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Most commercially available function
generators suffer from the distinct dis-
advantage that they represent a pretty
hefty investment for the amateur con-
structor, who, unlike a service workshop
for example, is unlikely to ever make
full use of the wide range of facilities
offered by a professionally produced
instrument. For this reason, the circuit
described here, which incorporates a
special function generator IC, type
XR 2206, was designed to strike the
right balance between cost and perform-
ance. Although lacking ‘top-notch’ speci-
fications, it offers a wide range of wave-
forms, is both simple to build and
calibrate, and is extremely easy to
operate.

The function generator can switch
between sine, square, triangle, sawtooth
and rectangular pulse waveforms. It has
a linearly calibrated frequency scale
which covers a range of 9Hz 1o
220 kHz. In addition to a special output
stage which ensures a low output
impedance, three calibrated output
voltage ranges are provided: 0 ... 10 mV,
0...100mV and 0.1V (RMS). The
circuit can be calibrated without the
assistance of an oscilloscope, and the
compact design means that it can be
easily mounted in a neat case.

The XR 2206

The circuit utilises the purpose-built IC
function generator, type XR 2206
(Exar), the pin configuration and
internal block diagram of which are
shown in figure 1. The heart of this IC
is the VCO (which in fact is a current
controlled oscillator, CCO, though the
manufacturer’s data calls it a VCO). The
frequency of the oscillator is deter-
mined by the external capacitor and
resistor, Cext and Rexi- A control
current, If, is switched via integrated
current switches to one of the two cur-
rent outputs (pin 7 or 8) of the IC,
depending on the logic level of the
selector input (pin 9), thus providing
the possibility of frequency shift keying
(FSK).

The VCO output is buffered by an
integrated transistor, the collector of
which is accessible at the synchronis-
ation output, pin 11. This output pro-

A function generator is a versatile
and extremely useful device,
which provides the constructor
with a simple and efficient means
of testing his home-built projects.
It should therefore be a virtually
indispensable part of any
hobbyist’s basic equipment.

vides a rectangular pulse waveform. In
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addition the VCO signal provides the
basis for the signal generation carried
out in the multiplier and sine converter
section. Pins 13 . .. 16 allow adjustment
of sine purity (distortion factor) and
symmetry. The DC level at the signal
output can be adjusted via pin 3.

The sine, triangle and sawtooth wave-
forms are buffered via a voltage fol- |
lower, and are brought out at the low
impedance output, pin 2.

The amplitude of the sine/triangle out-
put can be varied linearly by a control
voltage at AM input pin 1 of the IC.
This makes amplitude modulation of
the oscillator signal possible.
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The voltage between the current con-

nection pins 7 and 8 is stabilised to 3V

(typically) within the IC. As this refer- |
ence voltage exhibits only d very simall™
temperature coefficient (6 X 1075 v/°0),

the temperature stability ot the oscil-

lator frequency is also very good

The control current Iy may vary be

tween | A and 3 mA° however, opti-

mum femperdlure stability is obtained

in the range between 15 uA and 750 pA.

The {requency ol the VCO is determined

by this current lj and the value of the

external capacitor Cegx(, the control

current being adjusted by meuns ol 4

resistance R between pins 7 ot 8 and

earth. The equation for the Frequency

is as follows [
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As a result of the above function 1L
graph of frequency versusilue of Red
is not linear bul hyperbolic i.>.cellgl“\“‘-'i
curve a). It would be possible 10 ohtd
an approximation to a linear curve 3
using an anti-logarithmic polenlml“e“."é'
However, by means of a little mg‘»‘ﬂ“:‘
it is possible to vary the control curréiy
linearly, so that the resultant frequen®
scale will also be linear (se€ figure &
curve b). Lol

UOUI(mV

0...1000

0. 100

0..10

B3a53 Ib

]

1
50 60

9453 2

70 BO 80

—— control setting

(@: % Rext, max; ®: % !max)

output frequency, so that a linear
change in this current will, of course
cause a linear change in the frequency.’
In figure 3 this current change is ef-
fected by means of the voltage divider
R4, P1, P6 and R7. The component
values of this divider are so chosen that
the voltage Uf at the wiper of P1 may
vary between 0.3 and 2.8 V. This volt-
age determines the voltage drop across
R5 (= 3 V—"Uys) and, by virtue of Ohm’s
law, the frequency-determining current
If which flows through this resistor.
Since there is a linear relationship
‘petween voltage drop and current, a
linearly " calibrated scale for the adjust-
ment of frequency can be obtained
using a linear potentiometer:

_3V-Ug
BTN

If R,

0
3V -Uy

S e % R

When switch S2 is closed, and assuming
?hat RS = R6, then the control current
is doubled, thereby doubling the fre-
quency of the VCO. The adjustment
range of P1 enables the frequency to be
yaried over slightly more than a decade,
i.e. from 9 Hz ... 110 Hz for example.

