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INTRODUCTION

The demand for cheap and portable nonvolatile memory
devices remains steady as long-term memory storage is
still integral to the development of many industrial and
commercial technologies. For a lot of these markets,
serial EEPROM devices are still seen as ideal, cost-
effective solutions for nonvolatile memory embedded
control applications. Despite the resurgence of other
forms of nonvolatile memory, serial EEPROMs siill
make their case as a viable choice for applications and
solutions that require portability, low-current and voltage
operations, byte-per-byte operations and competitive
price points. SPI and I°C synchronous serial protocols
remain two of the most popular ways to interface with
serial EEPROM devices. Catering to this, the Master
Synchronous Serial Port (MSSP) module, built into most
of the PIC® Microcontroller devices, provides a
convenient platform for synchronous serial operations in
both of these protocols.

This application note intends to demonstrate how to
interface SPI and I2C serial EEPROM devices using
MPLAB® X 3.10, the XC8 v1.34 compiler and the
MPLAB® Code Configurator v2.25. The Explorer8
Development Board is used as the hardware develop-
ment platform. The firmware written for this application
note is built on the SPI and I°C function codes automat-
ically generated by the MCC, providing references for
byte read and write, buffer/page write, sequential read
and write cycle polling operations. The code has been
tested with EEPROMs of the MikroElectronika
EEPROM and EEPROMZ2 Click™ Boards, and the SPI
and 12C Plug-In Modules (PIMs) from Microchip’s Serial
EEPROM PIM PICtail™ Pack.

SPI INTERFACE

The SPI protocol is best characterized by three features:
it is synchronous, it designates a master device to
communicate with slave device/s and it is a full-duplex
system where data is exchanged between master and
slave. SPI is a synchronous protocol that makes use of
a clock signal to sync data transfer. No data transfer may
occur unless a clock signal is present. The master device
provides and controls this clock signal. All slave devices
are controlled by this master clock and may not manipu-
late it. As data is being clocked out of either the master or
slave/s, new data is being clocked in simultaneously. This
is consistent with the full-duplex nature of the system. A
Chip Select (CS) signal controls which particular slave
device the master is communicating with, ensuring that
only a single slave is engaged at one time.

For the examples and waveforms in this application
note, a PIC16F1719 microcontroller is used as the
master and a 2 Mbit serial bus EEPROM, mounted on
the MikroElectronika EEPROM?2 Click Boards, is the
slave device.

STANDARD SPI SIGNALS

The SPI protocol makes use of four signal lines to
arbitrate the flow of data in the communication system.

« Chip Select (CS)

- This signal is used to select the slave device
that the master will communicate with.
Bringing the line to Active state will select the
device.

 Serial Clock (SCK)

- This is the clock signal generated by the
master that controls when data is sent and
read.

 Serial Data Output (SDO)

- This is the signal line that carries the data

sent out of the device.
» Serial Data Input (SDI)

- This is the signal line that carries the data

sent into the device.

Note: The SDO line of the master should beI

connected to the SDI line of the slave.
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SPI MSSP INITIALIZATION VIA
MPLAB® CODE CONFIGURATOR
(MCC V2.25)

This section will guide the user in initializing the proper
registers in order to implement SPI using the MSSP
module available in most PIC devices. The MPLAB
Code Configurator (MCC) is used to make this process
easier and more intuitive. Upon opening a new project
and launching the MCC plug-in, select the MSSP
module in the Device Resources sidebar, marked in red
in Figure 1. From the drop-down options, select SPI
Master. This is marked in blue in Figure 1.

In order to configure the MSSP module for the SPI
operation in PIC devices, several registers need to be
properly initialized. To match the configuration of the
slave device, the SPI mode (0,0) will be used, where
the SCK signal Idles low, the data changes at the falling
edge of the clock and is assumed valid at the rising
edge.

FIGURE 1: SELECTING MSSP MODULE IN MCC
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SSPx Status Register (SSPxSTAT)

The SSPXSTAT register holds all of the status bits
associated with the MSSP module. In SPI mode, the
SMP bit determines the part of the input to be sampled.
The CKE bit determines which edge of the clock the
data is transmitted.

The BF bit indicates if the data byte transfer has
already been completed. It is best to ensure the BF bit
is cleared before starting any read or write operation.
Figure 2 shows the position of the bits in the
SSPXSTAT register and Figure 3 shows which parts of
the configuration screen in MCC correspond to bits in
the SSPXSTAT register.

FIGURE 2: SSPxSTAT: SSPx STATUS REGISTER FOR SPI CONFIGURATION
REGISTER 30-1: SSP1STAT: SSP STATUS REGISTER
R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
SMP CKE D/A P S RAW UA BF
bit 7 bit 0
FIGURE 3: CONFIGURING SSPxSTAT BITS ON MCC
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The configuration shown in Figure 3 will yield the
following lines of code in spi.c after clicking the
‘Generate Code’ button in MCC (see Example 1).

EXAMPLE 1:

SSPxSTAT MCC GENERATED CODE

/1 BF RCi nprocess_TXconpl ete; SMP Sanple At
SSP1STAT = 0x40;

M ddl e; CKE Active to Idle;
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SSPx Control Register 1 (SSPxCONL1)

The SSPXCON1 is one of the configuration registers for
the MSSP module. It holds several indicator bits and
the select bits to be configured in order to put the
module in the desired mode. In SPI mode, the SSPEN
bit needs to be set to enable the serial port. When
enabled, the SCK, SDO and SDI pins are configured
for SPI operation.

The CKP bit determines whether the clock Idles at a
low or high level. The SSPM<3:0> bits determine the
Synchronous Serial mode the module will operate in,
as well as clock preferences. Figure 4 shows the
position of the bits in the SSPxCONL1 register, and
Figure 5 shows which parts of the configuration screen
in MCC correspond to bits in the SSPxCON1register.

FIGURE 4: SSPXCON: SSPx CONTROL REGISTER 1 FOR SPI CONFIGURATION
REGISTER 30-2: SSP1CON1: SSP CONTROL REGISTER 1
R/C/HS-0/0 R/C/HS-0/0 RW-0/0 RAN-0/0 RMN-0/0 R/W-0/0 R/MW-0/0 RAN-0/0
weoL | sspov® | ssPeEN | ckp SSPM<3:0>
bit 7 bit 0
FIGURE 5: CONFIGURING SSPxCON1 BITS ON MCC
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The configuration shown in Figure 5 will yield the
following lines of code in spi.c after clicking the
‘Generate Code’ button in MCC (see Example 2).

EXAMPLE 2:

SSPxCON1 MCC GENERATED CODE

SSP1CON1 = 0x20;

/1 SSPEN enabl ed; WCOL no_col |i sion; SSPOV no_overflow, CKP |dle:Low, Active:H gh; SSPM FOSC 4;
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For devices with Peripheral Pin Select (PPS) function-
ality, such as the PIC16F1719, the MCC would also
automatically generate code to map the SDO, SDI and
SCK pins to the pins selected in the pin manager, and
initializes them as input or output accordingly. For other
devices without PPS functionality, MCC configures the
pins as input or output, as needed. Figure 6 shows the
pins selected as SDO, SDI and SCK. Example 3 shows
the code snippet generated to implement the selection
via the Peripheral Pin Select (PPS) feature of this
device. As for the CS pin, the user can select any
unused I/O pin, and connect this to the slave device's
CS pin. The selected CS pin should start at the oppo-
site level needed to activate the slave (i.e., if CS held
low activates the slave, then it should start as high at
Reset). This can be accomplished in the GPIO module
in MCC by checking the appropriate box as shown in
Figure 7. The pin can also be renamed for coding con-
venience.

