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FUNCTION GENERATOR 

Design by H. Bonekamp 

A generator is described that, based on the MAX038, provides 

triangle, sawtooth, sine, rectangular and pulse waveforms. 

he MAX038, on which the present 
generator is based, is an inte- 

grated, high-frequency, precision 
function generator whose output fre- 
quency can be controlled over a fre- 
quency range of 0.1 Hz to 20 MHz by 
an internal 2.5 V bandgap voltage ref- 
erence and an external resistor and 
capacitor. Its duty factor can be varied 
over a wide range by applying a +2.3 V 
control signal, facilitating pulse-width 
modulation and the generation of saw- 
tooth waveforms. Frequency modula- 
tion and frequency sweeping are 

achieved in the same way. The duty 
factor and frequency controls are in- 
dependent. 

Circuit description 

The circuit diagram of the generator proper 
is shown in Fig. 1 and that of the liquid 
crystal display, LCD, in Fig. 2. 

The frequency of the MAX038, IC), is 
determined by C,—C7 which are linked to 
pin 5via S),. The highest frequency is gov- 
erned by Cs5-C7, an arrangement that 
eliminates the effect of parasitic capaci- 
tances (about 20 pF). Switch section Sj, 

sets the decimal point on the display. 
The waveform is selected with Sg, one 

of whose sections (a) is linked to selection 

input pins 3 and 4 of IC). The second 

section (b) is used to set the duty factor 
and symmetry of relevant output sig- 
nals (triangle, sine and rectangular). 

The symmetry is set with an auxiliary 

voltage derived from the reference po- 
tential, U;ep = 2.5 V, which is generated 
internally by IC,. The duty factor must 
be adjusted with a symmetrical refer- 
ence voltage, which is obtained by in- 
verting U;er in IC3,, that is, amplified by 
-—1. The op amp is stabilized by an RC 

network. The control range of P; then ex- 
tends from —U,er to + User. 

The signal at the wiper of P| is applied 
to duty factor adjust pin 7 of IC, via 
IC5, when Sg is set to position sine, tri- 
angle or rectangular. In positions trian- 

gle and pulse, the potential at pin 7 is set 
with P5. Although this potentiometer also 
has a control range of —U;er to +U;es, this 
is reduced to about 40%. This diminution 
is required since all control inputs, with 

the exception of sweep, are normalized 
to a range based on a control voltage of 
ot 

The signal frequency can be varied via 
voltage-controlled frequency adjust input 
pin 8 and via current-controlled frequency 
control current input pin 10 of IC}. 

A voltage is applied to pin 8 when an 

external signal is to provide frequency mod- 
ulation. The control voltage, taken from 
Ky, is applied via S3, to IC9,, in which it 
is raised x2.4 to normalize it to +1 V. 

With switch S3 in position 1, the input 
at pin 10 of IC; enables the frequency to 

be set manually so that the generator 
can be used in the traditional way. Pin 8 
is then low (via IC9,). The current sunk 

via pin 10 varies between 16 pA and 
250 pA. 

With Sz in position 3, the central fre- 
quency can be set with P5, whereupon the 
frequency sweep around this frequency 
is arranged by a voltage at Kg. 

With Ss in position 2, op amp ICgp, 
raises the external sweep signal at Ky 
x7.5, whereupon the signal is passed to 
ICg, via S3p. Op amp ICg¢, is connected as 
a voltage follower, whose output is con- 
verted into a current to pin 10 of IC, by 
Rgg. Here again, pin 8 is made low. 

The output signal is available at OUT 
(pin 19) of IC). Since this is not suffi- 

cient, it is applied to buffer amplifier 

IC4. This op amp has a slew rate of 

1000 V ps~! and a peak output current 
of 150 mA. It amplifies the output of IC, 
x10 and, at the same time, ensures cor- 
rect compensation of the offset voltage (in 
conjunction with IC3,). The output volt- 
age at Ks can be preset between 0.5 V, 
and 22 Vp). Resistors Rg, Ro3, Req, and 
Ros ensure an output impedance of 50 Q, 
and at the same time that the output re- 

sistance can dissipate sufficient power. 
The junction R)g-Rj9-Rgo9 is at ground 

potential for a.c. via C}g, Cjgand C99, but 
direct voltages at the output of IC, are 
applied to IC4. Since IC3 does not work 
well with a capacitive load, a compen- 
sating network, R)8-Rj9-C)7 is provided 
at its pin 7. In this way, the offset of the 
output signal can be adjusted by +5 V. 

