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Software Implementation of [C™ Bus Master

INTRODUCTION

This application note describes the software implemen-
tation of I°C™ interface routines for the PIC16CXX
family of devices. Only the master mode of I?C interface
is implemented. This implementation is for a single
master communication to multiple slave I>)C devices.

Some PIC16CXX devices, such as the PIC16C64 and
PIC16C74, have on-chip hardware which implements
the I°C slave interface, while other PIC16CXX devices,
such as the PIC16C71 and PIC16C84, do not have any
on-chip hardware.

This application note does not describe the 1°C Bus
specifications and the user is assumed to have an
understanding of the 1°C Bus. For detailed information
on the bus, the user is advised to read the I°C Bus
Specification document from Philips/Signetics (order
number 98-8080-575). The I?)C Bus is a two-wire serial
bus with multiple masters and multiple slaves connected
to each other through two wires. The two wires consists
of a clock line (SCL) and a data line (SDA) with both the
lines being bi-directional. Bi-directional communication
is facilitated through the use of wire-and connection (the
lines are either active-low or passive high). The I?C Bus
protocol also allows collision detection, clock synchroni-
zation and hand-shaking for multi-master systems. The
clock is always generated by the master, but the slave
may hold it low to generate a wait state.

TABLE 1 - DESCRIPTION OF ABBREVIATIONS USED

In most systems the microcontroller is the master and
the external peripheral devices are slaves. In these
cases this application note can be used to attach I>)C
slaves to the PIC16CXX (the master) microcontroller.
The multi-master system is not implemented because it
is extremely difficult to meet all the I°C Bus timing
specifications using software. For a true slave or multi-
master system, some interface hardware is necessary
(like START & STOP bit detection).

In addition to the low-level single master I°C routines, a
collection of high level routines with various message
structures is given. These high level macros/routines
can be used as canned routines to interface to most I>)C
Slave devices. As an example, the test program talks to
two Serial EEPROMs (Microchip’s 24LC04 & 24LC01).

IMPLEMENTATION

Two levels of software routines are provided. The low-
level routines are given in “i2c_low.asm” and the high
level routines are given in “i2c_high.asm”. The routines
are described later. The messages passed (communi-
cated on the two wire network) are abbreviated and
certain notation is used to represent Start, Stop and
other conditions. These abbreviations are described at
firstin Table 1.

Abbreviation Explanation

S Start Condition
P Stop Condition

SIVAR Slave Address (for read operation)

SIVAW Slave Address (for write operations)
A Acknowledge condition (positive ACK)
N Negative Acknowledge condition (NACK )
D Data byte, D[0] represents byte 0, D[1] represents second byte
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2C Bus Master

Message Format

In the high level routines, the basic structure of the
message implemented is given. Every I°C slave sup-
ports one or more message structures. For example,
Microchip’s 24LC04 Serial EEPROM supports the fol-
lowing message (to write a byte to Serial EEPROM at
current address counter) S-SIVAW-A-D-A-P which basi-
cally means the following sequence of operations are
required :

(@) Send Start Bit

(b) Send Slave Address for Write Operations

(©)

(d)

(e)

®
Slave Address

Expect Acknowledge
Send Data Byte

Expect Acknowledge
Issue a STOP Condition

Both 10-bit and 7-Bit addressing schemes are imple-
mented as specified by the I2C Bus specification. Before
calling a certain sub-routine (high level or low-level), the
address of the slave being addressed must be loaded
using either “LOAD_ADDR_8" (for 7-bitaddress slaves)
or “LOAD_ADDR_8" macro (for 10-bit address slaves).
These macros not only load the address of the slaves for
all the following operations, but also setup conditions for
7- or 10-bit addressing modes. See the macros section
for more details.

CLOCK STRETCHING

In I2C Bus, the clock (SCL Line) is always provided by the
master. However, the slave can hold the line low even
though the master has released it. The master must
check this condition and wait for the slave to release the
clock line. This provides a built in wait state for the I12C
Bus. This feature is implemented and can be turned on
or off as an assembly time option (by setting
_ENABLE_BUS_FREE_TIME flag to be TRUE or
FALSE). Ifthe clock s held low for too long, say 1 msec,
then an error condition is assumed and an RTCC inter-
rupt is generated.