FIGURE 6: MSSP PIN ASSIGNMENTS
L

Q. Search (Ctrl+I)

MPLABE Code Configurator Pin Manager | =
RED 8 23 RED -
RE1 =] 3z VDD
REZ 10 \ 21 VEE
VDD 1 MICROCHIP 20 RDT
WSS 12 pic1gF1719 28 RDES
RAT 12 28 RD5
RAS 14 27 RD4
RCD 15 26 RCT =
RC1 18 25 RCE
RC2 17 24 SDO
SCK 18 23 sDI
RDO 12 22 RD3 i
Fa 4 o = : =

G- Rewverse Pin Order

15 16 17 18 23 24 25 26 19

PORTC ¥

Module Function 23 55|70
MSSP 500 B ~
MSSP SDI a8
MSSP SCK a

EXAMPLE 3: MSSP PIN ASSIGNMENT
CODE
bool state = G E;
G E = 0
PPSLOCK = 0x55;

PPSLOCK = OxAA;
PPSLOCKbi t s. PPSLOCKED = 0x00;
/'l unl ock PPS

/1 RC3->MSSP: SCK

SSPCLKPPSDbi t s. SSPCLKPPS = 0x13;
/1 RC3->MSSP: SCK

RC3PPSbi t s. RC3PPS = 0x10;
/1 RCA->MSSP: SDI

SSPDATPPSbi t s. SSPDATPPS = 0x14;
/1 RC5->MSSP: SDO

RC5PPSbi t s. RC5PPS = 0x11;

PPSLOCK = 0x55;

PPSLOCK = OxAA;

PPSLOCKbi t s. PPSLOCKED = 0x01;
/1 lock PPS

G E = state;
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FIGURE 7: SETTING THE CS PIN IN MCC
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EI
COMMON SPI SERIAL EEPROM
OPERATIONS
TABLE 1: SAMPLE INSTRUCTION SET FOR THE SPI SERIAL BUS EEPROM

Instruction Description Instruction Format/Opcode

WREN Write Enable 0000 0110
WRDI Write Disable 0000 0100
RDSR Read Status Register 0000 0101
WRSR Write Status Register 0000 0001
READ Read from Memory Array 0000 0011
WRITE Write to Memory Array 0000 0010
Write Enable

In order to begin interacting with the EEPROM, the CS
line should be activated — brought low in the case for
the EEPROM used here. This signals the slave to listen
for the master's SCK and SDO signals. The transitions
of the CS line should bookend all transactions between
the master and slave.

To begin writing to the EEPROM array or Status register,
the WRI TE ENABLE command must be sent by the mas-
ter. The Write Enable (WEL) bit of the Status register is
cleared by issuing a WRI TE DI SABLE command (WRDI)
or if the device is powered down, or once a write cycle is
completed. Figure 8 shows an example of the WRI TE
ENABLE command.

DS00002045A-page 6 © 2016 Microchip Technology Inc.
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FIGURE 8: WRITE ENABLE COMMAND
f
Cs
! T
SCK 1]
Hi L
1]
(]
L]
I 0x06
SDO
Write Enable
Opcode
|
SDI

For this EEPROM, the WRI TE ENABLE command
opcode is 0x06. Refer to the EEPROM'’s data sheet for
its specific command opcodes.

Status Register Read

The EEPROM'’s Status register holds the bits that show
the current condition of the EEPROM. The most import-
ant indicators for users to keep track of are the WEL
(Write Enable) bit and the WIP (Write in Progress) bit.
If the WEL bit is set, writing to the EEPROM'’s data
array is enabled. If the WIP bit is set, a write cycle is in
progress. With this in mind, it is good programming
practice to check these bits first before attempting write
or read operations to avoid collisions. To read from the
EEPROM Status register, bring the CS line low and
send the EEPROM Read Status Register (RDSR)
opcode (0x05 for this EEPROM). The Status register is
then shifted out on the slave EEPROM'’s SDO pin and
into the Master's SDI pin on the next succeeding
clocks. Figure 9 and Figure 10 show the RDSR
command being used to check if the WEL and WIP bits
are set.

© 2016 Microchip Technology Inc.
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FIGURE 9: READ STATUS REGISTER COMMAND (WEL BIT SET)
cs
|
¥ 0x05 " oo
SDO Opcode
Byte
. )—————————————————————— (o =
SDI WEL Bit
Enabled

FIGURE 10: READ STATUS REGISTER COMMAND (WEL+WIP BITS SET)

Cs
SCK ' | 1 { (|
!- 4|¢ + + 48 1I !- ¥
ﬁ ‘ [l
Il
I oo S oox00
SDO Opcode
Byte
I o0 ) o0
SDI .
WEL+WIP Bits
Enabled
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Byte and Buffer Write

Once the WEL bit is set and the CS line is brought low,
the EEPROM write opcode needs to be sent (0x02 for
this EEPROM), followed by the target starting address
byte/s, with the Most Significant Byte (MSB) sent first.
The data bytes are then clocked in last. Once the CS
line is toggled at the end of this command, the internal
write cycle is initiated.

The WIP bit of the Status register can now be polled to
check when the write is finished (more on this later).

Multiple bytes can be written by continuously sending
data bytes to the EEPROM device without toggling the
CS line. However, users should be mindful of the page
size of the device and starting address, so as not to
overwrite previously stored data. Data exceeding the
allotted page size will warp back to the starting address
of the page, overwriting what may have been written
there. Figure 11 and Figure 12 show how to write a sin-
gle byte of data and multiple bytes of data in an array
to the EEPROM.

FIGURE 11: BYTE WRITE COMMAND
'cs— i
= H‘ ” NE
| SDO }OX_OZ 1 0x00 l Ox_AB 0x10 _w_OxBB .

i o]
"SDI T )
e
FIGURE 12: BUFFER WRITE COMMAND
I —_ T=
cs
SCK |
|
r- 0x10 Ox1A 0x2A Ox4A 0;8;&
SDO 1
Data Bytes
| I I | LI
| SDI (o00)
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Byte Read and Buffer Read

To read from the EEPROM, bring the CS line low and
send the EEPROM read opcode (0x03 for this
EEPROM), followed by the target starting address
byte/s, with the Most Significant Bytes sent first. The
code clocks out the data from the SDI line by sending
dummy data, consisting of zeros, to the SDO line as
SPI is a data exchange protocol. Once the CS line is

toggled at the end of this command, the transfer is
finished. A multibyte read can be accomplished by
continuously sending dummy data bytes to the
EEPROM device and thus, providing it with the clock
cycles needed to send in the data without toggling the
CS line. Figure 13 and Figure 14 show how to read a
single byte of data and multiple bytes of data in an array
from the EEPROM.

FIGURE 13: READ BYTE COMMAND
cs
__0x037 SDO Ox(.)O. O0XAB 0x10 0x00
Opcode Address
Byte Bytes
SDI
Data
Byte
FIGURE 14: BUFFER READ COMMAND
| s
| scK
I 0x00 0x00 0x00 0x00
SDO
{0x1A) (0x2A ) (0x4A) { Ox8A )
| SDI
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I°C INTERFACE

The I°C protocol shares the first two features of SPI: it
is synchronous and is designed as a master-slave
protocol. Similar to the SPI, I°C also uses a clock signal
to facilitate data transfer. No data transfer may occur
unless a clock signal is present. While the master
device is still the one that provides the clock, slaves
may manipulate the clock by holding it low to prevent
further data transfer if it is still busy (clock stretching).
This is in direct contrast with the SPI master that does
not allow slaves to manipulate the clock signal. More-
over, the SPI protocol operates in Full-Duplex mode,
allowing data to be sent simultaneously from both the
master and slave. While the 1°C protocol operates in
Half-Duplex mode, the master and slave are allowed to
send data but not at the same time. This is
implemented by an ‘Acknowledge’ system. Another dif-
ference is that the SPI protocol requires a Chip Select
(CS) connection for each slave device. For I2C, only
two connections between the master and slaves are
needed, regardless of the number of slaves, as the
slave address is sent over the data line instead of using
a CS connection. While the I1°C protocol uses fewer
pins, the SPI protocol is usually faster.

For the examples and waveforms in this part of the
application note, a PIC16F1719 microcontroller is used
as the master and the 8 kbit Serial I°C Bus EEPROM,
mounted on the MikroElectronika EEPROM Click
Boards, is used as the slave device.

STANDARD I°C SIGNALS

The I12C protocol makes use of only two signal lines to
control the flow of data in the communication system.

 Serial Clock Line (SCL)

- This is the clock signal generated by the
master that controls when data is sent and
received.

- It can be held low by any slave device if it is
too busy to accept or send data.

» Serial Data Line (SDA)

- This is the signal line that carries the data
sent in and out between master and slave
devices.

© 2016 Microchip Technology Inc.
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1°C MSSP INITIALIZATION VIA
MPLAB® CODE CONFIGURATOR
(MCC)

This section will guide the user in initializing the proper
registers in order to implement 12c using the MSSP

module available in most PIC devices using the
MPLAB Code Configurator (MCC).

FIGURE 15:

Upon opening a new project and launching the MCC
plug-in, select the MSSP module in the Device
Resources sidebar, marked in red in Figure 15. From
the drop-down options, select ‘I°C Master Interrupt’ as
the microcontroller will be the master device, as
mentioned in this section’s introduction. This is marked
in blue in Figure 15.

SELECTING THE MSSP MODULE IN MCC
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In order to configure the MSSP module for 1°C
operation in the PIC devices, several registers need to
be properly initialized.
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SSPx Status Register (SSPxSTAT)

In 12C Master mode, the R/W bit indicates if a transmit
is in progress. The BF bit indicates if the data transfer
has already been completed. Figure 16 shows the
position of the bits in the SSPxSTAT register.

