SAW-TOOTH TESTING OF
AUDIO AMPLIFIERS

By E.N. MONACCHIO and A.L. PLEVY

In many ways, a saw-tooth waveform is superior to either sine- or
square-wave testing of audio amplifiers. A discussion of these
advantages and the circuit for a saw-tooth generator are covered.

analog waveshapes, can be effectively employed as a

test signal for video or audio amplifiers. Using the
saw-tooth waveshape for these test purposes provides many
features which, if used in the proper manner, offer several
advantages in contrast with the square-wave or sine-wave
methods of testing amplifier response.

There are certain basic criteria that determine an ampli-
fier’s response and these have to be checked out in order to
assure proper amplifier performance. They include frequency
response, saturation points, treble or bass response, over-
all distortion, transient response, and power gain without
distortion.

These parameters can be readily detelmmed by sine-wave
testing. However, this technique presents certain disadvan-
tages in that the frequency of the test oscillator has to be
continuously adjusted to cover the frequencies of interest.
Another disadvantage is that the test oscillator must be ca-
pable of furnishing a constant-level output voltage over this
frequency band to assure that the proper 1-dB or 3-dB points
are noted. ’

To eliminate some of the difficulty associated with sine-
wave tests, square-wave testing techniques are often used. A
square wave makes use of the fact that a complex wave, such
as a square wave or a saw-tooth, can be represented as a com-
bination of different frequency sine waves, which when
added together produce the square or saw-tooth waveform.
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THE saw-tooth waveform, one of the most widely used
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This concept is called the Fourier analysis of a waveshape.
However, suffice it to say that such complex waves can be rep-
resented by a plurality of harmonically related sine waves of
various amplitudes. Hence, to properly amplify the complex
wave, the amplifier must be capable of passing a sufficient
number of these harmonic components without distortion,

The saw-tooth is preferable to the square wave in that the
saw-tooth contains all harmonics rather than just the odd ones
and the amplitudes of these frequencies are related according
to 1/n where n’is the nth harmonic of the fundamental fre-
quency. Therefore, to properly recreate a 1-kHz saw-tooth,
the amplifier must have a bandwidth of at least 10 kHz be-
cause the saw-tooth requires the harmonics at 2, 3, 4, 5, 6, 7,
8, 9, and 10 kHz. The amplitude of the 10th harmonic is ap-
proximately 10% of the fundamental’s amplitude. Therefore,
if the amplifier properly amplifies 90% of the over-all energy,
an undistorted saw-tooth will be present at the amplifier out-
put. In contrast, if a square wave is used, the amplitudes of
the harmonics also varies as 1/n, but there is only energy at
the odd harmonics, such as the ninth, eleventh, etc. Hence
the amplifier response does not have to be as wide to amplify
an undistorted square wave.

Assume that a relatively undistorted saw-tooth (Fig. 1A)
is to be used in conjunction with the proper amplifier load
and an oscilloscope (preferably one that responds down to
d.c.) to test the response of an amplifier. If the amplifier has
a poor high-frequency response, it will not pass all the high-
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Fig. 1. (A) ideal linear saw-tooth where the frequency is the rec:procel of time. (B) Lo
low-frequency response can result in a bowing out of the sa w-tooth, while a loss in
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Total battery current drain: 2.5 mA at all frequencies

Transistor voltage readings

to ground using a v.t.v.m.:| QI Q2 Q3 Q4

emitter| +3.9 +6.8 +0.64 +6.6
base| +4.2 +5.2 +0.78 +6.8
collector |"+6.8 +9 +5.2 +9
Nominal output impedance: 2000 ohms
1 kHz 10 kHz 20 kHz
Freq. vernier {R2)
control range: 2to 1,56 1.82to012.5 410 25

Maximum output
level:

5mVto3V 8mVto3.8V 8mVto4.4V

Table 1. Test specifications for the saw-tooth oscillater.

frequency energy-contributing harmonics and the saw-tooth
will appear at the amplifier output as shown in Fig. 1B. This
waveshape is beginning to take on a sinusoidal appearance,
and the straight, clean lines of the saw-tooth fast rise time are
gone, indicating that the high-frequency response of the am-
plifier is limited. Of cowse, the amplifier might be one de-
signed for a 100-kHz bandwidth and hence the 1-kHz saw-
tooth would pass through undisturbed. If this is the case,
then a 10-kHz saw-tooth may be used, or even a higher fre-
quency saw-tooth, depending on the bandwidth dictated by
the manufacturer.

If the low-frequency response of the amplifier is poor, the
saw-tooth may take on the appearance of the waveform
shown in Fig. 1C. Proper setting of the amplifier bass and
treble controls should cause reproduction of the saw-tooth
depicted in Fig. 1A.

