3 _|_|

«Example 3: When ADre pin falling edge is generated more than two times after ANo pin conversion

e 4[4 |4 KL

i (valid after single sweep conversion)

ano L1 1] o

AN1 ' (invalid) |_|

AN2 | _I_ """
AN3 —I—I

Figure 15.24 Operation Example in Delayed Trigger Model
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*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

*Example 1: When ADTre pin falling edge is generated during ANo pin conversion

ADrra pin input I:' A/D pin input
voltage sampling

| | A/D pin conversion

ANo i

an o ]
ANz ¢ | |
ANs | 1 }
ADST flag P : : i
0 J“\ Do not sel:m 1by progra:m !_
ADERROflag 1 | ‘ ‘ ‘ :
0 —$—| ! ! :
ADERRL flag 1 ! ! ‘ ‘ !
o : :
ADTCSFflag 1 ‘ 1 1 I
= L
ADSTTO flag 1 ﬁ ! :
0 ‘ ! ‘ i T
ADSTT1 flag 1 __—l—l '
0 t

ADSTRT1 flag

ADSTRTOflag 1 |
o ——— | L
1 ' f

! |
0 : 1 i !
IR bitinthe ADIC; | | | [
register 0 ‘ I ] /!(_I_

Set to 0 by interrupt request acknowledgement or a program

«Example 2: When ADTrc pin falling edge is generated again after ANo pin conversion

ADrra pin input } %

ANo i
AN1
ANz
ANz

ADST flag 1
o —I

Do not set to 1 by progra

ADERROflag 1

B R S A B I B

0 T ; *
ADERRLflag 1 |

0 : N :
ADTCSF fla 1 ] i

©o 3 L

ADSTTO flag 1 _|—|

0
ADSTT1 flag

o r

ADSTRTO flag

1

ADSTRT1 flag 1

| i A
0 : T d . I—
IR bit in the ADIC ; | ; | '
register o ' } : l_l_

Set to 0 by interrupt request acknowledgment or a program

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRT1 flag: bits 0, 1, 3,4, 5, 6 and 7 in the ADSTATO register

Figure 15.25 Each Flag Operation in ADSTATO Register Associated with the Operation Example
in Delayed Trigger Mode 1 (1)

Rev. 1.11 Dec.11, 2006  Page 249 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 15. A/D Converter

*Example 3: When ADtrc input falling edge is generated more than two times after ANo pin conversion
I:' A/D pin input
voltage sampling

A/D pin conversion

s [ 4 [} i

ano 1]

ADSTRTO flag

AN1 ! ! (invalid) 3 L__J
ANz : : | Lo A S LA
ANs | ! : | [ L T ;
ADST flag L : : 3 ‘ i : ;
0 :\ Do not set to 1 by progra‘m | ! | | ' i
ADERRO flag 1 ! ' | 1 ! | i ; ‘
0 T . . ; T T l ' i
ADERRL flag 1 ! 5 ; ! : : : 3
0o — . : ? 1 : : ‘ ;
ADTCSF flag 1 T : : ‘ E :
o | I 1 I—l\ ! ! ! 3
ADSTTOflag 1 __J_________1 ! | ! ]
0 T T :v ’ 1 | b .
ADSTT1 flag 1 ;  — 1 ! |—|—
0 1 T T

b
|
|
: Set to 0 by program

i =

]

ADSTRT1 flag

o r o »

IR bit in the ADIC ,
register 0

Set to 0 when interrupt request acknowledgement or a program

ADST flag: Bit 6 in the ADCONO register
ADERRO. ADERR1. ADTCSF. ADSTTO0. ADSTT1. ADSTRTO and ADSTRTL1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

Figure 15.26 Each Flag Operation in ADSTATO Register Associated with the Operation Example
in Delayed Trigger Mode 1 (2)
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A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl

b
. Symbol Address After Reset
L[ Tofofofs[s]1]  Abcono 03D616 00000XXX2
HE Bit Symbol Bit Name Function RW
P CHo | Analog iput pin 111: Setto 111b in delayed trigger RW
Pl select bit mode 1 ]
H . ' CH1 RW
Vo CH2 RW
o X b4 b3
. MDo A/IID ops_regwn mode 00 : One-shot mode or delayed trigger mode M
Do MD1 select bit 0.1 RW
L TRG Trigger select bit Refer to Table 15.13 RW
_ ______________________ ADST A/D conversion start flag | 0 : A/D conversion disabled RW
H ) 1: A/D conversion started
R CKSO0 Frequency select bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
2. Do not write 1 in delayed trigger mode 1. If necessary, set to 0.
A/D Control Register 1 ()
S e Symbol Address After Reset
DI 1] ol [ | Abcom 03D716 0016
: : : Bit Symbol Bit Name Function RW
o A/D sweep pin When selecting delayed trigger mode 1 RW
N H SCANO | select bit( bL00 !
HE 0 0: ANo to AN1 (2 pins)
N H 0 1: ANo to AN3 (4 pins) 1
. P SCAN1 1 0: ANo to AN5 (6 p!ns) RW
H H 1 1: ANo to AN7 (8 pins)
I A/D operation mode 0: Any mode other than repeat sweep
HE A MD2 select bit 1 mode 1 RW
I 8/10-bit mode select bit  |0: 8-bit mode
oo BITS 1: 10-bit mode RW
H - CKs1 Frequency selectbit1 | Referto Table 15.2 RW
: VCuT Vref connect bit 3) 1: Vref connected RW
(b7-b6) Nothing is assigned. If necessary, set to 0. —
When read, the content is undefined

NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be undefined.

ADGSETO in the ADCONZ register to select the desired pin.

AJD conversion.

A/D Control Register 2 (1)

3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 us or more before starting

2. ANOo to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as AN 0 to AN7. Use bits ADGSEL1 and

o7, 06 05 b4 b3 b2 b1 b0 Symbol Address After Reset

|><|><| l| | 0 | | | 1 | ADCON2 03D416 0016
N i1+ | Bit Symbol Bit Name Function RW
HE R AID conversion method Wi
. SMP select bit (2) 1: With sample and hold RW
E E E E E . b2 b1
[ ADGSELO | A/D input group 0 0: Select port P10 group RW
A select bit 0 1: Select port P9 group
R 1 0: Select port PO group
A ADGSELL 1 1: Select port P1/P9 group RW
A ®3) Reserved bit Setto 0 RW
P CKS2 Frequency select bit 2 Refer to Table 15.2 RW
; e, TRG1 Trigger select bit 1 Refer to Table 15.13 RW
Vo - Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7-b6) When read, the content is 0

NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be undefined.
2. Setto 1 in delayed trigger mode 1.

Figure 15.27 ADCONO to ADCONZ2 Registers in Delayed Trigger Mode 1
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NOTE:

A/D Trigger Control Register )

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
o(0|1(1 ADTRGCON 03D216 0016
i 1 1| Bit Symbol Bit Name Function RW
o SSE A/D operation mode select | Simultaneous sample sweep mode or RW
o bit 2 delayed trigger mode 0, 1
o R DTE Qi/tDsoperatlon mode select Delayed trigger mode 0, 1 RW
S HPTRGO | ANO trigger select bit See Table 15.13 RW
(TR HPTRG1 | AN1 trigger select bit See Table 15.13 RW
e Nothing is assigned. If necessary, set to 0. _
(b7-b4) When read, the content is O

1. If ADTRGCON is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.28 ADTRGCON Register in Delayed Trigger Mode 1

Table 15.13 Trigger Select Bit Setting in Delayed Trigger Mode 1

TRG TRG1 HPTRGO | HPTRG1 Trigger
0 1 0 0 ADTRG
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15.2 Resolution Select Function

The BITS bit in the ADCONL1 register determines the resolution. When the BITS bit is set to 1 (10-bit
precision), the A/D conversion result is stored into bits O to 9 in the ADi register (i=0 to 7). When the BITS
bit is set to O (8-bit precision), the A/D conversion result is stored into bits 7 to O in the ADi register.

15.3 Sample and Hold

When the SMP bit in the ADCON 2 register is set to 1 (with the sample and hold function), A/D conversion
rate per pin increases to 28 @AD cycles for 8-bit resolution or 33 @AD cycles for 10-bit resolution. The
sample and hold function is available in one-shot mode, repeat mode, single sweep mode, repeat sweep
mode 0 and repeat sweep mode 1. In these modes, start A/D conversion after selecting whether the
sample and hold circuit is to be used or not. In simultaneous sample sweep mode, delayed trigger mode
0 or delayed trigger mode, set to use the Sample and Hold function before starting A/D conversion.

15.4 Power Consumption Reducing Function
When the A/D converter is not used, the VCUT bit in the ADCONL1 register isolates the resistor ladder of
the A/D converter from the reference voltage input pin (VREF). Power consumption is reduced by shutting
off any current flow into the resistor ladder from the VREF pin.
When using the A/D converter, set the VCUT bit to 1 (Vref connected) before setting the ADST bit in the
ADCONO register to 1 (A/D conversion started). Do not set the ADST bit and VCUT bit to 1 simulta-
neously, nor set the VCUT bit to O (Vref unconnected) during A/D conversion.
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15.5 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 15.29 has to be
completed within a specified period of time. T (sampling time) as the specified time. Let output imped-
ance of sensor equivalent circuit be RO, MCU's internal resistance be R, precision (error) of the A/D
converter be X, and the A/D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-
bit mode).
1 ot
VC is generally VC = VIN{1-e ¢(RO+R) 1}

Andwhent=T, VC=VIN- i((—VIN=VIN(1- :((—)

17
e CROWR) - X

Y
- 1—T = |n X_
C(RO+R) Y

T
Hence, RO = - P v R
Celn v

Figure 15.29 shows analog input pin and externalsensor equivalent circuit. When the difference be-
tween VIN and VC becomes 0.1 LSB, we find impedance RO when voltage between pins. VC changes
from O to VIN-(0.1/1024) VIN in timer T. (0.1/1024) means that A/D precision drop due to insufficient
capacitor chage is held to 0.1LSB at time of A/D conversion in the 10-bit mode. Actual error however is
the value of absolute precision added to 0.1LSB. When f(XIN) = 10MHz, T=0.3us in the A/D conversion
mode with sample & hold. Output inpedance RO for sufficiently charging capacitor C within time T is
determined as follows.

T=0.3us, R=7.8kQ, C=1.5pF, X=0.1,and Y = 1024. Hence,

-6
RO = - 0.3X10 -7.8X103013.9Xx 103

1.5X10712¢|n —

1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D con-
verter turns out of be approximately 13.9kQ.

MCU

Sensor equivalent
circuit :

Ro | R (7.8kq) ¥

VIN @ —

C (1.5pF) T Sampling time

| V€ sample-and-hold functi bled:—o~-
| ample-and-hold function enabled: @D
| . . L2

Sample-and-hold function disabled: )

NOTE:
1. Reference value

H

Figure 15.29 Analog Input Pin and External Sensor Equivalent Circuit
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16. Multi-master 12C bus Interface

The multi-master 12C bus interface is a serial communication circuit based on Philips I2C bus data transfer
format, equipped with arbitration lost detection and synchronous functions. Figure 16.1 shows a block
diagram of the multi-master 12C bus interface and Table 16.1 lists the multi-master I2C bus interface func-
tions.

The multi-master 12C bus interface consists of the SODO register, the S00 register, the S20 register, the
S3DO register, the S4D0 register, the S10 register, the S2D0 register and other control circuits.

Figures 16.2 to 16.8 show the registers associated with the multi-master IC bus.

Table 16.1 Multi-master 12C bus interface functions
Iltem Function
Format Based on Philips 12C bus standard:
7-bit addressing format
High-speed clock mode
Standard clock mode
Communication mode Based on Philips 12C bus standard:
Master transmit
Master receive
Slave transmit
Slave receive
SCL clock frequency 16.1kHz to 400kHz (at Viic M= 4MHz)
I/O pin Serial data line  SDAMM(SDA)
Serial clock line  SDLMM(SCL)

NOTE:
1. Viic=I2C system clock
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NN leuss
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Figure 16.1 Block diagram of multi-master I2C bus interface
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M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

12C0 Address Register

b7 b6 b5 b4 b3 b2 bl b0

| | | | Symbol Address After Reset
S N 1 9 S0DO 02E216 0016
: P i | Bit Symbol Bit Name Function RW
- o) Reserved bit Setto 0 RW
5 Pl b ke---| SADO RW
P e SAD1 RW
P e SAD2 RW
P Slave address Compare with received
I R Eh SAD3 address data RW
LT TLLLE SAD4 RW
e SAD5 RW
LR EEE LR LR SAD6 RW
Figure 16.2 SODO Register
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12C0 Data Shift Register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
S00 02EO16 XX16
Function RW

Transmit/receive data are stored.
In master transmit mode, the start condition/stop condition are triggered by writing data RWQ@
to the register (refer to 16.9 START Condition Generation Method and 16.11 STOP
Condition Generation Method). Start transmitting/receiving data while synchronizing
with ScL

NOTE:
1. Write is enabled only when the ESO bit in the S1DO register is 1 (12C bus interface is enabled). Write the transmit data after
the receive data is read because the SO0 register is used to store both the transmit and receive data. When the SO0 register
is set, bits BC2 to BCO in the S1DO register are set to 0002, while bits LRB, AAS, and AL in the S10 register are set to 0
respectively.

12C0 Clock Control Register

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address After Reset
T S20 02E416 0016
' Bit Symbol Bit Name Function RW
i . . . . - CCRO ScL Frequency Control Bits |[See Table 16.3 RW
A CCR1 W
Pl e CCR2 RW
S A . CCR3 RW
P e CCR4 RW
FAST I . 0: Standard clock mode
Vo Tt MODE Sct Mode Specification Bit 1: High-speed clock mode RW
L T — ACKBIT | ACK Bit 0: ACK is returned RW
' 1: ACK is not returned
oo ACK-CLK | ACK Clock Bit 0: No ACK clock RW

1: With ACK clock

Figure 16.3 SO0 and S20 Registers
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12C0 Control Register 0
b7 b6 b5 b4 b3 b2 bl b0
| Symbol Address After Reset
—— S1D0 02E316 0016
P Bit Symbol Bit Name Function RW
Bit counter b2b1b0
P BCO (Number of transmit/receive | 000:8 RwW
P bits) (1) 001:7
P 010:6
P BC1 0115 RW
. 100:4
b 101:3
; BC2 110:2 RW
o 111:1
P I°C bus interface 0: Disabled
o E RW
P S0 enable bit 1: Enabled
P ALS Data format select bit O Addressing format RW
oo 1: Free data format
b (b5) Reserved bit Setto 0 RW
] IHR 12C bus- interface 0: Reset release (automatic) RW
: reset bit 1: Reset
H 2 . . 12 .
e TISS ! C bus interface pin 0: 1°C bus input RW
input level select bit 1: SMBUS input
NOTE:
1.In the following status, the bit counter is set to 000 automatically
«Start condition/stop condition are detected
eImmediately after the completion of 1-byte data transmit
sImmediately after the completion of 1-byte data receive

Figure 16.4 S1DO0 Register
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12CO Status Register
b7 b6 b5 b4 b3 b2 bl bo
| | | Symbol Address After Reset
. S S T - S10 02E816 0001000X2
P b 1| Bit Symbol Bit Name Function RW
R A S A Last receive bit 0: Last bit=0 ROY
A 1: Last bit=1
; - ADRO General call detecting flag 0: No general call detected I
[ ) RO
[ 1: General call detected
Pl ' AAS Slave address comparison flag | 0: No address matched (1)
' H 1 v TTTTTTTT RO
v v 1: Address matched
] AL Avrbitration lost detection flag 0: Not detected @
P ' 1: Detected RO
Pl o PIN 12C bus interface interrupt 0: Interrupt request issued @
v request bit 1: No interrupt request issued RO
S N BB Bus busy flag 0: Bus free o
1: Bus busy RO
: TRX Communication mode select 0: Receive mode ©
v TTTTTTEmmmmmmmm et bits 0 1: Transmit mode RW
MST Communication mode select |0: Slave mode RW®
"""""""""""" bit 1 1: Master mode
NOTES:
1. This bit is read only if it is used for the status check.
To write to this bit, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition Generation
Method.
2. Read only. If necessary, set to 0.
3. To write to these bits, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition
Generation Method.

Figure 16.5 S10 Register
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12CO Control Register 1

b7 b6 bS5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address After Reset
T S3D0 02E616 001100002
I
Bt Symbol Bit Name Function RW
E SIM The interrupt enable bit for | 0: Disable the 1°C bus interface
' STOP condition detection interrupt of STOP condition
'] detection RW

: Enable the 1°C bus interface
interrupt of STOP condition
detection

WIT The interrupt enable bit for | 0: Disable the 1°C bus interface

data receive completion interrupt of data receive

completion

1: Enable the IC bus interface
interrupt of data receive RW
completion

[Eny

When setting NACK
(ACK bit = 0), write 0

Spa/port function switch 0: SpA /O pin

| [P —
PED bit™ 1: Port output pin RW
] ScL/port function switch 0: ScL I/0 pin
PEC bit™ 1: Port output pin RW
: The logic value monitor 0: SpA output logic value = 0
""""""" SDAM bit of SpA output 1: Spa output logic value = 1 RO
The logic value monitor 0: ScL output logic value = 0
O E LT TR . RO
SCLM bit of ScL output 1: ScL output logic value = 1
b7 b6
R RRREEEEEEEEED ICKO I’C bus system clock 0 0:Vic =12fic RW
selection bits, 0 1: Vic =1/4fic
if bits ICK4 to ICK2 inthe| 1 ¢ Viic =1/8fic
PTTTTTTTT T ICK1 S4DO0 register is 0002 1 1: Reserved @ RW

NOTE:
1. Bits PED and PEC are enabled when the ESO bit in the S1DO0 register is set to 1 (12C bus interface enabled).
2. When the PCLKO bit in the PCLKR register is set to 0, fic=f2. When the PCLKO bit in the PCLKR register is set
to 1, fic=f1.

Figure 16.6 S3DO0 Register
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1C0 Control Register 2
b7 b6 b5 b4 b3 b2 bl b0

| |O | | l | | | | Symbol Address After Reset
R S B S B R S4D0 02E716 0016
A R T Symbol Bit Name Function RW
; b [ TOE Time out detection 0: Disabled RW
A function enable bit 1: Enabled
A TOF ) ) 0: Not detected
[ RO
Pl Time out detection flag 1: Detected
L TOSEL Time out detection time 0: Long time RW
' : : select bit 1: Short time
: E E E E b5 b4 b3
Pl e ICK2 I°C bus system clock 0 0 0 VicsetbylCKlandicko | "W
o select bits bits in S3DO register
oo 0 0 1 Vic=1/25fic RW
[ ICK3 0 1 0 Vic=1/3fic
. 0 1 1 Vic=1/5fic RW
N 10 0 Vic=1/6fic ©
V) bmmmmemmmmmmem----o ICK4 Do not set other than the above values
o
I EEEEEEEEEE LR (b6) Reserved bit Setto 0 RW
i STOP condition detection | 0: No 12C bus interface interrupt
! interrupt request bit request
Srmmmmmmmmmmmmmmmmmemod SCPIN 1: 1°C bus interface interrupt RW

request
NOTE:
1. When the PCLKO bit in the PCLKR register is set to 0, fiic = f2. When the PCLKO bit is set to 1, fiic=f1.

Figure 16.7 S4DO0 Register
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1Co Start/stop Condition Control Register
e Symbol Address After Reset
| i | . i S2DO0 02E516 000110102
P : Bit Symbol Bit Name Function RW
t{ ssco RW
------ SSC1 RW
o Setting for detection condition
START/STOP condition -
........ SSC2 setting bits® H of START/STOP condition. RW
See Table 16.2
............ SSC3 RW
-------------- SSC4 RW
__________________ sIp ScL/Spa interrupt pin 0: Active in falling edge RW
polarity select bit 1: Active in rising edge
SCL/SDA interrupt pin 0: SpbA enabled
""""""""""" SIS select bit 1: ScL enabled RW
START/STOP condition 0: Short setup/hold time mode
______________________ STSPSEL generation select bit 1: Long setup/hold time mode RW
NOTE:
1. Do not set 000002 or odd values.

Figure 16.8 S2DO0 Register

Table 16.2 Recommended setting (SSC4-SSCO0) start/stop condition at each oscillation frequency

Oscillation | 12C bus system | I2C bus system | SSC4-SSCO()| SCL release | Setup time Hold time
f1 (MHz) clock select | clock(MHz) time (cycle) (cycle) (cycle)
10 1/2n@ 5 XXX11110 6.2 us (31) 3.2us (16) | 3.0 us (15)
8 1/21n@ 4 XXX11010 6.75 us(27) 3.5us (14) | 3.25 us(13)
XXX11000 6.25 ps(25) 3.25pus (13) | 3.0 us (12)
8 1/81n@ 1 XXX00100 5.0 us (5) 3.0ps (3) | 2.0us (2)
4 1/2n@ XXX01100 6.5 us (13) 35us (7) | 3.0us (6)
XXX01010 55pus (11) 30pus (6) | 25us (5)
2 1/2n@ 1 XXX00100 5.0 us (5) 3.0us (3) | 2.0 ps (2)
NOTES:

1. Do not set odd values or 000002 to START/STOP condition setting bits (SSC4 to SSCO0)
2. When the PCLKO bit in the PCLKR register is set to 1.
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16.1 12C0 Data Shift Register (SO0 register)

The SO0 register is an 8-bit data shift register to store a received data and to write a transmit data. When a
transmit data is written to the SO0 register, the transmit data is synchronized with a SCL clock and the data
is transferred from bit 7. Then, every one bit of the data is transmitted, the register's content is shifted for
one bit to the left. When the SCL clock and the data is imported into the SO0 register from bit 0. Every one
bit of the data is imported, the register's content is shifted for one bit to the left. Figure 16.9 shows the
timing to store the receive data to the SO0 register.

The SO0 register can be written when the ESO bit in the S1DO0 register is set to 1 (12C0 bus interface
enabled). If the SO0 register is written when the ESO bit is set to 1 and the MST bit in the S10 register is set
to 1 (master mode), the bit counter is reset and the SCL clock is output. Write to the SO0 register when the
START condition is generatedor when an "L" signal is applied to the SCL pin. The SO0 register can be read
anytime regardless of the ESO bit value.

ScL

SDA >< .
' L il

Internal ScL : : I tdfil: Noise elimination circuit delay time

: 1to 2 Viic cycle
Internal Spa - y tdsft.ls\t}:rtcccl)c:gll;delay time
tdfil tdsft
Shift clock ‘—’T

Store data at the rising edge of shift clock

Figure 16.9 The Receive Data Storing Timing of SO0 Register

16.2 12CO Address Register (SODO register)
The SODO register consists of bits SAD6 to SADO, total of 7. At the addressing is formatted, slave
address is detected automatically and the 7-bit received address data is compared with the contents of
bits SAD6 to SADO.
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16.3 12C0 Clock Control Register (S20 register)
The S20 register is used to set theACK control, SCL mode and the SCL frequency.

16.3.1 Bits 0to 4. SCL Frequency Control Bits (CCR0-CCR4)
These bits control the SCL frequency. See Table 16.3.

16.3.2 Bit 5: SCL Mode Specification Bit (FAST MODE)
The FAST MODE bit selects SCL mode. When the FAST MODE bit is set to 0, standard clock mode
is entered. When it is set to 1, high-speed clock mode is entered.
When using the high-speed clock mode I2C bus standard (400 kbit/s maximum) to connect buses, set
the FAST MODE bit to 1 (select SCL mode as high-speed clock mode) and use the 12C bus system
clock (Viic) at 4 MHz or more frequency.

16.3.3 Bit 6: ACK Bit (ACKBIT)

The ACKBIT bit sets the SDA status when an ACK clock®) is generated. When the ACKBIT bit is set
to 0, ACK is returned and te clock applied to SDA becomes "L" when ACK clock is generated. When
it is set to 1, ACK is not returned and the clock clock applied to SDA maintains "H" at ACK clock
generation.

When the ACKBIT bit is set to 0, the address data is received. When the slave address matches with
the address data, SDA becomes "L" automatically (ACK is returned). When the slave address and the
address data are not matched, SDA becomes "H" (ACK is not returned).

NOTE:
1. ACK clock: Clock for acknowledgment

16.3.4 Bit 7: ACK Clock Bit (ACK-CLK)
The ACK-CLK bit set a clock for data transfer acknowledgement. When the ACK-CLK bit is set to O,
ACK clock is not generated after data is transferred. When itis set to 1, a master generates ACK clock
every one-bit data transfer is completed. The device, which transmits address data and control data,
leave SDA pin open (apply "H" signal to SDA) when ACK clock is generated. The device which
receives data, receives the generated ACKBIT bit.
NOTE:
1.Do not rewrite the S20 register, other than the ACKBIT bit during data transfer. If data is written
to other than the ACKBIT bit during transfer, the 12C bus clock circuit is reset and the data may
not be transferred successfully.
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Table 16.3 Setting values of S20 register and SCL frequency

Setting value of CCR4 to CCRO SCL frequency (at Viic=4MHz, unit : kHz) (1)
CCR4|CCR3|CCR2 |[CCR1|CCRO Standard clock mode High-speed clock mode

0 0 0 0 0 Setting disabled Setting disabled

0 0 0 1 Setting disabled Setting disabled

0 0 0 1 0 Setting disabled Setting disabled

0 0 0 1 1 - 333

0 0 1 0 0 -@ 250

0 0 1 0 1 100 400 ®

0 0 1 1 0 83.3 166

) . 1 1 l 500/ CCR value ® 1000 / CCR value ©

1 1 1 0 1 17.2 34.5

1 1 1 1 0 16.6 33.3

1 1 1 1 1 16.1 32.3

NOTES:

1. The duty of the SCL clock output is 50 %. The duty becomes 35 to 45 % only when high-speed
clock mode is selected and the CCR value = 5 (400 kHz, at VIIC = 4 MHz). “H” duration of the
clock fluctuates from —4 to +2 I12C system clock cycles in standard clock mode, and fluctuates from
-2 to +2 I2C system clock cycles in high-speed clock mode. In the case of negative fluctuation,
the frequency does not increase because the “L” is extended instead of “H” reduction. These are
the values when the SCL clock synchronization by the synchronous function is not performed.
The CCR value is the decimal notation value of the CCR4 to CCRO bits.

2. Each value of the SCL frequency exceeds the limit at Viic = 4 MHz or more. When using these
setting values, use Viic = 4 MHz or less. Refer to Figure 16.6.

3. The data formula of SCL frequency is described below:

Viic/(8 x CCR value) Standard clock mode

Viic/(4 x CCR value) High-speed clock mode (CCR value # 5)

Viic/(2 x CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as the CCR value regardless of the VIIC frequency. Set 100 kHz (max.) in
standard clock mode and 400 kHz (max.) in high-speed clock mode to the SCL frequency by
setting the CCR4 to CCRO bits.
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16.4 12C0 Control Register 0 (S1D0)

The S1DO register controls data communication format.

16.4.1 Bits 0to 2: Bit Counter (BC0O-BC2)

Bits BC2 to BCO decide how many bits are in one byte data transferred next. After the selected num-
bers of bits are transferred successfully, 12C bus interface interrupt request is gnerated and bits BC2 to
BCO are reset to 0002. At this time, if the ACK-CLK bit in the S20 register is set to 1 (with ACK clock),
one bit for ACK clock is added to the numbers of bits selected by the BC2 to BCO bits.

In addition, bits BC2 to BCO become 0002 even though the START condition is detected and the
address data is transferred in 8 bits.

16.4.2 Bit 3: 12C Interface Enable Bit (ES0)

The ESO bit enables to use the multi-master I2C bus interface. When the ESO bit is set to 0, I2C bus

interface is disabled and the SDA and SCL pins are placed in a high-h-impedance state. When the

ESO bit is set to 1, the interface is enabled.

When the ESO bit is set to 0, the process is followed.

1)The bits in the S10 register are setas MST =0, TRX =0, PIN=1, BB =0, AL=0, AAS =0,
ADRO =0

2)The SO0 register cannot be written.

3)The TOF bit in the S4DO0 register is set to 0 (time-out detection flag is not detected)

4)The 12C system clock (Viic) stops counting while the internal counter and flags are reset.

16.4.3 Bit 4. Data Format Select Bit (ALS)
The ALS bit determines whether the salve address is recognized. When the ALS bit is set to 0, an
addressing format is selected and a address data is recognized. Only if the comparison is matched
between the slave address stored into the SODO register and the received address data or if the
general call is received, the data is transferred. When the ALS bit is set to 1, the free data format is
selected and the slave address is not recognized.

16.4.4 Bit 6: 12C bus Interface Reset Bit (IHR)

The IHR bit is used to reset the 12C bus interface circuit when the error communication occurs.
When the ESO bit in the S1DO register is set to 1 (12C bus interface is enabled), the hardware is reset
by writing 1 to the IHR bit. Flags are processed as follows:
1)The bits in the S10 register are set as MST =0, TRX=0,PINto 1, BB=0, AL=0, AAS =

0, and ADRO =0
2)The TOF bit in the S4DO0 register is set to 0 (time-out detection flag is not detected)
3)The internal counter and flags are reset.
The I12C bus interface circuit is reset after 2.5 Viic cycles or less, and the IHR bit becomes 0 automati-
cally by writing 1 to the IHR bit. Figure 16.10 shows the reset timing.
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16.4.5 Bit 7: 12C bus Interface Pin Input Level Select Bit (TISS)
The TISS bit selects the input level of the SCL and SDA pins for the multi-master 12C bus interface.
When the TISS bit is set to 1, the P20 and P21 become the SMBus input level.

Write 1 to IHR bit |_

IHR bit

N

* 2.5 Vic cycles

A reset signal to I12C bus interface circuit

Figure 16.10 The timing of reset to the I12C bus interface circuit
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16.5 12C0 Status Register (S10 register)

The S10 register monitors the 12C bus interface status. When using the S10 register to check the status,
use the 6 low-order bits for read only.

16.5.1 Bit O: Last Receive Bit (LRB)
The LRB bit stores the last bit value of received data. It can also be used to confirm whether ACK is
received. If the ACK-CLK bit in the S20 register is set to 1 (with ACK clock) and ACK is returned when the
ACK clock is generated, the LRB bit is setto 0. If ACK is not returned, the LRB bit is set to 1. When the
ACK-CLK bit is set to 0 (no ACK clock), the last bit value of received data is input. When writing data to
the SO0 register, the LRB bit is set to 0.

16.5.2 Bit 1: General Call Detection Flag (ADRO)
When the ALS bit in the S1DO register is set to 0 (addressing format), this ADRO flag is set to 1 by
receiving the general calls)), whose address data are all 0, in slave mode.
The ADRO flag is set to 0 when STOP or START conditions is detected or when the IHR bit in the S1DO0
register is set to 1 (reset).

NOTE:
1. General call: A master device transmits the general call address 0016 to all slaves. When the
master device transmits the general call, all slave devices receive the controlled data after general
call.

16.5.3 Bit 2: Slave Address Comparison Flag (AAS)
The AAS flag indicates a comparison result of the slave address data after enabled by setting the ALS bit
in the S1DO register to 0 (addressing format).
The AAS flag is set to 1 when the 7 bits of the address data are matched with the slave address stored
into the SODO register, or when a general call is received, in slave receive mode. The AAS flag is set to
0 by writing data to the SO0 register. When the ESO bit in the S1DO register is set to 0 (12C bus interface
disabled) or when the IHR bit in the S1DO0 register is set to 1 (reset), the AAS flag is also set to 0.

16.5.4 Bit 3: Arbitration Lost Detection Flag (AL)®

In master transmit mode, if an "L" signal is applied to the SDA pin by other than the MCU, the AL flag is set
to 1 by determining that the arbitration is los and the TRX bit in the S10 register is set to O (receive mode)
at the same time. The MST bit in the S10 register is set to 0 (slave mode) after transferring the bytes
which lost the arbitration.

The arbitration lost can be detected only in master transmit mode. When writing data to the SO0 register,
the AL flag is set to 0. When the ESO bit in the S1DO register is set to 0 (12C bus interface disabled) or
when the IHR bit in the S1DO0 register is set to 1 (reset), the AL flag is set to 0.

NOTE:
1. Arbitration lost: communication disabled as a master
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16.5.5 Bit 4: 12C bus Interface Interrupt Request Bit (PIN)
The PIN bit generates an 12C bus interface interrupt request signal. Every one byte data is ransferred, the
PIN bit is changed from 1 to 0. At the same time, an I2C bus interface interrupt request is generated. The
PIN bit is synchronized with the last clock of the internal transfer clock (when ACK-CLK=1, the last clock
is the ACK clock: when the ACK-CLK=0, the last clock is the 8th clock) and it becomes 0. The interrupt
request is generated on the falling edge of the PIN bit. When the PIN bit is set to O, the clock applied to
SCL maintains "L" and further clock generation is disabled. When the ACK-CLK bit is set to 1 and the
WIT bit in the S3DO register is set to 1 (enable the 12C bus interface interrupt of data receive completion).
The PIN bit is synchronized with the last clock and the falling edge of the ACK clock. Then, the PIN bit is
set to 0 and I2C bus interface interrupt request is generated. Figure 16.11 shows the timing of the 12C
bus interface interrupt request generation.
The PIN bit is set to 1 in one of the following conditions:
*When data is written to the SO0 register
*When data is written to the S20 register (when the WIT bit is set to 1 and the internal WAIT flag is set
to 1)
*When the ESO bit in the S1DO register is set to 0 (I2C bus interface disabled)
*When the IHR bit in the S1DO register is set to 1(reset)
The PIN bit is set to 0 in one of the following conditions:
*With completion of 1-byte data transmit (including a case when arbitration lost is detected)
*With completion of 1-byte data receive
*When the ALS bit in the S1DO register is set to 0 (addressing format) and slave address is matched
or general call address is received successfully in slave receive mode
*When the ALS bit is set to 1 (free format) and the address data is received successfully in slave
receive mode

16.5.6 Bit 5: Bus Busy Flag (BB)

The BB flag indicates the operating conditions of the bus system. When the BB flag is set to 0, a bus
system is not in use and a START condition can be generated. The BB flag is set and reset based on an
input signal of the SCL and SDA pins either in master mode or in slave mode. When the START condition
is detected, the BB flag is set to 1. On the other hand, when the STOP condition is detected, the BB flag
is set to 0. Bits SSC4 to SSCO in the S2DO0 register decide to detect between the START condition and
the STOP condition. When the ESO bit in the S1DO register is set to 0 (I2C bus interface disabled) or
when the IHR bit in the S1DO register is set to 1 (reset), the BB flag is set to 0. Refer to 16.9 START
Condition Generation Method and 16.11 STOP Condition Generation Method.

SN e N s B

PIN flag i
I2CIRQ |_|

Figure 16.11 Interrupt request signal generation timing
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16.5.7 Bit 6: Communication Mode Select Bit (Transfer Direction Select Bit: TRX)
This TRX bit decides a transfer direction for data communication. When the TRX bit is set to 0, receive
mode is entered and data is received from a transmit device. When the TRX bit is set to 1, transmit mode
is entered, and address data and control data are output to the SDAMM, synchronized with a clock gener-
ated in the SCLMM.

The TRX bit is set to 1 automatically in the following condition:
«In slave mode, when the ALS in the S1DO register to O(addressing format), the AAS flag is set to
1 (address match) after the address data is received, and the received R/W bit is set to 1
The TRX bit is set to 0 in one of the following conditions:
*When an arbitration lost is detected
*When a STOP condition is detected
*When a START condition is detected
*When a START condition is disabled by the START condition duplicate protect function (!
*When the MST bit in the S10 register is set to 0(slave mode) and a start condition is detected
*When the MST bit is set to 0 and the ACK non-return is detected
*When the ESO bit is set to 0(I2C bus interface disabled)
*When the IHR bit in the S1DO0 register is set to 1(reset)

16.5.8 Bit 7: Communication mode select bit (master/slave select bit: MST)

The MST bit selects either master mode or slave mode for data communication. When the MST bit is set
to 0, slave mode is entered and the START/STOP condition generated by a master device are received.
The data communication is synchronized with the clock generted by the master. When the MST bit is set
to 1, master mode is entered and the START/STOP condition is generated.
Additionally, clocks required for the data communication are generated on the SCLMM.
The MST bit is set to 0 in one of the following conditions.

*After 1-byte data of a master whose arbtration is lost if arbitration lost is detected

*When a STOP condition is detected

*When a START condition is detected

*When a start condition is disabled by the START condition duplicate protect function (1)

*When the IHR bit in the S1DO register is set to 1(reset)

*When the ESO bit is set to 0(I2C bus interface disabled)

NOTE:
1. START condition duplicate protect function:
When the START condition is generated, after confirming that the BB flag in the S1DO register is
set to O (bus free), all the MST, TRX and BB flags are set to 1 at the same time. However, if the
BB flag is set to 1 immediately after the BB flag setting is confirmed because a START condition
is generated by other master device, bits MST and TRX cannot be written. The duplicate protect
function is valid from the rising edge of the BB flag until slave address is received. Referto 16.9
START Condition Generation Method for details.
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16.6 12C0 Control Register 1 (S3DO register)

The S3DO register controls the 12C bus interface circuit.

16.6.1 Bit O : Interrupt Enable Bit by STOP Condition (SIM)

The SIM bit enables the I2C bus interface interrupt request by detecting a STOP condition. If the SIM bit
is set to 1, the I2C bus interface interrupt request is generated by the STOP condition detect (no need to
change in the PIN flag).

16.6.2 Bit 1: Interrupt Enable Bit at the Completion of Data Receive (WIT)
If the WIT bit is set to 1 while the ACK-CLK bit in the S20 register is set to 1 (ACK clock), the I2C bus
interface interrupt request is generated and the PIN bit is set to 1 at the falling edge of the last data bit
clock. Then an "L" signal is applied to the SCLmm and the ACK clock generation is controlled. Table 16.4
and Figure 16.12 show the interrupt generation timing and the procedure of communication restart. After
the communication is restarted, the PIN bit is set to 0 again, synchronized with the falling edge of the ACK
clock, and the I12C bus interface interrupt request is generated.

Tablel6.4 Timing of Interrupt Generation in Data Receive Mode

I2C bus Interface Interrupt Generation Timing Procedure of Communication Restart
1) Synchronized with the falling edge of the Set the ACK bit in the S20 register.
last data bit clock Set the PIN bit to 1.

(Do not write to the SO0 register. The ACK clock
operation may be unstable.)
2) Synchronized with the falling edge of the Set the SO0 register

ACK clock

The internal WAIT flag can be read by reading the WIT bit. The internal WAIT flag is set to 1 after writing
data to the SO0 register and it is set to 0 after writing to the S20 register.

Consequently, the 12C bus interface interrupt request generated by the timing 1) or 2) can be determined.
(See Figure 16.12)

When the data is transmitted and the address data is received immediately after the START condition,
the WAIT flag remains 0 regardless of the WIT bit setting, and the I2C bus interface interrupt request is
only generated at the falling edge of the ACK clock. Set the WIT bit to 0 when the ACK-CLK bit in the S20
register is set to 0 (no ACK clock).
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In receive mode, ACK bit =1 WIT bit=0

ScL J 7 clock \—‘ 8 clock ‘
8 bit )

ACK V

clock

1 clock
1 bit /

Son 7 bit ACK bit

ACKBIT bit

PIN flag ‘

Internal WAIT flag

12C bus interface H
interrupt request signal

The writing signal of ‘ ‘
the SO0 register :

In receive mode, ACK bit=1 WIT bit=1

ScL J 7 clock \—‘ 8 clock ‘

7 bit

ACK

clock

SpA 8 bit ‘

ACKBIT bit ‘

PIN flag ‘

Internal WAIT flag ‘

12C bus interface
interrupt request signal

The writing signal of

the SO0 register

The writing signal of the S2 —‘
0 register

NOTE:
1. Do not write to the 12C0 clock control register except the bit ACK-BIT.

Figure 16.12 The timing of the interrupt generation at the completion of the data receive

16.6.3 Bits 2,3 : Port Function Select Bits PED, PEC

If the ESO bit in the S1DO register is set to 1 (I2C bus interface enabled), the SDAMM functions as an
output port. When the PED bit is set to 1 and the SCLMM functions as an output port when the PEC bit is
setto 1. Then the setting values of bits P2_0 and P2_1 in the port P2 register are output to the 12C bus,
regardless of he internal SCL/SDA output signals. (SCL/SDA pins are onnected to I12C bus interface
circuit)

The bus data can be read by reading the port pi direction register in input mode, regardless of the setting
values of the PED and PEC bits. Table 16.5 shows the port specification.

Table 16.5 Port specifications

REJ09B0101-0111

Pin Name ESO Bit PED Bit P20 Port Direction Function
Register
0 - 0/1 Port I/O function
P20 1 0 - SDA I/O function
1 1 - SDA input function, port output function
Pin Name ESO Bit PEC Bit P21 Port _Direction Function
Register
0 - 0/1 Port 1/0 function
P21 1 0 - ScL I/O function
1 1 - ScL input function, port output funcion
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16.6.4 Bits 4,5 : SDA/SCL Logic Output Value Monitor Bits SDAM/SCLM

Bits SDAM/SCLM can monitor the logic value of the SDA and SCL output signals from the 12C bus
interface circuit. The SDAM bit monitors the SDA output logic value. The SCLM bit monitors the SCL

output logic value. The SDAM and SCLM bits are read-only. If necessary, set them to 0.

16.6.5 Bits 6,7 : 12C System Clock Select Bits ICKO, ICK1

The ICK1 bit, ICKO bit, bits ICK4 to ICK2 in the S4D0 register, and the PCLKO bit in the PCLKR register

can select the system clock (Viic) of the 12C bus interface circuit.

