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FRED EADY

THIS ARTICLE WILL INTRODUCE YOU
to a new and very popular RISC
(reduced instruction set com-

puter) -like microcontroller
called PIC from Microchip Tech-
nology.

It will also show how to build a
full-function PIC16C5X micro-
controller programmer. The
PIC16C5X hardware and soft-
ware examples—and a
PIC16C5X cross assembler—
will allow you to develop your
own PIC applications. Every-
thing you need to get started
costs only about $70.

What's a PIC?

The PIC16C5X series of 8-bit
microcontrollers are low-cost,
low-power, high-speed, CMOS
devices that contain EPROM,
RAM, I/O, and a CPU in an 18- or
28-pin DIP package. The
PIC16C5X microcontrollers
clock from DC to 20 MHz, have 8
to 20 I/O lines, and incorporate
sleep, timer, and watchdog
functions.

PIC OTP (one-time program-
mable) devices are also avail-
able. They are not erasable
either electrically or with ultra-
violet light. PIC OTP parts are
typically plastic-cased and less
expensive parts than their cor-
responding devices that con-
tain EPROM. They are usually
used only in thoroughly tested
and stable designs where no fu-
ture code changes are likely to
occur. This project is a perfect
example of that. The program-
mer is based on an OTP device
to make it affordable.

The PIC EPROM-based de-
vices are normally cased in ce-
ramic packages with a trans-
parent window that allows the
memory to be erased and reused
just as in the popular 27XXX
series of EPROMs. These de-
vices are ideal for the testing
and prototype phase of a design
because they can be reused.
However, they are much more
expensive than OTP devices.

This programmer can pro-

ram devices from the
PIC16C5X family—both OTP
and EPROM variants. A
PIC17C42, in OTP form, acts as
the PIC16C5X programmer con-

Peter Piper picked a peck of PICs and

programmed them himself!

PIC

MICROCONTROLLER

PROGRAMMER

troller. (In the next installment
of this article, a PIC17C42 pro-
grammer will be described.)

The PIC16C5X family

The PIC16C5X microcon-
troller programmer is capable of
reading, verifying, blank-check-
ing, and programming the
PIC16C54, PIC16C55,
PIC16C56 and PIC16C57 in
both the plastic OTP and ce-
ramic EPROM packages. For se-
curity-sensitive applications.
each PIC device includes a se-
curity EPROM fuse that can be
programmed to prevent others
from reading the EPROM code.
The differences in the four
PIC16C5X parts are the os-
cillator type, the number of
available 1/0 (input/output)
pins, and the size of the internal
EPROM and RAM. Table 1 pro-
vides an overview of the erasa-
ble PIC16C5X devices.

Not only is the PIC physically
compact, its built-in high-effi-

ciency microcode allows com-
pact programming. A 33-ele-
ment, single-cycle, single-word
instruction set permits the
creation of programs that would
normally require micro-
controllers that use 100-ele-
ment (or greater) multi-cycle,
multi-byte instruction sets. In
comparison, the 8749H has al-
most 50 mov-oriented instruc-
tions which actually make up
only a small part of the complete
8749H instruction set. Each
PIC16C5X instruction word is
12 bits in length with the
mnemonic (the opcode) and op-
erand (the register, memory lo-
cation or direct data to be
manipulated) fully defined with-
in the 12-bit word. All 33
PIC16C5HX instructions are
shown in Table 2, which is re-
printed from a PIC data sheet.

PIC's high microcode execu-
tion speed is attained because a
Harvard architecture, or the
Harvard dual-bus concept, is
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Part# EPROM | RAM |1O| Supply

Voltage

Osc. Freq.

