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This versitile 
signal generator can 

provide simultaneous 
square/triangle 

or square/sine output 
signals. 

JOHN WANNAMAKER 

THERE WAS A TIME WHEN A SIMPLE SINE OR 

square wave signal was all that was 
needed to test electronic equipment. 
Today, we need many more kinds of 
test signals , as well as specific control 
over such things as their duration, 
shape, and duty cy cle. Basically, 
what's needed is a laboratory-grade 
multifunction signal generator, such 
as the one described in this article . 
Using readily available parts, the sig­
nal generator provides a square wave 
output, with simultaneous triangle, 
and sine wave outputs; it can also sup­
ply variable duty-cycle pulses and a 
more-or-less conventional linear­
sawtooth ramp. 

All outputs have level controls, and 
the sine/triangle function makes 
provision for a fixed amount of at­
tenuation . There's also a front-panel 
OFFSET control for the sine and triangle 
waveforms that provides ± 1.5 volts 
into a 600-ohm load, or 3 volts into an 

. open load. Other waveforms are uni­
polar and may be used with CMOS 
and TTL circuits . 

The variable duty-cycle output 
pulse , which has a timing value of 
1-50 ms can sink more than 20 TTL 
loads . The linear output ramp is sim­
ilarly variable . A built-in frequency 
counter monitors the output frequen­
cy using four decaded ranges of 100, 
1000, 10,000, and lOOk Hz . 

II 

VERSA TIL 
FUNCTION GENERATOR 

Although the time-base accuracy 
and stability of the internal counter 
are exceptionally good, it would be 
fairly easy to add an external jack that 
switches out the internal monitoring 
and accepts a signal from the outside 
world . A 0-1-volt pulse is adequate 
input from 5 Hz to 2 MHz, but the 
four-digit counter and display can 
only handle up to 99.99 kHz. 

The circuits 
The signal generator is divided into 

three sections: (I) the sine/triangle/ 
square wave generator; (2) the coun­
ter; (3) the pulse/ramp. 

As shown in Fig. 1, IC3, an Exar 
XR2206 Function Generator inte­
grated circuit, provides the sine, tri­
angle, and square waves . Normally, 
IC3 's frequency adjustment is a 
0 .2-2-megohm variable resistor con­
nected from pin 7 to ground , but that 
kind of adjustment often proves to be 
critical because only conventional 
single-turn potentiometers are nor­
mally available in such large values. 
In our prototype , however, the 
XR2206 is .used as a voltage-con­
trolled oscillator, and frequency-ad­
justment control R25 is a IOK 10-turn 
potentiometer. Adjusting the output 
frequency to within one cycle out of a 
thousand takes only a modest degree 
of dexterity. 

II II 

Values other than lOK may be used 
if fixed-resistor R16 is changed. For a 
2K potentiometer, R16 = 4. 7K. For 
5K, R16 = 20K. For 20K, R16 = 
82K. Try to stay within that range, or 
the low-frequency adjustment trim­
mer may become ineffective. 

The sine/triangle circuit is also un­
usual in that, unlike some commer­
cial circuits, attenuation switch S3 
affects only the signal amplitude and 
not the value of any offset voltage . 
You decide how much fixed attenua­
tion the circuit is to have (up to -20 
dB; a 10:1 voltage ratio) by making 
R26 larger than necessary, and then 
trimming its value by connecting an­
other fixed resistor (R27) in parallel . 
If that method is too cumbersome, the 
two resistors can be replaced by a 
multi-turn trimmer resistor. (Al­
though the trimmer is more costly, it's 
a great deal easier to use .) 

Output impedance 
· A sine or triangle output is selected 

by switch S2. Emitter-follower Q8 
has an output impedance of about 20 
ohms, which can supply a 1.5-volt p-p 
waveform into an 8-ohm speaker, or 
about twice that amount into 16 ohms. 
That holds true from 10 Hz to frequen­
cies that are far above the audio range . 

