6301 MICROPROCESSOR DATA

HD63B01YO0
CMOS MCU (Microcomputer Unit)

The HD63IOLYOQ is a CMOS 8-bit single-chip microcomputer
unit which contains 2 CPU compatible with the CMOS 8-bit
microcomputer HD6301V, 16k bytes of ROM, 256 bytes of RAM,
53 parallel I/0 pins, Serial Communication Fnterface (SCI and two
Limers.

HDB3BO1YO

FEATURES

Instruction Set Compatible with the HD6301V1
16k Bytes of ROM, 256 Bytes of RAM

53 Parallel 10 Pins

{48 1/0 Pins, 5 Output Pins)

Parallel Handshake interface (Port 5)

Dartington Transistor Drive (Port 2, 6)

® 16-Bit Programmable Timer

* FP.64

Input Capture Register x 1
Free Running Counter x 1
Output Compare Register x 2 ® PIN ARRANGEMENT
¢ 3-Bit Reloadable Timaer
External Event Counter
Square Wave Generation
® Serial Communication Interface (SCI}
Asynchronous Mode (8 Transmit Formats, Hardware Parity)
Clocked Synchronous Made

® Memory Ready
3 Kinds of Memory Ready
& Halt

® Error Detection
(Address Error, Op-code Error)

@ [nterrupt — External 3, Internal 7
& Opersation Mode

Mode 1; Expanded Mode

{internal ROM inhibited}

Mode 2; Expanded Mode

{Internai ROM Vatid)

Mode 3; Single Chip Mode
® Maximum 65K Bytes Address Space
& Low Power Dissipation Mode

Sleep Mode

Standby Mode {Hardware Standby, Software Standby)
® Minimum Instruction Execution Time — 0.5us {f = 2MHz)
® Wide Range of Operation

Vee=3t055v =01 to 0.5MHz)

f=0.1 to 1.OMHz : HDE3C1YQ
Vee=8VE10% <f=0.1to 1.5MHz : HDB3A01YD
f=0.1t0 2.0MHz : HD63BO1YO

51|FPx
49|Paz
A8[F1s
47| P
%PN
45|P1a
44 |Py;
43P
42 P
%Fu
40P
39|P1a
38|Pis
37|Ps
L] Lk
35| Vss
34| Pec
33| Pa
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B BLOCK DIAGRAM
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& ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voltage Vee —03—+70 v
Input Voltage Vin —0.3~Vee+03 v
Operating Temperature Tape 0~—+70 °c
Storage Temperature Tug —55— 4150 °C

(NOTE} This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the normal
operation, wa recommend V,, Vo, Vg & (V,, 0r Vo) & Ve

& ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS {Vgc = 5.0V 10%, Vgg = OV, Ta = 0~ 4 70°C, unless otherwise noted.)

item Symbeol Test Condition min typ max Unit
RES, STBY Vee—05 -
Input “High* Voktage EXTAL Vi VeeX07 | — :8?3 Y,
Other Inputs 20 -
input 'Low’’ Voitage All Inputs Vi —03 - o) v
Input Leakage Current m_ﬁ STBY, it Vip = 0.6~Vee— 05V - - 10 wA
E:;ﬁ:gs;"l’:"jnem Ports ;: g: g 4 Hrsi| Vin = 0.5~Vee —0.5V - - 10 uA
. low = —200uA 24 - - v
Cutput “High” Voltage All Outputs Vo
logn = — 10pA Voo —0.7 - - Vv
Output “Low’” Voltage All Outputs Vo gL = 1.6mA - - 0.4 v
gﬂ'r'r';‘gt“’“ Drive Ports 2, 6 —lon | Vou =15V 10 — | 100 | mA
Input Capacitance All Inputs Cn ¥ = gg’;é = 1MHz, - - 12.5 pF
Standby current Non Operation Istg - 30 15.0 wA
Sieeping {f = 1MHz"*) - 15 3.0 mA
Iscp Sleeping (f =1.5MHz"") - 23 45 mA
) Sleeping (f = 2MHz""} - 30 6.0 mA
Current Dissipation”
Operating (f = 1MHz"*) — 7.0 100 mA
lee Opsrating {(f =1.5MHz"") — 105 15.0 mA
Operating (f =2MHZz*"} - 140 200 mA
RAM Standby Voltage Viam 2.0 - - v

.

Vinmin = Vee — 1.0V, vy max = 0.8V {All output terminals are at na load }
Current Dissipation of the operating or sleeping condition is praportional to the operating frequency. 5o the typ. or max. values about Current

Dissipations at X MHz operation are decided according to the followsng formula:

typ. value

f = X MHz) = typ. value

max. value if = X MHz} = max value

224 TDS Ltd

{both the sleeping and aperating)

If = TMHz) x X
[f = 1MHz) x X
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® AC CHARACTERISTICS (Voo = 5.OVX10%, Vgg = OV, T, = 0 — 4+ 70°C, unless otherwise noted.)
BUS TIMING

Test HDG301Y0 HDE3AD1Y(Q HDE3B0O1Y0 )
item Symbot Condition - - - Unit
min typ max t min typ | max | min typ | max

Cycle Time toye t - 10 (0666 -— 10 | 05 - 10 11
Enabie Rise Time ter - - 25 - - 25 - - 25 ns
Enable Fall Time ter - - 25 - - 25 - - 25 ns
Enabie Pulse Width “High'' Level® | PWgy, 450 — — 300 - - 220 — - ns
Enabie Pulse Width "Low"’ Level® | PWg 450 - - 300 - - 220 | - - ns
Address, R/W Delay Time® tao - - 1250 - - 190 | - - | 160 | ns
Data Delay Time Write toow - - 200 - - 160 | — - 120 ] ns
Data Set-up Time | Read tosh Fig. 1 80 - - 70 - - 60 — - ns
Address, R/W Hold Time*" tan 80 - - 50 - - 40 - - ns
Data Hold Time Write* thw 80 - - 50 - - 40 - - ns
Read tur Q - - 4] - - 0 - - ns
RD, WR Puise Width* PWpy 50 | - —~ |30 — - | 220 - - ns
AD, WH Delay Time tawd — - 40 - - 40 - - 40 ns
"RD, W Hold Time tHaw — - 20 - - 20 - — 20 ns
TIR Delay Time toLR - - 200 - - 160§ - - | 120 | ns
T Hold Time tn 10 - - 10 - - 10 - - ns
MR Set-up Time* tamA 400 | - — 280 - - 230 - - ns
MR Hold Time" iR Fig. 2 — - 100 - - 70 - - 50 ns
E Clock Pulse Width at MR PWEemRr - - 9 - - 9 - - 9 Hs
Processor Control Set-up Time tecs ::;39 .?4 200 — — 200 - - 200 - - ns
Processor Control Rise Time toer ) - - 100 - - 100 - - 100 ns
Processor Control Fall Time tecs a3 T " Tioo ] — 1= Tvoo| = | = |00 ns
BA Delay Time taa Fig. 3 - - |2501 - - t1sa] - — [ 180 | ns
Oscillater Stabilization Time tre Fig. 14 20 - - 20 - - 20 - - ms
Reset Pulse Width PWasgy 3 - - 3 - - 3 - - eve

* These timings change i approximate proportion to teye. The figures in this characteristics represent those when teye IS mMinimum (= in the highest speed
operation).

PERIPHERAL PORT TIMING

Test HDB6301Y0 HDB3A01Y0 HD63BO1Y0 )
Iterm Symbal i - - - Unit
Condition | min | typ [ max | min | typ | max | min | typ | max
Peripheral Data Port 1,2, 3,
Set Up Time 4,56 teosu 200 — | - (200 - | = |200] = | = | ns
Fig &
Peripheral Data Port 1,2, 3,
Hold Time 4,56 teox 2000 = | = 12000 - = 1200 = - 1 ons
Delay Time (From
Enable Fall Edge to io: :5 %; 3. tews + Fig B - - | 300 - - 1300 | - - | 300 | ns
Peripheral Qutput} T i
input Strobe Puise
Width trwg 200 | - - i200]| - - |200]| - - ns
Input Data Hoid Time Port§ Ty Fig 10 150 | - - 150 | — - 150 | — - ns
input Data Set-Up Time Port 6 tg 1ol - - 100 - - 100 - - ns
‘ o301
Output Strebe Delay Time Fig 11 - - 200 - - 200 - — 200 ns
tospz
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TIMER, SCI TIMING

Test HDB301Y0 HDE3A01Y0 HDB3BO1YO _
Kem Symboi o - - - Unit
Condition | min | typ | max | min | typ | max | min | typ | max
Timer 1 Input Pulse Width tpwT Fig. 9 20 - — 20 - - 20 - - teye
Detay Time (Enabie Positive i | _ laoo!l - =~ la00! — | — |a00] ns
Transition to Timer Qutput} troo Fig.7.8
SClinput Async. Mode < Fig. 9 1.0 - - 10 - - 1.0 - - teye
Clock Cycle Clock Sync. Seve Fig. 4 20| — | — 20| = | = |20] - | = | t
SCI Transmit Data Detay ~ _ 220 _ _ 220 | — _ 220 | ns
Time (Clock Sync. Mode) trxo
SCl Receive Data Set-up . _ _ _ . 260 _ _ ns
Time (Clock Sync. Mode) tsrx Fig- 4 260 260
SCl Receive Data Hold Time _
100 — - 100 - - 100 - ns
{Clock Sync. Mode) tHRX
SCl Input Clock Pulse Width tewsck 04| — |06 | 04| — |06 04| — | 06 | tge
Timer 2 Input Clock Cycle ticye 20 - - 20 - - 20 - - teye
Timer 2 Input Clock Pulse _ _ _ — -
Width tpwrck Fig. 9 200 | — 200 200 ns
Timer 1.2, SClinput Clock _ _ 100 _ _ 100 _ _ 100 ns
Rise Tine teke °
Timer 1-2, SClinput Clock _ _ _ _ 100 _ " 100 ns
Fall Time texs 100
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2.4v ( \

E f PWe, / PWen \
0.8v

(

tap tee e LeY]

Ag—Aig, 2.4v

R/W 0.8V

thrw
thwb ! PWeaw [
— 24V
AD, WA
0.8v

f—— toow p—— Ty
MCU Write 24y
Do~ s 0.8V
togn —e=] tur
MCU Read 20V
Do~ D> 08v
f—toLA tuen
LR
0.8V
Figure 1 Mode 1. Mode 2 Bus Timing
PWemr
L
/ \ 7!2‘4\/ N\ Y
E Y
v 0.8v
| W,
thmr tsmA

|

MR 20V
x 0 8V N £
b tpes & F=—tec,

Figure 2 Memory Ready and E Clock Timing.
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BA

Synchronous Clock

Last Instruction

instruction Execution

Cycie

tect

trc: trcs

ILI_E_:Eecution Cvclg} HALT Cycle
+2.4V
0.8v
Sr ' 0.8v E
. )
PCS ™ m

e |
1112.4\f i

Figure 3 HALT and BA Timing

2.0vi2 4V)2

\ 0s8v

taa

Transmit Data

E

Pig—~P1y
Pao— P2z
Pao~Pas
Pso~Psy
Peo—- Ps7
{Inputs)

Pao ~ P37y
(Inputs)

Receive Data

*2 0V is high level when clock input
2.4V is figh level when clock output.

Figure 4 SCI Clocked Synchronous Timing

[—MCU Read
2.4V 2.4V
9] BVT 0.8v
trosu tron |
oS F oV
5 8v Data Vahd S8V
trosu ———l ?_——' tPoH
2.0V 20V
0.8v cData Vaid y 0.8V

Figure 5 Port Data Set-up and Hold Times {MCU Read)
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Pio~Py,
Pao - Pas,
Pso— Psy,
Pro—-Pra

{Qutputs)

Pao~ P2,
Pap—~Pay,
Psc—Ps7.

FMCU Write

a8V

trwD

A

24y
08Y Data Valid

Figure 6 Port Data Deiay Times (MCU Write)
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E m 2.4V\ /

Cutput
Timer 1 Compare
FRC

tToo e
P21, Pis Z 4V
Quiputs o8y

|
Figure 7 Timer 1 Output Timing

2.0V
0.8v | . 7
tcr |
T ' ! =
towe
‘Timer 2 tieye “Timer 1, tpWT
SCI . tSCVC Timer 2 IPWTCK

SCI IPWSCK

Figure 8 Timer 1-2. SCI Input Clock Timing

MCU access of

PORT&
f—————
toso 1 : —wtetosp:
Pss
(0% 0 8V
Figure 11 Qutput Strobe Timing

intarrupt
Test

E 7* 2.4V \ /
T2CNT N X:’u (¢]0]
—b{ ia—1t100
P2 2.4V
Qutput 0.8V
{TCONR =N}
Figure 8 Timer 2 Output Timing
! TPwasg !
Poa [G 2.0V 0 BY |
ot Yotk
PORTE —5—5 —
Data o'av-a Data Vaid B
iinput! .

Figure 10 Port 6 Input Latch Timing

Test Point

152074 H
or Equiv

C 90pF for Port 1, Port 3. Port 4. F
=20pF for Port 2. Port 5, Port 6 Port 7
R=12k0 for Port 1 Port 7. E

Figure 12 Bus Timing Test Loads (TTL Load!

o Sy

Internai

X

Address Bus ) G GED G D Gl G G Gl I G G OB GBI D &
__ Op Code Op Code FFeF SP SR+ SP7  SP3  §P1  SP5  5Pg UAclol wveclor  New
MM L 0 8\."5.— Address Address - 1 Address Adgdress Ackare-;s
IRQ;. 1RQ, :
™ = tecs
Data Bos ) Gl (D G Gl GED D G B I B OB G G G G &
Qo Qoerand Irrelevant PCO PCa g Ry ACCA  ACCE COR O wedtdr vegtor Fustoanst of
Code Op Code Data PCT PC'S KT ] MSg .98 rrercLpt Roonre
Internal
Read _\
g / \
Figure 13 Inter-upt Sequence
@ HITACHI TDS Ltd 229



6301 MICROPROCESSOR DATA
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Figure 14 Reset Timing

B FUNCTIONAL PtN DESCRIPTION
® Vee, Vss

Ve and Vgg provide power to the MCU with 5V 10% supply.
In the case of low speed operation (fmax =500kHz), the MCU can
operate with 3 to 5.5 volts. Two Vgg pins should be tied to ground.

® XTAL, EXTAL

These two pins interface with an AT-cut parallel resonant crystal.
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is
used, the system clock is 1MHz for example.

EXTAL pin can be drived by the external clock with 45% to 55%
duty. The system clock which is one fourth frequency of the exter-
nal clock is generated in the LSI. The external clock frequency
should be less than four times of the maximum operating frequen-
¢y. When using the external clock, XTAL pin should be open. Fig.
15 shows exampies of connection circuit. The crystal and Cpy, Cp2
should be mounted as close as possible to XTAL and EXTAL pins.
Any line must not cross the line between the crystal oscillator and
XTAL, EXTAL.

AT Cut Parallel Resonant Crystal Oscillator
Co=T7pF max
Rs=60¢Q max

XTAL I
— Cui=Ca
= 10pF ~ 22pF + 20%
EXTAL (3.2 -8MHz)
Cuz == Cur

M.

Figure 15 Connection Circuit
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» STBY

This pin makes the MCU standby mode. In “Low™ level, the
oscillation stops and the internal clock is stabilized to make reset
condition. To retain the contents of RAM at standby mode, “0"
should be written into RAM enable bit (RAME). RAME is the bit
6 of the RAM/port 5 control register at $0014. RAM is disabled by
this operation and its contents is sustained.