Package
Range

Options

40-55V
40-55V
40-55V
4.0-55V

PIC16CS4[512 x 12]32 x 8| 13
PIC16C55512 x 12|32 x 8/ 21
PIC16CS6| 1K x 12 |32 x 8 13
PIC16C57| 2K x 12 | 80 x 8] 21

DC - 20 MHz
DC - 20 MHz
DC - 20 MHz
DC - 20 MHz

18-pin Windowed CERDIP
28-pin Windowed CERDIP
18-pin Windowed CERDIP
-28-pin Windowed CERDIP

TABLE 2—INSTRUCTION SET SUMMARY

: ' : (11-6) (5) 4-0)
BYTE -ORIENTED FILE REGISTER OPERATIONS L OPCODE i d i f(FILE #) }
- : - d =0 for destination W
e i : : e : d = 1 lor destination f
Instruction-Binary (Hex)  Name Mnemonic, Operands Operation Status Aflected Notes
| 0001 114f £EEf 1Cf AddWandf ADDWF I,d W+l sd LOCZ 104
0001 01df £f£f 14f  ANDWand! ANDWF .d W&1d z 24
0000 OL1f ffef 0&f Clearl CLRF 1 01 z 4
0000 0100 0000 040 ClearW CLRAW - 0w z
0010 01f f£EEf 24f Complement! COMF  f,d {-d z 24
0000 11df fEEF oc:  Decrementf DECF  f,d t-1d Z 24
0010 11df ££6¢ 20f  Decrement{Skip if Zero DECFSZ 1,d 1-1—d. skip if zero None 24
0010 10df FEf£ 286  Incrementf INCF Ld f41d z 24
0011 116f £fEf 3CE  Increment fSkipifzero INCFSZ f,d 41 — d. skipif zero None 24
0001 00df ffff 10f Inclusive OR Wand f I0ARWF  1,d Wvfd ; z 24
Q010 00df E£Ef 208 Move | = MOVF  fd f-d Z 24
0000 0OLf ££ff 02 MoveWlol MOVWF | Wi None 14
0000 0000 00G0 000 © NoOperation =~ NOP - - ) None
0011 Oldf f£ff 34f Rotateleft! RLF L,d “fn) = d(ns1),C = d(O).f(7) »C € 24
0011 00df fEff 30f  Rotaterightf RRF Ld Ha)=sd{p-1),C=d7Li0)=C ¢C 24
0000 104f ££ff 0Af  SubtractWfrom 1 SUBWF f,d f-W—d[l+Wel—d] cDCZ 124
0011 10df FEEf 3BE Swap halves! SWAPF f,d  1(0-3) e+ 1(4-7) 5 d None 24
0001 104€ ££6f 18f  ExclusiveORWandf  XORWF 1,d W o4 z 24
e s (11-8) (7-5) (4-0)
BIT- ORIENTED FILE REQISTER OPERATIONS |_opcooe [ b@mm] wriEn |
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Stalus Affected Notes
0100 bbbf fEFf 4bf  BiiClarf = BCF Lb 0 1(b) None 24
0101 bbbt £EEF Sbf - Bit Setf BSF f,b 11b) None 24
0110 bbbt FEEE 6bf Bt Test ,Skip if Clear BTFSC 1, b  Test hit (b) in file (f): Skip if clear None
0111 bbbf f££E 7bf Bt Testf, Skip if Set BIFSS 1, b Testbit (b) in file (f): Skip if set None
e : e (11-8) 7-0)
LITERAL AND CONTROL OPERATIONS [oPcooE | kuwmERAL ]
mlﬂml (Hex) Name Mnemonic, Operands Operation Status Affected Noles
1110 kkkk kiik Ekk - AND Literal and W ANDLW k  kaWoWw v
1001 kkkk kkkk 9kk  Call subroutine CALL  k  PC41—Stack k—PC None 1
10000 0000 0100 004  Clear Walchdog timer  CLRWDT - 0 — WOT (and prescaler, if assigned) TO, PD
101k kkkk kikic Akk GoToaddress (kis9bit) BOTO  k  k-» PG (9 bils) : None
‘1101 kkkk kkkk Dkk Incl ORLiteralandW  10ALW k  kvW W z
1100 kkkk kkkk Ckk  Move Literal to W MOVLW k k=W None
0000 0000 0010 002 Load OPTION register OPTION - W OPTION register None
1000 kkkk kkkk Bkk  Refumplace LiferalinW RETLW k Kk — W, Stack - PC None
0000 0000 0011 003  Goiniostandby mode  SLEEP 0 -5 WDT, stop oscillator 10, PD
0000 0000 OFEE 00F  Thstateportf YRSt W-s /O control register f None 3
1111 kkkk kkki Fkk  ExclORLiteralandW  XORLW &k k&W—wW 3 z

used instead of the classic Von
Neumann, or single-bus, imple-
mentation. The devices have
separate bus and memory space
allocated for instructions and
data. All program-controlled ob-
jects—such as I/O ports, memo-
ry locations and timers—are
physically implemented as
hardware registers. For in-
stance, most microcontrollers
require different instructions

for writing to an I/O port directly
and for writing to an internal
register. (The 8749H, for exam-
ple, uses ouTL to write to an /O
port while MOV is used to access
internal registers.) With PIC de-
vices, however, the instruction
is the same: only the register
destination is changed. The

