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COMMODORE
PULSE
GENERATOR

Only three components are needed to make a Commodore C64 into a pulse generator.

JIM BARBARELLO

f your test gear doesn't inClude a pulse generator it's probably

because you just never got around to buying one. Of course, in a
pinch you can always use a 555 timer and a few inexpensive
components to assemble a quick-and-dirty squarewave or pulse
generator. But for about the same cost you can build a simple
device that will put your Commodore 64 to work as a stable,
accurate source of squarewaves and pulses, and also provide a
debounced one-shot trigger source to boot. Actually the pulse
generator consists of the hardware accessory and an accompany-
ing BASIC program.

The software simulates a physical pulse generator Its screen
display combines a digital frequency indicator with a menu for
eight functions that are available through the Commodore C-64's
normal function keys. No calibration procedure is necessary be-
cause the pulse generator uses the computers 1-MHz crystal-
controlled clock for a time base: What you see on the screen is what
you get.

Capabilities and limitations

The pulse generator can generate continuous sguarewaves in the
range of 15 Hz-500,000 Hz, or 1-microsecond width pulses with a
repetition rate of 30 pps (pulses per second) to 1-million pps. A
one-shot function produces a single 1-millisecond pulse on de-
mand. All outputs vary between zero and about 4.3 volts,

The output frequency and waveform is determined entirely by
the software. For those of you who might want to experiment with
the circuit, we'll take time out to describe how the hardware device
uses the Complex Interface Adapter (CIA) IC that drives the com-
puter’s user port. With that information and some BASIC program-
ming skill, you can add features such as frequency sweeping, auto
sequencing of discrete frequencies, and repetitive trigger pulses
having a programmable interval.

The characteristics of the CIA IC require the output frequency to
be equal to 500,000/N, where N is a whole number between 1and
65535. For that reason, the pulse generator’s output frequency isn't



continuously adjustable. When you key in a desired frequency the
software selects the closest value it can generate. As the frequency
increases, the difference between the current and the next fre-
quency value increases. For example, at 100 Hz the next value is
100.02 Hz; at 1000 Hz the next value is 1002 Hz; at 10,000 Hz the
next value is 10,204 Hz. Considering that the pulse generator has
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Fig.1—THE USER PORT INTERFACE uses only three compo-
nents and a connector.

FIG. 2—ALTHOUGH THE LAYOUT ISN'T CRITICAL, try to approxi-
mate this layout to insure the interface will fit on the user port.

FIG. 3—THIS IS THE MENU screen display. The frequency or
pulses-per-second of the output is shown in the rectangle near
the top.

crystal-controlled accuracy, good resolution in the audio range,
and a construction cost of well under $10.00, its performance wifl
adequate for many applications.

The CIA adapter

The Commodore C-64's user port is connected directly to a 6526
CIA, which has two interval timers. The pulse generator uses the one
called Timer A, which operates just like a standard countdown
timer. Before starting, a number representing the count is loaded
into the timer. When started, the count begins decreasing by one for
each clock cycle. When the count reaches zero, the timer can either
stop or reset and begin counting again. Memory locations 56580
and 56581 hold the low and high byte values (respectively) for the
count. For example, a count of 1000 would have a high byte value of

3 (the integer part of the product of the count value divided by

256) and a low byte value of 232 (1000 less the high byte value
times 256). With a clock rate of 1 MHz, the count can produce either
1000 alternating transitions per second (a squarewave with a fre-
quency of 500 Hz) or 2000 pulses per second.

The value loaded into memory address 56590 controls most
aspects of the timer. A value of 2 sets the CIA for pulse output, a
value of 3 begins pulse generation, a value of 6 sets the CIA for a
squarewave output, a value of 7 begins squarewave generation, a
value of 15 produces a single pulse whose width is determined by
the value stored in memory locations 56580 and 56581.

Once the timer is in operation, it continues independent of the
computer until one of the values in memory locations 56580, 56581,
or 56590 are changed. Therefore, all control can be performed
directly from the BASIC program by monitoring the contents of
those locations.

The hardware interface:

The simple circuit shown in Fig. 1 interfaces the signal from the
Commodore’s user port to the outside world. Transistor Q1, which
functions as a current amplifier, buffers the output from user-port
connector J1's pin K (Port B6 of the CIA), an arrangement that allows
the signal to drive circuits having current demands that would
otherwise distort a direct output from the user port. All output
signals appear at banana-type jacks J2 (signal) and 13 (ground).

Operating power is provided by the computer itself from the
user port’s pins 2 (+ 5 volts) and 1 (ground). The 100-mA maximum
rating of the user port allows the circuit to easily drive a 50-ohm
load.

