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In which one of our redoubtabie
English cousins does a Professor
Higgins on Heath's metered sine=-
square oscillator and turns an
Eliza Doolittle into a lady of
ravishing style and performance.

W WOULD YOU like to own a gen-

uinely high grade sine and
square wave audio generator? Just
logk at thess specifications:

RAMGE: 1 Hz - 100kHz sine or sg.
RISE TIME: 12 nanoseconds

0-01%; typically, 0-002-
0-005%

TaHalDy =

ACCURACY: better than 10+5%

AMPLITUDE STABILITY: £ 1 dB,

Yes, I can hear you say, and
where do 1 rustle up the $400 or
more for what is obviously a labor-
atory standapd instrument? Well,
you lucky Audic Ameteur subscriber,
read on, for you can be the proud
pwner of an instrument in this
class and for a bare fraction of
that price tag.

ne of my professional tasks is
evaluation of new products for the
most popular of English audio maga-
rines Hi-Fi News, Last vear, I had
the pood fortune to undertake a re-
view of the new Heathkit model TG-
18 audic gemerator, This transis-
tor version of their popular tubed
model Ig-72 has identical perfor-
mance and ranges, but alse includes
i square wave séction,

Heath's specifications of the new
model are modest, with a elaim for
less than 0-1% distortion, 5% fre-
gquency accuracy and a square wave

Copyright © 1971 by Edward T. Dell Jnr. All rights reserved.

Bv REGINALD
WILLIAMSON

rise time of better than 50 nano-
secomds, In fact, 2 tolerably good
performance for something aimed at
the service shop or the not-so-cri=
tical amateur. The kit had a couple
of errors when I came ta check it
out, but these were corrected with
the willing coopération of the
British company,{I'11 be mentioning
these later on.)

In my subseguent appraisal of the
product, therefore, I was pleased
to give it & warm welcome, with a
mild qualification sbout its total
harmonic distortion which it barely
met,

What about my warranty?

Later, however, while idly studying
the schematic, 1| began to realize
Heath had given us a lashoratory
standard instrument in embryvo,
since the basic circuit design
philosophy was sound and needed
just a few refinements here and
there, to bring about quite a
startling performance improvement,
To begin, yvou will need a Heath
1C6-18 audie generater kit costing
§67.50. One word of wamning, how-

-
TRLTT

Fré.l. Simplified schematic of the
cperational amplifier Feath uged in
khe IG-18 design. The triangle is
the amplifiery; dts ~ input the in-
varting, the + the non=inverting,

ever, Cuite rightly, our friends in
Benton Harbor are perfectly en-
titled to invalidate their warranty
if the owner makes unauthorized
changes in their kit, Their excell-
ent construction manuals usually
make this guite clear., 50 first,
you should puild the kit as the
manual directs and pget it working
exactly as they specify, In this
way you can be sure the kit is free
of basic flaws before making chang-
es in it.

If subsequent to modifying the
kit, you have trouble and want to
return it to Heath, then you must
be prepared to remove the modifica-
tiens I shall be describing. On the
other hand, I'm prepared to give
assistance to any Audio Amateur
reader who may write tv me in care
of the magazine,

How these oscillators work

The IG-18, in common with most au-
dio signal generators in use today,
is a resistance/capacitance (RC)
tvpe, which means the freguency of
pscillation is determined by sharp-
ly frequency selective resistance/
capacitance networks. Sometimes,
the networks aré in the bridge form,
a5 in the so=called Wein bridge os=
cillators; or, as in the case of
the IG-18, the frequency determin-
ing elements are in a “"bridged T
confipguration,

This network type similates a
broadly tunsd resonant circuit, and
in the IG=18 is inserted in the de-
gerierative, or negative feedback
path of a high gain amplifier, Neg=-
ative feedback iz at B maximum, ex-
cept at its "potch" frequency-=so
if oscillation occurs, it can only
pe at this frequency, So by simply
altering the values of H or €, the
frequency of escillatiom is deters
mined yery accurately, to a toler-
ance defined by the accuracy of the
bridge components. What small er-
rors that do occur, could be caused
by phase shifts within the amplifi=-
er; so this must be designed care-
fully and have & bandwidth well be=
yvond the generator's frequency
coverage,