Refer to “*LOW POWER DISSIPATION MODE™ for the
standby mode.

* Reset (RES}

This pin resets the MCU from power OFF staie and provides a
startup procedure. During power-on, RES pin must be held “Low”
level for at least 20ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM and
the data register of ports are not initialized during reset, so their
contents are undefined in this procedure.

To reset the MCU during operation, RES should be heid ““Low™
for at least 3 system-clock cycles. At the 3rd cycie during ““Low™
level, all the address buses become “High''. When remains
“Low™, the address buses keep *‘High’". If RES becomes “*High™",
the MCU starts the next operation.

(1} Latch the value of the mode program pins; MP, and MP,.

(2} Initislize each internal register {Refer to Table 6).

(3) Set the interrupt mask bit. For the CPU to recognize the
maskable interrupts TRQ,, TRQ, and IRQ,, this bit should be
cleared in advance.

(4} Put the contents (=start address) of the last two addresses

($FFFE, $FFFF) into the program counter and start the
program from this address. (Refer to Table 1).

® Enable {E)

This pin provides a TTL-compatible system clock 1o external cir-
cuits. Its frequency is one fourth that of the crystal oscillator or
external clock. This pin can drive one TTL load and 90pF capaci-
tance.

® Non-Maskable Interrupt (NMI)

S HITACHI
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When the falling edge of the input signal is detected at this pin,
the CPU begins non-maskable interrupt sequence internally. As
well as the mentioned below, the instruction being executed at
WML signal detection will proceed to its compeletion. The interrupt
mask bit of the condition code register doesn't affect non-maskable
interrupt at ail.

in response 10 an NMI interrupt, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack. Upon completion of this sequence, a
vector is fetched from $FFFC and $FFFD to transfer their contents
into the program counter and branch to the non-maskable interrupt
Service routine.

{Note} At reset start, the stack pointer should be initialized on

an appropriate memory area and then the falling edge
be input to NMT pin.

# Interrupt Request (R, TRG}

These are level-sensitive pins which request an internal interrupt
sequence to the CPU. At interrupt request, the CPU will complete

Each Status Register’'s Interrupt

the current instruction before the acceptance of the request. Unless
the interrupt mask in the condition code register is set, the CPU
starts an interrupt sequence; if set, the interrupt request will be ig-
nored. When the sequence starts, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack, then the CPU sets the interrupt mask
bit and will not acknowledge the maskable request. During the last
cycie, the CPU fetches vectors depicted in Table 1 and transfers
their contents to the program counter and branches to the service
routine.

The CPU uses the external interrupt pins (IRQ; and TRQ,) also
as port pins Py, and P, so it provides an enabie bit to Bit Q and 1 of
the RAM port 5 control register at $0014. Refer to “RAM/PORT 5
CONTROL REGISTER" for the details.

‘When one of the internal interrupts, ECI, OCI, TOI, CM! or SIO
is generated, the CPU produces internal interrupt signal (IRQ,).
IRQ, functions just the same as TRQ, or [RQ, except for its vector
address. Fig. 16 shows the block diagram of the interrupt circuit.

Enable Flag
1", Enable, "0 ; Disable
ISF o
{Ad, oo
Condition
Code
m —0/ Regster
. | MASK
ICF OO ICt ‘0" Enabie
1, Disable
OCF1 ¢ oc|
OCF2 o0 .
T01 L0 O—| Interrupt
TOF -0 r Reqguest
1RO < CMI Signal
CMF oo
RDRAF j
PER oo~
ORFE — Slo
TDRE oo
Sleep
K Edge Cancel
etective ,
ICircuit Signal
Aadrass Error THAP
Op Coae Errar
Dascnve Cirout
SwWi
Figure 16 Interrupt Circuit Block Diagram
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Table T Interrupt Vector Memory Map

Priont Vector |
non
¥ MSB LS8 nterrupt
Highest FFFE FFFF RES
FFEE FFEF TRAP
FFFC FFFD NMI
SWI
FFEA FEFB {Software interrupt)
FFF8 FFF9 IRQ 1, ISF {pont 6 Input Strobe)
1C4
FFFB FFE7 {Timer 1 Input Capture)
ocCl
FFF4 FFFS {Timer 1 Output Compare 1. 2}
TO!I
FFF2 FFF3 {Timer 1 Overflow)
CMI
FFEC FFED {Timer 2 Counter Match)
FFEA FFEB IRQ,
SIo
Lowest | FFFO | FEFT | \RDRF 4 ORFE + TORE 4 PER)

® Mode Program {MPgy, MP,)
These two pins decide the operation mode. Refer to “MODE
SELECTION" for more details.

The following signal descriptions are applicable only for the
expanded mode.

® Read/Write (R/W; Py,

This signal. usually be in read state (**High™’}, shows whether
the CPU is in read {“High') or write ("Low"™) state to the
peripheral or memory devices. This can drive one TTL load and
30pF capacitance.

® RAD. WR {Pyg, Py}

These signals show active low cutputs when the CPU is reading/
wriling to the peripherals or memories. This enables the CPU easy
to access the peripheral LSI with RD and WR input pins. These pins
can drive one TTL load and 30pF capacitance.

¢ Load instruction Register {LIR; P4y}
This signal shows the instruction opecode being on data bus
(active low}. this pin can dnve one TTL load and 30pF capacitance.

& Memory Ready (MR: Pg)

This is the input control signal which stretches the system
ciock’s “High™period to access low-speed memories. HD6301Y 0 can
select three kinds of low-speed memory access method by RAM/
Port 3 Control Register's MRE bit and AMRE bit. In the case that
CPU accesses low-speed memories by the external MR signal
(MRE="1", AMRE ="0""}, the system clock operates in normal
sequence when this signal is in “"High'.

But this signal in “Low’", the **High™" period of the system clock
will be stretched depending on its “*Low’" level duration in integral
multiples of the cycle time. This allows the CPU to interface with

232 TDS Ltd

low-speed memories (See Fig. 2}. Up to 9us can be stretched.

During internal address space access or nonvalid memory
access, MR is prohibited internally to prevent decrease of operation
speed. Even in the halt state, MR can also stretch *““High"® period of
system clock to allow peripheral devices to aocess low-speed memo-
ries. Refer to “RAM/PORT 5 CONTROL REGISTER" for more
details.

¢ Halt (HALT: Pga)

This is an input control signal 10 stop instruction execution and
to release buses. When this signal switches to “‘Low™, the CPU
stops Lo enter into the halt state after having executed the present
instruction. When entering into the halt state, it makes BA {P.,)
“High™ and also an address bus, data bus, RD, WR, R/W high
impedance. When an inlerrupt is generated in the halt state, the
CPU uses the interrupt handler after the halt is cancelled.

(Note) Please don't switch the HALT signal to “Low*’ when
the CPU executes the WAL instruction and is in the in-
terrupt wait state to avoid the trouble of the CPU’s op-
eration after the halt is canceiled.

® Bus Available {BA; P,

This is an output control signal which is normally ““Low’ but
**High" when the CPU accepts HALT and releases the buses. The
HD680C and HD6802 make BA “High™ and release the buses at
WALl execution, while the HD6301Y0 doesn’t make BA ‘‘High™
under the same condition.

® PORT

The HD6301YO0 provides seven 1/0 ports. Port 1, 2, 3, 4, 5, and
6 are 8-bit /O ports. Each port provides Data Direction
Register(DDR). Port 1 and port 3 select the [0 state by the byte
and port 2, 4, 5 and 6 the 1/O state by the bit. Port 7 is a 5-bit out-
put-only port. In the expanded mode (mode I, mode 2}, port 3
becomes data buses, port | and port 4 address buses and port 7 con-
trol signal pins.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port 1 $0002 $0000
Port 2 $0003 $0001
Port 3 $0006 $0004
Port 4 $0007 $0008
Port 5 $0015 $0020
Port & $0017 $0016
Port 7 $0018
* Port1

An 8-bit I/0 port. The DDR of port | {(PIDDR.) controts the 1/0Q
state. It provides a bit which select the 170 stale by the byte (0™ for
inputand ‘1" for output).

As it is cleared during reset, port 1 is an input port.

In the expanded mode (mode 1, mode 2). port 1 functions as a
lower address buses (A, to A;). Port | can drive one TTL load and
9pF capacitance.
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WF:1D ‘
Mode1 |...C pf—
Mode 2
RES—R 1 w
2
P1DDR" @
o
[ %]
o
2
g <
Mode 3 S s
PORT = |5
Q D [a} b
in ~d Pi. DATA = |£
Mode 1 C £ &
Mode 2 T bt s
— WP1 £ |3
RP1 RES Reset Signal
—i_ WP 1D . DDR Write Signal
WP 1 Part Write Signal
Y Y ¥ Re1  Port Read Signal
* 8B bit Common Register
#*xPriority : Set - reset
MSE LSB
Port 1 DDR ($0000)
| = =1 =1 =1 = =2 owrite omly, 6it 0
DOR| s cleared during
reset)
Port 1 ($0002)
Piz | Prg | Pis {Pia| Pria | Paa | Piu| Pyo :,F;?,’:ed“::::g
reset )

® Port2

An 8-bit 1/O port. Port 2 DDR (P2DDR) controls the 1/0 siate.
This port provides DDR corresponding to each bit and can define
input or output by the bit (0" for input, 1" for ocutput).

As Port 2 DDR is cleared during reset, it will be an input port.

Port 2 is aiso used as an [/O pin for timer 1, Timer 2 and the SCI.
Pins for Timers and the S5CI set or reset each DDR depending on
their functions and become {/0 pins. When port 2 functions as an I/
O port afier used as [/O pins of the timers or the SCI, the 1/0 direc-
tion of the pins remain as it is used as the 1/0 pin of timer and SCI

Port 2 can drive one TTL load and 30pF capacitance. This port

R

ES
1

Q
Pz

R

can produce ImA when V,, =13V to drive directly the base of
BDarlington transistor.

Pyq (Tin}

P,, is aiso used as an external input pin for the input-capture.
This pin is an I/0 port which is an input or output as defined by the
Data Direction Register (P,,DR) (**0" for an input and **1"" for
an output). Then either a signal 1o or from Py, (*t0” for an output
port, **from™ for an input port} is always input to the Timer  input
capture.

2

o
DDR

W

T
P2D

Q

T

Internai Data Bus

Pio DATA

0

P

WP2

WP2ZD DDR Write Signal
WP2  Port Wnite Signal

v RP2 Port Read Signal

Timer 1

\/Y
]

B HITACHI

Input Capture Input
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P21 {Tout 1), P24 (Tx}, P2g (Tout 2), P24 {Tout 3} have a register which enables output. By setting these registers,
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCL
Timer 2 and & transmit output of the SCI. Timer 1, and the SCI

RES
"8 4
S R
Q D -
P2 DDR 2
C m
! ©
WP2D (=]
PORT ) a 'g
2 \‘l Pa DATE 3 Timer 1, Timer 2 and SCI
" = ———— L
< !
E ' !
WP2 :
— : Qutput Data
? Output Enable Signal
RP2 *‘
\ 1 1
/ ‘
i
P22 (SCLK) ble as an 1/0 port when the SCI has no clock input or output (as an

P.. is also used as a clock I/0 pin for the SCI. It is selected as a output port if P,, DDR =1, as an input port if Py, DDR =0).
clock input or output pin by the operating mode of the SCIL. It is usa-

RES
, 4

SRR

a D

P2; DDR
C

T
WP20D

c

Internal Data Bus

Paz — ot Q D
\] ! P22 DATA

T
WP2

Clock Input Enable signal

Qutput Clock
Clock Output Enable signal

RP2 --—p.: (nput Clock
[: Y :
> ;
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Pg; {Rx), Pz'y (TCLK}

P,; and P,, are also used as received data input pins for the SCI
and external clock input pins for Timer 2. The SCI and Timer 2
have registers which enable input. If the registers are set, the DDR
(P,;DDR, P,,DDR) are cleared and P,, and P,, wiil be input pin for
Rx and TCLK.

Since the SC1 will be a ciocked synchronous mode by an external
clock-input during reset, the DDR of P,; is cieared automatically
and P, is an input port. Set the 3C! to a mode where Py, is not used
{CCO or CC1 of the RMC Register is *'0™" or **1"" respectively) and
write **1"" to the P,; DDR to make P,, an output port.

RES +
R R W
a D @
P2. DDR =
< a
WP2D g
PORT a 5 ]
L= .
2n ~d P2n DATA SCI, Timer 2
c |
i |
RP2 WP2 4 Input Enable signal
. : P g
i +— g SCI Receive Data,
; Timer 2 External Clock
™~ |
L y |
MS8 LSB
P27 | Pos | Pas | Paa | P2a | Paz | P2y | P2o| PORT2DDR (SO001!
(write only, $00
DOR |ODAR |DOR | DDR | DOR | DDA | DDR | DDR during reset )
PORT2 ($0003)
P27 | P2s | Pas { Pza | Paz | Pez | P2y | Pao| R/W, notimi-
tialized during
reset ]
* Port 3 Puring reset. it 1s cleared and port 3 becomes an inpui porL.
An 8-bit 170 port. The DDR of port 3 contrals the 1/0 state. It In the expanded modes (Mode 1. Mode 2), port 3 functions as
provides only one bit which defines i/0 state by the byte (0" for data buses (D, 10 D;). Port 3 can dnive one TTL Ioad and 90pF
input and 1" for cutpui}. capacitance.
WF3D RES
] ]
C
Mode 3 #9 papoA* o l—+
Mode 1
Mode 2 | Data BUS Controie N
Mode 3
1 a
PC;RT 1 a D @ &
n Ps. o —_
~  DATA > |z
C @ _‘Q:,
Mode 1 | 9 £
Mode 2 WP3 = -
~= 5|3
External Address  Internal Address z
Read, RP3 READ WP30 DDR Write signal
= WP3  Port Wnite signal
' RP3 Port Read signal

@ HITACHI
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=8 bit Commaon Register

TDS Ltd 235



6301 MICROPROCESSOR DATA

MSB L5B
_ _ _ _ - _ _ P3
DDR

P32 | Pas | Pas | Paa | Pas | Paz | P3| Py

® Portd

An 8-bit YO port. The DDR of port 4 controls 1/0 state. Each bit
of port 4 has a DDR which defines i/0 state (‘0" for input and 1™
for output).

During reset, the DDR of port 4 is cleared and port 4 becomes
an inpui port.

In the expanded modes (Mode 1, Mode 2}, port 4 functions as
address buses (A, 10 A,;). In Mode | {expanded mode with no

PORT3 DDR ($00041
fWrite only, Bit O

is cleared during
reset.)

PORT3 ($C006)
{R'W, not ini-
tialezed during
reset.)

internali ROM), the DDR is set automatically and outputs
addresses. But in Mode 2 {expanded mode with internal ROM), the
DDR is cleared and port 4 becomes an input port during reset. Set
the DDR to 1™ to output the upper addresses {A; to A,;) to the
outside. If not all of the upper addresses have to be output, the pins
which don’t output addresses can be used as input pins. Port 4 can
drive one TTL load and 90pF capacitance.