The I12C bus system clock Viic can be selected among 1/2 fic, 1/2.5 fic, 1/3 fuc, 1/4 fic, 1/5 fic, 1/6 fiuc
and 1/8 fiic. fiic can be selected between f1 and f2 by the PCLKO bit setting.

Table 16.6 12C system clock select bits

I3CK4[S4D0] | ICK3[S4D0] ICK2[S4D0] ICK1[S3DO0] ICKO[S3DO0] I2C system clock
0 0 0 0 0 Vic =1/2 fuc
0 0 0 0 1 Vic = 1/4 fuc
0 0 0 1 0 Vic = 1/8 fic
0 0 1 X X Vic =1/2.5 fuc
0 1 0 X X Vic = 1/3 fic
0 1 1 X X Vic = 1/5 fic
1 0 0 X X Vic = 1/6 fiuc

( Do not set the combination other than the above)

16.6.6 Address Receive in STOP/WAIT Mode

When WAIT mode is entered after the CMO02 bit in the CMO register is set to 0 (do not stop the peripheral
function clock in wait mode), the 12C bus interface circuit can receive address data in WAIT mode. How-
ever, the 12C bus interface circuit is not operated in STOP mode or in low power consumption mode,

because the I2C bus system clock Viic is not supplied.

Rev. 1.11 Dec.11, 2006
REJ09B0101-0111

page 274 of 458

RENESAS




M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

16.7 12CO Control Register 2 (S4D0 Register)

The S4D0 register controls the error communication detection.

If the SCL clock is stopped counting dring data transfer, each device is stopped, staying online. To avoid
the situation, the 12C bus interface circuit has a function to detect the time-out when the SCL clock is
stopped in high-level ("H") state for a specific period, and to generate an I12C bus interface interrupt request.
See Figure 16.13.

I Sct clock stop (“H")
ScL 1 clock 2 clock 3 clock SS
— | |
Son | (bt T 3bit | SS
eeg | | | | )
Internal counter start signal H H H

Internal counter stop, reset signal ‘ ‘ ‘
The time of timeout detection |

Internal counter overflow signal : d

12C-bus interface interrupt . H
request signal :

Figure 16.13 The timing of time-out detection
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16.7.1 BitO: Time-Out Detection Function Enable Bit (TOE)

The TOE bit enables the time-out detection function. When the TOE bit is set to 1, time-out is detected
and the I12C bus interface interrupt request is generated when the following conditions are met.

1) the BB flag in the S10 register is set to 1 (bus busy)

2) the SCL clock stops for time-out detection period while high-level ("H") signal is maintained (see

Table 16.7)

The internal counter measures the time-out detection time and the TOSEL bit selects between two
modes, long time and short time. When time-out is detected, set the ESO bit to 0 (I12C bus interface
disabled) and reset the counter.

16.7.2 Bitl: Time-Out Detection Flag (TOF)

The TOF flag indicates the time-out detection. If the internal counter which measures the time-out

period overflows, the TOF flag is set to 1 and the 12C bus interface interrupt request is generated at the
same time.

16.7.3 Bit2: Time-Out Detection Period Select Bit (TOSEL)
The TOSEL bit selects time-out detection period from long time mode and short time mode. When the
TOSEL bit is set to 0, long time mode is selected. When it is set to 1, short time mode is selected,
respectively. The internal counter increments as a 16-bit counter in long time mode, while the counter
increments as a 14-bit counter in short time mode, based on the 12C system clock (VIiC) as a counter
source. Table 16.7 shows examples of time-out detection period.

Table 16.7 Examples of Time-out Detection Period (Unit: ms)

Viic(MHz) Long time mode Short time mode
4 16.4 4.1
2 32.8 8.2
1 65.6 16.4

16.7.4 Bits 3,4,5: 12C System Clock Select Bits (ICK2-4)
Bits ICK4 to ICK2, and bits ICK1 and ICKO in the S3DO register, and the PCLKO bit in the PCLKR register
select the system clock (Viic) of the 12C bus interface circuit. See Table 16.6 for the setting values.

16.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN)

The SCPIN bit monitors the stop condition detection interrupt. The SCPIN bit is set to 1 when the 12C bus
interface interrupt is generated by detecting the STOP condition. When this bit is set to O by program, it
becomes 0. However, no change occurs even if it is set to 1.
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16.8 12C0 START/STOP Condition Control Register (S2D0 Register)
The S2DO0 register controls the START/STOP condition detections.

16.8.1 Bit0-Bit4: START/STOP Condition Setting Bits (SSC0-SSC4)

The SCL release time and the set-up and hold times are mesured on the base of the 12C bus system clock
(Vuc). Therefore, the detection conditions changes, depending on the oscillation frequency (XIN) and the
I2C bus system clock select bits. It is necessary to set bits SSC4 to SSCO to the appropriate value to set
the SCL release time, the set-up and hold times by the system clock frequency (See Table 16.10). Do
not set odd numbers or 000002 to bits SSC4 to SSCO0. Table 16.2 shows the reference value to bits
SSC4 to SSCO at each oscillation frequency in standard clock mode. The detection of START/STOP
conditions starts immediately after the ESO bit in the S1DO register is set to 1 (12C bus interface enabled).

16.8.2 Bit5: SCL/SDA Interrupt Pin Polarity Select Bit (SIP)
The The SIP bit detect the rising edge or the falling edge of the SCLMM or SDAMM to generate SCL/SDA
interrupts. The SIP bit selects the polarity of the SCLMwm or the SDAMM for interrupt.

16.8.3 Bit6 : SCL/SDA Interrupt Pin Select Bit (SIS)
The SIS bit selects a pin to enable SCL/SDA interrupt.

NOTE:
1. The SCL/SDA interrupt request may be set when changing the SIP, SIS and ESO bit settings in the
S1D0 register. When using the SCL/SDA interrupt, set the above bits, while the SCL/SDA interrupt
is disabled. Then, enable the SCL/SDA interrupt after setting the SCL/SDA bit in the IR register to 0.

16.8.4 Bit7: START/STOP Condition Generation Select Bit (STSPSEL)

The STSPSEL bit selects the set-up/hold times, based on the I12C system clock cycles, when the START/
STOP condition is generated (See Table 16.8). Set the STSPSEL bit to 1 if the 12C bus system clock
frequency is over 4MHz.
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16.9 START Condition Generation Method

Set the MST bit, TRX bit and BB flags in the S10 register to 1 and set the PIN bit and 4 low-order bits in the
S10 register to 0 simultaneously, to enter START condition standby mode, when the ESO bit in the S1D0
register is set to 1 (I2C bus interface enabled) and the BB flag is set to 0 (bus free). When the slave address
is written to the SO0 register next, START condition is generated and the bit counter is reset to 0002 and 1-
byte SCL signal is output. The START condition generation timing varies between standard clock mode
and high-speed clock mode. See Figure 16.16 and Table 16.8.

Interrupt disable

No
BB=07?
Yes
’ S10 = EO16 ‘ Start condition standby status setting
’ S00 = Data ‘ Start condition trigger generation
*Data = Slave address data

’ Interrupt enable ‘

Figure 16.14 Start condition generation flow chart
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16.10 START Condition Duplicate Protect Function

A START condition is generated when verifying that the BB flag in the S10 register does not use buses.
However, if the BB flag is set to 1 (bus busy) by the START condition which other master device generates
immediately after the BB flag is verified, the START condition is suspended by the START condition dupli-
cate protect function. When the START condition duplicate protect function starts, it operates as follows:
*Disable the start condition standby setting
If the function has already been set, first exit START condition standby mode and then set bits MST and
TRX in the S10 register to 0.
*Writing to the SO0 register is disabled. (The START condition trigger generation is disabled)
«If the START condition generation is interrupted, the AL flag in the S10 register becomes 1.(arbitration
lost detection)
The START condition duplicate protect function is valid between the SDA falling edge of the START condi-
tion and the receive completion of the slave address. Figurel6.15 shows the duration of the START
condition duplicate protect function.

ScL 1 clock 2 clock 3 clock L J 8 clock ACK clock

SoA ‘ 1 bit 2 bit X 3 bit 22 8 bit i Ackobit

The duration of start condition duplicate protect

Figure 16.15 The duration of the start condition duplicate protect function

16.11 STOP Condition Generation Method

When the ESO bit in the S1DO register is set to 1 (12C bus interface enabled) and bits MST and TRX in the
S10 register are set to 1 at the same time, set the BB flag, PIN bit and 4 low-order bits in the S10 register to
0 simultaneously, to enter STOP condition standby mode. When dummy data is written to the SO0 register
next, the STOP condition is generated. The STOP condition generation timing varies between standard
clock mode and high-speed clock mode. See Figure 16.17 and Table 16.8.

Until the BB flag in the S10 register becomes 0 (bus free) after an instruction to generate the STOP condi-
tion is executed, do not write data to registers S10 and S00. Otherwise, the STOP condition waveform may
not be generated correctly.

If an input signal level of the ScL pin is set to low ("L") after the instruction to generate the STOP condition
is executed, a signal level of the ScL pin becomes high ("H"), and the BB flag is set to 0 (bus free), the MCU
outputs an "L" signal to ScL pin.

In that case, the MCU can stop an "L" signal output to the ScL pin by generating the STOP condition, writing
0 to the ESO bit in the S1DO0 register (disabled), or writing 1 to the IHR bit in the S1DO0 register (reset
release).
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SO0 register []

SCL I Setup

|
SbA | {
|

SO0 register [

ScL 41 Setup
-

Spa

Figure 16.17 Stop condition generation timing diagram

Table 16.8 Start/Stop generation timing table

Start/Stop Condition Standard Clock Mode
Generation Select Bit

High-speed Clock Mode

0 5.0 ps (20 cycles) 2.5 ps (10 cycles)
Setup time
1 13.0 us (52 cycles) 6.5 ps (26 cycles)
0 5.0 ps (20 cycles) 2.5 ps (10 cycles)
Hold time
1 13.0 ps (52 cycles) 6.5 ps (26 cycles)
N OTE:

1. Actual time at the time of Viic = 4MHz, The contents in () denote cycle numbers.

As mentioned above, when bits MST and TRX are set to 1, START condition or STOP condition mode is
entered by writing 1 or 0 to the BB flag in the S10 register and writing O to the PIN bit and 4 low-order bits in
the S10 register at the same time. Then SDAMM is left open in the START condition standby mode and
SDAMM is set to low-level ("L") in the STOP condition standby mode. When the SO0 register is set, the
START/STOP conditions are generated. In order to set bits MST and TRX to 1 without generating the
START/STOP conditions, write 1 to the 4 low-order bits simultaneously. Table 16.9 lists functions along

with the S10 register settings.

Table 16.9 S10 Register Settings and Functions

S10 Register Settings
MST | TRX | BB PIN | AL | AAS | ASO | LRB

Function

1 1 1 0 0 0 0 0 transmit mode

Setting up the START condition stand by in master

transmit mode

Setting up the STOP condition stand by in master

01 01 - 0 1 1 1 1

I2C status register)

Setting up each communication mode (refer to 16.5
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16.12 START/STOP Condition Detect Operation

Figure 16.18, Figure 16.19 and Table 16.10 show START/STOP condition detect operations. Bits SSC4
to SSCO in the S2DO0 register set the START/STOP conditions. The START/STOP condition can be de-
tected only when the input signal of the SCLMM and SDAMM met the following conditions: the SCL release
time, the set-up time, and the hold time (see Table 16.10). The BB flag in the S10 register is set to 1 when
the START condition is detected and it is set to 0 when the STOP condition is detected. The BB flag set and
reset timing varies between standard clock mode and high-speed clock mode. See Table 16.10.

SDA ! :
I
]

BB flag

BB flag ‘

Figure 16.18 Start condition detection timing diagram

proeeeeeee ScL release time -------------- :
ScL l |
Feeeee Setup time -----4------ Hold time  ----- '

SDA |
BB flag :
A settime
BB flag | ‘

Figure 16.19 Stop condition detection timing diagram

Table 16.10 Start/Stop detection timing table

Standard clock mode

High-speed clock mode

SCL release time

SSC value + 1 cycle (6.25s)

4 cycles (1.0ps)

Setup time SSC value + 1 cycle <4.0us (3.25us) 2 cycles (0.5us)
2
Hold time SSC value cycle <4.0us (3.0us) 2 cycles (0.5us)
2
BB flag set/reset SSCvalue -1 +2 cycles (3.375us) 3.5 cycles (0.875us)
time 2
NOTE:

1. Unit : number of cycle for 12C system clock Viic

The SSC value is the decimal notation value of bits SSC4 to SSCO0. Do not set 0 or odd numbers to the SSC

setting. The values in () are examples when the S2DO register is set to 1816 at Viic = 4 MHz.
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16.13 Address Data Communication

This section describes data transmit control when a master transferes data or a slave receives data in 7-bit
address format. Figure 16.20 (1) shows a master transmit format.

(1) A master transmit device transmits data to a receive device

S Slave address

RW [ A Data A Data | A/A || P

7 bits 0 1 - 8 hits 1 - 8 bits

(2) A master receive device receives data from a transmit device

S Slave address RW [ A Data A Data A || P

7 bits 1 1- 8 bits 1- 8 hits

S: START condition  P: STOP condition
A: ACK bit R/W: Read/Write bit

Figure 16.20 Address data communication format

16.13.1 Example of Master Transmit
For example, a master transmits data as shown below when following conditions are met: standard clock
mode, SCL clock frequency of 100kHz and ACK clock added.
1) Set s slave address to the 7 high-order bits in the SODO register
2) Set 8516 to the S20 register, 0002 to bits ICK4 to ICK2 in the S4D0 register and 0016 to the S3D0
registe to generate an ACK clock and set SCL clock frequency t 100 kHz (f.=8MHz, fic=f1)
3) Set 0016 to the S10 register to reset transmit/receive
4) Set 0816 to the S1DO register to enable data communication
5) Confirm whether the bus is free by BB flag setting in the S10 register
6) Set EO16 to the S10 register to enter START condition standby mode
7) Set the destination address in 7 high-order bits and 0 to a least significant bit in the SO0 register to
generate START condition. At this time, the first byte consisting of SCL and ACK clock are auto-
matically generated
8) Set a transmit data to the SO0 register. At this time, SCL and an ACK clock are automatically
generated
9) When transmitting more than 1-byte control data, repeat the above step 8).
10) Set C016 in the S10 register to enter STOP condition standby mode if ACK is not returned from the
slave receiver or if the transmit is completed
11) Write dummy data to the SO0 regiser to generate STOP condition
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16.13.2 Example of Slave Receive
For example, a slave receives data as shown below when following conditions are met: high-speed clock
mode, SCL frequency of 400 kHz, ACK clock added and addressing format.

1) Set a slave address in the 7 high-order bits in the SODO register

2) Set Ab16 to the S20 register, 0002 to bits ICK4 to ICK2 in the S4D0 register, and 0016 to the S3D0
register to generate an ACK clock and set SCL clock frequency at 400kHz (f1 = 8 MHz, fiic = f1)

3) Set 0016 to the S10 register to reset transmit/receive mode

4) Set 0816 to the S1DO register to enable data communication

5) When a START condition is received, addresses are compared

6) *When the transmitted addresses are all 0 (general call), the ADRO bit in the S10 register is set to 1
and an I12C bus interface interrupt request signal is generated.

*When the transmitted addresses match with the address set in 1), the ASS bit in the S10 register
is set to 1 and an I2C bus interface interrupt request signal is generated.

«In other cases, bits ADRO and AAS are set to 0 and 12C bus interface interrupt request signal is not
generated.

7) Write dummy data to the SO0 register.

8) After receiving 1-byte data, an ACK-CLK bit is automatically returned and an 12C bus interface
interrupt request signal is generated.

9) To determine whether the ACK should be returned depending on contents in the received data, set
dummy data to the SO0 register to receive data after setting the WIT bit in te S3DO register to 1
(enable the 12C bus interface interrupt of data receive completion). Because the I12C bus interface
interrupt is generated when the 1-byte data is received, set the ACKBIT bit to 1 or O to output a
signal from the ACKBIT bit.

10) When receiving more than 1-byte control data, repeat steps 7) and 8) or 7) and 9).

11) When a STOP condition is detected, the communication is ended.
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16.14 Precautions

(1) Access to the registers of 12C bus interface circuit

The following is precautions when read or write the control registers of 12C bus interface circuit

*S00 register
Do not rewrite the SO0 register during data transfer. If the bits in the SO0 register are rewritten, the bit
counter for transfer is reset and data may not be transferred successfully.

*S1DO0 register
Bits BC2 0 BCO are set to 0002 when START condition is detected or when 1-byte data transfer is
completed. Do not read or write the S1DO register at this timing. Otherwise, data may be read or
written unsuccessfully. Figure 16.22 and Figure 16.23 show the bit counter reset timing.

*S20 register
Do not rewrite the S20 register except the ACKBIT bit during transfer. If the bits in the S20 register
except ACKBIT bit are rewritten, the 12C bus clock circuit is reset and data may be transferred incom-
pletely.

*S3DO0 register
Rewrite bits ICK4 to ICKO in the S3DO register when the ESO bit in the S1DO register is set to 0 (12C bus
interface is disabled). When the WIT bit is read, the internal WAIT flag is read. Therefore, do not use
the bit managing instruction(read-modify-write instruction) to access the S3DO register.

*S10 register
Do not use the bit managing instruction (read-modify-write instruction) because all bits in the S10
register will be changed, depending on the communication conditions. Do not read/write when te
communication mode select bits, bits MST and TRX, are changing their value. Otherwise, data may be
read or written unsuccessfully. Figurel6.21 to Figure 16.23 show the timing when bits MST and TRX
change.
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ScL
SDA
BB flag ‘I—
Bit reset signal : ,_l
] <«
Related bits 1.5 Viic cycle
MST
TRX

Figure 16.21 The bit reset timing (The STOP condition detection)

ScL
SDA |
—
BB flag | |
Bit reset signal
Related bits
BC2 - BCO
TRX (in slave mode)
Figure 16.22 The bit reset timing (The START condition detection)
ScL
PIN bit
. The bits referring[ BCO-BC2 .
. . \ ,—l to reset| MST(When in arbitration IpsQ
Bit reset signal . TRX(When in NACK receive in slave
« transmit mode)
. . 2Vic cycle
Bit set signal I_! E The bits referring | TRX(ALS=0 meanwhile the slave
_>: i« to set | receive R/W bit =1
1Vic cycle

Figure 16.23 Bit set/reset timing ( at the completion of data transfer)
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(2) Generation of RESTART condition
In order to generate a RESTART condition after 1-byte data transfer, write EO16 to the S10 register,
enter START condition standby mode and leave the SDAMM open. Generate a START condition trigger
by setting the SO0 register after inserting a sufficient software wait until the SDAMM outputs a high-level
("H") signal. Figure 16.24 shows the RESTART condition generation timing.

ScL /8 clocks ACK clock /

SDA \ / :
—

S10 writing signal |_| Insert software wait

(START condition setting standby) -

S00 writing signal I—I
(START condition triger generation)

Figure 16.24 The time of generation of RESTART condition

(3) limitation of CPU clock
When the CMO07 bit in the CMO register is set to 1 (subclock), each register of the 12C bus interface
circuit cannot be read or written. Read or write data when the CMO7 bit is set to O (main clock, PLL
clock, or on-chip oscillator clock).
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17. CAN Module

The CAN (Controller Area Network) module for the M16C/29 Group of MCUs is a communication controller
implementing the CAN 2.0B protocol. The M16C/29 Group contains one CAN module which can transmit
and receive messages in both standard (11-bit) ID and extended (29-bit) ID formats.

Figure 17.1 shows a block diagram of the CAN module.

External CAN bus driver and receiver are required.

Data Bus D\
| COCONR Register | COCTLR Register | COGMR Register COIDR Register
COLMAR Register
COMCTL]j Register COLMBR Register
| o
CTx l P — I
% Y VvV Message Box
< slots 0 to 15
Protocol A 4 A 4 Y e
Controller > Acceptance Filter > Message ID : :
. 16 Bit Timer DLC
g EEEEEEEEEEEERFETE Message Data
CRX COTSR Register Time Stamp
Wake Up
Function
Interrupt
Y Generation
CORECRRegister ¥ v I Function
COTECRRegister | COSTR Register | | COSSTR Register | | COICR Register | CANO Successful Reception Int
CANO Successful Transmission Int
5
@ CANO Error Int,
Data Bus CANO Wake-Up Int:
j=0to15
Figure 17.1 Block Diagram of CAN Module
CTx/CRx: CAN 1/O pins.
Protocol controller: This controller handles the bus arbitration and the CAN protocol services, i.e. bit
timing, stuffing, error status etc.
Message box: This memory block consists of 16 slots that can be configured either as transmitter

or receiver. Each slot contains an individual ID, data length code, a data field
(8 bytes) and a time stamp.

Acceptance filter: This block performs filtering operation for received messages. For the filtering
operation, the COGMR register, the COLMAR register, or the COLMBR register is
used.

16 bit timer: Used for the time stamp function. When the received message is stored in the
message memory, the timer value is stored as a time stamp.

Wake-up function: CANO wake-up interrupt request is generated by a message from the CAN bus.

Interrupt generation function: The interrupt requests are generated by the CAN module. CANO successful
reception interrupt, CANO successful transmission interrupt, CANO error interrupt
and CANO wake-up interrupt.
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17.1 CAN Module-Related Registers
The CANO module has the following registers.

(1) CAN Message Box
A CAN module is equipped with 16 slots (16 bytes or 8 words each). Slots 14 and 15 can be used as Basic
CAN.
* Priority of the slots: The smaller the number of the slot, the higher the priority, in both transmission and
reception.
* A program can define whether a slot is defined as transmitter or receiver.

(2) Acceptance Mask Registers
A CAN module is equipped with 3 masks for the acceptance filter.
« CANO global mask register (COGMR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slots 0 to 13
« CANO local mask A register (COLMAR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 14
« CANO local mask B register (COLMBR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 15

(3) CAN SFR Registers

« CANO message control register j (COMCTL] register: 8 bits [0 16) (j = 0 to 15)
Control of transmission and reception of a corresponding slot

» CANi control register (CiCTLR register: 16 bits) (i = 0, 1)
Control of the CAN protocol

* CANO status register (COSTR register: 16 bits)
Indication of the protocol status

* CANO slot status register (COSSTR register: 16 bits)
Indication of the status of contents of each slot

* CANO interrupt control register (COICR register: 16 bits)
Selection of “interrupt enabled or disabled” for each slot

* CANO extended ID register (COIDR register: 16 bits)
Selection of ID format (standard or extended) for each slot

* CANO configuration register (COCONR register: 16 bits)
Configuration of the bus timing

* CANO receive error count register (CORECR register: 8 bits)
Indication of the error status of the CAN module in reception: the counter value is incremented or
decremented according to the error occurrence.

« CANO transmit error count register (COTECR register: 8 bits)
Indication of the error status of the CAN module in transmission: the counter value is incremented or
decremented according to the error occurrence.

* CANO time stamp register (COTSR register: 16 bits)
Indication of the value of the time stamp counter

* CANO acceptance filter support register (COAFS register: 16 bits)
Decoding the received ID for use by the acceptance filter support unit

Explanation of each register is given as follows.
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17.1.1 CANO Message Box
Table 17.1 shows the memory mapping of the CANO message box.
It is possible to access to the message box in byte or word.
Mapping of the message contents differs from byte access to word access. Byte access or word access
can be selected by the MsgOrder bit of the COCTLR register.

Table 17.1 Memory Mapping of CANO Message Box

Message content (Memory mapping)

Address Byte access (8 bits) Word access (16 bits)
006016+ ne+16 +0 SID1o to SIDs SIDs to SIDo
00601+ ne+16 +1 SIDs to SIDo SID1o to SIDs
006016 + N+ 16 + 2 EID17 to EID14 EID13 to ElDs
006016 + n* 16 + 3 EID1s to EIDs EID17 to EID14
006016 + N+ 16 + 4 EIDs to ElDo Data Length Code (DLC)
006016 +ne16 +5 Data Length Code (DLC) EIDs to ElDo
006016 +ne*16 +6 Data byte 0 Data byte 1
006016 + N+ 16 + 7 Data byte 1 Data byte 0
006016 + n 16 + 13 Data byte 7 Data byte 6

00601+ ne16 + 14

Time stamp high-order byte

Time stamp low-order byte

006016 + n 16 + 15

Time stamp low-order byte

Time stamp high-order byte

n = 0 to 15: the number of the slot
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Figures 17.2 and 17.3 show the bit mapping in each slot in byte access and word access. The content of
each slot remains unchanged unless transmission or reception of a new message is performed.

bit 7 bit 0
|><|><I>Q SID10 I SIDe I SIDs I SID7 I SIDs |
|><|>< SIDs | SID4 | SIDs3 | SID2 | SID1 | SIDo |
|><|><|><|>< EID,7 I EIDys I EID;5 I EIDy, |
| EID13 I EID12 I EID11 I EID10 I EID9 I EIDs I EID7 I ElDe |
|><|>< EIDs | EID2 | EID3 | EID2 | EID1 | EIDo |
|><|><|><|>< DLC3 | DLC2 | DLC1 | DLCo |
| Data Byte 0 |
| Data Byte 1 |
| Data Byte 7 |

| Time Stamp high-order byte

| Time Stamp low-order byte

CAN Data Frame:

| SID10to6 | SIDsto0 | EID17(014| EID13to6 | EIDsto0 | DLC3to0 IDataByteOIDataBylelI

| Data Byte 7 |

NOTE:

The value is 0 when read on the reception slot configuration.

1. When |X| is read, the value is the one written upon the transmission slot configuration.

Figure 17.2 Bit Mapping in Byte Access

bit 15 bit8 bit7

bit 0

|><|><|><|SID10| SID9| SIDSI SID7| SID6|><I><| SID5| SID4| SID3| SID2| SID1| SIDol

DWEID17|EID16|EID15|EID14|EID13|EID12|EID11|EID10| EID9| EID8| EID7| EID6|

|><|><| EID5| EID4| EID3| EID2| EID1| EIDO|><|><I><|><|DLC3|DLC2|DLC1|DLCO|

Time Stamp high-order byte

Time Stamp low-order byte

| Data Byte 0 I Data Byte 1 |
| Data Byte 2 I Data Byte 3 |
| Data Byte 4 I Data Byte 5 |
| Data Byte 6 I Data Byte 7 |
| I |

CAN Data Frame:

| SID10to 6 | SID5tw0 | EID171014| EID13tw06 | EIDsto0 | DLC3t0 IDataByteOIDataBytell

| Data Byte 7 |

NOTE:

The value is "0" when read on the reception slot configuration.

1. When |X| is read, the value is the one written upon the transmission slot configuration.

Figure 17.3 Bit Mapping in Word Access
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17.1.2 Acceptance Mask Registers
Figures 17.4 and 17.5 show the COGMR register, the COLMAR register, and the COLMBR register, in
which bit mapping in byte access and word access are shown.

Addresses
bit 7 bit 0 CANO
[ ~><7]"><] <] sipw [ sips [ sibs | sib7 | sibs |  o16016 "
[>><7]"><] sibs | sibs | sips | si;2 | sib1 | sibo | 016116
| <] ><| ><]>><| ED17 | EDws | ED1s | ED1a | 016216 & COGMR register
| ED1s | EID12 | EID1 | EDwo [ EDe | EDe | EID7 | EIDs | 016316
[><7{"><] eps | Es | EDs | ED2 | ED1 | EDo | 016416
| >><7]"><|"><] sibw | sipe | sibs | sibz | sibe | 016616
[>><7]"><] sibs | sibs | sips | sib2 | sib1 | sibo | 016716
[ ><]"><|><|"><| ED17 | EDis | ED1s | ED14 | 016816 > COLMAR register
| ED1s | ED12 | EDu | EDwo | EDe | EDs | ED7 | EDs | 016916
[>><71"><"] eps | eps | EDs | ED2 | ED1 | EDo |  o016A16
[ ><7]"><|">><] sibw | sibs | sibs | sioz | sibe |  o16c16
[ ><]"><] sibs | sibs | sips | sz | sibi | sibo | 016D
| ><7]"><|"><|"><| ED17 | EDs | ED1s | ED14 |  016E16 > COLMBR register
| EDs | EDi2 | EDu | EDwo | EDe | EDs | ED7 | EDe | 016Fs
[><7{"><"| eos | eos | E>s | ED2 | ED:1 | ED0 | 017016 J

NOTES
1. =1 is undefined.
2. These registers can be written in CAN reset/initialization mode of the CAN module.

Figure 17.4 Bit Mapping of Mask Registers in Byte Access

Addresses
bit 15 bit 8 bit7 bit0 CANO

[ <] ><{><|sID1o| siDs [ siDs | siD7 | siDs | ><"| <] siDs | siD4| siDs| D2 SID1 | SiDo]| 016016
[ < <] <] ><[eip17[eID1s|EID15|EID14[EID13|EID12|EID11|EID10| EIDs | EIDs | EID7 | EID6 | 016216 > COGMR register
[ ><7] ><{Es|ED4|E1Ds | EID2 | E1D1 | E1D0 [ T[T T T T T < <] 016416
[ <] ><]><7IsiD1o| sibs [ siDs | siD7 | sips| <" <] siDs | siD4| siDs| siD2 | siD1 | siDo]| 016616
[ <] < ><7] ><[eiD17[EID16|EID15|EID14|EID13|EID12|EID11|EID10] EDo | EIDs | EID7 [ EIDS | 016816 > COLMAR register
[ < ><7]EiDs | EID4| E1Ds | E1D2 | E1D1 [ E1D0 | < [>T < T <7 <7 <[ ><T] o16A16
[ <] <] ><]siD1o| siDs | siDs [ siD7 [ siDs | <" <] siDs [ siD4| sIDs3 [ siD2| D1 [ SiDo| 016C16
[ ><]><[><] ><|en[eiD1s|eDis|EiDi4|EID13[EID12[EID11|EID10] EIDs | EID8 [ EID7 [ EIDS| 016E16 > COLMBR register
[ <] ><{EDs |E1D4 | E1Ds | E1D2 | E1D1 | E1D0 | <[ <] T T T T < <] 017016

NOTES:
1. =3 is undefined.
2. These registers can be written in CAN reset/initialization mode of the CAN module.

Figure 17.5 Bit Mapping of Mask Registers in Word Access
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17.1.3 CAN SFR Registers
17.1.3.1 COMCTLj Register (j =0 to 15)
Figure 17.6 shows the COMCTL; register.

Symbol Address After Reset
COMCTLO to COMCTL15 020016 to 020F16 0016
Bit Symbol Bit Name Function RW
When set to reception slot
NewData Successful 0: The content of the slot is read or still under RO
reception flag processing by the CPU 1)
1 The CAN module has stored new data in the slot
Successful When set to transmission slot
SentData o 0: Transmission is not started or completed yet RO
transmission flag ) o 1)
1: Transmission is successfully completed
When set to reception slot
"Under reception”| 0: The message is valid
InvalData flag 1: The message is invalid RO
(The message is being updated)
“Under When set to transmission slot
TrmActive transmission” flag O Wa|t|ng_f0_r bus idle or completion of arbitration RO
1: Transmitting
When set to reception slot
. 0: No message has been overwritten in this slot RO
MsgLost | Overwrite flag 1: This slot already contained a message, but it has| (1)
been overwritten by a new one
Remote frame 0: Data frame transmission/reception status
. transmission/ 1: Remote frame automatic transfer status
RemActive | reception status RW
flag @
When set to reception remote frame slot
Auto response 0: After a remote frame is received, it will be
lock mode select answered automatically
RspLock bit 1: After a remote frame is received, no transmission RW
will be started as long as this bit is set to 1
(Not responding)
Remote frame 0: Slot not corresponding to remote frame
Remote corresponding 1: Slot corresponding to remote frame RW
slot select bit
Reception slot 0: Not reception slot
RecReq | request bit (3) 1: Reception slot RW
Transmission 0: Not transmission slot
TrmReq | slot request bit 3) | 1: Transmission slot RW

CANO message control register j (j = 0 to 15) “
b7 b6 b5 b4 b3 b2 bl b0o

T T T T T T T T

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I L

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I | [

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I e

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I e

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I e e e e e

I I I

I I I

I I I

I I I

I I I

I I I

I I I

R

I I

I I

I I

I I

1 S

I

I

I

I

S
NOTES:

1. As for write, only writing 0 is possible. The value of each bit is written when the CAN module enters the respective state.

2. In Basic CAN mode, the slots 14 and 15 serve as data format identification flag. If the data frame is received, the RemActive
bit is set to 0. If the remote frame is received, the bit is set to 1.

3. One slot cannot be defined as reception slot and transmission slot at the same time.

4. Set these registers only when the CAN module is in CAN operating mode.

Figure 17.6 COMCTL| Register
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17.1.3.2 COCTLR Register
Figures 17.7 shows the COCTLR register.

CANO Control Register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset

COCTLR 021016 X00000012
T T K H [} | T T
b N
} } } } I I } } Bit Symbol Bit Name Function RW

I I
T A Reset CAN module 0: Operation mode RW
b | | ! ! ! ese reset bit  (Note 1) [1: Reset/initialization mode
A Loop back mod : i
| | | | | | ] LoonBack oop a_c mode 0: Loop back mode disabled RW
! ! | | ! ! P selectbit @ 1: Loop back mode enabled
b S Message order 0 W
I I I I : Word access
A e MsgOrder | select bit @ 1: Byte access RW
I
b | P . Basic CAN mode  |0: Basic CAN mode disabled
. ! ! Sttty BasicCAN | select bit @ 1: Basic CAN mode enabled RW
I | I I - K - -
Bus error interrupt [ 0: Bus error interrupt disabled
| I ! e BusErE )
! ! ! USEMEN | enable bit 1: Bus error interrupt enabled RW
} } } 77777777777777777 sl Sleep mode 0: Sleep mode disabled
} I eep select bit @3 1: Sleep mode enabled; clock supply stopped RW
I
I I ; . ;
CAN port enable bit |0: I/O port function
I ]
} PortEn 23 1: CTx/CRx function® RW
} iiiiiiiiiiiiiiiiiiiiiiii - Nothing is assigned. If necessary, setto 0.
(b7) When read, the content is undefined

NOTES:
1. When the Reset bit is set to 1 (CAN reset/initialization mode), check that the State_Reset bit in the COSTR register is set to 1 (Reset mode).
2. Change this bit only in the CAN reset/initialization mode.
3. When using CANO wake-up interrupt, set these bits to 1.
4. When the PortEn bit is set to 1, set the PD9_2 bit in the PD9 register to 0.

(b15) (b8)
b7 D6 S b4 b3 b2 bl b0 Symbol Address After reset
COCTLR 021116 XX0X00002
A R B
I I
Lo o ! | Lo Bit Symbol Bit Name Function RW
o | ! | ! ! b1 bo
Lo [ 0 0: Period of 1 bit time
| | | | | | | . .
Lol Lo | ToRescae | Time stamp 0 1: Period of 1/2 bit time RW
Lo | ! | ' prescaler 1 0: Period of 1/4 bit time
oo ! Lo 1 1: Period of 1/8 bit time
I I | | I | - -
! ! I I ! L Time stamp counter | O: In an idle state
. o It TSReset | o et bit® 1: Force reset of the time stamp counter RW
I I I
o ! [ Return from bus off | 0: In an idle state
Lo R T RetBusOff |command bit(2) 1: Force return from bus off RW
| | | |
} } } } - Nothing is assigned. If necessary, setto 0. _
b A (b4) When read, the content is undefined
by Listen-only mode | O: List ly mode disabled
| | ] RXONI is nly : Listen-only mode disablel
Lo "W |select bit © 1: Listen-only mode enabled ) RW
}7 _ 7}7 7777777777777777777 - Nothing is assigned. If necessary, set to 0. _
(b7-b6) When read, the content is undefined

NOTES:
1. When the TSReset bit is set to 1, the COTSR register is set to 000016. After this, the bit is automatically set to 0.
2. When the RetBusOff bit is set to 1, registers CORECR and COTECR are set to 0016. After this, the bit is automatically set to 0.
3. Change this bit only in the CAN reset/initialization mode.
4. When the listen-only mode is selected, do not request the transmission.

Figure 17.7 COCTLR Register
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17.1.3.3 COSTR Register
Figure 17.8 shows the COSTR register.

CANO Status Register

7 4 2 1
b b6 b5 b bs b bl b0 Symbol Address After Reset
COSTR 021216 0016
o |
| | | : | | | | Bit Symbol Bit Name Function RW
| | | | | | |
I | I : | | | | b3 b2 bl bo
R T T T T 00 0 0:Slot0
| | | | | | | | . (1 000 1:Slot1
: : : : Loo—do—d-—  MmBOX Active slot bits(1) 001 0:Slot2 RO
| | | :
[ R 111 0:Slot 14
: : : : 111 1:Slot15
: : : : Successful 0: No [successful] transmission
: : : [ TrmSucc | transmission flag(®) | 1: The CAN module has transmitted a message RO
: : : successfully
| | | . I .
Successful reception| 0: No [successful] reception

| | e ]
- RecSuce | flag @ | 1: CAN module received a message successfully RO
P issi 0: CAN module is idle or receiver
| e e Transmission flag
: TrmState (Transmitter) 1: CAN module is transmitter RO
| . . i :
] Reception flag 0: CAN module is idle or transmitter

RecState (Receiver) 1: CAN module is receiver RO

NOTE:

1. These bits can be changed only when a slot which an interrupt is enabled by the COICR register is transmitted or received successfully.

(b15) (08)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
COSTR 021316 X00000012

T T T T T T T T
[ T I R - - -
: | : | : : : | Bit Symbol Bit Name Function RW

| | I
[ T N EE I S R . :
| | | | | | | L___| state Reset Reset state flag 0: Operation mode RO
: | : | : : : - 1: Reset mode

| I
: : : : : : Il State_ Loop back state flag | 0: Loop back mode disabled
: I : : : : ______ LoopBack 1: Loop back mode enabled RO

|
A State_ Messzge order 0: Word access RO
oo MsgOrder | State flag 1: Byte access

I
. :_ State_ Basic CAN mode 0: Basic CAN mode disabled
oo BasicCAN | state flag 1: Basic CAN mode enabled RO
oo e State_ Bus error 0: No error has occurred. RO
oo BusError | state flag 1: A CAN bus error has occurred.
N State_ Error passive 0: The CAN module is not in error passive state.
. ErPass | State flag 1: The CAN module is in error passive state. RO
: :_ ____________________ State_ Error bus off 0: The CAN module is not in error bus off state. RO
! BusOff state flag 1: The CAN module is in error bus off state.
'l _______________________ - Nothing is assigned. If necessary, setto 0.

(b7) When read, the content is undefined -

Figure 17.8 COSTR Register
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17.1.3.4 COSSTR Register
Figure 17.9 shows the COSSTR register.

CANO Slot Status Register

(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
COSSTR 021516, 021416 000016
Function Setting Values RW

The message has been read.

I
I

I

I

I

! 0: Reception slot
I

I o

| Transmission slot
I

Slot status bits T S leted
————————————— Each bit corresponds to the slot with the ransmission is not completed. RO

same number 1: Reception slot
The message has not been read.

Transmission slot
Transmission is completed

Figure 17.9 COSSTR Register
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17.1.3.5 COICR Register
Figure 17.10 shows the COICR register.

CANO Interrupt Control Register (!
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
COICR 021716, 021616 000016
; Function Setting Values RW
E Interrupt enable bits: 0: Interrupt disabled
H Each bit corresponds with a slot with the same 1: Interrupt enabled
frmTmTmTmmmmmee number. RW
Enabled/disabled of successful transmission inter-
rupt or successful reception interrupt can be selected
NOTE:
1. Set the COICR register only when the CAN module is in CAN operating mode.
Figure 17.10 COICR Register
17.1.3.6 COIDR Register
Figure 17.11 shows the COIDR register.
CANO extended ID register (1)
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
COIDR 021916, 021816 000016
; Function Setting Values RW
E Extended ID bits: 0: Standard ID
H Each bit corresponds with a slot with the same 1: Extended ID RW
fToTmmTmmTmmTmemmes number.
Selection of the ID format that each slot handles
NOTE:
1. Set the COIDR register only when the CAN module is in CAN operating mode.

Figure 17.11 COIDR Register
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17.1.3.7 COCONR Register

Figure 17.12 shows the COCONR register.

CANO Configuration Register(@
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After reset
COCONR 021A16 Undefined
N oo Bit symbol Bit name Function RW
A b3 b2 b1 b0
' ' ' H | | | | 0 0 O O: Divide-by-1 of fcan
, : : ! : : : : e 0 0 0 1: Divide-by-2 of fcan
. . . , h h h h Prescaler division T
E E E ; [ R TP BEPPP BRP ratio select bits 00 :1 0: Divide-by-3 of fcaN RW
oo ' 1 11 0: Divide-by-15 of fcan
oo ! 1 1 1 1:Divide-by-16 of fcan @
E E E E SAM Sampling control bit 0: One time sampling RW
Voo T piing " | 1: Three times sampling
: : : b7 b6 b5
: : : 00 0:1Tq
H H H b tion i 00 1:2Tq
R ropagation time 010 2T
- PTS segment control bits : q RW
110:7Tq
11 1:8Tq
NOTES:
1. fcaN serves for the CAN clock. The period is decided by configuration of the CCLKi bits (i = 0 to 2) in the CCLKR register.
2. Set the COCONR register only when the CAN module is in CAN reset / initialization mode.
(b15) (b8)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
COCONR 021B16 Undefined
] ] T T T ] ] ]
| | I I I | | | - - -
| | : : : 1 1 1 Bit symbol Bit name Function RW
I I 1 I I
I I : : : 1 I I b2 b1b0
. A T T S S 00 0: Do not set
N Phase buffer 001:2Tq
oo 0 bttt pesa segment 1 010:3Tq RW
[ o control bits :
A T T 110:7Tq
1 1 : : : 111:8Tq
I I
| | : : : b5 b4 b3
o T 00 0: Do not set
ero b Phase buffer 001:2Tq
L ] PBS2 segment 2 010:3Tq RW
! I control bits :
: : 110:7Tq
1 1 111:8Tq
I I
I I b7 b6
: : Resynchronization 0 0:1Tq
N SIwW jump width 0 1:2Tq RW
control bits 1 0:3Tq
1 1:4Tq
Figure 17.12 COCONR Register
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17.1.3.8 CORECR Register
Figure 17.13 shows the CORECR register.