MOVWF instruction is used to
write to either an /O port or a
general-purpose register. The

reduced number of PIC
mnemonics can reduce a novice
PIC programmer’s learning
curve dramatically.

The shorter the instruction
cycle time and the fewer in-
struction cycles per instruc-
tion, the faster your code will
execute. To clear (set to hex 00)
/O port 1 on the 8749H requires
the ouTL p1.A instruction which
consumes a total of 2 instruc-
tion cycles. An additional cycle
is required for the cLr a
instruction that should be ex-
ecuted prior to the ourL
instruction unless the 8749H’s
accumulator contains hex 00.
The PIC part performs the same
function against register 6 (reg-
ister 6 is the 8-bit B I/O port on
the PIC) with a simple cLrF 6
which it executes in a single in-
struction cycle. Also consider
that the 8749H’s maximum
clock rate is 11 MHz (for a 1.36-
microsecond instruction cycle)
versus 20 MHz for the PIC (for a
200-nanosecond instruction
cycle). PIC devices with 25-MHz
clock rates should be availabl
in early 1994.

The PIC16C5X data memory
(RAM) bus is 8 bits wide while
the program memory (EPROM
bus is 12 bits wide. The Harvar:
dual-bus configuration allows
the PIC to perform high-speed
bit, byte, and register opera-
tions. Harvard architecture also
inherently allows the overlap-
ping of instruction execution
cycles, or pipelining. Pipelinin
is the simultaneous executio
of the current instruction as th
next instruction is being read
from program memory. Tradi-
tional Von Neumann architec-
ture requires that information
be fetched over a single shared,
or multiplexed, bus.

Figure 1 is a block diagram o
the dual-bus PIC16C5X. The in-
ternal logical and physical com-
ponents that make up th
PIC16C5X family are similar to
those of any other micro-
controller you might encounter.
However, the way these com-
mon components are intercon-
nected via the dual-bus Harvard
architecture is the key to the re-
duced instruction set and the
high execution speed of the
PIC16C5X family.
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Register file concept

All PIC program objects are
implemented as physical regis-
ters within the PIC IC. To under-
stand how the PIC hardware
works, you should understand
the PIC register-file concept. Re-
fer to Fig. 2 as the registers com-
mon to all PIC16C5X devices are
described.

The Operational Register File
provides a means for indirect
data addressing, a real-time
clock/counter, a program coun-
ter, a status word register, a file-
select register, and also includes
the O registers.

Indirect Data Addressing Regi-
ster (f00)—This register is not

o141 [ srack 1

STACK 2 I |

0sct 0sC2 MCLR

WATCHDOG
TIMER w "CODE ;
PROTECT" OSCILLATOR/
TIMING &
CONTROL
8 WDTTIME,___| WDT/RTCC
ouT | PRESCALER CLKOUT

DIRECT RAM
ADDRESS

FIG. 1—DUAL-BUS PIC16C5X BLOCK DIAGRAM. The dual-bus Harvard architecture
allows reduced compiled code count and high execution speed.

physically implemented. It uses
the contents of the File Select
Register (FSR), or f04, to indi-
rectly address any one of the 32
available file registers for use as
a data register or pointer regis-
ter depending upon the intent
of the instruction that called
f00.