The SYNC output (pin 14 of IC) is buf- 
fered by TTL gate IC;, and then applied 
to K,. The signal is at TTL level. The im- 
pedance at K, is 50 Q. 

All op amps in the circuit, in which sig- 
nals at frequencies up to 100 MHz can occur, 

are decoupled extensively. 
The power supply is straightforward 

and traditional. The rectified symmetri- 

Brief specification 

Output waveform: sine, triangle, pulse, 
rectangular, sawtooth 

Rectangular wave: t,, & << 15 ns 
Duty factor: variable 15-85% 

Sine wave: frequency range: 10 Hz-10 MHz; 
THD << 1% 

Number of ranges: 6 
Frequency stability: df/f<< 0.1% 
Output level (sync): TTL 
Output level (analogue): 20 V peak to peak 
Offset compensation: +5 V 

Display: 41/, digit 
FM modulation: f, + 70% 
FM sensitivity: +1 V 

FM bandwidth: 2 MHz (A, = 100 kQ) 
Sweep range: 25:1 
Sweep sensitivity: 0-1 V 
Sweep bandwidth: 10 kHz (A, = 100 kQ2) 

cal voltage is regulated by IC7 and ICg to 
+15 V and by ICg and IC) to 5 V. 

The display is coupled to Kg on the 

generator via K,. Pin 5 of this connector 

carries the SYNC signal (which has the 

same frequency as the output of the 
MAX038. Unfortunately, there is no pos- 
sibility of the display showing whether the 
frequency is in Hz, kHz or MHz. How- 
ever, a Solution to this has been found: 
if the display shows only digits, the fre- 
quency is in Hz; if the digits are separ- 
ated by a decimal point, the frequency is 
in kHz, and when the digits are separated 
by a decimal point and preceded by a 
colon, the frequency is in MHz. 

The time base of the display circuit is 
provided by IC7 (note that this must be 
the A version of the ICM7207). The IC 

also generates all control signals for the 
counter proper and display driver ICg. 
The combination of these two ICs forms 
a frequency-independent counter. De- 
pending on the level at pin 11 of IC7,a 
measuring period of 0.1 s for the three 
highest frequency ranges or 1 s for the 
three lowest ranges is used. This gives 
measuring cycles of 0.2 s and 2 s re- 
spectively. This is too long for the high- 
est frequencies, so that the times are 

scaled down by 100 and 10 respectively. 
This is done in ICg. The final measuring 
result is displayed on LCD). 

Power-up network R3-Cs arranges for 
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Fig. 1. Circuit diagram of the waveform generator. 
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Fig. 2. Circuit diagram of the display unit. 

the display to be set to a defined readout 
after the supply has been switched on. 
This prevents the appearance of undefined 
characters on the screen on power up. 

The signal at pin 1 (BP) of the LCD en- 

sures that the display is always driven by 

a.c. Driving it with d.c. would cause ir- 
reparable damage. 

Construction 

The function generator is intended to be 
built on the double-side, through-plated 
printed-circuit board shown in Fig. 4. This 
board consists of three parts, mother 
board, display board and transformer 

board, which should be separated from 
each other before any other work is done. 

Itis best to start with the mother board: fit 
four spacers in the fixing holes near the 
corners—see Fig. 3. Use sockets for all 
ICs, except IC, and IC4, which should be 
soldered directly to the board. (Sockets cre- 
ate too much spurious inductance). Note 
that IC, uses the copper pad on the board 
as heat sink, for which three special pins 
are provided on the device. Use adequate 

solder to ensure good thermal coupling 
with the copper. When the board has 
been completed, fix a small heat sink on Fig. 3. The three boards that constitute the function generator. 
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to IC, as shown in Fig. 5: use a small drop 

of superglue for this. 
A few points to note in the construc- 

tion of this board: trimmer capacitor C7 
is fitted at the track side as are the four 
presets—see Fig. 6. The heat sinks for 
IC7-ICg and ICg-ICj9 are fitted at the com- 
ponent side. Make sure that the regula- 

tors mounted on a common heat sink 
are wellinsulated from one another: use 
ceramic washers and plastic tubing in 

each of the screw holes. 
The mains transformer is mounted on 

a dedicated, small board, which has, 
however, no mechanical function: it merely 
provides the necessary connection points 
and makes the required link between the 
two secondary windings. The assembly 

is fitted in the enclosure by the eyelets 
in the transformer housing. 