. (It's important to adjust for zero offset 
if testing speakers in that manner.) 
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FIG. 1-ALL THE BASIC SIGNALS are provided by IC1, an Exar Function Generator 
integrated circuit. Switch 52 selects either a triangle- or sine-wave output. 

Normally, the low impedance is at­
tained when resistors R61 and R62 are 
replaced by a jumper wire. The re­
sistors are used only if you prefer tt\e 
generator to have a 600-ohm output 
impedance. 

A switching arrangement to 
change the output impedance from 20 
to 600 ohms is not suggested, because 
the additional wiring might result in 
noise pickup that would be, added to 
the output signal. 

The counter section, shown in Fig 

2, is unique in that it mates IC6, an 
Intersil 7207 A time-base device with 
IC5, a 74C926 counter. Since counter 
IC5 doesn't have built-in sampling or 
g~ting, the timing pulses from IC5 are 
used to alternately short circuit the 
counter input pulses to ground and 
then allow them to pass for precise )­
second or 0.1-second intervals. 

The counter display dims when at­
tenuation switch S3 is set for · 
ATIENUATE because S3 also inserts a 
330 ohm resistor, R60, in series with 

the 5-volt regulator that services the 
counter section . The regulator loses 
its control and the voltage drops to 
about 3 volts, causing the output cur­
rent to drop to about one-third of its 
normal value. That causes both time­
base IC's to operate at a voltage below 
the manufacturer's recommended val­
ues . While that is not an admirable 
practice, as long as R60's value did 
not exceed 1000 ohms, no ill results 
were noticed when several sets ofiC's 
were tested in the circuit. 

The reason for reducing the voltage 
applied to the counter circuit below 
the recommended minimum values is 
to attenuate the multiplexing noise 
that leaks into the sine-wave output 
when the circuit voltage is the usual 
+ 5 volts. 

Dual one-shots 
The pulse/ramp circuit, shown in 

Fig . 3, uses a 4538 CMOS IC that 
contains two monostable multi­
vibrators, or one-shots. Each is trig­
gered into its ON state by the negative­
going edge of the other's Q output. 
The circuit is activated by a kick-start 
via Cl when power is first applied. 
Since the pulse width of each one­
shot is determined by an independent 
time constant, the overall duty-cycle 
variation is unusually large. Using the 
values shown, the duty-cycle is varia­
ble from 2-98%. 

The time constant of ICl-a is modi­
fied so that its timing capacitor 
charges through constant-current 
transistor Ql, which creates a 
straight-line voltage rise across the 
capacitor. The input resistance of op­
amp IC2 buffers the capacitor voltage 
from loading effects and also provides 
an output impedance of less than 100 
ohms . 

The pulse output at J2, which is 
derived from ICl, can sink a 100-mA, 
50% duty-cycle current. 

Since the ramp is the time-constant 
voltage for one of the multi vibrators, 
it is therefore locked in step with the 
pulse from the other multivibrator. 
When the pulse is on, the ramp is off, 
and vice versa. 

The oscilloscope photographs 
shown in Figs. 4-6 show the kind of 
outputs you can get. Figure 4 shows a 
50% duty-cycle square wave on the 
bottom and its simultaneous triangle 
wave at the top. Figure 5 shows the 
same 50% duty-cycle square wave at 
the bottom and the simultaneous sine­
wave output at the top. Figure 6 shows 



FIG. 2- THE FREQUENCY-COUNTER SECTION can be used independently by applying 
an external signal via jack J7. In typical operation, J7's normal-through connection 
connects J7 to the the square-wave output from Q7. 

a 26% duty-cycle ramp at the bottom 
and its corresponding square-wave 
output at the top. 

Construction 
The unit is assembled on a 3 X 6-

inch printed-circuit board. The tem­
plate for the board is provided in PC 
Service. Alternately, a pre-drilled PC 
board can be purchased from the 
source given in the Parts List. 