Real Time Clock/Counter
(f01)—The Real Time Clock/
Counter, or RTCC, can be read
and written to just like any
other register. The RTCC can
also be incremented by an exter-
nal signal applied to the RTCC
pin or by the internal instruc-
tion clock. Applications that
would involve the RTCC are

"SLEEP"

"OPTION"

GENERAL
PURPOSE
REGISTER
FILE

DATA BUS
4
FROM W FROM W FROM W 8
4 8 '
4 8 8
RAD-RA3 RBO-RB7 RCO-RC7
(PIC16C55/C57
ONLY)

event counting and time mea-
surement. The RTCC can also
be prescaled using the PIC’ in-
ternal programmable prescaler.
Program Counter (f02)—The
Program Counter, or PC, gener-
ates addresses for EPROM cells
containing the 12-bit user-writ-
ten program instruction words.
The PC is 9 to 11 bits wide de-
pending upon the type of PIC.
The 10th and 11th bits of the PC
come into play when using the
paging capabilities of the
EPROM-rich PIC16C56 and
PIC16C57 devices, thus allow-
ing for PIC programs up to 2048
words long. A 2-word stack area
is provided for call and return
operations
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Status Word Register (f03)—
The Arithmetic Logic Unit (ALU)
status, reset status, and page-
preselect bits for the larger pro-
gram memories of the
PIC16C56/57 are contained
within fO3. It is comparable to
the PSW (Program Status Word)
found in most other micro-
processors. Power-down and
Time-out bits used by the
Watchdog Timer (WDT) and
sleep instructions are also held
within f03.

File Select Register (f04)—As
previously noted, the File Select
Register (FSR or f04) is used in
conjunction with f00 to indi-

T sR sty
INDIRECT ADDR. (")
Lo SR RTCC
102 |A10] A9 | A8 PC
03 I ; STATUS
ONAL FSR
PORT A
PORT B
PORT C (")

GENERAL

PURPOSE

REGISTER
FILE

- foA
08
f0E

o

BIT6,5OF FSR: amcssl.sc‘rJ
~ (PICI6CSTONLY)

RETLW

rectly select 1 of 32 available file
registers. Because only bits 0—4
are needed to select the general-
purpose register file (addressed
00 through 1F hexadecimal),
bits 5-7 of the FSR are read-
only and are always set to binary
111. If no indirect calls are used
in the program, the FSR can
serve as a 5-bit wide general-
purpose register.

I/O Registers (f05—f07)—Ports
A, B, and C (f05, 06, and f07
respectively) comprise the /0O
registers for the PIC16C55 and
PIC16C57 processors. Port C
(fO7) is a general-purpose regis-
ter on the PIC16C54 and

1098 76543210

- N STACK 2 S

STACK 1 |
W b P ehwd 27 0

~ FROM PROGRAM MEMORY

TO AND FROM
REGISTER FILE

§

GENERAL
PURPOSE
REGISTER
FILE
(ALL TYPES)

(BANK 1) (**)
3F

(BANK 0) (***)

e VIA ALU
1!11
70

GENERAL PURPOSE
REGISTER FILE
(PIC16C57 ONLY)

(BANK 2) (***) | (BANK3) (***)
5F 7F

(‘) NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION "OPERATIONAL

ARE ONLY AVAILABLE ON THE PIC16CS7. (SEE SECTION "FILE SELECT REGISTER" FOR

FIG. 2—SHOWN HERE are the registers common to all PICI6CSX devices.

PIC16C56 as there are’ not
enough pins on these devices to
accommodate another physical
/O port. Port A is a 4-bit /O
register with bits 4-7 defined as
binary 0000. Ports B and C are
full 8-bit implementations.
These I/O registers can be read
and written to just like any
other registers in the register
file and are capable of having
related IO pins placed in high-
impedance states for isolation
or read operations. Any /O pin
can be independently pro-
grammed for input, output, or
bi-directional operation.
General Purpose Registers
(fO8—f1F)—This second set of
registers is addressed 08—1F
hexadecimal for the PIC16C54,
PIC16C55 and PIC16C56. Take
another look at Fig. 2 and you
will see that the PIC16C57 ex-
tends the General Purpose Regi-
ster presence to [7F (addressed
7F hexadecimal) via bank
switching. These registers are
most commonly programmed to
act as internal user RAM.
Special Purpose Registers—
The PIC16C5X register file also
includes Special Purpose Regis-
ters. One is the W, or Working
Register, which is essentially an
accumulator. W is used heavily
for internal data-transfer opera-
tions. Three other write-only I/
O-control Special Purpose Regi-
sters, TRISA, TRISB, and TRI-
SC, determine if the bits in the
corresponding Port registers
(Ports A, B, and C), and thus
their respective /O pins, are in-
put or output. A binary 1 corre-
sponds to high-impedance or
input mode, while a binary 0
allows output of that bit posi-
tion to the related I/O pin. For
example, if W is loaded with bin-
ary 00001111 and TRISB is ex-
ecuted, Port B, or f08, would
hold bits 0-3 at a high-imped-
ance, or input state, and it will
output the contents of register
fO6 bits 4-7 to the /O pins.
The last of the Special Pur-
pose Registers is the Option
Register. The Option Register
defines prescaler assignment to
the RTCC or Watch Dog Timer
(WDT). The prescaler is shared
by RTCC and WDT and this as-
signment is mutually exclusive;
only one resource can be pre-
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mented with relatively few components.