CANO Receive Error Count Register

b7 b0
Symbol Address After Reset
CORECR 021C16 0016
, Function Counter Value RW
E Reception error counting function
e e The value is incremented or decremented 0016 to FF16 () RO
according to the CAN module's error status
NOTE:
1. The value is undefined in bus off state.
Figure 17.13 CORECR Register
17.1.3.9 COTECR Register
Figure 17.14 shows the COTECR register.
CANO Transmit Error Count Register (1)
b7 b0
Symbol Address After Reset
COTECR 021D16 0016
E Function Counter Value RW
E Transmission error counting function
-------------------- The value is incremented or decremented 0016 to FF16® RO
according to the CAN module's error status
NOTE:
1. The value is undefined in bus off state.

Figure 17.14 COTECR Register
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17.1.3.10 COTSR Register
Figure 17.15 shows the COTSR register.

CANO Time Stamp Register(®

(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
COTSR 021F1e, 021E16 000016
, Function Counter Value RW
e Time stamp function 000016 to FFFF16 RO
NOTE:

1. Use a 16-bit data for reading.

Figure 17.15 COTSR Register

17.1.3.11 COAFS Register
Figure 17.16 shows the COAFS register.

CANO Acceptance Filter Support Register

(b15) (b8)
b7 b0 b7 b0
Symbol Address After reset
COAFS 024316, 024216 Undefined
E Function Setting Values RW

Write the content equivalent to the standard frame | Standard frame ID
ID of the received message.

The value is "converted standard frame ID" when
read

RW

Figure 17.16 COAFS Register
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17.2 Operating Modes
The CAN module has the following four operating modes.
* CAN Reset/Initialization Mode
* CAN Operating Mode
» CAN Sleep Mode
* CAN Interface Sleep Mode
Figure 17.17 shows transition between operating modes.

MCU Reset \

CAN reset/initialization
mode

State_Reset=1

Reset=0

CAN operating mode
State_Reset=0

Reset=1

when 11 consecutive
Sleep=0 Sleep =1 recessive bits are
TEC > 255 detected 128 times
r

o
RetBusOff = 1
CCLK3=1

P
NG

CCLK3 =0

CAN interface

Bus off state
sleep mode

State_BusOff = 1

CAN sleep mode

CCLKa3: Bit in the CCLKR register
Reset, Sleep, RetBusOff: Bits in the COCTLR register
State_Reset, tate_BusOff: Bits in the COSTR register

Figure 17.17 Transition Between Operating Modes

17.2.1 CAN Reset/Initialization Mode

The CAN reset/initialization mode is activated upon MCU reset or by setting the Reset bit in the COCTLR
register to 1. If the Reset bit is set to 1, check that the State_Reset bit in the COSTR register is set to 1.
Entering the CAN reset/initialization mode initiates the following functions by the module:

* CAN communication is impossible.

* When the CAN reset/initialization mode is activated during an ongoing transmission in operation
mode, the module suspends the mode transition until completion of the transmission (successful,
arbitration loss, or error detection). Then, the State_Reset bit is set to 1, and the CAN reset/
initialization mode is activated.

* Registers COMCTLj (j = 0 to 15), COSTR, COICR, COIDR, CORECR, COTECR, and COTSR are
initialized. All these registers are locked to prevent CPU modification.

* Registers COCTLR, COCONR, COGMR, COLMAR, and COLMBR and the CANO message box
retain their contents and are available for CPU access.
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17.2.2 CAN Operating Mode
The CAN operating mode is activated by setting the Reset bit in the COCTLR register to 0. If the Reset bit
is set to 0, check that the State_Reset bit in the COSTR register is set to 0.
If 11 consecutive recessive bits are detected after entering the CAN operating mode, the module initiates
the following functions:
* The module's communication functions are released and it becomes an active node on the network
and may transmit and receive CAN messages.
« Release the internal fault confinement logic including receive and transmit error counters. The
module may leave the CAN operating mode depending on the error counts.
Within the CAN operating mode, the module may be in three different sub modes, depending on which
type of communication functions are performed:
* Module idle : The modules receive and transmit sections are inactive.
* Module receives : The module receives a CAN message sent by another node.
* Module transmits : The module transmits a CAN message. The module may receive its own
message simultaneously when the LoopBack bit in the COCTLR register = 1
(Loop back mode enabled).
Figure 17.18 shows sub modes of the CAN operating mode.

Module idle
TrmState =0
RecState =0

Start
transmission
Finish
transmission

Module receives
TrmState =0
RecState = 1

Module transmits
TrmState = 1
RecState = 0

Lost in arbitration

TrmState, RecState: Bits in the COSTR register

Figure 17.18 Sub Modes of CAN Operating Mode

17.2.3 CAN Sleep Mode

The CAN sleep mode is activated by setting the Sleep bit in the COCTLR register to 1. It should never be
activated from the CAN operating mode but only via the CAN reset/initialization mode.

Entering the CAN sleep mode instantly stops the clock supply to the module and thereby reduces power
dissipation.
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17.2.4 CAN Interface Sleep Mode
The CAN interface sleep mode is activated by setting the CCLK3 bit in the CCLKR register to 1. It should
never be activated but only via the CAN sleep mode.

Entering the CAN interface sleep mode instantly stops the clock supply to the CPU Interface in the mod-
ule and thereby reduces power dissipation.

17.2.5 Bus Off State

The bus off state is entered according to the fault confinement rules of the CAN specification. When
returning to the CAN operating mode from the bus off state, the module has the following two cases.
In this time, the value of any CAN registers, except registers COSTR, CORECR, and COTECR, does not
change.
(1) When 11 consecutive recessive bits are detected 128 times
The module enters instantly into error active state and the CAN communication becomes possible
immediately.
(2) When the RetBusOff bit in the COCTLR register = 1 (Force return from buss off)
The module enters instantly into error active state, and the CAN communication becomes possible
again after 11 consecutive recessive bits are detected.
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17.3 Configuration of the CAN Module System Clock
The M16C/29 Group has a CAN module system clock select circuit.
Configuration of the CAN module system clock can be done through manipulating the CCLKR register and
the BRP bit in the COCONR register.
For the CCLKR register, refer to 7. Clock Generation Circuit.
Figure 17.19 shows a block diagram of the clock generation circuit of the CAN module system.

Divide-by-1 (undivided)
CAN module  [Divide-by-2 Prescaler
system clock  [Divide-by-4 :O fcan Baud rate
fi O_ divider DﬁV@de-by-S ro) 12 1 prescaler W
Value: 1,2, 4, 8, 16 [Divide-by-16 ~. division value
CCLKR register P+1
CAN module

fcan: CAN module system clock
P: The value written in the BRP bit of the COCONR register. P =0 to 15
fcancLk: CAN communication clock fcancik = fcan/2(P + 1)

Figure 17.19 Block Diagram of CAN Module System Clock Generation Circuit

17.3.1 Bit Timing Configuration

The bit time consists of the following four segments:

» Synchronization segment (SS)
This serves for monitoring a falling edge for synchronization.

» Propagation time segment (PTS)
This segment absorbs physical delay on the CAN network which amounts to double the total sum
of delay on the CAN bus, the input comparator delay, and the output driver delay.

» Phase buffer segment 1 (PBS1)
This serves for compensating the phase error. When the falling edge of the bit falls later than
expected, the segment can become longer by the maximum of the value defined in SJW.

» Phase buffer segment 2 (PBS2)
This segment has the same function as the phase buffer segment 1. When the falling edge of the
bit falls earlier than expected, the segment can become shorter by the maximum of the value
defined in SJW.

Figure 17.20 shows the bit timing.

Bit time
ss | PTS [ PBS1 PBS2
> >
SIwW SIW
Sampling point
The range of each segment: Bit time = 8 to 25Tq Configuration of PBS1 and PBS2: PBS1 = PBS2
SS=1Tq PBS1 = SIW
PTS = 1Tq to 8Tq PBS2 =2 when SIW =1
PBS1 =2Tq to 8Tq PBS2 > SJWwhen2<SJW<4
PBS2 = 2Tq to 8Tq
SJW =1Tqto 4Tq
Figure 17.20 Bit Timing
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17.3.2 Bit-rate

Bit-rate depends on f1, the division value of the CAN module system clock, the division value of the baud
rate prescaler, and the number of Tq of one bit.
Table 17.2 shows the examples of bit-rate.

Table 17.2 Examples of Bit-rate

Bit-rate 20MHz 16MHz 10MHz 8MHz
1Mbps 10Tq (1) 8Tqg (1) - -
500kbps 10Tq (2) 8Tq (2) 10Tqg (1) 8Tq (1)
20Tqg (1) 16Tq (1) - -
125kbps 10Tqg (8) 8Tq (8) 10Tqg (4) 8Tq (4)
20Tqg (4) 16Tq (4) 20Tq (2) 16Tq (2)
83.3kbps 10Tqg (12) 8Tq (12) 10Tqg (6) 8Tq (6)
20Tq (6) 16Tq (6) 20Tq (3) 16Tq (3)
33.3kbps 10Tqg (30) 8Tq (30) 10Tqg (15) 8Tq (15)
20Tqg (15) 16Tq (15) - -

NOTE:

1. The number in () indicates a value of “fcan division value” multiplied by “baud rate prescaler division value”.

M Calculation of Bit-rate

f1

2 [0 “fean division value (Note 1)” O “baud rate prescaler division value (Note 2)” 0O “number of Tq of one bit”

Note 1: fcan division value = 1, 2, 4, 8, 16

fean division value: a value selected in the CCLKR register

Note 2: Baud rate prescaler division value = P + 1 (P: 0 to 15)

P: a value selected in the BRP bit in the COCONR register
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17.4 Acceptance Filtering Function and Masking Function
These functions serve the users to select and receive a facultative message. The COGMR register, the
COLMAR register, and the COLMBR register can perform masking to the standard ID and the extended 1D
of 29 bits. The COGMR register corresponds to slots 0 to 13, the COLMAR register corresponds to slot 14,
and the COLMBR register corresponds to slot 15. The masking function becomes valid to 11 bits or 29 bits
of a received ID according to the value in the corresponding slot of the COIDR register upon acceptance
filtering operation. When the masking function is employed, it is possible to receive a certain range of IDs.
Figure 17.21 shows correspondence of the mask registers and slots, Figure 17.22 shows the acceptance

function.

Slot #0

Slot #1

Slot #2

Slot #3

Slot #4

Slot #5

Slot #6

COGMR register

Slot #7

Slot #8

Slot #9

Slot #10

Slot #11

Slot #12

Slot #13

COLMAR register —

Slot #14

COLMBR register _—

Slot #15

Figure 17.21 Correspondence of Mask Registers to Slots

ID of the ID stored in The value of the
received message  the slot mask register

ooy
Yy

Mask Bit Values
0: ID (to which the received message

1: ID (to which the received message

} Acceptance Signal

Acceptance judge signal
0: The CAN module ignores the

1: The CAN module stores the

corresponds) match is handled as
"Don't care"

corresponds) match is checked

current incoming message
(Not stored in any slot)

current incoming message in
a slot of which ID matches

Figure 17.22 Acceptance Function

When using the acceptance function, note the following points.

(1) When one ID is defined in two slots, the one with a smaller number alone is valid.
(2) When it is configured that slots 14 and 15 receive all IDs with Basic CAN mode, slots 14 and 15

receive all IDs which are not stored into slots 0 to 13.
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17.5 Acceptance Filter Support Unit (ASU)
The acceptance filter support unit has a function to judge valid/invalid of a received ID through table search.
The IDs to receive are registered in the data table; a received ID is stored in the COAFS register, and table
search is performed with a decoded received ID. The acceptance filter support unit can be used for the IDs
of the standard frame only.

The acceptance filter support unit is valid in the following cases.
* When the ID to receive cannot be masked by the acceptance filter.
(Example) IDs to receive: 07816, 08716, 11116
* When there are too many IDs to receive; it would take too much time to filter them by software.

Figure 17.23 shows the write and read of the COAFS register in word access.

Address
CANO
bit 15 bit8 bit7 bit 0
When write | [ ] [siD10] siDs | siDe | s1D7 [ SIDé | | |sips|sipa[sips|sipz]sipi]sibo| 24216
I 3/8 Decoder i
bit|15 bit8 bit7 bit 0
When read | | | | | | | | [siD10] siDs [ s1Ds [ siD7] siDs [ sIDs [ siD4 [ SID3 | 24216

Figure 17.23 Write/read of COAFS Register in Word Access
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17.6 BasicCAN Mode
When the BasicCAN bit in the COCTLR register is set to 1 (Basic CAN mode enabled), slots 14 and 15
correspond to Basic CAN mode. During normal operations, individual slots can select either data frame or
remote frame by CPU setting. However, in Basic CAN mode, both frames can be selected.
When slots 14 and 15 are defined as reception slots in Basic CAN mode, received messages are stored in
slots 14 and 15 alternately.
The received message data format can be determined by the RemActive bit in the COMCTL; register (j =0
to 15).
Figure 17.24 shows the operation of slots 14 and 15 in Basic CAN mode.

Slot 14 | Empty ” P Msg n | | Locked (Msg n) | |Msg n+2 (Msgn Iost)l
Z &
Slot 15 | Locked (empty) /r[ Locked (empty) | | Msgn+1 ”Locked (Msg n+1) |
oL
Msg n Msg n+1 Msg n+2

Figure 17.24 Operation of Slots 14 and 15 in Basic CAN Mode

When using Basic CAN mode, note the following points.

(1) Setting of Basic CAN mode has to be done in CAN reset/initialization mode.

(2) Select the same ID for slots 14 and 15. Also, setting of the COLMAR and COLMBR register has to be
the same.

(3) Define slots 14 and 15 as reception slot only.

(4) There is no protection available against message overwrite. A message can be overwritten by a new
message.

(5) Slots 0 to 13 can be used in the same way as in normal CAN operating mode.
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17.7 Return from Bus off Function
When the protocol controller enters bus off state, it is possible to make it forced return from bus off state by
setting the RetBusOff bit in the COCTLR register to 1 (Force return from bus off). At this time, the error state
changes from bus off state to error active state. If the RetBusOff bit is set to 1, registers CORECR and
COTECR are initialized and the State_Reset bit in the COSTR register is set to 0 (The CAN module is not in
error bus off state). However, registers of the CAN module such as COCONR register and the content of
each slot are not initialized.

17.8 Time Stamp Counter and Time Stamp Function
When the COTSR register is read, the value of the time stamp counter at the moment is read. The period of
the time stamp counter reference clock is the same as that of 1 bit time that is configured by the COCONR
register. The time stamp counter functions as a free run counter.
The 1 bit time period can be divided by 1 (undivided), 2, 4 or 8 to produce the time stamp counter reference
clock. Use the TSPreScale bit in the COCTLR register to select the divide-by-n value.
The time stamp counter is equipped with a register that captures the counter value when the protocol
controller regards it as a successful reception. The captured value is stored when a time stamp value is
stored in a reception slot.

17.9 Listen-Only Mode
When the RXOnly bit in the COCTLR register is set to 1, the module enters listen-only mode.
In listen-only mode, no transmission -- data frames, error frames, and ACK response -- is performed to bus.
When listen-only mode is selected, do not request the transmission.
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17.10 Reception and Transmission
Configuration of CAN Reception and Transmission Mode
Table 17.3 shows configuration of CAN reception and transmission mode.

Table 17.3 Configuration of CAN Reception and Transmission Mode

TrmReq| RecReq|Remote [RspLock Communication mode of the slot
0 0 - - Communication environment configuration mode:
configure the communication mode of the slot.
0 1 0 0 Configured as a reception slot for a data frame.
1 0 1 0 Configured as a transmission slot for a remote frame. (At this time

the RemActive = 1.)
After completion of transmission, this functions as a reception slot
for a data frame. (At this time the RemActive = 0.)
However, when an ID that matches on the CAN bus is detected
before remote frame transmission, this immediately functions as
a reception slot for a data frame.
1 0 0 0 Configured as a transmission slot for a data frame.
1 1 1/0 |Configured as a reception slot for a remote frame. (At this time
the RemActive = 1.)
After completion of reception, this functions as a transmission slot
for a data frame. (At this time the RemActive = 0.)
However, transmission does not start as long as RspLock bit
remains 1; thus no automatic response.
Response (transmission) starts when the RspLock bit is set to 0.
TrmReq, RecReq, Remote, RspLock, RemActive, RspLock: Bits in the COMCTL] register (j = 0 to 15)

When configuring a slot as a reception slot, note the following points.

(1) Before configuring a slot as a reception slot, be sure to set the COMCTL] register (j = 0 to 15) to 00zs.

(2) A received message is stored in a slot that matches the condition first according to the result of
reception mode configuration and acceptance filtering operation. Upon deciding in which slot to
store, the smaller the number of the slot is, the higher priority it has.

(3) In normal CAN operating mode, when a CAN module transmits a message of which ID matches, the
CAN module never receives the transmitted data. In loop back mode, however, the CAN module
receives back the transmitted data. In this case, the module does not return ACK.

When configuring a slot as a transmission slot, note the following points.

(1) Before configuring a slot as a transmission slot, be sure to set the COMCTL; registers to 00:s.

(2) Set the TrmReq bit in the COMCTL; register to 0 (not transmission slot) before rewriting a transmission
slot.

(3) A transmission slot should not be rewritten when the TrmActive bit in the COMCTL; register is 1
(transmitting).
If it is rewritten, an undefined data will be transmitted.
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17.10.1 Reception
Figure 17.25 shows the behavior of the module when receiving two consecutive CAN messages, that fit
into the slot of the shown COMCTL;j register (j = 0 to 15) and leads to losing/overwriting of the first
message.

SOF ACK EOF 1 IFS: SOF ACK! EOF | IFS
CANbUS u

RecReq bit

InvalData bit

NewData bit

COMCTL;j register

MsgLost bit

CANO Successful
Reception Interrupt

RecState bit @ ‘ X
RecSucc bit k/ / 4

MBOX bit v Receive slot No. v

COSTR register

j=0to 15

Figure 17.25 Timing of Receive Data Frame Sequence

(1) On monitoring a SOF on the CAN bus the RecState bit in the COSTR register becomes 1 (CAN module
is receiver) immediately, given the module has no transmission pending.

(2) After successful reception of the message, the NewData bit in the COMCTL; register (j = 0 to 15) of the
receiving slot becomes 1 (stored new data in slot). The InvalData bit in the COMCTL] register
becomes 1 (message is being updated) at the same time and the InvalData bit becomes 0 (message is
valid) again after the complete message was transferred to the slot.

(3) When the interrupt enable bit in the COICR register of the receiving slot = 1 (interrupt enabled), the
CANO successful reception interrupt request is generated and the MBOX bit in the COSTR register is
changed. It shows the slot number where the message was stored and the RecSucc bit in the
COSTR register is active.

(4) Read the message out of the slot after setting the New Data bit to O (the content of the slot is read or
still under processing by the CPU) by program.

(5) If the NewData bit is set to 0 by program or the next CAN message is received successfully before the
receive request for the slot is canceled, the MsgLost bit in the COMCTL] register is set to 1 (message
has been overwritten). The new received message is transferred to the slot. Generating of an
interrupt request and change of the COSTR register are same as in 3).
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17.10.2 Transmission
Figure 17.26 shows the timing of the transmit sequence.

SOF ACKI EOF | IFSi SOF
o | i

TrmReq bit (€] 5

@ S

‘ o

TrmActive bit (€] ) 3 0
L (S | M '_

[S)

=

SentData bit ® ﬂ 3

CANO Successful (3)ﬂ
Transmission Interrupt \

TrmState bit &) @ .
0 ()

X4
g

TrmSucc bit k/ E
,,,,,,,,,,,,,,,,,,, @

1)

. o

MBOX bit Transmission slot No. o

j=0to 15

Figure 17.26 Timing of Transmit Sequence

(2) If the TrmReq bit in the COMCTLj register (j = 0 to 15) is set to 1 (Transmission slot) in the bus idle
state, the TrmActive bit in the COMCTL] register and the TrmState bit in the COSTR register are set to
1 (Transmitting/Transmitter), and CAN module starts the transmission.

(2) If the arbitration is lost after the CAN module starts the transmission, the TrmActive and TrmState bits
are set to 0.

(3) If the transmission has been successful without lost in arbitration, the SentData bit in the COMCTL
register is set to 1 (Transmission is successfully completed) and TrmActive bit in the COMCTL; register
is set to 0 (Waiting for bus idle or completion of arbitration). And when the interrupt enable bits in the
COICR register = 1 (Interrupt enabled), CANO successful transmission interrupt request is generated
and the MBOX (the slot number which transmitted the message) and TrmSucc bit in the COSTR
register are changed.

(4) When starting the next transmission, set bits SentData and TrmReq to 0. And set the TrmReq bit to
1 after checking that bits SentData and TrmReq are set to 0.
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17.11 CAN Interrupts
The CAN module provides the following CAN interrupts.

* CANO Successful Reception Interrupt
» CANO Successful Transmission Interrupt
* CANO Error Interrupt
Error Passive State
Error BusOff State
Bus Error (this feature can be disabled separately)
* CANO Wake-up Interrupt
When the CPU detects the CANO successful reception/transmission interrupt request, the MBOX bit in the
COSTR register must be read to determine which slot has generated the interrupt request.
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18. CRC Calculation Circuit

The Cyclic Redundancy Check (CRC) calculation detects errors in blocks of data. The MCU uses a gen-
erator polynomial of CRC_CCITT (X16 + X12 + X5 + 1) or CRC-16 (X16 + X15 + X2 + 1) to generate CRC
code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of bytes. The code
is updated in the CRC data register everytime one byte of data is transferred to a CRC input register. The
data register must be initialized before use. Generation of CRC code for one byte of data is completed in
two machine cycles.

Figure 18.1 shows the block diagram of the CRC circuit. Figure 18.2 shows the CRC-related registers.
Figure 18.3 shows the calculation example using the CRC_CCITT operation.

18.1 CRC Snoop
The CRC circuit includes the ability to snoop reads and writes to certain SFR addresses. This can be used
to accumulate the CRC value on a stream of data without using extra bandwidth to explicitly write data into
the CRCIN register. All SFR addresses after 002016 are subject to the CRC snoop. The CRC snoop is
useful to snoop the writes to a UART TX buffer, or the reads from a UART RX buffer.

To snoop an SFR address, the target address is written to the CRC snoop Address Register (CRCSAR).
The two most significant bits of this register enable snooping on reads or writes to the target address. If the
target SFR is written to by the CPU or DMA, and the CRC snoop write bit is set (CRCSW=1), the CRC wiill
latch the data into the CRCIN register. The new CRC code will be set in the CRCD register.

Similarly, if the target SFR is read by the CRC or DMA, and the CRC snoop read bit is set (CRCSR=1), the
CRC will latch the data from the target into the CRCIN register and calculate the CRC.

The CRC circuit can only calculate CRC codes on data byte at a time. Therefore, if a target SFR is
accessed in word (16 bit), only one low-order byte data is stored into the CRCIN register.

§ Data bus high-order 73

L1

S Data bus low-order S

I

Eight low-order bits | l Eight high-order bits

CRCD register (16) (Address 03BD16, 03BC16)
I | ) —
CRC cod - —— :SnoopB
code generating circuit ' lock
Snoop Address oc
W16 51213501 OR x10+ x5+ 241 p

L U

CRC input register (8) <
q (Address 03BE16)
enable

S Address Bus S

Figure 18.1 CRC circuit block diagram
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CRC Data Regjister

®19) we. o Symbol Address After Reset
CRCD 03BD16 to 03BC16 Undefined
Function Setting Range | RW
CRC calculation result output 000016 to FFFF16 | RW
CRC Input Register
b7 b0 Symbol Address After Reset
CRCIN 03BEz1s Undefined
Function Setting Range | RW
frrmmmmeee Data input 0016 to FF16 | RW
CRC Mode Register
7 b0 Symbol Address After Reset
Bit Symbol Bit Name Function RW
N CRps | CRC mode polynomial | 0: X18+X12¢X5+1 (CRC-CCITT) | gy
P selection bit 1: X16+X15+X2+1 (CRC-16)
Pobedoiod H Nothing is assigned. If necessary, set to 0. _
H (b6-b1) When read, the content is undefined
B ERRRRREEEE CRCMS | CRC mode selection bit | O -SB first RW
1: MSB first
SFR Snoop Address Register
(b15) (b8)
b7 b0 b7 b0
| | I><|><|><I><| | | | | | | | | | | Symbol Address After Reset
L o CRCSAR 03B516 to 03B416 OOXXXXXX XXXXXXXX2
A 5 Bit Symbol Bit Name Function RW
E E E E E E B CRCSAR9-0 CRC rlnode. polynomial SFR address to snoop RW
A selection bit
I — | Nothing is assigned. If necessary, setto 0. _
- (b13-610) | when read, the content is undefined
L . CRCSR | CRC snoop on read 0: Disabled RW
' enable bit 1: Enabled®
] CRCSW CRC anop on write 0: Disabled RW
enable bit 1: Enabled®
NOTE:

1. Set bits CRCSR and CRCSW to 0 if the PLCO7 bit in the PLCO register is set to 1 (PLL on) and the PM20 bit in
the PM2 register is set to 0 (SFR access 2 wait).

Figure 18.2. CRCD, CRCIN, CRCMR, CRCSAR Register
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b15

b0

(1) Setting 00001s (initial value) —

| CRD data register CRCD

[03BD16, 03BC16]

b7 b0

CRC input register CRCIN
[03BE1s6]

(2) Setting 0116

2 cycles
After CRC calculation is complete
p15 b0
118916

vt

Stores CRC code

CRD data register CRCD
[03BD16, 03BC16]

The code resulting from sending 0116 in LSB first mode is (10000 0000).This the CRC code in the generating polynomial,
(X16 + x12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000)X16 by ( 1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

Modulo-2 operation is
operation that complies

LSB 1000 1000 & MSB with the law given below.
10001 0000 0010 0001 | 1909 OO0 0000 0000 0000 000D 0+0=0
1000 1000 0001 0000 1 0+1=1
1000 0001 0000 1000 O i* i’ =1
1000 1000 0001 0000 1 +_1 Z 2

1001 0001 1000 1000
A A S

MSB

LSB

9 8 1 1
R S
Thus the CRC code becomes ( 1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)

corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary, set the CRC mode
selection bitto 1. CRC data register stores CRC code for MSB first mode.

b7 b0
. CRC input register CRCIN
After CRC calculation is complete
b15 b0

CRD data register CRCD

OA411s [03BD1s, 03BC16]

L I

(R

Stores CRC code

Figure 18.3. CRC Calculation
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19. Programmable I/O Ports

Note
I Ports P04 to P07, P1o to P14, P34 to P37 and P95 to P97 are not available in 64-pin package. I

The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 71 lines PO, P1,
P2, P3, P6, P7, P8, P9, P10 (except P94) for the 80-pin package, or 55 lines P0Oo to P03, P15 to P17, P2, P30
to P33, P6, P7, P8, P90 to P93, P10 for the 64-pin package. Each port can be set for input or output every
line by using a direction register, and can also be chosen to be or not be pulled high in sets of 4 lines.
Figures 19.1 to 19.5 show the 1/O ports. Figure 19.6 shows the I/O pins.

Each pin functions as an I/O port, a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin
is used as a peripheral function input, set the direction bit for that pin to O (input mode). Any pin used as an
output pin for peripheral functions is directed for output no matter how the corresponding direction bit is set.

19.1 Port Pi Direction Register (PDi Register,i =0to 3, 6 to 10)

Figure 19.7 shows the direction registers.
This register selects whether the 1/O port is to be used for input or output. The bits in this register corre-
spond one for one to each port.

19.2 Port Pi Register (Pi Register,i =0to 3, 6to 10)

Figure 19.8 shows the Pi registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to hold the output data and a circuit to read the pin status. For ports
set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register. The data written to the port latch is output from
the pin. The bits in the Pi register correspond one for one to each port.

19.3 Pull-up Control Register 0 to 2 (PURO to PUR2 Registers)

Figure 19.9 shows registers PURO to PURZ2.

Registers PURO to PUR2 select whether the pins, divided into groups of four pins, are pulled up or not. The
pins, selected by setting the bits in registers PURO to PUR2 to 1 (pull-up), are pulled up when the direction
registers are set to O (input mode). The pins are pulled up regardless of the pins’ function.

19.4 Port Control Register (PCR Register)

Figure 19.10 shows the port control register.
When the P1 register is read after setting the PCRO bit in the PCR register to 1, the corresponding port latch
can be read no matter how the PD1 register is set.
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19.5 Pin Assignment Control Register (PACR)

Figure 19.11 shows the PACR register. After reset, set bits PACR2 to PACRO in the PACR register before
a signal is input or output to each pin. When bits PACR2 to PACRO are not set, some pins do not function
as I/0 ports.

Bits PACR2 to PACRO: control pins to be used
Value after reset: 0002.
To select the 80-pin package, set the bits to 0112.
To select the 64-pin package, set the bits to 0102.

U1MAP bit: controls pin assignments for the UART1 function.

To assign the UART1 function to P64/CTS1/RTS1, P65/CLK1, P66/RxD1, and P67/TxD1, set the ULMAP
bit to 0 (P67 to P64).

To assign the function to P70/CTS1/RTS1, P71/CLK1, P72/RxD1, and P73/TxD1, set the ULMAP bit to 1
(P73 to P70)

The PRC2 bit in the PRCR protects the PACR register. Set the PACR register after setting the PRC2 bit in
the PRCR register.

19.6 Digital Debounce Function

Two digital debounce function circuits are provided. Level is determined when level is held, after applying
either a falling edge or rising edge to the pin, longer than the programmed filter width time. This enables
noise reduction.

This function is assigned to INT5/INPC17 and NMI/SD. Digital filter width is set in the NDDR register and
the P17DDR register respectively. Figure 19.12 shows the NDDR register and the P17DDR register.
Additionally, a digital debounce function is disabled to the port P17 input and the port P85 input.

Filter width : (n+1) x 1/f8 n: count value set in the NDDR register and P17DDR register

The NDDR register and the P17DDR register decrement count value with f8 as the count source. The
NDDR register and the P17DDR register indicate count time. Count value is reloaded if a falling edge or a
rising edge is applied to the pin.

The NDDR register and the P17DDR register can be set 0016 to FF16 when using the digital debounce
function. Setting to FF16 disables the digital filter. See Figure 19.12 for details.

Rev. 1.11 Dec.11, 2006  Ppage 317 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group

19. Programmable 1/O Ports

Rev. 1.11 Dec.11, 2006
REJ09B0101-0111

Direction register

Pull-up selection

P0o to P07, (inside dotted-line included)

P10o to P103

Data bus H»—{ Port latch

1
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>

P30 to P37 (inside dotted-line not included)
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Ploto P13 (inside dotted-line included)

Direction register

~N

Analog input————5™~o—

Pull-up selection

bl

Data bus —¢

P14 (inside dotted-line not included)

Port latch
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il

y

P1s, P16 (inside dotted-line not included)

Data bus

P17 (inside dotted-line included)

11

Analog input————————5~o—

Pull-up selection

Direction register

b

—

~N

el

Port P1 control register
+—{ Port latch

y

A

S ]
N\
S
Y

Input to respective peripheral functions—s

INPC17/INT5

Digital
debounce

P22 to P27, P30, P6o, P61, P64,

P65, P74 to P76, P8o, P81
(inside dotted-line included)

Data bus ——{ Port latch

P32 (inside dotted-line not included)

rrrrr - symbolizes a parasitic diode.

Pull-up selection

Direction
register

1
~N

"1 4{'\0
Output 4{{\0

|

P

s
s

3»»>~¢)

N
Input to respective peripheral functions %7

Make sure the input voltage on each port will not exceed Vcc.

(€0

Figure 19.1 1/O Ports (1)
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P20, P21, P70to P73

Data bus —

P82 to P84

P31, P62, P66, P77

<

Data bus —#—] Port latch |

Pull-up selection
Direction
register

p———O
Output
»—{ Port latch S
| ﬁ i Switching
between
CMOS and
59 Nch

~N

Pull-up selection

—1 Direction register |—

Input to respective peripheral functions %7

S

e

~N

Input to respective peripheral functions

Pull-up selection

—1 Direction register |—
e

Data bus —$—] Port latch |

~N

1
~N
~N

Input to respective peripheral functions

1. ) S symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

4 O

Figure 19.2 1/0 Ports (2)
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Pull-up selection

- Direction register H

<

Output
Databus —¢{ _ Portlatch | o

)/I—"
~N

P63, P67

T

Switching between CMOS and Nch

Pull-up selection
NMI Enable

P8s

—] Direction register

< T@ 7

£

Data bus —$—] Port latch | g '
D x

i

NMI Interrupt Input Digital Debounce }—@

NMI Enable

SD

Pull-up selection
P91, P92, P97,

P104to0 P107 —| Direction register |-

Data bus —¢ Port latch | J/DJ[

e
~N

Analog input4°\0—«—

Input to respective peripheral functions @

1. D B symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 19.3 1/O Ports (3)
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P90, P95
(inside dotted-line
included)

P93, P96
(inside dotted-line

P87

P86

not included
Bata bus —e] Port latch |

Data bus —s

Pull-up selection

—_Direction register |

Hkﬁ[)ﬁ

Output‘{i\C
O
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TLT]

Analog input —————o>————

Input to respective peripheral functions
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— Direction register |1
1

4
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Port latch |
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o
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~N

Pull-up selection

—! Direction register |—
e

Data bus —

~N

4{

Port latch |

.

S
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~

1. ) S symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.
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Figure 19.4 1/0 Ports (4)

Rev. 1.11 Dec.11, 2006
REJ09B0101-0111

page 321 of 458

RENESAS



M16C/29 Group

19. Programmable 1/O Ports

-
CNVss T
CNVss signal input @ $ O
o
77T
-
RESET X
RESET signal input @ + O
pEY
77T
NOTE:
1. e symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 19.5 1/O

Pins
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Port Pi Direction Register (i=0 to 3, 6 to 8, and 10) (1)

Symbol Address After Reset
b7 b6 b5 ba b3 b2 bl bo PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
PD6 to PD8 03EE16, 03EF16, 03F216 0016
||||||||| PD10 03F616 0016
Pt 1o 11| Bit Symbol Bit Name Function RW
P v PDILO Port Pio direction bit RW
e L Port Pi1 direction bit O-Inputmode RW
R — (Functions as an input port)
e PDi_2 Port Pi2 direction bit 1: Output mode RW
e PDi_3 Port Pis3 direction bit (Functions as an output port)  [Rwy
R T — PDi_4 Port Pi4 direction bit (1=0t03,6t08 and 10) RW
Pl ] PDi_5 Port Pis direction bit RW
I SSEREEEEEEELLEEEEEE PDi_6 Port Pie direction bit RW
LR IUTTRIRRERRR, PDi_7 Port Pi7 direction bit RW

NOTE:

1. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 011..
In 64-pin package, set bits PACR2, PACR1, PACRO to 0102.

Port P9 Direction Register (1.2)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset

| . | . | . |><| . | . | . | . | PD9 03F316 000X00002
©o1 11 111t Bit Symbol Bit Name Function RW
-1PD9 0 Port P9o direction bit RW
S PD9_1 Port P91 direction bit 0: Input mode _ RW
R S — - (Functions as an input port)
ARt PD9_2 Port P92 direction bit 1: Output mode RW
N PD9_3 Port P93 direction bit (Functions as an output port) RW
 SERBREEEEEEE ) Nothing is assigned. If necessary, set to 0. _
oo When read, the content is undefined
PoL T PD9 5 Port P9s direction bit 0: Input mode RW
T (Functions as an input port)
PD9_6 Port P96 direction bit 1: Output mode RW
: (Functions as an output port)
Bommmmmmmmmmssssssssononoog PD9_7 Port P97 direction bit RW

NOTES:
1. Make sure the PD9 register is written to by the next instruction after setting the PRC2 bit in the
PRCR register to 1(write enabled).
2. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 011-.
In 64-pin package, set bits PACR2, PACR1, PACRO to 010-.

Figure 19.6 PDO to PD3 and PD6 to PD10 Registers
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Port Pi Register (i=0 to 3, 6 to 8 and 10)(1)

Symbol Address After Reset
b7 b6 b5 ba b3 b2 b1 bo POtOP3 03EO16, 03E116, 03E416, 03E516 Undef!ned
P6 to P8 03EC16, 03ED16, 03F016 Undefined
P10 03F416 Undefined
Bit Symbol Bit Name Function RW
A Y Port Pio bit The pin level on any 1/O port whichis | RW
S Pi_1 Port Pi1 bit set for input mode can be read by RW
. Pi 2 Port Piz bit reading the corresponding bit in this RW
R — — register. The pin level on any 1/O port
A Pi_3 Port Pis bit which is set for output mode can be RW
Pt Pi_4 Port Pia bit controlled by writing to the RW
U Pi 5 Port Pis bit corresponding bit in this register RW
— — 0: “L” level
P Pi_6 Port Pis bit 1 “H” level (1) RW
R LR Pi_7 Port Pi7 bit (i=0to3,6to8and 10) RW
NOTE:
1. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 011-.
In 64-pin package, set bits PACR2, PACR1, PACRO to 0102.
Port P9 Register @)
b7 b6 bS b4 b3 b2 bi b Symbol Address After Reset
| | | |><| | | | | P9 03F116 Undefined
Bit Symbol Bit Name Function RW
A P9_0 Port P9o bit The pin level on any I/O port whichis | RW
[ Po 1 Port P91 bit set for input mode can be read by RW
R P9 2 Port P92 bit reqding the corresponding bit in this RW
- - - register. The pin level on any /O port
e P9_3 Port P9s bit which is set for output mode can be RW
I [0) Nothing is assigned (2)| controlled by writing to the -
e P9 5 Port P95 bit corresponding bit in this register RW
H - (except for P8s)
oo P9_6 Port P9s bit 0: “L” level RW
B L L L ] P9 7 Port P97 bit 1: “H" level RW

NOTES:
1. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 011-.
In 64-pin package, set bits PACR2, PACR1, PACRO to 010-.
2. Nothing is assigned. If necessary, setto 0. When read, the content is 0.

Figure 19.7 PO to P3 and P6 to P10 Registers
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Pull-up Control Register 0 (1)
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | Symbol Address After Reset
BN I N N N PURO 03FC16 0016
S R R R R =1 Symbol Bit Name Function RwW
on o 0 a HqP P P -
P oo 0otto POs pull-up 0: Not pulled up RW
s PUOL P04 to PO7 pull-up 1: Pulled up @ RW
et PU02 Plo to P13 pull-up RW
A ettt PUO3 P14 to P17 pull-up RW
SRR SRR EECPCPLRTEPREE PUO4 P20 to P23 pull-up RW
HEEH GREEEEEEEEEEE PU0O5 P24 to P27 pull-up RW
 REELEEEEEEEEEEEE PU06 P30 to P33 pull-up RwW
EELEEEEETEELEETEEEETTREE PUO7 P34 to P37 pull-up RW
NOTE:
1. The pin for which this bit is 1 (pulled up) and the direction bit is 0 (input mode) is pulled up.
Pull-up Control Register 1
b7 b6 b5 bi b3 b2 DL b Symbol Address After Reset
| | | | | | | | PUR1 03FD16 0016
A T Symbol Bit Name Function RW
E : : : : : : -1 Nothing is assigned. If necessary, set to 0.
R — When read, the content is O
A A (b3-b0) o
ST EERRLECECEELEERERRY PU14 P6o to P63 pull-up 0: Not pulled high RW
bl teeeemeeeeieeeed PU15 P64 to P67 pull-up 1: Pulled high (1) RW
 EEELEEEEEEEEEEE PU16 P70 to P73 pull-up RW
R R ERREEEEEELEEEEED PU17 P74 to P77 pull-up RW
NOTE:
1. The pin for which this bit is 1 (pulled up) and the direction bit is 0 (input mode) is pulled up.
Pull-up Control Register 2
b7 b b! b. b: b: bl b
AT T Symbol Address After Reset
i I PUR2 03FEz16 0016
A T Symbol Bit Name Function RwW
P =PU20 P8o to P83 pull-up 0: Not pulled up RW
e PU21 P84 to P87 pull-up 1: Pulled up (1) RW
T . PU22 P90 to P93 pull-up RW
R PU23 P95 to P97 pull-up RW
oo ] PU24 P100 to P103 pull-up RW
L PR PU25 P104 to P107 pull-up RW
E — Nothing is assigned. If necessary, set to 0. _
(b7-b6) When read, the content is 0
NOTE:
1. The pin for which this bit is 1 (pulled up) and the direction bit is O (input mode) is pulled up.