ARBITRATION

The 12C Bus specifies both bit-by-bit and byte mode
arbitration procedures for multi-master systems. How-
ever, the arbitration is not needed in a single master
system, and therefore not implemented in this applica-
tion note.

HARDWARE

Two I/O pins are used to emulate the Clock Line SCL and
the data line SDA. In the example test program, RBO is
used as SCL and RB1 as SDA line. On initialization,
these I/Olines are configured as input pins (tri-state) and
their respective latches are loaded with 0s. To emulate
the high state (passive), these lines are turned as inputs
and to emulate the active low state, the pins are turned
as outputs (with the assumption of having external pull-
up resistors on both the lines).

For devices that have the on-chip I>)C hardware (SSP
module), slope control of the 1/O is implemented on the
SCK and SDA pins. For software not implemented on
the SCK and SDA pins of the SSP module, external
components for slope control of the I/O may be required
by the system.
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[2C ROUTINES

Status Register (File Register “Bus_Status”) :

The bit definitions of the status register are described in the table given below. These bits reflect the status of the I°C Bus.

Bit # Name Description
0 _Bus_Busy 1 = Start Bit transmitted
0 = STOP condition.
1 _Abort It is set when a fatal error condition is detected. The user must clear this bit.
This bit is set when Clock Line (SCL) is stuck low.
_Txmt_Progress 1 = transmission in progress.
_Rcv_Progress 1 = reception in progress.
_Txmt_Success 1 = transmission succesfully completed.
0 = error condition.
5 _Rcv_Success 1 = reception succesfully completed.
0 = error condition.
6 _Fatal_Error 1 = FATAL error occurred. The communication was aborted.
7 _ACK_Error 1 = slave sent not ACK while the master was expecting an ACK.
This may happen for example if the slave was not responding to a message.

Control Register (File Register “Bus_Control”) :

The bit definitions of the control register are described in the table given below. These bits must be set by the software
prior to performing certain operations. Some of the high level routines described later in this section set these bits
automatically.

Bit # Name Description
0 _10BitAddr 1 =10 bit slave addressing
0 = 7 bit addressing.
1 _Slave_RW 1 = READ operation
0 = WRITE operation.
2 _Last Byte Rcv 1 = last byte must be received. Used to send not ACK.
3,45 — Unused bits, can be used as general purpose bits.
6 _SlaveActive A status bit indicating if a slave is responding. This bit is set or cleared by calling
the I?C_TEST_DEVICE macro. See description of this I’C_TEST_DEVICE macro.
7 _TIME_OUT_ A status bit indicating if a clock is stretched low for more than 1 ms, indicationg a
bus error. On this time out, the operation is aborted.
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Low Level :

Function Name

Description

Init’CBus_Master

Initializes Control/Status Registers, and set SDA & SCL lines.
Must be called on initialization.

TxmtStartBit Transmits a START (S) condition.
TxmtStopBit Transmits a STOP (P) condition.
LOAD_ADDR_8 The 7 bit slave’s address must be passed as a constant parameter.

LOAD_ADDR_10

The 10 bit slave’s address must be passed as a constant parameter.

Txmt_Slave_Addr

Transmits a Slave address. Prior to calling this routine, the address of the slave
being addressed must be loaded using LOAD_ADDR_8 or LOAD_ADDR_10
routines. Also the Read/Write condition must be set in the control register.

SendData Transmits a byte of data. Prior to calling this routine, the byte to be transmitted must
be loaded into DataByte file register.
GetData Receives a byte of data in DataByte file register. If the data byte to be received is the

last byte, the _Last_Byte_Rcv bit in control register must be set priot to calling this
routine.
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MACROS

High Level :

The high level routines are implemented as a mixture of function calls and macros. These high level routines call the low
level routines described above. In most cases only a few of the high level routines may be used and the user can remove
or not include the routines not necessary to conserve program memory space. Examples are given for a few functions.