Mode 1 RES
- 4 a
S R g o
Q 3] m a
Ps GOR o o
C 503
T b ¢
Mode 3 WP4D = =
PORT —~ R
4n \l a o € 2
PaDATA B
C @
Mode 1 T %
Mode 2 WPA4 =
PR —
RP4
T
WPA4D : DDR Write signal
WP4  Port Write signal
v v RP4 Port Read signal
* Priority : set >> reset
M5B L5B
Psz | Pas | Pas | Pas [ Pas | Paz | Par | Pao :’\29:’4 DPﬂéggmw
DOR | ODR | DDR | DOR | DDA | DDR | DDA [ DOR| (078 F0v: Y
PORT4 {($0C0OT7T
Par | Pag | Pas | Paa | Paz ] Paz| Pyy| Pag| (RW.notms
tahzed during
reset.|

® Porth

An 8-bit I/0 port. The DDR of port 5 controls 1/0 state. Each bit
of port 5 has a DDR which defines /0 state (**0"" for input and 1"
for output).

During reset, thz DDR of port § is cleared and port 5 becomes
an input port. o

Port § is also usabie as IRQ,. IRQ,. HALT. MR and the strobed
signal of port 6 for handshake (IS, 3S). It is set to input or cutput
automaticaily if 1t is used as these control signal pins (except Pi,.
i8). Since the DDR of port 5. as is port 2. is set of reset by the con-
trol signal. /0 directions of the 1/0) poris are retained afier the con-
trotb signal is disabled. Port S can drnive one TTL load and SOpk
cdpacitance

Pgo (IRQ ;). Pgy (IRGR)

236 TDS Ltd

P;; and P;, are also usable as interrupt pins. The RAM/port 5
control registers of IRQ, and IRQ, have enable bits (IQ1E, IQ2E).
When these bits are set to 1"’ Py, and P,, will automatically be
nferrupl iNput pins.

Pgz {MR), Pgq (HALT)

P.., and P,, are aiso usabie as MR and HALT inputs. MR and
HALT have enable bits {MRE, HLTE) in the RAM/Port 5§ Control
Register as IRQ, and [TRQ,. In the single chip mode (Mode 3), P,
and Py, are usable as /O ports regardless of the value of the enable
bits. In the expanded mode {Mode | or Mode 2), since MRE is
cleared durning reset, P., is usable as an 1/0 port. Since HLTE is set
during reset, the DDR of P,; will be automatically reset to be a
HALT input pin. HLTE of the RAM/Port 5 Control Register has to
be cteared 10 use P, as an /O port.

@ HITACH!
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c o}
Ps- DDR
C n
[ @
WPGLD o
& WPSD.DDR Write signal
PORT Q o = WP5  Port Write signal
5n \ P.. DATA < RP% - Port Read signal
¢ E
!- +
RES WP5 RAM /PORT

— 5 Control
Register
IRQ:
\ | ) - iRG;
MR
| Y HALT

* Initializing value during reset;
{RQ1E = "0”, IRQ2E = 0", MRE ="0""", HLTE = "1"""
*% P52 and Ps3 can be used as | O ports
in spite of the vaiue of this register 1N Mode 3

P4 (iS) an output port (set the DDR of Py, to *'1°). an output signal from
P., is also usable as the input sirobe ([S) for port 6 handshake P., will be the input to IS
interface. This pin, as is P, is always an [JO port. If Py, 1s used as

RES
1 'y
R
Q D

Psa DDR
C

T
WPED

Pes Q D
~ Pss DATA

C

RP5  WP5
L

—

Internal Data Bus

= Port 6 Control Status Register

VYV

IS v

Pgg (OS) . by setting the US enabie register (QSE) of the port 6 Control Status
P.. is also usable as the cutput strobe ((S) tor port 6 handshake Register (POCSRY.
interface. It wiit be an 1O port duning resel, and an OS cutput pin
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HTS 4
$§ R
a b a
Pss« DDR 8
[
c o
WP5D =
]
Pss — Qa D £
~ Pss DATA .
c Port 8 Control/Status Register
L3 anTey st
1
WP5 |
an T3
I
~— OSE (1 : OS output )
RPS I 0: OS5 output disable
r\ == !
l/ ;
i
Pos. Pey
P“ and P51 are 1/0 ports.
RTS
: 4
I a D
Ps. DDR
it
WPSD =
PORT =
5n \J a D 9
Psa DATA 5
¢ 5
I c
WPS -
RPS
%
M3SB LSB
Psy | Pss | Pss | Psa | Psa | Psa | Pas | Poo mso?wmsd“gom
DDR |ODR | DDR | DOR | ODR | DOR | DOR| DDR deei )
PORTS ($0015}
Ps7 [ Psa | Pss | Pea | Poa | Pea| Psi| Pso| (RAW.notini-
tialized during
reset.}

& Porté

8-bit /O port. Port 6§ DDR controls [/O state. Each bit of port 6
has a DDR and designates input or output (*“0” for input, *‘1” for
output). During reset, Port 6 DDR is cleared and port 6 becomes an

input port.

238 TDS Ltd

Port 6 controls paraliel handshake interface besides functions as

an 1/0 port. Therefore, it provides DDRs to control and IS LATCH
to latch the input data.

Port 6 can drive one TTL load and 30pF capacitance. It can drive

directly the base of Darlington transistor as port 2.
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'

c

Pon DDR

T
WPED

PORT

6n \\l Q

C

D
Psn DATA

Internal Data Bus

:
wWP6
RES RP6
R

D Q g L

WPS8D : DDR Write signal

IS LATCH
C

WP6 : Port Write signal
RP6 : Port Read signal

Port &

MSB

Control/Status Register

Pes | Psa | Pes | Paa | Poa [ Po2 | Par

LS8

Pso PORTG DDR {$0018)

por | (Wirits onky, $00
during reset.)
PORTE ($0017)

p (R/W, not ink-

80 | tislized during

reset.)

¢ Port?7

A 5-bit output port. In single-chip mode (Mode 3), port 7 goes
to a high impedance state during reset. By a write to Port 7, Port 7
goes to the output state from the high impedance state, and it out-
puts the written data. Once it becomes output state, Port 7 functions

as an output port. CPU 7 can also read the Port 7 data register to ex-
ecute bit manipulation instruction. In the expanded mode (Mode 1,

Mode 2), Port 7 is an output pin for conirol signals (RD, WR, R/
W, LIK, BA) from the CPU.

Port 7 can drive one TTL load and 30pF capacitance.

RES — R al— A
wp7 —15
Mode 1,Mode 2 —152°
[
@
Mode 3 =
o A b o :
P« DATA 'g
c EY
]
T T WP7 : Port Write signal
we?7  RP7 ~ RP7 :Port Read signal
.
Mode 1 T 1
Mode 2
1
d ' — CPU Control Signal
*Prigrity : 52 > R, Si

vy
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® RAM/PORT B CONTROL REGISTER
The control register iocated at $0014 controls on-chip RAM and
port 5.

RAM/Port 5§ Control Register (RPSCR)

7 8 5 4 3 2 1 4]

STBY STBY| AMR IQ,| RQ,
PWR FLAG| E E°| E

RAME HLTE| MRE $0014

Bit 0, Bit 1 TRG;. TRQ; Enabile Bit (IRQ,E, IRQE)

When using Py, and P;, as interrupt pins, write ““1"’ in these bits.

When the bit is set to “‘1"”, the DDRs corresponding to P, and
P;,; are cleared and become IRQ, input pin and » inpul pin,
When IRQ,E and IRQ,E are set, P, and P;, cannot be used as an
output ports. When 0, the CPU doesn’t accept an external inter-
rupi or a sleep cancetlation by the external interrupt. These bits are
cleared during reset.

Bit 2 Msmory Ready Enabls Bit (MRE)

When using P,; as an input pin of the ‘“memory ready’’ signal,
write ““1”’ in this bit. When set, P,; DDR is automatically cleared
and becomes the MR input pin. In Mode 3, however, the ““memory
ready” is nhibited regardiess of the bit. The bit is cleared during
reset.

Bit 3 Hait Enable Bit {HLTE)

When using P, as an input pin of the HALT signal, write ““1” in
this bit. When this bit is set, P, DDR is automaticaily cleared and
becomes the Halt input pin. If the bit is 0", the Halt function is
inhibited and Py, is used as an I/Q port. The bit is set to **1’* during
reset. However, in Mode 3, Halt function is inhibited regardless of
the bit.

(Note} When using P, and P, as the input ports in mode 1
and 2, MRE and HLTE bit should be cleared just after
the reset.

Bit 4 Auto Mamory Ready Ensable Bit (AMRE)

When the bit is set and the CPU accesses the external address,
“memory ready’’ operates automatically and stretches the E clock’s
““High"" duration for one system clock. When MRE bit of bit 2 is
cleared and when the CPU accesses the external address space, the
function operates. When MRE bit is set and then the CPU accesses
the extemnal address space with Py, (MR) pin in *“‘low”, ‘“‘memory
ready” operates automatically. In Mode 3, regardless of the bit
value, the ‘‘auto memory ready’’ function is inhibited. (See Table 3
and Fig. 17.)

{Note) Since this bit is set to “1” during reset, clear the bit
at the beginning of the program when auto memory
ready doesn’t have to operate.

Table 3 ““Memory Ready’’ Function

MRE AMRE Function
0 G “"Memory ready’’ inhibited.
0 1 When the CPU accesses the extermal address, ‘High’* duration of E clock automatically becomes one-cycle
longer. This state is retained during reset.
] 0 "Memory ready’’ operates by Pg, (MR} pin. The function is the same as that of the HDE301X0.

When the CPU accesses the external addrass space with the Pg; (MR) pint in “low”, the *‘auto memory
ready”’ operates. This function is effective if it has both ““high-speed memory” and ‘‘siow memory”
outside. input CS signal of “slow memory”’ to MR pin.

Bit & Standby Flag (STBY FLAG)

By clearing this flag, HD&301Y0 gets into the standby mode by
software. This is set to 1"’ during reset, so the standby mode is
canceled with pin in “low”. The RES pin should be in “low”
until oscillation becomes stable {min. 20ms.). If the STBY pin in is
in “low”, the standby mode can not be canceled with the RES pin
in “low™.

Bit 8 RAM Enable (RAME)}

On-chip RAM can be disabled by this control bit. By resetting
the MCU, “1'" is set to this bit, and on-chip RAM is enabled.

240 TDS Ltd

When this bit is cleared (=logic 0"} on-chip RAM is invalid and
the CPU can read data from external memery. This bit should be
“0"* before getting intc the standby mode to protect on-chip RAM
data.

8it 7 Standby Power Bit (STBY PWR)

When V¢ is not provided in standby mode, this bit is cleared.
This is a flag for read/write and can be read by software. If this bit is
set before standyby mode, and remains set even after returning
from standby mode, V¢ voltage is provided during standby mode
and the on-chip RAM datz is valid,

G HITACH!
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{a} MRE=0, AMRE=1

2 [

_____

L L

A S L

r-—-

external address

Address intarnal
Bus address

)( intarnal
address

extesnal address X internal address

{b} MRE=1, AMRE=1

T T T T
E | I | I I Lol | [ | | bl !
Address
externa nte external
Bus L ortorna_address X suges Ko external address X
MR \ / \

{CS pin of "siow memory"™)

ic) MRE=1,AMRE=0 (HD6301X0 Compatible Mode]
€ o 1 i i L L L
A - -
g:;e S8 ;’é‘;{::; “t": na external address b de:;:
tima - tsmR
MR N y

Figure 17 Memory Ready Timing

¥ Port 6 Control/Status Register
This is the Controi/Status Register for parallel handshake inter-
face using Port 6. The functions are as follows;
1) Latches input data to Port 6 at the TS (Py,) falling edge.
2) Qutputs a strobe signal OF (P;,) outward by reading or writ-
ing to port 6.
3) When IS FLAG is set at the TS falling edge, an interrupt
OCCUTS.
The foliowing shows Port 6 Control/Status Register (P6CSR).

7 & 5 4 3 2 3 0
15 IS IRQ LATCH
fLaG| ENABLE |OSE |0SS| enase | — | — | — | ¥00¥
BitQ *Bit 7 is Read-Only bit
Bit 1 Not used.
Bit2

Bit 3: Latch Enable

This register controls the input latch for Port 6 (ISLATCH).
When this bit is set to **1”, the inpul data to port 6 will be latched
inward at the IS (P,,) falling edge. An input latch will be canceled

by reading Port 6, which enabies to latch the next data. If cleared,

@ HITACHI

the input latch remains canceled and this bit functions as a usual
I/O port. This bit is cleared during reset.

Bit 4: 0SS Output Strobe Select

This register initiates an output strobe (OS) from P, by reading
or writing to port 6. When cleared, OS5 occurs by reading Port 6.
When set, 05 occurs by writing to Port 6. This bit is cleared during

reset.

Bit 5: OSE Output Strobe Enable

This register decides the enabling or disabling of the output
strobe. When cleared, Py functions as an 1/0 port. When set, Py,
functions as an OS cutput pin. (P, DDR is set by QSE.) This bit is
cleared during reset.

Bit 6: {S IRQ, Enable Input Strobe Interrupt Enable

When set, an IRQ, interrupt to the CPU occurs by setting 1S
FLAG of bit 7. When cleared, the interrupt does not occur. This bit
is cleared during reset.

Bit 7: IS Flag Input Strobe Flag

This flag is set at the 1S (P;,} falling edge. This flag is for read-
only. When set, the flag is cleared by reading or writing to Port 6
after reading the Port 6 Control Status Register. This bit is cleared

during reset.
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HD6301Y0
MSB

IS IR

IS FLA
G ENABLE

o

1R

Figure 18

® MODE SELECYTION
Mode program pins, MP, and MP, determine the operaticn
mode of the HD6301Y0 as Table 4 shows.

& Mode 1 {Expanded Moda)

In this mode, port 3 is data bus and port 1 “*Lower" address bus
and port 4 “‘Upper” address bus to interface directly with the
HMCS680C buses. A control signal such as R/W is produced at port
7. In mode 1, on-chip ROM is disabled and 65k bytes of address
space are externaily expandable (refer to Fig. 19).

® Mode 2 (Expanded Modae)

This mode is also expandable as well as mode 1. But in this
mode, on-chip ROM is enabled and the expandable address space is
48k bytes (refer to Fig. 20).

In Mode 2, port 4 is avzilable as an input port during reset, and
so the upper address is not output outwards. After reset starts, set
the PADDR corresponding to the externai address output. By set-
ting the DDR, the upper address is output. When a small external
memory space is provided, the pin not reguired to output the

& Mode and Port
Table 5 shows MCU signals in ¢ach mode.

S Port 6 Control/Status Register

1RGY

Input Strobe Interrupt block Diagram

address externally can be used as the input port

® Mode 3 (Single-chip Mode)
In this mode, all ports are available (refer o Fig. 21).

Table 4 Mode Selection

Mode | MP, MPy ROM | RAM "3:;‘;‘:" 0‘;:;‘:’"
1 Ll E " E 3‘;’::“"
2 4 O L B I" | En*‘f::de"
3 | Pwe 1 : 323:""""’
“L" = Logic 0", “H'" = Logic 17,1, internal, £; External.