FIGURE 16: SSPXSTAT: SSPX STATUS REGISTER FOR 12C CONFIGURATION
REGISTER 30-1: SSP1STAT: SSP STATUS REGISTER
R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
SMP CKE D/IA ] s RW UA BF
bit 7 bit 0

The following lines of code initialize the SSPxSTAT
register. The MCC automatically generates this code
when the ‘Generate Code’ button is pressed (see
Example 4).

EXAMPLE 4: SSPxSTAT MCC GENERATED CODE

R nWwite_noTX; D nA | astbyte_address;
SSP1STAT = 0x00;

/1 BF RC nprocess_TXconpl ete; UA dontupdate; P stopbit_notdetected; S startbit_notdetected;

© 2016 Microchip Technology Inc. DS00002045A-page 13
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SSPx Control Register 1 (SSPxCONL1)

In 1°C mode, the SSPEN bit needs to be set to enable
the serial port and configures SCL and SDA as the
source of the serial port pins.

The SSPM<3:0> bits determine the Synchronous
Serial mode the module will operate in, as well as clock
preferences and the number of bits used for slave
addresses when the module is in Slave mode.
Figure 17 shows the position of the bits in the
SSPxCONL1 register and Figure 18 shows which parts
of the configuration screen in MCC correspond to bits
in the SSPXCONL1 register. In this example, the 1’c
Serial Bus EEPROM uses 7-bit addressing.

FIGURE 17: SSPxCON1: SSPx CONTROL REGISTER 1 FOR I2C CONFIGURATION
REGISTER 30-2: SSP1CON1: SSP CONTROL REGISTER 1
RIC/HS-0/0 RIC/HS-0/0 RAN-0/0 RAN-0/0 RAN-0/0 RIV-0/0 RAN-0/0 RAN-0/0
WCOoL | sspov® | ssPEN | CKP SSPM<3:0>
bit 7 bit 0
FIGURE 18: CONFIGURING SSPxCON1 BITS ON MCC
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Project Resources
1) sSystem Generate Code (4)

i Interrupt Manager
& | MSSP=I2C Master Interrupt [x|
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O VE0%) BN EIRVI2S

The configuration shown in Figure 18 will yield the
following lines of code in i2c. c after clicking the

‘Generate Code’ button in MCC (see Example 5).

EXAMPLE 5:

SSPxCON1 MCC GENERATED CODE

SSP1CON1 = 0x28;

/1 SSPEN enabl ed; WOOL no_col |ision; SSPOV no_overflow, CKP |dle:Low, Active:H gh; SSPM FOSC/ 4_SSPxADD,

DS00002045A-page 14
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SSPx Control Register 3 (SSPxCON3)

This register mostly holds control bits for I°C functions.
Of concern here is the SDAHT bit, that controls how
long the hold time of SDA will be after the falling edge
of SCL.

Figure 19 shows the position of the bits in the
SSPXCONS3 register and Figure 20 shows which parts
of the configuration screen in MCC correspond to bits
in the SSPxCONS3 register.

FIGURE 19: SSPxCON3: SSPx CONTROL REGISTER 3 FOR 1°C CONFIGURATION
REGISTER 30-4: SSP1CON3: SSP CONTROL REGISTER 3
R-0/0 RMN-0/0 R/W-0/0 R/W-0/0 RMN-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACKTM® | PCIE | SCIE | BOEN | SDAHT | SBCDE | AHEN | DHEN
bit 7 bit 0
FIGURE 20: CONFIGURING SSPxCON3 BITS ON MCC
File Edit View Navigate Source Refactor Run Debug Team Tools Window Help
?‘_IEI[% default - ‘l‘j 'H' [/ '%'&'&ﬂ |'f?_;)' PC: 0x0| |z dcc : Wi0x0 : bank 0 ﬁ" How do I?
ﬂ;ijer.n: [ MPLAB® Code.... = || @mainc ® MPLAB® Code Configurator |
5 Project Resources P —
§ L System SenecieCade (D))
Z i Interrupt Manager ) e -
©| 2 | MssPu12c Master Interrupt (x| 2 e :
g ‘E | Enable 12C 12C Clock
% ] Enable SM Bus Input Baud Rate Generator Value 0x032 0x3 =0xFF
._:.:; f Slew Rate Control High Speed - 12C Clock Frequency  976.0Hz = 62.5kHz 262.5kHz
g E SDA Hold time 100ns - SDAHT
-3 a
§ ? Slave Address @ 7-Bit 10-Bit
ik
C{ Search for modules... X
Device Resources - PIC16F1719
il 0
" CCP
f-@m CC
# %" COG
{1yl Comparator
t—  DAC
H(™] EUSART
Hop—  FVR
i s GPIO
i [ Memory
i NCO
i > OPA
fo" PWM
f1(+)  Timer
i & 2c0
Output ™ Search Results

The configuration shown in Figure 20 will yield the
following lines of code in i2c. c after clicking the
‘Generate Code’ button in MCC (see Example 6).

EXAMPLE 6:

SSPxCON3 MCC GENERATED CODE

11
PCI E di sabl ed; SCI E di sabl ed;
SSP1CON3 = 0x00;

BCEN di sabl ed; AHEN di sabl ed; SBCDE di sabl ed; SDAHT 100ns;

DHEN di sabl ed; ACKTI M ackseq;

© 2016 Microchip Technology Inc.
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SSPx Address and Baud Rate Register Figure 21 shows the position of the bits in the
(SSPXADD) SSPxXADD register. Figure 22 shows which parts of the

configuration screen in MCC correspond to bits in the
For 12C Master mode, this register holds the value of SSPXADD register.

the Baud Rate clock divider (i.e., the SCL clock period).
This is computed by the formula:
((ADD<7:0> + 1) * 4)/Fosc.

FIGURE 21: SSPxADD: SSPx ADDRESS AND BAUD RATE REGISTER

REGISTER 30-6: SSP1ADD: MSSP ADDRESS AND BAUD RATE REGISTER (I2C MODE)
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 RW-0/0 R/W-0/0 RAN-0/0
ADD<7:0>
bit 7 bit 0
FIGURE 22: CONFIGURING SSPxADD BITS ON MCC
File Edit View MNavigate Source Refactor Run Debug Team Tools Window Help
?:] E‘ E l‘_él default - c& M ::g}, = |> = %ﬂ = %m = @ * (PC: 0x0| |zdcec : W:OxD : bank 0 ﬁF How do 12
& | projects | MPLAB® Code... | EI|[E|manc | MPLAB® Code Configurator 5|
‘é project iiit:s _Generate Code (4) :<< Bes
B g [] Enable T2C 12€ dlock
% E || Enable 5M Bus Input Baud Rate Generator Value 0x03= 03 =0xFF
[=1 [}
_-5'_' E Slew Rate Control _HighSpeed Al 12C Clock Frequency  976.0Hz = 62.5kHz =625 kHz
g 2 ) SSPXADD
& o SDA Hold time 100ns -
& &
& § | slave Address @ 78t ) 1Bt
: @
Q, |search for modules... @
Device Resources - PIC16F 1719
i
o CCP
-z® CLC
= COG
~ipl Comparator
-~ DAC
é EUSART
+— FR
& ero
m Memary
ML NCO
-I> oPa
o PN
© e
The configuration shown in Figure 22 will yield the EXAMPLE 7: SSPxADD MCC
following lines of code in i 2c. c after clicking the GENERATED CODE
‘Generate Code’ button in MCC (see Example 7). // Baud Rate Generator Val ue: SSPLADD 3:

SSP1ADD = 0x03;

DS00002045A-page 16 © 2016 Microchip Technology Inc.
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For devices with Peripheral Pin Select (PPS) functionality,
such as the PIC16F1719, the MCC would also automati-
cally generate code to map the SCL and SDA pins to the
pins selected in the pin manager, and configure these
pins as input or output accordingly. Figure 23 shows the
pins selected as SCL and SDA. Example 8 shows the
code snippet generated to implement the selection via the
Peripheral Pin Select (PPS) feature of this device. Also
note that the 12C function driver, provided by the MCC, is
interrupt-based, and so the user must enable global and
peripheral interrupts for it to work. To enable global and
peripheral interrupts, uncomment the lines implementing
the | NTERRUPT_d obal | nt errupt Enabl e() and
| NTERRUPT_Peri pher al I nt er rupt Enabl e() func-
tions on the MCC-generated nai n. c file, as shown in
Figure 24.