PC_TEST _DEVICE

Parameters None
Purpose To test if a slave is present on the network
Description Before using this macro, the address of the slave being tested must be loaded using
LOAD_ADDR_8 or LOAD_ADDR_10 macro. Is the slave under test is present, then
“_SlaveActive" status bit (in Bus_Control file register) is set. If not, then this bit is set 0,
indicating that the slave is either not present on the network or is not listening.
Message S-SIVAW-A-P
Example
LOAD_ADDR_8 0xA0 ; 24LC04 address
[2C_TEST_DEVICE
btfss _SlaveActive ; See If slave is responding
goto SlaveNotPresent ; 24LCO04 is not present
; Slave is present
; Continue with program
PC_WR
Parameters : _BYTES_, _SourcePointer_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_SourcePointer_ Data Start Buffer pointer in RAM (file registers)
Purpose A basic macro for writing a block of data to a slave
Description This macro writes a block of data (no of bytes = _BYTES_) to a slave.
The starting address of the block of data is _SourcePointer_. If an error occurs, the message
is aborted and the user must check Status flags (e.g. _Txmt_Success bit)
Message S-SIVAW-A-D[0]-A.....A-D[N-1]-A-P
Example
btfsc _Bus_Busy ; Check if bus is free
goto $-1
LOAD_ADDR_8 _Slave_1_Addr
I’°C_WR 0x09, DataBegin ;
© 1994 Microchip Technology Inc. DS00554B-page 5
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PC_WR_SUB
Parameters : _BYTES_, _SourcePointer_, _Sub_Address_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_SourcePointer_ Data Start Buffer pointer in RAM (file Registers)
_Sub_Address_ Sub-address of the Slave
Purpose : Write a block of data to a slave starting at slave’s sub-addr
Description :  Same as I?°C_WR function, except that the starting address of the slave is also specified. For
example, while writing to an I°C Memory Device, the sub-addr specifies the starting address
of the memory. The I2C_WR may prove to be more efficient than this macro in most situations.
Advantages will be found for Random Address Block Writes for Slaves with Auto Increment
Sub-addresses (like Microchip’s 24CXX series Serial EEPROMS)
Message : S-SIVAW-A-SubA-A-D[0]-A.....A-D[N-1]-A-P
Example

LOAD_ADDR_8 _Slave_2_Addr ; Load addr of 7 bit slave
I2’C_WR_SUB 0x08, DataBegin+1, 0x30

In the above example , 8 Bytes of data starting from addr (DataBegin+1) is written to 24LC04
Serial EEPROM beginning at 0x30 address

FPC_WR_SUB_SWINC

Parameters : _BYTES_, _SourcePointer_, Sub_Address_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_SourcePointer_ Data Start Buffer pointer in RAM (file Registers)
_Sub_Address_ Sub-address of the Slave

Purpose : Write a block of data to a slave starting at slave’s sub-addr

Description : Same as I’°C_WR_SUB function, exceptthatthe sub-address (incremented) is sent after every

data byte. A very inefficient message structure and the Bus is given up after each data byte.
This is useful for when the slave does not have an auto-increment sub-address feature.

Message . S-SIVAW-A-(SubA+0)-A-D[0]-A-P
S-SIVAW-A-(SubA+1)-A-D[1]-A-P
and so on until #of Bytes

DS00554B-page 6 © 1994 Microchip Technology Inc.
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PC_WR_BYTE_MEM

Parameters : _BYTES_, _SourcePointer_, _Sub_Address_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_SourcePointer_ Data Start Buffer pointer in RAM (file Registers)
_Sub_Address_ Sub-address of the Slave

Purpose : Write a block of data to a slave starting at slave’s sub-address

Description : Same as I’°C_WR_SUB_SWINC, except that a delay is added between each message. This

is necessary for some devices like EEPROMs which accept only a byte at a time for
programming (devices without on chip ram buffer) and after each byte a delay is necessary
before a next byte is written.