* The addressing RAM area can be external by clearing AAME bit $0014

Table 5 MCU Signais in Each Mode

Port Made Mode 1 Mode 2 Mode 3
Port 1 Address Bus (Ag—A;) Address Bus (Ag—Aj) 10 Port
Port 2 I/0Q Port 1:Q Port 1:0 Port
Port 3 Data Bus (Dg—D5) Data Bus (Dg—D3) -0 Port
Port 4 Address Bus {Ag~A;g) 10 Port or Address Bus (Ag—A ;5! /0 Port
Port 5 1/Q Port 1:G Port 1:0 Port
Port 6 1/Q Port 110 Port 1:0 Port
Port 7 RD, WR, /W UR, BA ‘RO, WR, R'W, LR, BA QOutput Port

242 TDS Ltd
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ﬁE
| — XTAL —~RD
L ﬁ
EXTAL — R/W
g_gl—-—— ——LIR
BY =™
T T —— HDE301Y0 ——=BA
PORT2 MCU PORT3
(T2 Data Bus
PORTS
PORT?
(WJ@ Address Bus
PORTE PORTA
<:> Address Bus
V“ Vn
nr
Figure 19 Mode 1
o]
P Ve
p—ie E
P
XTAL
LEXTM_ :>Ponr7
RES —]
STBY —=
NWi ——ef HD6301Y0 @,aonm
PORT2 MCU
Tnm.n 2 @
oo K~ PORT
RTE ®
(™)

PORTGCD

Figure 21

7

Mode 3

O HITACHI

o]

Ha Vie

EXTAL

ﬁ‘E‘S —

STBY—+  hoe301vo
PORTZ Mcu
(sg"2)

R
(8

PORTE <::>

= £

_‘iﬁ

—WR

—=R/W
——LT7

——=BA

PORT3
Data Bus

PORT1
Address Bus

PORT4
Address Bus

T

Figure 20 Mode 2
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Table 6 Internal Register

Address Register Abbreviation R/W* l;::r'?r:lgz?:;;l.lf?
00 Port 1 DDA (Data Direction Register) P1DODR W $FE
93] Port 2 DDR P2DDR w $00
02 Port 1 PORT1 R/W indefinite
03 Port 2 PORT2 W indefinite
04 Port 3 DR P3DDR w $FE
05 Port 4 DDR PADDR w $00
06 Port 3 | PORT3 R/W indefinite
07 Port 4 PORT4 R/W indefinite
08 Timer Control/Status Ragister 1 TCSR1 R/W $00
Qg9 Free Running Counter [M5B) FRACH R/W $00
0A Free Running Counter (LSB) | FRCL R/W $00
oB Output Compare Register 1 (MSB) OCR1H R/W $FF
oc Output Compare Register 1 {LSB) OCR1L R/W $FF
oD input Capture Register {(MSB) ICRH R $00
(V13 Input Capture Register {LSB} ICRL R $00
OF Timer Controi/Status Register 2 TCSR2 R/W $10
10 Rate/Made Control Register RMCR R'W $COo
11 Tx/Rx Control Status Register 1 TRCSR1 RAW $20
12 Receive Data Register RDR R : $00
13 Transmit Data Register TOR w indefinite
14 RAM/Port 5 Control Register RPS5CR R/W $F8or$78
15 Port & PORTS R/W indefinite
16 Port 6 DDR PBDDR w £00
17 Por; 6 PORTS R/wW indefinite
18 Port 7 POQRT7 R/W indefinite
19 Qutput Compare Register 2 (MSB) OCR2H R/W $FF
A Output Compare Register 2 (LSB) OCR2L R/W $FF
18 Timer Control/Status Register 3 TCSR3 RIW $20
1C Time Constant Register TCONR W $FF
10 Timer 2 Up Counter T2CNT R/W 300
1E Tx/Rx Control Status Register 2 TRCSR2 R'W $28
1F Test Register® TSTREG - i -
20 PORT 5 DDR ! PBDDR W ! $00
21 PORT 6 Control/Status Register PGCSR R/W $07
22 — - - —
23 — - - : -
24 —_ — - i —
25 o Reserved _ _ : _
26 —_ - - -
27 — - - -
* Register for tast. Don't access this register.
** R: Asad-only register, W: Whrite-only register, R/W: Read/Write register
""" When empty bit is in the register, itis setto 1"
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Mode | Mode 2 Mode 3
£0000 $0000 $0000
Internal * Internal ** Internal
Registe Reg: Regist
$0027 ik $0027 e $0027 eRister
Externat Memory External Memory
Space Space
$c040 $0640 0040
Internal RAM Internal HAM Internal RAM
296 Bytes 2% Byres 756 Bytes
®013F $013F $013F
Extarnal
Memory
Spaca !
E xternat
Memory
Space
$C000 $C000
Internal ROM Internal ROM
:bk Bytes Ak Bytes
$FFFF | SFFFF $FFFF

*Mode | does not
include the addresses:
$00, $02, %04, BOS.
$06. %07 or %18 which
can be used externally.

**Mode 2 does not
nclude the addresses
%00 $02 S04 &06
and %18 which can be
used externally

Figure 22 HDB301Y0 Memory Map

m TIMER 1
The HD6301Y0 provides a 16-bit programmable timer which
can simulianecusly measure an input waveform and generate two
independert cutput waveforms, The pulse widths of both input/
output waveforms vary from microseconds (o seconds.
Timer 1 is configured as follows (refer to Fig. 24).
- Controi/Status Register 1 (8 bit)
Controt/Status Register 2 (7 bit)
Free Running Counter (16 bit)
Output Compare Register 1 (16 bat)
Output Compare Register 2 {16 bit}
[nput Capture Register (16 bit}

® Frae-Running Counter (FRC){$0009:000A)

The key timer element is a 16-bit free-running counter driven
and incremented by system clock. The counter vaiue is readable by
software withcout affecting the counter. The counter is cieared dur-
ing resel

When writing to the upper byvte (809}, the CPU writes the preset
value (SFFF&) inte the counter (address $09. $S0A) regardless of
the write data value. But when wniting (o the jower byte (SOAD after
the upper byte writing. the CPU writes not only the lower byie data
into lower 8 bit, but also the upper byte data inte higher 8 bit of the
FRC.

The counter will be as fellows when the CPU writes 1o 11 hy dou-
ble store instructions {STD, STX, etc.}

$09 write $0A Write
{$5A) (§F3)

E
Counter value

SFFF8 $54F3
In the case of the CPU write " $S54F2 10 tva FRC

Figure 23 Counter Write Timing
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* Qutput Compare Register (OCR)

{$0008B, $000C; OCR1) ($0019, $001A: OCR2)

The output compare register is a 16-bit read/write register which
can control an oulput waveform. The data of QCR. is alwavs com-
pared with the FRC.

When the data matches. output compare flag (OCF} in the umer
control/status register {(TCSR) is set. If an output enabte bit (QE) in
the TCSR2is "1™, an output level bit{OL VL) n the TCSR will he
output to bit 1 {OCR 1) and bit 5§ {OCR 2) of port 2. To conirel the
output levei again by the next compare. the value of OCR and
OLVYL should be changed. The OCR is set to SFFFF at reset. The
compare function is inhibited for a cycle just after a write to 1he
upper byte of the OCR or FRC. This is to begin the comparison
after setling the 16 bit value in the register and to inhibit the com-
pare function at this cycle, because the CPU writes the upper byte 1o
the FRC. and at the next cycle the counter is set to $FFF8.

* For data write 1o the FRC or the OCR. 2-byte transfer

mnstruction {such as STX, etc.) should be used.

® Input Capture Register {iCR} ($000D : 000E)

The input capture registar is a {6-bit read-only register which
stores the FRC's value when external input signal transition gener-
ales an input capture pulse. Such transition is controied by input
edge bit (IEDG) in the TCSRI.

In order 1o input the external input signal 10 the edge detector. a
bit of the DIIR corresponding to bit O of port 2 should be cleared
07"}, When an input capture pulse occurs by exlernal input signal
transition a1 the next cycle of CPLU s high-byte read of the ICR. the
input capture pulse will be delayed by one cycle. In order to ensure
the input capture operation, a CPU read of the ICR needs 2-byte
transfer instruction. The input pulse width should be at least 2 svs-
tem cycles. This register is cleared (30000} during reser.

® Timer Control/Status Register 1 (TCSR1) {$0008)
The timer controi/status register 11s an 8-bit register. All bits are
readable and the lower 3 bits are also writable. The upper 3 bits are
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read-only which indicate the following limer status.

Bit 5 The counter value reached to $0000 as a resuit of count-
ing-up (TOF).

Bit 6 A match has occurred between the FRC and the OCR 1
{OCF1).

Bit 7 Defined transition of the timer input signal causes the
counter to transfer its data to the ICR (ICF).

The followings are the each bit descriptions.

Timer Controi/Status Register 1

7 B 5 4 3 2 1 0
ICF} GCF1| TOF | EXCH | EQCH| ETOI| IEDGOLVL?Y

$0008

Bit O OLVL1 Output Level 1
OLVL1 is transferred to port 2, bit 1 when a match occurs be-
tween the counter and the OQCR1. If bit 0 of the TCSR2 (QE1) is
set to ‘17", OLVL1 will appear at bit | of port 2.
8it1 IEDG Input Edge
This bit determines which edge, rising or falling, of input sig-
nal of bit 0 of port 2 will trigger data transfer from the counter to
the ICR. For this function, the DDR corresponding to port 2, bit
0 should be cleared beforehand.,
[EDG =0, triggered on a falling edge
(*“High’’ to “Low""}
IEDG =1, triggered on a rising edge
(**Low’" to “*High™)
ETOI| Enabie Timar Qverflow Interrupt
When this bit is se1, an internal interrupt (IRQ,) by TOI inter-
rupt is enabled. When cleared. the interrupt is inhibited.
Bit 3 EOCIH1 Enable Output Compare Interrupt 1
When this bit is set, an internal interrupt (IRQ,) by OCIL}
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4 EICI Enable Input Capture Interrupt
When this bit is sel, an internal interrupt (IRQ,) by ICI inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit b TOF Timer Overflow Flag
This read-only bit is set when the counter increments from
$FFFF by 1. Cleared when the counter's MSB byte (30009) is
read by the CPU after the TCSRI read at TOF =1.
Bité OCF1 Output Compare Flag 1
This read-only bit is set when a match occurs between the
OCR1 and the FRC. Cleared when writing to the OCR1 (30008
or $000C) after the TCSR1 or TCSR2 read at OCF =1.
Bit 7 ICF Input Capture Flag
This read-only bit is set when an inpul signal of port 2, bit §
makes a transition as defined by IEDG and the FRC is transfer-
red to the ICR . Cleared when reading the upper byte (30000} of

Bit2
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the ICR after the TCSR1 or TCSR2 read at ICF=1.

¢ Timer Control/Status Register 2 (TCSR2) ($000F)

The timer control/status register 2 is a 7-bit register. All bits are
readable and the lower 4 bits are also writable. But the upper 3 bits
are read-only which indicate the following timer status.

Bit 5 A match has occurred between the FRC and the OCR2
(OCF2).
Bit & The same status flag as the OCF1 flag of the TCSR1, bit 6.
Bit 7 The same status flag as the ICF flag of the TCSR 1, bit 7.
The followings are the each bit descriptions.

Timer Control/Status Register 2

7 6
ICF [OCF1| OCF2 | —

5 4 3 2 1 Q
EOCIZIOLVL.2| QE2 | QE1

$000CF

BitC  OE1 QutputEnable 1
This bit enables the OLVLI to appear at port 2, bit | when a
malch has oocurred between the counter and the output com-
pare register 1. When this bit is cleared, bit 1 of port 2 will be an
1/0 port. When set, it will be an output of OLVLI automatically.
Bit 1 OE2 Output Enable 2
This bit enables the OLVL2 1o appear at port 2, bit 5 when a
match has occurred between the counter and the output com-
pare register 2. When this bit is cleared, port 2, bit 5 wilt be an I/
O port. When set, it will be an output of OLYL2 automatically.
Bit 2 OLVL2 Output Level 2
OLVL2 is transferred to port 2, bit 5 when a match has occur-
red between the counter and the OCR2, If bit 5 of the TCSR2
(OE2) is set to 1", OLVL2 will appear at port 2, bit 5.
Bit3 EQCI2 Enable Output Compare Interrupt 2
When this bit is set, an internal interrupt {IRQ,} by OCI2
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4 Not used
Bith OCF2 Qutput Compare Flag 2
This read-only bit is set when a match has occurred between
the counter and the QCR2. Cleared when writing to the OCR2
{$0019 or $001A) after the TCSR2 read at OCF2=1.
Bit6 OCF1 Output Compare Flag 1
Bit7 ICF Input Capture Fiag
OCF1 and ICF are dual addressed. If which register, TCSR1
or TCSR 2. CPU reads, it can read OCF1 and ECF to bit 6 and bit

1.
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OEl or OE2 is set to “*1" before the first cutput com-
pare match occurs after reset restart, bit 1 or bit ¥ of port 2
wiil produce “0'' respectively.
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< HDE301Y0 Internal Data Bus >
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CQutput Compare
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Figure 24 Timer 7 Block Diagram

B TIMER 2
In addition to the timer 1, the HD6301YD provides an 8-bit
r¢loadable timer, which is capable of counting the external event.
The timer 2 contains a timer output, so the MCU can generate
three independent waveforms. (Refer to Fig. 25.)
The timer 2 is configured as follows:
Control/Status Register 3 (7 bits)
8-bit Up Counter
Time Constant Register {8 bits)

® Timer 2 Up Counter (TZCNT) ($001D}

This is an 8-bit up counter which operates with the ciock decided
by CKS0 and CKS1 of the TCSR3. The CPU can read the value of
the counter without affecting the counter. In addition, any value
can be written to the counter by software even during counting.

The counter is cleared when a maich occurs between the counter
anct the TCONR or during reset.

If the write operation is made by software to the counter at the
cycle of counter clear, it does not reset the counter but put the write
data to the counter.

#® Time Constant Register (TCONR} {$001C)

The time constant register is an 8-bit write only register. It is
always compared with the counter.

When a match has cccurred, the counter maich {lag (CMF) of
the timer control status register 3 (TCSR3) is set and the value
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selected by TOS0 and TOS1 of the TCSR3 will appear at port 2, bit
6. When CMF is sel, the counter will be cleared simultanecusly and
then start counting from $00. This enables regular interrupts and
waveform outpuls without any software support. The TCONR is set
to **$FF"" during reset.

® Timer Control/Status Register 3 (TCSR3) {$001B)

The timer controi/status register 3 s a 7-bit register. All bits are
readable and & bits except for CMF can be writien.

The fotlowings are each pin descriptions.

Timer Control‘Status Register 3

7 3] 5 4 3 2 1 o
CMF | ECM#] T2E | TOS1 TOSOICKS1| CKSO

$0018

Bit0  CKSO Input Clock Select 0
Bit 1 CKS1 Input Claock Seiect 1
Input clock to the counter is selected as shown in Table 7
depending on these two bits. When an external clock is selected,
bit 7 of port 2 will be a clock input automatically. Timer 2 detects
the rising edge of the external clock and increments the counter.
The external clock is countable up to half the frequency of the
system clock.
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< HPR6301Y0 Internat Data Bus >
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Clock 1
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CMF [ECMI

T2E |TOS1{TOSO)CKS1[CKSO

TCSR3
$001B

IRQ, _._G:—‘

Figure 25 Timer 2 Block Diagram

Table 7 Input Clock Select

CKSt CKS0 input Clock to the Counter
0 o] E clock
Q 1 E clock/8°
1 0 E clock/128"
1 1 External clock

* These clocks come from the FRC of the timer 1 |f one of these clocks is
selected as an input clock to the up counter, the CPLU should not write to
the FRC of the timer 1

Bit2 TOSO0 Timer Output Select 0
Bit3 TOS1 Timer Qutput Select |
When a match occurs between the counter and the TCONR
timer 2 cutputs shown in Table 8 will appear at port 2, bit 6
depending on these two bits. When both TOS0 and TOS1 are
“0", bit 6 of port 2 will be an 1/O port.