The display board is, of course, not 
essential, but it is very useful. An exter- 
nal frequency meter may also be used: if 
so, it must be connected to the SYNC out- 

put. 

In the prototype, all ICs are fitted in sock- 
ets; the LCD in two single-row 20-pin 
sockets. Note that other than the speci- 

fied LCD may be used. 
The flatcable should be laid well away 

from IC), since the high-frequency digi- 
tal signals carried by it may adversely 
affect the operation of the IC. 

Finally, note that capacitor Cy, is a ra- 

dial type that must be fitted axially. 

Setting up 

Link the display board to the mother 

board via a short length of flatcable. 
Connect the mains transformer to K7 on 

the mother board and switch on the mains. 
Take car not to touch anything at the 
primary side of the transformer. 

To adjust the symmetry of the signal, 
set S, to position 4: rectangular wave. Select 
a frequency of about 10 kHzand turn P, 
fully anticlockwise. Connect a multime- 
ter, set to direct voltage to the output, 

whose level should be minimal. Vary P3 
(offset) until the multimeter reads O V. 

Place an RC network, consisting of a 
10 kQ resistor in series witha 1 pF poly- 

propylene capacitor, in series with one of 

the multimeter leads and the output. 
Turn P, fully clockwise and vary P until 
the d.c. component is O V. 

Users fortunate enough to have ac- 
cess to a spectrum analyser can do the 

following. On the function generator, se- 
lect a sine wave output and adjust the level 
of the second harmonic to a minimum 
with P}. 

To set the lower limit of the sweep 
range, note that the IC works optimally 
when the lower limit is set to one tenth 
of the value of the lower limit indicated 
by the range selector. Set S3 to posi- 

tion 1, S; to position 3 or 4, and vary Ps 
until the display shows a series of num- 
bers. Set S3 to position 2 and adjust Pg 
until the value read on the display is one 
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Fig. 4. Component side of the double-sided, through-plated PCB. 

tenth of that when S3 was in position 1. 
To set the upper limit of the sweep 

range, set S,; to position 6, turn Ps; fully 
clockwise and vary C7 until th display 
reads 10 MHz. 

To set up the display board, retain 
switch S,; in position 6 and place the 
function generator in the vicinity of a 
medium wave radio receiver. Connect a 
short length of bare circuit wire to the out- 

put of the function generator and tune the 
receiver to a station whose frequency is 

known, but which should be near the top 
end of the band above 1 MHz. Vary Ps 
until the station is wholly suppressed 
and adjust C, (display board) until the dis- 

play reads the frequency of the radio sta- 
tion. 

The display module is, of course, best 
calibrated with a standard frequency 
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meter. 

Assembling the generator 

When the generator has been set up and 

works correctly, it should be assembled 

in a suitable enclosure, for instance, as 
shown in Fig. 7. The enclosure should be 
sturdy and be screened to minimize elec- 
tromagnetic radiation. 

4 9 

Fig. 5. Detail of how to fix a small heat sink 
on to IC, with a drop of superglue. 

Mount the transformer at the right of 
the rear panel and the other two boards 
close behind the front panel. A possible 
front panel layout is given in Fig. 8: note 
that a ready-made foil for this is available. 
A photocopy of Fig. 8 can be used as a dril- 
ling template for the front panel. 

Wiring from the mains entry (with in- 
tegrated fuse holder) at the rear panel to 

the mains transformer should be as 
short as possible and be kept well away 
from C)-C7. 