FIGURE 23: I2C MSSP PIN
ASSIGNMENTS
MPLABE Code Configurator Pin Manager | =
MCLR Te RE7 iy
rao I 2 RBO
RA1 3 RES
raz [l 4 RE4
raz I 5 RB3
ras [l & RB2
ras | 7 RB1
REO RBO
RE1 VDD
RE2 3 vsS
voo B3 11 MicrocHig RO7 E
VSS 12 pIC1BF1T48 2 RDS
RAT 13 28 RDS
RAS 14 27 RD4
RCO 15 26 RCT
RC1 18 25 RCS
RC2 17 2 RCS
SCL 18 23 SDA
RDO 19 22 RD3
RD1 20 2 RD2
aw
Package POIP4) Reverse Pin Order
)8 359 40 15 16 17 18 23 24 25 26 19 20
PORTCY
Module Function 5/6|2|0|2/2/3|4|5|6|7|0|1
MSSP SDA
MSSP SCL |
|

EXAMPLE 8:
CODE

MSSP PIN ASSIGNMENT

bool state = GE
GE=0;
PPSLOCK = 0x55;
PPSLOCK = OxAA;
PPSLOCKbi ts. PPSLOCKED = 0x00;

SSPCLKPPShi t s. SSPCLKPPS = 0x13;

RC3PPShi t s. RC3PPS = 0x10;
/1 RC3->MBSP: SCL

SSPDATPPShi t s. SSPDATPPS = 0x14;

RCAPPShi t s. RCAPPS = 0x11;
/'l RCA->NBSP: SDA

PPSLOCK = 0x55;

PPSLOCK = OxAA;

PPSLOCKbi t's. PPSLOCKED = 0x01;
G E = state;

/1 unl ock PPS

/1 RC3->MBSP: SCL

/| RCA->NMBSP: SDA

Il 1ock PPS

© 2016 Microchip Technology Inc.
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FIGURE 24: CAPTION OF mai n. ¢ FILE WITH ENABLED INTERRUPTS

voi d main(void) {
/1 initialize the device
SYSTEM | nitialize();

/1 When using interrupts, you need to set the d obal and Peripheral Interrupt Enable bits
/1 Use the foll owi ng macros to:

/1 Enable the dobal Interrupts
| NTERRUPT_d obal | nt errupt Enabl e() ;

/'l Enabl e the Peripheral Interrupts
| NTERRUPT_Per i pheral | nt errupt Enabl e() ;

/'l Disable the dobal Interrupts
/11 NTERRUPT_d obal I nt errupt Di sabl e();

/'l Disable the Peripheral Interrupts
/11 NTERRUPT_Per i pheral I nt errupt Di sabl e();

DS00002045A-page 18 © 2016 Microchip Technology Inc.
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COMMON I2°C SERIAL EEPROM
OPERATIONS

* Byte Write

e Multibyte Write

» Page Write

» Acknowledge Polling
* Write-Protect

* Address Read

» Sequential Read

Byte Write

The byte write operation in I2C can be broken down into
the following elements: The Start condition, the 1’C
slave address byte, the EEPROM address byte, the
data byte and the Stop condition. For this EEPROM,
only a single byte of address data is used. Other
EEPROMSs might use multiple byte addresses.

START BIT AND I°C SLAVE ADDRESS BYTE
TRANSMISSION

All 1°C commands must begin with a Start condition.
This consists of a high-to-low transition of the SDA line
while the SCL is high. After the Start condition, the 12C
slave address byte is sent, consisting of the device
7-bit I1°C slave address (OxA for this EEPROM), and a
Read/Write bit to identify the operation to be performed.
For write operations, the R/W bit is pulled low.

After each byte, at the ninth clock cycle, the slave
EEPROM will hold the SDA line low to signify that it has
received the preceding bits. This is the Acknowledge or
ACK bit.

SENDING THE EEPROM ADDRESS BYTE

After the I12C slave EEPROM has Acknowledged the
receipt of the I2C address, the master should begin
transmitting the EEPROM address byte. In the case
that the EEPROM is using multiple byte addresses, the
bytes should be sent in the order of decreasing signifi-
cance. The EEPROM should respond with an ACK bit
for every byte sent by the master.

SENDING THE DATA BYTE AND THE STOP BIT

Once the EEPROM address byte/s are sent and the
ACK is received, the data byte can now be sent. The
EEPROM should respond by sending an ACK bit after
every byte sent by the master. After this, the master will
generate the Stop condition, signifying that it does not
have any more bytes to write. The Stop condition is
achieved by creating a low-to-high transition of the
SDA line while the SCL line is high.

Figure 25 shows the entire byte write procedure from
Start-to-Stop conditions. In this case, the EEPROM
only uses a single byte for addressing. 0x00 is used as
the address where the data will be written and 0xA5 as
the data byte to be transmitted.

FIGURE 25: BYTE WRITE COMMAND
scL f
OxA5 + ACK
SDA
g ]
L EEPROM — —
ADDRESS BYTE [ pATABYTE | [ _STOPBIT |

© 2016 Microchip Technology Inc.
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Multibyte and Page Write

Writing multiple bytes starts off similar enough to the
byte write operation. The Start bit, 12C slave address
byte and EEPROM address byte/s are all sent and
Acknowledged in that order. However, instead of send-
ing a Stop condition after the first data byte has been
transmitted and Acknowledged, the master just keeps
on sending more data bytes consecutively. This
EEPROM accepts up to 16 bytes to be written in a
single write cycle. The page size of the EEPROM
determines how many bytes of data can be consecu-
tively written with the 1°C slave address and EEPROM
address bytes being sent only once. Itis very important
to point out that page write operations are limited to
writing bytes within a single physical page, regardless
of how many bytes are actually being written.

FIGURE 26: MULTIPLE BYTE WRITE OPERATION

This means that if the number of bytes being written
exceeds the page limit, the excess bytes will wrap back
to the starting address of the page, overwriting data
already written there. Once all bytes are sent, the
master will initiate the Stop condition, thus beginning
the internal write cycle.

Figure 26 shows the first three bytes sent in a buffer
write operation. Note that immediately after the
EEPROM Acknowledges the receipt of a byte, the
master begins the transmission of the next byte.

SCL

~((Write [0xAQ 0x10 + ACK 0x1A + ACK

SDA

0x2A + ACK 0x4A + ACK

EEPROM
ADDRESS BYTE

DATA BYTES

DS00002045A-page 20
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Byte Read

The byte read operation in 12C starts off similarly to the
byte write as the EEPROM address should be written
to the slave first, before the slave EEPROM can send
the data from that address. The Start condition is sent
first, then the 1°C slave address byte, then the
EEPROM address byte/s. After sending the EEPROM
address bytes, the Stop condition is sent instead of
data bytes. After the 1°C master initiates the read oper-
ation with a new Start condition, the 12C slave address
byte is sent with the LSB pulled high to signify a read
operation. The 1°C master then sends nine clock pulses
and the slave sends the single byte of data needed.

START BIT AND I°C SLAVE ADDRESS BYTE
TRANSMISSION

All 12C commands must begin with a Start condition.
This consists of a high-to-low transition of the SDA line
while the SCL is high. After the Start condition, the 1’c
slave address and direction byte are sent, consisting of
the device 7-bit 12C slave address (OxA for this
EEPROM), and a Read/Write bit to determine the
operation to be performed.

To initiate the byte read operation, the target EEPROM
data address must be written to the EEPROM.

To achieve this, the R/W bit is set low to indicate that
the 1°C master is writing to the slave. After each byte
written by the master, the slave will hold the SDA line
low, indicating the preceding byte was received.

SENDING THE ADDRESS BYTE

After the EEPROM has Acknowledged the receipt of
the 12C slave address byte, the master should begin
transmitting the EEPROM address byte. In the case
that the EEPROM is using multiple byte addresses, the
bytes should be sent in the order of decreasing
significance. The EEPROM should respond with an
ACK bhit after each byte is sent by the master.

SENDING THE STOP BIT

Once the address byte/s are sent and the ACK is
received in read operations, the Stop bit is sent by the
master at this point. The EEPROM should respond by
sending an ACK bit.

RECEIVING THE DATA BYTE

A new Start condition is generated and the I1°C slave
address byte is sent once again, but with the R/W bit
set high to signify that the master wants to perform a
read operation. Once the 1°C slave address byte is
Acknowledged by the I2C slave, the 12C master will
send nine clock pulses and the slave will respond by
sending the data byte. After the master has received
the data byte, it will release the SDA line at the ninth
clock cycle. This is a Not Acknowledge (NACK)
condition. This signals that the master is not requesting
anymore data from the slave.

