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1. Introduction

I°C has been proposed by Philips as an efficient way of having a processor controlling
a set of 1/O devices over 2 signal lines. It is used inside PCs mostly for reading
temperature sensors and power controller, and has been renamed by Intel as the SM-Bus
(www . sbs—forum.org/smbus/specs/).

Multi-master transfers are possible, but our objective here is only to learn how to
control existing 12C circuits, and program a PIC as a slave. We will not explain all the
features of 1°C Those having undersood this document will be ready to read Philips or
SM-Bus documentation.

This note shows how to use I°C transfers on Microchip PIC processors which do not
have dedicated hardware for this. From the examples | have seen, it is indeed easier to use
our routines than to understand and program the IC control registers of a 16F76 or
16F877. So, unless you have to be multitask and are ready to spend a lot of time learning
to handle correctly a set of interrupts, consider using our simple routines.

We first explain the 12C timings and how to implement them with macros and routines.
We show how to use them with two 1°C circuits: the PCF8584 parallel port interface and
the 24C01 EEPROM. A simple PIC as a slave (a low cost 12C508 for instance) adds some
timing constraints and requires to slow down the transfer down to 10 kBit/s.

We use CALM assembly language notations. CALM (Common Assembly Language for
Microprocessors) has been developed at the EPFL since 1976 and supports 15 processors
with a simple explicit orthogonal syntax. CALM is close to Motorola notations, with more
explicit addressing modes. For programmers with Intel or AVR experience, several differences
(order of operands, mnemonics) make the transitions more difficult. For beginners, CALM has
proven its efficiency, due to its explicit syntax: when Microchip writes btfsc Reg,bit one
should remember that this mean “Test in register eg” the bit “bit” and Skip if this bit is
set. CALM writes TestSkip,BS Port:#bit which means exacly this. CALM uses the # sign
for immediate addressing instead if a “i” letter in the mnemonic. The number of instruction
mnemonics is greatly reduced, the addressing mode being very explicit. Going from one
processor to another is easy, since only the specificity of the architecure and a few special
instructions have to be learned.

For those not familiar with CALM, but having some experience with the PIC, the
reference card available at www.didel.com/doc/Pic84Calm.pdef lists the instructions in both
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notations.

For those without experience with PIC, but with a good understanding on
microcontrolers and assembly language, a detailed document in english is available at
www.didel.com/doc/Pic84E.html. For absolute beginners, we have the PICGénia/
documentation in french (www.didel.com/PicGenial.html)

2. I12C principle and macros

When sending an 8-bit word in serial, Start Data bit Stop
one needs to know when the data starts
and when it stops. The great idea of 1°C is
to use 2 lines, one for the clock (so there SDA
is no precise bit rate to select) and one for
the data. Valid data must be stable when
the clock is at level one. Start and stop @iz
bits result from a violation of that rule, easy i
to generate and decode. In order to
simplify, we take all the long timings to 5

Us.
2.1. Delays

At 4 MHz, the SDA to SCL delay of 250 ns will result from two consecutive
instructions for processors up to 16MHz. Short delays are generated by Nop instructions,
which takes 1 us at 4 MHz. The instruction Jump APC+1 takes 2 us since it jumps to
the next instruction (APC is the assembler program counter value), and takes more time due
to the instruction pipeline being broken. The following macros generate the delays we will
need.

SCL

>4.7
>4 us >4 ps >4.7ys ‘us

Fig. 1 FC principle and timings

.Macro  Nop2 .Macro Nop3 .Macro Nop3
Jump APC+1 Nop Nop
. Endmacro Jump APC+1 Jump APC+1
. Endmacro . Endmacro

If you have a faster processor, the xDel macro and routine in appendix
(www .didel.com/XDelM.asm and www.didel.com/XDelR.asm) is an elegant way to generate
delays between 1 and 20 instruction cycles (or more if you add instructions in the XDly
routine). The macro inserts a maximum of two instructions and the associated XDly routine is
quite short and does not use any register or modify W.

2.2. Start and stop

Now we can control the delays, it is easy to generate the sequence (these are not
the definitive macros, see later).

.Macro Start .Macro FullSCK .Macro Stop
CIrSDA  ; SDA """\..... SetSCK ; SCK .../ ""\.. CIrSDA
Nop4 Nop4 Nop
ClrSCK ; SCK """ "~ \. ClrSCK SetSCK ; SDA ...... /7
Nop2 . Endmacro Nop2
.Endmacro SetSDA ; SCK ../ """"~

. Endmacro
