Fine adjustment is achieved by means
of P6.

The generator

The complete circuit diagram of the
generator is shown in figure 4. Pin 2 is
the output for sine, triangle and saw-
tooth waveforms, whilst squarewave and
rectangular pulse waveforms are avail-
able at pin 11. Cl1 to C4 are the fre-
quency determining external capacitors
(Cext). Switching between frequency
ranges is effected by means of SI1.
C5, C6 and C12 are decoupling capaci-
tors.

The voltage divider R1/R2 halves the
supply voltage, and via pin 3 sets the
DC voltage level of the IC. As a result

the DC voltage at pin 2 is also % =6V,

The amplitude of the output signal may
be.varied by means of P2 and P3. The
a@]ustment is carried out separately for
sinewave (P2) and triangle/sawtooth
(P3) in order that the peak-peak value
of all three voltages be the same; S3a

This is done s fallows. A constan! N
age of 3 V 1s present at pin 7 of If}s il
The current which flows lrom this ¥y

to earth is directly propomonai 'S

XR 2206

Figure 1. Internal block diagram of the
function generator IC, XR 2206.

F_igure 2. The principal feature of this func-
tIOI:I generator is the linear frequency scale
which considerably improves ease of oper-
ation.

Fi.gure 3. This partial circuit configuration,
v_vnth the XR 2206, produces an almost
linearly calibrated frequency scale.

allows for switching between P2 and P3.
The symmetry of the triangle and sine
waveforms can be adjusted by means of
potentiometer P4, whilst the distortion
factor of the sinc signal can be varied by
means of PS. Swilching between sine
gr:;(;l) triangle waveforms is achieved by
When switch S4 is closed a sawtooth
signal is present at output A. The inte-
grated current source will then switch
between pin 7 and 8 at a rate equal to
the frequency of the rectangular pulse
§1gnal at output B, thus providing an
automatic’ frequency shift keying. The
slope of the trailing edge is determined

by the value of R8, which should be not
lower than 1 k.
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Figure 4a. The complete circuit diagram of
the function generator section.

Figure 4b. The output stage ensures that the
generator has a low impedance output and
allows precise adjustment of the output volt-

Figure 4c. The power supply is built round an
integrated voltage regulator.

Figure 5. Component layout and track pat-
tern of the printed circuit board for the
function generator (EPS 9453).

9453 4b

IC2
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Parts list

Resistors:
R1:R2,R22 = 4k7
R3 = 56 k

R4 = 1k8

R5,R6 = gk2
R7-56 0

R8 = 22

29= 5k6

10,R11,R20 = 3

R12 =330 k
R13=39 g

R14 =15

R15 =22

R16 = 220
Ri8R19=- 10,
| R21=19

Potentiometers:

P1 = 500 Q wirewound
P2,P3 = 10 k preset

P4 = 22 k preset

P5 = 500 Q2 preset

P6 = 100 2 preset

P7 =10k lin

Capacitors:

Cl=1ypu

C2=100n

C3=10n

C4=1n

C5,C8,C12 = 2u2/16 V tantalum
C6 = 1u5/6 V tantalum
C7=680n

C9 =470 u/16 V

C10 =1000 u/25 V
C11 =4u7/16 v

Semiconductors:

IC1 = XR 2206

1IC2=1L130

T1=BC108 (107, 109, 546,
547, 548)8

T2=BC109 (107,108, 546,
547, 548, 549)C

T3=BC178(177,179, 556,
557, 558)8

T4=BC140

T5=BC160

D1...D3=1N4148
D4 ... D7 = 1N4001
D8 = LED

Switches:

S1 = multiposition; 1 pole 4 way

S2 = SPST

D3a,S3b,54,85 = multiposition;
4 pole 5 way, or 3 switches;
DPDT, SPDT, SPST

S6 = multiposition; single pole
3 way

Miscellaneous:
Tr = transformer 15 V/500 mA
100 mA fuse with holder
2 heat sinks, type TO 5
(for T4/T5)
4 sockets, 4 mm diameter
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The output stage

is a low output impedance and a precise,
easily adjustable output voltage. Both
these conditions are met by the output
stage shown in figure 4b.