Figure 19.8 PURO to PUR2 Registers
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Port Control Register
b7 b6 bS b4 b3 b2 bl b0 Symbpl Address After Reset
PCR 03FF16 0016
A R A =T symbol Bit Name Function RW
l_ PCRO Port P1 control bit Operation performed when the P1
Poor o e register is read
- 0: When the port is set for input,
T T T R - the input levels of P1o to P17 RW,|
pins are read. When set for
Coror output, the port latch is read.
L 1: The port latch is read
- regardless of whether the port
HE - is set for input or output.
AR U PRURS s R A — Nothing is assigned. If necessary, set to 0.
(b7-b1) When read, the content is O -
Figure 19.9 PCR Register
Pin Assignment Control Register ()
b7 b6 DbS b4 b3 b2 bl b0 Symbpl Address After Reset
PACR 025D16 0016
A A =1 Symbol Bit Name Function RW
A PACRO [|Pin enabling bit 010 : 64 pin RW
A T A R 011 : 80 pin
R PACR1 All other values are reserved. Do |RW
E . . . . REEEEELEE PACR2 not use. RW
L Reserved bits Nothing is assigned. If necessary,
FE A S S S } setto 0. en read, the —
content is 0
' UART1 pin remapping bit [UART1 pins assigned to
R EREREEEEEEEE ULIMAP 0: P67 to P64 RW
1:P73to P70
NOTE:
1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to 1 (write
enable).

Figure 19.10 PACR Register
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NMI Digital Debounce Register (1.2)
b7 bo Symbol Address After Reset
NDDR 033E16 FF16
Function Setting Range | RW
i If the set value =n,
[ - n =0 to FE1se; a signal with pulse width, greater than
(n+1)/f8, is input into NMI / SD 0016 to FF16 RW
- n = FF1s; the digital debounce filter is disabled and all
signals are input
NOTES:
1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to 1 (write
enable).
2. When using the NMI interrupt to exit from stop mode, set the NDDR registert to FF16 before entering
stop mode.
P17 Digital Debounce Register(l)
b7 b0 Symbol Address After Reset
P17DDR 033F16 FFi6
Function Setting Range |RW
If the set value =n,
[ - n = 0 to FE16; a signal with pulse width, greater than
(n+1)/8, is input into INPC17/ INT5 0016 to FF16 RW
- n = FF16; the digital debounce filter is disabled and all
signals are input
NOTE:
1. When using the INT5 interrupt to exit from stop mode, set the P17DDR registert to FF16 before entering
stop mode.

Figure 19.11 NDDR and P17DDR Registers
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«Example of INT5 Digital Debounce Function (if PL7DDR = 0316)

Digital Debounce Filter

fs—>1 Clock

P17— Port In Signal Out|— To INT5
Data Bus— Reload Value Count Value — Data Bus
(write) (read)

o _TuﬂLWJTuTLWJTMTLTJTMTLWJTM_MT_W_TLW
Port In Jr_l
Signal Out Jr-|
Count Value FF o Y02 X o 03 (02 (01 (o0 X_FF

Reload Value 03 FF
(continued)

Port In
(continued)

Signal Out
(continued)

Ct()unt\_/alug) FF 03 X 02 Y o1 X oo X  FF 03 X 02 X FF
continue: i i i i i i i
® @ ®

. (Condition after reset). P17DDR=FF16. Pin input signal will be output directly.

Set the P17DDR register to 0316. The P17DDR register starts decrement along the f8 as a counter source, if the pin

input level (e.g.,"L") and the signal output level (e.g.,"H") are not matched.

The P17DDR register will stops counting when the pin input level and the signal output level are matched (e.g.,

both levels are "H") while counting.

If the pin input level (e.g.,"L") and the signal output level (e.g.,"H") are not matched the P17DDR register will start

decrement again after the setting value is reloaded.

. When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input
level (e.g."L").

. If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will
start decrement again after the setting value is reloaded.

. When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input
level (e.g."H").

. If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will
start decrement again after the setting value is reloaded.

. Set the P17DDR register to FF16. The P17DDR register starts counting after the setting value is reloaded. Pin input

signal will be output directly.

N

© © N o O A W

Figure 19.12 Functioning of Digital Debounce Filter
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Table 19.1 Unassigned Pin Handling in Single-chip Mode

Pin Name Setting
Ports PO to P3, P6 to P10 Enter input mode and connect each pin to Vss via a resistor (pull-down);
or enter output mode and leave the pins open @24

Xout Leave pin open @

XIN Connect pin to Vcc via a resistor (pull-up) ®

Avcc Connect pin to Vcc

AVss, VREF Connect pin to Vss
NOTES:

1. If the port enters output mode and is left open, it is in input mode before output mode is entered by program
after reset. While the port is in input mode, voltage level on the pins is indeterminate and power consumption
may increase. Direction register setting may be changed by noise or failure caused by noise. Configure
direction register settings regulary to increase the reliability of the program.

2. Use the shortest possible wiring to connect the MCU pins to unassigned pins (within 2 cm).

. When the external clock is applied to the XIN pin, set the pin as written above.

4. In the 64-pin package, set bits PACR2, PACR1, and PACRO in the PACR register to 0102. In the 80-pin
package, set bits PACR2, PACR1, and PACRO to 0112.

5. When the main clock oscillation is not used, set the CMO5 bit in the CMO register to 1 (main clock stops) to
reduce power consumption.

w

MCU

Port PO to P3, P6 to P10

@ (Input mode) —/\/\/\/—
(Inpui mode) ———/\ AN\ —e

(Output mode) Open
XN —/\/V\/?
Xout Open

? Vvce
Avcc

AVss

Vref

Vss

In single-chip mode =

NOTE:
1. When using the 64-pin package, set bits PACR2, PACR1, and PACRO to 0102.
When using the 80-pin package, set bits PACR2, PACR1, and PACRO to 011>.

Figure 19.13 Unassigned Pin Handling
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20. Flash Memory Version

20.1 Flash Memory Performance
In the flash memory version, rewrite operation to the flash memory can be performed in four modes: CPU
rewrite mode, standard serial /O mode, parallel /O mode, and CAN I/O mode.
Table 20.1 lists specifications of the flash memory version. (Refer to Table 1.1 or Table 1.2 for the items
not listed in Table 20.1.

Table 20.1 Flash Memory Version Specifications

Item Specificatio
1T
Flash memory operating mode 4 modes (CPU rewrite, standard serial I/O, parallel /0, CAN 1/0)@®)
Erase block See Figure 20.1 to 20.3 Flash Memory Block Diagram
Program method In units of word
Erase method Block erase
Program, erase control method Program and erase controlled by software command
Protect method Blocks 0 to 5 are write protected by FMR16 bit.
In addition, the block 0 and block 1 are write protected by FMRO02 bit.
Number of commands 5 commands
Program/Erase Block 0 to 5 (program area) 100 times 1,000 times (See Table 1.6 to 1.8)
Endurance® Block A and B (data are) (? 100 times 10,000 times (See Table 1.6 to 1.8)
Data Retention 20 years (Topr =55°C)
ROM code protection Parallel 1/0, standard serial 1/0, and CAN I/O modes are supported.

NOTES:

1. Program and erase endurance definition
Program and erase endurance are the erase endurance of each block. If the program and erase endurance are n
times (n=100,1000,10000), each block can be erased n times. For example, if a 2-Kbyte block A is erased after
writing 1 word data 1024 times, each to different addresses, this is counted as one program and erasure.
However, data cannot be written to the same address more than once without erasing the block. (Rewrite
disabled)

2. To use the limited number of erasure efficiently, write to unused address within the block instead of rewrite. Erase
block only after all possible address are used. For example, an 8-word program can be written 128 times before
erase is necessary. Maintaining an equal number of erasure between Block A and B will also improve efficiency.
We recommend keeping track of the number of times erasure is used.

3. The M16C/29 Group, T-ver./V-ver. does not support the CAN I/O mode.
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Table 20.2. Flash Memory Rewrite Modes Overview

Flash memory CPU rewrite mode Standard serial 1/0 Parallel /O mode CAN I/0O mode
rewrite mode mode
Function The user ROM areais | The user ROM area The user ROM areas The user ROM areas is
rewritten when the CPU | is rewritten using a are rewritten using a rewritten using a
excutes software dedicated serial dedicated parallel dedicated CAN pro-
command programmer. programmer. grammer.
from the CPU. Standard serial 1/0
EWO0 mode: mode 1:
Rewrite in area other Clock synchronous
than flash memory serial I/O
EW1 mode: Standard serial 1/0
Rewrite in flash mode 2:
memory UART
Areas which User ROM area User ROM area User ROM area User ROM area
can be rewritten
Operation Single chip mode Boot mode Parallel /O mode Boot mode
mode
ROM None Serial programmer Parallel programmer CAN programmer
programmer

20.1.1 Boot Mode

The MCU enters boot mode when a hardware reset is performed while a high-level ("H") signal is applied
to pins CNVss and P86 or while an "H" signal is applied to pins CNVss and P16 and a low-level ("L")

signal is applied to the P8s. A program in the boot ROM area is executed.

The boot ROM area is reserved. The boot ROM area stores the rewrite control program for a standard

serial /0 mode before shipping. Do not rewrite the boot ROM area.
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20.2 Memory Map

The flash memory contains the user ROM area and the boot ROM area (reserved area). Figures 20.1 to
20.3 show a block diagram of the flash memory. The user ROM area has space to store the MCU operation
program in single-chip mode and two 2-Kbyte spaces: the block A and B.

The user ROM area is divided into several blocks. The user ROM area can be rewritten in CPU rewrite,
standard serial 1/0, parallel 1/0, or CAN I/O mode.

However, to rewrite program in block 0 and 1 in CPU rewrite mode, set the FMRO2 bit in the FMRO register
to 1 (block 0, 1 rewrite enabled) and the FMR16 bit in the FMR1 register to 1 (blocks 0 to 5 rewrite enabled).
Also, to rewrite program in blocks 2 to 5 in CPU rewrite mode, set the FMR16 bit in the FMR1 register to 1
(blocks 0 to 5 rewrite enabled). When the PM10 bit in the PM1 register is set to 1 (data space access
enabled), blocks A and B can be available for use.

(Data space)
00F00016 ] @
00F7FF16 Block B :2K bytes'
00F80016 Block A :2K bytes (2
00FFFF16 !
(Program space) .
0F000016
Block 3 : 32K bytes (®)
NOTES:
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled to use when the PM10 bit in the PM1
OF7FFF16 register is set to 1.
0F800016 3. Blocks 0 and 1 are enabled for programs and erases when the
FMRO2 bit in the FMRO register is set to 1 and the FMR16 bit in
the FMRL register is set to 1. (CPU rewrite mode only)
Block 2 : 16K bytes ) 4. The boot ROM area is reserved. Do not access.
5. Blocks 2 and 3 are enabled for programs and erases when the
FMR16 bit in the FMR1 register is set to 1. (CPU rewrite mode
OFBFFF16 only)
0FC00016
Block 1 : 8K bytes (3
OFDFFF16
OFE00016
OFF00016
: (©))
Block 0 : 8K bytes 4K bytes®
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 20.1 Flash Memory Block Diagram (ROM capacity 64 Kbytes)
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(Data space)
00F00016 ] 2
00F7EE16 Block B :2K bytes
00F80016
Block A :2K bytes ()
OOFFFF16
' (Program space) :
0E800016
Block 4 : 32K bytes ()
OEFFFF16
0F000016
Block 3 : 32K bytes ()
NOTES:
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled for use when the PM10 bit in the PM1
OF7FFF16 register is set to 1.
0F800016 3. Blocks 0 and 1 are enabled for programs and erasure when the
FMRO2 bit in the FMRO register is set to 1 and the FMR16 bit in the
FMRL1 register is set to 1. (CPU rewrite mode only)
Block 2 : 16K bytes (5) 4. The Boot ROM area is reserved. Do not rewrite.
5. Blocks 2 to 4 are enabled for programs and erasure when the
FMR16 bit in the FMRL register is set to 1. (CPU rewrite mode
OFBFFF16 only)
0FC00016
Block 1 : 8K bytes (3)
OFDFFF16
OFEO00016
O0FF00016
: (©)
Block O : 8K bytes 4K bytes (49
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 20.2 Flash Memory Block Diagram (ROM capacity 96 Kbytes)
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00F00016

00F7FF16
00F80016

00FFFF16

0E000016

OE7FFF16
0E800016

OEFFFF16
0F000016

OF7FFF16
0F800016

OFBFFF16
OFC00016

OFEO00016

OFFFFF16

(Data space)

Block B :2K bytes()

Block A :2K bytes(2)

OFDFFF16

(Program space)

Block 5 : 32K bytes(®)

Block 4 : 32K bytes ()

Block 3 : 32K bytes ()

Block 2 : 16K bytes ()

Block 1 : 8K bytes(®)

Block 0 : 8K bytes (3

User ROM area

NOTES:

1. To specify a block, use the maximum even address
in the block.
2. Blocks A and B are enabled to use when the PM10

bit in the PM1 register is set to 1.

3. Blocks 0 and 1 are enabled for programs and
erases when the FMRO02 bit in the FMRO register is
set to 1 and the FMR16 bit in the FMR1 register is

set to 1. (CPU rewrite mode only)

4. The boot ROM area is reserved. Do not access.
5. Blocks 2 to 5 are enabled for programs and erases
when the FMR16 bit in the FMR1 register is set to

1. (CPU rewrite mode only)

OFFO00016

OFFFFF16

4K bytes (Note 4)

Boot ROM area

Figure 20.3 Flash Memory Block Diagram (ROM capacity 128 Kbytes)
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20.3 Functions To Prevent Flash Memory from Rewriting

The flash memory has a built-in ROM code protect function for parallel I/O mode and a built-in ID code
check function for standard input/output mode to prevent the flash memory from reading or rewriting.

20.3.1 ROM Code Protect Function
The ROM code protect function disables reading or changing the contents of the on-chip flash memory in
parallel I/O mode. Figure 20.4 shows the ROMCP address. The ROMCP address is located in a user
ROM area. To enable ROM code protect, set the ROMCP1 bit to “002”, “012", or “102" and set the bit 5 to
bit 0 to “1111112".
To cancel ROM code protect, erase the block including the the ROMCP1 register in CPU rewrite mode or
standard serial I/O mode.

20.3.2 ID Code Check Function

Use the ID code check function in standard serial input/output mode. Unless the flash memory is blank,
the ID code sent from the programmer and the 7-byte ID code written in the flash memory are compared
for match. If the ID codes do not match, the commands sent from the programmer are not acknowledged.
The ID code consists of 8-bit data, starting with the first byte, into addresses, OFFFDF16, OFFFE31s,
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. The flash memory must have a program
with the ID code set in these addresses.
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ROM Code Protect Control Address(®)

b7 b6 b5 b4 b3 b2 bl bo

1111111 Symbol Address Factory Setting
||||||||| ROMCP OFFFFF16 FF16 @
Bit Symbol Bit Name Function RW
Dol teedendaedl (b5-b0) | Reserved Bit Setto 1 RW
ROM Code Protect Level |75
- ROMCP1 .
] 1 Set Bit (1, 2, 3, 4) 00: RW
01:} Enables protect
10:
11: Disables protect RW

NOTES:

1. When the ROM code protect is active by the ROMCP1 bit setting, the flash memory is protected
against reading or rewriting in parallel /O mode.

2. Set the bit 5 to bit 0 to 1111112 when the ROMCP1 bit is set to a value other than 112. If the bit 5 to bit
0 are set to values other than 1111112, the ROM code protection may not become active by setting the
ROMCPL1 bit to a value other than 112.

3. To make the ROM code protection inactive, erase a block including the ROMCP address in standard
serial I/O mode or CPU rewrite mode.

4. The ROMCP address is set to FF16 when a block, including the ROMCP address, is erased.

5. When a value of the ROMCP address is 0016 or FF16, the ROM code protect function is disabled.

Figure 20.4 ROMCP Address

W;
Address = oS S

Undefined instruction vector|

OFFFDF16 to OFFFDCa1s6 | ID1

OFFFE316 to OFFFEO16 |ID2 Overflow vector

OFFFE716 to OFFFE416 : BRK instruction vector

OFFFEB16 to OFFFE816 |ID3 1 Address match vector

OFFFEF16 to OFFFEC16 | ID4 Single step vector
OFFFF316 to OFFFFO16 |ID5 ' Watchdog timer vector

OFFFF716 to OFFFF416 |1D6 » DBC vector

OFFFFB16 to OFFFF816 |ID7 + NMI vector

OFFFFF16 to OFFFFC16 | ROMCP;: Reset vector

— _
—~
4 bytes
Figure 20.5 Address for ID Code Stored
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20.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten when the CPU executes software commands.
The user ROM area can be rewritten with MCU mounted on a board without using the ROM writer. The
program and block erase commands are executed only in the user ROM area.

When the interrupt requests are generated during the erase operation in CPU rewirte mode, the flash
memory offers an erase suspend function to suspend the erase operation and process the interrupt opera-
tion. During the erase suspend function is operated, the user ROM area can be read by program.
Erase-write(EW) 0 mode and erase-write 1 mode are provided as CPU rewrite mode. Table 20.3 lists
differences between EW mode 0 and EW mode 1. One wait is required for the CPU erase-write control.

Table 20.3 EW Mode 0 and EW Mode 1

ltem EW mode 0 EW mode 1
Operation mode Single chip mode Single chip mode
Areas in which a User ROM area User ROM area

rewrite control
program can be located

Areas where The rewrite control program must be | The rewrite control program can be

rewrite control transferred to any other than the flash| excuted in the user ROM area

program can be memory (e.g., RAM) before being

executed(®@ executed

Areas which can be User ROM area User ROM area

rewritten However, this excludes blocks with the
rewrite control program

Software command None * Program, block erase command

Restrictions Cannot be executed in a block having

the rewite control program
« Read Status Register command
Cannot be executed

Mode after programming | Read Status Register Mode Read Array mode
or erasing
CPU state during auto- | Operating In a hold state (I/O ports retain the state
write and auto-erase before the command is excuted(®)
Flash memory status * Read the FMRO0O, FMRO06, and Read the FMRO0O, FMR06, and FMRO7
detection FMRO?7 bits in the FMRO register bits in the FMRO registerby program

by program

» Execute the read status register
command to read bits SR7, SR5,

and SR4.
Condition for transferring Set bits FMR40 and FMRA41 in The FMRA40 bit in the FMR4 register is
to erase-suspend® the FMRA4 register to 1 by program. |set to 1 and the interruput request of

an acknowledged interrupt is generated

NOTES:
1. Do not generate a DMA transfer.
2. Block 1 and Block 0 are enabled for rewrite by setting FMRO02 bit in the FMRO register to 1 and setting
FMR16 bit in the FMR1 register to 1. Block 2 to Block 5 are enabled for rewrite by setting FMR16 bit
in the FMR1 register to 1.
3. The time, until entering erase suspend and reading flash is enabled, is maximum #(SR-£S) after
satisfying the conditions.
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20.4.1 EW Mode 0

The MCU enters CPU rewrite mode by setting the FMRO1 bit in the FMRO register to 1 (CPU rewrite mode
enabled) and is ready to accept software commands. EW mode 0 is selected by setting the FMR11 bit in
the FMR1 register to 0.

To set the FMROL1 bit to 1, set to 1 after first writing 0. The software commands control programming and
erasing. The FMRO register or the status register indicates whether a programming or erasing operations
is completed.

When entering the erase-suspend during the auto-erasing, set the FMR40 bit to 1 (erase-suspend en-
abled) and the FMR41 bit to 1 (suspend request). After waiting for td(SR-ES) and verifying the FMR46 bit
is set to 1 (auto-erase stop), access to the user ROM area. When setting the FMR41 bit to O (erase
restart), auto-erasing is restarted.

20.4.2 EW Mode 1

EW mode 1 is selected by setting the FMR11 bit to 1 after the FMRO1 bit is set to 1 (set to 1 after first
writing 0).

The FMRO register indicates whether or not a programming or an erasing operation is completed. Read
status register cannot be read in EW mode 1.

When an erase/program command is initiated, the CPU halts all program execution until the command
operation is completed or erase-suspend request is generated.

When enabling an erase-suspend function, set the FMR40 bit to 1 (erase suspend enabled) and execute
block erase commands. Also, the interrupt to transfer to erase-suspend must be set enabled preliminar-
ily. When entering erase-suspend after td(SR-ES) from an interrupt is requested, interrupts can be ac-
cepted.

When an interrupt request is generated, the FMRA41 bit is automatically set to 1 (suspend request) and an
auto-erasing is suspended. If an auto-erasing has not completed (when the FMROO bit is 0) after an
interrupt process is completed, set the FMRA41 bit to O (erase restart) and execute block erase commands
again.
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20.5 Register Description

Figure 20.6 shows the flash memory control register 0 and flash memory control register 1. Figure 20.7
shows the flash memory control register 4.

20.5.1 Flash Memory Control Register 0 (FMRO)
*FMR 00 Bit
The FMROO bit indicates the operating state of the flash memory. Its value is 0 while the program,
erase, or erase-suspend command is being executed, otherwise, it is 1.

*FMRO01 Bit
The MCU can accept commands when the FMRO1 bit is set to 1 (CPU rewrite mode). To set the
FMROL1 bit to 1, first set it to 0 and then 1. The FMRO1 bit is set to 0 only by writing 0.

*FMRO02 Bit
The combined settings of bits FMR02 and FMR16 enable program and erase in the user ROM area.
See Table 20.4 for setting details. To set the FMRO2 bit to 1, first set it to O and then 1. The FMR02
bit is valid only when the FMROL1 bit is set to 1 (CPU rewrite mode enable).

*FMSTP Bit
The FMSTP bit initializes the flash memory control circuits and minimizes power consumption in the
flash memory. Access to the on-chip flash memory is disabled when the FMSTP bit is setto 1. Set the
FMSTP bit by program in a space other than the flash memory.
Set the FMSTP bit to 1 if one of the following occurs:
*A flash memory access error occurs during erasing or programming in EW mode 0 (FMROO bit does
not switch back to 1 (ready)).
sLow-power consumption mode or on-chip oscillator low-power consumption mode is entered.
Figure 20.10 shows a flow chart illustrating how to start and stop the flash memory before and after
entering low power mode. Follow the procedure in this flow chart.
When entering stop or wait mode while the CPU rewrite mode is disabled, do not set the FMRO
register because the on-chip flash memory is automatically turned off and turned back on when
exiting.

*FMRO6 Bit
The FMROG6 bit is a read-only bit indicating an auto-program operation state. The FMRO6 bit is set to
1 when a program error occurs; otherwise, it is set to 0. For details, refer to 20.8.4 Full Status Check.

*FMRO7 Bit
The FMRO7 bit is a read-only bit indicating an auto-erase operation status. The FMRO7 bit is setto 1
when an erase error occurs; otherwise, it is set to 0. For details, refer to 20.8.4 Full Status Check.

Figure 20.8 shows a EW mode 0 set/reset flowchart, Figure 20.9 shows a EW mode 1 set/reset flow-
chart.
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20.5.2 Flash Memory Control Register 1 (FMR1)
*FMR11 Bit
EW mode 1 is entered by setting the FMR11 bit to 1 (EW mode 1). The FMR11 bit is valid only when
the FMRO1 bit is set to 1.

*FMR16 Bit
The combined setting of bits FMR02 and FMR16 enables program and erase in the user ROM area.
To set the FMR16 bit to 1, first set it to 0 and then 1. The FMR16 bit is valid only when the FMRO1 bit
is set to 1 (CPU rewrite mode enable).

*FMR17 Bit
If the FMR17 bit is set to 1 (with wait state), 1 wait state is inserted when blocks A and B are accessed,
regardless of the content of the PM17 bit in the PM1 register. The PM17 bit setting is reflected to
access other blocks and internal RAM, regardless of the FMR17 bit setting.
Set the FMR17 bit to 1 (with wait state) to rewrite more than 1,000 times (U7, U9).

Table 20.4 Protection using FMR16 and FMR02

FMR16 FMRO2 | Block A, Block B Block O, Block 1 | other user block
0 0 write enabled write disabled write disabled
0 1 write enabled write disabled write disabled
1 0 write enabled write disabled write enabled
1 1 write enabled write enabled write enabled

20.5.3 Flash Memory Control Register 4 (FMR4)

*FMR40 Bit
The erase-suspend function is enabled when the FMR40 bit is set to 1 (enabled).

*FMRA41 Bit
When the FMRA41 bit is set to 1 by program during auto-erasing in EW mode 0, erase-suspend mode
is entered. In EW mode 1, the FMRA41 bit is automatically set to 1 (suspend request) to enter erase-
suspend mode when an enabled interrupt request is generated. Set the FMR41 bit to O (erase restart)
to restart an auto-erasing operation.

*FMRA46 Bit
The FMR46 bit is set to 0 during auto-erasing. Itis set to 1 in erase-suspend mode.
Do not access to flash memory when the FMR46 bit is set to 0.
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b7 b6 b5 b4 b3 b2 bl b0

NOTES:

Flash Memory Control Register 0

Symbol Address After Reset
|_| | 0 | 0 | | | | | FMRO 01B716 000000012
N -1 Symbol Bit Name Function RW
FMRO00 RY/BY status flag 0: Busy (during writing or erasing) RO
1: Ready
EMRO1 CPU rewrite mode select bit(1) | 0: Disables CPU rewrite mode
(Disables software command) RW
1: Enables CPU rewrite mode
(Enables software commands)
EMRO2 Block 0, 1 rewrite enable bit (2) [ Set write protection for user ROM area
(see Table 20.4) RW
Flash memory stop bit (3, 5) 0: Starts flash memory operation
FMSTP 1: Stops flash memory operation
(Enters low-power consumption state | R/
and flash memory reset)
(b5-b4) Reserved bit Setto 0 RW
FMRO06 Program status flag 0: Successfully completed
1: Completion error RO
EMRO7 Erase status flag 0: Successfully completed
4 1: Completion error RO

1. Set the FMRO1 bit to 1 immediately after setting it first to 0. Do not generate an interrupt or a DMA
transfer between setting the bit to 0 and setting it to 1. Set this bit while the P85/NMI/SD pin is held “H”
when selecting the NMI function. Set by program in a space other than the flash memory in EW mode
0. Set this bit to read alley mode and 0.
2. Set this bit to 1 immediately after setting it first to O while the FMRO1 bit is set to 1. Do not generate an
interrupt or a DMA transfer between setting this bit to 0 and setting it to 1.
3. Set this bit in a space other than the flash memory by program. When this bit is set to 1, access to
flash memory will be denied. To set this bit to 0 after setting it to 1, wait for 10 usec. or more after
setting it to 1. To read data from flash memory after setting this bit to 0, maintain tps wait time before
accessing flash memory.

4. This bit is set to 0 by executing the clear status command.
5. This bit is enabled when the FMROL1 bit is set to 1 (CPU rewrite mode). If the FMROL1 bit is set to 0, this

bit can be set to 1 by writing 1 to the FMRO1 bit. However, the flash memory does not enter low-power
consumption status and it is not initialized.

Flash Memory Control Register 1
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
FMR1 01B516 000XXX0X2
[oDIXI{ X :
P i Bit Symbol Bit Name Function RW
“| (o) |Reserved bit When read, the content is undefined RO
P L] PMR11 [EW mode 1 select bit @ 0: EW mode 0 RW
. 1: EW mode 1
L] (7b3—b2) Reserved bit When read, the content is undefined RO
______________ ©4) Nothing is assigned. If necessary, set to 0. _
When read, the content is undefined
-------------------- (b5) Reserved bit Setto 0 RW
e EMR16 |Block O to 5 rewrite enable Set write protection for user ROM RW
bit space (see Table 20.4)
0: Disable
1: Enable
FMR17 |Block A, B access wait bit 3) | 0: PM17 enabled RW
1: With wait state (1 wait)

NOTES:
1. Set the FMR11 bit to 1 immediately after setting it first to O while the FMROL1 bit is setto 1. Do not

generate an interrupt or a DMA transfer between setting the bit to 0 and setting it to 1. Set this bit while
the P85/NMI/SD pin is held "H" when the NMI function is selected. If the FMROL1 bit is set to 0, the FMRO
1 bit and FMR11 bit are both setto 0.

interrupt or a DMA transfer between setting this bit to 0 and setting it to 1.

2. Set this bit to 1 immediately after setting it first to O while the FMRO1 bit is set to 1. Do not generate an

3. When rewriting more than 1,000 times, set this bit to 1 (with wait state). When the FMR17 bit is set

tol(with wait state), regardless of the PM17 bit setting, 1 wait state is inserted when accessing to
blocks A and B. The PM17 bit setting is enabled, regardless of the FMR17 bit setting, as to the access

Figure 20.6 FMRO and FMR1 Registers
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Flash Memory Control Register 4

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

|0 | |O | O| O| O| FMR4 01B316 010000002
Bit Symbol Bit Name Function RW
S A Erase suspend function | 0: Disabled RW
oo FMRA0 enable bit (1) 1: Enabled
S T S A S Erase suspend 0: Erase restart
R I FMR41 request bit (2 1: Suspend request RW
L] (&)2) Reserved bit Setto 0 RO
0: During auto-erase operation
. FMR46 Erase status 1: Auto-erase stop RO
(erase suspend mode)
oo (b7) Reserved bit Setto 0 RW
NOTES:

1. Set the FMR40 bit to 1 immediately after setting it first to 0. Do not generate any interrupt or DMA
transfer between setting the bit to 0 and setting it to 1. Set by program in space other than the flash
memory in EW mode 0.

2. The FMRA41 bit is valid only when the FMR40 bit is set to 1. The FMR41 bit can be written only
between executing an erase command and completing erase (this bit is set to 0 other than the
above duration). The FMRA41 bit can be set to 0 or 1 by program in EW mode 0. In EW mode 1, the
FMR41 bit is automatically set to 1 when the FMRA40 bit is 1 and a maskable interrupt is generated
during erasing. The FMR41 bit cannot be set to 1 by program (it can be set to 0 by program).

Figure 20.7 FMR4 Register
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EW mode 0 operation procedure

-Rewrite control program - - - ---«----coaaoaaaon .

l

Single-chip mode

I

Set CMO, CM1, and PML1 registers
(€]

Set the FMRO1 bit to 1 after writing 0 (CPU
rewrite mode enabled) (2)

|

Execute software commands

Transfer a rewrite control program to internal RAM
area

Jump to the rewrite control program transfered to an
internal RAM area (in the following steps, use the
rewrite control program internal RAM area)

Execute the Read Array command ()

l

Write O to the FMROL1 bit
(CPU rewrite mode disabled)

}

' Jump to a specified address in the flash memory

NOTES:

1. Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and bits CM17 to 16 in the CM1
register. Also, set the PM17 bit in the PM1 register to 1 (with wait state).

2. Set the FMROL1 bit to 1 immediately after setting it to 0. Do not generate an interrupt or a DMA transfer
between setting the bit to 0 and setting it to 1. Set the FMRO1 bit in a space other than the internal flash
memory. Also, set only when the P85/NMI/SD pin is “H" at the time of the NMI function selected.

3. Disables the CPU rewrite mode after executing the read array command.

Figure 20.8 Setting and Resetting of EW Mode 0

EW mode 1 operation procedure

Program in ROM

l

Single-chip mode

!

Set CMO, CM1, and PM1 registers (1)

l

Set the FMROL1 bit to 1 (CPU rewrite mode
enabled) after writing O

Set the FMR11 bit to 1 (EW mode 1) after writing
00

Execute software commands

l

Set the FMROL1 bit to 0
(CPU rewrite mode disabled)

NOTES:

1. Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and bits CM17 to 16
in the CML1 register. Also, set the PM17 bit in the PM1 register to 1 (with wait state).

2. Set the FMROL1 bits to 1 immediately after setting it to 0. Do not generate an interrupt or a DMA
transfer between setting the bit to 0 and setting the bit to 1. Set the FMROL1 bit in a space other than
the internal flash memory. Set only when the P85/NMI/SD pin is “H” at the time of the NMI function
selected.

3. Set the FMR11 bit to 1 immediately after setting it to O while the FMRO1 bit is set to 1. Do not
generate an interrupt or a DMA transfer between setting the FMR11 bit to 0 and setting it to 1.

Figure 20.9 Setting and Resetting of EW Mode 1
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Low power consumption l

l - mode program L e .
Transfer a low power internal consumption mode . Set the FMROL1 bit to 1 after setting 0 (CPU
program to RAM area . rewrite mode enabled) @ :

i 1 s

' | Set the FMSTP bit to 1 (flash memory stopped. .

Jump to the low power consumption mode * | Low power consumption state)(®) :
program transferred to internal RAM area. . :
(In the following steps, use the low-power . l .

consumption mode program or internal RAM area) ! .
' Switch the clock source of CPU clock. X

Turn main clock off ()

| 5

. Process of low power consumption mode or .
' on-chip oscillator low power consumption mode

5 l 5

! Start main clock
oscillation

- switch the clock source of the CPU clock (@ :
. Set the FMSTP bit to 0 (flash memory operation)

1 |

. Set the FMROL1 bit to 0
. (CPU rewrite mode disabled)

i I i

Wait until the flash memory circuit stabilizes (tps)

1

Jump to a desired address in the flash memory

- wait until oscillation stabilizes

NOTES:
1. Set the FMRSTP bit to 1 after setting the FMRO1 bit to 1 (CPU rewrite mode).
2. Wait until the clock stabilizes to switch the clock source of the CPU clock to the main clock or the sub clock.
3. Add a tps wait time by a program. Do not access the flash memory during this wait time.

Figure 20.10 Processing Before and After Low Power Dissipation Mode
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20.6 Precautions in CPU Rewrite Mode

Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.

20.6.1 Operation Speed

When the CPU clock source is the main clock, set the CPU clock frequency at 10 MHz or less with the
CMO6 bit in the CMO register and bits CM17 and CM16 in the CM1 register, before entering CPU rewrite
mode (EW mode 0 or EW mode 1). Also, when selecting f3(ROC) of a on-chip oscillator as a CPU clock
source, set bits ROCR3 and ROCR2 in the ROCR register to the CPU clock division rate at “divide-by-4"
or “divide-by-8", before entering CPU rewrite mode (EW mode 0 or EW mode 1).

In both cases, set the PM17 bit in the PM1 register to 1 (with wait state).

20.6.2 Prohibited Instructions

The following instructions cannot be used in EW mode 0 because the CPU tries to read data in the flash
memory: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

20.6.3 Interrupts

EW Mode 0
« To use interrupts having vectors in a relocatable vector table, the vectors must be relocated to the
RAM area.
 The NMI and watchdog timer interrupts are available since registers FMRO and FMR1 are forcibly
reset when either interrupt occurs. However, the interrupt program, which allocates the jump
addresses for each interrupt routine to the fixed vector table, is needed. Flash memory rewrite
operation is aborted when the NMI or watchdog timer interrupt occurs. Set the FMRO1 bit to 1 and
execute the rewrite and erase program again after exiting the interrupt routine.
« The address match interrupt can not be used since the CPU tries to read data in the flash memory.
EW Mode 1
» Do not acknowledge any interrupts with vectors in the relocatable vector table or the address
match interrupt during the auto program period or auto erase period with erase-suspend function
disabled.

20.6.4 How to Access
To set bit FMRO1, FMR02, FMR11 or FMR16 to 1, write 1 immediately after setting to 0. Do not generate
an interrupt or a DMA transfer between the instruction to set the bit to 0 and the instruction to set it to 1.
When the NMI function is selected, set the bit while an “H” signal is applied to the P85/NMI/SD pin.

20.6.5 Writing in the User ROM Area
20.6.5.1 EW Mode 0
« If the supply voltage drops while rewriting the block where the rewrite control program is stored,
the flash memory can not be rewritten, because the rewrite control program is not correctly rewrit-
ten. If this error occurs, rewrite the user ROM area in standard serial /O mode or parallel I/O
mode.
20.6.5.2 EW Mode 1
« Do not rewrite the block where the rewrite control program is stored.
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20.6.6 DMA Transfer
In EW mode 1, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to 0.
(during the auto-programming or auto-erasing).

20.6.7 Writing Command and Data

Write the command codes and data to even addresses in the user ROM area.

20.6.8 Wait Mode
When entering wait mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled) before executing the
WAIT instruction.

20.6.9 Stop Mode

When entering stop mode, the following settings are required:
* Set the FMRO1 bit to 0 (CPU rewrite mode disabled) and disable the DMA transfer before setting the
CM10 bit to 1 (stop mode).

20.6.10 Low Power Consumption Mode and On-Chip Oscillator-Low Power Consumption Mode
If the CMO5 bit is set to 1 (main clock stopped), do not execute the following commands.
* Program
* Block erase
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20.7 Software Commands

Read or write 16-bit commands and data from or to even addresses in the user ROM area. When writing a

command code, 8 high-order bits (D15-D8) are ignored.

Table 20.5 Software Commands

First bus cycle Second bus cycle
Command Mode Address (Dlz?éaDo) Mode Address (D15D?otaDo)
Read array Write X xxFF16
Read status register Write X xx7016 Read X SRD
Clear status register Write X xx5016
Program Write WA xx4016 Write WA WD
Block erase Write X xx2016 Write BA xxD016

SRD: Status register data (D7 to Do)

WA : Write address (However,even address)

WD : Write data (16 bits)

BA : Highest-order block address (However,even address)
X : Any even address in the user ROM area

xx : 8 high-order bits of command code (ignored)

20.7.1 Read Array Command (FF16)
The read array command reads the flash memory.
Read array mode is entered by writing command code xxFF16 in the first bus cycle. Content of a speci-
fied address can be read in 16-bit unit after the next bus cycle. The MCU remains in read array mode until
an another command is written. Therefore, contents of multiple addresses can be read consecutively.

20.7.2 Read Status Register Command (7016)

The read status register command reads the status register.

By writing command code xx7016 in the first bus cycle, the status register can be read in the second bus
cycle (Refer to 20.8 Status Register). Read an even address in the user ROM area. Do not execute this
command in EW mode 1.

20.7.3 Clear Status Register Command (5016)

The clear status register command clears the status register to 0.
By writing xx5016 in the first bus cycle, and bits FMR06 to FMRO7 in the FMRO register and bits SR4 to
SR5 in the status register are set to 0.
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20.7.4 Program Command (4016)

The program command writes 2-byte data to the flash memory.

Auto program operation (data program and verify) start by writing xx4016 in the first bus cycle and data to
the write address specified in the second bus cycle. The address value specified in the first bus cycle
must be the same even address as the write address secified in the second bus cycle.

The FMROO bit in the FMRO register indicates whether an auto-programming operation has been com-
pleted. The FMROO bit is set to 0 during the auto-program and 1 when the auto-program operation is
completed.

After the completion of auto-program operation, the FMRO6 bit in the FMRO register indicates whether or
not the auto-program operation has been successfully completed. (Refer to 20.8.4 Full Status Check).
Also, each block can disable programming command (Refer to Table 20.4).

An address that is already written cannot be altered or rewritten.

When commands other than the program command are executed immediately after executing the pro-
gram command, set the same address as the write address specified in the second bus cycle of the
program command, to the specified address value in the first bus cycle of the following command.

In EW mode 1, do not execute this command on the blocks where the rewrite control program is allo-
cated.

In EW mode 0, the MCU enters read status register mode as soon as the auto-program operation starts
and the status register can be read. The SR7 bit in the status register is set to 0 as soon as the auto-
program operation starts. This bit is set to 1 when the auto-program operation is completed. The MCU
remains in read status register mode until the read array command is written. After completion of the
auto-program operation, the status register indicates whether or not the auto-program operation has
been successfully completed.

( Start j
v

Write command code xx4016 to the
write address (1)

v

Write data to the write address®

NO

YES

Full status check(z)

v

[ Program completed ]

NOTES:
1. Write the command code and data at even address.
2. Refer to Figure 20.14.

Figure 20.11 Flow Chart of Program Command
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20.7.5 Block Erase

Auto erase operation (erase and verify) start in the specified block by writing xx2016 in the first bus cycle
and xxD0z1s6 to the highest-order even addresse of a block in the second bus cycle.

The FMROO bit in the FMRO register indicates whether the auto-erase operation has been completed.
The FMROO bit is set to 0 (busy) during the auto-erase and 1 (ready) when the auto-erase operation is
completed.

When using the erase-suspend function in EW mode 0, verify whether a flash memory has entered erase
suspend mode, by the FMR46 bit in the FMR4 register. The FMRA46 bit is set to 0 during auto-erase
operation and 1 when the auto-erase operation is completed (entering erase-suspend).

After the completion of an auto-erase operation, the FMRO7 bit in the FMRO register indicates whether or
not the auto-erase operation has been successfully completed. (Refer to 20.8.4 Full Status Check).
Also, each block can disable erasing. (Refer to Table 20.4).

Figure 20.12 shows a flow chart of the block erase command programming when not using the erase-
suspend function. Figure 20.12 shows a flow chart of the block erase command programming when
using an erase-suspend function.

In EW mode 1, do not execute this command on the block where the rewrite control program is allocated.
In EW mode 0, the MCU enters read status register mode as soon as the auto-erase operation starts and
the status register can be read. The SR7 bit in the status register is set to 0 at the same time the auto-
erase operation starts. This bit is set to 1 when the auto-erase operation is completed. The MCU remains
in read status register mode until the read array command is written.

When the erase error occurs, execute the clear status register command and block erase command at
leaset three times until an erase error does not occur.

( Start )
v

Write command code xx2016 (1)

v

Write xxDO016 to the highest-order
block address (1)

NO

YES
Full status check (2:3)

v

[ Block erase completed ]

NOTES:
1. Write the command code and data at even address.
2. Refer to Figure 20.14.
3. Execute the clear status register command and block erase command at least 3 times
until an erase error is not generated when an erase error is generated.

Figure 20.12 Flow Chart of Block Erase Command (when not using erase suspend function)
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(EW mode 0)
( Start J ( Interrupt service routine(3) J
v v
FMR40=1 FMR41=1
Write the command code
xx2016 (1)
v NO

Write xxDO016 to the highest-order
block address (1)

YES

Access Flash Memory

v

FMR41=0

YES

Full status check (2:4)

v

[ Block erase completed ]

Return
Interrupt service routine end

(EW mode 1)
( Start J ( Interrupt service routine J
v v
FMR40=1 Access Flash Memory
Write the command code & Return g
xx2016 (1) Interrupt service routine end
v

Write xxD016 to the highest-order
block address ()

e ——
y
FMR41=0
NO
YES

Full status check (2:4)

[ Block erase completed ]

NOTES:
1. Write the command code and data to even address.
2. Execute the clear status register command and block erase command at least 3 times until an
erase error is not generated when an erase error is generated.

