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citors C2 through C7 selected by sec-
tion A of RANGE switch S/ to set the
period of its output pulse. Using a
six-position switch for S/ conven-
iently divides the audio frequency
range into segments that make it easy
for ICI to tune. The output pulse
from the first multivibrator drives
the second multivibrator in ICI.

In the output multivibrator of
IC1, the pulse length is held to about
40 nanoseconds by R3, which needs
no timing capacitor. The not-Q out-
put from the second multivibrator,
at pin 12, is fed back to pin 2 of the
first multivibrator to retrigger the
first stage and cause oscillation. The
Q output at pin 5 from the second
stage is used to clock the /C2 counter.

An 8K x 8-bit EPROM used for
IC3 holds the data to generate 32
different waveforms, each consisting
of 256 bytes. To select the desired
waveform, switches S2 through S6 are
selectively connected to the five high-
er-order address lines (A8 through
A12) of IC3. Single in-line package
(SIP) resistor R4 contains five 10,000-
ohm resistors that are individually
used to pull these address lines high
when the switches are open. Closing
any S2 through S6 switch grounds
the selected address line and brings it
low. Chip select at pin 20 and output
enable at pin 22 of IC3 are both per-
manently grounded.

Access time of the IC3 EPROM is
important to proper operation of the
circuit. If a slow version of this
EPROM were to be used, one with
an access time of 450 nanoseconds,
output values could not be expected
to reliably change at a rate greater
than about 2.22 MHz. Since output
frequency will be 17256 of the count-
er’s clock rate, this is equivalent to
an output frequency from the gener-
ator of 2.22 MHz/256, or only 8680
Hz. Though this might be sufficient
in some applications, to ensure that
the generator will operate out to a
full 10 kHz, an EPROM with a
350-nanosecond or faster access time
is needed.
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After data for the selected wave-
form exits from /C3 on data output
pins 11, 12, 13 and 15 through 19, it
is latched by octal flip-flop IC4 (see
Part 2 of Fig. 1). Inputs to /C4 are di-
rectly connected to the data output
lines of IC3 in the proper sequence.
In turn, the outputs from I/C4 be-
come the inputs to digital-to-analog
converter ICS.

Output data from IC4 must be
latchzd to hold the output data from
one location in /C3 while the next lo-
cation is being addressed. Otherwise,
the data sent to /C5 will change while
IC3 is reading the next memory loca-
tion, causing noise and random errors
to occur in the waveforms.

As shown in Part 1 of Fig. 1, the
clock input at pin 11 of IC4 is the
same as that used to increment /C2.
The counter increments on the fall-
ing edge of this clock pulse, generat-
ing a new address for the EPROM to
read. Data on the rising edge of the
clock pulse is latched by IC4 (Part 2).
Since the output from IC/ is a pulse
with a rising edge followed by a fall-
ing edge about 40 nanoseconds later,
IC4 will latch the data output from
IC3 just before the EPROM is given
a new address from which to read.
This prevents any errors from being
generated as a result of the changing
of the EPROM address.

Digital-to-analog converter ICS
(Part 2 of Fig. 1) is fed reference cur-
rents by grounding pin 15 through
R7 and fixing pin 14 at 2.8 volts
above ground potential with the zen-
er diode DI and resistor RS arrange-
ment. By using the same value for RS
and R7, the currents cancel to assure
that errors do not occur. Capacitor
C9 connected from pin 16 to ground
provides compensation for ICS.

The eight digital inputs from /C4
are converted by IC5 to an output
current. This output current is nor-
mally available at pins 2 and 4. How-
ever, in this project, the negative cur-
rent at pin 2 is connected to ground,
and the output at pin 4 is used to
drive one of the four operational am-

plifiers in /C6, which is used here as a
current-to-voltage converter. (Details
of what input data is converted to
what output voltage are covered
under ‘‘Programming Waveforms.’’)

Since slew rate determines how
fast the output signal of an op amp
can change and a fast slew rate is
needed in this generator, a fast-slew-
rate TL0O84 quad op amp was chosen
for IC6. A second reason for choos-
ing a TLO84 is that it has four inde-
pendent op amps in a single package.
Since three op amps were required in
the programmable waveform gener-
ator, only a single TLO84 takes the
place of three independently pack-
aged devices.