The sine, triangle and sawtooth signals
from output A of the generator stage
are fed via switch 85 to the base of T1.
The squarewave and pulse signals are
present at output B of the generator,
this output being the collector terminal
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A prerequisite of a good signal generator ™

of a bhuffer transistor contained within
the IC (see figure 1). R9is the collector
resistor of this transistor, and at the

voltage divider which limits the ampli-
tude of the squarewave signals  to
approximately 4.5 V. This ensures that
the sync. output is both TTL compat-
ible and short-circuit proof and may
therefore be used to drive TTL cir-
cuitry, as well as to provide synchronis-
ation and trigger signals for an oscillo-
scope. T1, which is connected as an
emitter follower, buffers the relatively
high impedance outpuls of the gener- |
ator (600 §2 and 2000 ). The division
ratio of the voltage divider R11. .. R13 |
are 1,10 and 100, thus dividing the out-
put amplitude into three switchable (by
means of $6) decade ranges. The output
voltage can be varied continuously
within these ranges by means of BT,

The actual output stage itself consists of
transistors T2 to TS5, which together

and T3 form an emitter-follower con:
sisting of a complementary Darlington
pair, which ensures that the outpul
stage has a high input impedance and
that the output transistors T4 and T5,
which are also a complementary pair,
are driven from a low impedance source.
The high input impedance reduces the
load an P7 and allows a non-electrolyti
capacitor to be used for C7, Via diodes
D1 ... D3 transistors T4 and TS receive
2 base bias voltage which causes &
quiescent current of approx. 30 mA 0
flow through the emitter resistors. This
measure effectively reduces the distor
tion of the output stage. C9 AC couples
the output signal. The impedance of the
AC output is approximately 5 €, whiclt

-

game time, together with R10, forms a*e

7

form a DC coupled voltage follower. TZ‘,.

means that it can be connected direct 9

short-circuit proof.

a loudspeaker. The AC output is 35 .
Ure 5)
13 » thus
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The power supply

The supply (see figure 4¢) is 4
straightforward, being built round an \{
regulator which produces d stable 4
output. Since the supply, generator 479
output stage are all mounted 07
same board, the only external conne:
tion required is the mains transtori?

uité

on/off indication,

Printed circuit board and frof
panel

. 1 Gﬂ
The entire generator 18 mounted

i
single printed circuit board (€€

(approx. 15 V/0.5 A). LED D8 proviey

'_c(?l'EStruction. F
::T?BIE!‘I for the f

HE Indjvj
Fﬁnge(illv;gu?l controls and sockets are
of i unctional groups for ease
DS, iy - . The power indicator LED
Unted above the on/oft switch’

' the rj P
ght i
Wohich of them is potentiometer

largec:m'r()]s the signal frequency
agslly-read scale allows finé

v rangejucs’lment. The desired fre-
" an b;eoselected using the
‘ » X 10, x 100, x 1000):

. -11](()Hz, 100 Ha . 1.1 Kt
Cof gtz 10Ktz 1o kHz,
using the feéquencies can be

igure 6 shows a suggested
ront panel.

Uency

Bquency I'X 2 switch, so that
f anges are available in

Figure 6. The ergonomically designed front

panel facilitates operation
of the f i
generator. wrmen

Figure 7. Wiring diagram for the sockets

switches and potentiometers si
s situated
front panel. e

Figure 8. The single multiposition switch
used to select the desired waveform can be

replaced by three separate i
S3b, S4 and S5 e L

Figure 9. Accurate frequency calibration can

be achieved by usin is si
g this simple -
tary circuit. s

all. The sel?ctor switch for the various
waveforms is situated to the right of the
frequency controls.

The output voltage is continuously vari-
able between 0... 10 mV, 0... 100 mV
and O 1000 mV, the appropriaté
‘rang? be?mg selected by means of the
mV sw1.tch (x 1, x 10 and x 100). The
output signal is taken from the ‘AC’ ter-
minals, and the synchronisation signal
from the ‘sync’ terminals.

Wiring and construction

To fu.rther facilitate construction of the
funct1§)n generator a wiring diagram
(see f%g.ure 7) is provided. In particular
the wiring of the selector switch for thé
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various waveforms seems fairly compli-
cated at first sight. A 4-pole, S-way
switch is required, which must first be
wired ‘internally’ and then soldered to
the appropriate connections on the
printed circuit board (see figure 7. 1t is
recommended that screened wire be
used for switch S5, since this will pre-
vent crosstalk from the squarewave sig-
nal on these leads. The wiring for
switches S1, S2 and S6, as well as that
for the AC and sync outputs, should
present no special problems.