Table B Timer 2 Output Select

TOS! TOSO Timer Qutput
0 ] ; Timer Qutput inhibited
0 1 Toggle Output®
1 Q Qutput 0"

1 1 Qutput 17

* When a match occurs between the counter and the TCONR, timer 2
output fevel is revarsed. This leads to production of a square wave with
50% duty to the extermnal without any software support
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Bit4  T2E Timer 2 Enable Bit
When this bit is cleared, a clock input to the up counter is
inhibited and the up counter stops. When set to 1™, a clock
selected by CKS1 and CKS0 (Table 7} is input to the up counter.
{Note) P outputs “0’" when T2E bit cleared and timer 2 set in
output enabie condition by TOS1 or TOSO. It aiso outputs
“0" when T2E bit set *'1"* and timer 2 set in output ena-
ble condition before the first counter match occurs.
Bit5 Not Used.
Bit 6 ECMI Enable Counter Match Interrupt
When this bit is sel, an internal interrupt {(IRQ,) by CMI is
enabled. When cleared, the interrupt is inhibited.
Bit7  CMF Countar Match Flag
This read-only bit is set when a match occurs between the up
counter and the TCONR. Cleared by writing *'0"* at CMF =1 by
software (unable to write 1" by software).
Each bit of the TCSR3 is cleared during reset.

8 SERIAL COMMUNICATION INTERFACE (SCI)

The Serial Communication Interface (SCI} in the HD6301Y0
contains the following two operating modes: asynchronous mode by
the NRZ format, and clocked synchronous mode which transfers
data synchronously with the clock. In the asynchronous mode, data
length, parity bits and number of stop bits can be selected, and eight
transfer formats are provided.

The SCI consists of the following registers as shown in Fig. 26
Block Diagram.

- Transmit/Receive Control Stztus Register 1 (TRCSR1)

Rate/Mode Control Register (RMCR)
Transmit/Receive Control Status Register 2 (TRCSR2)
Receive Data Register (RDR)
Recevie Shift Register
Transmtit Data Register (TDR)
- Transmit Shift Regisier
To operate the SCI, initiahze the RMCR and TRCSR2, after

selecting the desirable operating mode and transfer Format. Next,
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set the enable bit (TE or RE) of the TRCSR 1. Operating mode and
transfer formal should be changed when the enable bit (TE, RE) is
cleared. When setting the TE or RE again after changing the operat-

ing mode or transfer format, intervat of more than a 1-bit cycle of
the baud rate or bit rate s necessary. If a 1-bit cycle or more is not
ailowed, the SCI block may not be inttialized.

Parity Check
Generator
t TRCSR2
Pzs Receive Shift Register kDRF RFEJYDHE per| - lrenieoe]| seL
R
L S
MSB LSB ] . TRCSR!
ROR {RDRFIBRFEI:TDHE RIE] Re | Tie | TE [wu
HDBE301Y0 INTERNAL DATA BUS
MSB LSB RMCR
TDR Ss2jcczlcercco)lsst] sso
L/'
Pae Transmit Shift Register —  BitRate *Timer1#fRC
Generalor  fa—— Timer 2

¥

Figure 26 SC! Block Diagram

¢ Asynchronous Mode

Asynchronous mode contains § transfer formalts as shown in
Fig. 27.

Data transmission is enabled by setting TE bit of the TRCSR1,
then port 2, bit 4 will unconditionally become a serial output inde-
pendently of the corresponding DDR.

To transmit data, set the desirable transmit format with RMCR
and TRCSR2. When the TE bit is set. the data can be transmitted
after transmitting the one frame of preamble (**1%'),

The conditions at this stage are as follows.

1) If the TDR is empty (TDRE=1), consecutive 1's are pro-

duced to indicate the idle state.

2) If the TDR contains data (TDRE =0), data is sent 10 the

Transmit Shift Register and data transmit starts.

During data transmit, a start bit of ““0”" is transmitted first. Then
7-bit or B-bit data (starts from bit 0} 15 transmitted. With PEN =1,
the parity bit, even or odd, selected by EOP bit is added. lastly the
stop bit (1 bit or 2 bis) is sent.

When the TDR is “empty’’, hardware sets TDRE flag bit. If the
CPU doesn’t respond to the flag in proper timing (the TDRE is in
set condition till the next normal data transfer starts from the
transmit dala register te the transmil sift register), **1"" is transfer-
red instead of the start bit "0 and continues o be transferred till
data is provided 10 the data register. While the TDRE 5 17", 0" is
not transferred.

Data receive is possible by setting RE bit. This makes port 2. bit
3 aserial input. The operation made of data receive is decided by

® HITACHI

the contents of the TRCSR2 and RMCR at first, and set RE bu of
TRCSRI. The first 0" (space) synchronizes the receive bit flow.
Each i1 of the following data will be strobed in the middle. If a siop
bitis not **1"°, a framing error assumed and ORFE is set.

When a framing error occurs, receive data is transferred to the
Receive Data Register and the CPU can tead the error-generating
data. This makes it possible to detect a line break.

When PEN bit is set, the parity check is done. If the parity bit
does not match the EQP bit. a parity error occurs and the PER bitis
set, not the RDRF bit. Also, when the parity error occurs the
recerve data can be read just iike in the case of the framing error.

The RDRF flag is set when the data 15 received without a fram-
ing error and a parity error.

If RDRF is still set when receiving the stop bit of the next data.
ORFE is set to indicate the overrun generation. CPU can get the
receive data by reading RDR. When 7 bit data formal is selected,
the 8th bit of RDR is """

When the CPU read the receive Data Register as a response 1o
RDRF flag or ORFE flag after having read TRCSR. RDRF or
ORFE s cleared.

(Note) Clock Source in Asynchronous Mode

If CC1:CCO=10. the internal bit rate clock is provided at P..

regardiess of the values for TE or RE. Maximum clock rate is

E+ 16

If both CC1 and CCO are set. an external TTL compatible clock

must be connected to P., at sixteen times (16X ) the desired bit

rate, but not greater than E.
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(1) |start{ 7Bit Data [ stoe

(2) {sTarT| 78it Data | zstor |

(3) |s7aRT] 78it Data |PariTy| sToe |

{4} |sTarT| 78it Data [eamiry][ 2s10p |

(5) [sTant] 8Bit Data [ stor]

(6) |sTaRT| 8B4t Data [ 2stor |

7 [sTart] 85it Data [pariTy| stor |

(8 |sTART| 88it Data JPamty  2sT0P |

Figure 27 Asynchronous Mode Transfer Format.

¢ Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is synchronized
with the clock pulse. The HD6&301Y0 SCI provides functicnally
independent transmitter and receiver which makes full duplex
operation possible in the asynchronous mode. But in the clocked
synchronous mode an SCI clock /O pin is only P,;, so the
simultaneous receive and tfransmit operation is not available. In this
mode, TE and RE should not be in set condition (*I'")
simultaneously. Fig. 28 gives a synchronous clock and a data format
in the clocked synchronous mode.

1} Data transmit

Data transmit is realized by setting TE bit in the TRCSR1. Port
2, bit 4 becomes an output unconditionally independent of the
vajue of the corresponding DDR.

-Both the RMCR and TRCSR should be set in the desirable
operating condition for data transmit.

When an external clock input is selected and the TDRE flag is
0", data transmit is performed from port 2, bit 4, synchronizing
with 8 clock pulses input from external to port 2, bit 2.

Data is transmitted from bit 0 and the TDRE is set when the
Transmit Shift Register (TSR) is “empty”. More than 9th ciock

{——————3 Transmit Direction

pulse of external are ignored.

When data transmit is selected to the clock output, the MCU
produces transmit data and synchronous clock at TDRE flag clear.
2) Data receive

Dazta receive is enabled by setting RE bit. Port 2, bit 3 will be 2
serial input. The operating mode of data receive is decided by the
TRCSR1 and the RMCR.

If the external clock input is selected, 8 external clock pulses and
the synchronized receive data are input to port 2, bit 2 and bit 3
respectively. The MCU put receive data into the receive data shift
register by this clock and set the RDRF flag at the termination of 8
bit data receive. More than 9h clock pulse of external input are
ignored. When RDRF is cleared, the MCU starts receiving the next
data instantly. So, RDRF should be cleared with P,; ‘‘High™.

When data receive is selected with the clock output, B syn-
chronous clocks are output to the external by setting RE bit. So
receive data should be input from external synchronously with this
clock. When the first byte data is received, the RDRF flag is set.
After the second byte, receive operation is performed by sending
the synchronous clock 1o the external after clearing the RDRF bit.

Synchronous ||IIII[_|L_|I_J|_‘L—I

clock

Data %Bn OXBit 1XBat ZXBit 3l Bit4}Bit SXBn GXBu 7%
x x P7777] Not Vatid

+ Transmit data is produced from a falling edge of a synchronous clock to the next faHing edge.

+ Receive data is latched at the rising edge.

Figure 28 Clocked Synchranous Mode Format

® Transmit/Receive Control Status Register {TRCSR1}
($0011)
The TRCSR1 15 composed of 8 bits which are all readable. Bits ¢
to 4 are also writable. This register is initialized 1o $20 during reset.
Each bit functions are as follows.
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Transmit/Receive Control Status Register

7 ] 5 4 3 2 1 Q
RDRF [ORFE| TDRE[ RIE RE TIE TE | WU $0011
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Bit0 WU Wake-up

In a typical multi-processor configuration, the software pro-
tocol provides the destination address at the first byte of the
message. In order to make uninterested MCU ignore the
remaining message, a wake-up function is available. By this,
uninterested MCU can inhibit all further receive processing till
the next message starts.

Then wake-up function is triggered by consecutive 1's with |
frame tength. The software protocol should provide the idle time
between messages.

By setting this bit, the MCU stops data receive till the next
message. The receive of consecutive **1"’ with one frame length
wakes up and clears this bit by hardware and then the MCU
restarts receive operation. However, the RE flag should be
already set before setting this bit. In the clocked synchronous
mode WU is not available, so this bit should not be set.

Bit 1 TE Transmit Enable

When this bit is set, transmit data will appear at port 2, bit 4
after one frame preamble in asynchronous mode, while in
clocked synchronous mode it appears immediately. This is
executed regardless of the value of the corresponding DDR.
When TE is cleared, the serial I/Q doesn’t affect port 2, bit 4.

Bit2 TIE Transmit Interrupt Enable

When this bit is set, an internal interrupt (IRQ,) is enabled
when TDRE (bit 5) is set. When cleared, the interrupt is
inhibited.

Bit3 RE Reacaive Enable

When set, a signal is input to the receiver from port 2, bit 3
regardless of the value of the DDR. When RE is cleared, the
serial 1/0 doesn’t afffect port 2, bit 3.

Bit4 RIE Recsive Interrupt Enable

When this bit is set, an internal interrupt (IRQ,) is enabled
when RDRF (bit 7) or ORFE (bit 6) is set. When cleared, the
interrupt is inhibited.

Bit 5 TDRE Transmit Data Register Empty

TDRE is set by hardware when the TDR is transferred 1o the
Transmit Shift Register in the asynchronous mode, while in
clocked synchronous mode when the TDSR is “‘empty’’. This
bit is cleared by reading the TRCSR1 or TRCSR2 and writing
new transmit data to the TDR when TDRE=1. TDRE is set o
1" during reset,

(Note) TDRE should be cleared in the transmittable state after
the TE set.
ORFE Owverrun Framing Error
ORFE is set by hardware when an overrun or a framing error
is generated (during data-receive only). Ap overrun error occurs
when new receive data is ready to be transferred to the RDR
during RDRF stifl being set. A framing error occurs when a stop
bit is 0. But in clocked synchronous mode, this bit is not
affected. This bit is cleared by reading the TRCSR I or TRCSR2,
and the RDR, when RDRF=1. ORFE is cleared during reset.
Bit 7 RDRF Receive Data Register Full

RDRF is set by hardware when data is received normally and
transferred from the Receive Shift Register (RSR) 1o the RDR.
This bit is cleared by reading TRCSR1 or TRCSR2, and the
RDR, when RDRF =1. This bit is cleared during reset.

Bit 6

& Transmit Rate/Mode Control Register {RMCR)
The RMCR controls the following serial [/0:
- Baud Rate - Data Format
. Clock source - Port 2, Bit 2 Function

BitQ SS0
8Bit1 551 Speed Select
Bit6 §s82

These bits control the baud rate used for the SCE Table 9 lists
the available baud rates. The timer 1 FRC {S§2 =0} and the timer 2
up counter (852=1) provide the internal clock to the SCI. When
selecting the timer 2 as a baud rate ciock source, it functions as a
baud rate generator. The timer 2 generates the baud rate listed in
Table 10 depending on the value of the TCONR.

{Note} When operating the SCI with internal clock, do not per-
form write operation to the timer/counter which is the
clock source of the SCI.

Bit2 CcCO
Bit3 cCc1 Clock Control/Format Select*
Bit4 CC2

These bils control the data formal and the clock source (refer to
Table 11).

* CCO, CCl and CC2 are cleared during reset and the MCU
goes to the clocked synchronous mode of the external clock
operation. Then the MCU automatically set port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an output
port, the DDR of port 2 should be set to ““1"™ and CC1 and
CCO to 07 and **1"’ respectively.

Bit§
Bit7

Not Used.
Not Used

® Transmit/Receive Control Status Register 2 (TRCSR2)

The TRCSR2 is a 7-bit register which can select a data format in
the asynchronous mode. The upper 3 bits are the same address as
the TRCSR 1. Therefore, the RDRF, ORFE and TDRE can be read
by either the TRCSR1 or TRCSR2. Bits 0 to 2 of the TRCSR 2 are
used for read/write. Bits 4 to 7 are used only for read.

Transmit/Receive Control Status Register 2

7 3] 5 4 3 2 1 0
RDRF |ORFE ] TDRE | PER — | PEN| EOP| SBL

$Q01E

Bito SBL Stop Bit Length
This bit selects the stop bit length in the asynchronous mode.
IF thus bitis 0", the stop bit is 1-bit. If **1", the stop bit is 2-bit.
This bit is cleared during reset.
Bit1 EOP Even/Odd Parity
This bit selects the parity generated and checked when the
PENis 1" [Fthis bitis *0"", the parity is even. If **17, it is odd.
This bit is cleared during reset.
Bit2 PEN Parity Enable
This bit decides whether the panty bit should be generated
and checked in the asynchronous mode or not. If this bit is 0",
the parity bit is neither generated nor checked. If **1'", it 1is
generated and checked. This bit is cleared during reset.
The 3 bits above do not affect the SCI opertion in the clocked
synchronous mode.