The component layout and inter­
connections for the PC-board are 
shown in Fig. 7. Be sure to use sock­
ets for all IC's except the voltage reg-

II 

ulators . Although the board's compo­
nent density is about six parts per 
square inch, except for rectifier di­
odes D4 and D5 all components are 
mounted flat on the board. Although 
that degree of compactness suggests 
that a small but well-ventilated metal 
case would be a suitable enclosure, 
the LED display, jacks, and the oper­
ating controls occupy a relatively 
large area of panel space. Therefore, 
those components become a control­
ling factor in the size of the housing. 
The enclosure used for the prototype 
shown is the series 570 Desktop En-

II II Ill 

closure by Amerex. But regardless of 
what you use for an enclosure , make 
certain that there are adequate ventila­
tion holes for air circulation . 

Because it lends itself to neat 
groupings of associated wires by 
splitting off appropriate lengths of 
whatever number of conductors are 
required, stranded multi conductor 
ribbon cable should be used for con­
nections between the PC board and 
the panel-mounted components. At 
the very least, wire having ribbon ca­
ble's flexibility should be used to con­
nect the LED display to the PC board. 

The gold-plated foil on the dis­
play's own PC board is fragile , and 
mechanical abuse or too much heat 
will cause it to peel off. For those 
connections, the stranded wires 
should be prepared prior to installa­
tion by stripping about Ys inch of in­
sulation and tinning the bare ends of 
the wires. Then insert the tinned wires 
through the holes from the display's 
back so that they are just flush with the 
opposite side of the board; than solder 
them carefully from the back, using as 
little solder as is possible. Take par­
ticular care when connecting wires to 
the LED display, because not all the 
holes on the display are used. 

To accommodate either in-line or 
offset center-pin units using 0.1-inch 
pin spacing, an extra solder pad has 
been provided wherever trimmer po­
tentiometers are to be mounted on the 
PC board . Trimmers RI7 and R34 
may be either laydown or upright 
types, :Ys-inch square, having either a 
side or a top adjustment. Due to space 
limitations , trimmers Rl8 and RI9 
must be upright types that measure no 
more than about 0.2-inch wide. If the 
attenuation resistors , R26 and R27 , 
are to be replaced with a trimmer po­
tentiometer, it, too, must be an up­
right type. A top-adjust multi-turn 
unit is suggested. 

The front panel should have enough 
bare metal on its inner surface to elec­
trically connect all potentiometer 
cases. The GROUND jack in the center 
of the panel (J6) should connect to the 
panel with a short length of bare wire 
wrapped under its retaining nut. Use a 
grounding lug if you have the appro­
priate size on hand. Resistor R30 
should be similarly grounded around 
the bushing of R29, the front panel 
OFFSET potentiometer. (The other leg 
of R30 is soldered to R29's wiper 
terminal.) Attempting to ground R30 
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FIG. 3-THE RAMP/PULSE SECTION can be disabled by switch S1, which is part of PULSE· 

LEVEL control R7. 

in a different way might increase noise 
on the sine-wave output. 

Since the sine-wave output can be 
adjusted to a very low level, it is im­
portant to minimize the resident noise 
level on the output line . The use of 
wide foil in the power-supply circuit , 
plus a short length of hookup wire 
used as a supplemental ground bus , 
keeps powerline-related noise to 
about 200 1-l V p-p. We found that 
grounding the resistor in the OFFSET 

circuit to the front panel instead of to 
the ground foil on the PC-board made 
a significant reduction in random 
noise, again proving that all grounds 
are not equal. Noise spikes caused by 

the counter's multiplexing (or pulse 
transitions) are suppressed by either 
removing power or reducing power to 
the offending area. The counter/dis­
play current is reduced by one section 
of attenuator-switch S3. Although 
that causes the readout to dim, it is 
still usable. The pulse/ramp circuitry 
may be switched off entirely by 
switch S I, which is part of PULSE 

LEVEL control R7 . The overall noise is 
about 250 1-l V p-p into a 600-ohm 
load, and about twice that value into 
an open circuit. 

