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This Function Generator produces sine,triangle and square waves over a range from
below 20Hz to above 160kHz with low distortion and good envelope stability. It has
an inbuilt 4-digit frequency counter for ease and accuracy of frequency setting.
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Apart from a good multimeter and a power supply, the next most useful piece of test equipment in the
laboratory or home workshop is an audio generator. This would normally be a solid state Wien bridge
oscillator, but more recently the function generator has come into its own, particularly where the

potentially very low distortion of the former circuit is not required.

The particular advantage of a function

senerator is that it has good envelope

stability. This means that the output level
stays constant regardless of small or
large changes in the frequency setting.
This is not the case with typical solid
state Wien bridge oscillators which are
stabilised with a thermistor. These Wien
bridge oscillators can fluctuate violently
in output level when the tfrequency Is
changed and take several seconds to set-

tle. This can be very frustrating when try-
ing to measure the frequency response

' of a circuit or component such as a

loudspeaker.

Using that attractive. low profile case
for the Function Generator meant that a
different approach was required to the
conventional dial scale. It this was used 1!
would have to be of small diameter and.
N any case, it would be subject to the

normal drawbacks of calibration ac-
curacy, and considerable cramping at
the high end of the scale.

This problem has been solved at one
stroke by incorporating a 4-digit counter,
This eliminates the need tor any dial
scale or any calibration procedure. The
frequency counter uses the 30Hz mains
as a timebase to give an accuracy of
about =2%.
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Block Diagrams

As can be seen in Fig. 1. the IC is
capable of many operations including
amplitude modulation (AM), frequency
shitt keying (FSK). and frequency modula-
tion, via the current switches. The VCO
is the major tunction block of the circuit,
which generates the triangle and square
waveforms at a frequency controlled by
the current switches, Resistors tied from
pins 7 and 8 are used to program the cur-
rent switches and determine the VCO
frequency.

The multiplier and sine wave shaper
periorms several tasks. It accepts the
triangular waveform from the \'CO and
reshapes this to a sine wave. In addition.
the output fevel ot these two wavetorms
15 controlled by a resistor at pin 3 to
oround and with the voltage at pin 1.
Either sine or triangle is selected with a
resistor across the waveform adjust pins
(13, 14), or open circuit, respectively.

while the unity gain amplitier butters the

sine ar triangle wavetorm,
The sync output at pin 11 15 an open

collector output that provides a square

wave in synchronisation with the VCO
frequency.

Fig. 2 shows a simplified block diagram
of the frequency meter, This can be
divided into three parts: counter and
display, latch and reset and timebase,
The timebase gives three counter update
times: 20ms, 200ms and 2s. Let us look
at the counter operation in the 2s update
situation.

The 50Hz mains signal is squared by a
Schmitt trigger and then fed to two
decade dividers for an overall division of
100, giving a waveform with a period of

lwo seconds. This waveform is led to the

latch and reset circuitry so that the input
signal to be counted (from the function
penerator) is gated into the counter in
one-second bursts, every two seconds,
At the end of each one-second count
period, the value of the count is latched
(stored in 16 flipflops, four for each digit)
and displayed. The counter is then reset,
ready for the next count,

When the update time is two seconds,
as discussed above, the display indicates
the frequency directly in Hertz, For the
0.2 second update time, the reading
must be multiplied by 10 and for the .02
second (20ms) update time, multiplied
by T100.

Having discussed the circuit in block
form, let us now look at the complete
circuil diagram in detail.

IC1, the XR-2206 monolithic function
generator, is connected to provide both
the sine and triangle wave signals. R2

and R3 are trimpot resistors which are

used to preset the level of the sine and
triangle waves. When switch 57 is in
position 2, a triangle wave is produced at
pin 2 and the output level of this wave is
determined by R2 since R3 is short cir-
cuited with S1c. When §1b is in position
1, a sine wave is produced and the out-
put level of this is determined by R2 and

R3. R3 is adjusted so that the sine wave'

level is the same as the triangle wave
level,

In the sine wave mode, the sine wave
shaper is breught into play to “round oft”
the peaks of the triangle wave. Critical
adjustment of R4, between pins 13 and
14 of IC1, gives minimum distortion of
the sine wave. R1, the symmetry adjust-
ment between pins 15 and 16, is ad-
justed for equal positive and negative
swings of the sine and triangle
waveforms. Adjustment of these trim-
pots will be discussed later in this article.