- Operation Mode Bit 3 Not Used
All bits are readable/writabie. Bit ¢ to 5 of the RMCR are cleared
during reset
Transfer Rate. Mode Controi Register
7 6 5 4 3 2 1 0
— - §82 i CC2 | CC1 | CCO | 881! sS50( 30010
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Table 9 SCIBit Times ard Transfer Rates

{1) Asynchronous Mode

xTaL 2 4576MHz 4 OMHz 4 3152MH:
582 §51 S50 € 614 dkH; 1 DMHz T 2288MH:
Q Q ¢} £-16 28 ,5/384C0Baud 16 45/625008Baud 13..8/76800Raud
Q o 1 E+-128 208 45/ 48C0Baud 128,,5/7812 SB8aud 104 2.5/3600Baud
0 1 Q E-1024 1 67ms/6008aud 1 024ms/976 68aud 833 3.5/1200Baud
[+] 1 1 E=-4096 6 67ms/1508au3 4 0%96ms /244 1Bauwd 3 333ms/300Band
1 s — —_ * - »

*When §S2 is 1™, Timer 2 provides SCI viocks The haud rate is shown as follows with the TCONR as N

3 . input clock frequency 10 the
Baud Rate = N timer 2 counter
N=0~255
{2} Clocked Synchronous Mode *
XTAL 4 OMH: 6 CMHz 8 OMHz
552 $51 S8S0 E 1 OMH:z 1 5MHz 2 OMHz
0 a o] E+2 2.u8/bn 1 33us/nt 145/bnt
o] 4] 1 E+-16 16 .r5/00 YO Tussit Bussbit
o 1 o | £+128 128..5/bit 85 3us/brt 64,5/
o ! 1 Ex512 512.8/bit 341 .5/bit 256.s/o1
1 —_ — I _— & X x 2 L]

* Bit rates in the case of internal clock vperanion. In the case of extermai clock operation, the external cluck is
uperatable up to DC ~ 112 system clock.

** The bit rate is shown as follows with the TCONR as N

Bit Rate (usjbi) = ANELL /€ mput clock [requency fo the
N=0~ 255

Table 10 Baud Rate and Time Constant Register Example

Bauc é;:_‘é;;a\.\ﬂ“ 2 A576MH: 3 6BEAMH; 4 CMH2 4 9152MH; 8 OMHz
110 21 37 35" 43 700
150 127 191 267 255 59
300 62 85 103 127 207
600 31 a7 51 83 103

1200 15 23 25 31 51
2400 7 1 12 15 25
4800 3 5 - 7 12
9600 1 2 - 3
19200 o . - _ 1
38400 — — — 0

L]
* E/8 clock is input to the timer 2 up counter and E clock otherwise.

Table 11 SClIFormat and Clock Source Control
CC2 CC1 ¢Co Format Mode Clock Source |Port 2, Bit 2 Port 2, Bit 3 T Port 2, Bit 4
0 0 h} 8-bit data | Clocked Synchronous | Extermal I Tnput s
o 0 ) 8-bit data | Asynchronous [ internal ! Not Used™* £ ) "
i i ! R | When the TRCSR1, RE bit s "1
o] 1 0 8-bit data i Asynchronous i Internal Quiput { bit 3 is used as a ser1al input.
0 1 1 g.bit data Asynchronous " External Input
1 Q 0 B8-bit data Clocked Synchranous  j Internal Qutput
1 0 1 7 bitdata | Asynchronous internal Not Used™* o
. When the TRCSRY, TE bit+5 1",
] 1 0 7-bit data Asynchronous {nternal Qutput bit 4 is used as a serial output.
i 1 1 7 bt data Asynchronaus Extetnal Ingut
* Clock output regardless of the TRCSR1. bit RE and TE.
** Not used for the SCI.
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Bit4 PER Parity Error Bit7 RDRF
This bit is set when the PEN is ““1’" and a parity error occurs. Receive Data Register Full
It is cleared by reading the RDR after reading the TRCSR2, * Each flag of the TDRE, ORFE, and RDRF can be read from
when PER=1. either the TRCSRi or TRCSR2.
Bit6 YDRE
Transmit Data Register Empty = TIMER, 5CI STATUS FLAG
Bité ORFE Table 12 shows the set and reset conditions of each status flag in
Overrun/Framing Ermor the timer 1, timer 2 and SCI.

Table 12 Timer 1, Timer 2 and SCI Status Fiag

Set Condition Clasar Condition
PBCSR IS FLAG Falling edge input to Pg, (IS) 1. Read the PECSR then read or write the
PORT®&, when iS FLAG = 1
2 RES=0
ICF FRC — ICR by Rising or Failing edge input to 1. Read the TCSRt or TCSRZ then ICRH,
Fao when ICF = 1
(Selecting with the IEDG bit) 2 RES =0
QOCF1 OCR1 = FRC 1. Read the TCSR1 or TCSR2 then write to
the OQCR1H or OCR1L, when OCF1 = 1
Timer 2. RES =0
1
OCF2 OCR2 = FRC 1. Read the TCSR2 then write to the OCR2H
or OCR2L, when OCF2 =1
2. RES =0
TOF FRC = $FFFF + 1 cycle 1. Read the TCSR1 then FRCH, when
TOF =1
2 RES =0
Timer CMF T2CNT = TCONR 1. Write "0" to CMF, when CMF = 1
2 2. RES=0
RDRF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then RDR,
when RDAF = 1
2. RES =0
ORFE 1. Framing Error {Asynchronous Model 1. Read the TRCSR1 or TRCSR2 then RDR, when
Stop Bit = O ORFE =1
2. Owverrun Error (Asynchronous Mode) 2. RES =0
Receive Shift Register -—— RDR when
SCI RDRF = 1
TCRE 1. Asynchronous Mode Read the TRCSR1 or TRCSR2 then write to the
TDR — Transmit Shift Register TDR, when TDRE = 1
2. Clocked Synchronous Mode
Transmit Shift Register is “empty” Note} TDRE shouid be reset after the TE set.
3. RES =0
PER Parity when PEN =1 1. Read the TRCSR2 then RDR, when PER=1
2. RES=0
[Note} — ; Transfer = . equal ICRH; Upper byte of ICR OCR1L; Lower byte of OCR1
QCR1H; Upper byte of OCR1 DOCRZL, Lower byte of OCR2
QCRZH; Upper byte of OCR2 FRCH, Upper byte of FRC
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8 LOW POWER DISSIPATION MODE
The HD6301Y0 provides two low power dissipation modes;
sleep and standby.

& Sleep Mode

The MCU goes to the sleep mode by SLP instruction execution.
1n the sleep mode, the CPU stops its operation, while the registers’
contents are retained. [n this mode, the peripherals except the CPU
such as timers, SCI, etc. continue their functions. The power dis-
sipation of sleep—condition is one fifth that of operating condition.

The MCU returns from this mode by an interrupt, RES or
STBY, it goes to the reset sizte by RES and the standby mode by
STBY. When the CPU acknowiedges an interrupt request, it cancels
the sleep mode, returns to the operation mode and branches to the
interrupt routine. When the CPU masks this interrupt, it cancels
the sleep mode and executes the next instruction. However, for
example, if the timer 1 or 2 prohibits a timer interrupt, the CPU
doesn’t cancel the sleep mode because of no interrupt request.

L VYeeo

This si_eep maode is effective to reduce the power dissipation for a
system with no need of the HD6301Y0's consecutive operation.

¢ Standby Mode

The MCU goes to the standby mode with the STBY “Low™ or
by clearing the STBY flag. In this mode, the HD6301Y0 stops all
the clocks and goes to the reset state. In this mode, the power dis-
sipation is reduced 10 several u A. During standby, all pins, except
the power supply (Vc, Vo), the STBY, RES and XTAL (which
cutputs *‘0""), go to the high impedance state. In this mode, power
(V) is supplied to the HD6301Y0, and the contents of RAM is
retained. The MCU returns from this mode during reset. When the
MCU goes to the standby mode with STBY “‘Low", it will restart at
the liming shown in Fig. 29(a). When the MCU goes to the standby
mode by clearing the STBY flag, it will restart only by keeping the
RES “Low™ for longer than the oscillating stabilization time.
(Fig. 29(b}}
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Figure 23 Standby Mode Timing
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H TRAP FUNCTION

The CPU generates an interrupt with the highest priority
(TRAP) when fetching an undefined instruction or an instruction
from non-memory space. The TRAP prevents the system-burst
caused by noise or a program error.

® Op Code Error

When fetching an undefined op code, the CPU saves registers as
well as a normal interrupt and branches to the TRAP (SFFEE,
SFFEF}. This has the priority next to feset.

® Address Error

When an instruction fetch is made excluding internal ROM,
RAM and external memory area, the MCU generates an interrupt
as well as an op code error. But on the system with no memory in its
external memory area, this function is not applicable if an instruc-
tion fetch is made from the external non-memory area. Table 13
provides addresses where an address error occurs {0 each mode.

This function is available only for an instruction fetch and is not
applicable to the access of normal data read/write,

Tabie 13 Addresses Applicable to Address Errors

Mode 1 2 3
$0000 $0000 $0000

a i i
Address $0027 $0027 $003F
$0140

{
$BFFF

(Note) The TRAP interrupt provides a retry function differently
from other interrupts. This is a program flow return to the
address where the TRAP occurs when a sequence returns
lo a main routine from the TRAP interrupt routine by
RTI. The retry can prevent the system burst caused by
noise, elc.

However, if ancther TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration is
necessary in programming.

B INSTRUCTION SET

The HD6301Y0 provides object code upward compatible with
the HD6801 to utilize ali instruction set of the HMCS6800. It also
reduces the execution times of key instructions for throughput
improvement.

Bit manipulation instruction, change instruction of the index
register and accumulator and sleep instruction are also added.

The followings are explained here.

CPU Programming Model {refer to Fig. 30)

Addressing Mode

Accurnulator and Memory Manipulation Instruction (refer to

Table 14)

New [nstruction

Index Register and Stack Manipulation Instruction (refer to

Table 15)

Jump and Branch Instruction (refer to Table 16}

Condition Code Register Manipulation (refer to Table 17)

Qp Code Map (refer to Table 18)

® Programming Model

Fig. 30 depicts the HD6301 Y0 programming model. The double
accumulator D consists of accurnulater A and B, so when using the
accumulateor D, the contents of A and B are destroyed.
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Figure 30 CPU Programming Model

® CPU Addressing Mode

The HD6301Y0 provides 7 addressing modes. The addressing
mode is determined by an instruction type and code. Tables 14
through 18 show addressing modes of each instrution with the
execution times counted by the machine cycle.

When the ciock frequency is 4MHz, the machine cycle time
becomes microseconds directly.
Accumulator (ACCX) Addressing

Only an accumulator is addressed and the accumulator A or B is
selected. This is a one-byte instruction.
Immediate Addressing

This addressing locates a data in the second byte of an instruc-
tion. However, LDS and 1. DX locate a data in the second and third
byte exceptionally. This addressing is a 2 or 3-byte instruction.

Direct Addrossing

In this addressing mode, the second byte of an instruction shows
the address where a data is stored. 256 bytes (30 through $255) can
be addressed directly. Execution times can be reduced by storing
data in this area 50 it is recommended to make it RAM for users’
data area in configurating a system. This is a 2-byte instruction,
while 3 byte with regard to AIM, OIM, EIM and TIM.

Extended Addressing

In this mode, the second byte shows the upper 8 bit of the data
stored address and the third byte the lower 8 bit. This indicales the
absolute address of 3 byte instruction in the memory.

Indexed Addressing

The second byte of an instruction and the lower 8 bit of the
index register are added in this mode. As for AIM, OIM, EIM and
TIM, the third byte of an instruction and the lower & bits of the
index register are added.

This carry is added to the upper 8 bit of the index register and
the result is used for addressing the memory. The modified address
is retained in the temporary address register, so the contents of the
index register doesn’t change. This is a 2-byte instruction except
AIM, OIM, EIM and TIM (3-byte instruction).
implied Addressing

An instruction itself specifies the address. This is, the instruction
addresses a stack pointer, index register, etc. This is a one-byte
instruction.

Relative Addressing

The second byte of an instruction and the lower 8 bits of the
program counter are added. The carry or borrow is added to the
upper 8 bit. So addressing from — 126 10 +129 byte of the current
instruction is enabled. This is a 2-byte instruction.

(Note} CLI, SEI Instructions and Interrupt Operation
When accepting the IRQ at a preset timing with the
CLI and SEI instructions, more than 2 cycles are neces-
sary between the CLI and SE! instructions. For exam-
ple, the following program (a) (b) don’t accept the IRQ
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but (c) accepts it.

CLi

cut CLI NOP
SEI NOP NOP

: SEI SEI
(a) {b) ()

The same thing can be said to the TAP instruction instead
of the CLI and SEl instructions.
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Table 14 Accumulator, Memory Manipulation Instructions

Condition Codé
Adidressing Modes

Coesratons Mnamaonc Boolsan/ Asgrater
IMMED | DIRECT | INDEX |EXTEND | IMPLIED Aeithmatic Operation sfafafz] (o
OP [~ |« 0f|~ [slOF]~ |0 |OP |~ |a|lOP |~ x Hl1|njZ |vic
At ADDA 88 (212 98 [3 [2[{AB|4 |2 8B 4|3 A+ M-+ A t{ettit]|2
ADDB  (CBlz|2 (o83 [2|EeB[al2 {Fa a3 B+M—B BEREBRE
Add Doutrhe ADDD |C3 (33 D3|4(2(E3[s|2|Fa|s5]3 A-B+M M+1—~A B |o e 3 8388
Add Accumulstors ABA 1811 {1 JA+B—~ A tjeititt|t
Add With Carry ADCA (89 |2(2 (99 |3 |2 |A9la 2 ]no |43 A+M+C—A AR
ADCB cal2/2/p9|3(2]ea 4|2 |Fa a3 B+M+ =B 1 leladit ]ty
AND ANDA |84 |2]2 /o432 ]aala|2 B4 (a2 TACM - A we{1it Ale
ANDS  (Cal2[2|Daj3 2 caia2 |Fala]2 "BM—~B s a1t aje
Bet Test 8IT A 85 [2]2]es [3]2{Aas[a]2 (85 [4]3 AW etitIATe
BT e €522 D5 |3 |2 [€5 |4 |2 [F5 |43 . .B-M si1it|Rfe
Clawr CLA i 6F [5(2 [7F |53 . [00~M s RS |R|R
CLRA J i | 4F (11100 A e |® A|SIRR
CLAB . SF[11]0c~B e [+ [r[5]R]R
Comgare CMPA (81 [z [2:91 |32 A1 4|2 B1 4 3 TolawM RODBNE
CMPB crlz|2]or|af2ler at2ferjads 8 -M eloft ]ttt
e ey cBa 1n[1it[a-8 oleitfeft]s
Comglement, 1's COM 63 (62|73 [63 MM ejs 1]t [R]s
COMA 43 (1|1 ]|A ~A NBGE
COMB s3[1(1 |8 -8B sleft|t[R]s
Complemant, 2'x NEG 60 |62 |70 |6 .3 00-M—M ejo ]|t DD
{Negats) NEGA 4 {1 [1]|00-A~A sinft]|t DD
NEGB 1 |soj1|1]lo0-B—~8 o fejt |t D
Decimal Adjust. A | DAA t e |2 ]s e Y o el (@ o [t t[1(®
Owcremant DEC A 6|2 [TAIB 3| M-t =M sle |1t |@]e
DECA A4A {1 (1 |A -1 —-A e |® 1‘0.
DECB salt|[1|e-1-~8 alo|t]|1|@]e
Exclusive OR EORA |88 (z[219a |21 [2[ag a2 B8 [4 ]2 2D M= A e e (3|t ]R[e
ECRE ca 2|oaja|2ea {42 |Fe |43 8 M- B s e |11 IR e
Increment INC 6C |62 [7Cc [6[3 M+l -M sleli |t @®[e
INCA 4C (1 (v [A+1 = A e le {1l D=
INCB sCl1/viB+1-8 o (al1]3 @
Load Loaa @6 |z (2,96 |31z |a6]a]2 |86 [4][3 M= A e (1]t R e
Accumulator Loae  {c6 [2 ]2 06312 €6 a2 |F6 |43 M-B o lelt{t[rle
2ed Double LDD cc 3|3 |oc|4 (2 |ecis |2 iFc|s |3 [ Mer-am-a alsfsitirle
Multiphy Unsigned MUL D 7[t[AxB~4 B ajelaleleidd
OR, Inclusive ORAA [BA |2 |2 |5A |32 |AA[4 |2 BA |4 FMlasm~a BRRERD
ORAB [CA |2 |2 |DAj3 |2|EA|4|2 [FA{& 3 e +m- 8 RORROOE
Push Deta PSHA I 36 (41 [A-Mwp SP-1-5P eisjeieele
PSHB i 37 (4 (1 [B =My SP -1 5P o n|s]|ejeln
Pull Oats PULA IE N E R R sjefefafate
PULS 33 (3 (1(|$P+1 5P Mp—8 o fain|aie e
Rotate Left ROL 69 |(6(2 (7 i6|2 " o (|1l it
ROLA 49m.]m.-::os
ROLE sg{1ftle’ € ® SOHBOE
Rotate Right RCR 66 (6276 6|13 ' o (o[l |@ ¢
AOR A PERERE Alw [EERERERL 1R
RORB 56 11i3]|"® e ottt
[Note) Condition Code Fegister will be explained in Note of Table 17 {continued)
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Tabte 14  Accumulatar, Memory Manipulation Instructions

Addressing Modes Cbﬂ(‘i;:::':ﬁﬂ.