scaled at a time. Other bits
within the register determine
which signal edge RTCC will
clock on, and if the RTCC input
signal is internally or externally
generated.

Watchdog Timer (WDT)—The
watchdog timer must be reset
under software control or it will
time out and generate a pro-
cessor reset. If a program is op-
erating normally, the built-in
commands to reset the watch-
dog timer are executed within
specified time limits eliminat-
ing a processor reset. On the
other hand, if the micro-
processor leaps beyond the ex-
isting program or begins to loop
within the program, the watch-
dog timer reset commands will
likely not be executed in a timely
manner, and a watchdog time-
out will occur. A full-blown pro-

cessor reset would be issued to
clear the error condition.

The PIC16C5X watchdog
timer does not require any ex-
ternal components; it operates
on its own internal RC os-
cillator. The PIC16C5X WDT op-
erates even if the main pro-
cessor clock is not operational.
The typical WDT time-out
period is 18 milliseconds. The
prescaler can be assigned to the
WDT and extend the time-out
period to over 2 seconds.

Another function of the WDT
is to aid wakeup operations dur-
ing the PIC16C5X sleep mode.
The sleep mode can also be ex-
ited at a WDT timeout or on the
occurrence of an external input.

PIC16C5X oscillator options
Four oscillator options can be
used with the PIC16C5X series

FIG. 3_THE PIC17C42'S UNIQUE /0 CAPABILITY allows the programmer to be imple-

of microcontrollers: a crystal os-
cillator (XT), a high-speed crys-
tal oscillator (HS), a low-power
crystal oscillator (LP), and an
RC-network oscillator (RC).
One-time programmable (OTP)
devices can be purchased with
any one of those oscillator con-
figurations pre-programmed.
EPROM devices can be pro-
grammed to use any of the four
oscillator configurations. The
XT, HS, and LP devices need a
ceramic resonator, crystal, or
buffered external clock source
to establish oscillation, while
the RC configuration requires
only a resistor and capacitor.
Naturally, the ceramic-reso-
nator and crystal-oscillator con-
figurations are more accurate
time-keeping devices, but if
high timing accuracy is not re-
quired, the RC oscillator ap-
proach can be used to cut costs
and complexity.
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Reset circuitry

The PIC16C5X devices use an
internal Power-On Reset (POR)
circuit in conjunction with the
Oscillator Start-Up Timer, OST,
to alleviate the need for the tra-
ditional reset capacitor and re-
sistor in most situations. To use
the POR circuitry you need only
tie the MEMORY-CLEAR pin (MCLR)
to +5 volts. If the power ramps
up slowly or you have a very slow
clock speed, the typical RC reset
circuit can be used.

The PIC17C42

The intelligence for the
PIC16C5X microcontroller pro-
grammer is provided by a 40-
pin, 16-bit, Harvard-Architec-
ture PIC17C42. The program-
mer code is housed within the
PIC17C42's 2Kx 16 on-chip
EPROM. The PIC17C42 con-
tains 256 bytes of RAM and can
address a total of 64K x 16 of
program memory. The on-chip
2K x 16 is sufficient for the PIC
programmer.

Just like the PIC16C5X, the
PIC17C42 uses instruction
pipelining, dual-bus architec-
ture, a watchdog timer, a regis-
ter file system, and a sleep
mode, the functions of which
are similar but more robust on
the PIC17C42. In addition, the
PIC17C42 contains an on-board
USART (universal syn-
chronous/asynchronous re-
ceiver/transmitter), five multi-
purpose I/O ports, and two 8-bit
timer/counters.