S2a is used to select the three frequen-
cy ranges by switching separate timing
capacitors across pins 5 and 6. Frequen-
cy adjustment is with the fine and coarse
variable resistors and the 4.7k resistor
sets the maximum frequency for each

range. The frequency of the generated

signal is a function of the capacitor value
between pins 5 and 6 and the frequency

resulting signal from the wiper of the pot
is fed to the input of the emitter follower
output stage.

The emitter follower stage consisting
of the NPN BD139 and PNP BD140 tran-
sistors is a complementary symmetry ar-
rangement. The NPN transistor drives
the output for positive input signals and
the PNP transistor drives for the negative
input signal. To prevent crossover distor-
tion at the transition when one transistor
takes over the signal from the otherathe
transistors are biased on so thal a quies-
cent current flows through both tran-
sistors, 2.2k§2 and 1k{} base bias resistors
set this current at around 40mA.

Heavy supply decoupling, consisting of
the 1000 resistors and 47ul capacitors
across each supply rail, ensures good rip-
ple rejection. This allows the output

signals to be attenuated, to millivolt

levels without hum and noise swamping
the signal.

Output impedance of the stage Is a
nominal 6008 for all output levels.
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adjust resistors, The actual formula is
F="1/RC. Since C is a constant for each
range, the frequency is proportional to
HR.

With this 1/R relationship, the actual
change in frequency with respect to the
change with resistance is hardly linear
especially when the resistance is small,
This tends to give an unusable control at
the low resistance end if only the coarse
control were available. With the addition
of a low value fine control, frequency
changes are easily accomplished at the
low end of the resistance range. The fine
control has little effect at the high
resistance end of the coarse control
since, at this end, large changes in
resistance are required for a small
change in frequency,

The open-collector square wave out-
put of ICI1, pin 11, is provided with an |
external 2.2kQ pullup resistor to drive |
the input of IC7a, a Schmitt trigger which |
provides buffering and further squaring
of the waveform. IC7¢ acts as a further.
buffer to drive an attenuator and then
the transistor output stage. The at-
tenuator (voltage divider) consists of
1.8k and 2.2kQ resistors, to adjust the
level of the square wave to the same
peak-to-peak level.

S1a selects the sine, triangle or square
wave and the signal is attenuated with
the 22k} level potentiometer. The
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Frequency Counter

IC2 is the heart of the frequency
counter and is a 74C926, made by Na-
tional Semiconductor, This is loosely
described by the makers as a 4-decade

| counter with multiplexed 7-segment ou-

put drivers. As well as the 4-decade
counters, it also contains a 4-hit latch for
each decade (the four flipflops alluded to
earlier), BCD to 7-segment decoder
drivers and the multiplexing circuitry to
drive the seven segment lines and the
four digit driver transistors. It drives com-
mon cathode LED displays via BC337's
which are used as digit drivers.

For the b50Hz timebase reference
signal, a connection is made to the
transformer secondary wvia a 10kQ
resistor. This is clippeJ by diodes con-
nected to the positive and negative 5V
supplies and then fed to the input of
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IC7d, another Schmitt trigger, to be
squared up. This signal is then fed to two
4017 decade dividers in cascade (IC4
and IC5) to produce a 0.5Hz signal
(2-second pulses) which gates the 4-digit
counter, as described previously.

The timing operation of the circuit is
best explained with the waveform
diagrams of Fig. 3. Firstly we will assume
S2b to be in position 1 for the purposes
of explanation. When the waveform at
the wiper of S2b is low, the output of
ICbc, connected as an inverter, is high
and the input frequency from IC7b is
allowed to pass to the output of ICha
and to the clock input of IC2. IC2 then
counts the number of clock pulses.
When the wiper of S2b goes high, the
output of IChc goes low and the clock
signal to IC2 is prevented from passing
to ICha and further clocking 1C2. IC2
then stops counting the clock signal.