Operations Mnemonic | \MED | DIRECT | INDEX |EXTEND | IMPLIED Arathfr?:::cl‘t'):’-uton slaja[2]1]o

o |~ |eioP |~ |wlop|~|alor|~eiop|~]# Hitinlz|v|e

Shift Lt ASL 68 |6 /278 |63 - -— olofi]t B

Arithmetic ASLA 4 11 ]a ol[eie ([T B

ASLB 58 111 |wb C w7 w ARG

i ASLD 051|aoasc©:

Shife Right ASR 67 |6 |2 |77 |8 |3 " - oo (1|t @t

Arithrmastic ASAA 47 |1}t A’ LBLAR IR T

a oy ™) ;

ASRE s7 [t 11 BN AGE

Shift Right LSA B4 [6]2174 {613 “ - LA CHE

Logical LSRA 4411.1\0*1]HELU_P‘[? OORI@T

LSAB sa [T (el ¥ » NNDBCE

N e -

Store STAA 97 |3 |2 |A? |4z |87 |43 A M slt|1 A=

Accumutator STAE D7[3 [2|[E7 (4 ]2 |F7 (o 13 3™ *[1]1[A]e

Stors Oouble 7D oo|4 |2 |ED (512 [FD{s |3 B elels|tin|e

Subtract suBA |80 |7 |2 |90 (2|2 |A0 4|2 |Bo |43 A-M_A AEETAE

suB8 W|2|/2|D0|A|2(ED 4|2 ]|FO |4 (3 B-M-B Pt

Double Subtract sueD |83 [3]3 (93 a2 |A3]s 2 |83 |5 |2 A B-M Mt1-A B |e|elt]tit]e

et o sea 10 (1]1|a-8~a oleft|tis|s

Suberact SBCA |82 12 (2|92 (3 |2]A2 42 B2 |4 |3 A-M-C— A PR PATREAE

With Carry $8CH €22 |2{D2[3 |2 |€2]4 2 |F2 a3 B-M-C~8 sTe [t 1Tt 3

Transfor TAB 161 ]1]Aa-8 e |t:t|A}e

Acturnylatars TRA 17 (118~ A ele|t|1|R]e

Tast Zero or TST S50 |42 (7D |4 |3 M - 00 e 8|1t [R]|R

Minuy TSTA 401 t]a-00 et t|R|A

TsTH 501 |1 |6 -00 ele 1t RA

And immadiate AIM 716|236t 7]3 M- IMM—M e tit|Ale

OR immedists oM 726136273 M+ MMM sje|t]:]rta

EOR Wmmadiste EIM 7516 3|68517:3 MEBIMM M ole|l|:|R]e

Test immadiate TiM 78l 4 3l6B{5 (3 MMM o|ejl /iR e
{Note} Condition Code Register will be explained in Note of Table 17

258 TDS Ltd @ HITACH!



6301 MICROPROCESSOR DATA

® Additional Instruction
In additicn to the HD6801 instruction set, the HD6301Y0 pre-
pares the following new instructions,

AIM

(M) - (IMM) — (M)

Executes “*AND™ operation to immediate data and the
memory contents and stores its result in the memory.

CIM

(M) + (IMM) — (M)

Executes “OR" operation to immediate data and the memo-
ry contents and stores its result in the memory.

EIM

(M)®(IMM) — (M)

Executes “EOR™ operation to inmediate data and the
memory contents and stores its result in the memory.

TIM M) - (IMM)
Executes **AND" operation to immediate data and changes
the relative flag of the condition code register.

These are the 3-byte instructions; the first byte is op code, the

second immediate data and the third address modifier.

XGDX ......... (ACCD)—(IX)
Ext_:ha.nm the contents of accumulator and the index
register.

SLP

Goes to the sleep mode. Refer to “LOW POWER DISSIPA-
TION MODE" for more details of the sleep mode.

Table 15 Index Register, Stack Manipulation Instructions
Ardressing Modes Bootaant OM:::‘:'M
Panter Operations Mnemonc | yaMED | DIRECT | INDEX | EXTEND [IMPLIED | Arithmetic Operation (s |afaf2]1 (o0
P |~ |[OP |~ n OP i~ a|OP|~ie|OP]|~|# HItINJZ|V]C
Compare Index Aeg CPX 8C |33 |42 (ACi5;2|8C |53 X=MM+1 ololsjrfi]|t
Deacreman: index Rag DEX 09 {1 |1 IX-1=X a|eofeit|n]a
Decremem Stack Pntr DES M1 |1 [SP-1+5F e (o]a|als|e
increrment Index Reg 1N X T 081111 [ X+e1=X LAEEY AR RE NN ]
incrarmeny Stack Prrr INS 3] |1 [SP+1 5P s(nje(ae]e
1l.oed index Reg LDX CE{a|3|OEja |2 |EE S|2|FE|S{3 M Xy, M+ 1)~ X [ B ] @ t[R|e
{oad Stack Pntr LOS BE [J|I|9E |4 (2 [AE|5[2|BE |5} M- 5P, {MOH-'SPL o|w @ tiR[=»
Store Indax Rey STX oF af2er[s|2]|FF|8]3 Xy~ M X =(Ms1) JaleilD[t[R]e
Stare Stack Pntr 8TS OF |4 |2 [AF(5|2]|BF[5]3 Py~ M SP, = {M+1) |sls 6 IIR»
Index Reg —+ Stack Pnrr{ TXS B]1j1iIx-1-80 ejo(alo|els
Stack Pntr — index Reg] TSX W (1|1 [Pr1=X eje|s afa s
Agd ABX T AA|1T |1 B+ XX alo aiefa|e
Pugh Dats 9§H)? IC |61 [ X M5 SP-1=SF [eiejeinjee
Myg— Wy 5P -1~ SP
Fult Data PULX MA|1 (SP+1=SP M =Xy |eise sjn]e
SP+ |+ 5P M, - Xy

Exchange XGDX 18 [2 |1 {ACCD--IX s|eis|e|oie

{Note} Condition Code Register will be explained in Note of Table 17.

®HITACH! TDS Ltd 259



6301 MICROPROCESSOR DATA

Tabie 16 Jump, Branch Instruction

Addressing Modes Candition Code

. Fegister
Operstion Mnemonic | aELATIVE | DIRECT | INDEX |EXTEND |IMPLIED Branch Ten slal321]@
op] ~{«[oP[~Talor]~Jwlor]~Jelor]~]« wiinlzlvle
Branch Abways BRA 20(312 M s e o o |e|»
Branch Never 8RN IEE : slalalaln|e
Branch If Carry Clasr 8cC 24212 ejalsela®
Branch If Carry St BCS x| 312 e |(w|a s ole
Branch If = Zero BEQ 2|3} 2 sle(ajs|asls
Branch if > Term BGE 2C| 3:2 [t wie e ele
Branch 1 > Zero BGT E(I12 ! Tale als|ais
Branch 11 Higher BHI 2|32 T Telalatie el
Aranch 11 < Zero BLE 2F| 1|2 | a[s e :- i
Sranch 1f Lower O 8LS 23|32 | cezx1 efalaisals
Branch If < Zero BLT IYIEE: N@ Vet elale|s|s]s
Branch If Minus BMI w32 : N=1 . . . .
g::ch""otEqull BNE %132 . Z=0 aw|eo|s|a
gxch"O\nrﬂaw Bve a2 V=0 oo einijeja
Branch If Overflow Set| BVS 232 V=1 elnlealele
Branch (f Plys arL 2413 |2 N=0 aje|s ajele
Branch To Subroutine ash BD|§ |2 ejnle ole e
Jumnp JMP 6E [3 |2 |TE |3 |2 LEEREIE L
Jump To Suvbroutine JSR 9D 5|2 |[AD[S |2 ;BD |6 (3 ojn|e joinie
No Openstion NOP o1 |11 8‘:‘.’:"“"'“'(:"" o (oo jeleie
Rsturn From Interrupt| ATI 38 101 — € —
MSI m‘l:':om RTS ¥|s 1 - -Ic - ;a -
Softwers Interrupt SWi IF 121 * (Sie .-io i
Wait for Interrupt® WAl 3 (g v e« [7|= .[.].
s SLP ialal s [ejelele]e

(Note) * WAI puts R/W high: Address Bus goes to FFFF; Data Bus goes to the three state.
Condition Code Register will be explained in Note of Table 17
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Table 17 Condition Code Register Maniputation instructions

WA ddress ingModes) Condition Code Register

Operxtion Mnemaon IMPLIED Boolean Operanion s | 4ja3l2 1 o

oP | ~ {«# Wl zZ|v|e

Claar Carry CLC oC 1 1 0—-C - - . - e | R

Clear interrupt Mask cLI DE 1 1 0=-1 | R [ e e . e

Clear Overtlow LV 0a |1 |1V ] T T av s[sfe o]Rn e

Sat Carry SEC oo |t 1 1-C « | s ;0 e |e s

S Interrupt Mask SEI ofF |1 |1 | 11 e Sle|e]e e

Set Overtiow SEV o8 | 1 |1 ] v s |[s[alals |»
Accumulatar A - CCR TAP FEEREN A';"Cé B i

CCA — Accumulator A T Tea T e [ CCR ~ A s s efe]e]e

LEGEND CONDITION CODE SYMBOLS

OP Qperation Code (Hexadecimal) Halt-carry from bit 3 1o bit 4

H
~  Number of mCU Cycles | Interrupt mask
Mgp Contents of memory location pointed by Stack Pointer N Negative Isign bit}
# Number of Program Bytes z Zero (byte)
+ Arithmetc Plus V' Overflow, 2's complement
- Arithmetic Minus C Carry {Borrow from/to bit 7
L Boolean AND R Reset Always
+ Booiean Inciusive OR 5 Set Always
® Boolean Exclusive OR 1 Setif true after test or clear
M  Compiement of M . Not Atfected
=+ Transfer into
0 8it = Zero
00 8Byte = Zero

{Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise)
) {Bit Vi Test: Result = 100000007
T {BitC) Test: Result ¥ 00000000?
(3 (Bt C) Test: BCD Character of high-order byte greater than 10?  (Not cleared if previously set)
@ (Bit V) Test: Operand = 10000000 prior to execution?

=

S {Bit V) Test. Operand = 01111111 prior to execution?

B (Bt vy Test: Set equal 1o N@ C = 1 after the execution of instructions

T (Bt NI Test. Result less than zero? (Bit 1521

78y tAM Bit}  Load Condition Code Register from Stack.

a {Bit ) Set when interrupt occurs. If previously set, a Non-Maskable Inter upt s required to exit the wart state,
6y AN Bit) Set according to the contents of Accumuiator A.

060 tBit C) Result of Muitiplication Bit 7=17 {ACCB)

Table 18 OP-Code Map

op ! T acc l Yo ND TexT ] ACCA or 5P [ ACCB or X
CODE A B ! "R MM "o T OND | ExT S IMMT DIR ] IND | EXT
HI | 0000 | 000! | 001D : 00T | 0100 | G161 - 0110 . 0111 | 1000 (0l i 1080 | 105t C (100 LIGY { 10g | D
Lo t 1 z . a . 5 1§ | 2 8 - 9 | a B i c D E F
oo | 0 SBA | BRA | TSX NEG suB 0
wol | 1 [NOP [cBA [BAN [INS | "  &m CMP NER
S IE BHE | PULA . oM 58C B E]
CIE (BLS | PULB ! COM ' 5U8D . ADDO B
0100 | 4 | LSRD ‘BCC | DES | LSR AND [l
010 | 5 | ASLD BCS | TXS . : EIM aT [
GI0] 6 | TAP | TAB | BNE | PSHA ROR LDA 5
Bii1| 1 | TPA | TBA | BEQ | PSHB ASH STA L STA 7
1000 8 | INX | XGDX| 8vC | PULX ASL EOR 'y
1001 | 9 | DEX | DAA | BVS | RTS ROL ADC Iy
06| A [ CLV [SLP [BPL  ABX DEC ORA A
1011 | B | SEV | ABA | BMI _ RTf TIM ADD 8
oo | ¢ | CLC BGE | PSHX . INC cPX I LDD <
101 | D | SEC | BT [Mut TTsT BSR | JSR i | STOD o
MEES BGT | wal [/M JMP LDS LDX £
mi|F | SE BLE | Swi CLR i 5TS : 5TX F
0 H 1 s s s ? IREE A ] c |l o i E [ F

UNDEFIHNED OP CODE  [="]
* Only each instructions of AIM, OIM, EIM, TIM
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B CPU OPERATION
® CPU Instruction Flow

When operating, the CPU fetches an instrution from a memory
and executes the required function. This sequence starts with
cancel and repeats itself limitlessly if not affected by a specisl
instruction or a control signal. SWI, RTI, WAI and SLP instructions
change this operation, while NMI, TRG,, TRQ;, IRQ,, HALT and

control it. Fig. 31 gives the CPU mode transition and Fig. 32

the CPU system flow chart. Table 19 shows CPU operating states

and port states.

® Operation st Esch Instruction Cycle

Table 20 shows the operation at each instruction cycle. By the
pipeline control of the HD6301 YO, MULT, PUL, DAA and XGDX
instructions, etc. prefetch the next instruction. So attention is
necessary to the counting of the instruction cycles because it is
different from the usual one—from op code fetch 10 the next
instruction op code.