Low distortion 
The sine-wave output's harmonic 

distortion can be reduced to as little as 
0 .5% by adjusting trimmer potenti­
ometers Rl8 and Rl9 . However, the 
sine-wave output also contains a low­
level distortion that appears in the 
form of a tenacious little blip that ap­
pears near the peaks of the sine and 
triangle waveforms during the transi­
tions of the square wave . Although 
hardly noticeable when the sine-wave 
amplitude is high, the blip refuses to 
lose amplitude at the same rate as the 
sine wave when the sine-wave output 
level is reduced. Capacitors Cl8-2l 
minimize that blip to about 0.5-f..lS 
duration , and to a peak amplitude of 
400 f..LV. 

The user can very nearly eliminate 
the blip altogether by adding capaci-

FIG. 4-THE SQUARE AND TRIANGLE 
WAVEFORMS are simultaneously avail­
able at independent output jacks. Note 
that the waveforms are in-phase. 

FIG. 5-THE SQUARE AND SINE WAVE­
FORMS are also in-phase and simulta­
neously available at independent output 
jacks. 

FIG. 6-THE RAMP OUTPUT OCCURS 
during the negative-going part of the 
square-wave's duty-cycle. 



tance between the terminal and 
ground, although the cost of the extra 
capacitance is a rounding of the tri­
angle-waveform's peaks. (With the 
built-in capacitors, that becomes ob­
jectionable only on the highest 
range.) The capacitance also causes 
4-dB attenuation at 100 kHz. If that 
seems too stiff a price to pay for a 
clean low-level signal, simply remove 
the aforementioned capacitors, but 
expect a little rounding of the high­
frequency triangle peaks anyway. 

Since it is known that the square­
wave output contributes significantly 
to the unwanted blip on the sine wave, 
the square-wave's output line should 
be kept short, and (it really hurts to 
say this) it should be shielded. 

The 330-ohm current-limiting re­
sistor for the counter section, R60, 
should be mounted directly between 
the terminals of the appropriate sec­
tion of the DPST (or DPDT) 
ATTENUATE switch. Other front-panel 
mounted components are C20 (500 
pF), which should be soldered across 
the outboard terminals of the SINE­

LEVEL potentiometer, and C21 (.001 

j.LF), which should be soldered be­
tween the SINE output jack and the 
nearby front-panel GROUND jack. 
(Separate GROUND jacks should be 
provided for the pulse/ramp signals 
and the sine/triangle signals.) 

If the SINE output is to provide max­
imum current, wire it directly to its 
PC-board solder pad. If a 600-ohm 
output is desired, use a string of Y4-
watt resistors with a nominal resis­
tance of about 580 ohms in place of 
the direct wire connection. When the 
resistance value is just right, an open­
circuit sine wave of any value will 
drop to exactly half of that value when 
a precise 600-ohm load is connected 
between the SINE and GROUND jacks. 

Even though the PC board has two 
foils connecting the power-supply 
ground to the long ground foil on the 
"output" side of the board, there is 
sufficient inherent impedance to 
create some hum at the SINE output. To 
minimize the induced hum, solder a 
short- approximately 3 inches­
insulated jumper between the ground 
foils, under the board. Solder one end 
to the wide foil where C30 is 

grounded; solder the other end to the 
foil near the two ground pads on the 
opposite side of the board. 

Mounting 
Each comer of the board has room 

for a 4--40 machine screw mounting 
hole. Be careful to not let a metal 
spacer under the board short to a near­
by foil; or even better, use insulated 
spacers. It would be wise to pass the 
screws through the bottom of the cab­
inet so that the retaining nuts are on 
top of the board. 

The LED-display assembly can be 
held in place by either 2-56 or 4--40 
machine screws that extend through 
the front panel on each side of the 
display. They should pass through 
some kind of improvised insulated re­
taining bar across the back of the dis­
play. Take care, when installing the 
display, that its solder terminals do 
not short to the panel. Since the rec­
ommended display has a built-in red 
filter, no additional filter is necessary. 