Figure 27 and Figure 28 show the entire byte read pro-
cedure. Figure 27 shows how the EEPROM address
from where the data should be read is sent to the slave
device. Figure 28 shows the read command and the
data byte being sent from the slave. In this case, the
EEPROM only uses a single byte for addressing. 0x00
is used as the EEPROM address where the data will be
written and OxA5 as the data byte to be transmitted.

© 2016 Microchip Technology Inc.
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FIGURE 27: SENDING THE ADDRESS FOR THE READ COMMAND

SCL
i H
(Write [0xAOD) ——— (0x00 +ACK))
SDA ‘
|
@ | =]
L | : i
EEPROM
START BIT ADDRESS BYTE STOP BIT

FIGURE 28: BYTE READ COMMAND

SCL

Read [0xA1 C 0xA5 + NACK )

SDA

START BIT DATA BYTE STOP BIT
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Multibyte/Sequential Read

Unlike page write operations that are limited by the
physical page size of the device, a sequential read can
read the entire contents of the memory in a single
operation. Reading multiple bytes starts off similar
enough to the byte read operation. The Start bits, 1°C
slave address byte, EEPROM address byte/s and Stop
condition are all sent and Acknowledged in that order.
A new Start condition is generated and the 12C slave
address byte, with the LSB set high, should be sent.

However, instead of the 12C master sending a NACK bit
after the first byte has been transmitted, the 12C master
pulls the line low, sending an ACK bit, signifying that

there is more data requested by the master. The
master sends an ACK bit after each byte it receives,
except after the last byte, where it will send the NACK
bit, indicating that the master is not requesting any
more data to be sent. Once all bytes are received, the
master will initiate the Stop condition to end the
operation.

Figure 29 shows a sequential read operation. Note that
each byte successfully sent is followed by an ACK bit,
save for the last byte, which is followed by a NACK bit.

FIGURE 29: SEQUENTIAL READ OPERATION
SCL
(Read [0xAT])—(__O0xTA+ACK )~ _0x2A+ACK )———(__O0x4A+ ACK_ )~ (__O0x8A+ NACK )
SDA |
i
® | I
[
STA | 4 P | ETerTe— UL L AL | I | S (] 0 8
BIT DATA BYTES

© 2016 Microchip Technology Inc.
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Acknowledge Polling

While most EEPROM data sheets specify a write cycle
time, some write cycles might be shorter than this
period. Specifying a delay period therefore, might not
be efficient. Hence, it is recommended that users use
Acknowledge polling to check if the current write cycle
is finished.

This is done by continuously sending a Start condition
and the 1°C slave address byte, with the LSB set low
(signifying a write operation), until an Acknowledge bit
is detected. This is because when a write cycle is in
progress, EEPROMSs will not Acknowledge commands.

Figure 30 shows an Acknowledge polling operation
before an address write operation.

FIGURE 30: ACKNOWLEDGE POLLING
| scL
|
L1 L _| W Ny N I B
SDA

| START BIT |

S

ST
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CONCLUSION

This application note illustrates the ease and efficiency
with which interfacing serial EEPROM devices is
accomplished by using the MSSP modules and the
MCC. Basic operations in the SPI and 1°C protocols
were discussed and shown step-by-step. The code is
highly portable and can be used on most 8-bit PIC
microcontrollers and serial EEPROM devices, with just
minor modifications. Using the code provided, users
can begin to build their own SPI and I2°C EEPROM
applications. If a more complex, or a more decon-
structed firmware design is needed, users can always
fall back on the MCC-generated SPI and I2C functions
that formed the backbone of the provided driver files.
This document has demonstrated that when paired
with the MSSP module and the MPLAB® Code Config-
urator, building solutions involving serial EEPROMs
that use SPI or I°C does not have to be as tedious or
as labor-intensive as it used to be.

© 2016 Microchip Technology Inc.

DS00002045A-page 25



AN2045

APPENDIX A: CONNECTING THE EEPROMs TO THE MICROCONTROLLER

FIGURE A-1: SPI CONNECTION DIAGRAM

VPP/MCLR/RE3 [1 ~/ 40[ ] RB7/ICSPDAT
RAO [ ]2 39 | RB6/ICSPCLK
RA1 []3 38[ | RB5
RA2 []4 37, | RB4
RA3 []5 36| | RB3 VDD
RA4 DG 35: RB2 SP| EEPROM
| RB1 VDD e ~
EE{SJ %; 2:i RBO CS E1 8 Vce
RE1 []9 2 32/ VDD SO |2 7HHOLD
RE2 [{|10e ~ 31/8] Vss WEB 6 SCK
VoD [ |11 oy 30/ | RD7 [ SCk
vss[Ji2 @ 20 ]RD6 " V/ss G4 5@ S
RAG [ |14 27/ ] RD4
RCO [ |15 26 | RC7
RC1 []16 25 | RC6
RC2 []17 s00 o4/t] RC5
RC3 [¢]18 scx soi 23] RC4
RDO []19 22/ | RD3
RD1 []20 21[ | RD2
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FIGURE A-2:  12C CONNECTION DIAGRAM

veeMCLRRE3 [|1 ~  40[] RBT/ICSPDAT
RAO []2 3g| | RB6/ICSPCLK
RA1 []3 38| RBS I2C EEPROM Voo
RA2 [4 a7[] RB4 - ;I
RA3 [|5 3s[ | RB3 A0 [] 8[¢] vcc
RA4 [ |6 35/ | RB2
RA5 []7 24 ]RB1 @uwo  ATL] 7 JwP
REO [ s 33 | RBO
"= Be e oo v A2 ] 6 [shscL
RE2 []10 ~ 31jg] Vss Vss [ 5[9](SDA
VoD []11 my 30 | RD7 anp
vss [[12 @ 29/ | RD6 von
RA7 []1a Q 28| | RD5
RAG6 [ |14 > 27/ | RD4
RCO [15 26| | RCT
RC1 []16 25/ | RC6 4.:k|:
RC2 []17 24/ | RCS ;|
RC3 [+ 18 scL SDA 23] RC4
RDO [ 19 22/ | RD3
RD1 []20 21| RD2

© 2016 Microchip Technology Inc.
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APPENDIX B: SOURCE CLICK™ BOARD CONNECTION DIAGRAMS

FIGURE B-1: EEPROM CLICK™ BOARD CONNECTION DIAGRAM

Vcc
[~ PWR SEL
| o |
'|' I 1 n
Vcc Vcc
T T mikro™
2 - BUS
— WP
| AN PWM
L 1 RST INT
— cs =
R2 R3 b scK RX =
4|<?|_J|_ 4K7 - — SCL
13 A0 1 —iJ MIso scL = S\
Al 2 WP MOSI SDA N
[ A2 3 SCL +3.3V +5V
=T 3 DA L] GND o O3
% . EEPROM Click” Board
[ R4 v v
100K
P V4

FIGURE B-2: EEPROM2 CLICK™ BOARD CONNECTION DIAGRAM

! AN PWM N L
! RST INT
s L o2
NMISO | = agéo 5?;{ > \_Vee 3
MOSL1< 4 viost S = R .
+3.3V +5V —
GND GND
EEPROM2
Click™ Board
GND Vee GND GND
Bl
POWER SELECTOR
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APPENDIX C: SOURCE CODE LISTINGS

Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) is intended and supplied to you, the
Company'’s customer, for use solely and exclusively with products manufactured by the Company.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS”" CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

EXAMPLE C-1: eepromspi.c

/**
EEPROM SPI Source File
Conpany:
M crochi p Technol ogy Inc.
Fi l e Nane:
eepromspi.c
Summary:
This is the source file containing the EEPROM SPI functions.
Descri ption:
Thi s header file provides inplenmentations for driver APIs for all nodul es selected in
the GU .
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce : PICLl6F1719
Driver Version :2.00
The generated drivers are tested against the follow ng:
Conpi | er . XC8 v1.34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased M crochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute

Sof tware only when enbedded on a M crochip microcontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terns in the acconpanying |icense agreenent).

You should refer to the |icense agreenment acconpanying this Software for
additional information regarding your rights and obligations.

