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Synchronous programming
for the 16F84/16Cbx/12C50x microcontrolers

1. Introduction

Our objective is to learn to program the PIC microcontrollers for applications with strong
real time constraints and miniaturization requirements.

We focus on the 16F84 as a convenient processor for developping the software, due
to its flash program memory and the convenience of Smile-NG. But the objective is to do
applications with the smaller 16C5x (available in a 5mm x 6mm SSOP20 package) and with
the 8-pin 12C50x (available in a 5mm x 5mm SO8 package).

Porting a debugged program from the 16F84 toward the 16C5x (with almost compatible
[/0) or toward the 12C50x (with only six 1/0) is made easy if the differences between
these processors are understood from the beginning.

Synchronous programming is a very efficient technique that garantees heavy real time
constraints with low speed (that is low power) processors. It is compatible with the
16C5x/12C50x processors which do not have interrupts.

Interrupt handling is not so convenient with the PIC microprocessor, and when several
interrupts are simultaneous, real time constraints may not be satisfied. If fast communications
are required, one have to use the more sophisticated PICs, with serial, SPI, I°C interfaces
supported by interrupt. We are not concerned here with these applications; we are
interested with networks of small PICs, but we will develop communication schemes
appropriate with 8-pin PICs, and use if required the more sophisticated PICs as a
concentrator toward a PC or other major processor.

2. Features of the PIC 16F84/16Cbhbx/12Co0x

Microchip data sheet documents all the features of these processors. We will
concentrate here on what we need for synchronous programming and on the differences
between the PIC 16F84/16C5x/12C50x. The reader is supposed to be familiar with PIC
programming and CALM notations, as explained for instance in the PICSmart brochure.

2.1. Instruction differences

Two Add/Sub instructions of the PIC 16F84 are not supported by the 16C5x/12C50x.
The PICSmart explain how easy it is to avoid their use.

Add W, #Val W
Sub W, #Val W

The Ret instruction (return from routine) is not supported. It must be replaced by
Ret #Val, W (as used for accessing tables)
Register W is modified; this means that the 16F84 routines must not pass a parameter
back in register W.

On the 16C5x/12C50x, it is easy to define a macro and be compatible (assembler may
do it automatically)

.Macro Ret
Retmove #0,W
.Endmacro

It will be seen that we do not use many routines. Most routines we could be tempted
to create are short, and not called from many places. They loose time (4 microseconds for
a Call and Return) and we do not really need to save memory space. On the Pic
16C5x/12C50x, only two levels of routines are allowed; since tables are fequently used and
are implemented as routine calls, we have to program the 16F84 with the idea we can use
only one level of routines.
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2.2. Timer

Since we will use the PIC timer to synchronize the task evolution, we cannot use the
external clock input to count events and we will ignore for the moment the external clock
options and interrupts.

Our model of the timer is given in Figure 1.
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The processor clock (quartz or RC network) is divided by 4 to give the 1 MHz
frequency that defines the 1 microsecond instruction time that will always be our reference.
A programmable predivider is implemented before the TMRO counter that can be read and
written by the processor.

The three low bits of OPTION registers control the predivider. Bits <5..3> are zero in
the timer configuration. Bits <7,6> will be explained later.

On the 16F84, the TMRO counter overflow sets the TOIF flag in register INTCON. This
flag can be cleared with a “Clr Intcon:#TOIF” instruction.

Since the TMRO is a counter, we have to initialize it with the number of increments
to overflow. Preparing a delay of 100 microsecond for instance, with the predivider by 2 is
programmed as:

;  Initialization ; Inside program loop, when synchronization is required
Move #2° 00000000 ,W ; Predivide by W$: TestSkip,BS Intcon:#TOIF
Move W, Option Jump w$ ; Wait until TOIF bit is set (2
Move #256-(100/2) ,W ; 100 us Move #256-(100/2) ,W ; re-init timer dur.
Move W, TMRO ;o (1) Move W, TMRO ;o (1)
I ; ——=Continue

From point (1) to point (2), the time is indeed 102 us, due to the timer initialisation
and the Jump W instruction that may loose a cycle. One can correct this by writing
Move #256-(100/2)-2, W. Keep this expression in the source program: the assembler
will calculate it without mistake, and the expression makes our intention quite clear to the
reader, that is a good documentation practice.

But we will not use the above initialization and waiting loop. The PIC 16C5x/12C50x
do not have an INTCON register and the TOIF flag, since it does not support interrupts. The
only way to know that the timer has reached a zero state is to test it.

W$: Move TMRO, W
Skip,EQ
Jump WS

This is 3-instruction loop and if the predivider divides by two, there is a risk that the
“Move TMRO,W” instruction that sets the EQ/NE flag misses the zero value. At first pass
for instance, TMRO value may be 1, during Jump W instruction it is zero, and at the next
“"Move TMRO,W” instruction, its value is 255 |

We have to write the previous program module as:
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;  Initialization ; Inside program loop

Move #2001 ,W ; Predivide by e e

Move W, Option W$: Move TMRO , W

Move #256-(100/4) ,W ; 100 u Skip,EQ

Move W, TMRO Jump W ; Wait until TMRO is zero

e . Move #256-(100/4) ,W ; Reinit timer
Move W, TMRO
; ——=Continue

Do not be tempted to use the Test TMRO (Move TMRO,TMRO) instruction instead of
the Move TMRO,W instruction. It does not work in this case!

3. Synchronous programming

The general scheme for synchronous programming is given in Figure 2.
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