. When mounting the power trans­
former, make provision for two lugs 
under one of the mounting screws. 
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R29 ~ 
SINE 

OFFSET -:- -- Tl 

R23 J4 SQUARE 
SQUARE~---0 OUT 

RAMP PULSE GROUND 
OUT OUT 

SINE GND 
OUT LEVEL 

FIG. 7-THE PARTS PLACEMENT FOR THE PRINTED-CIRCUIT BOARD. Notice that not all 
of the 16 connections on display DSP1 are used. 

Attach one to the green ground wire of 
the three-conductor line cord . The 
other should attach to an insulated 
wire to the PC-board's ground in the 
power-supply area . That has to be 
brought out from beneath the board 
and may be fairly long to allow the 
board to be turned over. Use stranded 
wire for its flexibility. 

Jack J7, which is shown in Fig . 2, is 
needed only if you want to be able to 
measure the frequency of an exter­
nally generated external to the signal 
generator. If the feature isn't needed, 
using Fig . 4 as a reference, simply 
eliminate the jack and connect the 
wire going to J7's "hot" terminal to 
the PC-board terminal having the A­
flag, which actually is a connection to 
the top of R23. 

Checkout 
Don't install the IC's . Begin with 

the soldered-in voltage regulators. 
Using an oscilloscope, check each 
power source for proper voltage and 
polarity. Looking at the plastic front 

of the regulators, the rightmost pin is 
the regulated output of both the 
positive and negative units. There 
should be no ripple. If everything 
checks out, unplug the power cord 
and let the voltages decay before in­
serting any IC's. 

Plug in the IC5 and IC6 and apply 
power. The display should indicate 
0000 for the three lowest frequency 
positions of the range switch, and 
00.00 for the highest position. If 
COUnter is set for SINE ATTENUATE, the 
display will be very dim. Without any 
attenuation all digits will be bright. 

A single dim digit can be due to 
insufficient multiplexing drive; check 
the 4700-ohm resistors at the bases of 
Q9-Q13 . If the same segment of all 
digits is dim or will not light, check 
connections through to the display, 
particularly the 150-ohm resistors. At 
this point, of course, the middle bar 
cannot light. Once checked out, un­
plug power and allow time for volt­
ages to decay. 

To check out and adjust the sine/ 

triangle/square circuit, initially adjust 
all trimmer resistors and the front­
panel potentiometers to mid position . 
The FREQUENCY control should be ro­
tated five turns into its range. Select 
the highest frequency range with the 
RANGE switch and turn off any at­
tenuation. Insert IC3 and IC4, then 
apply power. The counter should indi­
cate a frequency of approximately 40 
kHz. If not, check pin 11 of IC3 with 
-an oscilloscope: You should measure 
a 12-volt square wave: which means 
that the IC is oscillating. Trace the 
signal through to the counter's input. 
If no problem is found along the 
route, the problem is most likely to be 
in the counter. 

Adjust the FREQUENCY control to 
observe that the readout changes, up­
dating every 0 .2 seconds (2 seconds 
on the three lower ranges). Adjust for 
the lowest frequency on a particular 
range. Observe the readout while ad­
justing the low-end trimmer, Rl7, for 
a reading of approximately 9.40 kHz . 
You can then check each range for at 



FIG. 8-THE COMPLETED PROTOTYPE. To reduce the possibility of hum pickup, the 
power transformer, T1, is located a considerable distance from the printed-circuit board. 
The ribbon cable at the upper left connect the display unit to the PC board. 

least a 1:10 frequency variation: 10 Hz 
to 100Hz; 100Hz to 1000Hz, etc. Of 
course, where a five-digit figure is 
given, the most significant digit is 
missing from the display. Correct the 
adjustment of R17 on any range that 
does not go down to, or below, the 
expected low value. If the highest 
range will not quite reach 100 kHz, it 
will be due to stray capacitance that 
parallels C12. You might try finding a 
capacitor with a slightly lower value, 
but a quick fix is to insert a 470-ohm 
resistor at the RANGE switch in series 
with the wire from S4 to Cl2. 