The operational amp and loops

Heath's designers have come up with
what is essentially, a very high
gain operational amplifier, with
low output impedance and two in-
puts, non-inverting and inverting,
The RC bridge is in the inverting
{or degenerative) path; the non-in-
verting path is the main regenera-
tive loop and is also the amplitude
controlling network.(Ses Fig.l)

I should explain at this peint,
that because of the low "G" of RC
tuned networks, it is essential to
Include them in an active filter
configuration te insure low harmon-
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ic generation in an esclllator of
this type. It is highly desirable
that the forward amplifying path
should be as high gain as possible,
but at all times, irrespective of
the insertion losses of the fre-
quency determining networks, the
closed loop gein should be just
above unity,

The positive loop has in it a
positive temperature coefficient
thermistor so0 a5 the amplitude of
gscillations rises, it haats, re-
sistance increases and the +ve
feedback is reduced, thershy closes
ly controlling the closed loop gain
at all freguency coentrol elsment
sertings,

Checkout before modification

As it stands, the IG-18 checked out
well an this count. Cwver the entirpe
range 1 Hr up to 100kHz it met
their specification of t1dB varia-
tion. Distortiom wasn't quite as
good as specified, typically arcund
012 to 0+14%, rising appreciably
at the ends of the spectrum. Har-
mmic products were & disconcerting
mixture of mainly second, third,
mnd higher orders. Hum also contri-
buted to the residue when the pro=-
ducts were checked on an oscillo-
scope,

Accuracy was poor st some points
gnd while even the #5% isn't too
wonderful for a decade instrument,
it some =cale settings the [G-18
was 12% out! Finally, the meter
drove me mad at frequencies below
10Hz, when it started to read indi-

vidual half cycles in wild needle
oscillations, becoming virtually
useless in these renges.

Modifications: first step

I decided, first of all, to deal
with the serious blemishes--the
frequency insccuracies, This tumed
out to be an error in assembling
the kit--very rare for Heath, in my
experience, Heath improved the IG-
18 over its ancestor, the IG-72 by
providing a continuously variable
third sipgnificant fipure, a most
useful Ffeature when one is checking
resonant circuits. The chenge vir-
tually removes the major disadvan-
tage of a switched decade type in-
strument,

Unfortunately, the desipgn re-
fquires the extra resistive elemgpt
to be switched out altogether When
in the "{0" position, The ordinary.
ganged potentiometer used mads it
impossible to achieve this condi-
tion, 50 when the resistive compo-
nents in the bridge were Telatively
high in value, an error of up to
10% was inevitseble,

What Heath should have used was a
rheostat, After their attention had
been drawn to this, I was assured
the error hes been corrected, But
if you have made the kit already or
will be petting one, it is a wise
precaution to check that this com=
ponent--a 1 megohm ganged control,
By in the Heath schematic--does po
open gircuit when in its zero or
fully anticlockwise position, (Ses
Fig. 2;)

FIG.2 Copyright ©1968, The Heath Lo, Used by permission.
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FIG.2. Heath designers edded a variable rheostat to the three switches of
the oscillater. The dual IMD R2 gods open circuit in Jts minimum position,
Author williamson says the unit works bettar if the BIKN resistors which
Heath supplies to go across the rhecgstat's terminals are replaced with
LP0RN units. The contrul adds a8 variable one cycle (0 whatever freguency

the network's three switches produde.

The Audio Amateur

Step two. One other small lsywout
error Heath has slso accepted, and
corrected, was pgiving rise to ex-
cessive crosstelk between the
square and sine wave outputs, All
that was necessary, was to shift a
common ground return for the sine
and square cutpul ACTENUATOT SEc-
tions, The one for the square wave
section is now separate and an ex-
tra wire is taken from the attenu-
ator diréct to the ground line on
the wave generator etched circuit
board, All Heath's manuals subse-
quent to Deec, 5, 1969 are amended,
You'll find the date of issue on
the front cover, bottom right.