SOFTWARE AND DOCUMENTATI ON ARE PROVI DED "AS | S" W THOUT WARRANTY OF ANY KI ND,
El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF
MERCHANTABI LI TY, TITLE, NON-INFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPCSE.
I'N NO EVENT SHALL M CROCHI P CR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER
CONTRACT, NEGLI GENCE, STRICT LIABILITY, CONTRIBUTION, BREACH CF WARRANTY, OR
OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES

I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNITIVE OR
CONSEQUENTI AL DAMAGES, LOST PRCOFI TS COR LOST DATA, COST OF PROCUREMENT OF
SUBSTI TUTE GOODS, TECHNOLOGY, SERVI CES, OR ANY CLAI M5 BY THI RD PARTI ES
(I'NCLUDI NG BUT NOT LIM TED TO ANY DEFENSE THERECF), OR OTHER SI M LAR COSTS.
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EXAMPLE C-1: eeprom spi . ¢ (CONTINUED)

*/

#i nclude "ncc_generated_files/nce. h"
#i ncl ude "eepromspi.h"

void SPI_ByteWite (uint8_t *addressBuffer, uint8_t addlen, uint8_t
{

uint8_t check;

//Toggle CS line to start operation
CS_LAT = 0;

/1 Send Wite Enabl e command
SPI _Exchange8bi t ( EEPROM WREN) ;

//Toggle CS line to end operation
CS_LAT = 1;

//Check if WEL bit is set
whi | e(check !'= 2)
check = SPI _ReadSt atusRegister();

//Toggle CS line to start operation
CS_LAT = 0;

/1 Send Wite Conmand

SPI _Exchange8bi t (EEPROM WRI TE_EN) ;

/1 Send address byte/s

SPI _Exchange8bi t Buf f er (addr essBuf f er, addl en, NULL) ;
/1 Send data byte

SPI _Exchange8bi t (byt eDat a) ;

//Toggle CS line to end operation
CS_LAT = 1,

}

uint8_t SPI_ByteRead (uint8_t *addressBuffer, uint8_t addlen)
{

uint8_t readByte;

//Toggle CS line to start operation
CS_LAT = 0;

/1 Send Read Conmand

SPI _Exchange8bi t (EEPROM _READ_EN) ;

/] Send address bytes

SPI _Exchange8bi t Buf f er (addr essBuf f er, addl en, NULL) ;
//Send Dummy data to clock out data byte from sl ave
readByte = SPI _Exchange8bit ( DUMWY_DATA) ;

//Toggle CS line to end operation
CS_LAT = 1;

//return data byte read
return(readByte);

byt eDat a)

DS00002045A-page 30
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EXAMPLE C-1: eeprom spi . ¢ (CONTINUED)

uint8_t SPI_ReadSt at usRegi st er(void)
{

uint8_t statusByte;

//Toggle CS line to start operation
CS_LAT = 0;

/1 Send Read Status Register Operation

SPI _Exchange8bi t (EEPROM_RDSR) ;

//Send Dummy data to clock out data byte from slave
statusByte = SPI _Exchange8bi t ( DUMWY_DATA) ;

//Toggle CS line to end operation
CS_LAT = 1;

//return data byte read
return(statusByte);

}

uint8_t SPI_WitePoll (void)

{
uint8_t poll Byte;

// Read the Status Register
pol | Byte = SPI _ReadSt at usRegi ster();

//Check if WEL and WP bits are still set
whi | e(pol | Byte == 3)
{

}

pol | Byte = SPI _ReadSt at usRegi ster();

//return 1 if WEL and WP bits are cleared and the wite cycle is finished
return(l);

}

void SPI _Sequential Wite(uint8_t *addressBuffer, uint8_t addlen, uint8_t *witeBuffer,
uint8_t buflen)
{

//Toggle CS line to begin operation

CS_LAT = 0;

//Send Wite Enabl e Conmand
SPI _Exchange8bi t ( EEPROM_WAREN) ;

//Toggle CS line to end operation
CS_LAT = 1;

//Toggle CS line to start operation
CS_LAT = 0;

//Send Wite Comrand

SPI _Exchange8bi t (EEPROM _WRI TE_EN) ;

/] Send address bytes

SPI _Exchange8bi t Buf f er (addr essBuf f er, addl en, NULL) ;
//Send data bytes to be witten

SPI _Exchange8bi t Buf fer (wri t eBuf fer, bufl en, NULL) ;
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EXAMPLE C-1: eeprom spi . ¢ (CONTINUED)

//Toggle CS line to end operation
CS_LAT = 1;

}

uint8_t SPI_Sequential Read(uint8_t *addressBuffer,uint8_t addlen, uint8_t *readBuffer,
uint8_t buflen)
{

//Toggle CS line to begin operation

CS_LAT = 0;

/1 Send Read Conmand

SPI _Exchange8bi t (EEPROM_READ_EN) ;

/1 Send Address bytes

SPI _Exchange8bi t Buf f er (addr essBuf f er, addl en, NULL) ;

//Send dummy/NULL data to clock out data bytes from sl ave
SPI _Exchange8bi t Buf f er (NULL, bufl en, readBuffer);

//Toggle CS line to end operation
CS_LAT = 1;

EXAMPLE C-2: eeprom spi.h

/**
EEPROM SPI Header File
Conpany:
M crochip Technol ogy Inc.
Fil e Nane:
eeprom spi.h
Sumrary:
This is the header file containing the EEPROM | 2C functi ons.
Descri ption:
Thi s header file provides inplementations for driver APls for all nodul es selected in the GJ.
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce : PICl6F1719
Driver Version . 2.00
The generated drivers are tested against the follow ng:
Conpi | er . XC8 vl1. 34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased Mcrochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute
Software only when enbedded on a Mcrochip microcontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terns in the acconpanying |icense agreenent).
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EXAMPLE C-2: eeprom spi . h (CONTINUED)

You should refer to the |icense agreenment acconpanying this Software for
additional information regarding your rights and obligations.

SOFTWARE AND DOCUMENTATI ON ARE PROVI DED "AS |'S" W THOUT WARRANTY OF ANY KI ND,

El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF

MERCHANTABI LI TY, TITLE, NON-I NFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPCSE.

I'N NO EVENT SHALL M CROCHI P OR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER

CONTRACT, NEGLI GENCE, STRICT LI ABILITY, CONTRIBUTION, BREACH OF WARRANTY, OR

OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES

I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNITIVE OR

CONSEQUENTI AL DAMAGES, LOST PROFI TS OR LOST DATA, COST OF PROCUREMENT OF

SUBSTI TUTE GOODS, TECHNOLOGY, SERVI CES, OR ANY CLAI M5 BY THI RD PARTI ES

(1 NCLUDI NG BUT NOT LI M TED TO ANY DEFENSE THEREOF), OR OTHER SI M LAR COSTS.
*/

#i nclude "ncc_generated_files/spi.h"

#i f ndef EEPROM SPI _H
#def i ne EEPROM SPI _H

#i fdef __cplusplus
extern "C' {

#endi f

#def i ne EEPROM_READ_EN 0x03 /1 read data from nenory
#def i ne EEPROM_WREN 0x06 // set the wite enable latch
#def i ne EEPROM VRl TE_EN 0x02 /Il wite data to nmenory array
#def i ne EEPROM_RDSR 0x05 /1 read STATUS register

void SPI _ByteWite (uint8_t *addressBuffer, uint8_t addlen, uint8_t byteData);

uint8_t SPI_ByteRead (uint8_t *addressBuffer,uint8_t addlen);

uint8_t SPI_ReadStatusRegi ster(void);

uint8_t SPI_WitePoll (void);

voi d SPI_Sequential Wite(uint8_t *addressBuffer, uint8_t addlen, uint8_t *witeBuffer,uint8_t buflen);
uint8_t SPI_Sequential Read(uint8_ t *addressBuffer,uint8_t addlen, uint8_t *readBuffer, uint8_t buflen);

#i fdef __ cplusplus
}
#endi f

#endif /* EEPROM SPI_H */

© 2016 Microchip Technology Inc. DS00002045A-page 33



AN2045

EXAMPLE C-3: SAMPLE MAIN FILE CALLING SPI FUNCTIONS

/**
Generated Main Source File
Conpany:
M crochi p Technol ogy Inc.
Fil e Nane:
main. c
Summary:
This is the main file generated using MPLAB® Code Confi gurator
Descri ption:
This header file provides inplenentations for driver APls for all nodules selected in the GJ.
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce : PICLl6F1719
Driver Version . 2.00
The generated drivers are tested against the foll ow ng:
Conpi | er . XC8 v1.34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased M crochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute

Sof tware only when enbedded on a Mcrochip microcontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terms in the acconpanying |icense agreenent).

You should refer to the |icense agreenent acconpanying this Software for
additional information regarding your rights and obligations.