Components

A wirewound potentiometer is rec-
ommended for P1, since this type gener-
ally has a superior linearity to that of
carbon potentiometers. Of course the
use of a 10 turn potentiometer with
slow motion drive, which would provide
extremely accurate adjustment of fre-
quency, is also possible; however this
would naturally involve somewhat more
expense. Only close tolerance capacitors
(MKM) should be used for C1 ... C4.

It is also worth mentioning that it is, of
course, possible to replace the multi-
position switch used to select the
desired waveform by three separate
switches (see figure 8). This solution
does complicate the operating pro-
cedure slightly, and whether it proves
cheaper or not will depend on the type
of switch which is used.

Calibration

After the components have been
soldered onto the circuit board and the
external switches and potentiometers
have been wired up, the entire construc-
tion should be carefully checked. Once
this has been done power can be applied
and the on load supply voltage
measured. This should not vary more
than 10% from 12 V.,

Amplitude calibration

® First of all switch S6 should be set to
position 1 (x 100) and potentiometer
P7 turned fully clockwise (maximum
amplitude).

® Select a sinewave signal with a fre-
quency of approx. 1 kHz.

® Set P2 for minimum amplitude, i.e.
turn the wiper to earth.

® Set P4 and PS5 to their mid-position.

@ Connect a universal multimeter with
an AC voltage range of 2 V RMS to
the AC output of the generator,
and adjust P2 for an output of either
1 Vor2VRMS.

The above step requires a little clarifi-

cation. The advantage of selecting the

higher output voltage of 2V RMS is

offset by a resultant deterioration in the

quality of the waveform at high fre-

quencies (above roughly 50 kHz). Thus,

in order to obtain a reasonably pure

waveform for frequencies up 10 approx.

200 kHz, it is recommended that the

output voltage be set to 1 V.

To achieve the low distortion factor of

sheet, further calibration using a distor-
tion factor meter is required. In this
respect it should be mentioned that, in
spite of the carefully designed board
layout and the use of screened leads to
and from switch 85, there is the likeli-
hood of crosstalk (largely within the IC
itself) between the squarewave- and
sinewave outputs. At increased fre-
quencies this results in pulse spikes
being superimposed upon the sinewave
signal. For applications which require a
minimal distortion factor the simplest

the squarewave output, thereby remov-
ing the source of the distortion.

® Coarse adjustment of the output sig-
nal for distortion is achieved using
P5, whilst P4 provides fine adjust-
ment. If no distortion factor meter
is available, then setting P4 and PS5 to
their mid-position should give satis-
factory results.

® The amplitude of the triangle and
sawtooth signals can be adjusted by
means of P3. Switch to the triangle
waveform, and adjust P3 until the
multimeter reads approx. 0.8 V.

Of course the adjustment procedure can
also be carried out using an oscillo-
scope:

sine: by means of P2 set the amplitude
to 2.82 Vpp (the equivalent of 1V
RMS) or 5.65 Vpp (2 V RMS).

or 5.65 Vpp.

Frequency calibration

There are basically two methods of cali-
brating the function generator fre-
quency scale.

The first is to use a frequency counter
connected to the synchronisation out-
put, set P1 to 100 Hz, and by means of
P6 the frequency can be adjusted (o
correspond with the scale reading.

The second method is to use the circuit
of figure 9. The AC voltage of roughly
6...12 V supplied by the bell trans-
former is rectified and fed via a 1k

in a pulsed DC voltage which has a fre-
quency of 100 Hz, and which is clearly
audible, being applied to the loud-
speaker. In addition the loudspeaker i
fed via a 100 ohm resistor with 2

function generator (AC output). Since
these two signals add, a beat note i
produced as they drift in and out of
phase. By means of P6 the frequency of
the function generator can then be
adjusted until zero beat occurs. In only
a very few cases will an absolute zer0
beat be produced, since both the mains
and the generator frequency are subject

it is sufficient to reach a low beat fre:
quency of under 5 Hz. H

typ. 0.5% specified in the IC’s datawl.

solution to this problem is to short oudsg

1

resistor to a loudspeaker. This results |

100 Hz sinewave signal taken from the®

to periodic fluctuations. For this reason |

market
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Security lock uses
identity cards

An extra feature to their elec-
tronic digital door lock is intro-
duced by A.R.C. Europe Ltd

— an integral card or key reader
unit.