The bass-control setting of an amplifier usually affects the
gain in the region from 500 to 1000 Hz, while the treble con-
trol usually affects the gain from 1000 Hz and above. These
are merely representative ranges and in any given amplifier
they may overlap. Fig. 2A shows a saw-tooth and the com-
posite effects of varying the bass and treble controls. The solid
line represents the ideal saw-tooth. The portion of the saw-
tooth denoted as the “A” region is that affected by the treble
control. The portion of the saw-tooth in the “B” region is that
affected by the bass control.

If the treble control is raised, the amplified saw-tooth over-
shoots during the saw-tooth’s fast transition. This overshoot
is shown in Fig. 2A as the dashed line labeled “treble raised.”
If the treble is lowered, the clean, sharp top of the saw-tooth
will not be properly amplified and will appear rounded as
shown, If the bass control is raised, the saw-tooth “bows” out
as shown in section “B” and becomes concave for a lowering
of the bass response. Hence, to obtain a properly amplified
saw-tooth, both the bass and treble controls must be adjusted
until the amplifier reproduces the clean saw-tooth shown in
Fig. 1A. When such a saw-tooth waveform is obtained, the
control settings at this point are called the “fat settings” of
bass and treble.

The utility of the saw-tooth for testing is obvious, as a
1-kHz saw-tooth will check bass down to 100 Hz and treble to
10 kHz. It is a simple matter to check overload of an ampli-
fier with a saw-tooth as the extremities flatten when the am-
plifier is driven from cut-off to saturation as shown'in Fig. 2B.
To drive an amplifier to saturation with a square wave accom-
plishes very little, however, as the top and bottom of the
square wave are already flattened. A saw-tooth of a certain
peak-to-peak rating has an equivalent sine-wave rating. For
example, a saw-tooth of 20 volts peak-to-peak would repre-
sent a sine wave of 7.07 volts r.m.s. If a peak-to-peak saw-
tooth of 20 volts is the largest amplitude the amplifier passes
without clipping as shown in Fig. 2B, the equivalent sine
wave is then 7.07 volts r.m.s. and the power output capability
of the amplifier would be (7.072/R) where R is the terminat-
ing or load resistor.

Maximum power rating can be approximated by noting the
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C2—0.01 xF, 150 V mica capacitor

R2—100,000 ohm pot C3—4700 pF, 150 V mica capacitor

R3,R4,R5—10,000 ohm, 4 W res. C4—1 uF, 35 V tantalum capacitor
+5% C5—100 xF, 35 V tantalum capacitor

R6—200,000 ohm, 4 W res. +59% D1—1N91

R7—2700 ohm, 14 W res. *5¢, §$1—S.p. 3-pos. switch

R8—10,000 ohm pot §2—S.p.s.t, switch

R9—150 ohm, 14 W res. +5¢, B1—9 V battery

C1—0.1 uF, 35 V tantalum capacitor 01,Q2,Q3,Q04—2N1090

R1--56,000 ohm, !4 W res. +59,

Fig. 3. Schematic and parts list for the saw-tooth generator.

peak-to-peak value of the undistorted output of the amplifier,
using a calibrated scope or peak-to-peak voltmeter; dividing
this value by 2.83 to obtain the equivalent r.m.s. sine-wave
value; and calling it E. The power capability of the amplifier
is then given by EZ/R where R is the terminating or load
resistor.

The saw-tooth also possesses a steep leading edge which
may cause unstable amplifiers to “ring” when they are trying
to amplify this rapid wavefront. This phenomenon is due to
poor transient response of the amplifier caused by instabilities
in design. Fig. 2C shows a typical response due to ringing.
Usually the manufacturer has taken care of ringing by appro-
priate bypass networks in the feedback path. Such instabil-
ities are cured by connecting relatively small capacitances to
ground at various signal points within the amplifier.

An amplifier might have more gain at some harmonic other
than the fundamental; therefore, its frequency vs amplitude
response curve would have peaks and valleys and would not
be the typical flat response of a good amplifier. If the response
is poor, the bass and treble controls may be used to compen-
sate to a clean saw-tooth. The amplifier may generate har-
monics due to non-linearity of the transistor or tube character-
istics, and such distortion may not be easily remedied.

Saw-Tooth Generator

A saw-tooth oscillator is not an ordinary piece of test equip-
ment which is readily found among the audiophile’s inven-
tory. The practical test oscillator to be described produces a
saw-tooth which covers the frequency range from 200 Hz to
25 kHz with a linear output over this range and which is am-
ply stable for amplifier testing. Circuit is shown in Fig. 3.

Typical saw-tooth waveform signal produced by this generator.
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1000 Crystal Drive
Fort Myers, Fla. 33901
Phone: 813-936-2109

The Heart

If your dealer can't supply your needs, send his name
with your request for catalog to our plant nearest you.