Figure 31

CPU Operation Mode Transition

Tabie 19 CPU Operation State and Port State

Fort Mode Reset STRY HALT*** Sleep
Port 1 Mode 1, 2 H T T H
{AO to A7} Mode 3 T Keep
Mode 1, 2 Keep
Port2 T T Keep
Mode 3
Port 3 Mode 1, 2 T . T T
(DO to D7} Mode 3 Keep
Mode 1 W T H
Port 4 rsse
(A8 to A1) Mode 2 T
Mode 3 T Keep
Mode 1, 2 K
Port 5 T T = Keep
Mode 3
Mode 1, 2 Keep
Port 6 T T Keep
Mode 3
Mode 1‘ 2 . -e -
Fort 7 T
Mode 3 T Keep

H; High, L;Low, T, Highimpedance
Keep:
* ADL WA AW UR =H. BA =L
** ROWRRW =T 0UR BA =H
*** HALT is unacceptable in mode 3.
**** E pin goes to high impedance state
Address output pin = H
Inputport =T

262 TDS Ltd

The output port is retained. and the input port goes to the high impedance state.
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6301 MICROPROCESSOR DATA

Table 20 Cycle-by-Cycle Operation

Address Mode & Cyctes | Cycle Address Bus RW | RD | WR | LR Data Bus
instructions k]
IMMEDIATE
ADC ADD 1 Op Code Address + 1 1 0 1 1 Cperand Data
AND BIT 2 Op Code Address+2 1 0 1 0 Next Op Code
CMP EQR
LDA ORA
SBC sSuB
ADDD CPX 1 Op Code Address+1 1 [¢] 1 1 Qperand Data (MSB}
LDD LDS 2 Op Code Address+2 1 0 1 1 Operand Data (LSB)
LDX sSuUBD 3 Op Code Address+ 3 1 4] 1 0 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 [+ 1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 &) 1 1 QOperand Data
CMP EQOR 3 Op Code Address+2 1 o 1 0 Next Op Code
LDA ORA
SBC sSuUB
STA 1 Op Code Address+ 1 1 [o] 1 1 Destination Address
2 Destination Address 0 t ¢ 1 Accumulator Data
3 Cp Code Address+2 1 ] 1 0 Next Op Code
ADDD CPX 1 Op Code Address+1 1 ) 1 1 Addrass of Operand {LSB)
LoD LDS 2 Address of Operand 1 ¢ 1 t Qperand Data (MS8)
LOX suBD 3 Address of Operand +1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+ 2 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Destination Address {LSB)
STX 2 Destination Address v} 1 0 1 Register Data (MSB)
3 Destination Address +1 0 1 o 1 Register Data (LSB)
4 Qp Code Address +2 1 0 1 o Naxt Qp Code
JSR ] Op Code Address + 1 1 0 1 1 Jump Address {LS8)
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer v] 1 o 1 Return Address (L. SB}
4 Stack Pointer —1 0 1 0 1 Return Address (MSB)
) Jump Address 1 0 1 0 First Subrautine Op Code
TIM 7 1 Op Code Address+1 1 0 1 1 Immediate Data
[ Op Code Address+2 1 0 1 1 Address of Operand (L5B)
i3 Address of Qperand 1 o} 1 1 QOperand Data
| 4 Op Code Address+3 1 o} 1 0 Next Op Code
AlM EIM 1 Op Code Address+ 1 1 0 1 1 Immediate Data
oM 2 Op Code Address+2 1 0 ] 1 Address of Operand (LSB)
3 Address of Operand 1 0 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB}
5 Address of Operand 0 1 0 1 New Operand Data
6 Op Code Address+3 1 0 1 ) Next Op Code

264 TDS Ltd

@ HITACHI

(Continued)



6301 MICROPROCESSOR DATA

Address Mode &

Instructions Cycles CV;"‘ Address Bus W | AD | WR | [® Data Bus
INDEXED
JMP 1 Op Code Address+ 1 1 0 1 1 Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 0 1 O First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address (LSB)
cmp EOR 4 3 IX+Qffset ] 0 1 1 QOperand Data
LDA ORA 4 Op Code Address+2 1 0 1 0 Next Op Code
SBC SUB
TST
STA 1 Op Code Address+1 1 [§) 1 1 Offset
4 2 FFFF 1 t 1 ] Restart Address (LSB)
3 1X +Offset 0 1 Q0 1 Accumulator Data
4 Op Code Address+2 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+ 1 1 4] 1 1 Offset
CPX LDD 2 FFFF 1 1 1 1 Restart Address {LSB)
LDS LDX 5 3 IX + Qffset 1 0 1 1 Operand Data (MSB)
SUBD 4 IX+Otfset + 1 1 0 1 1 Operand Data (LSB)
-] Op Code Address+2 1 0 1 ¢} Next Op Code
STD STS 1 Cp Code Address+ 1 1 0 1 1 Offset
STX 2 FFFF 1 1 ] 1 Restart Address (LSB)
5 3 IX + Offset 0 1 [+ 1 Register Data (MSB)
4 |X+Offset +1 0 1 c 1 Register Data (L5B)
5 Op Code Address+2 1 0 t Q0 ! Next Op Code
JSR 1 Op Code Address+ 1 T [ 1 i Offset
2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 Stack Pointer 0 1 0 1 Raturn Address {LSB)
4 Stack Pointer — 1 4 1 o] 1 Return Address {(MSB)
5 I1X + Oftset 1 ) 1 o First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 0 1 1 Offset
COM DEC 2 FFFF 1 1 1 1 Restart Address (LSB)
INC LSR & 3 I1X 4+ Otfset 1 0 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 IX +Offset 0 1 o 1 New Operand Data
8 Op Code Address+ 2 1 0 1 Q0 ¢ Next Op Code
TiM 1 Op Code Address+1 1 0 1 1 ' Immedate Data
2 Op Code Address+2 1 0 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address {LSB}
4 I1X + Offset oo o 1 1 Operand Data
5 Op Code Address+3 ___“+ﬁ R o] 1 W] Next Op Code
CLR 1 Op Code Address+ 1 Do 5] 1 1 Otfset
2 | FFFF b 1 1 1 Restart Address (LSB)
5 3 IX +Qtfset Lo 0 1 1 Qperand Data
4 IX + Offset .0 1 o 1 00
5 | Op Code Address+2 1 0 1 0 Next Op Code
AlIM EIM 1 Op Code Address+ 1 1 6} 1 1 Immediate Data
OIM 2 Cp Code Address+2 1 0 1 1 Offset
3 | FFFF P 1 ! 1. Restart Address ILSB)
7 4 1% + Offset o 0 } 1 Qperand Data
5 FFFF o 1 1 1| Restart Address (LSB)
6 1X + Cffset i 0 1 o} 1 New Operand [ata
7 Op Code Address+3 o 0 t 0 Next Op Code
{Canunued)
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Address Mode &

. Cycles | CYCle Address Bus RW | AD | WA | LR Data Bus
Instructions 3
EXTEND
JMP 1 Op Code Address+ 1 1 0 t 1 Jump Address (MSBI
3 2 Op Code Address+2 1 0 1 1 Jump Address (LSB)
3 Jumgp Address 1 o 1 ] Next Op Code
ADC ADD TST 1 Op Code Address+ 1 1 [+] 1 1 Address of Operand {MSB)
AND BIT a 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB}
CMP EOR 3 Address of Operand 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+3 1 0 1 0 Next Op Code
SBC SuB
STA 1 Qp Code Address+1 1 o] 1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 o} 1 1 Destination Address (LSB)
3 Destination Address 0 1 0 1 Accumutator Data
4 Op Code Address+3 1 o] 1 o] Next Op Code
ADDD 1 Op Code Address+ 1 1 ] 1 1 Address of Operand (MS8)
CPX LDbD 2 Op Code Address+ 2 1 0 1 1 Address of Operand {LSB)
LDS LDX 5 3 Address of Qperand 1 o 1 i Operand Data (MSB)
SUBD 4 Address of Operand + 1 1 0 1 1 QOperand Data {LSB}
5 Qp Code Address+ 3 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 0 1 1 Destination Address {MSB)
STX . 2 Op Code Address+2 1 0 1 1 Destination Address (LS8)
5 3 Desuvnation Address o] 1 o 1 Register Data (MSB)
4 Destination Address+1 0 1 o 1 Register Data {LSB)
b Op Code Address+3 1 0 1 0 Next Op Code
JSR 1 Op Code Address+1 T 0 1 1 Jump Address (MSB)
2 Op Code Address+2 1 3 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB)
4 Stack Pointer 0 1 0 1 Return Address {LSB}
5 Stack Pointer —1 0 1 0 1 Return Address (MSB}
6 Jump Address 1 ] 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 0 1 1 Address of Operand {(MSB)
COM DEC 2 Cp Code Address+2 1 o] 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 o} 1 1 QOperand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Qperand 0 1 0 1 New Operand Data
3 Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 T Address of Operand (MSB)
2 Op Code Address + 2 1 4] 1 t Address of Operand {LSB)
5 3 Address of Operand 1 0 1 1 QOperand Data
4 Address of Operand 0 1 0 1 00
5 Cp Code Address+ 3 1 0 1 0 Next Op Code
{Continued)
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Address Mods & |, | Cycle Address Bus RW | RO | WR | TR Dats Bus
Ingtructions -4
IMPLIED
TABA  ABX 1 Op Code Address + | 1 ) 1 o Next Op Code
ASL ASLD
ASR CBA
CLC cLl
CLR CLV
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SEl SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Cp Code Address+ 1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (L 5B)
PULA PULB 1 Op Code Address+1 1 0 1 [¥) Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB}
3 Stack Pointer +1 1 0 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 0 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address {LSB)
3 Stack Pointer 0 1 o] 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 v} Next Op Code
PULX 1 Op Code Address+1 1 0 1 0 Next Op Code
a 2 FFF¥ 1 1 1 t Restart Address (LSB)
3 Stack Pointer + 1 1 (o 1 1 Data from Stack (MSB)
4 Stack Pointar+2 1 [+ 1 1 Data from Stack (LSB)}
PSHX 1 Op Code Address+ 1 1 [+ 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Index Register (LSB)
4 Stack Pointer—1 0 1 o] 1 index Register (MSB)
5 Op Code Address+1 1 0 1 5] Next Op Code
RATS 1 Op Code Address+1 1 V) 1 T Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 0 1 1 Return Address (MSB}
4 Stack Pointar+2 1 0 1 1 Return Address (LSB)
5 Return Address 1 0 1 0 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 FFFF 1 1 1 ! Restart Address (LSB}
7 4 FFFF 1 1 1 1 Restart Address {LSB)
5 FFFF 1 1 1 1 Restart Address (LSB}
<] FFFF 1 1 1 1 Restart Address {LSB)
7 FFFF ¥ 1 1 1 Restart Address (LSB}

O HITACHI
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T " T
Adaress Koo & lcvcles 1‘1‘:";" I‘ Address Bus |RW | "6 | WR TR Data Bus
IMPLIED
WAI I 1 Op Code Address+1 rr oo 1 1 Next Op Code
2 FFFF ‘ 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Return Address (LSB}
a Stack Pointer — 1 i 0 1 0 t Return Address (MSB)
9 5 Stack Pointer—2 o 1 0 1 Index Register (L5B)
| 6 Stack Pomter—3 0 L o 1 Index Register (M5B}
‘ 7 Stack Pointer —4 Q 1 0 1 Accumulator A
B Stack Pointer—5 0 1 o 1 Accumulator B
9 Stack Pointer —6 o 1 0 1 Conditional Code Register
RTI 1 Op Code Address+ 1 17 @ i i Next Op Code
2 FFFF | L] 1 1 1 Restart Address (LSB)
3 Stack Pointer + 1 ] 0 i j Conditional Code Register
4 Stack Pomnter+ 2 1 o] 1 1 Accumulator 8
' 10 5 Stack Pointer +3 t 0 1 1 Accumulator A
: ¢ Stack Pointer +4 1 0 1 1 index Register (MSB}
‘ 7 Stack Pomter +5 1 0 1 1 index Register (LSB)
8 ¢ Stack Pointer +§ 1 0 1 1 Return Address (MSB)
d 9 ‘ Stack Pointer+7 1 0 1 1 Return Address (LSB}
i 10 Return Address 1 0 1 o First Op Code of Return Routine
Swi 1 "Op Code Address +1 1 o 1 1 Next Op Code
2 . FFFF 1 i 1 1 Restart Address (LSB)
3 | Stack Pointer 0 1 0 1 Return Address (LSB}
4 Stack Pointer —1 0 1 o 1 Return Address (MSB)
5 | Stack Pointer—2 0 1 ; O 1 index Register (LS8}
12 & l Stack Pointer — 3 o 1 | 0 t | index Register {(MSB)
7 Stack Pointer—4 0 1 ‘ 0 1 | Accumulator A
8 Stack Pointer —5 0 1 ¢ 1 i Accumulator B
9 Stack Pointer -8 0 110 1 i Conditional Code Register
10 | Vector Address FFFA 1 o | o 1. Address of SW! Routine (MSB)
11 Vector Address FFFB 1 o] 1 1 Address of SWI Routine (LSB)
o 12 : Address of SWI1 Routine 1 o] 1 4] First Op Code of SW1 Routine
SLP 1 “Op Code Address+1 T o 1 7T Next Op Code
g FFFF 1 1 1 1 Restart Address (LSB}
| SEREERE |
4 Sieep | | : | ‘|
" RENREEN
' b ]
3 | FFFF \ A t 1| Restart Address (LSB)
4 ! Op Code Address+1 1 ! 0 11 0 Next Op Code
RELATIVE
BCC  BCS | P Op Code Address+ 1 1 o [ 1 ‘ T | Branch Offset
BEQ BGE I I FFFF 1 t 1 | 1 ! Restart Address (LSB)
8GT BHI | | 3 | Branch Address  Test="1 3 i . Fwst Op Code of Branch Routine
BLE BLS i I ¢ ! Op Code Address+1 Test="0 0 ! ! ! 0 ! Next Op Code
BLT  BMT 1 : _ ; :
BNE  BPL ‘ ‘ ' ‘
BRA  BRN 1 | i
BVC BVS i ‘ :
BSR 1 _""T 1 4:''(')p_caié'Address,+ 1 1 o 171 T 1 Offset o
2 | FFFF A ! 1 T Restart Address {LSB}
5 1 3 Stack Pointer I g 1.0 .t Return Address (LSB
4 | Stack Pownter —! Q0 T 0 1 | Return Address (MSB)
' 5 | Branch Address 1 | ¢ ‘ 1 0 | Fust Op Code of Subroutine
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLATION e 200mmm m“‘_’
CIRCUIT "— Aveid signal lines

As shown in Fig. 33, there is a case that the cross talk dis- V/ CND /m this area.
.

turbs the normal oscillation if signal lines are putl near the oscilla-
tion circut. When designing a board, pay attention lo this.
Crystal and | must be put as near the HD6301Y0 as possible. c

L Crystal [ CL

Signal line
Signal fine

\
‘
" j»—?Omm max“

CL Co
rh—ﬂ—_t_—v—[' —{I XTAL /1
rJ_,—”—_r—{ EXTAL 26 64

C .
- 3
HDE30tYD
HDE30D1YD

Da not use this kind of print board design

Figure 33 Precaution to the boad design
af oscillation circuit ‘
{Top view)

Figure 34 Example of Oscillation Circuits in Board Design

" RECEIVE MARGIN OF THE SCI

Recetve margin of the SCI contained in the HD6301Y0
is shown in Table 21.
Note: SCI = Serial Communication Interface.

Tabie 21
Bit distortion tolerance Character distortion tolerance
{1-to) /to {T—-Tol /To
+43.7% J 4 37%
START 1 2 3 q 5 6 7 8 STOP

ceat Wavstorm | I N IS T S I
Bit iength ”"40""

Character length T, —

I [ LT 1T T
= !

feal Waveform l_J
H
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