IFI"I'.?IIIIIFI(.'.H.TII[III'J PARTS LIST
itep one:
| Dual 1M1 linear rheostat

WCheck your kit before ordering)
2 100k, 2% W, resistors

atep two;
One short length of hookup wire
Step three:

1 6«ByF @ 30V bead tantalum capad
citar

Step four:
| 100uF & 6V electrolytic capa
Step fiwve:

47K W resistor 5%

10K 3W resistor 5%

1Ml iW resistor 5%

10uF @ 16V Electrolytic cap.
100uF @ 16V Electrolytic cap.
Lo4DB transistor (RCA)

— i b il

Step six:

2 1000uF 8 64Y Elecerolytic cap,
Step seven

1 S+6Kii #W resistor *5%

1 250uF @ &Y Electrolytic cap,

1 Bermanfum dicde [TN34, 1H9T)
Step eight

1 2ZN50B7 (Mot} transistor
1 220KQ 4W resistor $5%

Step nine

1 L0361 (RCA) transistor (04)
1 L0362 (RCA) transistor (Q5)

Step ten

1 47K AW resistor 5%
" o
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hmplifier attacked

These changes move frequency accur-
acy to within specification, The
actual cheek-put on s laboratory
counter measures b to +3%; quite
good, of course, but--well, for a
switched generator it could be a
lot better, At this stage, having
got my review out of the way, I
felt more and more convinced the
16-18 goild be mach improved. T
needed 8 teally accurate, low dis-
tortion generator for my own use
ANYWaEY .

My original, also one of my own
designs, was getting a little an-
cient and its accuracy a little
wayward, A bright and sunny Englich
Sunday, late in the summer, there-
fore, found meé sitting in my den
surrounded by frequency countier,
distortion measuring set capable of
reading distortion products down to
0-001% , pscilloscope and sundry
other bits and pieces of test gear.

Step three. I made my first attack
vpon the gmplifier section of the
sint wave pensrator (See Fig, 3},
since the harmonic content of the
generated waveform was closaly de-
pendent upon the open loop gain. [
flrst decided to increase the value

of a bypass capacitor in the base
bias cireuit for (2 of the differ-
ential input stage. Heath themselws
seemed to have had & bit of a prob-
Iem deciding on the wvalue for this
capacitor, which goes to the ground
line from the slider of R9. The
etched circuit board diagram indi-
cates it should be s 0+-005uF,
whereas a slip in my manual =aid
0-68uF, which is what was supplied.

My calculations indicated both
were wromg, [ had a hunch that in
fact it should be a 6+8uF, So 1
fitted a bead tantalum type [mot
less than 30V, rating) and got the
first big improvement, Accuracy Was
now within +0+5% over the entire
range and total harmonic distortion
dropped to below 0-1% over nearly
all the range.

Step four. With the bit now well
between my teeth, [ deeided to at-
tempt to further increase the for-
ward gain of the amplifier stage. 1
added a 100uF [6V.) bypass capaci=-
tor across the emitter resistor of
Q3 (R1l1) on the underside of the
etched circult board.

Modified metering

By now, however, | noticed the dis-

L WS LIRS &Y LELH FACE KHGR TR OF Fm i TOH

SCHEMATIC ©F THE
HEATHRIT™

SINE-SQUARE AUDIO GENERATOR

MODEL 1G-18
Copyright © 1968 Heath Company, A1l rights reserved. Used by parmi 5w ion,

tortion was wvery dependent upon the
gsetting of the "Amplitude Fine"
control, with high order products
prodominant, The reazon for this
was obvious, the lpading of the
meter circuit and the nenlinsar
action of the diodes. The only mns-
wer was o buffer asplifier and this
i5 the only mejor modification,

Step five, The added cireuit, Fig,
4, i3 a simple emitter follower,
quite easily made up on perforated
board which can be suspended below
the etched circuit board of the
sine generator, The transistor T
used isn't too critical, so long as
it has & Vgay Tating greater than
45, 1 used an RCA 40408, This left
the distortion products guite clean
gnd mainly low orpder,

Step six, At this point, the level
of harmonics were petting difficult
to read because of hum and noilse,
30 the power section was improved
by the simple additiom of extrs
smoothing prior to the regulator, 1
added two capacitors, 1,000uF,
each, 60V, working, scross the ex-
isting C1 and C2 [ses Fig, 3), sol=-
dering them directly across the
power supply etched eircuit bosrd,
~=Continued overleaf
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Step 7--Damping some waggles

Before leaving the meter clrcuie, I
decided to do something about the
pocrly damped movement and added a
low voltage working, 250uF. capaci-
toT across the meter termingls. The
meter action linearity also left a
little to be desired, due to the
nonlinearity of the rectifiers, D3
and D4, This was corrected by &dd-
ing a 5-6K resistor and a germanium
dipde across the meter terminals as
well, Almost any smell diode will
do, provided it is a germanium type,