SOFTWARE AND DOCUMENTATI ON ARE PROVI DED "AS | S" W THOUT WARRANTY OF ANY KI ND,
El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF
MERCHANTABI LI TY, TITLE, NON-INFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPGCSE.
I'N NO EVENT SHALL M CROCHI P OR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER
CONTRACT, NEGLI GENCE, STRICT LIABILITY, CONTRIBUTI ON, BREACH CF WARRANTY, OCR
OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES
I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNITIVE OR
CONSEQUENTI AL DAMAGES, LOST PROFI TS OR LOST DATA, COST OF PROCUREMENT OF
SUBSTI TUTE GOODS, TECHNOLOGY, SERVICES, OR ANY CLAI M5 BY THI RD PARTI ES
(I NCLUDI NG BUT NOT LIM TED TO ANY DEFENSE THERECF), OR OTHER SI M LAR COSTS.
*/

#i ncl ude "ntc_generated_fil es/nce. h"
#i ncl ude "eepromspi.h"

/*
Mai n application
*/

void main(void) {
/1 initialize the device
SYSTEM I nitialize();
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EXAMPLE C-3: SAMPLE MAIN FILE CALLING SPI FUNCTIONS (CONTINUED)

}

/**

/1 \hen using interrupts, you need to set the dobal and Peripheral Interrupt Enable bits
/1 Use the follow ng nacros to:

/1 Enable the G obal Interrupts
/11 NTERRUPT_G obal | nt errupt Enabl e();

/| Enabl e the Peripheral Interrupts
/11 NTERRUPT_Per i pher al | nt errupt Enabl e() ;

/| Disable the Gobal Interrupts
/ /1 NTERRUPT_G obal | nt errupt Di sabl e();

/| Disable the Peripheral Interrupts
/11 NTERRUPT_Per i pheral I nt errupt Di sabl e();

ui nt 8_t witeBuffer[] = {O0x1A, O0x2A, O0x4A, O0x8A}

uint8_t readBuf fer[10];

ui nt 8_t addressBuffer[] = {OxAB, 0x00, 0x10}; // Store the address you want to access here
ui nt 8_t readByt e;

//Wites one byte to the address specified
SPI _ByteWite(&addressBuffer, si zeof (addressBuffer), 0xA5);

/Wit for wite cycle to conplete
SPI_WitePoll ();

// Reads one byte of data fromthe address specified
readByte = SPI _Byt eRead( &ddr essBuffer, si zeof (addressBuffer));

/11 nterm ssion
__delay_ns(10);

//Wites the data in witeBuffer beginning fromthe address specified
SPI _Sequenti al Wit e(&ddressBuffer, si zeof (addressBuffer), &witeBuffer, sizeof (witeBuffer));

/Wit for wite cycle to conplete
SPI_WitePoll ();

/ / Reads specified number of data bytes into the readBuffer array beginning fromthe address
i ndi cat ed
SPI _Sequent i al Read( &addr essBuf f er, si zeof (addressBuf fer), & eadBuf fer, 4);

//Stop here
while (1) {

/1 Add your application code

End of File

*/
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EXAMPLE C-4. eeprom. 2c. c

/**
EEPROM | 2C Source File
Conpany:
M crochi p Technol ogy Inc.
Fil e Nane:
eeprom.i 2c.c
Sumrary:
This is the source file containing the EEPROM | 2C functions and constants.
Descri ption:
Thi s header file provides inplenentations for driver APIs for all nodul es selected in the GJ.
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce . PICLl6F1719
Driver Version . 2.00
The generated drivers are tested against the follow ng:
Conpi | er : XC8 vl. 34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased Mcrochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute
Software only when enbedded on a Mcrochip microcontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terns in the acconpanying |icense agreenent).

You should refer to the |icense agreenment acconpanying this Software for
addi tional information regarding your rights and obligations.

SOFTWARE AND DOCUMENTATI ON ARE PROVI DED "AS |1'S" W THOUT WARRANTY CF ANY KI ND,
El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF
MERCHANTABI LI TY, TITLE, NON-I NFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPCSE.
I'N NO EVENT SHALL M CROCHI P OR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER
CONTRACT, NEGLI GENCE, STRICT LI ABILITY, CONTRIBUTION, BREACH COF WARRANTY, OR
OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES
I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNI TI VE OR
CONSEQUENTI AL DAMAGES, LOST PROFI TS OR LOST DATA, COST OF PROCUREMENT OF
SUBSTI TUTE GOODS, TECHNOLOGY, SERVI CES, OR ANY CLAI M5 BY THI RD PARTI ES
(1 NCLUDI NG BUT NOT LI M TED TO ANY DEFENSE THEREOF), OR OTHER SI M LAR COSTS.
*/

#i nclude "ncc_generated_files/ncc. h"
#i ncl ude "eeprom. 2c. h"

uint8_t timeQut = 0;

int 12C_ByteWite(uint8_t *dataAddress, uint8_t dataByte, uint8_t addlen)
{

uint8_t witeBuffer[ PAGE_LIM T+3];

uint8_t buflen;

/] Copy address bytes to the wite buffer so it can be sent first
for(int i =0; i < addlen; i++)
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EXAMPLE C-4. eeprom.i 2c. ¢ (CONTINUED)

{

}

uint8_t

{

witeBuffer[i] = dataAddress[i];

}

//Check if this is an address wite or a data wite.
i f(dataByte ! = NULL)

{
writeBuffer[addl en] = dataByte;
bufl en = addl en+1;

}

el se

bufl en = addl en;

//set status to Message Pending to send the data
| 2C_MESSAGE_STATUS status = | 2C_MESSAGE_PENDI NG,

//This variable is the built in acknow edge polling nechanism This counts how many retries
the systemhas already done to send the data.
timeQut = O;

//\Wile the nessage has not failed...
whi | e(status !'= | 2C_MESSAGE_FAI L)
{
/] Initiate a wite to EEPROM
12C_MasterWite(witeBuffer, bufl en, SLAVE_ADDRESS, &st at us) ;

/1 wait for the nessage to be sent or status has changed.

whi |l e(status == | 2C_MESSAGE_PENDI NG) ;
/1 if transfer is conplete, break the | oop
if (status == | 2C_MESSAGE_COWPLETE)
br eak;
/1 if transfer fails, break the | oop
if (status == | 2C_MESSAGE_FAI L)
br eak;

/I Max retry is set for max Ack polling. If the Acknow edge bit is not set, this wll
just loop again until the wite command i s acknow edged

if (timeCQut == MAX_RETRY)
br eak;

el se
ti meCut ++;

}

/1 if the transfer failed, stop at this point
if (status == | 2C_MESSAGE_FAI L)
return 1;

| 2C_Byt eRead(ui nt 8_t *dat aAddress, uint8_t dataByte, uint8_t addlen)
int check;

//Wite the address to the slave
check = | 2C ByteWite(dataAddress, NULL, addl en);

/11f not successful, return to function
if(check == 1)
return;
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EXAMPLE C-4. eeprom.i 2c. ¢ (CONTINUED)

/1 Get ready to send data

| 2C_MESSACGE_STATUS status = | 2C_MESSAGE_PENDI NG,
//Set up for ACK polling

timeQut = 0;

//While the code has not detected nessage failure..
whi | e(status !'= | 2C_MESSAGE_FAI L)

/!l Initiate a Read to EEPROM
| 2C_Mast er Read( dat aByt e, 1, SLAVE_ADDRESS, &st at us) ;

/1 wait for the nessage to be sent or status has changed.

whi | e(status == | 2C_MESSAGE_PENDI NG) ;
/1 if transfer is conplete, break the | oop
if (status == | 2C_MESSAGE_COMPLETE)
br eak;

/1 if transfer fails, break the | oop
if (status == | 2C_MESSAGE_FAI L)
br eak;

/'l check for max retry and skip this byte
if (timeQut == MAX_RETRY)
br eak;
el se
ti meQut ++;
}
}
int 12C BufferWite(uint8_t *dataAddress, uint8_t *dataBuffer, uint8_t addlen, uint8_t buflen)
{
uint8_t witeBuffer[ PAGE_LIM T+3];
| 2C_MESSAGE_STATUS st atus = | 2C_MESSAGE_PENDI NG

/] Set Address as the bytes to be witten first
for(int i =0; i < addlen; i++)

{
}

witeBuffer[i] = dataAddress[i];

//Ensure that the page limt is not breached so as to avoid overwiting other data
if(buflen > PAGE_LIMT)
buflen = PAGE_LIMT,;

/] Copy data bytes to wite buffer

for(int j =0; j < buflen; j++)
{
writeBuffer[addl entj] = dataBuffer[j];
}
/1Set up for ACK polling
timeQut = 0;
whil e(status !'= | 2C_MESSAGE_FAI L)
{

/1 Initiate a wite to EEPROM
| 2C_MasterWite(witeBuffer, bufl entaddl en, SLAVE_ADDRESS, &st at us) ;
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EXAMPLE C-4. eeprom.i 2c. ¢ (CONTINUED)

/1 wait for the nessage to be sent or status has changed.