3. In EW mode 0, allocate an interrupt vector table of an interrupt, to be used, to the RAM area
4. Refer to Figure 20.14.

Figure 20.13 Block Erase Command (at use erase suspend)
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20.8 Status Register

The status register indicates the operating status of the flash memory and whether or not erase or pro-
gram operation is successfully completed. Bits FMR00, FMRO06, and FMROQ7 in the FMRO register indi-
cate the status of the status register.
Table 20.6 lists the status register.
In EW mode 0, the status register can be read in the following cases:
(1) Any even address in the user ROM area is read after writing the read status register command
(2) Any even address in the user ROM area is read from when the program or block erase command is
executed until when the read array command is executed.

20.8.1 Sequence Status (SR7 and FMROO Bits )

The sequence status indicates the flash memory operating status. It is set to 0 (busy) while the auto-
program and auto-erase operation is being executed and 1 (ready) as soon as these operations are
completed. This bit indicates 0 (busy) in erase-suspend mode.

20.8.2 Erase Status (SR5 and FMRO07 Bits)
Refer to 20.8.4 Full Status Check.

20.8.3 Program Status (SR4 and FMRO06 Bits)
Refer to 20.8.4 Full Status Check.

Table 20.6 Status Register

Bits in the | Bitsin the Contents Value
SRD Registerr FMRO Status After
Register Name 0 1 Reset
SR7 (D7) FMROO Sequence status Busy Ready 1
SR6 (Ds) E— Reserved - - -
SR5 (Ds) FMRO7 Erase status Completed normally | Terminated by error 0
SR4 (D4) FMRO06 Program status Completed normally | Terminated by error
SR3 (D3)  — Reserved - - -
SR2 (D2) _— Reserved - - -
SR1 (D1) E— Reserved - - _—
SRO (Do) B Reserved - - _

» D7 to Do: Indicates the data bus which is read out when executing the read status register command.
» The FMRO7 bit (SR5) and FMRO06 bit (SR4) are set to 0 by executing the clear status register command.
» When the FMRO7 bit (SR5) or FMRO06 bit (SR4) is set to 1, the program and block erase command are not accepted.

Rev. 1.11 Dec.11, 2006  Page 351 of 458 RENESAS
REJO9B0101-0111



M16C/29 Group 20. Flash Memory Version

20.8.4 Full Status Check
If an error occurs, bits FMR06 to FMRO7 in the FMRO register are set to 1, indicating a specific error.
Therefore, execution results can be comfirmed by verifying these status bits (full status check).
Table 20.7 lists errors and FMRO register state. Figure 20.14 shows a flow chart of the full status check
and handling procedure for each error.

Table 20.7 Errors and FMRO Register Status
FMRO register
(SRD register)
status Error Error occurrence condition
FMRO7 FMRO06
(SR5) (SR4)
1 1 Command * An incorrect commands is written
sequence error | « A value other than xxD016 or xxFF16 is written in the second bus
cycle of the block erase command (1)
» When the block erase command is executed on an protected block
» When the program command is executed on protected blocks

1 0 Erase error » The block erase command is executed on an unprotected block
but the program operation is not successfully completed
0 1 Program error | » The program command is executed on an unprotected block but

the program operation is not successfully completed
Note 1: The flash memory enters read array mode by writing command code xxFF16 in the second bus
cycle of these commands. The command code written in the first bus cycle becomes invalid.
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( Full status check )

FMRO06 =1

and Command .. . (1) Execute the clear status register command and set
FMR07=17 sequence error the status flag to 0 whether the command is
entered.

(2) Execute the command again after checking that the
correct command is entered or the program
command or the block erase command is not
executed on the protected blocks.

[ ] (1) Execute the clear status register command and set
Erase error -

the erase status flag to 0.
(2) Execute the block erase command again.
(3) Execute (1) and (2) at least 3 times until an erase
YES error does not occur.

Note 1: If the error still occurs, the block can not be
used.

[During programming]

_ NO (1) Execute the clear status register command and set
FMREG‘ Program error |- - =" the program status flag to 0.
07 (2) Execute the program command again.
YES Note 2: If the error still occurs, the block can not be

used.

\4

[Full status check completed]

Note 3: If bits FMR06 or FMRO7 is 1, any of the program or block erase command cannot be
accepted. Execute the clear status register command before executing those commands.

Figure 20.14 Full Status Check and Handling Procedure for Each Error
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20.9 Standard Serial 1/O Mode

In standard serial I/O mode, the serial programmer supporting the M16C/29 group can be used to rewrite
the flash memory user ROM area, while the MCU is mounted on a board. For more information about the
serial programmer, contact your serial programmer manufacturer. Refer to the user’s manual included with
your serial programmer for instruction.

Table 20.8 lists pin description (flash memory standard serial input/output mode). Figures 20.15 and 20.16
show pin connections for standard serial input/output mode.

20.9.1 ID Code Check Function
The ID code check function determines whether or not the ID codes sent from the serial programmer
matches those written in the flash memory. (Refer to 20.3 Functions To Prevent Flash Memory from
Rewriting.)
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Table 20.8 Pin Descriptions (Flash Memory Standard Serial 1/0 Mode)

Pin Name 1/0 Descriptio
Vce,Vss Power input Cptglil/;gep\ilr?"age guaranteed forrbrogram and Erase to Vcc pinand 0
CNVss CNQVS | Connect to Vcc pin.
RESET Reset input I Reset input pin. While RESET pin is “L”, wait for td(ROC).
XIN Clock input | Connect a ceramic resonator or crystal oscillator between XiN and
XouT pins. To input an externally generated clock, input it to XIN pin
XouTt Clock output O | and open XouT pin.
Avcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.
VREF Reference voltage input | Enter the reference voltage for AD conversion.
POo to P07 Input port PO | Input “H” or “L” signal or leave open.
Ploto P15, P17 | Input port P1 | Input “H” or “L” signal or leave open.
Pls Input port P1 I | Connect this pin to Vcc while RESET pinis “L". ()
P20 to P27 Input port P2 | Input "H" or “L” level signal or leave open.
P30 to P37 Input port P3 | Input "H" or “L” level signal or leave open.
P60 to P63 Input port P6 | Input "H" or “L” level signal or leave open.
Y BUSY output | O | Standard serial /O mode 1: BUSY signal outputpin

Standard serial /0 mode 2: Monitor signal output pin for boot program
operation check

Standard serial I/0O mode 1: Serial clock input pin

P65 SCLK input ! Standard serial I/O mode 2: Input “L”.

P66 RxD input | Serial data input pin

Per oouput | O | sefaldataouputpn @

P70to P77 Input port P7 | Input “H” or “L” signal or leave open.

Egg to P84, Input port P8 I | Input “H" or “L" signal or leave open.

P85 RP input I Connect this pin to Vss while RESET pin is “L”. (@

P86 CE input || Connect this pin to Vcc while RESET pin is “L”. )

Egg tg Egi Input port P9 | Input “H” or “L” signal or leave open.

P93 Input port P93| Normal-ver. | /0 | “H” signal is output for specific time. Input “H” signal or leave open.
T-ver./V-ver.| | Input “H” or “L” signal or leave open.

P100 to P107 Input port P10 | Input “H” or “L” signal or leave open.

NOTES:

1. When using standard serial /0O mode 1, to input “H" to the TxD pin is necessary while the RESET pin is held “L".
Therefore, connect this pin to Vcc via a resistor. Adjust the pull-up resistor value on a system not to affect a data
transfer after reset, because this pin changes to a data-output pin

2. Set the following, either or both.

-Connect the CE pin to Vcc.

-Connect the RP pin to VSS and P16 pin to Vcc.
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NOTE:
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oscillator
circuit

Vss
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CE

ESE

Vce
RP

HUHHEEHEEEEEEEEE

SCLK

TxD
Mode setup method
Signal Value
CNVss Vee
Reset [ Vssto Vce
Ple Vee (1)
CE Vee (1)
RP Vss (1)

1. Set the following, either or both, in serial I/O Mode, while the RESET pin is applied a low-level ("L") signal.
-Connect the CE pin to Vcc.
-Connect the RP pin to Vss and the P16 pin to Vcc.

Figure 20.15 Pin Connections for Serial 1/0 Mode (1)
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(1 ELEA [ BLE FELELE ELELFELELEELELELE

O

EHHHHAHHHHHHMHHHHHHH
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M16C/29 Group (80-pin package)
(Flash memory version)
(PLQPO0O8S0OKB-A(80P6Q-A))

e

TxD

¢

FUUUOEETE

O O
EEE P EEEE R

Mode setup method

Signal Value
~—~/7 CNVss Vce
Connect Reset [ Vssto Vce
oscillator Pls Vee (@)

circuit CE Vee (1)

RP Vss (1)

8]
o
>

Vss
RESED

=

7 o
@ @
NOTE:

1. Set the following, either or both, in serial I/O Mode, while the RESET pin is applied a low-level ("L") signal.
-Connect the CE pin to Vcc.
-Connect the RP pin to Vss and the P16 pin to Vcc.

Figure 20.16 Pin Connections for Serial 1/0O Mode (2)
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20.9.2 Example of Circuit Application in Standard Serial /0O Mode
Figure 20.17 shows an example of a circuit application in standard serial I/O mode 1 and Figure 20.18
shows an example of a circuit application in standard serial I/O mode 2. Refer to the user's manual of your
serial programmer to handle pins controlled by the serial programmer.

SCLK input

U

% |

MCU "
SCLK E

BUSY output BUSY Pls
( RxD input ) -1 RXD

CNVss
Reset input RESET

User reset P85(RP)
singnal

@)

(1) Controlling pins and external circuits vary with the serial programmer. For more
information, refer to the user's manual included with the serial programmer.

(2) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial /0O mode.

(3) In standard serial input/output mode 1, if the user reset signal becomes “L” while
the MCU is communicating with the serial programmer, break the connection
between the user reset signal and the RESET pin using a jumper switch.

NOTE:
1. Set the following, either or both.
- Connect the CE pin to Vcc
- Connect the RP pin to Vss and the P16 pin to Vcc

Figure 20.17 Circuit Application in Standard Serial I/O Mode 1
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MCU §
N 1
»( SCLK P86(CE) @
1)
BUSY P1s
( RxD input ) - RxD
CNVss —;éf
P85(RP)

W"
[
~

(1) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial /0O mode.

NOTE:
1. Set the following, either or both.
- Connect the CE pin to Vcc
- Connect the RP pin to Vss and the P16 pin to Vcc

Figure 20.18 Circuit Application in Standard Serial I/O Mode 2
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20.10 Parallel I/0O Mode

In parallel input/output mode, the user ROM can be rewritten by a parallel programmer supporting the
M16C/29 group. Contact your parallel programmer manufacturer for more information on the parallel pro-
grammer. Refer to the user's manual included with your parallel programmer for instructions.

20.10.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read or rewritten. (Refer to 20.3
Functions To Prevent Flash Memory from Rewriting).
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20.11 CAN I/O Mode

Note
| The CAN I/O mode is not available in M16C/29 T-ver./V-ver. I

In CAN I/O mode, the user ROM area can be rewritten while the MCU is mounted on-board by using a CAN
programmer which is applicable for the M16C/29 group. For more information about CAN programmers,
contact the manufacturer of your CAN programmer. For details on how to use, refer to the user’'s manual
included with your CAN programmer.

Table 20.9 lists pin functions for CAN I/O mode. Figures 20.19 and 20.20 show pin connections for CAN I/
O mode.

20.11.1 ID code check function

This function determines whether the ID codes sent from the CAN programmer and those written in the
flash memory match.(Refer to 20.3 Functions To Prevent Flash Memory from Rewriting.)
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Table 20.9 Pin Functions for CAN I/O Mode

Pin Name 110 Description
Vee,Vss Power input C[:gl)\//g;ep\ilgltage guaranteed for Program and Erase to Vcc pin and 0
CNVss CNVss | Connect to Vcc pin.
RESET Reset input I Reset input pin. While RESET pin is "L" level, wait for td(ROC).
XIN Clock input I Connect a ceramic resonator or crystal oscillator between XN and

XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output O | and open XouT pin.
AvVcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.
VREF Reference voltage input | Enter the reference voltage for AD from this pin.
POo to P07 Input port PO | Input "H" or "L" level signal or leave open.
Ploto P15, P17 | Input port P1 | Input "H" or "L" level signal or leave open.
Pl InputportP1 | | | | Connect this pin to Vcc while RESET is low. (Note1)
P20 to P27 Input port P2 | Input "H" or "L" level signal or leave open.
P30 to P37 Input port P3 I Input "H" or "L" level signal or leave open.
P60 to P64, P66 | Input port P6 | Input "H" or “L" level signal or leave open.
Pes | sCLKinput | I | input"U"levelsigna.
Per Touput | O | nput*Hlevel signal.
P70to P77 Input port P7 | Input "H" or "L" level signal or leave open.
Egg to P84, Input port P8 I Input "H" or "L" level signal or leave open.
P8s RP input | Connect this pin to Vss while RESET is low. (Note 1)
P86 ‘CE input | Connect this pin to Vcc while RESET is low. (Note 1)
Egg :g Eg; Input port P9 | Input "H" or "L" level signal or leave open.
P92 CRX input | Connect this pin to a CAN transceiver.
P93 CTX output O | Connect this pin to a CAN transceiver.
P100 to P107 Input port P10 | Input "H" or "L" level signal or leave open.
NOTE:

1. Set following either or both.
«Connect the CE pin to Vcc.
«Connect the RP pin to Vss and the P16 pin to Vcc.

Rev. 1.11 Dec.11, 2006  page 362 of 458 RENESAS
REJ0O9B0101-0111



M16C/29 Group 20. Flash Memory Version
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CRx
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Mode setup method
. Signal | Value
l l CNVss| Vcc
~_ Reset Vss to Vcc
Connect Ple Vee (1)
oscillator CE Vee ()
circuit RP Vss (1)
SCLK Vss
2 % TxD Vcc
% L [SAMTa N =
8 18) 1 |l

NOTE:
1. Set following either or both in serial /0 mode while the RESET pin is held “L".
«Connect the CE pin to Vcc
«Connect the RP pin to Vss and the P16 pin to Vcc

Figure 20.19 Pin Connections for CAN I/O Mode (1)
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=
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O =
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= M16C/29 Group (80-pin package) =
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= (Flash memory version) =
[ =
=  (PLQPO08OKB-A (80P6Q-A)) = SOIR
= =
= N TxD
= |
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Mode setup method
Signal | Value
CNVss| Vcc
) Reset Vss to Vcc
Connect Pls Vee ()
oscillator CE Vee @
circuit RP Vss @)
SCLK Vss
TxD Vce
8 7 8
> w ]
= =
o
@ @
NOTE:
1. Set following either or both in serial /0O mode while the RESET pin is held “L".
«Connect the CE pin to Vcc
«Connect the RP pin to Vss and the P16 pin to Vcc

Figure 20.20 Pin Connections for CAN I/O Mode (2)
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20.11.2 Example of Circuit Application in CAN I/O Mode
Figure 20.21 shows example of circuit application in CAN 1/O mode. Refer to the user's manual for CAN
programmer to handle pins controlled by a CAN programmer.

MCU (Note 1)
TxD L
SCLK P86(CE)
(Note 1)
CAN transceiver
CAN_H =1 P92/CRX Pls §

CNVss

CAN_L - P93/CTx g

Reset input RESET

User reset P85(R_P)
singnal % (Note 1)

(1) Control pins and external circuits vary with the CAN programmer.
For more information, refer to the user's manual include with the CAN programmer.
(2) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and CAN 1/O mode.

Note 1. Set following either or both.
*Connect the CE pin to Vcc
«Connect the RP pin to Vss and the P16 pin to Vcc

Figure 20.21 Circuit Application in CAN I/O Mode
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21. Electrical Characteristics

21.1 Normal version

Table 21.1 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vce Supply Voltage Voc=AVce -0.3t0 6.5 \%
AVcc Analog Supply Voltage Voe=AVce -0.3t0 6.5 \%
\ Input Voltage POo to P07, P1loto P17, P20to P27,

P3oto P37, P6oto P67, P70to P77,
P8o to P87, P9oto P93, P9sto P97, -0.3 to Vcct+0.3 \Y

P10o to P107,
XN, Vrer, RESET, CNVss

Vo Output Voltage [POoto P07, Ploto P17, P2oto P27,
P3oto P37, P6oto P67, P7oto P77,
P80 to P87, P9o to P93, P9sto P97, -0.3to Vect0.3 | V
P10o0 to P10z,
Xour
Pd Power Dissipation -40<Topr<85° C 300 mwW
. . -20t0 85/ o
during CPU operation -40 to 850 C
Operating Program Space
Topr | Ambient during flash memory | (Block 0 to Block 5) Oto60 1°C
Temperature | program and erase
operation Data Space -20t0 85/ °oC
(Block A, Block B) -40 to 850
Tstg Storage Temperature -65 to 150 °C

NOTE:
1. Refer to Table 1.6.
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21. Electrical Characteristics (Normal-version)

Table 21.2 Recommended Operating Conditions (Note 1)

Standard )
Symbol Parameter - Unit
Min. Typ. Max.
Vce Supply Voltage 2.7 55 \%
AVcc Analog Supply Voltage Vce \%
Vss Supply Voltage \Y,
AVss Analog Supply Voltage 0 \Y,
VH Input High ("H") |POoto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, 0.7Vce Ve \%
Voltage P70to P77, P80 to P87, P9oto P93, P9s to P97, P10o to P107
XIN, RESET, CNVSS 0.8Vee Vee v
When I2C bus input level is selected 0.7Vce Ve \%
SDAMv, SCLmv - -
When SMBUS input level is selected 1.4 Vce \%
Vi Input Low ("L") POo to P07, P1lo to P17, P20 to P27, P3oto P37, P6oto P67, 0 0.3Vce \%
Voltage P70to P77, P80 to P87, P9oto P93, P9s to P97, P10o to P107
XIN, RESET, CNVSS 0 0.2Vce \%
When I2C bus input level is selected 0 0.3Vce \Y
SDAmv, SCLwmv . -
When SMBUS input level is selected 0 0.6 \%
|OH(peak) Peak Output High [P0Oo to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, -10.0 mA
("H") Current P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
loHavg) Average Output  |PQOoto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, -5.0 mA
High ("H") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
loL(peak) Peak Output Low [POoto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, 10.0 mA
("L") Current P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
loL(avg) Average Output  |PQOoto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, 5.0 mA
Low ("L") Current 1p7, tg P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
f(XIN) Main Clock Input Oscillation Frequency® Vce=3.0 to 5.5V 0 20 MHz
Vcc=2.7 to 3.0V 0 33 X Vce-80 | MHz
f(Xan) Sub Clock Oscillation Frequency 32.768 50 kHz
fi(ROC) |On-chip Oscillator Frequency 1 0.5 1 2 MHz
f2(ROC) |On-chip Oscillator Frequency 2 1 2 MHz
f3(ROC) |On-chip Oscillator Frequency 3 8 16 26 MHz
f(PLL) |PLL Clock Oscillation Frequency® Voc=3.0 to 5.5V 10 20 MHz
Vee=2.7 to 3.0V 10 33 X Vee-80 | MHz
f(BCLK) |CPU Operation Clock Frequency 0 20 MHz
tsu(PLL) |Wait Time to Stabilize PLL Frequency Synthesizer Voc=5.0V 20 ms
Vce=3.0V 50 ms
NOTES:

1. Referenced to Vcc = 2.7 to 5.5V at Topr = -20 to 85 ° C / -40 to 85 ° C unless otherwise specified.
2. The mean output current is the mean value within 100ms.
3. The total loupeak) for all ports must be 80mA or less. The total loHpeak) for all ports must be -80mA or less.

4. Relationship among main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.

20.0

10.0

f(XIN) operating maximum frequency [MHZ]

0.0

Main clock input oscillation frequency

33.3 x Vcc-80MHz

N

PLL clock oscillation frequency
33.3 x Vcc-80MHz

f(PLL) operating maximum frequency [MHZ]

0.0

2.7

Vecl[V] (main clock: no division)

3.0 55 2.7

3.0

Vecel[V] (PLL clock oscillation)

55
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Table 21.3 A/D Conversion Characteristics (Note 1)

-, Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
- Resolution VReF=Vee 10 | Bits
10bi VrReF=Vec=5V +3 | LSB
Integral Nonlinearit it
INL B rorinearty VRE=Vac=3.3V +5 | LSB
8 bit VRE=Vce=3.3V +2 | LSB
VrReF=Vece=5V +3 | LSB
10 bit
- Absolute Accuracy VREF=Vc=3.3V +5 | LSB
8 bit VREF=Vc=3.3V +2 | LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 [ LSB
- Gain Error +3 | LSB
RLADDER Resistor Ladder VReEF=Vcc 10 40 | kQ
10-bit Conversion Time _
teow Sample & Hold Function Available Vre=Vo=5Y, AD=10MHz 33 Hs
8-bit Conversion Time _
teow Sample & Hold Function Available Vre=Vo=5Y, AD=10MHz 28 Hs
VREF Reference Voltage 2.0 Vec |V
Via Analog Input Voltage 0 Vrer |V
NOTES:
1. Referenced to Vcc=AVcc=Vre= 3.3 to 5.5V, Vss=AVss=0V at Topr = -20 to 85 ° C / -40 to 85° C unless otherwise
specified.

2. Keep @AD frequency at 10 MHz or less. Additionally, divide the fa if Vccis less than 4.2V, and make @AD
frequency equal to or lower than fap/2.
3. When sample & hold function is disabled, keep @AD frequency at 250 kHz or more in addition to the limitation in Note 2.
When sample & hold function is enabled, keep @AD frequency at 1 MHz or more in addition to the limitation in Note 2.
4. When sample & hold function is enabled, sampling time is 3/ @AD frequency.
When sample & hold function is disabled, sampling time is 2/ @AD frequency.
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Table 21.4 Flash Memory Version Electrical Characteristics ) for 100/1000 E/W cycle products
[Program Space and Data Space in U3 and U5: Program Space in U7 and U9]

Standard )
Symbol Parameter - Unit
Min. Typ.@ Max.
- Program and Erase Endurance® 100/1000¢ 19 cycles
- Word Program Time (Vcc=5.0V, Topr=25° C) 75 600 us
- Block Erase Time 2-Kbyte Block 0.2 9 s
(Vee=5.0V, Topr=25° C) 8-Kbyte Block 0.4 9 s
16-Kbyte Block 0.7 9 s
32-Kbyte Block 1.2 9 s
td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms
tes Wait Time to Stabilize Flash Memory Circuit 15 ps
- Data Hold Time © 20 years
Table 21.5 Flash Memory Version Electrical Characteristics © 10000 E/W cycle products (Option)
[Data Space in U7 and U9(7)]
Standard .
Symbol Parameter - Unit
Min. \ Typ.@ Max.
- Program and Erase Endurance(® 8 9 10000 10) cycles
- Word Program Time (Vcc = 5.0 V, Topr = 25° C) 100 us
- Block Erase Time (Vcc= 5.0V, Topr = 25° C) 0.3 s
(2-Kbyte block)
td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms
tps Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time ® 20 years
NOTES:

1. Referenced to Vcc = 2.7 to 5.5 V at Topr = 0 to 60° C (program space), unless otherwise specified.

2.Vcc=5.0V; Topr=25°C

3. Program and erase endurance is defined as number of program-erase cycles per block.

If program and erase endurance is n cycle (n = 100, 1000, 10000), each block can be erased and programmed n
cycles.

For example, if a 2-Kbyte block A is erased after programming one-word data to each address 1,024 times,

this counts as one program and erase endurance. Data cannot be programmed to the same address more than
once without erasing the block. (rewrite prohibited).

4. Number of E/W cycles for which operation is guranteed (1 to minimum value are guaranteed).

5. Topr=55° C

6. Referenced to Vcc= 2.7 to 5.5 V at Topr = -40 to 85° C(U7) / -20 to 85° C (U9) unless otherwise specifie.

7. Table 21.5 applies for data space in U7 and U9 when program and erase endurance is more than 1,000 cycles.
Otherwise, use Table 21.4.

8. To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,
write to unused word addresses within the block instead of rewrite. Erase block only after all possible addresses
are used. For example, an 8-word program can be written 128 times maximum before erase becomes necessary.
Maintaining an equal number of times erasure between block A and block B will also improve efficiency. It is
recommended to track the total number of erasure performed per block and to limit the number of erasure.

9. If an erase error is generated during block erase, execute the clear status register command and block erase
command at least 3 times until an erase error is not generated.

10. When executing more than 1,000 times rewrites, set one wait state per block access by setting the FMR17 bit in
the FMRL1 register 1 to 1 (wait state). When accessing to all other blocks and internal RAM, wait state can be
set by the PM17 bit, regardless of the FMR17 bit setting value.

11. The program and erase endurance is 100 cycles for program space and data space in U3 and U5; 1,000 cycles
for program space in U7 and U9.

12. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for
further details on the E/W failure rate.

Erase suspend
request
(interrupt request)

FMR46

— >
: td(SR-ES) :
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Table 21.6 Low Voltage Detection Circuit Electrical Characteristics (Note 1, Note 3)

» Standard .
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
Vdet4 Low Voltage Detection Voltage® 32 (38]|445| V
Vdet3 Reset Space Detection Voltage® 23| 28| 34 | V
Vce=0.8 to 5.5V

Vdet3s Low Voltage Reset Hold Voltage® 1.7 | V
Vdet3r Low Voltage Reset Release Voltage 235| 29 | 35 \%

NOTES:
1. Vdet4 >Vdet3
2. Vdet3s is the minmum voltage to maintain brown-out detection reset (hardware reset 2).
3. The low Voltage detection circuit is designed to use when Vcc is set to 5V.
4. If the supply power voltage is greater than the reset level detection voltage when the reset level detection
voltage is less than 2.7V, the operation at f(BCLK) < 10MHz is guranteed. However, A/D conversion, serial /O,
flash memory program and erase are excluded.

Table 21.7 Power Supply Circuit Timing Characteristics

. Standard .
Symbol Parameter Measurement Condition Unit

Min. | Typ. | Max.

td(P-R) |Wait Time to Stabilize Internal Supply Voltage when Power-on 2 ms

td(ROC) |Wait Time to Stabilize Internal On-chip Oscillator when Power-on 40 us

: Vee=2.7t055V
td(R-S) |STOP Release Time 150 | us
td(W-S) |Low Power Dissipation Mode Wait Mode Release Time 150 | us
td(S-R) |Hardware Reset 2 Release Wait Time Vce= Vdet3r to 5.5 V 60 | 20 | ms
td(E-A) |Low Voltage Detection Circuit Operation Start Time Vcc=2.7t055V 20 us

NOTE:
1. When Vcc=5

td(P-R)
Wait time to stabilize internal
supply voltage when power-on

td(ROC)
Wait time to stabilize internal
on-chip oscillator when power-
on

Interrupt for

td(R-S) (a) Stop mode release
STOP release time or

(b) Wait mode release

td(w-s)
Low power dissipation mode
wait mode release time

CPU clock

(@) ———=——>»

td(R-S)

(0) : td(wW-S)

td(S-R)
Brown-out detection
reset (hardware reset 2) Vee
release wait time

Vdet3r

td(S-R)

CPU clock

td(E-A)

Voltage detection circuit VC26, VC27

operation start time

Voltage Detection Circuit Stop

| Operate

<

* td(E-A)
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Vcc =5V

Table 21.8 Electrical Characteristics (Note 1)

- Standard .
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |P0Ooto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, lo=-5mA Veo2.0 Vcc | V
("H") Voltage |p7, to P74, P80 to P87, P90 to P93, P9s to P97, P10o to P107
Vi Output High [P0Ooto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, loH=-200pA V0.3 Ve | V
OH ST
("H") Voltage |p7 1o P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
_ High Power lor=-1mA Voe2.0 Vee
Output High ("H") Voltage Xour \Y
v Low Power loH=-0.5mA V2.0 Ve
OH
High Power No load applied 25
Output High ("H") Voltage Xcour - \%
Low Power No load applied 1.6
Voo Output Low |PQoto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, lo.=5mA 20 | V
("L") Voltage |p7 1o p77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
v Output Low |P0Ooto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, lo.=200pA 045| V
o oy
("L") Voltage |P70to P77, P8oto P87, P9oto P93, P9sto P97, P10oto P107
High Power lo.=1mA 2.0
Output Low ("L") Voltage Xour \%
Low Power lo.=0.5mA 2.0
Voo -
High Power No load applied 0
Output Low ("L") Voltage Xoout -
P () 9 Low Power No load applied 0 v
Vr-VT. |Hysteresis | TAON-TA%N, TBON-TB2n, INTo-INTs, NMI, ADTRe, CTSo- 0.2 10|V
CTS2, SCL, SDA, CLKo-CLK2, TA20ur-TAdour, Klo-Klz, Rxoo-
Rxp2, SN, Siv
V1+VT |Hysteresis |RESET 0.2 25|V
V+-VT1- |Hysteresis XIN 0.2 08 | v
IiH Input High P0Oo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=5V 5.0 | A
("H") Current \p7, to P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
XiN, RESET, CNVss
I Input Low POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V -5.0 | HA
("L") Current \p74to P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
XiN, RESET, CNVss
Reuue [Pull-up POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V 30 50 | 170 | kQ
Resistance |p7,to P77, P8oto P87, P9oto P93, P9s to P97, P100 to P107
RfxN  |Feedback Resistance XIN 1.5 MQ
Rfxan  |Feedback Resistance XanN 15 MQ
VrRaM  |RAM Standby Voltage In stop mode 2.0 v
NOTES:

1. Referenced to Voc=4.2 to 5.5V, Vss=0V at Topr=-20 to 85 ° C / -40 to 85 ° C, f(BCLK)=20MHz unless otherwise specified.
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Vcc =5V

Table 21.9 Electrical Characteristics (2) (Note 1)

. Standard )
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lcc Power Supply Output pins are  |Mask ROM f(BCLK) = 20 MHz, 18 25 | mA
Current left open and PLL operated, no division
(Vec=4.0 to 5.5V) ggrﬁept):itr;sd Etlcr)eVss On-chip oscillation, f2roc) selected, 2 mA
f(BCLK) = 1 MHz
Flash memory |f(BCLK) = 20 MHz, No division 18 25 | mA
On-chip oscillation, f2roc) selected, 2 mA
f(BCLK) = 1 MHz
Flash memory ¢ g k) = 10 MHz, Vee = 5.0 v 1 mA
program
Flash memory |fBCLK) = 10 MHz, Vee = 5.0 V 1 mA
Mask ROM f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation, 50 MA
faroc) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 A
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, 50 pA
faroc) selected, f(BCLK) = 1 MHz,
In wait mode®
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 8.5 HA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 3 MA
Oscillation capacity low
While clock stops, Topr = 25° C 0.8 3 A
Idet4  [Low voltage detection dissipation current® 0.7 4 | pA
Idet3  |Reset area detection dissipation current® 1.2 8 | pA
NOTES:
1. Referenced to Vec=4.2t0 5.5V, Vss= 0V at Topr = -20 to 85° C / -40 to 85 ° C, f(BCLK) = 20 MHz unless otherwise
specified.

2. With one timer operates, using fcz2.

3. This indicates the memory in which the program to be executed exists.

4. |det is dissipation current when the following bit is set to 1 (detection circuit enabled).
Idet4: VC27 bit in the VCR2 register
Idet3: VC26 bit in the VCR2 register

5. With one timer operates.
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Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 21.10 External Clock Input (XIN input)

Standard )
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 50 ns
twH) External Clock Input High ("H") Width 20 ns
tw External Clock Input Low ("L") Width 20 ns
tr External Clock Rise Time 9 ns
tf External Clock Fall Time 9 ns
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21. Electrical Characteristics (Normal-version)

Timing Requirements

(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Vcc =5V

Table 21.11 Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 21.12 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 21.13 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard .
Symbol Parameter i Mo Unit
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 21.14 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 21.15 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TiN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
Table 21.16 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAIN-TAouT) | TAiouT input setup time 200 ns
tsu(TAouT-TAIN) | TAIIN input setup time 200 ns
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- , Vcc =5V
Timing Requirements

(Vcc =5V, Vss = 0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 21.17 Timer B Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. Mo Unit
te(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 21.18 Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 21.19 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 21.20 A /D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 21.21 Serial I/O
Symbol Parameter - Standard Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(Cc-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 70 ns
th(C-D) RxDi input hold time 90 ns
Table 21.22 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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- . Vce =5V
Timing Requirements

(Vcc =5V, Vss =0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 21.23 Multi-master 12C bus Line

Standard clock mode | High-speed clock mode
Symbol Parameter - - Unit
Min. Max. Min. Max.
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 HS
tLOW The hold time in SCL clock 0 status 4.7 1.3 HsS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 MSs
tHIGH The hold time in SCL clock 1 status 4.0 0.6 ps
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 Hs
tsu;STO Stop condition setup time 4.0 0.6 s
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Vcc =5V

XIN input
—> |<— tt —>| |l<—
tr tw(H) tw(L)
1l
tc
te(tA)
tw(TAH
TAIIN input \
tw(TAL)
tcur)
tw(uPH
TAIOUT input \
tw(upL)
TAIOUT input ><
(Up/down input)

During Event Counter Mode

TAIIN input
(When count on falling

edge is selected)
TAIIN input

(When count on rising N
edge is selected)

th(TIN-UP)| tsu(UP-TIN)

Two-Phase Pulse Input in Event Counter Mode

te(tA)

/ \
TAIIN input / 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
I

tsu(TAOUT-TAIN)
TAIOUT input /

[
tsu(TAOUT-TAIN)

te(tB)
tw(TBH)
TBIIN input
tw(TBL)
|
te(AD) |
tw(ADL)
ADTRG input
Figure 21.1 Timing Diagram (1)
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Vcc =5V

tc(CK)
tw(CKH)
CLKi
tw(CKL) th(C-0
TXDi X X
td(c-Q) |, tsu(D-C) | th(C-D)
RxDi * *
tw(INL)
INTi input # /
tw(INH)
1

Figure 21.2 Timing Diagram (2)

Vcc =5V

i N n i
soa i/l N /
' : L £
; ﬁtBUFF tsu:sTo
1 tLow [
i trR - o L
scLifi sl | U
N . o o
Lo ol J — H‘ |
tHD:STA tHD:DTA tHIGH tSu:DAT tsu:sTA

Figure 21.3 Timing Diagram (3)
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Vcc =3V

Table 21.24 Electrical Characteristics (Note 1)

. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |P0Ooto P07, P1loto P17, P2oto P27, P3oto P37, P6oto P67, loH=-1 mA Voc0.5 Vee | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
_ High Power lon=-0.1mA |vcc0.5 Vee
Output High ("H") Voltage Xour \Y
v Low Power loH= -50 pA Vo 0.5 Vce
OH
High Power No load applied 25
Output High ("H") Voltage Xcout - \%
Low Power No load applied 1.6
Voo Output Low [PQoto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, loo.=1 mA 05|V
("L") Voltage |p74 1o p77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
High Power lo.=0.1 mA 0.5
Output Low ("L") Voltage Xour \%
Low Power lo. = 50 pA 05
Voo -
High Power No load applied 0
Output Low ("L") Voltage Xcout - v
Low Power No load applied 0
V-VT1- |Hysteresis | TAON-TA4N, TBON-TB2N, INTo-INTs, NMI, ADTrG, CTSo- 08 |V
CTS2, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Klo-Kl3, Rxoo-
Rxpz, Sing, Siv
Vm+-V1 |Hysteresis |RESET 18|V
VT+VT |Hysteresis  |Xin 08 | v
i1 Input High POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=3V 4.0 | pA
("H") Current \p74 to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XiN, RESET, CNVss
liL Input Low PQo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, Vi=0V -4.0 | HA
("L") Current \p7, to P77, P8oto P87, P90 to P93, P9s to P97, P10o to P107
XN, RESET, CNVss
Reuwe [Pull-up P0Oo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V 50 100| 500 | kQ
Resistance |p7,to P77, P8oto P87, P9oto P93, P9s to P97, P10o to P107
Rfxn  |Feedback Resistance XN 3.0 MQ
Rfxan  |Feedback Resistance XN 25 MQ
Vrav  |RAM Standby Voltage In stop mode 2.0 \%
NOTE:

1. Referenced to Vec=2.7t0 3.6 V, Vss=0 V at Topr =-20 to 85 ° C / -40 to 85 ° C, f(BCLK) = 10MHz unless otherwise

specified.
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M16C/29 Group 21. Electrical Characteristics (Normal-version)

Vcc =3V

Table 21.25 Electrical Characteristics (2) (Note 1)

" Standard )
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lec Power Supply Output pins are  |Mask ROM f(BCLK) = 10 MHz, 8 13 | mA
Current left open and PLL operated, no division
(Vec= 2.7 to 3.6V) |other pins are On-chip oscillation, 1 mA
connected to Vss faroo selected, f(BCLK) = 1 MHz
Flash memory |f(BCLK) = 10 MHz, No division 8 13 | mA
EEZ?aTnemory f(BCLK) = 10 MHz, Ve = 3.0 V u mA
Flash memory |{BCLK) = 10 MHz, Vee= 3.0 V 11 mA
Mask ROM  [f(BCLK) = 32 kHz, 20 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation, 25 MA
faroo) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 20 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 HA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, 45 HA
faroc) selected, f(BCLK) = 1 MHz,
In wait mode®
Mask ROM,  |f(BCLK) = 32 kHz, In wait mode®, 6.6 HA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 2.2 HA
Oscillation capacity low
While clock stops, Topr = 25° C 0.7 3 HA
Idet4 |Low voltage detection dissipation current® 0.6 4 | pA
Idet3 |Reset level detection dissipation current® 1.0 5 HA
NOTES:
1. Referenced to Vcc=2.7t0 3.6 V, Vss=0 V at Topr =-20to 85 ° C/-40to 85 ° C, f(BCLK) = 10 MHz unless otherwise
specified.

2. With one timer operates, using fcz.

3. This indicates the memory in which the program to be executed exists.

4. |det is dissipation current when the following bit is set to 1 (detection circuit enabled).
Idet4: the VC27 bit of the VCR2 register
Idet3: the VC26 bit in the VCR2 register

5. With one timer operates
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Vcc =3V

Timing Requirements
(Vce =3V, Vss = 0V, at Topr =— 20 to 85°C /- 40 to 85°C unless otherwise specified)

Table 21.26 External Clock Input (XIN input)

Standard .
Symbol Parameter Min. | Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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. _ Vcc =3V
Timing Requirements

(Vcc =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 21.27 Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 21.28 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAiIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns

Table 21.29 Timer A Input (External Trigger Input in One-shot Timer Mode)

Standard )
Symbol Parameter - Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 21.30 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard )

Symbol Parameter Min. Max. Unit
tw(TAH) TAiIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 21.31 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(UPL) TAiout input LOW pulse width 1500 ns
tsu(UP-Tv) | TAijouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns

Table 21.32 Timer A Input (Two-phase Pulse Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAouT) | TAiouT input setup time 500 ns
tsu(TAoUT-TAIN) | TAIIN input setup time 500 ns
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21. Electrical Characteristics (Normal-version)

Timing Requirements
(Vcec =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 21.33 Timer B Input (Counter Input in Event Counter Mode)

Vcc =3V

REJ09B0101-011

1

Standard )
Symbol Parameter Min. Mo, Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 120 ns
Table 21.34 Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 21.35 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 21.36 A/D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 21.37 Serial I/O
Standard ,
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(Cc-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 100 ns
th(C-D) RxDi input hold time 90 ns
Table 21.38 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Vcc =3V
Timing Requirements

(Vcec =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 21.39 Multi-master 12C bus Line

Standard clock mode | High-speed clock mode )

Symbol Parameter Min. Mo, Min. Mo, Unit
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 HsS
tLOW The hold time in SCL clock 0 status 4.7 1.3 HS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH The hold time in SCL clock 1 status 4.0 0.6 Hs
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 us
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Vcc =3V

XIN input
—> |<— tr —>| |[<«—
tr tw(H) tw(L)
1l
tc
te(tA)
tw(TAH
TAIIN input \
tw(TAL)
tcup)
tw(uPH
TAIOUT input \
tw(upL)
TAIOUT input ><

(Up/down input)

During Event Counter Mode

TAIIN input

(When count on falling InTin-uP) | tsuUP-TIN)
edge is selected)

TAIIN input

(When count on rising

edge is selected)

Two-Phase Pulse Input in Event Counter Mode

te(mA)

/
TAIIN input / b 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
1

tsu(TAOUT-TAIN)
TAIOUT input /

I
tsu(TAOUT-TAIN)

te(TB)

tw(TBH)
TBIIN input
tw(TBL)

te(AD) |
tw(ADL)
ADTRG input j/
Figure 21.4 Timing Diagram (1)
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Vcc =3V
tc(CK)
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Figure 21.5 Timing Diagram (2)
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21.2 T version

Table 21.40 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vee Supply Voltage Vec=AVce -0.3t06.5 \%
AVcc Analog Supply Voltage Vec=AVcc -0.3t0 6.5 \%
Vi Input Voltage POo to P07, Ploto P17, P2oto P27,

P3oto P37, P6oto P67, P70to P77,
P8o to P87, P90 to P93, P9s to P97, -0.3to Vect0.3 | V
P100to P107,
XN, VrRer, RESET, CNVss
Vo Output Voltage |POoto P07, Ploto P17, P20 to P27,
P3oto P37, P6oto P67, P70to P77,
P8o to P87, P90 to P93, P9s to P97, -0.3to Vect0.3 | V
P100 to P107,
Xout
Pd Power Dissipation -40<Topr<85° C 300 mw
during CPU operation -40 to 85 °C
Operating . Program Space R
Topr Ambient during flashdmemory (Block 0 to Block 5) 010 60 c
Temperature ~ |Program and erase
P operation Data Space -40 to 85 °C
(Block A, Block B)
Tstg Storage Temperature -65 to 150 °C
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Table 21.41 Recommended Operating Conditions (Note 1)

Standard .
Symbol Parameter - Unit
Min. Typ. Max.
Ve Supply Voltage 3.0 5.5 \
AVcc Analog Supply Voltage Ve \%
Vss Supply Voltage 0 \%
AVss Analog Supply Voltage 0 \%
VIH Input High ("H") |POo to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, | 0.7Vcc Vcc \%
Voltage P70 to P77, P8oto P87, P90 to P93, P9s to P97, P10o to P107
XIN, RESET, CNVSS 0.8Vee Vee v
When I2C bus input level is selected 0.7Vcc Vee \Y
SDAmv, SCLmv - -
When SMBUS input level is selected 1.4 Ve \%
ViL Input Low ("L") POo to P07, P1oto P17, P20 to P27, P3oto P37, P6o to P67, 0 0.3Vce \Y
Voltage P70 to P77, P8oto P87, P9 to P93, P9s to P97, P10o to P107
XIN, RESET, CNVSS 0 0.2Vce Y
When I2C bus input level is selected 0 0.3Vce \Y
SDAmv, SCLmv - -
When SMBUS input level is selected 0 0.6 \%
|oH(peak) Peak Output High [PQo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, -10.0 mA
("H") Current P70to P77, P8oto P87, P9oto P9s, P9s to P97, P100 to P107
loH(@avg) Average Output  [POo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, -5.0 mA
High ("H") Current |p7, 1o P77, P8o to P87, P90 to P93, P9s to P97, P100 to P107
loL(peak) Peak Output Low [PQoto P07, Ploto P17, P2o0to P27, P3oto P37, P6oto P67, 10.0 mA
("L") Current P70to P77, P8oto P87, P90 to P9s, P9s to P97, P100 to P107
loLavg) Average Output  [PQo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, 5.0 mA
Low ('L") Current | p74 16 P77, P8o to P87, P90 to P93, P9s to P97, P100 to P107
f(XIN) Main Clock Input Oscillation Frequency® 0 20 MHz
f(Xan) Sub Clock Oscillation Frequency 32.768 50 kHz
fi(ROC) |On-chip Oscillator Frequency 1 0.5 1 2 MHz
f2(ROC) |On-chip Oscillator Frequency 2 2 MHz
f3(ROC) |On-chip Oscillator Frequency 3 16 26 MHz
f(PLL)  |PLL Clock Oscillation Frequency® 10 20 MHz
f(BCLK) |CPU Operation Clock Frequency 0 20 MHz
tsu(PLL) |Wait Time to Stabilize PLL Frequency Synthesizer Vec=5.0V 20 ms
Vee=3.0V 50 ms
NOTES:

1. Referenced to Vcc = 3.0 to 5.5V at Topr = -40 to 85 ° C unless otherwise specified.

2. The mean output current is the mean value within 100ms.
3. The total lopeay for all ports must be 80mA or less. The total loHpeak) for all ports must be -80mA or less.
4. Relationship among main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.