Message : S-SIVAW-A-(SubA+0)-A-D[0]-A-P
Delay 1 msec
S-SIVAW-A-(SubA+1)-A-D[1]-A-P
Delay 1 msec

and so on until #of Bytes

PC_WR_BUF_MEM

Parameters : _BYTES_, _SourcePointer_, _Sub_Address_, _Device_BUF_SIZE_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_SourcePointer_ Data Start Buffer pointer in RAM (file Registers)
_Sub_Address_ Sub-address of the Slave

_Device_BUF_SIZE_ the slaves on-chip buffer size

Purpose : Write a block of data to a slave starting at slave’s sub-addr

Description : This Macro/Function writes #of _BYTES_ to an I>C memory device. However some devices,
especially EEPROMs, must wait while the device enters into programming mode.
But some devices have an on-chip temperature data hold buffer and is used to store data
before the device actually enters into programming mode. For example, the 24C04 series
of Serial EEPROMSs from Microchip have an 8-byte data buffer. So one can send 8 bytes
of data at a time and then the device enters programming mode. The master can either wait
until a fixed time and then retry to program or can continuously poll for ACK bit and then
transmit the next Block of data for programming.

Message : 12C_SUB_WR operations are performed in loop and each time data buffer of BUF_SIZE is
output to the device. Then the device is checked for busy and when not busy another block
of data is written.

© 1994 Microchip Technology Inc. DS00554B-page 7
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PC_READ
Parameters _BYTES_, _DestPointer_
_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_DestPointer_ Data Start Buffer pointer in RAM (file Registers)
Purpose A basic macro for reading a block of data from a slave
Description This macro reads a block of data (number of bytes = _BYTES_) from a slave. The starting
address of the block of data is _DestPointer_. If an error occurs, the message is aborted and
the user must check Status flags (e.g. _Rcv_Success bit). Note thaton the last byte to receive,
NACK is sent.
Message S-SIVAR-A-D[0]-A-.....-A-D[N-1]-N-P
Example

LOAD_ADDR_10 _Slave_3_Addr
I12C_READ 8, DataBegin

btfss _Rcv_Success
goto ReceiveError
goto ReceiveSuccess

In the example above, 8 bytes of data is read from a 10-bit slave and stored in the master’'s ram
starting at address DataBegin.

DS00554B-page 8
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PC_READ_SUB

Parameters

Purpose

Description

Message

Example

_BYTES_, _DestPointer_, _SubAddress

_BYTES_ Number of bytes starting from RAM pointer _SourcePointer_
_DestPointer_ Data Start Buffer pointer in RAM (file Registers)
_SubAddress_ Sub-address of the slave

A basic macro for reading a block of data from a slave

This macro reads a block of data ( no of bytes = _BYTES_) from a slave starting at slave’s
sub-address _SubAddress. The data received is stored in master’s ram starting at address
_DestAddress. If an error occurs, the message is aborted and the user must check Status
flags (e.g. _Rcv_Success bit).

This MACRO/Subroutine reads a message from a slave device preceded by a write of the sub-
address between the sub-address write and the following reads, a STOP condition is not
issued and a “REPEATED START” condition is used so that an other master will not take over
the bus, and also that no other master will overwrite the sub-address of the same slave. This
function is very commonly used in accessing Random/Sequential reads from a memory
device (e.g. : 24CXX serial of Serial EEPROMs from Microchip).

S-SIVAW-A-SubAddr-A-S-SIVAR-A-D[O]-A-.....-A-D[N-1]-N-P

LOAD_ADDR_10 _Slave_3_Addr
I2C_READ_SUB 8, DataBegin, 0x60
btfss _Rcv_Success

goto ReceiveError

goto ReceiveSuccess

In the example above, 8 bytes of data is read from a 10 bit slave (starting at address 0x60)
and stored in the master’s ram starting at address DataBegin.