PIC16C5X programmer

The PIC17C42 is very versatile
in that the IO pins can, under
program control, assume many
identities. It is the PIC17C42s
unique /O capability that al-
lows the PIC16C5X micro-
controller programmer to be
implemented with only 3 ICs (in
addition to the regulators) and a
handful of common compo-
nents (see Fig. 3). Rather than
attempt to cover all of the
PIC17C42 I/O configurations,
we will describe in detail the /O
functions that pertain to the op-
eration of the PIC16C5X micro-
controller programmer. Refer-
ence the schematic diagram as
we “PIC” apart the program-
mers inner workings.

PARTS LIST

All resistors are Va-watt, 5%, un-
less otherwise noted

R1, R3—237 ohms, 1%

R2—2320 ohms, 1%

R4—866 ohms, 1%

R5—3090 ohms, 1%

R6-R8—10,000 ohms

R9—430 ohms

Capacitors

C1-Cs5, C7, C10-C12—0.1 pF, 25
volts, monolithic

C6—330 uF, 35 volts, electrolytic

C8, C9—27 pF, 5 volts, NPO

Semiconductors

IC1—MAX233 RS-232 transceiver

IC2—Pre-programmed PIC17C42
microcontroller

IC3—CD4053B CMOS multiplexer

IC4, IC5—LM317LZ adjustable
voltage regulator

IC6—7805 5-volt regulator

D1-D4—1N4002 diode

Q1, Q2—PN2222A NPN transistor

Other components

ZIF1—18-pin zero-insertion-force
socket for PIC16C54/56 target
microcontroller

ZIF2—28-pin zero-insertion-force
socket for PIC16C55/57 target
microcontrolier

XTAL1—10 MHz crystal

T1—18 VAC transformer, 500 mA

J1—PC-mount female DB-25 con-
nector

Miscellaneous: PC board, IC
sockets, 25-conductor ribbon ca-
ble, solder.

Note: The following items are
available from E D Technical
Publications, P.O. Box 541222,
Merritt Island, FL 32954,
Phone/Fax 24 hours
407-454-9905:
® Complete PIC16C5X kit in-
cluding PC board, transformer,
female DB-25 connector, and
all electronic parts (no ZIF
sockets or cables)—$69.95
® PC board only—$30
® Programmed PIC17C42—
$30

® Software on diskette—$10
Please add $7.50 shipping for the
full kit and $3.00 shipping for
parts and software. Check,
money order, or COD only.

The PIC16C5X micro-
controllers require a regulated
programming supply voltage
(Vpp) of +13 volts DC and a vari-
able power source (V..) that
can be switched between +4.5
and +5.5 volts DC under pro-
gram control. V.. is varied dur-
ing the verification process.

“

All DC voltages for the PIC
programmer are derived from
the output of 18-volt AC trans-
former T1, which feeds the full-
wave bridge rectifier arrange-
ment comprised of diodes
D1-D4 and capacitor C6. The
unregulated DC from the out-
put of the bridge is fed simulta-
neously to three voltage reg-
ulators (IC4, IC5, and IC6).
Bypass capacitors C7 and Cl1
are placed at the inputs of the
LM317LZ adjustable voltage
regulators (IC4 and IC5) to en-
sure stability and to reduce
transient noise. Capacitor C10
does the same on the output of
IC6.

The output voltage of IC4 is
determined by the formula
Vour = 1.25V (1+R2/R1) +
R2(150pA). This regulator sup-
plies +13.5 volts DC to inputs
Y1A. Y1B. Yoc, and yic of IC3, a
CD4053B triple 2-channel ana-
log multiplexer/demultiplexer.
Inputs voc and vic along with
associated output zc are not
used and are tied to Vp,;, to pre-
vent any possible interference
with the other input and out
puts. Inputs voa and vos of IC3
are grounded. That allows ei-
ther +13.5 volts DC or 0 volts
DC to be routed to IC3s output
pins za and zs. Note that the A
and B input and output chan-
nels of IC3 are wired in parallel.
That is done to provide a 50- to
100-ohm source impedance for
the target PIC’s MCLR inputs.
Any impedance outside those
limits may allow the target PIC
to latchup during program-
ming. Capacitor C12 acts as a
filter to suppress any V,,,, tran-
sient voltages.