Parts list 

MOTHER BOARD 

Resistors: 

R), Rg, Ryg = 10 kQ 

Rg = 1.30 kQ* 

Ry, Rog, R33 = 1.0 kQ* 

Rs, Rg = 47 kQ 

Rg, Rig, Rg7-Rq) = 10 Q 
R7, Rg, Rag = 10.0 kQ* 

Rjo = 40.2 kQ* 

R) = 60.4 kQ* 

Rj9, R34, Rg5 = 100 kQ 

R13, Rag = 1 kQ 

Ry4, Rog = 100 Q 

Rj5 = 4.7 Q 

Rjg = 76.8 kQ* 

Rj7 = 22.1 kQ* 

Roo = 243 Q* 

Ro, = 2.21 kQ* 

Rog9—-Rog5 = 200 Q* 

Ro7 = 49.9 Q* 

Rog = 1.40 kQ* 

R3); = 68 Q 

R39 = 6.49 kQ* 

*= 1% 

Potentiometers 
P, =5 kQ (4.7 kQ) multiturn preset 

Po, Pg = 10 kQ linear 
Py = 220 Q (250 Q) linear 

Ps = 1 kQ multiturn, linear (e.g. Bourns 
Type 3590S-002- 102) 

Pg = 10 kQ multiturn preset 

Fig. 6. Detail showing how trimmer C7 is fitted 
at the trackside of the mother board. 
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Capacitors: 

C, =2.2 pF, polypropylene*, 10% 
220 nF, polypropylene*, 5% 
22 nF, polypropylene*, 5% 
2.2 nF, polypropylene* 
180 pF, polyester, 2% 

Cg = 22 pF, polyester, 2% 
C7 = 22 pF foil trimmer 

Cg, Cio, C13, C22, C27, Cog, C31, Cea. 
C35—Cag, C40 = 10nF 

Co, OTe Cio = 4.7 pF, 10 V, radial 

Cia, Cis, Coo, Co] = 100 nF 

Ci5, C}7= 100 pF ceramic 
Cig, Cig = 220 pF, 10 V, radial 

2200 pF, 35 V, radial 
Co5, Cog = 10 pF, 16 V, radial 
Co9, C9 =4.7 pF, 16V, radial 

Ca3, C34, Caq an ae pF, 10 V, radial 

C4), Cayo = 100 pF, 16 V, radial 

C43, C44 100 pF, 10 V, radial 
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Semiconductors: 

D, = 1N4148 

Do-Ds = 1N4002 

Fig. 7. The completed function generator with top of enclosure removed. 
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Integrated circuits: 
IC; = MAX038CPP (Maxim) 
ICy = OP249GP (Analog Devices) 
IC3, ICg = AD7O8JN (Analog Devices) 
IC, = OPA6O3AP (Burr Brown) 

ICs = 74HC14 
IC7 = 7815 
ICg = 7915 
ICg = 7805 
lio = 7905 

Miscellaneous: 
K)—K, = BNC socket (board fitting) 
Kg = 10-way box header 
K7, Kg = 3-way terminal block, 5mm pitch 

Kg = 2-way terminal block, 7.5mm pitch 
S}, Sg = 2-pole, 6-position rotary switch 
S3 = 4-pole, 3-position rotary switch 
S4 = double-pole on/off switch 
F) =fuse, 100 mA, slow 
Tr) = mains transformer, secondary 

2x18 V, 13 VA 
2 off heat sink, 6.5 KW"! (e.g. SK129/25*) 
1 off heat sink, 83 K W"! (e.g. ICK6/8L) 

for DIP-8 case 
4 off ceramic washers 
Screened cable as required 

Enclosure to individual requirements 

(prototype = LC960 from LTP) 
PCB Ref. No. 950068 (see p. 70) 
Front panel foil Ref. No. 950068-F 

(see p. 70) 

* Dau (UK) Ltd, Phone (01243) 553031 

DISPLAY BOARD 

Resistors: 

R, = array of 4x 10 kQ 
Ro, Rg = 10 kQ 

Rg = 1 MQ 

Capacitors: 

C, = 22 pF foil trimmer 

Cy = 22 pF ceramic 
Cz = 100 nF, polypropylene 

C,=101pF, 10 V, radial 
Cr-Ci9 = 10nF 

Inductors: 

L = 100 pH 

Integrated circuits: 
IC, = 74HCO8 
IC9 = 74HC266 
IC3 = 74HC20 
IC, = 74HC32 
IC; = 74HC14 
ICg = 74HC390 
IC7 = ICM7207A 
ICg = ICM7224 

Miscellaneous: 
K, = 10-way box header 
LCD, = 4.5 digit liquid crystal display 

(prototype Seiko SP516P) 
X, = crystal, 5.24288 MHz 
2 off 10-way socket 

10-core flatcable as required. 

[950068] 
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