Take care in adding the dicde and
capacitor te connect the proper
polarities according te Fig., 4.
Thiz tightens up the meter accuracy
incidentally, to within tI% as ag-
pinst Heath's specified +5%. The
meter now reads without that vio-
lent needle waggle that irritated
m so0 mach, down to 1 Hz where the
fluctuation in reading is less
than +1dR,

Step efght, 1 increased the current
gain of Q3 by converting it into a
compound pair, i.e. adding another
transistor, The additional transis-
tor, (3a, shown in Fig. 5, should
be & high he., low noise device
with a V_,, of not less than 45V,
end must, of course, be a pnp. One
has a variety to choos# from and [
usad a Motorola INSDET,

You'll find it quite easy to add
the extra transistor, Q3a to (3.
Just unsolder Q3's base lead (with
a heat sink attached] and them Iift
it up out of the hole in the board,
Bend this up im & "U" shape, Push
the base lead of the (3a transistor
through-this hele, and sclder.

The callector lead of (3a should
be put through the same hole as
that of the original Q3's collector,
and alsoc soldered, Now join the
base lead of Q3 to the emitter lead
of Q3a, along with one end of a
220k resistor, The other end of
this resistor goes to @ convenient
+ye(B+) point on the etched circuit
board. I found it a good idea to
drill a small hole (#58 drill) near
the +ve end of Rll and solder the
220k to the same section of the
copper laminate,

Step nine. [ changed the cutput
transistors, 4 and Q5 to larger
chip types, substituting the most
inexpensive available: an RCA 47361
for Q4, and RCA's 40362 for 05.(See
Fig. 3.)

Step ten. Change R3 in the differ-
entigl input from its original val-
ue of 4-Tkite 47k,

The new specifications

These are about all the modifica-

tions any home constructor is able
to do, The pscilliater should now be

The Audic Amateur

FIZ. 3, Details of adding a trans-
istor to 3 to make 1t a compound
palr. See text.

FIGF. G.Rl g2 time of the sguare wave
gection of the IG=18, pistance be=
tween graticule divisicons=0-lusec,
The author says the tiny ring at
the top 15 test Iead Inductance.

e

N34

.

FIG.4. Additional circultry for isclating the meter from che oscillator's
amplifier and for damping low fregquency oscillaticns in meter reading.

set up in accordance with the in-
structions on manual pages 41 th-
rough 43, Flease keep ome minor
point in mind. The adjustment of
the feesdback contvel, R7, iz now
geing to be rather sharp, and hence
a little more difficult to set,
Also, when adjusting the bias cen-
trol, R9, have the feedback control
set to the point where clipping is
just noticeable on the -ve and +ve
half cycles of the waveform, You
will achieve the best results by
setting the bias so these clipping
points are as symmetrical as possi-
ble,

Now, after doing all this, what
are the results? You may Test az-
sured, performance of your IG-18
will mow be up to laboratory stand-
ard, The distortion products of my
unit ere typically 0-003%, with
noise contributing an égqual amount
so that the total is always less
than D-01%. Accuracy, ss I said
earlier is £0-5% as the instrument
stands, If you can get the use of a
digital counter, you could do as [
have and with a little bridge cir-
cuit padding here and there, get it
g5 cloze as 0-2%,

Getting the best out

Recause of the circuit design, the
unit will perform best when the

"Coarse Amplitude" contrel is in
its highest position, permitting
appreciable attenuation with the
"Fine" comtrel. You will get mini-
mifi noise products whenever you can
use the "Tens" freguency switch,
also, The naturé of the distortion
products is now much more clearly
defined and almost pure second har-
monic-~ideal for amplifier measure=
MEMLS,

So far, I have said nothing about
the square wave section. I do not
need to, Heath have undersold them-
selves here, because it 15 way, way
better than their modest claim of a
50 nanosecond vise time, I checked
this on a Tektronix oscilloscope
which has an inmherent rise time on
its vertical amplifiers of 12 nano-
seconds, My '"scope picture (zee
Fig, 7) shows it is at least equal,
if not very mch batter than this--
so absolutely no changes are neces-
SaTY.

Wow I wonder if Heath might be
thinking of updating their Harmonie
stortion Analyzer?

[While we have no inside informa-
tion from Benton Harbor, we do have
a modification of Heath's IM-58 in
the works for publication soon,
Tape buffs will be particularly
interested,=-=84, ]