When switch S2b is in position 1, the
50Hz is divided by 100 and this signal 1s
applied to pin 12 of 1C6d, a NAND gate.
The inverted signal from 1C6¢ is also ap-
plied to the reset of IC3.

The clock signal 1s now able 1o pass
through 1C6d and clock 1C3. Alter one
clock cycle, the “17 of 1C3 goes high and
latches 1C2. The counted pulses of 1C2
are now stored in the latch of 1C2. After
another two clock pulses, the “37 goes
high and 1C2 s resel, ready Lo count the
next set of clock pulses. When the 4”7
output goes high at the next clock cycle,
the CE or clock enable is disabled (high)
and remains high until reset with pm 10
of 1IC6c going high.

So the complete cycle of events in
counting the clock pulses occurs in this
sequence. The cleared counter of 1C2
begins to count the clock pulses and is
stopped counting when hall the
timebase period has completed. One
clock cycle after this, the counter is latch-
ed and the latched count is displayed on
the display. The counter is then resel
with IC3 and IC3 waits for the end of the
timebase cycle when it is reset.

With S2b in position 1, the displayed
count is i Hz since the counter counts
over the period of 1 second. When S2b
1S in position 2, the display is in Hz x 10
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since the counter counts only over ()1
seconds. The third position of $2b pro-
vides a 015 or 10ms counting time and
the display is in Hz x 100, If the signal for
this timebase were Lo be taken directly
from the output of 1C7d, the display
would be updated every 20ms. This
would lead to a very fast changing
display and make the last digit appear as
a flickering 8.

o alleviate the fast update time, the

counting perod has been kept the same

but the number of counting periods has
been reduced by 10, This 1s done with
IC6b, which passes the 20ms timebase
signal only when pin 10, the “4" output
of 1C4 goes high or once in every ten
20ms cycles. '

Note that 52 selects both the pating
time of the frequency meter section and
the capacitor of the function generator,
1T

Power for the circuit 1s derived from a
lull-wave centre tapped supply, pro-
viding positive and negative supply rails.
Filtering s provided  with 1000uf
capacitors connected from each supply
Page 3



rail to ground.
There are three 5V regulators, one
positive and two negative. One —5V Y

regulator supplies 1C1 and 1C7 while ™PUTTREOVENEY

the other supplies IC2 and the associated '

logic ICs. The reason for this unusual ar- —

rangement is to isolate the severe GATING PERIOD |- |
IC6c. PIN10  _|

multiplexing noise generated by I1C2, COUNTING
~—— PERIOD

from the function generator, IC1. This -
results in an output waveform free from COUNTER CLOCK ].”.[I.”.”."ﬂ”".".l
the noise generated on the other IC2. PIN 12

negative supply line.

The 1uF and 10pF capacitors con-
nected at the input and output of each
regulator prevent instability in the
regulators and provide transient and rip-

GATING PERIOD
WIPER OF 52b

These  fiming  wavie-
forms illusteate  the
operation ol the mbuoll
frequency  counter i

ple rejection at the regulated output.

It should be noted that while IC2 s
powered from the negative 5V rail, its
CK, LE and R inputs are driven from 1C6
and IC3 which are powered from +5V
rails. This means that these signals will
swing above the Vcc line for IC2 by +5V.
However, although 1C2 can only be
operated from a maximum supply
voltage of 6V it can safely handle signal
voltages up to 15V without damage.

Construction

Construction is simplified by having
all of the components mounted on a
main printed circuit board. If you careful-
ly follow the steps involved, you should
have no problems.

Note that the 7-segment LED displays
are mounted on a separate board, that
butts up against the main PC board,
and is soldered toit via edge connection
strips. This display board also carries all
switching facilities. Do not mount parts
on the display board as yet—it is part of
the final assembly.

Firstly check that the copperruns
right to the edge of the larger PC board.
If not, file the board until the copper is
flush to the edge.