whi | e(status == | 2C_MESSAGE_PENDI NG) ;
/1 if transfer is conmplete, break the | oop
if (status == | 2C_MESSAGE_COWLETE)
break;
/1 if transfer fails, break the |oop
if (status == | 2C_MESSAGE FAI L)
break;

//check for max retry and skip this byte
if (tineQut == MAX_RETRY)

br eak;
el se
timeQut ++;
}
/1 if the transfer failed, stop at this point
if (status == | 2C_MESSAGE_FAI L)
return 1,

}
void | 2C BufferRead(uint8_t *dataAddress, uint8_t *dataBuffer, uint8_t addlen,uint8_t buflen)
{

int check = 0;

| 2C_MESSAGE_STATUS status = | 2C_MESSAGE_PENDI NG,

/IWite Address from where to read
check = | 2C _ByteW it e(dat aAddress, NULL, addl en) ;

/I check if address wite is successful
i f(check == 1)
return;

/1Set up for ACK polling
timeQut = 0;

whil e(status ! = | 2C_MESSAGE_FAI L) {
// Initiate a Read to EEPROM
| 2C_Mast er Read( dat aBuf f er, buf | en, SLAVE_ADDRESS, &st at us);

/1 wait for the message to be sent or status has changed.
whi | e(status == | 2C_MESSAGE_PENDI NG) ;

/1 if transfer is conplete, break the | oop
if (status == | 2C_MESSAGE_COWLETE)
br eak;

/1 if transfer fails, break the |oop
if (status == | 2C_MESSAGE_FAI L)
br eak;

/Il check for max retry and skip this byte

if (tinmeQut == MAX_RETRY)
br eak;
el se
ti meQut ++;

}
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EXAMPLE C-5: eeprom. 2c. h

/**
EEPROM | 2C Header File
Conpany:
M crochip Technol ogy Inc.
Fil e Nane:
eeprom.i 2c. h
Sumrary:
This is the header file containing the EEPROM | 2C functions and constants.
Descri ption:
This header file provides inplementations for driver APls for all nodul es selected in the GJ.
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce : PICL6F1719
Driver Version . 2.00
The generated drivers are tested against the follow ng:
Conpi | er . XC8 vl.34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased M crochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute

Sof tware only when enbedded on a M crochip microcontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terns in the acconpanying |icense agreenent).

You should refer to the |icense agreenment acconpanying this Software for
additional information regarding your rights and obligations.

SOFTWARE AND DOCUNMENTATI ON ARE PROVI DED "AS |'S" W THOUT WARRANTY OF ANY KI ND,

El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF

MERCHANTABI LI TY, TITLE, NON-I NFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPCSE.

I'N NO EVENT SHALL M CROCHI P OR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER

CONTRACT, NEGLI GENCE, STRICT LIABILITY, CONTRIBUTION, BREACH OF WARRANTY, OR

OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES

I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNI TIVE OR

CONSEQUENTI AL DAMAGES, LOST PROFI TS OR LOST DATA, COST OF PROCUREMENT OF

SUBSTI TUTE GOODS, TECHNOLOGY, SERVICES, OR ANY CLAIMS BY THI RD PARTI ES

(1 NCLUDI NG BUT NOT LI M TED TO ANY DEFENSE THEREOF), OR OTHER SI M LAR COSTS.
*/

#i fdef __cplusplus

extern "C' {

#endi f

#def i ne MAX_RETRY 100

#def i ne SLAVE_ADDRESS 0x50

#define PAGE_LIMT 16 /1 Change as stated on the EEPROM devi ce data sheet

int 12C ByteWite(uint8_t *dataAddress, uint8_t dataByte, uint8_t addlen);

uint8_t |12C ByteRead(uint8_t *dataAddress, uint8_t dataByte,uint8_t addlen);

int 12C BufferWite(uint8_ t *dataAddress, uint8_t *dataBuffer, uint8_t addlen, uint8_t buflen);
voi d | 2C _BufferRead(uint8_t *dataAddress, uint8_t *dataBuffer, wuint8_t addlen, uint8_t buflen);

#i fdef __ cplusplus
}
#endi f

#endif /* EEPROM |2C H */
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EXAMPLE C-6: SAMPLE MAIN FILE CALLING I°C FUNCTIONS

/**
Generated Main Source File
Conmpany:
M crochi p Technol ogy I nc.
Fil e Nane:
mai n. c
Sunmmary:
This is the main file generated using MPLAB® Code Confi gurator
Descri ption:
Thi s header file provides inplenmentations for driver APIs for all nodul es selected in the
GUl .
Generation Information :
Product Revision : MPLAB® Code Configurator - v2.25.2
Devi ce : PICL6F1719
Driver Version . 2.00
The generated drivers are tested agai nst the follow ng:
Conpi | er . XC8 vl.34
MPLAB : MPLAB X v2.35 or v3.00
*/
/*

Copyright (c) 2013 - 2015 rel eased Mcrochip Technology Inc. Al rights reserved.

M crochip licenses to you the right to use, nodify, copy and distribute

Sof tware only when enbedded on a M crochip nmicrocontroller or digital signal
controller that is integrated into your product or third party product
(pursuant to the sublicense terns in the acconpanying |icense agreenent).

You should refer to the |icense agreenment acconpanying this Software for
additional information regarding your rights and obligations.

SOFTWARE AND DOCUMENTATI ON ARE PROVI DED "AS | S" W THOUT WARRANTY OF ANY KI ND,
El THER EXPRESS OR | MPLI ED, | NCLUDI NG W THOUT LI M TATI ON, ANY WARRANTY OF
MERCHANTABI LI TY, TITLE, NON-INFRI NGEMENT AND FI TNESS FOR A PARTI CULAR PURPGSE.
I'N NO EVENT SHALL M CROCHI P OR I TS LI CENSORS BE LI ABLE OR OBLI GATED UNDER
CONTRACT, NEGLI GENCE, STRICT LIABILITY, CONTRI BUTION, BREACH OF WARRANTY, OR
OTHER LEGAL EQUI TABLE THEORY ANY DI RECT OR | NDI RECT DAMAGES OR EXPENSES

I NCLUDI NG BUT NOT LI M TED TO ANY | NCI DENTAL, SPECI AL, | NDI RECT, PUNI TIVE OR
CONSEQUENTI AL DAVAGES, LOST PROFI TS OR LOST DATA, COST OF PROCUREMENT OF
SUBSTI TUTE GOODS, TECHNOLOGY, SERVICES, OR ANY CLAI M5 BY THI RD PARTI ES

(1 NCLUDI NG BUT NOT LIM TED TO ANY DEFENSE THERECF), OR OTHER SI M LAR COSTS.
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EXAMPLE C-6: SAMPLE MAIN FILE CALLING I°C FUNCTIONS (CONTINUED)
*/

#i nclude "ncc_generated_files/ncc. h"
#i ncl ude "eeprom. 2c. h"

/*
Mai n application
*/
voi d main(void) {
/1 initialize the device
SYSTEM | nitialize();

/1 \hen using interrupts, you need to set the G obal and Peripheral Interrupt Enable bits
/1 Use the follow ng macros to:

/] Enable the dobal Interrupts
| NTERRUPT_G obal | nt errupt Enabl e();

/'l Enable the Peripheral Interrupts
| NTERRUPT_Per i pheral | nt errupt Enabl e() ;

/1 Disable the dobal Interrupts
/11 NTERRUPT_d obal I nt errupt Di sabl e();

/1 Disable the Peripheral Interrupts
/11 NTERRUPT_Peri pheral | nterrupt Di sabl e();

ui nt 8_t sourceData[] = {Ox1A, Ox2A, O0x4A, O0x8A Ox1A, O0x2A, 0x4A, O0x8A, O0x1A O0x2A
0x4A, O0x8A, Ox1A, O0x2A, O0x4A, O0x8A};

uint8_t addressBuffer[] = {O0xAB, 0x10} ; /1 Put your address here

uint8_t readBuffer[16];

ui nt8_t readByt e;

int r =0;

//Wites a byte of data to address specified
r = 12C ByteWite(&ddressBuffer, 0x5B, si zeof (addressBuffer));

/I Reads a byte of data stored at the address specified
| 2C_Byt eRead( &addr essBuf f er, & eadByt e, si zeof (addressBuffer));

//Wite a specified nunber of data bytes beginning at the specified address
r = 12C Buf ferWite(&addressBuffer, &ourcebDat a, si zeof (addressBuffer), 4);

/] Reads a specified nunber of data bytes beginning at the specified address
| 2C_Buf f er Read( &addr essBuf f er, & eadBuf f er, si zeof (addr essBuffer), 4);

//stop here
while (1) {
/1 Add your application code

}
}
/1}
/**
End of File

*/
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.
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