'E— ) . i ~ PLL clock oscillation frequency
Main clock input oscillation frequency I
= 20MHz.
= =
g > 20.0 \
5 20MHz g O
g \
§ 200} smeemveciionanne =
£ <
o £
£ 100 2 10.0f--------eeeeeee-
© =
© 5]
g &
2 &
z 3
.}
= 00 & oo ; ;
2.7 3.0 5.5 3.0 5.5

Vccl[V] (main clock: no division)

VcclV] (PLL clock oscillation)
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Table 21.42 A/D Conversion Characteristics (Note 1)

- Standard ]
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
- Resolution VREF = Vcc 10 | Bits
10 bi VRer = Vcc=5V +3 | LSB
Integral Nonlinearit it
INL Erre) Y VRer = Vee = 3.3 V 5 | LSB
8 bit VRer=Vcc=3.3V +2 | LSB
) VRer=Vcc=5V +3 | LSB
10 bit
- Absolute Accuracy VReEr=Vcc=3.3V +5 | LSB
8 bit VREF=Vcc=3.3V +2 LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
RULADDER Resistor Ladder VREF = Vcc 10 40 kQ
10-bit Conversion Time _ _ _
teow Sample & Hold Function Available VReF=Voc=o V, AD = 10 MHz 33 HS
toow 8-bit Conversion Time . VRer = Vee = 5 V, AD = 10 MHz 2.8 us
Sample & Hold Function Available ' '
VREF Reference Voltage 2.0 Vce \%
Via Analog Input Voltage 0 VrRer |V
NOTES:
1. Referenced to Vcc = AVcec = VrRer= 3.3t0 5.5V, Vss= AVss= 0 V at Topr = -40 to 85° C unless otherwise

specified.
2. Keep @AD frequency at 10 MHz or less. Additionally, divide the fap if Vcc is less than 4.2 V, and make @AD
frequency equal to or lower than fa/2.
3. When sample & hold function is disabled, keep @AD frequency at 250 kHz or more in addition to the limitation in Note 2.
When sample & hold function is enabled, keep @AD frequency at 1 MHz or more in addition to the limitation in Note 2.
4. When sample & hold function is enabled, sampling time is 3/ @AD frequency.
When sample & hold function is disabled, sampling time is 2/ @AD frequency.
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Table 21.43 Flash Memory Version Electrical Characteristics (1) for 100/1000 E/W cycle products
[Program Space and Data Space in U3; Program Space in U7]

Standard )
Symbol Parameter - Unit
Min. \ Typ.@ Max.
- Program and Erase Endurance® 100/1000“ 1 cycles
- Word Program Time (Vcc=5.0 V, Topr = 25° C) 75 600 us
- Block Erase Time 2-Kbyte Block 0.2 9
(Vece=5.0V, Topr = 25° C) 8-Kbyte Block 0.4 9
16-Kbyte Block 0.7 9
32-Kbyte Block 1.2 9
td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms
tes Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time © 20 years
Table 21.44 Flash Memory Version Electrical Characteristics ©) for 10000 E/W cycle products
[Data Space in U7(")]
Standard .
Symbol Parameter - Unit
Min. \ Typ.@ Max.
- Program and Erase Endurance® 89 10000“ 10 cycles
- Word Program Time (Vcc = 5.0 V, Topr = 25° C) 100 us
- Block Erase Time (Vcc = 5.0V, Topr = 25° C) 0.3 s
(2-Kbyte block)
td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms
tes Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time © 20 years
NOTES:

1. Referenced to VCC = 3.0 to 5.5 V at Topr = 0 to 60° C (program space)/ Topr = -40 to 85° C(data space), unless
otherwise specified.

2.VCC=50V; TOPR=25°C

3. Program and erase endurance is defined as number of program-erase cycles per block.

If program and erase endurance is n cycle (n = 100, 1000, 10000), each block can be erased and programmed n
cycles.

For example, if a 2-Kbyte block A is erased after programming one-word data to each address 1,024 times,

this counts as one program and erase endurance. Data cannot be programmed to the same address more than
once without erasing the block. (rewrite prohibited).

4. Number of E/W cycles for which operation is guranteed (1 to minimum value are guranteed).

5. Topr=55°C

6. Referenced to VCC = 3.0 to 5.5 V at Topr = -40 to 85° C unless otherwise specified.

7. Table 21.44 applies for data space in U7 when program and erase endurance is more than 1,000 cycles.
Otherwise, use Table 21.43.

8. To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,
write to unused word addresses within the block instead of rewrite. Erase block only after all possible addresses
are used. For example, an 8-word program can be written 128 times maximum before erase becomes necessary.
Maintaining an equal number of times erasure between block A and block B will also improve efficiency. It is
recommended to track the total number of erasure performed per block and to limit the number of erasure.

9. If an erase error is generated during block erase, execute the clear status register command and block erase
command at least 3 times until an erase error is not generated.

10. When executing more than 1,000 times rewrites, set one wait state per block access by setting the FMR17 bit in
the FMR1 register to 1 (wait state). When accessing to all other blocks and internal RAM, wait state can be set
by the PM17 bit, regardless of the FMR17 bit setting value.

11. The program and erase endurance is 100 cycles for program space and data space in U3; 1,000 cycles
for program space in U7.

12. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for
further details on the E/W failure rate.

Erase suspend
request
(interrupt request)

i |
- -

FMR46
td(SR-ES) :
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Table 21.45 Power Supply Circuit Timing Characteristics

. Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
td(P-R) ;Valt Time to Stabilize Internal Supply Voltage when 5 ms
ower-on
Wait Time to Stabilize Internal On-chip Oscillator when
td(ROC 40 us
(ROC) | Power-on Vce=3.010 5.5V
td(R-S) |STOP Release Time® 150 | ps
td(W-S) I1__c_>w Power Dissipation Mode Wait Mode Release 150 | us
ime
td(P-R)
Wait time to stabilize internal vCC
supply voltage when power-on
ROC
td(ROC) .
Wait time to stabilize internal
on-chip oscillator when power- RESET
on

Interrupt for

td(R-S) (a) Stop mode release
STOP release time or

(b) Wait mode release

td(W-s) : 5
Low power dissipati_on mode : .
wait mode release time CPU clock
@) ! :
' td(R-S) ;
o
() td(w-s) '
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Vcc =5V

Table 21.46 Electrical Characteristics (Note 1)

. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |POo to P07, Ploto P17, P20to P27, P3oto P37, P6o to P67, loH=-5mA Ve 2.0 Vee | V
("H") Voltage |p7, to P77, P8o to P87, P90 to P93, P9s to P97, P10 to P107
v Output High [P0Oo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, lon=-200 pA | V0.3 Ve | V
OH np g
("H") Voltage |p74 1o P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
_ High Power loH=-1mA Voc2.0 Vee
Output High ("H") Voltage Xour \%
v Low Power lon=-0.5mA |va2.0 Vee
OH
High Power No load applied 25
Output High ("H") Voltage Xcout - \Y,
Low Power No load applied 1.6
VoL Output Low |POoto P07, Ploto P17, P2oto P27, P30 to P37, P6oto P67, loL=5 mA 20 | V
("L") Voltage |p7, 1o P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
v Output Low [POoto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, loL = 200 pA 045 V
o o
("L") Voltage |P70to P77, P8oto P87, P9oto P93, P9sto P97, P10oto P107
High Power lo=1mA 2.0
Output Low ("L") Voltage Xour \%
Low Power loL=0.5 mA 2.0
Voo -
High Power No load applied 0
Output Low ("L") Voltage Xcout - \Y;
Low Power No load applied
Vm-VT- [Hysteresis  |TAON-TA4N, TBON-TB2N, INTo-INTs, NMI, ADTRe, CTSo- 0.2 10|V
CTSz, SCL, SDA, CLKo-CLK2, TA20ut-TA4our, Klo-Kl3, Rxoo-
Rxpe, SiNg, Siv
Vm+-VT |Hysteresis |RESET 0.2 25|V
V1Vt |Hysteresis  |Xin 0.2 08| v
i1 Input High P0Oo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=5V 50 | pA
("H") Current \p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
IiL Input Low PQo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, Vi=0V -5.0 | HA
("L") Current \p7, to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
Reuwp [Pull-up P0o to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V 30 50 | 170 | kQ
Resistance |p7,to P77, P8oto P87, P9oto P93, P9sto P97, P10oto P107
Rfxn  |Feedback Resistance XIN 1.5 MQ
Rfxan  |Feedback Resistance XN 15 MQ
Vrav  |RAM Standby Voltage In stop mode 2.0 \%
NOTES:

1. Referenced to Vcc=4.2 to 5.5V, Vss=0V at Topr=-40 to 85 ° C, f(BCLK)=20MHz unless otherwise specified.
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Vcc =5V

Table 21.47 Electrical Characteristics (2) (Note 1)

" Standard .
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lec Power Supply Output pins are |Mask ROM f(BCLK) = 20 MHz, 18 25 | mA
Current left open and PLL operated, no division
(Voc=4.0 10 5.5V) gg;]er:er():ltgsd atlcr>eVss On-chip oscillation, f2roc) selected, 2 mA
f(BCLK) = 1 MHz
Flash memory |f(BCLK) = 20 MHz, No division 18 25 | mA
On-chip oscillation, f2roc) selected, 2 mA
f(BCLK) = 1 MHz
Flash memory ¢ g ) = 10 MHz, Vee = 5.0 v 1 mA
program
Flash memory _ _ 11 mA
orase f(BCLK) = 10 MHz, Vcc = 5.0 V
Mask ROM f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation, 50 HA
foroo) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 HA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, 50 HA
faroc) selected, f(BCLK) = 1 MHz,
In wait mode®
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 8.5 pA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 3 PA
Oscillation capacity low
While clock stops, Topr = 25° C 0.8 3 UA

NOTES:

1. Referenced to Vcc=4.2t0 5.5V, Vss= 0 V at Topr = -40 to 85 ° C, f(BCLK) = 20 MHz unless otherwise specified.
2. With one timer operates, using fcz.

3. This indicates the memory in which the program to be executed exists.

4. With one timer operates
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Vcc =5V

Timing Requirements

(Vcc =5V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 21.48 External Clock Input (XIN input)

Standard .
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 50 ns
tw(H) External Clock Input High ("H") Width 20 ns
two External Clock Input Low ("L") Width 20 ns
tr External Clock Rise Time 9 ns
tf External Clock Fall Time 9 ns
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Vcc =5V

Timing Requirements

(Vcc =5V, Vss =0V, at Topr =—40 to 85°C unless otherwise specified)

Table 21.49 Timer A Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 21.50 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIN input LOW pulse width 200 ns
Table 21.51 Timer A Input (External Trigger Input in One-shot Timer Mode)
Symbol Parameter Standard Unit
Min. Max.
te(TA) TAiIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 21.52 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAiIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 21.53 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TiN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
Table 21.54 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter Min. M. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAN-TAouT) | TAiouT input setup time 200 ns
tsu(TAouT-TAIN) | TAIIN input setup time 200 ns
Rev. 1.11 Dec.11, 2006  Page 395 of 458 RRENESAS

REJ09B0101-0111
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21. Electrical Characteristics (T-version)

Timing Requirements

(Vcc =5V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 21.55 Timer B Input (Counter Input in Event Counter Mode)

Vcc =5V

REJ09B0101-011

1

Standard )
Symbol Parameter Min. Mo Unit
te(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiiN input LOW pulse width (counted on both edges) 80 ns
Table 21.56 Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 21.57 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 21.58 A/D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 21.59 Serial I/O
Standard )
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(C-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 70 ns
th(C-D) RxDi input hold time 90 ns
Table 21.60 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Vcc =5V

Timing Requirements

(Vcc =5V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 21.61 Multi-master 12C bus Line

Standard clock mode | High-speed clock mode
Symbol Parameter - - Unit
Min. Max. Min. Max.
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 HS
tLOW The hold time in SCL clock 0 status 4.7 1.3 HS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH The hold time in SCL clock 1 status 4.0 0.6 HsS
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 us
Rev. 1.11 Dec.11, 2006  Page 397 of 458 RRENESAS

REJ09B0101-0111



M16C/29 Group 21. Electrical Characteristics (T-version)

Vcc =5V

XIN input
—> |<— tr —>| |[<«—
tr tw(H) tw(L)
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Figure 21.7 Timing Diagram (1)
Rev. 1.11 Dec.11, 2006  page 398 of 458 RENESAS

REJ09B0101-0111



M16C/29 Group

21. Electrical Characteristics (T-version)
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tc(CK)
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CLKi
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Figure 21.8 Timing Diagram (2)

Vcc =5V

‘: TBUF :‘ tsu:sto

i tLow R N

| | A A

scL: P
P |
tHD:STA tHD:DTA tHIGH tSu:DAT tsu:sTA
Figure 21.9 Timing Diagram (3)
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Vcc =3V

Table 21.62 Electrical Characteristics (Note)

. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |P0Ooto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, loH=-1 mA Vce0.5 Vcec | V
("H") Voltage |p74 1o P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
_ High Power loH=-0.1mA |vcc0.5 Vee
Output High ("H") Voltage Xour \%
v Low Power loH = -50 pA Voo 0.5 Vee
OH
High Power No load applied 25
Output High ("H") Voltage Xcout - \Y,
Low Power No load applied 1.6
Voo Output Low |P0Oo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, loo=1mA 05|V
("L") Voltage |p7 1o P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
H|gh Power loo =0.1 mA 0.5
Output Low ("L") Voltage Xour \%
Low Power lo.=50 A 05
Voo -
High Power No load applied
Output Low ("L") Voltage Xoout - \Y
Low Power No load applied 0
VTV |Hysteresis  |TAON-TA4n, TBON-TB2N, INTo-INTs, NMI, ADTrs, CTSo- 08|V
CTSz2, SCL, SDA, CLKo-CLK2, TA2out-TA4our, WO-K_Is, Rxpo-
Rxp2, SINg, Sina
Vm+-V1 |Hysteresis |RESET 18|V
VT+VT |Hysteresis  |Xin 08| v
IiH Input High P0Oo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=3V 4.0 | pA
("H") Current \p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
IiL Input Low PQo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, Vi=0V -4.0 | HA
("L") Current \p74 to P77, P8oto P87, P90 to P93, P9s to P97, P10o to P107
XN, RESET, CNVss
Reuwe [Pull-up P0Oo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V 50 100| 500 | kQ
Resistance |p7,to P77, P8oto P87, P9oto P93, P9sto P97, P10oto P107
Rfxn  |Feedback Resistance XIN 3.0 MQ
Rfxan  |Feedback Resistance XN 25 MQ
Vrav  |[RAM Standby Voltage In stop mode 2.0 \%
NOTE:

1. Referenced to Vec=3.0t0 3.6 V, Vss=0 V at Topr = -40 to 85 ° C, f(BCLK) = 20 MHz unless otherwise specified.

Rev. 1.11 Dec.11, 2006  page 400 of 458 RENESAS
REJ0O9B0101-0111



M16C/29 Group

21. Electrical Characteristics (T-version)

Table 21.63 Electrical Characteristics (2) (Note 1)

Vcc =3V

. Standard .
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lcc Power Supply Output pins are |Mask ROM f(BCLK) = 10 MHz, 8 13 | mA
Current left open and PLL operated, no division
(Vce=3.0 to 3.6V) |other pins are On-chip oscillation, 1 mA
connected to Vss faroo) selected, f(BCLK) = 1 MHz
Flash memory |f(BCLK) = 10 MHz, No division 8 13 | mA
Flash memory ¢ ge) k) = 10 MHz, Vec = 3.0 v 11 mA
program
Flash memory _ _ 11 mA
erase f(BCLK) = 10MHz, Vcc = 3.0 V
Mask ROM f(BCLK) = 32 kHz, 20 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation, 25 MA
f2roc) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 20 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 UA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, 45 HA
faroo) selected, f(BCLK) = 1 MHz,
In wait mode®
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 6.6 HA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 2.2 HA
Oscillation capacity low
While clock stops, Topr = 25° C 0.7 3 HA
NOTES:

1. Referenced to Vec=3.0t0 3.6 V, Vss=0 V at Topr = -40 to 85 ° C, f(BCLK) = 20 MHz unless otherwise specified.
2. With one timer operates, using fcz.

3. This indicates the memory in which the program to be executed exists.

4. With one timer operates

Rev. 1.11 Dec.11, 2006  Page 401 of 458 RENESAS

REJ09B0101-0111



M16C/29 Group 21. Electrical Characteristics (T-version)

Vcc =3V

Timing Requirements
(Vcc =3V, Vss =0V, at Topr =— 40 to 85°C unless otherwise specified)

Table 21.64 External Clock Input (XIN input)

Standard .
Symbol Parameter Nin. Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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21. Electrical Characteristics (T-version)

Timing Requirements

Vcc =3V

(Vcc =3V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 21.65 Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 21.66 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIN input LOW pulse width 300 ns
Table 21.67 Timer A Input (External Trigger Input in One-shot Timer Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAiIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 21.68 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 21.69 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(UPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-Tin) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
Table 21.70 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Symbol Parameter -Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 2 Hs
tsu(TAIN-TAouT) | TAiouT input setup time 500 ns
tsu(TAouT-TAIN) | TAIIN input setup time 500 ns
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Vcc =3V

M16C/29 Group

Timing Requirements

(Vcc =3V, Vss =0V, at Topr = - 40 to 85°C unless otherwise specified)

Table 21.71 Timer B Input (Counter Input in Event Counter Mode)

REJ09B0101-0111

Standard )
Symbol Parameter Min. Mo, Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBIIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 120 ns
Table 21.72 Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBIIN input LOW pulse width 300 ns
Table 21.73 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter . Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBIIN input HIGH pulse width 300 ns
tw(TBL) TBiiN input LOW pulse width 300 ns
Table 21.74 A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(AD) ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 21.75 Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(c-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 100 ns
th(C-D) RxDi input hold time 90 ns
Table 21.76 External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTIi input LOW pulse width 380 ns
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Vcc =3V

Timing Requirements

(Vce =3V, Vss =0V, at Topr = —40 to 85°C unless otherwise specified)

Table 21.77 Multi-master 12C bus Line

Standard clock mode | High-speed clock mode ]

Symbol Parameter Min, Mo Min, Mo Unit
tBUF Bus free time 4.7 1.3 ps
tHD;STA The hold time in start condition 4.0 0.6 Hs
tLOW The hold time in SCL clock 0 status 4.7 1.3 HS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH The hold time in SCL clock 1 status 4.0 0.6 Hs
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 us
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Figure 21.10 Timing Diagram (1)
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Figure 21.12 Timing Diagram (3)
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21.3V Version

Table 21.78 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vce Supply Voltage Voc=AVce -0.3t0 6.5 \%
AVcc Analog Supply Voltage Vec=AVce -0.3t0 6.5 \%
Vi Input Voltage POo to P07, Ploto P17, P2oto P27,

P30 to P37, P6oto P67, P7oto P77,
P8o to P87, P9o to P93, P95 to P97, -0.3to Vect0.3 | V
P10o0to P10y,
XN, Vrer, RESET, CNVss
Vo Output Voltage |PQoto P07, Ploto P17, P20to P27,
P3o0to P37, P6oto P67, P70to P77,
P8o to P87, P9o to P93, P95 to P97, -0.3to Vect0.3 | V
P10o0to P10y,
Xour
S -40<Topr<85° C 300 mw
Pd Power Dissipation
85<Topr<125° C 200 mw
during CPU operation -40 to 125 °C
Topr v during flash memory (BTJE’E’ ot :F(scckeS) 01060 "C
Temperature gpegration Data Space 400 105 e
(Block A, Block B)
Tstg Storage Temperature -65 to 150 °C
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21. Electrical Characteristics (V-version)

Table 21.79 Recommended Operating Conditions (1)

Standard )
Symbol Parameter - Unit
Min. Typ. Max.
Vee Supply Voltage 4.2 55 \Y,
AVcc Analog Supply Voltage Vec \%
Vss Supply Voltage \%
AVss Analog Supply Voltage \
ViH Input High ("H") |P0Oo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, 0.7 Vcc Vce \Y
Voltage P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
XIN, RESET, CNVSS 0.8 Vee Vee v
When I2C bus input level is selected 0.7 Vcc Ve \
SDAmv, SCLwmmv - -
When SMBUS input level is selected 14 oo \Y,
Vi Input Low ("L")  [POoto P07, P1loto P17, P2oto P27, P30to P37, P6oto P67, 0 0.3Vce Y
Voltage P70to P77, P8oto P87, P9oto P93, P9s to P97, P10o0 to P107
XIN, RESET, CNVSS 0 0.2Vce \
When I2C bus input level is selected 0 0.3Vcc \Y
SDAmv, SCLwmmv - -
When SMBUS input level is selected 0 0.6 \
|oH(peak) Peak Output High |P0o to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, -10.0 mA
("H") Current P70to P77, P8oto P87, P9oto P9s, P9s to P97, P10 to P107
|oH(avg) Average Output PQOo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, -5.0 mA
High ("H") Current |p7, to p77, P8o to P87, P90 to P93, P9s to P97, P100 to P107
loL(peak) Peak Output Low |P0oto P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, 10.0 mA
(°L") Current P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
loL(avg) Average Output P0Oo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, 5.0 mA
Low ('L") Current |p74 6 P77, P8o to P87, P90 to P93, P9s to P97, P100 to P107
f(XIN) Main Clock Input Oscillation Frequency Topr=-40t0 105° C 0 20 MHz
Topr=-40to 125° C 0 16 MHz
f(XanN) Sub Clock Oscillation Frequency 32.768 50 kHz
fi(ROC) |On-chip Oscillator Frequency 1 0.5 1 2 MHz
f2(ROC) |On-chip Oscillator Frequency 2 1 2 4 MHz
f3(ROC) |On-chip Oscillator Frequency 3 8 16 26 MHz
f(PLL)  |PLL Clock Oscillation Frequency® Topr =-40to 105° C 10 20 MHz
Topr=-40t0o 125° C 10 16 MHz
f(BCLK) |CPU Operation Clock Frequency Topr=-40to 105° C 0 20 MHz
Topr=-40to 125° C 0 16 MHz
tsu(PLL) [Wait Time to Stabilize PLL Frequency Synthesizer Vec =50V 20 MHz
NOTES:

1. Referenced to Vec = 4.2 t0 5.5 V at Topr = -40 to 125 ° C unless otherwise specified.

2. The mean output current is the mean value within 100ms.
3. The total loLpeak for all ports must be 80 mA or less. The total loHpea) for all ports must be -80 mA or less.
4. Relationship among main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.

§ Main clock input oscillation frequency g
s
= 20MHZ(Topr=-40°C to 105°C) =
g 16.0MHz(Topr=-40°C to 125°C) g
2 g
& 200p--------oeeoeiee- £ 200}---meeee-
e R =
)] S E 16.0f-----------
< =
©
é -
2 100f- s SR TIY0] S
= [
) o}
: :
z =
g oo . 00

VcclV] (main clock: no division)

PLL clock oscillation frequency
20.0MHz(Topr=-40°C to 105°C)

16.0MHz(Topr=-40°C to 125°C)

N

4.2 55

4.2 55

Vccl[V] (PLL clock oscillation)
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Table 21.80 A/D Conversion Characteristics ()

Symbol Parameter Measurement Condition . Standard Unit
Min. | Typ. | Max.
- Resolution VRer= Vcc 10 | Bits
INL IEnrtreo%ral Nonlinearity 10 bit VrRer=Vcc=5V +3 | LSB
8 hit Vrer=Vcc =5V +2 | LSB
10 bit Vrer=Vcec =5V +3 | LSB
- Absolute Accuracy
8 hit Vrer=Vcc=5V +2 | LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
RLADDER Resistor Ladder VRrer=Vcc 10 40 | kQ
oW | Smpie & Hold Funclion Available | VA= Vo= 5V, D = 10 Mz 33 ps
teow gfrirtlpfl:grgeHrgliganinrgtei}on Available VREF=Voc= 5V, AD = 10 MHz 28 HS
VREF Reference Voltage 2.0 Vo |V
Via Analog Input Voltage 0 Vrer | V
NOTES:

1. Referenced to Vcc= AVee= Vrer= 4.2 10 5.5 V, Vss= AVss= 0 V at Topr = -40 to 125 ° C unless otherwise specified.
2. Keep @AD frequency at 10 MHz or less.
3. When sample & hold function is disabled, keep @AD frequency at 250kHz or more in addition to the limitation in Note 2.
When sample & hold function is enabled, keep @AD frequency at 1MHz or more in addition to the limitation in Note 2.
4. When sample & hold function is enabled, sampling time is 3/ AD frequency.
When sample & hold function is disabled, sampling time is 2/ @AD frequency.
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Table 21.81 Flash Memory Version Electrical Characteristics ) for 100/1000 E/W cycle products
[Program Space and Data Space in U3; Program Space in U7]

Standard .
Symbol Parameter - Unit
Min. \ Typ.@ Max.
- Program and Erase Endurance® 100/1000¢ 1D cycles
- Word Program Time (Vcc= 5.0 V, Topr = 25° C) 75 600 ps
- Block Erase Time 2-Kbyte Block 0.2 9 S
(Vec=5.0V, Topr = 25° C) 8-Kbyte Block 0.4 9 s
16-Kbyte Block 0.7 9 s
32-Kbyte Block 1.2 9 s
td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms
trs Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time © 20 years

Table 21.82 Flash Memory Version Electrical Characteristics 6 for 10000 E/W cycle products
[Data Space in U7 ()]

Standard )
Symbol Parameter - Unit
Min. \ Typ.@ Max.

- Program and Erase Endurance® 89 100004 10 cycles

- Word Program Time (Vcc = 5.0 V, Topr = 25° C) 100 ps

- Block Erase Time (Vcc = 5.0V, Topr = 25° C) 0.3 S
(2-Kbyte block)

td(SR-ES) |Duration between Suspend Request and Erase Suspend 8 ms

tps Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time © 20 years

NOTES:

1. Referenced to VCC = 4.2 to 5.5 V at Topr = 0 to 60° C (program space)/ Topr = -40 to 125° C(data space),
unless otherwise specified.

2.VCC=5.0V; TOPR=25°C

3. Program and erase endurance is defined as number of program-erase cycles per block.

If program and erase endurance is n cycle (n = 100, 1000, 10000), each block can be erased and programmed n
cycles.

For example, if a 2-Kbyte block A is erased after programming one-word data to each address 1,024 times,

this counts as one program and erase endurance. Data cannot be programmed to the same address more than
once without erasing the block. (rewrite prohibited).

4. Number of E/W cycles for which operation is guranteed (1 to minimum value are guranteed).

5. Topr = 55° C

6. Referenced to VCC = 4.2 to 5.5 V at Topr = -40 to 125° C unless otherwise specified.

7. Table 21.82 applies for data space in U7 when program and erase endurance is more than 1,000 cycles.
Otherwise, use Table 21.81.

8. To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,
write to unused word addresses within the block instead of rewrite. Erase block only after all possible addresses
are used. For example, an 8-word program can be written 128 times maximum before erase becomes necessary.
Maintaining an equal number of times erasure between block A and block B will also improve efficiency. It is
recommended to track the total number of erasure performed per block and to limit the number of erasure.

9. If an erase error is generated during block erase, execute the clear status register command and block erase
command at least 3 times until an erase error is not generated.

10. When executing more than 1,000 times rewrites, set one wait state per block access by setting the FMR17 bit in
the FMR1 register to 1 (wait state). When accessing to all other blocks and internal RAM, wait state can be set
by the PM17 bit, regardless of the FMR17 bit setting value.

11. The program and erase endurance is 100 cycles for program space and data space in U3; 1,000 cycles
for program space in U7.

12. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for
further details on the E/W failure rate.

Erase suspend

request —|
(interrupt request) L

FMR46 |

td(SR-ES)
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Table 21.83 Power Supply Circuit Timing Characteristics

- Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
Wait Time to Stabilize Internal Supply Voltage when
d(P-R) Power-on 2 ms
Wait Time to Stabilize Internal On-chip Oscillator when
td(ROC 40 S
(ROC) | power-on Vce=4.2 to 5.5V i
td(S-R) |STOP Release Time 150 | ps
td(E-A) I:rgw Power Dissipation Mode Wait Mode Release 150 | us
ime
td(P-R)
Wait time to stabilize internal VCC

supply voltage when power-on

td(rROC)
Wait time to stabilize internal
on-chip oscillator when power- RESET
on

Interrupt for
td(R-S) (a) Stop mode release

STOP release time or .

(b) Wait mode release

td(W-s) 5 E
Low power dissipation mode ' '
wait mode release time CPU clock
@ td(R-S)
OF td(W-S) :
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Table 21.84 Electrical Characteristics (1) vee =5V
. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |PQo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, loH=-5mA Voo2.0 Vcec | V
("H") Voltage |p7, to P77, P8 to P87, P90 to P93, P9s to P97, P100 to P107
Von Quaput High [P0Ooto P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, loH=-200 pPA | V0.3 Vee | V
("H") Voltage |p7, 1o p77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
) High Power lon=-1 mA Voe2.0 Vec
Output High ("H") Voltage Xour \%
Low Power lon=-0.5 mA V2.0 Ve
ver High Power No load applied 25
Output High ("H") Voltage Xoout - \%
Low Power No load applied 1.6
Voo Output Low [PQo to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, loL=5mA 20 | V
("L") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
VoL Output Low [POoto P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, loL =200 pA 045| V
("L") Voltage (P70 to P77, P8oto P87, P9oto P9s, P9s to P97, P10oto P107
High Power loL=1mA 2.0
Output Low ("L") Voltage Xour \%
Low Power loL=0.5 mA 2.0
Vo High Power No load applied 0
Output Low ("L") Voltage Xoout - \Y
Low Power No load applied 0
VTV [Hysteresis | TAON-TA4iN, TBON-TB2n, INTo-INTs, NMI, ADTre, CTSo- 0.2 10|V
CTSz, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Klo-Ki3, Rxoo-
Rxp2, SINg, Sing
VT+VT |Hysteresis |RESET 0.2 25|V
V7+-VT [Hysteresis  |Xin 0.2 08 | v
IiH Input High POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=5V 5.0 | MA
("H") Current |p74 to P77, P80 to P87, P90 to P93, P95 to P97, P10o to P107
XIN, ﬁr CNVss
I Input Low POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V -5.0 | MA
("L") Current \p7, to P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
X, RESET, CNVss
Rpuwp [Pull-up POo to P07, Ploto P17, P2oto P27, P3oto P37, P6oto P67, Vi=0V 30 50 | 170 | kQ
Resistance  |p7,to P77, P8oto P87, P9o to P93, P9s to P97, P10oto P107
Rfxn  |Feedback Resistance XIN 15 MQ
Rfxon  |Feedback Resistance XoN 15 MQ
VrRav  |RAM Standby Voltage In stop mode 2.0 \%
NOTE:

1. Referenced to Vcc=4.2t0 5.5V, Vss=0V at Topr =-40 to 105 ° C, f(BCLK) =20 MHz / Vcc=4.2t0 5.5V, Vss=0 V at
Topr = -40 to 125 ° C, f(BCLK) = 16 MHz, unless otherwise specified.
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Vcc =5V

Table 21.85 Electrical Characteristics (2) ()

. Standard )
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lec Power Supply Output pins are |Mask ROM f(XiN) = 20 MHz, 18 25 | mA
Current left open and PLL operated, no division
(Vcc=4.2 to 5.5V) |other pins are On-chip oscillation, 2 mA
connected to Vss faroo selected, ((BCLK) = 1 MHz
Flash memory |[f(XiN) = 20 MHz, No division 18 25 | mA
f(XiN) = 16 MHz, No division 14 20 | mA
On-chip oscillation, f2roc) selected, 2 mA
f(BCLK) = 1 MHz
Flash memory ¢ g k) = 10 MHz, Vee = 5.0 v 11 mA
program
Flash memory _ _ 11 mA
orase f(BCLK) = 10 MHz, Vcc = 5.0 V
Mask ROM f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation, 50 HA
foroo) selected, f(BCLK) = 1 MHz, In
wait mode
Flash memory |[f(BCLK) = 32 kHz, 25 MA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 HA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, faroc) selected, 50 HA
f(BCLK) = 1 MHz, In wait mode®
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 8.5 HA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 3 HA
Oscillation capacity low
While clock stops, Topr = 25° C 0.8 3 HA

NOTES:

1. Referenced to Vcc=4.2t0 5.5V, Vss=0 V at Topr = -40 to 105 ° C, f(BCLK) = 20MHz / Vcc=4.2t0 5.5V, Vss= 0V at
Topr = -40 to 125 ° C, f(BCLK) = 16 MHz, unless otherwise specified.

2. With one timer operates, using fcz.

3. This indicates the memory in which the program to be executed exists.

4. With one timer operates
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- _ Vcc =5V
Timing Requirements
(Vcc=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)
Table 21.86 External Clock Input (XIN input)
Standard )
Symbol Parameter - Unit
Min. Max.
Topr=-40° C to 105° C 50 ns
tc External Clock Input Cycle Time
Topr=-40° C to 125° C 62.5 ns
) ) Topr=-40° C to 105° C 20 ns
twH) External Clock Input High ("H") Width
Topr=-40° C to 125° C 25 ns
. Topr=-40° C to 105° C 20 ns
two External Clock Input Low ("L") Width
Topr=-40° C to 125° C 25 ns
. . Topr=-40° C to 105° C 9 ns
tr External Clock Rise Time
Topr=-40° C to 125° C 15 ns
) Topr=-40° C to 105° C 9 ns
tf External Clock Fall Time
Topr=-40° C to 125° C 15 ns
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Timing Requirements

(Vce=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)

Table 21.87 Timer A Input (Counter Input in Event Counter Mode)

Vcc =5V

REJ09B0101-0111

Standard .
Symbol Parameter Unit
Min. Max.
tc(Ta) TAiN Input Cycle Time 100 ns
tW(TAH) TAiN Input High ("H") Width 40 ns
tW(TAL) TAIN Input Low (L") Width 40 ns
Table 21.88 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min. Max.
tc(a) TAiN Input Cycle Time 400 ns
tW(TAH) TAiN Input High ("H") Width 200 ns
tw(TAL) TAIN Input Low ("L") Width 200 ns
Table 21.89 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(ra) TAiN Input Cycle Time 200 ns
tW(TAH) TAiN Input High ("H") Width 100 ns
tw(TAL) TAiN Input Low ("L") Width 100 ns
Table 21.90 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard
Symbol Parameter Unit
Min. Max.
tW(TAH) TAiN Input High ("H") Width 100 ns
tw(TAL) TAiN Input Low ("L") Width 100 ns
Table 21.91 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard
Symbol Parameter Unit
Min. Max.
tcup) TAiourt Input Cycle Time 2000 ns
tW(UPH) TAiout Input High ("H") Width 1000 ns
tw(upL) TAiout Input Low ("L") Width 1000 ns
tSu(UP-TIN) TAiout Input Setup Time 400 ns
th(rin-up) TAiout Input Hold Time 400 ns
Table 21.92 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard Unit
Symbol Parameter -
Min. Max.
tc(ra) TAIN Input Cycle Time 800 ns
tsu(TAn-TAout) | TAiouT Input Setup Time 200 ns
tsucraour-Tan) | TAIIN Input Setup Time 200 ns
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Timing Requirements

(Vcec=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)

Table 21.93 Timer B Input (Counter Input in Event Counter Mode)

Vcc =5V

REJ09B0101-0111

Standard )
Symbol Parameter - Unit
Min. Max.
tc(te) TBiin Input Cycle Time (counted on one edge) 100 ns
tW(TBH) TBiin Input High ("H") Width (counted on one edge) 40 ns
tw(TBL) TBiin Input Low ("L") Width (counted on one edge) 40 ns
tc(re) TBiin Input Cycle Time (counted on both edges) 200 ns
tw(reH) TBiN Input High ("H") Width (counted on both edges) 80 ns
tw(TBL) TBiin Input Low (L") Width (counted on both edges) 80 ns
Table 21.94 Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(r) TBiin Input Cycle Time 400 ns
tw(TBH) TBiin Input High ("H") Width 200 ns
tw(TBL) TBiin Input Low (L") Width 200 ns
Table 21.95 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(te) TBiiN Input Cycle Time 400 ns
tw(TBH) TBin Input High ("H") Width 200 ns
tw(TBL) TBin Input Low (L") Width 200 ns
Table 21.96 A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max
tc(Ap) ADTRG Input Cycle Time (required for trigger) 1000 ns
tw(abL) AD7RG Input Low ("L") Width 125 ns
Table 21.97 Serial I/O
Standard )
Symbol Parameter - Unit
Min. Max.
tc(ck) CLKi Input Cycle Time 200 ns
tW(CKH) CLKi Input High ("H") Width 100 ns
tw(ckL) CLKi Input Low ("L") Width 100 ns
tdc-Q) TxDi Output Delay Time 80 ns
thc-Q) TxDi Hold Time 0 ns
tsu(-c) RxDi Input Setup Time 70 ns
thc-Q) RxDi Input Hold Time 90 ns
Table 21.98 External Interrupt INTi Input
Standard )
Symbol Parameter - Unit
Min. Max.
tW(NH) INTi Input High ("H") Width 250 ns
twnL) INTi Input Low ("L") Width 250 ns
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Vcc =5V

Timing Requirements

(Vce=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)

Table 21.99 Multi-master 12C Bus Line

Standard clock mode | High-speed clock mode )

Symbol Parameter i, Mo Min, Mo, Unit
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 HS
tLOW The hold time in SCL clock "0" status 4.7 13 HS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH The hold time in SCL clock "1" status 4.0 0.6 HS
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 s
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Vcc =5V

XIN input
—> < tf—>1
tr |l< tw(H) ‘ tw(L)
le tc
tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
tc(uP)
tw(UPH)
TAIOUT input \
tw(upPL)
[
TAIOUT input
(Counter increment/ >(
decrement input)
In event counter mode
TAIIN input —
(When count on falling edge) th(TiIn-UP) tsu(UP=TIN)
TAIIN input _

(When count on rising edge)

Two-phase pulse input in

event counter mode te(™A)

TAIIN input
tsu(TAIN-TA
tsu(TAIN-TAoUT) su( KIN—OUL)
tsu(TAouT-TAIN)
TAIOUT input
tsu(TAouT-TAIN)
tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
‘ \
tc(AD)
tw(ADL)
ADTRG input 1
Figure 21.13 Timing Diagram (1)
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Vcc =5V
tc(CK)
tw(CKH)
CLKi
tw(CKL) h(c-0
TxDi >< ><
tdc-Q) |, tsu(D-C)  thC-D)
RxDi * *
tw(INL)
INTI input (N $ /
Wi
|

Figure 21.14 Timing Diagram (2)

Vcc =5V

tsu:sTo

1 1
" {BUF T
i 1

scL i’

sl 4
tHD:STA tHD:DTA tHIGH tSu:DAT tsu:sTA

Figure 21.15 Timing Diagram (3)

Rev. 1.11 Dec.11, 2006  page 420 of 458 RENESAS
REJ0O9B0101-0111



M16C/29 Group 22. Usage Notes

22. Usage Notes

22.1 SFRs

22.1.1 For 80-Pin Package
Set the IFSR20 bit in the IFSR2A register to 0 after reset and set bits PACR2 to PACRO in the PACR
register to 0112.