The voltage Vpp, (+13.50 volts
DC) is also directed to the IC3's
select inputs, sa and ss,
through resistor R7, with input
sc tied to ground. Transistor
Q2, with resistors R7 and RS,
comprise a means of selecting;
either of IC3’s V., voltage input
pairs, YoA/YOB Or Y1Av1B, to be
routed to the paralleled output
pair, za/z. Vy,, selection is per-
formed under program control.
The logic state of pin 28 of IC2
(rRE2) determines if Q2 is on or
off. Transistor Q2 provides a
path to ground for inputs sa
and s when it is turned on, and



blocks the path to ground, let-
ting Vpp be applied to those in-
puts through R7 when it is
turned off. With Q2 turned off,
inputs sa and sB of IC3 are logic
1s and sc is alogic O (pin 9 of IC3
is permanently grounded). so
the zazs outputs are at +13.5
volts DC. With Q2 turned on, all
three inputs (sa. sB, and sc) are
logic 0, and the zazs outputs
are at O volts DC. The selected
Vp voltage at the output pair of
IC3 is then applied directly to
the MCLR pins of the target PICs,
zero-insertion-force sockets
ZIF1 and ZIF2.

The PIC16C5X programmer
must include circuitry to pro-
vide +4.5- to +5.5-volts DC to
the target PIC sockets to verify

PIC programming margins. In
other words, the PIC program-
mer must be able to correctly
read a freshly programmed PIC
at minimum and maximum
rated V. voltages to ensure
that the PIC will perform its
duty over its entire specified
voltage range. An LM317 (IC5)
generates these voltages. How-
ever, the circuit must not only
be able to switch the target PIC
socket’s V. between +4.5-and
+5.5-volts DC, it must also pro-
vide a means to supply and re-
move the switched V. power to
the target PIC socket. To do this,
the versatility of the PIC17C42s
/O subsystem is put to work. A
controlled V.. network for the
target PICs is implemented
using only three components
and minimal program over-
head.

Pins 23 and 24 of IC2 (ra3s and
rRA2, respectively), are I/O pins
with Schmitt trigger inputs and
open-drain outputs. The asso-
ciated source for these pins is
internally grounded within the
PIC17C42. By simply adding a
pullup resistor, ra3 and raz can
be used to switch between
ground and voltages up to +12
volts DC.

With IC5 in a standard config-
uration, the value of R4 is nor-
mally used to determine the
output voltage. By changing
R4’s value, IC5's output voltage
changes proportionately. That
is accomplished by switching
R5 in parallel with R4 using the
open-drain capability of raz.

The combined resistance of R4
and R5 in parallel is less than
the lower value of the two re-
sistors (676 ohms in this case).
The closer pin 1 of IC5 (the ad-
just pin) is taken to ground, the
less its output voltage will be.
So, by simply writinga 1 or O to
I/O pin 24, we can switch be-
tween +4.5- and +5.5-volts
DC.

Grounding the adjust pin of
IC5 would result in an output
voltage of +1.25 volts, which
would not completely turn off
Ve to the target PIC sockets. A
negative voltage must be ap-
plied to the LM317% adjust pin
to bring the output voltage to O
volts DC. To avoid adding a
negative supply voltage, the PIC
programmer uses a simple tran-
sistor switch controlled by
open-drain I/O pin 23 (ra3). To
compensate for the voltage drop
across the transistor, the out-
put voltages of IC5 are set for
+4.9- and +5.9-volts DC.
When ras is at logic 0, the base
of Q1 is grounded and V. does
not flow across Ql's junctions.
When ras is a logic 1, resistor R6
pulls the base of Q1 up to V.
turning Q1 on, allowing V.
(+4.5 or +5.5 volts) to reach
target sockets ZIF1 and ZIF2.

Naturally, IC1 and IC2 need
+5 volts DC to operate. That
voltage is supplied by IC6, a
7805 + 5-volt regulator.

The PIC16C5X programmer
hardware communicates at
9600 bits per second (BPS) with
the PICPROG terminal pro-
gram. The 9600 BPS connec-
tion is provided by the
PIC17C42 internal USART with
the aid of the MAX233 RS-232
transmitter/receiver, IC1. The
PICPROG program is interac-
tive and provides a pathway for
data and commands to be
passed to and from the PIC pro-
grammer hardware. Once valid
commands are recognized by
the PIC17C42 controller, firm-
ware residing within the
PIC17C42 takes over and per-
forms the requested operation.
The user is informed through-
out the operation as to the
amount of success or failure
that has occurred during the re-
quested operation.