One op amp in IC6 converts the
output from IC5 to a voltage. A gen-
erated waveform may contain some
sharp edges at the points where the
signal changes voltage levels, due to
reconstruction of a sampled signal,
rather than a continuous waveform.
These sharp edges produce a wave-
form that is not continuous unless
the residue of the sampling is re-
moved. This is done in the genera-
tor’s circuit with the low-pass filter
made up of a second op amp in IC6.

The low-pass filter should be set at
about 80 to 200 times the output fre-
quency so that only the unwanted
components are filtered out. RANGE
switch S1B is used to select which of
capacitors CII through CI6 will be
used in the low-pass filter. This al-
lows the filter to maintain a proper
frequency relationship as the frequen-
cy is stepped from range to range.

A third op amp in /C6 serves as the
output amplifier that delivers the
generated signal to the device under
test through OUTPUT jack JI. The
output signal from the second op
amp (at pin 8) is ac coupled through
C17to the output op amp so that the
output signal will be centered about
circuit ground.

AMPLITUDE control R4 provides
a means for adjusting output sig-
nal level as needed by controlling
the gain of the output op amp. Resis-
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tor R13 in series with CI7 prevents
the signal delivered to the output
op amp from being over-amplified
and clipping.

Although  high-speed CMOS
(“‘HCT’’) devices are specified for
IC2 and IC4 in Fig. 1, standard low-
power Schottky (F‘LS’’) devices can
be used instead. The CMOS versions
require less operating current, result-
ing in cooler operation of the voltage
regulator in the power supply. No
circuit changes are needed if you use
the LS devices.

Shown below the main circuit in
Part 2 of Fig. 1 is the power supply
that operates the generator circuit.
This is a standard full-wave supply,
with rectification provided by D2
and D3 and main filtering provided
by CI8 and CI9. The +12- to
+15-volt output from the rec-
tifier/filter arrangement is regulated
to + 5 volts (which is further filtered
by C20) to power ICI through IC5.
Note also that a pair of unregulated
bipolar supply lines (at + 12to +15
and — 12 to — 15 volts) are provided
for powering IC6. Input power for
the supply is provided by any 9-to-10-
volt ac source, including a plug-in
transformer if you should have one
lying about.

Construction

Assembly of the programmable
waveform generator is best done on a
printed-circuit board. You can fabri-
cate your own pc¢ board using the ac-
tual-size etching-and-drilling guide
shown in Fig. 2. Alternatively, you
can purchase a ready-to-wire pc
board from the source given in the
Note at the end of the Parts List.
Installation of the components on
the pc board is fairly straightfor-
ward. Use sockets for /CI through
IC6 only. As shown in Fig. 3, begin
populating the board by installing
and soldering into place the IC sock-
ets—not the ICs themselves. Then
install the diodes (observe polarity),
resistors and smaller capacitors.
Leave the large electrolytic capaci-
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need is a single long slot for the five
toggles, though you must still drill 10
small holes for their mounting screws.
(If you prefer not to have to cut a
slot, you can substitute miniature
toggle switches, in which case all you
need is a single mounting hole for
each switch.)

Assuming you have decided to use
slide-type switches, you will find the
slot to be relatively easy to cut. Start
by accurately measuring the size of
the slot, leaving about a }," leeway
all around, and transferring the di-
mensions to the front panel. Drill a
hole at each end of the slot within the
drawn rectangle and use a nibbling
tool to cut away the unwanted mate-
rial. If you do not have a nibbler,
drill a % " hole in each of the four cor-
ners of the drawn rectangle and then
a series of holes spaced about one
drill bit diameter apart all around the
drawn slot shape. Then use a coping
saw, Moto Tool or other suitable
tool to cut through the material be-
tween the holes to remove the un-
wanted material. Any ragged edges
or rounded corners can be dealt with
using a small flat file or a Moto tool.

Once the slot is cut, test fit all five
switches to make sure that enough
material has been removed to assure
smooth switch toggle operation.
Mark the locations and drill the holes
for the mounting screws. Then cut
the slot or drill the hole for the
POWER switch, depending on
whether you are using a slide-type or
miniature toggle switch.