22.1.2 For 64-Pin Package

Set the IFSR20bit in the IFSR2A register to 0 after reset and set bits PACR2 to PACRO in the PACR
register to 0102.

22.1.3 Register Setting

Immediate values should be set in the registers containing write-only bits. When establishing a new value
by modifying a previous value, write the previous value into RAM as well as the register. Change the
contents of the RAM and then transfer the new value to the register.
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22.2 Clock Generation Circuit
22.2.1 PLL Frequency Synthesizer

Stabilize supply voltage so that the standard of the power supply ripple is met.

Standard _
Symbol Parameter Min. Typ. Max. Unit
f(ripple) Power supply ripple allowable frequency(Vcc) 10 kHz
Vp-p(ripple) Power supply ripple allowabled amplitude (Vce=5V) 0.5 \Y
voltage
(Vce=3V) 0.3 \Y
Vce(pvipT)) | Power supply ripple rising/falling gradient (Vee=5V) 0.3 V/ms
(Vce=3V) 0.3 V/ims
f(ripple) f(ripple)
Power supply ripple allowable frequency < >
(Vce)
Vp-p(ripple) e
Power supply ripple allowable amplitude )
pply ripp p Vce \//\//—\/ I Vp-p(ripple)
voltage —_ - - - > _ - -

Figure 22.1 Voltage Fluctuation Timing
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22.2.2 Power Control
1. When exiting stop mode by hardware reset, the device will startup using the on-chip oscillator.

2. Set the MRO bit in the TAIMR register(i=0 to 4) to 0 (pulse is not output) to use the timer A to exit stop
mode.

3. When entering wait mode, insert a JMP.B instruction before a WAIT instruction. Do not excute any
instructions which can generate a write to RAM between the JIMP.B and WAIT instructions. Disable the
DMA transfers, if a DMA transfer may occur between the JMP.B and WAIT instructions. After the WAIT
instruction, insert at least 4 NOP instructions. When entering wait mode, the instruction queue reads
ahead the instructions following WAIT, and depending on timing, some of these may execute before the
MCU enters wait mode.

Program example when entering wait mode

Program Example: JMP.B L1 ; Insert IMP.B instruction before WAIT instruction
L1:
FSET | ;
WAIT ; Enter wait mode
NOP ; More than 4 NOP instructions
NOP
NOP
NOP

4. When entering stop mode, insert a JMP.B instruction immediately after executing an instruction which
sets the CM10 bit in the CM1 register to 1, and then insert at least 4 NOP instructions. When entering
stop mode, the instruction queue reads ahead the instructions following the instruction which sets the
CM10 bit to 1 (all clock stops), and, some of these may execute before the MCU enters stop mode or
before the interrupt routine for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I
BSET CM10 ; Enter stop mode
JMP.B L2 ; Insert IMP.B instruction
L1:
NOP ; More than 4 NOP instructions
NOP
NOP
NOP
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5. Wait until the main clock oscillation stabilization time, before switching the CPU clock source to the
main clock.
Similarly, wait until the sub clock oscillates stably before switching the CPU clock source to the sub
clock.

6. Suggestions to reduce power consumption

(a) Ports
The processor retains the state of each 1/0 port even when it goes to wait mode or to stop mode. A
current flows in active I/O ports. A dash current may flow through the input ports in high impedance
state, if the input is floating. When entering wait mode or stop mode, set non-used ports to input and
stabilize the potential.

(b) A/D converter
When A/D conversion is not performed, set the VCUT bit in ADICONL1 register to 0 (no Vref connec-
tion). When A/D conversion is performed, start the A/D conversion at least 1 ps or longer after setting
the VCUT bit to 1 (Vref connection).

(c) Stopping peripheral functions
Use the CMO register CM02 bit to stop the unnecessary peripheral functions during wait mode.
However, because the peripheral function clock (fc32) generated from the sub-clock does not stop,
this measure is not conducive to reducing the power consumption of the chip. If low speed mode or
low power dissipation mode is to be changed to wait mode, set the CMO02 bit to O (do not peripheral
function clock stopped when in wait mode), before changing wait mode.

(d) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.
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22.3 Protection
Set the PRC2 bit to 1 (write enabled) and then write to any address, and the PRC2 bit will be cleared to 0
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to 1. Make sure no interrupts or DMA transfers will occur between the instruction in
which the PRC2 bit is set to 1 and the next instruction.
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22.4 Interrupts
22.4.1 Reading Address 0000016

Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from the address
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to 0.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to 0. This causes a problem that the interrupt is canceled, or an
unexpected interrupt request is generated.

22.4.2 Setting the SP

Set any value in the SP(USP, ISP) before accepting an interrupt. The SP(USP, ISP) is cleared to 000016
after reset. Therefore, if an interrupt is accepted before setting any value in the SP(USP, ISP), the pro-
gram may go out of control.

22.4.3 NMI Interrupt

1. The NMl interrupt is invalid after reset. The NMI interrupt becomes effective by setting to 1 the PM24 bit
in the PM2 register. Once enabled, it stays enabled until a reset is applid.

2. The input level of the NMI pin can be read by accessing the P8_5 bit in the P8 register.

3. When selecting NMI function, stop mode cannot be entered into while input on the NMI pin is low. This
is because while input on the NMI pin is low the CM1 register's CM10 bit is fixed to 0.

4. When selecting NMI function, do not go to wait mode while input on the NMI pin is low. This is because
when input on the NMI pin goes low, the CPU stops but CPU clock remains active; therefore, the current
consumption in the chip does not drop. In this case, normal condition is restored by an interrupt gener-
ated thereafter.

5. When selecting NMI function, the low and high level durations of the input signal to the NMI pin must
each be 2 CPU clock cycles + 300 ns or more.

6. When using the NMI interrupt for exiting stop mode, set the NDDR register to FF16 (disable digital
debounce filter) before entering stop mode.

22.4.4 Changing the Interrupt Generate Factor
If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed
interrupt may inadvertently be set to 1 (interrupt requested). If you changed the interrupt generate factor
for an interrupt that needs to be used, be sure to clear the IR bit for that interrupt to O (interrupt not
requested).
“Changing the interrupt generate factor” referred to here means any act of changing the source, polarity
or timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to
clear the IR bit for that interrupt to O (interrupt not requested) after making such changes. Refer to the
description of each peripheral function for details about the interrupts from peripheral functions.
Figure 22.2 shows the procedure for changing the interrupt generate factor.
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( Changing the interrupt source)

Disable interrupts (2:3)

Change the interrupt generate factor (including a mode change of peripheral function)

Use the MOV instruction to clear the IR bit to O (interrupt not requested) 3

Enable interrupts (2:3)

( End of change )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

NOTES:

1.The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. Use the I flag for the INTi interrupt (i = 0 to 5).
For the interrupts from peripheral functions other than the INTi interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an interrupt
request before changing the interrupt generate factor. In this case, if the maskable interrupts
can all be disabled without causing a problem, use the | flag. Otherwise, use the corresponding
bits ILVL2 to ILVLO for the interrupt whose interrupt generate factor is to be changed.

3. Refer to 22.4.6 Rewrite the Interrupt Control Register for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 22.2 Procedure for Changing the Interrupt Generate Factor

22.4.5 INT Interrupt

1. Either an “L” level of at least tw(INH) or an “H” level of at least tw(INL) width is necessary for the signal
input to pins INTo through INT5 regardless of the CPU operation clock.

2. If the POL bit in registers INTOIC to INT5IC or bits IFSR7 to IFSRO in the IFSR register are changed,
the IR bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to O (interrupt not
requested) after changing any of those register bits.

3. When using the INTSs interrupt for exiting stop mode, set the P17DDR register to FF16 (disable digital
debounce filter) before entering stop mode.
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22.4.6 Rewrite the Interrupt Control Register
(1) The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.
(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the
instruction to be used.

Changing any bit other than the IR bit
If while executing an instruction, a request for an interrupt controlled by the register being modified
occurs, the IR bit in the register may not be set to 1 (interrupt requested), with the result that the
interrupt request is ignored. If such a situation presents a problem, use the instructions shown below
to modify the register.
Usable instructions: AND, OR, BCLR, BSET

Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to 0 (interrupt not requested).
Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as
you set the | flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample
program fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the
interrupt control register is rewrited, due to the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the
interrupt control register is modified

INT_SWITCH1:
FCLR I ; Disable interrupts
AND.B  #00h, 0055h  ;Set the TAOIC register to 0016
NOP ;
NOP
FSET I ; Enable interrupts

The number of NOP instruction is as follows.
PM20 =1 (1 wait) : 2, PM20 = 0 (2 waits): 3

Example 2:Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
MOV.W MEM, RO ; Dummy read
FSET | ; Enable interrupts

Example 3:Using the POPC instruction to changing the | flag

INT_SWITCH3:
PUSHC FLG
FCLR I ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
POPC FLG ; Enable interrupts

22.4.7 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.
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22.5 DMAC
22.5.1 Write to DMAE Bit in DMiCON Register

When both of the conditions below are met, follow the steps below.

(a) Conditions
* The DMAE bit is setto 1 again while it remains set (DMAI is in an active state).
* A DMA request may occur simultaneously when the DMAE bit is being written.
(b) Procedure
(1) Write 1 to the DMAE bit and DMAS bit in DMICON register simultaneously(?).
(2) Make sure that the DMAI is in an initial state(?) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

NOTES:
1. The DMAS bit remains unchanged even if 1 is written. However, if 0 is written to this bit, it is
set to 0 (DMA not requested). In order to prevent the DMAS bit from being modified to 0, 1
should be written to the DMAS bit when 1 is written to the DMAE bit. In this way the state of the
DMAS bit immediately before being written can be maintained.
Similarly, when writing to the DMAE bit with a read-modify-write instruction, 1 should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

2. Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to
a value which was written to the TCRi register before DMA transfer start, the DMAI is in an initial
state. (If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register
is 1.) If the read value is a value in the middle of transfer, the DMAI is not in an initial state.
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22.6 Timers
22.6.1 Timer A

22.6.1.1 Timer A (Timer Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i= 0 to 4) register and the TAi register before setting the TAIS bit in the TABSR register to 1 (count
starts).

Always make sure the TAIMR register is modified while the TAIS bit remains 0 (count stops) regard-
less whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFFzis. If the TAI register is read after setting a value in it, but before the counter starts
counting, the read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCRL1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA4ouUT
pins go to a high-impedance state.

22.6.1.2 Timer A (Event Counter Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register, the TAi register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the
ONSF register and the TRGSR register before setting the TAIS bit in the TABSR register to 1 (count
starts).
Always make sure bits TAZIE, TAOTGL, and TAOTGH in the TAIMR register, the UDF register, the
ONSEF register, and the TRGSR register are modified while the TAIS bit remains 0 (count stops)
regardless whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFF16 when the timer counter underflows and 000016 when the timer counter overflows.
If the TAI register is read after setting a value in it, but before the counter starts counting, the read
value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCRL1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA40UT
pins go to a high-impedance state.
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22.6.1.3 Timer A (One-shot Timer Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register, the TAI register, bits TAOTGL and TAOTGH in the ONSF register and the
TRGSR register before setting the TAIS bit in the TABSR register to 1 (count starts).
Always make sure bits TAOTGL and TAOTGH in the TAIMR register, the ONSF register, and the
TRGSR register are modified while the TAIS bit remains 0 (count stops) regardless whether after
reset or not.

2. When setting TAIS bit to 0 (count stop), the followings occur:
* A counter stops counting and a content of reload register is reloaded.
 TAiouT pin outputs “L".
« After one cycle of the CPU clock, the IR bit in TAIIC register is set to 1 (interrupt request).

3. Output in one-shot timer mode synchronizes with a count source internally generated. When the
external trigger has been selected, a maximun delay of one cycle of the count source occurs be-
tween the trigger input to TAIIN pin and output in one-shot timer mode.

4. The IR bit is set to 1 when timer operation mode is set with any of the following procedures:
* Select one-shot timer mode after reset.
» Change an operation mode from timer mode to one-shot timer mode.
» Change an operation mode from event counter mode to one-shot timer mode.

To use the timer Ai interrupt (the IR bit), set the IR bit to O after the changes listed above have been
made.

5. When a trigger occurs while the timer is counting, the counter reloads the reload register value, and
continues counting after a second trigger is generated and the counter is decremented once. To
generate a trigger while counting, space more than one cycle of the timer count source from the first
trigger and generate again.

6. When selecting the external trigger for the count start conditions in timer A one-shot timer mode, do
generate an external trigger 300ns before the count value of timer A is set to 000016. The one-shot
timer does not continue counting and may stop.

7. If alow-level signal is applied to the SD pin when the IVPCRL bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TALouT, TA20uT and TA40uUT
pins go to a high-impedance state.
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22.6.1.4 Timer A (Pulse Width Modulation Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using bits
TAOTGL and TAOTGH in the TAIMR (i = 0 to 4) register, the TAi register, the ONSF register and the
TRGSR register before setting the TAIS bit in the TABSR register to 1 (count starts).

Always make sure bits TAOTGL and TAOTGH in the TAIMR register, the ONSF register and the
TRGSR register are modified while the TAIS bit remains 0 (count stops) regardless whether after
reset or not.

2. The IR bit is set to 1 when setting a timer operation mode with any of the following procedures:
* Select the PWM mode after reset.
» Change an operation mode from timer mode to PWM mode.
« Change an operation mode from event counter mode to PWM mode.
To use the timer Ai interrupt (interrupt request bit), set the IR bit to O by program after the above
listed changes have been made.

3. When setting TAIS register to O (count stop) during PWM pulse output, the following action occurs:
* Stop counting.
* When TAiouUT pin is output “H”, output level is set to “L” and the IR bit is set to 1.
* When TAIiouT pin is output “L”", both output level and the IR bit remains unchanged.

4. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20uUT and TA40UT
pins go to a high-impedance state.
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22.6.2 Timer B
22.6.2.1 Timer B (Timer Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i= 0 to 2) register and TBi register before setting the TBiS bit in the TABSR register to 1 (count
starts).
Always make sure the TBIMR register is modified while the TBIiS bit remains 0 (count stops) regard-
less whether after reset or not.

2. The counter value can be read out at any time by reading the TBi register. However, if this register
is read at the same time the counter is reloaded, the read value is always FFFF16. If the TBi register
is read after setting a value in it but before the counter starts counting, the read value is the one that
has been set in the register.

22.6.2.2 Timer B (Event Counter Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i= 0 to 2) register and TBi register before setting the TBiS bit in the TABSR register to 1 (count
starts).

Always make sure the TBIMR register is modified while the TBiS bit remains 0 (count stops) regard-
less whether after reset or not.

2. The counter value can be read out at any time by reading the TBi register. However, if this register
is read at the same time the counter is reloaded, the read value is always FFFF16. If the TBi register
is read after setting a value in it but before the counter starts counting, the read value is the one that
has been set in the register.

22.6.2.3 Timer B (Pulse Period/pulse Width Measurement Mode)
1. The timer remains idle after reset. Set the mode, count source, etc. using the TBIMR (i = 0 to 2)
register before setting the TBIS bit in the TABSR or the TBSR register to 1 (count starts).
Always make sure the TBiIMR register is modified while the TBiS bit remains 0 (count stops) regard-
less whether after reset or not. To clear the MR3 bit to 0 by writing to the TBIMR register while the
TBIS bit is set to 1 (count starts), be sure to write the same value as previously written to bits
TMODO, TMOD1, MRO, MR1, TCKO, and TCK1 and a 0 to the MR2 bit.

2. The IR bit in TBIIC register (i=0 to 2) goes to 1 (interrupt request), when an effective edge of a
measurement pulse is input or timer Bi is overflowed. The factor of interrupt request can be deter-
mined by use of the MR3 bit in TBIMR register within the interrupt routine.

3. If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse
input and a timer overflow occur at the same time, use another timer to count the number of times
timer B has overflowed.

4. To set the MR3 bit to 0 (no overflow), set TBIMR register with setting the TBiS bit to 1 and counting
the next count source after setting the MR3 bit to 1 (overflow).

5. Use the IR bit in TBIlC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor within the interrupt routine.
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6. When a count is started and the first effective edge is input, an undefined value is transferred to the
reload register. At this time, timer Bi interrupt request is not generated.

7. A value of the counter is undefined at the beginning of a count. MR3 may be set to 1 and timer Bi
interrupt request may be generated between a count start and an effective edge input.

8. For pulse width measurement, pulse widths are successively measured. Use program to check
whether the measurement result is an “H” level width or an “L” level width.

22.6.3 Three-phase Motor Control Timer Function

When the IVPCRL1 bit in the TB2SC register is set to 1 (three-phase output forced cutoff by SD pin input
(high-impedance) enabled), the INVO3 bit in the INVCO register is set to 1 (three-phase motor control
timer output enabled), and a low-level ("L") signal is applied to the SD pin while a three-phase PWM
signal is output, the MCU is forced to cutoff and pins U, U, V, V, W, and W are placed in a high-impedance
state and the INVO3 bit is set to O (three-phase motor control timer output disabled).

To resume the three-phase PWM signal output from pins U, U, V, V, W, and W, set the INVO3 bit to 1 and
the IVPCR1 bit to 0 (three-phase output forced cutoff disabled) after the SD pin level becomes "H". Then
set the IVPCR1 bit to 1 (three-phase output forced cutoff enabled) in order to enable the three-phase
output forced cutoff function by input to the SD pin again.

The INVO3 bit cannot be set to 1 while an "L" signal is input to the SD pin. To set the INVO3 bit to 1 after
forcible cutoff, write 1 to the INVO3 bit and read the bit to ensure that it is set to 1 by program. Then set the
IVPCR1 bit to 1 after setting it to O.
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22.7 Timer S
22.7.1 Rewrite the G1IR Register

Bits in the G1IR register are not automatically set to 0 (no interrupt requested) even if a requested inter-
rupt is acknowledged. Set each bit to O by program after the interrupt requests are verified.

The IC/OC interrupt is generated when any bit in the G1IR register is set to 1 (interrupt requested) after all
the bits are set to 0. If conditions to generate an interrupt are met when the G1IR register holds the value
other than 0016, the IC/OC interrupt request will not be generated. In order to enable an IC/OC interrupt
request again, clear the G1IR register to 0016. Use the following instructions to set each bit in the G1IR
register to 0.

Subject instructions: AND, BCL

Figure 22.3 shows an example of IC/OC interrupt i flow chart.

( Interrupt(1) )

GlIRi=17

Set the G1IRi bitto 0

v

Process channel i waveform generating interrupt

GlIRj=17?

Set the G1IRj bitto O

v

Process channel j time measurement interrupt

GlIR=07?

Yes

( Interrupt completed )

NOTE:
1. Example for the interrupt operation when using the channel i waveform generating interrupt and
channel j time measurement interrupt.

Figure 22.3 IC/OC Interrupt i Flow Chart
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22.7.2 Rewrite the ICOCIIC Register
When the interrupt request to the ICOCIIC register is generated during the instruction process, the IR bit
may not be set to 1 (interrupt requested) and the interrupt request may not be acknowledged. At that time,
when the bit in the G1IR register is held to 1 (interrupt requested), the following IC/OC interrupt request
will not be generated. When changing the ICOCIIC register settiing, use the following instruction.
Subject instructions: AND, OR, BCLR, BSET

When initializing Timer S, change the ICOCIIC register setting with the request again after setting regis-
ters I0CIIC and G1IR to 001s6.

22.7.3 Waveform Generating Function

1. If the BTS bit in the G1BCR1 register is set to 0 (base timer is reset) when the waveform is generating

and the base timer is stopped counting, the waveform output pin keeps the same output level. The output

level will be changed when the base timer and the G1PQOj register match the setting value next time after
the base timer starts counting again.

2. If the G1IPOCR;j register is set when the waveform is generated, the same setting value of the IVL bit is

applied to the waveform generating pin. Do not set the G1POCR;j register when the waveform is generat-

ing.

3. When the RST1 bit in the G1BCRL1 register is set to 1 (the base timer is reset by matching the G1POO0
register), the base timer is reset after two clock cycles of fBT1 when the base timer value matches the
G1POO register value. A high-level ("H") signal is applied to the OUTC10 pin between the base timer
value match to the base timer reset.

22.7.4 1C/OC Base Timer Interrupt
If the MCU is operated in the combination selected from Table 22.1 for use when the RST4 bit in the
G1BCRO register is set to 1 (reset the base timer that matches the G1BTRR register) to reset the base
timer, an IC/OC base timer interrupt request is generated twice.

Table 22.1 Uses of IT Bit in the G1BCRO Register and G1BTRR Register
IT Bit in the G1BCRO Register G1BTRR Register

0 (bit 15 in the base timer overflows) 07FFF16 to OFFFE16

03FFF16 to OFFFE16 or

1 (bit 14 in the base timer overflows) OBFFF16 to OFFFE16

The second IC/OC base timer interrupt request is generated because the base timer overflow request is
generated after one fBT1 clock cycle as soon as the base timer is reset.

One of the following conditions must be met in order not to generate the IC/OC base timer interrupt

request twice:

1) When the RST4 bit is set to 1, set the G1BTRR register with a combination other than what is listed in
Table 22.1.

2) Do not reset the base timer by matching the G1BTRR register. Reset the base timer by matching the
G1PO0O0 register. In other words, do not set the RST4 bit to 1 to reset the base timer. Set the RST1 bit in
the G1BCRL1 register to 1 (reset the base timer that matches the G1PO0O register).
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22.8 Serial 1/10
22.8.1 Clock-Synchronous Serial 1/10

22.8.1.1 Transmission/reception
1. With an external clock selected, and choosing the RTS function, the output level of the RTSi pin
goes to “L” when the data-receivable status becomes ready, which informs the transmission side
that the reception has become ready. The output level of the RTSi pin goes to “H” when reception
starts. So if the RTSi pin is connected to the CTSi pin on the transmission side, the circuit can
transmission and reception data with consistent timing. With the internal clock, the RTS function
has no effect.

2. If a low-level signal is applied to the SD pin when the IVPCRL bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the P73/RTS2/TxD1(when the
U1MAP bit in PACR register is 1) and CLK2 pins go to a high-impedance state.

22.8.1.2 Transmission

When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO
register is set to O (transmit data output at the falling edge and the receive data taken in at the rising
edge of the transfer clock), the external clock is in the high state; if the CKPOL bit in the UiCO register
is set to 1 (transmit data output at the rising edge and the receive data taken in at the falling edge of the
transfer clock), the external clock is in the low state.

» The TE bit in UiC1 register is set to 1 (transmission enabled)

» The Tl bit in UiC1 register is set to 0 (data present in UiTB register)

« If CTS function is selected, input on the CTSi pin is set to “L”

22.8.1.3 Reception
1. In operating the clock-synchronous serial 1/0O, operating a transmitter generates a shift clock. Fix
settings for transmission even when using the device only for reception. Dummy data is output to
the outside from the TxDi pin when receiving data.

2. When an internal clock is selected, set the TE bit in the UiC1 register (i = 0 to 2) to 1 (transmission
enabled) and write dummy data to the UiTB register, and the shift clock will thereby be generated.
When an external clock is selected, set the TE bit in the UiC1 register (i = 0 to 2) to 1 and write dummy
data to the UiTB register, and the shift clock will be generated when the external clock is fed to the CLKi
input pin.

3. When successively receiving data, if all bits of the next receive data are prepared in the UARTI
receive register while the RE bit in the UiC1 register (i = 0 to 2) is set to 1 (data present in the UIRB
register), an overrun error occurs and the UiRB register OER bit is set to 1 (overrun error occurred).
In this case, because the content of the UiRB register is undefined, a corrective measure must be
taken by programs on the transmit and receive sides so that the valid data before the overrun error
occurred will be retransmitted. Note that when an overrun error occurred, the SiRIC register IR bit
does not change state.

4. To receive data in succession, set dummy data in the lower-order byte of the UiTB register every
time reception is made.

5. When an external clock is selected, make sure the external clock is in high state if the CKPOL bit is
set to 0, and in low state if the CKPOL bit is set to 1 before the following conditions are met:
» The RE bit in the UiC1 register is set to 1 (reception enabled)
» The TE bit in the UiC1 register is set to 1 (transmission enabled)
» The TI bit in the UiC1 register= 0 (data present in the UiTB register)
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22.8.2 UART Mode
22.8.2.1 Special Mode 1 (12C bus Mode)
When generating start, stop and restart conditions, set the STSPSEL bit in the U2SMRA4 register to 0
and wait for more than half cycle of the transfer clock before setting each condition generate bit
(STAREQ, RSTAREQ and STPREQ) from O to 1.

22.8.2.2 Special Mode 2
If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the RTS2 and CLK2 pins go to a high-
impedance state.

22.8.2.3 Special Mode 4 (SIM Mode)
A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to 1 (transmission
complete) and U2ERE bit to 1 (error signal output) after reset. Therefore, when using SIM mode, be
sure to clear the IR bit to 0 (no interrupt request) after setting these bits.

22.8.3 S1/03, S1/04

The SOUTI default value which is set to the SOUTI pin by the SMi7 bit approximately 10ns may be output
when changing the SMi3 bit from 0 (I/O port) to 1 (SOUTi output and CLKfunction) while the SMi2 bit in
the SiC (i=3 and 4) to 0 (SOUTi output) and the SMi6 bit is set to 1 (internal clock). And then the SOUTi
pin is held high-impedance.

If the level which is output from the SOUTi pin is a problem when changing the SMi3 bit from 0 to 1, set the
default value of the SOUTI pin by the SMi7 bit.
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22.9 A/D Converter

1. Set registers ADCONO (except bit 6), ADCON1, ADCON2 and ADTRGCON when A/D conversion is
stopped (before a trigger occurs).

2. When the VCUT bit in ADCONL1 register is changed from 0 (Vref not connected) to 1 (Vref connected),
start A/D conversion after passing 1 ps or longer.

3. To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVcc, VREF, and analog input pins (ANi, ANOi, AN2i(i=0 to 7), and AN3i(i=0 to
2)) each and the AVss pin. Similarly, insert a capacitor between the VVcci pin and the Vss pin. Figure
22.5 is an example connection of each pin.

4. Make sure the port direction bits for those pins that are used as analog inputs are set to 0 (input mode).
Also, if the TGR bit in the ADCONO register is set to 1 (external trigger), make sure the port direction bit
for the ADTRG pin is set to O (input mode).

5. When using key input interrupts, do not use any of the four AN4 to AN7 pins as analog inputs. (A key
input interrupt request is generated when the A/D input voltage goes low.)

6. The @aD frequency must be 10 MHz or less. Without sample-and-hold function, limit the @aD frequency
to 250kHz or more. With the sample and hold function, limit the @ab frequency to 1IMHz or more.

7. When changing an A/D operation mode, select analog input pin again in bits CH2 to CHO in the
ADCONO register and bits SCAN1 to SCANO in the ADCONL1 register.

MCU
Vcc ? Vcc
Vcc AVcc
C4
Vss VREF @
c1 Cc2—
AVss {_T
C3
anil— T
777

ANi: ANi, ANOi, AN2i (i=0 to 7), and AN3i(i=0 to 2)

NOTES:
1. C1 0.47pF, C2 0.47pF, C3 100pF, C4 0.1pF (reference)
2. Use thick and shortest possible wiring to connect capacitors.

Figure 22.4 Use of capacitors to reduce noise
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8. If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A/D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

» When operating in one-shot, single-sweep mode, simultaneous sample sweep mode, delayed
trigger mode 0 or delayed trigger mode 1
Check to see that A/D conversion is completed before reading the target ADi register. (Check the
ADIC register’s IR bit to see if A/D conversion is completed.)
* When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

9. If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO
register to 0 (A/D conversion halted), the conversion result of the A/D converter is undefined. The
contents of ADi registers irrelevant to A/D conversion may also become undefined. If while A/D conver-
sion is underway the ADST bit is cleared to 0 in a program, ignore the values of all ADi registers.

10. When setting the ADST bit in the ADCON register to 0 and terminating forcefully by a program in
single sweep conversion mode, A/D delayed trigger mode 0 and A/D delayed trigger mode 1 during
A/D converting operation, the A/D interrupt request may be generated. If this causes a problem, set the
ADST bit to 0 after an interrupt is disabled.
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22.10 Multi-Master 12C bus Interface
22.10.1 Writing to the SO0 Register

When the start condition is not generated, the SCL pin may output the short low-signal ("L") by setting the
SO0 register. Set the register when the SCL pin outputs an "L" signal.

22.10.2 AL Flag

When the arbitration lost is generated and the AL flag in the S10 register is set to 1 (detected), the AL flag
can be cleared to 0 (not detected) by writing a transmit data to the SO0 register. The AL flag should be
cleared at the timing when master geneates the start condition to start a new transfer.
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22.11 CAN Module
22.11.1 Reading COSTR Register

The CAN module on the M16C/29 Group updates the status of the COSTR register in a certain period.
When the CPU and the CAN module access to the COSTR register at the same time, the CPU has the
access priority; the access from the CAN module is disabled. Consequently, when the updating period of
the CAN module matches the access period from the CPU, the status of the CAN module cannot be
updated. (See Figure 22.5)

Accordingly, be careful about the following points so that the access period from the CPU should not
match the updating period of the CAN module:

(1) There should be a wait time of 3fcaN or longer (see Table 22.2) before the CPU reads the COSTR
register. (See Figure 22.6)

(2) When the CPU polls the COSTR register, the polling period must be 3fcaN or longer. (See Figure
22.7)

Table 22.2 CAN Module Status Updating Period

3fcan period = 3 0 Xiv (Original oscillation period) 0 Division value of the CAN clock (CCLK)
(Example 1) Condition Xin 16 MHz CCLK: Divided by 1 3fcan period =3 062.5ns01=187.5ns
(Example 2) Condition Xiv 16 MHz CCLK: Divided by 2 3fcan period =3 062.5ns 02 =375ns
(Example 3) Condition Xin 16 MHz CCLK: Divided by 4 3fcan period =3 062.5ns 04 =750ns
(Example 4) Condition Xin 16 MHz CCLK: Divided by 8 3fcan period =3 062.5ns08=1.5ps
(Example 5) Condition Xin 16 MHz CCLK: Divided by 16 |3fcan period =3 062.5ns0 16 =3 ps
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fcan

CPU read signal

il [ [] N [] []
Updatng perodof 7] ] ] N N [
] 1

CPU reset signal

COSTR register YO [ o oY ooy
b8: State_Reset bit H H H H H
0: CAN operation

mode i X X
1: CAN reset/initial- J: When the CAN module’s State_Reset bit updating period matches the CPU’s read
ization mode period, it does not enter reset mode, for the CPU read has the higher priority.

Figure 22.5 When Updating Period of CAN Module Matches Access Period from CPU

Wait time
CPU read signal H H |_|
Updating period of
the CAN module
CPU reset signal b
COSTR register o)
b8: State_Reset bit

0: CAN operation

d - S :
1: ggNeresetlinitial— O: Updated without fail in period of 3fcan

ization mode

Figure 22.6 With a Wait Time of 3fcan Before CPU Read

CPU read signal |_| |_|
: 4fcan
Updating period of |_| |_| ; |_| |_| |_|
the CAN module ;
CPU reset signal

COSTR register e O
b8: State_Reset bit H
0: CAN operation

mode 0: When the CAN module’s State_Reset bit updating period matches the CPU’s read
1: CAN reset/initial- period, it does not enter reset mode, for the CPU read has the higher priority.
ization mode

QO: Updated without fail in period of 4fcAN

Figure 22.7 When Polling Period of CPU is 3fcAaN or Longer
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22.11.2 CAN Transceiver in Boot Mode

When programming the flash memory in boot mode via CAN bus, the operation mode of CAN transceiver
should be set to “high-speed mode” or “normal operation mode”. If the operation mode is controlled by the
MCU, CAN transceiver must be set the operation mode to “high-speed mode” or “normal operation mode”
before programming the flash memory by changing the switch etc. Table 22.3 and 22.4 show pin connec-

tions of CAN

transceiver.

Table 22.3 Pin Connections of CAN Transceiver (In case of PCA82C250: Philips product)

e

Switch OFF

CTxo——p{TxD CANH
CRxo [¢———]|RxD CANL

Port @ é’ Rs

Standby mode High-speed mode
Rs pin (Note 1) [ “H” “L”
CAN communication| impossible possible
Connection
M16C/29 M16C/29
PCA82C250 PCA82C250

CTxo——p{TxD CANH
CRxo [¢———]RxD CANL

Port @

Switch ON

Rs

Note 1: The pin which controls the operation mode of CAN transceiver.
Note 2: Connect to enabled port to control CAN transceiver.

Table 22.4 Pin Connections of CAN Transceiver (In case of PCA82C252: Philips product)

Switch OFF

Sleep mode Normal operation mode
STB pin (Note 1) | “L” “H”
EN pin (Note 1)| “L” “H”
CAN communication| impossible possible
Connection
M16C/29 PCA82C252 M16C/29 PCA82C252
CTxo——p|TxD CANH >< CTxo——pTxD CANH
CRxo 4?7 RxD CANL CRxo [¢=——RxD CANL
Port @ %} STB Port @ STB
Port @ é} EN Port @ EN

Switch ON

Note 1: The pin which controls the operation mode of CAN transceiver.
Note 2: Connect to enabled port to control CAN transceiver.
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22.12 Programmable I/O Ports

1. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the P72 to P75, P80 and P81 pins go to
a high-impedance state.

2. The input threshold voltage of pins differs between programmable input/output ports and peripheral
functions.
Therefore, if any pin is shared by a programmable input/output port and a peripheral function and the
input level at this pin is outside the range of recommended operating conditions VIH and VIL (neither
“high” nor “low”), the input level may be determined differently depending on which side—the program-
mable input/output port or the peripheral function—is currently selected.

3.When the SM32 bit in the S3C register is set to 1, the P32 pin goes to high-impedance state. When the
SM42 bit in the S4C register is set to 1, the P96 pin goes to high-imepdance state.

4. When the INVO03 bit in the INVCO register is 1(three-phase motor control timer output enabled), an "L"
input on the P85 /NMI/SD pin, has the following effect.

*When the TB2SC register IVPCRL1 bit is set to 1 (three-phase output forcible cutoff by input on
SD pin enabled), the U/ U/ V/ V/ W/ W pins go to a high-impedance state.

*When the TB2SC register IVPCRL1 bit is set to 0 (three-phase output forcible cutoff by input on
SD pin disabled), the U/ U/ V/ V/ W/ W pins go to a normal port.

Therefore, the P85 pin can not be used as programmable 1/0O port when the INVO3 bit is set to 1.
When the SD function isn't used, set to 0 (Input) in PD8s and pullup to H in the P85 /NMI/SD pin from
outside.
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22.13 Electric Characteristic Differences Between Mask ROM

and Flash Memory Version
Flash memory version and mask ROM version may have different characteristics, operating margin, noise
tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern,
etc. When switching to the mask ROM version, conduct equivalent tests as system evaluation tests con-

ducted in the flash memory version.
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22.14 Mask ROM Version
22.14.1 Internal ROM Area

In the masked ROM version, do not write to internal ROM area. Writing to the area may increase power
consumption.

22.14.2 Reserved Bit
The b3 to b0 in addresses OFFFFF16 are reserved bits. Set these bits to 11112.
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22.15 Flash Memory Version
22.15.1 Functions to Inhibit Rewriting Flash Memory Rewrite

ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716,
and OFFFFB16. If wrong data are written to theses addresses, the flash memory cannot be read or written
in standard serial /O mode.

The ROMCP register is mapped in address OFFFFF16. If wrong data is written to this address, the flash
memory cannot be read or written in parallel I/O mode.

In the flash memory version of MCU, these addresses are allocated to the vector addresses ("H") of fixed
vectors. The b3 to b0 in address OFFFFF16 are reserved bits. Set these bits to 11112.

22.15.2 Stop Mode

When the MCU enters stop mode, execute the instruction which sets the CM10 bit to 1 (stop mode) after
setting the FMRO1 bit to 0 (CPU rewrite mode disabled) and disabling the DMA transfer.

22.15.3 Wait Mode

When the MCU enters wait mode, excute the WAIT instruction after setting the FMRO1 bit to 0 (CPU
rewrite mode disabled).

22.15.4 Low PowerDissipation Mode, On-Chip Oscillator Low Power Dissipation Mode
If the CMO5 bit is set to 1 (main clock stop), the following commands must not be executed.

* Program
* Block erase

22.15.5 Writing Command and Data
Write the command code and data at even addresses.

22.15.6 Program Command
Write xx4016 in the first bus cycle and write data to the write address in the second bus cycle, and an auto
program operation (data program and verify) will start. Make sure the address value specified in the first
bus cycle is the same even address as the write address specified in the second bus cycle.

22.15.7 Operation Speed
When CPU clock source is main clock, before entering CPU rewrite mode (EW mode 0 or 1), select 10
MHz or less for BCLK using the CMO06 bit in the CMO register and bits CM17 to CM16 in the CML1 register.
Also, when CPU clock is f3(ROC) on-chip oscillator clock, before entering CPU rewrite mode (EW mode
0 or 1), set the ROCR3 to ROCR?2 bits in the ROCR register to “divied by 4” or “divide by 8.
On both cases, set the PM17 bit in the PM1 register to 1 (with wait state).

22.15.8 Instructions Inhibited Against Use
The following instructions cannot be used in EW mode 0 because the flash memory’s internal data is
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction
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22.15.9 Interrupts
EW Mode 0

» Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

» The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 register
are initialized when one of those interrupts occurs. The jump addresses for those interrupt service
routines should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

» The address match interrupt cannot be used because the flash memory’s internal data is referenced.

EW Mode 1

» Make sure that any interrupt which has a vector in the variable vector table or address match inter-
rupt will not be accepted during the auto program period or auto erase period with erase-suspend
function disabled.

» The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed
vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.

22.15.10 How to Access

To set the FMRO1, FMR02, FMR11 or FMR16 bit to 1, set the subject bit to 1 immediately after setting to
0. Do not generate an interrupt or a DMA transfer between the instruction to set the bit to 0 and the
instruction to set the bit to 1. Set the bit while either the PM24 bit in the PM2 register is set to 0 (NMI
disable) or the PM24 bit is set to 1 (NMI funciton) and a high-level (“H”) signal is applied to the NMI pin.

22.15.11 Writing in the User ROM Area

EW Mode 0
« If the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse-
qguently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial I/
O or parallel I/O mode should be used.
EW Mode 1
* Avoid rewriting any block in which the rewrite control program is stored.

22.15.12 DMA Transfer

In EW mode 1, make sure that no DMA transfers will occur while the FMROO bit in the FMRO register is set
to O(during the auto program or auto erase period).

22.15.13 Regarding Programming/Erasure Times and Execution Time

As the number of programming/erasure times increases, so does the execution time for software com-
mands (Program, and Block Erase).

The software commands are aborted by hardware reset 1, brown-out detection reset (hardware reset 2),
NMI interrupt, and watchdog timer interrupt. If a software command is aborted by such reset or interrupt,
the affected block must be erased before reexecuting the aborted command.
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22.15.14 Definition of Programming/Erasure Times
"Number of programs and erasure" refers to the number of erasure per block.
If the number of program and erasure is n (n=100 1,000 10,000) each block can be erased n times.
For example, if a 2K byte block A is erased after writing 1 word data 1024 times, each to a different
address, this is counted as one program and erasure. However, data cannot be written to the same
adrress more than once without erasing the block. (Rewrite prohibited)

22.15.15 Flash Memory Version Electrical Characteristics 10,000 E/W cycle products (

Normal: U7, U9; T-ver./V-ver.: U7)
When Block A or B E/W cycles exceed 1000, set the FMR17 bit in the FMRL1 register to 1 (1 wait) to select
one wait state per block access for products U7 and U9. When the FMR17 bit is set to 1, one wait state is
inserted per access to Block A or B - regardless of the value of the PM17 bit. Wait state insertion during
access to all other blocks, as well as to internal RAM, is controlled by the PM17 bit - regardless of the
setting of the FMR17 bit.
To use the limited number of erasure efficiently, write to unused address within the block instead of
rewite. Erase block only after all possible address are used. For example, an 8-word program can be
written 128 times before erase becomes necessary.
Maintaining an equal number of erasure between Block A and B will also improve efficiency.
We recommend keeping track of the number of times erasure is used.

22.15.16 Boot Mode

An undefined value is sometimes output in the 1/O port until the internal power supply becomes stable
when "H" is applied to the CNVss pin and "L" is applied to the RESET pin.
When setting the CNVss pin to "H", the following procedure is required:

(1) Apply an "L" signal to the RESET pin and the CNVss pin.

(2) Bring Vcc to more than 2.7V, and wait at least 2 msec. (Internal power supply stable waiting time)
(3) Apply an "H" signal to the CNVss pin.

(4) Apply an "H" signal to the RESET pin.

When the CNVss pin is “H” and RESET pin is “L”, P67 pin is connected to the pull-up resister.
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22.16 Noise

Connect a bypass capacitor (approximately 0.1uF) across the Vcc and Vss pins using the shortest and

thicker possible wiring. Figure 22.8 shows the bypass capacitor connection.