Blank checks are performed

with target PIC’s V. at +4.5-
volts DC. All program and verify
operations take place with V¢
at +5.5-volts DC. This guaran-
tees that the target PIC will oper-
ate reliably over its entire
voltage and temperature range.

The PIC16C5X uses an inter-
nal Program Counter (PC), elim-
inating the need to supply
address information to the tar-
get. The programming/verify
mode is entered by raising the
MCLR pin from ground to Vpp
while holding the rrcc pin at
TTL high and the osci pin at
TTL low.

After program/verify mode is
invoked, the PIC16C5X internal
PC is set at FFF hexadecimal.
The configuration EPROM is lo-
cated at this address and is the
first word to be programmed. All
data transfers occur on Ports A
and B of the target PIC and
Ports C and D of the PIC17C42.
The configuration fuses, actu-
ally bit positions, consist of two
fuses, or bits, that determine
the PIC oscillator type, a watch-
dog enable fuse to enable or dis-
able the watchdog timer, and
the code protection fuse. The
PICPROG program lets you en-
ter your desired configuration
fuse setup, or if you have copied
a previously programmed PIC,
the PICPROG program provides
a means to pass those fuse set-
tings to the new PIC automat-
ically. PICPROG also lets you
save the copied configuration
fuse map to a file for future use.
(Remember, you cannot read a
code-protected PIC.) The config-
uration fuse is programmed by
pulsing the rrcc pin TTL low for
10 milliseconds using a 100-mi-
crosecond pulse train. All other
locations are programmed by
pulsing the rrcc pin low for 100
microseconds.

Program verification is
achieved by again pulsing rrcc
low for 100 microseconds while
holding osc1 low. The falling
edge of osci is used to incre-
ment the PC. By not raising
osc1 to a TTL-high level, the PC
is not incremented. This opera-
tion places the freshly pro-
grammed data out on the PIC
port pins to be read and verified
by the PIC17C42 firmware. The

Continued on page 55
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PIE PROGRAMMER

continued from page 41

program/verify operation in-
volving pulsing the rrcc pin is
performed up to 25 times per
location. When verification is
successful, a 3 X overprogram-
ming pulse train is applied to
assure the location is pro-
grammed solidly. A final verify is
performed by keeping the RTCC
pin at TTL high and raising the
OSC1 pin to TTL high. Again,
the newly programmed con-
tents at this memory location
are presented to the port pins to
be verified by the PIC17C42. If
the memory location fails to ver-
ify properly, the PICPROG pro-
gram is notified and the pro-
gram operation is halted. Other-
wise, the falling edge of OSCl
increments the target PIC's in-
ternal PC.

Once the configuration bits
have been programmed and ver-
ified, the target PIC PC now con-
tains 000 hexadecimal, which
is the beginning of PIC program
memory. The program/verify op-
eration is performed for the rest
of the memory locations and a
final read/verify is performed to
assure everything went OK.

In summary, there are 3 basic
steps to programming a PIC:

1. Write and assemble your
source code.

2. Blank-check the device you
wish to program.

3. Program and verify your de-
vice.

Rather than to explore the in-
depth details of the firmware
here, use the programming
method flow chart to follow
along in the supplied PIC17C42
source code for a detailed expla-
nation of just how the bits and
bytes get transferred and pro-
grammed.

Next month

Next month we’ll finish up
this project. We'll start by build-
ing the programmer, and be-
cause the programmer itself
requires a pre-programmed
PIC17C42 microcontroller, we'll
show you how to build a pro-
grammer for that as well. In the
meantime, gather together all of
the parts you'll need. Q
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Build this radon mo.
your home and, whi

THIS TWO-PART ARTICLE DISCUSSES
the design, construction, and
use of a simple, inexpensive en-
vironmental radon gas detector
that you can build. It is called
the beverage can environmental
radon monitor or BERM be-
cause its ionization chamber
sensor is made from a readily
available aluminum beverage
can. You will be given a choice of
methods for measuring and re-
cording events or rates that can
be translated into units of
radon density.

Most people are exposed to en-