Note in the lead photo that a two-
contact screw-type terminal strip
OUTPUT connector was also included
in the prototype of the project. This
is an option that is not really needed,
though its inclusion will allow you to
connect to the generator’s output ca-
bles other than the usual phono type.
If you decide to incorporate this op-
tion into the project, simply cut an
appropriately sized slot for its solder
lugs and drill the two holes for the
mounting hardware.

Once the front panel has been pre-
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pared, temporarily mount the rotary
switch and potentiometer controls in
their respective holes and slip the
control knobs onto their shafts. Use
a pencil to very faintly draw the out-
lines of the knobs onto the front pan-
el. Then rotate the knob on the range
switch stop to stop in both directions
and note the position of the pointer
in both cases. Remove the knob and
adjust the orientation of the switch
to balance the locations of the stops.
Then, after tightening the mounting
nut and replacing the knob, rotate
the latter to each position and mark
this on the panel.

Remove the switch and controls
and set them aside. Now, using a dry-
transfer lettering Kkit, label the va-
rious controls, switches and OUTPUT
jack (and identify the + and — con-
tacts of the OUTPUT terminal strip if
you have decided to incorporate it)
as shown in the lead photo. If you
wish, you can punch and cut appro-
priate-size holes and slots in and do
all your labeling on a heavy white
sheet of cardboard that then goes in
front of the aluminum panel that
comes with the enclosure. This done,
spray on two or three light coats of
clear acrylic to protect the lettering.
Allow each coat to completely dry
before spraying on the next.

When the acrylic spray has com-
pletely dried, mount the OUTPUT
connector(s), rotary switch and po-
tentiometer controls. Then use an
ohmmeter or continuity tester to de-
termine which position the toggles of
the slide or toggle switches must be in
to be on. Connect the probes of the
meter or tester to the lugs of the
switches and move the toggles to
their alternate positions. Leave each
toggle in the ‘‘on’’ position, as indi-
cated by a short circuit, which will be
zero ohm on the meter or will light an
indicator or sound a buzzer on the
continuity tester.

Without disturbing the toggles, in-
stall the five WAVE switches in the
long rectangular slot for slide-type
switches or in individual round holes

for toggle switches so that all toggles
are facing toward the botftom of the
panel. Then install the POWER switch
so that its toggle is toward the fop of
the panel. Rotate the knob on the
RANGE switch stop to stop and note
the pointer’s position in each case. If
the pointer does not align with the
panel markings, reposition the
switch until it does.

An easy way to make connections
to the rotary RANGE and individual
WAVE switches and the potentiome-
ter controls is to use color-coded rib-
bon cable to provide a means for
keeping track of wiring. Trim the ca-
bleto the length needed, separate the
conductors at opposite ends a dis-
tance of 1”7and %" and strip % ” of in-
sulation from all conductors at both
ends. A length of 25-conductor rib-
bon cable is all that is needed. Separ-
ate this into bundles of seven, seven,
six, three and two conductors.

At the circuit-board end, use the
%" separated ends of the cables. Plug
the two-conductor cable into the R2
holes in the circuit board and solder
into place. Similarly, plug the three-
conductor cable into the RI4 holes
and solder them into place. The six-
conductor cable goes to the holes la-
beled A8 through A12 and GND near
R14. Finally, the seven-conductor ca-
bles go to the S1A and SiB holes on
the circuit board.

Connect and solder the free end of
the two-conductor cable to the lugs
on the FREQUENCY control. Similar-
ly, connect and solder the three-con-
ductor cable to the lugs on the LEVEL
control (center conductor goes to
wiper lug on control). Referring
back to Fig. 3, connect and solder all
but the GND wire of the six-conduc-
tor cable to the lower lugs of the ap-
propriate WAVE switches. Run a bare
solid wire through the upper lug
holes of all five switches to tie them
in common with each other, hook
the GND wire of the six-conductor ca-
ble through one of these lugs, and
solder all six connections.

Use an ohmmeter to figure out
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site results in either case, power
down the project and rewire the of-
fending control(s).

Setting the WAVE switches in dif-
ferent combinations of on and off
should cause the waveform being
displayed to change to another
shape. If the generator does not ap-
pear to be working as it should,
check components for proper place-
ment, identification and polarity. If
everything seems to be okay here,
check for clock pulses at pin 1 of IC2
and pin 11 of IC4. Also check to
make sure that the address lines to
JC3 and the inputs to IC5 (pins 5
through 12) are changing.