M16C/29 Group

Connecting Pattern Connectlng Pattern

Bypass Capacitor

Figure 22.8 Bypass Capacitor Connection
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22.17 Instruction for a Device Use

When handling a device, extra attention is necessary to prevent it from crashing during the electrostatic
discharge period.
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Appendix 1. Package Dimensions

JEITA Package Code

RENESAS Code |

Previous Code

[ MASS[Typ.]

P-LOFP64-10x10-0.50

PLOPO064KB-A |

64P60-A | FP-64K / FP-64KV ‘

0.3g

b

NOTE)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

He

u%uuu.umnmuuu

=3

= a

[P

by

Terminal cross section

* = Dimension in Millimeters
° Symbol [ Min | Nom | Max
D [ 9.9]10.0]10.1
E | 99 ]10.0]10.1
Terminal cross section A2 — 14 R
Hp | 11.8|12.0| 12.2
He | 11.8] 12.0| 12.2
Al—|— 117
A1 [0.05] 0.1 |0.15
bp [0.15]0.20]0.25
b; [ —]018] —
< @ TN c [0.09]0.145| 0.20
1 J\ c1 0.125
- ‘fj“’ 6 | oo — | 8
< L e |—]05]—
L x | — [ —o0.08
- y — | — [ 0.08
Detail F ZD - 125 —
Ze | — 125 —
L [035] 05 |0.65
L | — 10| —
JEITA Package Code | RENESAS Code [ Previous Code | MASS[Typ.] |
P-LOFP80-12x12-050 | PLOPOO8OKB-A | 80P60-A | 059 |
NOTE)

1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

Ay

Detail F

Dimension in Millimeters

Symbol [ Min | Nom [ Max

D | 11.9] 12.0] 12.1

E | 11.9]12.0] 121

A2 | — |14 | —

Hp | 13.8]| 14.0| 14.2

He | 13.8| 14.0] 14.2

A — | — | 17

Aq 0 0.1 0.2

by | 0.15] 0.20| 0.25

by — 018 —
. [ 0.09|0.145| 0.20

1y = 0.125

7 7 © 2 0° | — | 10°
L e | —]05| —
b x | — | — 008
y |[— [ — 008

Zp | — | 125 —

Zg | — | 1.25| —

L 03] 05| 07

L | — ] 10| —
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Appendix 2. Functional Comparison
Appendix 2.1 Difference between M16C/28 Group and M16C/29 Group (Normal-ver.) @)

Iltem Description M16C/28(Normal-ver.) M16C/29(Normal-ver.)
Clock Clock output function (function . .
Generation of bl to b0 bits in the CMO Not available (reserved bit) bAi\t/)allable (clock output function select
Circuit register)
Protection Enable to set the CMO, CM1, CM2
. . Enable to set the CM0, CM1, CM2, ' 4 '
Function of the PRCO bit POCR, PLCO and PCLKR registers PO_CR, PLCO, PCLKR and CCLKR
registers
Interrupt The IFSR20 bit setting in the

IFSR2A register

Setto 1

Setto O

The b1 bit in the IFSR2A
register

Not available (reseved bit)

Interrupt cause switching bit (0: A/D
conversion, 1:key input)

The b2 bit in the IFSR2A
register

Not available (reseved bit)

Interrupt cause switching bit (0: CANO
wake-up/ error)

Interrupt cause in the Interrupt
number 13

Key input interrupt

CANO error

Interrupt cause in the Interrupt
number 14

Key input interrupt

A/D, key input interrupt

Three-phase
Motor Control
Timer

Three-phase port switching
function (function of 035816)

Not available (reserved register)

Available (port function select register)

A/D Number of A/D input pin 24 channels (excluding AN30 to AN32) | 27 channels (including AN30 to AN32)
Delayed trigger mode 0 Not avgllable in the 1st chip version Available
and chip version A
Delayed trigger mode 1 Not ava_ulable in the 1st chip version Available
and chip version A
CAN module compatible to 2.08 Not avallable_ (all related registers are Available (1 channel)
reserved registers)
CRC Available (compatible to CRC- | Not available (all related registers are Available (1 circuit)
Calculation CCITT and CRC-16 methods) | reserved registers)
Pin Function |2 pins (80—p|n_/85—p|n package), PO3/AN24 PO3/AN24/CTX
62 pins (64-pin package)
8 pins (80-pin/85-pin package), | po, gy P92/AN32/TB2IN/CRX
64 pins (64-pin package)
4 pins (80-pin/85-pin package), | pg, gy PO1/AN31/TBLIN
1 pin (64-pin package)
5 pins (80-pin/85-pin package), | pg, oy P90/AN30/TBOIN/CLKOUT
2 pins (64-pin package)
Flash P93 in standard serial 1/0 | (other than 128 Kbyte version) CTX outout
Memory mode 1/0 (128 Khbyte version) p
I: Input  O: Output  1/O: Input and output
NOTE:

1. Since the M16C/28 group uses the common emulator used in the M16C/29 group, all the functions are available for
M16C/28. When evaluating M16C/28 group, do not access to the SFR which is not built-in the M16C/28 gorup.
Refere to hardware manual for details and electrical characteristics.
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Appendix 2.2 Difference between M16C/28 and M16C/29 Group (T-ver./V-ver.) 1)

Item Description M16C/28(T-ver./V-ver.) M16C/29(T-ver./V-ver.)
Protection Enable to set the CM0O, CM1, CM2
. . Enable to set the CM0, CM1, CM2, ' 4 '
Function of the PRCO bit POCR, PLCO and PCLKR registers PO_CR, PLCO, PCLKR and CCLKR
registers
Interrupt The IFSR20 bit setting in the
IFSR2A register Setto 1 Setto 0
The_ b1l bit in the IFSR2A Not available (reserved bit) Interrupt' caus.e sw_ltchmg bit (0: A/D
register conversion, 1:key input)
Thg b2 bit in the IFSR2A Not available (reserved bit) Interrupt cause switching bit (0: CANO
register wake-up/ error)
Interrupt cause in the Interrupt . .
number 13 Key input interrupt CANO error
Interrupt cause in the Interrupt . . . .
number 14 Key input interrupt A/D, key input interrupt
CAN module compatible to 2.08 Not avallable_ (all related registers are Available (1 channel)
reserved registers)
Pin Function | 2 pins (80-pin/85-pin package), P93/AN24 P93/AN24/CTX
62 pins (64-pin package)
8 pins (80-pin/85-pin package), | pq, gy P92/AN32/TB2IN/CRX
64 pins (64-pin package)
I: Input  O: Output  1/O: Input and output
NOTE:

1. Since the M16C/28 group uses the common emulator used in the M16C/29 group, all the functions are available for
M16C/28. When evaluating M16C/28 group, do not access to the SFR which is not built-in the M16C/28 gorup.
Refere to hardware manual for details and electrical characteristics.
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Register Index

A DMOIC 76
DMOSL 93
ADO to AD7 226 DM1CON 94
ADCONO to ADCON2 224 DM1IC 76
ADIC 76 DM1SL 94
ADSTATO 226 DTT 129
ADTRGCON 225
AIER 88 F
5 FMRO 341
FMR1 341
BCNIC 76 FMR4 342
BTIC 76
G
C
G1BCRO 142
CO1ERRIC 76 G1BCR1 143
CO1WKIC 76 G1BT 142
COAFS 299 G1BTRR 144
COCONR 297 G1DV 143
COCTLR 293 G1FE 148
COICR 296 G1FS 148
COIDR ?96 G1IE0O 150
COMCTLj 292 G1IE1 150
CORECIC 76 G1IR 149
CORECR 298 G1POO0 to G1PO7 147
COSSTR 295 G1POCRO to GIPOCR7 146
COSTR 294 G1TMO to G1TM7 146
COTECR 298 G1TMCRO to GITMCR7 145
COTRMIC 76 G1TPR6 to GITPR7 145
COTSR 299
CCLKR 53 !
CMO 49 ICOCOIC 76
CM1 50 ICOC1IC 76
CM2 51 ICTB2 129, 130
CPSRF 105, 118 IDBO 129
CRCD 314 IDB1 129
CRCIN 314 IFSR 77, 85
CRCMR 314 IFSR2A 77
CRCSAR 314 lICIC 76
D INTOIC to INT2IC 76
INT3IC 76
D4INT 40 INT4IC 76
DARO 95 INT5IC 76
DAR1 95 INVCO 127
DMOCON 94 INVC1 128
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Register Index

K

KUPIC 76

N

NDDR 327

@)

ONSF 105

P

POto P3 324
P17DDR 327

P6to P10 324
PACR 177, 326
PCLKR 52

PCR 326

PDO to PD3 323
PD6 to PD10 323
PDRF 137

PFCR 139

PLCO 53

PMO 44

PM1 44

PM2 45, 52
PRCR 69

PURO to PUR2 325

R

RMADO 88
RMAD1 88
ROCR 50
ROMCP 336

S

S00 258
S0D0 257
SORIC to S2RIC 76
SOTIC to S2TIC 76

S4BRG 218
S4C 218
S4D0 262
S4IC 76
S4TRR 218
SARO 95
SAR1 95
SCLDAIC 76

T

TAO to TA4 104
TAOIC to TA4IC 76
TAOMR to TA4MR 103
TA1l 130

TAIMR 133

TA2 130

TA21 130

TA2MR 133

TA4 130

TA41 130

TAAMR 133

TABSR 104, 118, 132
TBOto TB2 118
TBOIC to TB2IC 76
TBOMR to TB2MR 117
TB2 132

TB2MR 133

TB2SC 131, 227
TCRO 95

TCR1 95

TPRC 139

TRGSR 105, 132

U

UOBRG to U2BRG 174
UOCO to U2CO 176
UOClto U2C1 177
UOMR to U2MR 175
UORB to U2RB 174

S10 260

S1D0 259 UOTB to U2TB 174
S20 258 U2SMR 178
S2D0 263 U2SMR2 178
S31C 76 U2SMR3 179
S3BRG 218 U2SMR4 179
S3C 218 UCON 176
S3D0 261 UDF 104

S3TRR 218
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\Y,

VCR1 39
VCR2 39

w

WDC 90
WDTS 90

Rev. 1.11 Dec.11, 2006  page 458 of 458 RENESAS
REJO9B0101-0111



REVISION HISTORY M16C/29 Hardware Manual

Rev. Date Description
Page Summary
0.70|Mar/ 29/Y04 1 “1. Overview” and “1.1. Application” are partly revised.
2,3 Table 1.2.1 and 1.2.2 are partly revised.
8,9 Figure 1.5.1 and 1.5.2 are partly revised.
10 Table 1.6.1 is revised.
22 Figure 4.8 is partly revised.
28 Section “5.5 Voltage Detection Circuit” and Figure 5.5.2 are partly revised.
30 Figure 5.5.3 is partly revised.
31 Figure 5.5.4 is partly revised.
32 Section “5.5.1 Voltage Detection Interrupt” and “5.5.1.1.1 Limitations of Stop
Mode” are partly revised.
36 Figure 7.1 is partly revised.
37 Figure 7.2 is partly revised.
38 Figure 7.3 is partly revised.
39 Figure 7.5 is partly revised.
40 Figure 7.6 is partly revised.
41 “CCLKR register” of Figure 7.7 is partly revised.
42 Section “7.1 Main clock” is partly revised.
45 Figure 7.4.1 is partly revised.
46 Section “7.5 CPU Clock and Peripheral Function Clock” and “7.5.2 Peripheral
Function Clock” are partly revised.
54 Section “7.7 System Clock Protective Function” and “7.8 Oscillation Stop and Re-
oscillation Detect Function” are partly revised.
57 Figure 8.1 is partly revised.
64 Figure 9.3.1 is partly revised.
65 IFSR2A registerin Figure 9.3.2 is partly revised.
66 Section “9.3.2 IR Bit” is partly revised.
67 Section “9.4 Interrupt Sequence” is partly revised.
68 Section “9.4.1 Interrupt Response Time” and Figure9.4.1.1 are partly revised.
73 Section “9.6 INT Interrupt” is partly revised.
74 Section “9.9 CANO Wake-up Interrupt” is partly revised.
94 “Divide ratio” of Table 12.1.1.1 is partly revised.
102 “8-bit PWM” of Table 12.1.4.1 is partly revised.
106 “Timer Bi register” in Figure 12.2.3 is partly revised.
111 Section “12.2.4 A-D Trigger mode” and Table 12.2.4.1 are partly revised.
112 Figure 12.2.4.2 is partly revised.
115 Figure 12.3.2 is partly revised.
117 “Timer B2 interrupt occurences fequency set counter” in Figure 12.3.4 is partly
revised.
119 Figure 12.3.6 is partly revised.
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REVISION HISTORY

M16C/29 Hardware Manual

Rev. Date Description
Page Summary
122 “Figure 12.3.9 PFCR register and TPRC register” is deleted.
125 Figure 12.3.1.2.1 and the section 12.3.1.2.4 are partly revised.
126 Section “Three-phase/Port Output Switch Function” and “Figure 12.3.2.1 PFCR
register and TPRC register” are added.
166 “UART 2 special mode register 2" in Figure 14.1.8 is partly revised.
167 “UART 2 special mode register 3" in Figure 14.1.9 is partly revised.
210 Note 1 in Table 15.1.1.1 is deleted.
213 Figure 15.4 is partly revised.
214 Figure 15.5 is partly revised.
219 Section “15.1.3 Single Sweep mode” is partly revised.
221 Section “15.1.4 Repeat Sweep mode 0" is partly revised.
223 Section “15.1.5 Repeat Sweep mode 1" is partly revised.
225 Section “15.1.6 Simultaneous Sample Sweep Mode”, Table 15.1.6.1, and Figure
15.1.6.1 are partly revised.

228 Section “15.1.7 Delayed Trigger Mode 0” and Table 15.1.7.1 are partly revised.
229 Figure 15.1.7.1 is partly revised.

230, 231 | Figure 15.1.7.2 and 15.1.7.3 are partly revised.
232 Figure 15.1.7.3 is deleted.
235 Section “15.1.8 Delayed Trigger Mode 1” and Table 15.1.8.1 are partly revised.
241 Figure 15.5.1 is partly revised.

27610 300| Chapter “17. CAN Module” is revised.
301 Chapter “18. CRC Calculation Circuit” is partly revised.
303 Figure 18.3 is partly revised.
304 Chapter “19. Programmable 1/O ports” is partly revised.
305 Section “19.5 Pin Assignment Control Register” is partly revised.
313 “Pull-up control register” in Figure 19.3.1 is partly revised.
320 Table 20.4 and 20.5 and Note 6 and 10 are partly revised.
321 Note 3 in Table 20.6 is added.
342 Table 20.43 and 20.44 and Note 10 are partly revised.
343 Note 3 in Table 20.45 is added.

360 to 372| Section “20.3 V version” is deleted.
373 Table 21.1 is partly revised.
282 Section “*FMRO1 Bit”, “eFMRO02 Bit” and ““FMSTP Bit” are partly revised.
383 Section “*FMR16 Bit”, “« FMR17 Bit" and “FMR41 Bit” are partly revised.
384 Figure 21.5.1 is revised.
387 Figure 21.5.1.3 is partly revised.
392 Section “21.4.2 EW1 Mode” is partly revised.

Section “21.6.4 How to Access” is partly revised.
Section “21.7.5. Block Erase” is partly revised.
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REVISION HISTORY M16C/29 Hardware Manual

Rev. Date Description
Page Summary
399 Figure 21.9.1 is partly revised.
400 Figure 21.9.2 is partly revised.
403 Section “21.10.1 ROM Code Protect Function” is partly revised.
404 Section “21.11.1 ROM Code Protect Function” is partly revised.
Table 21.11.1 is revised.
405 Figure 21.11.1 is revised.
406 Figure 21.11.2 is revised.
407 Figure 21.11.3 is revised.
0.71|April/15/Y04|B-1 to B-3| “Quick Reference to Page Classified by Address” are revised.
B-4, B-5 | “Quick Reference to Page Classified by Address” are partly revised.
2,3 Table 1.2.1 and Table 1.2.2 is partly revised.
6,7 Table 1.4.1to 1.4.3is partly revised.
14 Not e2 in Figure 3.1 is added.
15 to 20 | Figure 4.1 to Figure 4.6 are revised.
21, 22, 25| Figure 4.7, Figure 4.8 and Figure 4.11 are partly revised.
29 Section “5.5 Voltage Detection Circuit” is partly revised.
33 Figure 5.5.1.1.2.1 is partly revised.
34 Figure 6.2 is partly revised.
40 The PM2 register in Figure 7.6 is partly revised.
64 Figure 9.3.1 is partly revised.
65 The IFSR2A register in Figure 9.3.2 is partly revised.
112 Figure 12.2.4.2 is partly revised.
119 Figure 12.3.6 is partly revised.
126 Section “12.3.2 Three-phase/Port Output Switch Function” is revised. Figure
“12.3.2.1. Usage Example of Three-phse/Port output switch function” is added.
130 Figure 13.2 is partly revised.
134 Figure 13.6 is partly revised.
137 Figure 13.10 is partly revised.
162 “UARTIi receive buffer register” in Figure 14.1.4 is partly revised.
170 Table 14.1.1.2 is partly revised.
177 Table 14.1.2.2 is partly revised.
184 Figure 14.1.3.1 is partly revised.
214 Figure 15.5 is partly revised.
230, 231 | Figure 15.1.7.2 and Figure 15.1.7.3 are partly revised.
233 Figure 15.1.7.5 is partly revised.
235 Section “15.1.8 Delayed Trigger Mode 1" is partly revised.
236, 237 | Figure 15.1.8.2 and Figure 15.1.8.3 are partly revised.
240 Section “15.3 Sample and Hold” and Figure 15.5.1 are partly revised.
244 Figure 16.2 is partly revised.
321 Table 20.4 and Table 20.5 are partly revised.
342 Table 20.43 and Table 20.44 are partly revised.
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REVISION HISTORY M16C/29 Hardware Manual

Rev. Date Description
Page _ Summary
360 Table 21.1 is partly revised.
368 Section “21.4.2 EW1 Mode” is partly revised.
0.80|Sep/03/Y04| 2,3 Table 1.2.1 and Table 1.2.2 are partly revised.
6,7 Table 1.4.1 to Table 1.4.3 are partly revised.
7 Figure 1.4.1 is partly revised.
8,9 Figure 1.5.1 and Figure 1.5.2 are partly revised.
21 Figure 4.7 is partly revised.
24 Figure 4.10 is partly revised.
26 Section “5.1.2 Hardware Reset 2” is partly revised.
29 to 34 | Section “5.5 Voltage Detection Circuit” is revised.
80 Section “10.2 Cold start / Warm start” is added.
322 Table 20.2 is partly revised.
323 Table 20.3 is partly revised.
325 Table 20.6 and Table 20.7 are partly revised.
327 Table 20.9 is partly revised.
331 Title of Table 20.23 is partly revised.
335 Table 20.25 is partly revised.
339 Title of Table 20.39 is partly revised.
343 Table 20.41 is partly revised.
344 Table 20.42 is partly revised.
346 “Low Voltage Detection Circuit Electrical Characteristics” is deleted.
Talbe 20.45 is partly revised.
348 Table 20.47 is partly revised.
352 Title of Table 20.61 is partly revised.
356 Talbe 20.63 is partly revised.
360 Title of Table 20.77 is partly revised.
398 64P6Q-A package is revised.
1.00{Nov/01/Y04| All pages| Words standardized (on-chip oscillator, A/D)
2,3 Table1.2.1 and Table 1.2.2 are partly revised.
8,9 Table 1.4.4 to 1.4.6 and figurel.4.2 to 1.4.6 are added.
28 “5.1.2 Hardware Reset 2" is partly revised.
29 “5.4 Oscillation Stop Detection Reset” is partly revised.
38 Table 7.1 is partly revised.
41 Note 6 in Figure 7.3 is partly revised. b7 to b4 bit in Figure 7.4 is revised.
42 Figure 7.5 is partly revised.
43 “PCLKR register” in Figure 7.6 is partly revised.
50 “7.6.1 Normal Operation Mode” is partly revised.
51 Note 1 in Table 7.6.1.1 is partly revised.
57 “7.8 Oscillation Stop and Re-oscillation Detect Function” is partly revised.
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REVISION HISTORY M16C/29 Hardware Manual

Rev. Date Description
Page Summary
66 “9.3 Interrupt Control” is partly revised.

76 “9.6 INT Interrupt” and “9.7 NMI Interrupt” are partly revised.
77 “9.8 Key Input Interrupt” and “9.9 CANO Wake-up Interrupt” are partly revised.
80 “10. Watchdog Timer” is partly revised.
80, 81 | “10.1 Count source protective mode” is partly revised.
81 Note 2 in Figure 10.2 is revised.
118 Figure 12.3.1 is partly revised.
121 “Three-phase output buffer register” in Figure 12.3.4 is partly revised.
133 to 138( Figure 13.1 to 13.6 are partly revised.
141 “Function enable register” in Figure 13.9 is partly revised.
150 Table 13.4.1 is partly revised.
161 “13.6 I/O Port Function Select” is partly revised.
198 Figure 14.1.4.1 is partly revised.
209 Figure 14.2.1 is partly revised.
210 Figure 14.2.2 is partly revised.
214 “Integral Nonlinearity Error” in Table 15.1 is partly revised.
253,254 | Figure 16.6 and Figure 16.7 are partly revised.
261 “16.5.4 Bit 3: Arbitration lost detection flag” is partly revised.
266 “16.6.5 12C system clock select bits” and Talbe 16.6 are partly revised.
275 “9)” in “16.13.2 Example of Slave Receive” is revised.
296 “17.3 Configuration of the CAN Module System Clock” is partly revised.
306 “18.1 CRC snoop” is partly revised.
337 Table 20.25 is partly revised.
368 “21.1 Flash Memory Performance” is partly revised.
367,368 | “21.2 Memory Map” is partly revised.
372 “21.4 CPU Rewrite Mode” is partly revised.
373 “21.4.1 EWO0 Mode” and “21.4.2 EW1 Mode” are partly revised.
374 “FMROL1 Bit” is partly revised.
375 “FMR17 Bit” is partly revised.
383 “21.7.4 Program Command (4016)” is partly revised.
390 Table 21.9.1 and Note 2 are partly revised.
391,392 | Figure 21.9.1 and Figure 21.9.2 are partly revised.
393,394 | Figure 21.9.2.1 and Figure 21.9.2.2 are partly revised.
396 Table 21.11.1 and Note 1 are partly revised.
397,398 | Figure 21.11.1 and Figure 21.11.2 are partly revised.
399 Figure 21.11.3 is partly revised.

1.10| 10/10/06 | All Pages | Package code changed: 80P6Q-A to PLQPO080KB-A, 64P6Q-A to PLQP0064KB-A
Words standardized: Low voltage detection, CPU clock, MCU, SDA2, SCL2
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REVISION HISTORY

M16C/29 Hardware Manual

Rev. Date Description
Page Summary
Overview
2 * Table 1.1 and 1.2 Performance Outline Voltage detection circuit are modified,
note 3 is modified
4-5 » Figure 1.1 and 1.2 Block Diagrams are updated
6-7 » Table 1.3 to 1.5 Product Lists are updated
8  Figure 1.3 Produt Numbering System is modified
9 » Tables 1.6 to 1.8 Product Code B3, B7, D3, D5, D7, D9 are deleted
» Tables 1.9to 1.11 Product Code Mask ROM versions are newly added
13-17 | » Table 1.9 and 1.10 Pin Characteristics for 80-, and 64-pin Packages are added
18 » Table 1.11 Pin Description Tables are modified
Memory
23 * Figure 3.1 Memory Map 48Kbyte memory size is deleted
Special Function Register
24 -34 | » Table 4.1 to 4.11 SFR Information values after reset
24 » Table 4.1 SFR Information(1) Note 3 is deleted
Reset
35 »5.1.2 Hardware Reset 2 Note is modified, description is modified
38 » 5.5 Voltage Dection Circuit modified
» Figure 5.4 Voltage Detection Circuit Block modified, WDCS5 bit circuit deleted
Processor Mode
44 * Figure 6.1 PM1 Register Note 2 information partially added
45 » Figure 6.2 PM2 Register added
46 » Figure 6.3 Bus Block Diagram and Table 6.1 Accessible Area and Bus
Cycle added
Clock Generation Circuit
47 » Table 7.1 Clock Generation Circuit Specifications Oscillation stop, restart
function modified
48 » Figure 7.1 Clock Generation Circuit Upper portion of figure is modified
50 * Figure 7.4 ROCR Register Bit conents are modified
52 » Figure 7.6 PCLKR Register and PM2 Register Note 2 is modified
54 * Figure 7.8 Examples of Main Clock Connection Circuit is modified
55 * Figure 7.9 Examples of Sub Clock Connection Circuit is modified
» 7.5.2 Peripheral Function Clock (f1, f2, fs, f32, f1si0, f2si0, f8sio, f32si0,
fAD, fc32, fcANO) revised
59 * 7.6.1 Normal Operation Mode Information is modified
60 » Table 7.4 Setting Clock Related Bit and Modes Multi-master I12C bus interrupt
and Timer S interrupt added
61 e Table 7.5 Pin Status in Wait Mode newly added

» Table 7.6 Interrupts to Exit Wait Mode modified
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REVISION HISTORY
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Rev. Date Description
Page _ _ _ Summary _
63 * Figure 7.11 State Transition to Stop Mode and Wait Mode modified, Note 7 is added
64 e Figure 7.12 State Transition in Normal Mode modified, note 5 deleted, note 6
and 7 are simplified
65 » Table 7.7 Allowed Transition and Setting note 2 partially modified, table con
tents are partially modified
68 * Figure 7.13 Procedure to Switch Clock Source From On-chip Oscillator
Clock to Main Clock is modified
Interrupt
70 * Note is newly added
73 » Table 9.1 Fixed Vector Tables Note 2 is added
Watchdog Timer
89 « Additional information of the WDTS register is inserted
90 * Figure 10.1 Watchdog Timer Block Diagram modified
* Figure 10.2 WDC Register and WDTS Register All notes are deleted
- * 10.2 Cold Start/Warm Start Section is deleted
DMAC
96 * Note is added
Timer
105 * Figure 12.6 TRGSR Register Note 2 added
117 «12.2 Timer B Description of A/D trigger mode modified
* Figure 12.15 Timer B Block Diagram “A/D trigger mode” is added
123 *12.2.4 A/D Trigger Mode Description modified
129 * Figure 12.28 IDBO Register, IDB1 Register, DTT Register, and ICTB2 Regis-
ter Information of bit 7 and 6 modified
131 e Figure 12.30 TB2SC Register Note 4 added, contents modified
133 * Figure 12.32 TA1MR Register, TA2MR Register, TAAMR Register MRO bit is
modified
134 * Figure 12.33 Triangular Wave Modulation Operation Description modified
135 * Figure 12.34 Sawtooth Wave Modulation Operation Description modified
139 « Figure 12.38 TPRC Register Bit map is modified
Timer S
142 e Figure 13.2 G1BT and G1BCRO Registers Function of G1BT register modified,
note 3 is added, function of bits 5 to 3 modified, description patially modified
143 e Figure 13.3 G1BCR1 Register Note 1 is partially added
146 * Figure 13.6 G1TMO to G1TM7 Registers Note 3 and 4 are added
151-166 | « Table 13.2, 13.5, 13,8, 13.9 and 13.10 Output wave form and Selectable func-
tion are modified
155 e Figure 13.15 Base Timer Reset Operation by Base Timer Reset Register

Base timer overflow request line is added, base timer interrupt line is modified,
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Rev. Date Description
Page Summary
note 1 is added
160 » Figure 13.21 Prescaler Function and Gate Function Note 1 modified
166 » Table 13.10 SR Waveform Output Mode Specifications Specification modified
167 » Figure 13.24 Set/Reset Waveform Output Mode Description for (1) Free-run-
ning operation modified, register names modified
168 » Table 13.11 Pin Setting for Time Measurement and Waveform Generating
Functions Description of port direction modified
Serial I/O
170 * Note is modified
171 * Figure 14.1 Block Diagram of UARTiI (i = 0 to 2) PLL clock is added to the
upper portion of diagram
174 * Figure 14.4 UOTB to U2TB, UORB to U2RB, UOBRG to U2BRG Registers
Note 2 is modified, note 3 is newly added
175 * Figure 14.5 UOMR Register, ULMR Register Bit map is modified
176 * Figure 14.6 UOCO Register Note 3 modified, Note 4 to 7 are added
* Figure 14.6 U2CO0 Register Note 2 is added
177 * Figure 14.7 PACR Register added
180 » Table 14.1 Clock Synchronous Serial I/O Mode Specifications Select func-
tion modified, note 2 modified
182 » Table 14.3 Pin Functions Note 1 added
* Table 14.4 P64 Pin Functions Note 1 added
183 * Figure 14.10 Typical transmit/receive timings in clock synchronous serial I/
O mode Example of receive timing: figure modified
184 *14.1.1.1 Counter Measre for Communication Error Occurs newly added
185 *14.1.1.2 CLK Polarity Select Function Newly added
186  Figure 14.14 Transfer Clock Output From Multiple Pins Note 2 added
187 | +14.1.1.7 CTS/RTS separate function (UARTO) modified
* Figure 14.15 CTS/RTS Separate Function Usage Note 1 added
188 » Table 14.5 UART Mode Specifications Select function modified, note 1 modi-
fied
190 * Table 14.7 1/0O Pin Functions in UART Mode Note 1 added
» Table 14.8 P64 Pin Functions in UART Mode Note 2 added
192 * Figure 14.17 Receive Operation RTSi line is modified
»14.1.2.1 Bit Rates newly added
» Table 14.9 Example of Bit Rates and Settings newly added
193 » 14.1.2.2 Counter Measure for Communication Error newly added
195 *14.1.2.6 CTS/RTS Separate Function (UARTO) P70 pin is added
* Figure 14.21 CTS/RTS Separate Function Note 1 added
196 « Table 14.10 12C mode Specifications Note 2 modified
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Rev. Date Description
Page Summary
214 * Figure 14.31 Transmit and Received Timing in SIM Mode partially modified
217 » 14.2 SI/O3 and SI/0O4 Note added
218 » Figure 14.36 S3C and S4C Registers Note 5 is added
* Figure 14.36 S3BRG and S4BRG Registers Note 3 is added
220 * Figure 14.38 Polarity of Transfer Clock figure modified
221 » 14.2.3 Functions for Setting an SOUTI Initial Value Description modified
A/D Converter
222 * Note added
» Table 15.1 A/D Converter Performance Integral Nonlinearity Error modified
224 * Figure 15.2 ADCON2 Registers b2-b1 function modified
227 * Figure 15.5 TB2SC Register Reserved bit map modified
229 * Figure 15.7 ADCONO to ADCON2 Registers in One-shot Mode ADCON2
register: b2-b1 function modified
231 e Figure 15.9 ADCONO to ADCONZ2 Registers in Repeat Mode ADCON2 regis-
ter: b2-b1 function modified
233 e Figure 15.11 ADCONO to ADCON2 Registers in Single Sweep Mode
ADCONZ2 register: b2-b1 function modified
235 e Figure 15.13 ADCONO to ADCON2 Registers in Repeat Sweep Mode 0
ADCONZ2 register: b2-b1 function modified
237 e Figure 15.15 ADCONO to ADCON2 Registers in Repeat Sweep Mode 1
ADCONZ2 register: b2-b1 function modified
239 e Figure 15.17 ADCONO to ADCONZ2 Registers in Simultaneous Sample
Sweep Mode ADCONZ2 register: b2-b1 function modified
241 » Table 15.10 Delayed Trigger Mode 1 Specifications Note 1 is modified
245 * Figure 15.22 ADCONO to ADCON2 Registers in Delayed Trigger Mode 0
ADCONB2 register: b2-b1 function modified
251 » Figure 15.27 ADCONO to ADCON2 Registers in Delayed Trigger Mode 1
ADCONZ2 register: b2-b1 function modified
254 «15.5 Analog Input Pin and External Sensor Equivalent Circuit Example is
deleted
« 15.5 Output Impedance of Sensor under A/D Conversion is added
* Figure 15.29 Analog Input Pin and External Sensor Equivalent Circuit Note
1is added
- « Precaution of Using A/D Converter deleted
Multi-master 1°C bus INTERFACE
255 « Table 16.1 Multi-master 12C bus Interface Functions /O pin added
256 « Figure 16.1 Block Diagram of Multi-master 12C bus Interface Bit name and
register name are modified
257 » Figure 16.2 SODO Register Bit map is modified
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Rev. Date Description
Page Summary
258 * Figure 16.3 SO0 Register Note is modified
259 » Figure 16.4 S1D0 Register Reserved bit map modified
260 * Figure 16.5 S10 Register b7-b6 modified
262 * Figure 16.7 S4DO0 Register Bit reserved map is modified
269 » 16.5.1 Bit O0: Last Receive Bit (LRB) modified
» 16.5.2 Bit 1: General call detection flag (ADRO) modified, note 1 modified
» 16.5.3 Bit 2: Slave address comparison flag (AAS) modified
270 « 16.5.5 Bit 4: I2C Bus Interface Interrupt Request Bit (PIN) modified
* 16.5.6 Bit 5: Bus Busy Flag (BB) Bit names are modified
271 » 16.5.8 Bit 7: Communication Mode Select bit (MST) modified
276 » 16.7.1 BitO: Time-Out Detection Function Enable Bit (TOE) is modified
* 16.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN) is
modified
279 * 16.11 Stop Condition Generation Method Description added
282 * 16.13 Address Data Communication modified
CAN Module
292 * Figure 17.6 COMCTL]j Register RspLock bit's name changed, note 2 revised
293 * Figure 17.7 COCTLR Register Note 4 added, functions partially modified
294 » Figure 17.8 COSTR Register Note 1 deleted, functions partially modified
298 * Figure 17.13 CORECR Register Note 2 deleted, note 1 partially modified
* Figure 17.14 COTECR Register Note 1 modified, note is relocated
299 * Figure 17.15 COTSR Register Note 1 modified
300 » Figure 17.17 Transition Between Operational Modes Partially modified
301 »17.2.3 CAN Sleep Mode Partially deleted
304 » Table 17.2 Example of Bit-Rate 24-MHz is deleted
308 » 17.8 Time Stamp Counter and Time Stamp Function Partially deleted
310 * Figure 17.25 Timing of Receive Data Frame Sequence IF to IFS
311 * Figure 17.26 Timing of Transmit Sequence IF to IFS
CRC Calculation Circuit
313 *18.1 CRC Snoop Description partially added
Programmable I/O Ports
316 * Note added
» 19.3 Pull-up Control Register 0 to 2 Description partially added
317 » 19.6 Digital Debounce Function Filter width formula modified
318-321 | « Figure 19.1 I/O Ports (1) to Figure 19.4 1/O Ports (4) are modified
326 * Figure 19.10 PACR Register Note 1 is modified
327 * Figure 19.11 NDDR and P17DDR Register Functions modified, notes are added
328 » Figure 19.12 Functioning of Digital Debounce Filter modified, procedure note

modified
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Rev. Date Description
Page Summary
329 » Table 19.1 Unassigned Pin Handling in Single-chip Mode Note 5 added
Flash Memory Version
330 *20.1 Flash Memory Performance Description partially deleted
e Table 20.14 Flash Memory Version Specifications Note 3 added
331 *20.1.1 Boot Mode added
332 * 20.2 Memory Map Description is modified
335 * 20.3.1 ROM Code Protect Function Description is modified
336  Figure 20.4 ROMCP Address is modified
337 » Table 20.3 EW Mode 0 and EW Mode 1 Note 2 is modified
339 * 20.5.1 Flash Memory Control Register 0 FMRO1 Bit and FMRO02 Bit: descrip-
tion is modified
340 * 20.5.2 Flash Memory Control Register 1 (FMR1) FMR6 Bit is modified,
FMR17 Bit is modified
341 * Figure 20.6 FMRO and FMR1 Registers FMRO register: note 3 modified, value
after reset modified; FMR1 register: note 3 modified, reserved bit map modified
342 * Figure 20.7 FMR4 Register Note 2 is modified
345 * 20.6.3 Interrupts EW1 mode modified
* 20.6.4 How to Access FMR16 bit is added
346 * 20.6.9 Stop Mode modified
352 e Table 20.7 Errors and FMRO Register Status Register name modified
355 » Table 20.8 Pin Functions Pin settings are partially modified
Electrical Characteristics
*Vversion is newly added
366 * Table 21.1 Absolute Maximum Ratings Parameters of Pd and Topr are modi-
fied
367 e Table 21.2 Recommended Operating Conditions VIH and VIL are modified
368 » Table 21.3 A/D Conversion Characeristics tsamp deleted, note 4 added
369 e Table 21.4 Flash Memory Version Electrical Characteristics: Standard val-
ues of Program and Erase Endrance cycle modified, tps added
« Table 21.5 Flash Memory Version Electrical Characteristics: tps added, data
hold time added, note 1, 3, 8 modified, note 11 and 12 added
370 e Table 21.6 Low Voltage Detection Circuit Electrical Characteristics Note 4
added
e Table 21.7 Power Supply Circuit from Timing CharacteristicsL Note 2 & 3
are deleted, figure modified
372 e Table 21.9 Electrical Characteristics(2) Note 5 is added
380 » Table 21.25 Electrical Characteristics(2) Note 5 is added
387 * Table 21.40 Absolute Maximum Ratings Parameters of Pd and Topr are modi-

fied
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388 » Table 21.41 Recommended Operating Conditions VIH and VIL are modified
389 » Table 21.42 A/D Conversion Characeristics tsamp deleted, note 4 added
390 » Table 21.43 Flash Memory Version Electrical Characteristics: Standard val-
ues of Program and Erase Endrance cycle modified, tps added
» Table 21.44 Flash Memory Version Electrical Characteristics: tps added,
data hold time added, note 1, 3, 8 modified, note 11 and 12 added
391 » Table 21.45 Power Supply Circuit from Timing CharacteristicsL Note 2 & 3
are deleted, td(S-R) and td(E-A) are deleted, figure modified
393 » Table 21.47 Electrical Characteristics(2) Note 4 is added
401 » Table 21.63 Electrical Characteristics(2) Note 4 is added
Precautions
422 *22.2.1 PLL Frequency Synthesizer modified
423 » 22.2.2 Power Control Subsection sequence modified, 2., 3. and 4. information
modified
425 + 22.4.3 NMI Interrupt 2. information partially deleted, 6. information added
426 + 22.4.5INT Interrupt 3. information added
427 » 22.4.6 Rewrite the Interrupt Control Register Example 1 is modified
431 *22.6.1.3 Timer A (One-shot Timer Mode) 6. information added
434 » 22.6.3 Three-phase Motor Control Timer Function newly added
435 *22.7.1 Rewrite the G1 IR Register description modified
* Figure 22.3 IC/OC Interrupt Flow Chart newly added
436 » 22.7.2 Rewrite the ICOCIIC Register newly added
» 22.7.3 Waveform Generating Function newly added
* 22.7.4 1C/OC Base Timer Interrupt newly added
438 «22.8.2.1 Special Mode (I2C bus Mode) added
»22.8.2.3 SI/03, SI/0O4 added
441 « 22.10 Multi-master I12C bus Interface added
445 » 22.12 Programmable I/O Ports 2. and 3. information modified
447 * 20.14 Mask ROM Version is added
448 » 22.15.1 Functions to Inhibit Rewriting Flash Memory Rewrite modified
» 22.15.2 Stop Mode modified
* 22.16.4 Low Power Disspation Mode, On-chip Oscillator Low Power Dissi-
pation Mode modified
» 22.15.7 Operating Speed modified
449 * 22.15.9 Interrupts modified
» 22.15.13 Regarding Programming/Erasure Times and Execution Time
modified
450 » 22.15.14 Definition of Programming/Erasure Times added

» 22.15.15 Flash Memory version Electrical Characteristics 10,000 E/W cycle
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products (U7, U9) added
* 22.15.16 Boot Mode added
451 * 22.16 Noise added
452 * 20.17 Instruction fo Device Use added
Appendix 1. Package Dimensions
453 « Dimensions are updated
454-455 | Appendix 2. Functional Comparison added
1.11 | 12/11/06 Clock Generation Circuit
54 * Figure 7.8 Examples of Main Clock Connection Circuit Note 2 added
Interrupts
88 * Table 9.6 PC Value Saved in Stack Area When Address Match Interrupt
Request Is Acknowledged Table contents partially modified, note added
Serial I1/0
198 « Table 14.11 Registers to Be Used and Settings in 12C bus Mode Note Relo-
cated
CAN Module
297 e Figure 17.12 COCONR Register Note 2 modified
Electrical Characteristics
372 » Table 21.9 Electrical Characteristics (2) Mask ROM data added, value par-
tially changed: 420 to 450
379 » Table 21.24 Electrical Characteristics Note 1 modified
380 * Table 21.25 Electrical Characteristics Mask ROM data added, note 1 modified
391 » Table 21.45 Power Supply Circuit Timing Characteristics figure for td(P-R)
and td(ROC) added, Mask ROM data added
393 » Table 21.47 Electrical Characteristics (2) Mask ROM data added, value
paritally changed
400 » Table 21.62 Electrical Characteristics Note 1 modified
401 * Table 21.63 Electrical Characteristics Mask ROM data added, note 1 modified
412 » Table 21.83 Power Supply Circuit Timing Characteristics figure for td(P-R)
and td(ROC) added, Mask ROM data added
414 » Table 21.85 Electrical Characteristics (2) Mask ROM data added, value
paritally changed
Usage Notes
- « Table numbers and Figure numbers are revised
421 » 22.1.3 Register Setting added
447 «22.14.1 Internal ROM Area Description added
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