Assembly
The circuit is so simple that a printed circuit board assembly isn't
necessary. Instead, use a 1" x 3" piece of perforated construction
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FIG. 4—THE WIDTH OF THE PULSE OUTPUT is so narrow that
the signal is changed to a spike by conventional coaxial cable.

Use low-capacitance cables and test leads.
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, PARTS LIST board. Any kind of perforated board will do, but the kind having
J1—12/24-pin card edge connector (mating holes _spaced at 0.1” intervals a_nd foil pads on one side will make
connector for the C64’s user port) attaching the transistor and resistor easier. In addition to the board
J2—Red banana jack material, you will need two 6-32 x 1" round-head machine screws
J3—Black banana jack and six 6-32 nuts. Mount the two screws through the mounting
Q1—2N2222, NPN transistor holes located on either side of J1. If you're using a standard con-
R1—10,000 ohms, Vs-watt, 10% nector the screws will thread into the holes, making for firm fit. The
R2-—100 ohms, Ys-watt, 10% threaded ends of the screws should be on the same side of the
Miscellaneous: Perforated construction board, wires, connector as the solder terminals. Secure each screw to J1 with a
solder, hardware. nut. Drill a hole on both ends of the board about 3" up from the
NOTE: The 12/24-pin connector (J1) is available for bottom edge. Place one nut on each of the screws about 1/4” from
$3.25 each, and the complete program with addi- the end of the screw.
tional programming information is available on a Temporarily mount the board on th_e: screws and then place one
Commodore-mode disk for $5.00 from B&BTC, more nut on each of the sCrews, securing the boar_d gbout%" away
RD#1, Box 241H, Tennent Road, Manalapan, NJ from the ends of J1's terminals. \X/h_en you are satisfied with the fit,
07726. Add $2.00 postage and handling with each remove the board, cut it to size, install the components on the

order. New Jersey residents must include appropri- board, and attach short wires for the connections to J1pins1, 2, and
ate sales tax. K. Reassemble the board to J1 and solder the three wires to the

appropriate terminals. The finished unit should resemble the pro-
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totype shown in Fig. 2. Be sure to tighten all six screws firmly since
you don't want the assembly to flex when you're installing it on the
user port, Most 24-pin connectors make a very tight fit to the user
port, 50 make sure all mounting nuts are tight. Finally, install the
adapter (o the user port.

The software:

The program listing is shown in Listing 1. It is a relatively long
wogram, and if you feel that you're not up to keying in so larg
orogram without making errors you can obtain the program on disk

source given in the Par

the frequency display area are representations of the computer’s F1
through 8 function keys, with each key's function clearly labeled.
On startup, F7 will be highlighted, indicating that the generator isn't
running.

Pressing the F1 key once will increease the ouput frequency one
interval. Holding the F1 key down will cause the frequency to
continually increase. Similarly, the F3 key causes the frequency to
decrease. When the frequency reaches its upper or lower limit, the
display will freeze and you will have to reverse the direction of the
frequency selection.

Press the F2 key to get to a desired frequency quickly. The F2
screen display will highlight, the frequency display area will clear,
and the prompt Enter New Frequency? will appear Typing any
number between 15 and 500000 resets the frequency to the closest
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A Z 80 WORKSHOP
MANUAL

BP112—Starting with a re-
view of computer princi-
ples, this book describes
typical machine-code in-
structions followed by a de-
tailed description of the
Z-80 instruction set. As-

sembly language program-
ming is also discussed with examples. Z-80
hex machine-code and assembler instruc-
tions are given in tabular form, along with

. in-our connections for the Z-80 and te asso-

ciated devices....Order your copy from
Electronic Technology Today Inc., PO Box
240, Massapequa Park, NY 11762. Price is
$6.95 plus $1.00 for shipping.

COMPUTER
ASSEMBLY
MANUALS

Eliminate Guesswork’

Build with Confidence!

BIG BLUE SEED for IBM™ BUILDERS
Parts list, placement diagrams & instructions
for assembling over 75 IBM-compatible
bare cards. Latest version includes guides
for 640K, Turbo, & AT MthBds. ... $17.95 |

APPLE SEED Il for APPLE™ BUILDERS

Instructions for assembling over 85 Apple- %_--'.'-:

compatible bare cards including II+ & lle |
MthBds. For all Apple enthusiasts ..$14.95 |
Both for $30.00! Aiso bare cards in stock!
Check/money-order, VISA/MasterCard to:
NuScope Associates”, Dept RE
P.O. Box 790 « Lewiston, NY « 14092

“A Dwvisson of Kosmic MiciaTech Inc
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IRCLE 196 ON FREE INFORMATION CARD .