PC_READ BYTE or 1°C_READ_STATUS

Parameters _DestPointer_
_DestPointer_ Data Start Buffer pointer in RAM (file Registers)

Purpose To read a Status Byte from Slave

Description Several 1?2C Devices can send a Status Byte upon reception of the control byte.
This Macro reads a Status byte from a slave to the master's RAM location _DestPointer_. This
function is basically the same as I1°C_READ for a single byte read. As an example of this
command, the 24Cxx serial Serial EEPROM from Microchip will send the memory data at the
current location when I?°C_READ_STATUS function is called. On successful operation of this
command, WREG = 1 else WREG = 0 on errors.

Message S-SIVAR-A-D-A-N-P

© 1994 Microchip Technology Inc. DS00554B-page 9
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PC_WR_SUB_WR

Parameters

Purpose

Description

Message

PC_WR_SUB_RD

Parameters

Purpose

Description

Message

_Bytesl_, _SrcPtrl_, _SubAddr_, Bytes2_, _SrcPtr2_

_Bytesl_ Number of bytes in the first data block
_SrcPtrl_ Starting address of first data block
_SubAddr_ Sub-address of the slave

_Bytes2_ Number of bytes in the second data block
_SrcPtr2_ Starting address of second data block

To send two blocks of data to a slave at its sub address

This Macro writes two blocks of data (of variable length) starting at slave’s sub-address
_SubAddr_. This Macro is essentially the same as calling ’°C_WR_SUB twice, but a STOP
bit is not sent in between the transmission of the two blocks. This way the Bus is not given
up.

This function may be useful for devices which need two blocks of data in which the first block
may be an extended address of a slave device. For example, a large I?°C memory device, or
ateletext device with an extended addressing scheme, may need multiple bytes of data in the
first block that represents the actual physical address and is followed by a second block that
actually represents the data.

S-SIVW-A-SubA-A-D1[0]-A-....-D1[N-1]-A-D2[0]-A-..... A-D2[M-1]-A-P

_Countl_, SrcPtr_, SubAddr_, Count2_, DestPtr_

_Countl_ Length of the source buffer
_SrcPtr_ Source pointer address
_SubAddr_ Sub-address of the slave
_Count2_ Length of the destination buffer
_DestPtr_ Address of destination buffer

To send a block of data and then receive a block of data

This macro writes a block of data (of length _Countl_) to a slave starting at sub-address
_SubAddr_ and then reads a block of data (of length _Count2_) to the master’s destination
buffer (starting at address _DestPtr_). Although this operation can be performed using
previously defined Macros, this function does not give up the bus in between the block writes
and block reads. This is achieved by using the Repeated Start Condition.

S-SIVW-A-SubA-A-D1[0]-A-.....-A-D1[N-1]-A-S-SIVR-A-D2[0]-A-......A-D2[M-1]-N-P

DS00554B-page 10
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PC_WR_COM_WR

Parameters : _Countl_, _SrcPtrl_, _Count2_, _SrcPtr2_
_Countl_ Length of the first data block
_SrcPtrl_ Source pointer of the first data block
_Count2_ Length of the second data block
_SrcPtr2_ Source pointer of the second data block
Purpose : Tosend two blocks of data to a slave in one message.
Description :  This macro writes a block of data (of length _Countl_) to a slave and then sends another block
of data (of length _Count2_) without giving up the bus. 3

For example, this kind of transaction can be used in an I?C LCD driver where a block of control
and address information is needed and then another block of actual data to be displayed is
needed.

Message  :  S-SWW-A-DI[O}-A-.... A-DI1[N-1}-A-D2[0]-A-......-A-D2[M-1]-A-P

APPLICATIONS Author:  Amar Palacherla,

The I°C Bus is a simple two wire serial protocol for inter- Logic Products Division
IC communications. Many peripheral devices (acting as
slaves) are available in the marketwith I1°C interface (e.g.
serial EEPROM, clock/calendar, 1/0 Port expanders,
LCDdrivers, A/D converters, etc.). Although some of the
PIC16CXX devices do not have on chip I)C hardware
interface, due to the high speed throughput of the
microcontroller (250 ns @ 16 MHz input clock), the I)C
bus can be implemented using software.

© 1994 Microchip Technology Inc. DS00554B-page 11
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