Use the scope to check the square­
wave OUtput at J4. The SQUARE LEVEL 

control should vary the amplitude 
from near zero to 10 volts p-p. If there 
is a problem, trace the signal from pin 
11 of IC3. . 

Set the frequency to 1000 Hz and 
select the triangle waveform. Observe 
the output at the SINE OUTPUT, J5. Ad-

II 

just the SINE-LEVEL control for mini­
mum (zero) output. Set the scope for 
measuring 2-volts DC per division 
and a time base of 0.2-ms/division. 
Position the trace so that the zero-volt 
line is across the center of the CRT. 
The front panel OFFSET adjustment 
should be able to create a variable 
output of approximately ± 3 volts. 

Adjust the SINE-LEVEL control to 
mid-position and check for a triangle­
like waveform of approximately 8 
volts p-p (no attenu::<tion). Either the 
top or the bottom of the waveform 
may be clipped. Adjust the internal 
OFFSET trimmer potentiometer, R34, 
to remove the clipping. Continue in­
creasing the sine level and adjusting 
R34 until you get the maximum non­
clipped waveform. A clean 16 volts 
p-p should be possible . 

Sine shaping 
Select and observe the SINE output. 

II II 

When the sine-shaping adjustments 
are completed, the sine wave's ampli­
tude will be about half of that of the 
triangle wave. Shaping trimmers Rl8 
and Rl9 interact, so alternate between 
the two until the scope displays the 
best shape. Consider that a perfect 
sine wave has equal areas above and 
below the zero line, and both peaks 
should have the same amount of 
rounding. Low distortion is definitely 
possible and if not attained, check 
your circuit , especially for improper 
trimmer values. 

If you substitute a trimmer potenti­
ometer for attenuating resistors R26 
and R27, make the adjustment this 
way: With no attenuation, adjust the 
front panel SINE-LEVEL control for an 
output of precisely 8 volts p-p. Switch 
the attenuation in and adjust the trim­
mer potentiometer for whatever loss 
you want, up to - 20 dB (10:1). 

If you decided to use the fixed at­
tenuating resistors, then solder in a 
value for R26 based on the following: 
4 .7K = -6dB(2:l), !OK= -12dB 
(4:1), 27K = - 20dB (10:1). Resistor 
R27 is used as a fixed-value trimmer 
to bring the attenuation more nearly 
on target, and its value is either se­
lected by trial and error, or it is "em­
pirically" selected, depending on 
your particular view of reality. Start 
with a value ten times that of R26. 
The trimmer resistor must be tack sol­
dered in place when determining its 
value to avoid introducing hum. 

The ramp 
The remaining task is to check out 

the pulse/ramp circuit. Unplug the 
unit's power cord, insert ICl and IC2, 
and set all pulse/ramp controls to mid 
range; then apply power. 

View the pulse output at J2 with the 
scope's time-base initially at 20-ms/ 
division . The pulse amplitude should 
be more than 3 volts p-p. 

The PULSE-LEVEL control should al­
low varying the amplitude from near 
zero to mote than 7 volts p-p. The 
PULSE-TIME control should vary the 
pulse width from 1 ms to more than 50 
ms . The RAMP-TIME control determines 
the pulse's off time. 

Observe the ramp output at J 1. The 
RAMP LEVEL varies the ramp output 
from zero to + 7 volts. The RAMP-TIME 

control adjusts the duration of the 
ramp, which is equal to the off-time of s:: 
pulse output. Switch S1, which is part ?< 
of the PULSE-LEVEL control should kill <D 
both the pulse and ramp outputs. R-E ~ 
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PC SERVICE 
Here are the PC patterns for the construction projects in this month's issue. 

All patterns are right reading and full sized, unless otherwise noted. 

1-4------------5 INCHES----------~ 
BUILD THE SU8WOOFER SIMULATOR using this board. 

PC-BOARD PATIERN for the Versatile Function Generator. 






