Insert and solder all the links
required on the main board. Follow the
circuit overlay closely to avoid errors.
Then position and solder all PCB pins.

Now mount the resistors and capa-
citors. Remember that electrolytic and
tantalum capacitors are polarised, so
care must be taken.

Then insert the trimpots; position these
to allow easy access later on when
trimming.

All transistors can be mounted
now, as well as the three regulators.
Note the orientation of these compo-
nents, then solder.

[0 Next position the four TN4002
and the two 1N914 diodes. Make sure
these are mounted correctly. Solder
and trim the excess leads off close to
the board.

Now insert the ICs. Follow the
PCB overlay closely; pay particularatten-
tion to orienting the 1Cs correctly. When
soldering CMOS-ICs , solder the supply
rails first and be careful not to apply
excessive heat.

Lastly mount the power transfor-
on the PC board, then solder.

COUNTER LATCH
IC3. "1"_PIN 2

the Function Coeneralor

COUNTER RESET
IC3,"Y.PINT

I
Lt 0
0
It

CLOCK ENABLE
IC3. CE. PIN 13

FlG. 3

[0 Mount the LED displays on the
display board as shown. Solder just two
diagonally opposite pins on each display
first. Check that the displays are properly
seated and aligned before soldering
the other pins.

It is not necessary to solder pins that
are not connected to tracks.

Install all links on the display
board. The topmost link is best mounted
on the back of the board (copper side),
andda piece of insulated wire should be
used.

Now push the switches into the
appropriate positions on the display
board, but DO NOT solder yet.

Now fit the front panel over the
switches and slide the two pieces into
the $mnves in the case. Both parts
should lay flat at the bottom of the
case. If the display board edge does
not lay completely flatalong the case, it
may be necessary tofile a small amount
off each of the four corners to achievea
perfect fit.

RESET

1 When everything fits, align the
switches in their src:ts. You may have to
touch-solder one pin of each switch to
accomplish this. After you have ensured
that each switch operates correctly in
iIts position, solder them into place.

Now place the main PCB on its
mounts, so that it butts up against the
display board. It may be necessary to
lift the main PCB up a little by means of
one or two nylon washers on each
mounting stud (to clear the solders
joints). With a pencil, draw a fine line
on the display PCB where the two
boards meet.

~ Take the boards out of the case
againand line them up using the pencil
mark as a guide, then solder two of the
outer edge connectors to each other,

ensuring that the two boards are at 90°
to each other. Check by sliding the unit
back into the case. If all is well, solder

| the rest of the connectors.
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These oscillograms show the signal quality at 1TkHz (above) and 100kHz (below). The square wave risetime is 0.4us.

Next mount the pots and the
BNC socket on the front panel. Position
exactly as per overlay. _

Also cut the perspex to correct size
and glue to the frontpanel.

Connect the cases of the pots by
running a length of tinned copper-wire
from the 22k pot (LEVEL) to the 1M pot
(COARSE), then from the 5k pot (FINE)
to the 1M pot. Leave approximately
30mm of this wire for connection to
the display board, but DO NOT solder
as yet.

Cut off nine (9) pieces of tinned
copper-wire and solder to the terminals
of l!‘m three pots. Then gently push
each wire through the appropriate hole
in the display board.

Slide the PCBs back into the case
and solder the pot wires, then start the
inter-wiring.

L  Firstly solder two wires to the
BNC socket and run them to the PCB,
then run three wires (one for each pot),
as can be seen on the overlay.

Finally wire the two function switches
(leave the mains switch till last). Follow
the overlay carefully.

It is most important that the mains
wires are terminated as follows:

Slide a 20mm piece of spaghetti over
the brown (active) and blue (neutral)
wires. Twist the bare ends between
yvour fingers so that they are tightly

—

Internal view of the Function Generator mounted in the case, Noife

bunched and then feed them througk
the eyelet in the mains switch., The
brown wire is terminated to the botton
left terminal, the blue goes to the
bottom right terminal. After the wire i
through the eyelet (every strandl) benc
it back onitself, so that it wraps arounc
the terminal. Now solder to the termina
along with the PCB pad. Slide the
spaghetti over the joint so that it butt:
up against the PCB,

The wires that go back to thi
primary of the transformer (on thi
PCB) are now terminated in the same
way. The red poes to the centre lef
terminal of the switch and the blacl

to the centre right, Don’t forget the

spaghetti over each wire!