If clock pulses are being generated
but /C3’s address lines are not
changing, IC2 is bad and must be re-
placed or is improperly connected. If
the output data from /C3 is changing
but the inputs to /C5 never do, IC4is
the problem.

Waveform Programming

Generation of waveforms with the
programmable waveform genera-
tor requires programming of the
EPROM. This is best accomplished
with a simple computer program that
can generate the values to be stored
in the EPROM for each of the de-
sired waveforms. The IC5 DAC-08
accepts data inputs in the 0-to-255
range and will produce a larger nega-
tive current for larger values of data
inputs. A value of 255, for example,
generates the largest negative cur-
rent, while a value of O generates the
largest positive current. Data values
between 0 and 255 produce interme-
diate currents.

Since the IC6 TL084 quad op amp
has three stages operated as invert-
ers, an input value of 255 to IC5 will
produce the largest output voltage
swing. This makes it easier to gener-
ate EPROM programming data be-
cause the greater the voltage desired,
the larger the value to program into a
given EPROM byte.

Each waveform has 256 samples,
meaning that the waveform must be
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Waveform Type of Waveform

Number

sine
square
triangle
sawtooth (slow rise)
sawtooth (slow fall)
sin(X) + sin(2X)
sin(X) + sin(2X)
+ sin(4X)
sin(X) + Y%4sin(3X)
sin(X) + Y%sin(3X)
+ %sin(5X)
pulse (10% duty cycle)
pulse (20% duty cycle)
pulse (30% duty cycle)
pulse (40% duty cycle)
pulse (50% duty cycle)
pulse (60% duty cycle)
pulse (70% duty cycle)
pulse (80% duty cycle)
pulse (90% duty cycle)
absolute value of sin (X)
ringing (exponential
decay, slow)
20 ringing (exponential
decay, medium
21 ringing (exponential
decay, fast)
staircase (eight steps up)
staircase (16 steps up)
spare waveforms

Bt Bt et Bt et pet  fead et had s

31 spare waveforms

Note: Ringing waveforms are at four times
generator frequency and repeat at generator
frequency rate.

broken down into 256 distinct sam-
ple values. For a 50-percent-duty cy-
cle square wave, there will be 128
samples with a value of O followed by
128 samples with a value of 255. A
pulse with a 25-percent duty cycle
would have 192 samples with a value
of O followed by 64 samples with a
value of 255.

For waveforms that contain
rounded curves, the procedure is
more complex. The sine wave, for

example, must complete one cycle in
256 samples. With one cycle consist-
ing of 360 degrees (27 radians), each
sample is 360/256, or 1.41 degrees.
Since most computers calculate the
sine function in radians, this is also
27/256, or 0.0245 radian.

The computer program used must
calculate the value of the sine func-
tion 256 times, with 0.0245 radian
between each value. The values must
then be converted into integers be-
tween 1 and 255. With 1 representing
asine value of — 1 and 255 represent-
ing a value of + 1, 128 would repre-
sent a value of 0. A 1-to-255 range is
used to give the wave 127 values
above and below O volt. If a 0-to-255
range were to be used, the signal gen-
erated would not be symmetrical
about the ground reference of 0 volt
because there would be 128 values
above but only 127 values below be-
low 0 volt.

Program 1 both sets the 1-to-255
range and saves the values in memo-
ry using the Poke command. (The
EPROM programmer I use requires
the data to be sitting in memory to be
programmed into the EPROM,
which is why I “‘poked”’ it into mem-
ory.) The computed values could be
stored in an array, sent out a serial
port or saved on a disk, depending
on how your EPROM programmer
requires the data to be sent to it.

Program 2 is an example in which
proper values are calculated for the
function sin(X) + sin(2X), where X
goes from 0to 2#. This program gen-
erates a sine wave plusits second har-
monic that has the same amplitude as
the fundamental. A similar approach
could be used to generate other func-
tions that are a fundamental sine
wave plus harmonics by changing the
function calculated.

For a waveform that is not a sim-
ple function, you may have to use
several program steps to generate the
function. Or you may have to draw
the waveform on graph paper and
calculate the values by hand—a te-
dious task at best.
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