GETTING

THE MOST  Finter "
FROM YOUR
PRINTER ‘
\ b1
\ o

BP181—it is probable that 80% of dot-ma-
trix printer users only ever use 20% of the
features offered by their printers. This book
will help you unlock the special features and
capabilities that you probably don't even
know exist. To order your copy send $6.95
plus $1.50 for shipping in the U.S. to Elec-
tronic Technotogy Today inc., P.0. Box
240, Massapequa Park, NY 11762-0240.

PROMPT DELIVERY!!!
s SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for JULY 26, 1987
DUTSIDE OKLAHOMA,
DYNAMIC RAM

NO SALES TAX

1000kx1 100 ns
256Kxa 120 ns
*256Kx1 100 Ns

64Kxa 150 ns

256Kx1 80 ns

256Kx1 100 ns

256Kkx1 120 ns

256Kx1 150 ns

64Kx1_ 150 ns

EPROM

64Kx8 200 ns

a2kx8 250 ns

32Kx8 250 ns

16Kx8 250 ns

STATIC RAM
43256L-12 32«x8 120 ns
5565pL-15 8Kx8 150 ns

OPEN B2 DAYS, 7-30 Aw-10 s SHIP VIA FED-EX ON SAT.
JAYS: SHIPMENT OR DELIVERY, VIA U.S, EXPRESS MAIL
MasterCard VISA of UPS CASH COD
Factory New, Prime Parts uPoo
MICROPROCESSORS UNLIMITED. INC
‘eona Ave.,
soms erane(918) 267-4961
No minimum order. Fiasse note hal prces we submct 1© e
0 oxica, & up 0 §1 1ov packing matenas Orders received by s

change m
9 PMCST can i lually 'ou Galivered the hext morming. via Fecarsl Express Standard
Air v $4.00, o grsrantesd naxt day Priority One = 310.50! AT parts guarsnteed
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640K MOTHERBD UPGRADE: Zenith 150,

SAT DEUIVERY
INCLUDED ON
FED-EX ORDERS
RECEIVED BY:
TeSuhe S4110
FoP1 §10.50 2 Ios

adio Electronics Magazme '500-B B=~County
t
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CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $800.00 per each insertion.

® Reaches 239,312 readers.

® Fast reader service cycle.

® Short lead time for the placement of
ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Computer Admart, RADIO-ELEC-
TRONICS, 500-B Bi-County Blvd., Farm-
ingdale, NY 11735.
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aliowable value. Decimal numbers such as 100.56 are allowed, but
commas are not (i.e., 500000, not 500,000). if a value outside the
working range is entered, it will be ignored and the prompt will be
repeated. The display area will then show the selected frequency
in Hz or the corresponding pulse rate in pps—and remember, the
pulse rate is twice the selected frequency in Hz.

The right function

On startup, the frequency is set to 1033 Hz and the sauar
function of £4 is automatically initialized. Pressing F4 toggles the
output between squarewave (Hz) and pulse (pps). Again, note
that the pulse rate is twice the frequency.

Pressing F6 for ONE SHOT generates a single, 1-millisecond pulse.
F6 must be released and then pressed again to generate a second
pulse. Pressing F8 clears the screen, causes the screen to display the
message GENERATOR OFF—PROGRAM ENDED. turns off Timer A,
and removes any signal present from the base of Q1 (thus turning it

\

off).

Scope displays

The level and waveform from the pulse generator can be af-
fected by capacitive loading. The most common source of capaci-
tive loading is using a long shielded cable to feed the output to

another circuit, or to other test equipment. Normally, high test lead
or cable capacitance affects only the higher frequencies. If exces-
sive lead capacitance does exist, the resulting waveform will re-
semble a triangular wave rather than a squarewave, and the signal
level will decrease by as much as 25%. For example, a 6400-Hz
squarewave fed through a conventional coaxial-cable test lead had
sharp rising and falling edges. However, the signal shown in Fig. 4
also started out as a perfect squarewave, but because its frequency
is 500 kHz, the test lead's internal capacitance turned the square-
wave into a pulse-shaped wave. To avoid capacitive loading, keep
cables short, preferably under two feet, and use a low-capacitance
oscilloscope test probe.

The capacitive-loading effect will be even more pronounced on
short duration pulses. As shown in Fig. 4, a conventional shielded
cable turns an essentially rectangular pulse of 20,000 pps into a thin
spike.

Finally, keep in mind that the effective load resistance seen by the
adapter should not go below 50 ohms. If you are driving a circuit
with an input impedance less than 100 ohms, temporarily discon-
nect resistor R2 so that it does not parallel the input impedance of
the circuit being tested, which would result in a total load of less
than 50 ohms. Add an SPST switch if you work with low-impedance
circuits often. pD4