- = |

the position of the display board. . '

Paged Text and lllustrations courtesy of Electronics Australia
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Setting up

Setting up the Function Generator can
be achieved in one of two ways: by using
an oscilloscope (if available), or by using
a loudspeaker or headphones. For either
method, the symmetry tnmpot, R1, anc
the sine adjust trimpot, R4, should initial-
ly be adjusted for a midway setting. The
level adjust trimpot should be set to the
minimum resistance setting (toward the
rear of the case) and setting up begun
with these settings.

When using an oscilloscope, the max-
imum level of the sine wave can be
determined before clipping by adjusting
either R2 or R3. Then switch to the
triangle waveform and adjust R2 to give
a tnangle wave level the same as the
previous sine wave setting. Return to the
sine wave and adjust the level with K3
only to a level just before clipping. The
triangle wave and sine wave levels
should now be the same.

R4 can be adjusted for best visual sine
wave output and the symmetry trimpot,
R1, adjusted for a symmetrical
waveform. The distortion trimming
should be done at 1kHz.

If no oscilloscope 15 available, then
satisfactory results can be achieved with
either a loudspeaker or with head-
phones. Connect to the output terminals
and increase R2 and R3 together when

This diagram gives the drilling details

for the rear panel.

|

Drill 10mm. hole "
for rubber grommet

15mm.

listening to the sine wave. Adjust the

output level potentiometer to a suitable
listening volume. The point at which the
sine wave clips will be immediately ob-
vious from the marked increase in distor-
tion. Back the two trimpots off slightly
from this point. If both the trimpots are
set to the same resistance value, the sine
and triangle wave should be of a similar
output level.

Now disconnect the loudspeaker or
headphones, switch to sine wave and
connect a multimeter across the output.

I-P‘iﬁmm,

With multimeter set to read 200mV DC
or less, adjust R1 for a zero reading. If no
meter is available with reasonable sen-
sitivity, set R1 to the centre of its range.

In adjusting the sine wave for sym-
metry, you are equalising the positive
and negative swings of the waveform. -

Now reconnect the loudspeaker and
adjust R4 for minimum distortion on sine
wave at TkHz. This is done by listening
closely for the purest tone. At one ex-
treme (minimum resistance) odd har-
monics will predominate while at the

other extreme, even harmonics will
predominate, so there is a definite set-
ting in between where the tone is purest.
With careful setting, it is possible to ad-
just the distortion by this method to less
than 0.7%.

With both setting up methods, the clip-
ping point of the sine wave should be
readjusted after trimming the distortion.
The maximum expected output level of
the sine wave is around 6V peak to peak.

If you have access to a distortion
analyser, it is possible to obtain a
minimum harmonic distortion of around
0.5% by critical adjustment of R1, R3 and
R4. This will result in distortion of less
than 1% at 10kHz and around 2% at
100kHz. These figures will naturally be
slightly higher if you have used the
methods described above. Even so, for
most audio work, this is entirely
satisfactory.

— = e .
SPECIFICATION |

Frequency range: From below 20Hz to 170kHz in three ranges.
Output level: Continuously variable from 3mV lo 2 5V peak-peak.
Output impedance: 600{) (nominal).

Waveforms: Sine, Triangle, Square.

Sine wave distortion: Less than 0.7% at 1kHz: 1% at 10kHz and 2%
at 100kHz.

Triangle wave linearity: Better than 1% at 1kHz.

Square wave rise-time: 0.4us (6V/us at maximum output level).
Overshoot, etc: Negligible overshoot, droop or ringing.

Readout accuracy: +2% + one digit.

Amplitude stability: Better than 0.1dB on all ranges.
Power consumption: 7W at 240VAC.
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