In its basic form the lock will
operate an electric door strike if
the correct four figure code is
entered on the recessed keyboard.
Arrangements are included for
secret alarm signals, entry of
incorrect codes, changing of codes
at will and so on.

| With this new model the user has

| to first push a personal card or
key into a slot in the lock and

triangle: by means of P3 set to 2.82 Vpp | then enter a code which corre-

+Sponds to that on the card or key.
The code is different for each
|individual and has to be
memorised — it could for
example be the figures of an
|important date.
Cards are plastic and are coded
‘magnetically — like bank or cash
C.a.l'ds — and keys, about car key
isize, are of nylon with codes cut
\as notches. For extra security,
!hnwfwar, the code in the card or
'key is not the same as the one
|entcred. It is itself de-coded by an
electronic matrix before compari-
son with the entered code is
/made. Matrix boards are plug-in

L. . |
\units, so changing them means

!that I‘m_ m time to time people’s
memorised codes can be altered

Without exchanging keys and vice
Versa,

&

As on the basic model to allow
for operator errors the lock can
be set to accept one or several
incorrect codes before an alarm
sounds. Even when a correct code
is entered the door strike is not
operated until the card or key is
removed from the lock, to
prevent its being forgotten.
Electronic controls for the locks
are all on the inside wall. If an
intruder were to wrench the
whole lock from the wall the door
would remain shut. All locks are
independently installed, just
plugging into a convenient power
socket. No central electronic
processor is required.

Price, depending on specification
is from £ 495 plus VAT.

ARC Europa Ltd.

Shakespeare Industrial Estate
Watford

Hertfordshire WD2 SHD

England

(620 M)

Timer-counter to 35 MHz

New from Gould Advance Ltd.,
the TC 320 is a rugged, S-digit
timer-counter offering frequency
measurement up to 35 MHz.
Extensive use of low-power
C-MOS and Schottky circuitry,
plus thick-film resistor networks
and an openplan component
arrangement, gives high reliability,
easy access for maintenance and
low cost of ownership.

»

Facilities offered by the TC 320
include frequency, single-period,
multiple-period and ratio
measurement, together with
counting and totalising.
Frequency measurements up to at
least 35 MHz can be easily made
with the clear, 7-segment
Beckman-type display. The single-
or multiple-period facilities can be
selected for lower-frequency
measurements, and the count
mode totalises regular or random
events up to a 35 MHz rate.
The high-impedance 10 mV input
is enhanced by slope selection
facilities and a ‘disciplined’ trigger
function; the display indicates
zero if a signal is insufficient for
correct operation of the amplifier.
Input facilities include automatic
gain control, with sensitivity
automatically adjusted to give
optimum triggering.
The instrument is housed in a
rugged case measuring 88 mm
high x 258 mm deep x 280 mm
wide, and weighs 2.27 kg.
A multi-positioned carrying
handle allows the instrument to
stand at varying angles.
A battery-powered option is
available, using five rechargeable
nickel-cadmium cells to give
8 hours’ operation. The batteries
are trickle-charged during normal
AC operation.
A temperature-controlled crystal
option is also available, increasing
the crystal accuracy from one
part in 10° to one part in 107 and
the temperature stability from
one part in 10° (0-35°C) to two
parts in 10¢ (0-50°C).
Gould Advance Limited
Roebuck Road
Hainault, Essex
England

(618 M)

Silicon photovoltaic cells

Recently introduced by NSL is a
new family of Silicon photo-
voltaic cells having not only good
stability and high efficiency but
also excellent short circuit current
linearity over wide ranges of
illumination.

Being fully compatible with

simple transistor amplifiers and

eminently suitable for both power
generation and light sensing appli-
cations particularly at low light
levels, this family of cells also
feature low leakage currents of
10 A maximum when reverse
biased by only 1.5 volts and fast
response rates of typically 8 us.
Although these Silicon cells are
generally of N on P construction,
reverse polarity PN cells can be
provided with, in each case, a
choice of low capacitance high
speed 800 material, or alterna-
tively 700 type material giving
higher open circuit voltages.

@ |
v ®

J

Available in TO18, TOS and %"
diameter hermetically sealed
packages, both the 700 and 800
series devices will operate over a
temperature range of —60°C to
+125°C.

National Semiconductors Ltd.
Stamford House

Stamford New Road, Altrincham
Cheshire, WA 141 DR

England

(619 M)

High-voltage fast-
switching power
transistors

RCA Solid State-Europe has
launched a new range of high-
voltage fast-switching power
transistors designed for
applications such as switch-mode
power supplies and motor control
from rectified mains supplies.
The devices cover a range of
collector currents from 3 A to

15 A, have fall times of 300-

800 ns, can sustain collector-
emitter voltages up to 450 V, and
will operate at up to 30 kHz.

RCA Limited/Solid State-Europe
Sunbury-on-Thames

Middlesex, England (627 M)