TEXAS CRYSTALS ¢

* Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.

4117 W. Jefferson Bivd. ’
Los Angeles, Calif. 90016
Phone: 213-731-2258

Division of Whitehall Electronics Corp.

CIRCLE NO. 92 ON READER SERVICE CARD

COMPLETE TUNER
OVERHAUL

ALL MAKES
ALL LABOR
AND PARTS

(£XCEPT TURES
& TRANSISTORS)®

Send complete tuner now ... or write for full infor-
mation and nuiling labels. Exchanges on tuners
unfil for overhaul from $12.95

CASTLE TV TUNER SERVICE
MAIN PLANT: 5717 N. Western Ave., Chicago 45, lllinois
EAST: 41-84 Vernon Bivd, Leng Island City 1, New York
Castle TV Services, Ltd. . . . Nation-wide service.
CANADA- For survice in Canada write 1o Chicago for details,
* Canadian address, and mailing kit.
*Major parts are chorged extra in Canada

Electronics

LEARN éwicern: AT HOME

Fix TV, design automation systems, learn tranststors,
complete clectronics, College level Home Study
courses taught 0 you can understand them. Earn
more in the highly paid electronies industry. Com-
puters. Missiles, theory and practical. Kits furnished.
ver 30.000 graduates now cmployved. Resident
classes at our Chicage eampus if desired. Founded
19834, Cataloy.

American Institute of Engineering & Technology
1141 West Fullerton Parkway Chicago, lIl. 60614

LARGEST SELECTION in United States
AT LOWEST PRICES—48 hr. delivery

— | Thousands of frequencies in

Iﬂ&m stock. Types include HC6/U,

HC18/U, FT-241, FT-243, FT-171,
Sl

etc. SEND 10¢ for catalog with
oscillator circuits. Refunded on
first order. 2400D Crystal Dr.
Ft. Myers, Fia. 33901
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DO IT NOW!

:  MAGNETIC VISUAL CONTROL
BOARDS SIMPLIFY WORK
) COLORFUL
MAGNETIC ELEMENTS
» show facts instantly
* organize for action
¢ eliminate mistakes
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AND EASIEST—OF ALL

. WRITE FOR FREE 28 PAGE
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76 CIRCLE NO. 108 ON READER SERVICE CARD

Operation of the circuit is as follows.
Assume that switch Sl is in the 1-kHz
position and that the voltage at the col-
lector of Q1 and the emitter of Q2 is
essentially the battery voltage. Q3 is
biased in its active region and the volt-
age at its collector is the battery voltage
minus the voltage drop across R7 (due
to collector current); hence, Q2 draws
no current, as its base, coupled to Q3
collector through R53, is at a lower po-
tential than its emitter.

As timing capacitor C1 starts to
charge through Q1 and emitter resistor
R4, the voltage at the collector of Q1
starts to reduce due to collector current
through Q1 and R4. As this voltage de-
creases, the emitter of Q2 also goes less
positive, and as this potential ap-
proaches the base potential, Q2 starts
to conduct and places a low-Z discharge
path across C1 through Q2 and R9.

As the collector voltage of Q2 drops,
the negative-going transition is coupled
via C4 to the base of Q3. This causes
Q3 to cut off, making its collector volt-
age rise rapidly. This rapid rise in volt-
age, in turn, is coupled to the base of Q2,
causing it to conduct even more and
lowering the discharge path resistance
for C1. This rapid feedback technique
allows C1 to discharge very rapidly to
obtain the fast flyback for the saw-tooth.

Variable resistor R2 controls the col-
lector-to-emitter resistance of Q1 and
hence the charging time of C1, or fre-
quency of operation. Q1 also functions
as a constant-current source for charg-
ing the timing capacitor. A typical wave-
form is shown in the photograph.

The changes in frequency obtainable
by varying B2 are shown in Table 1. The
circuit shown will operate with p-n-p
transistors if the battery polarity, diode
D1, and the polarized capacitors are re-
versed. The circuit shown should be ca-
pable of higher or lower frequency
operation by the addition of suitable ca-
pacitors in place of, or in addition to, C1,
C2, or C3. Actually, a saw-tooth having
a duration of seconds can be obtained by
making C1 a 25-uF capacitor.

To test the performance of the oscil-
lator, check the wiring of each stage be-
fore inserting the transistors. With this
done, connect a v.t.v.m. to the base of
Q1 and vary R2 until +4.2 volts are
measured at this point. Then measure
the voltage drop at the emitter, base,
and collector of each stage to see if they
comply closely with the Table 1 values.

The 2N1090’s shown in Fig. 3 are
switching transistors and have a mini-
mum beta of 30, but the maximum value
might be much higher. If this is the case,
the collector of 03 might be at a lower
voltage value than indicated, which will
cause a concave saw-tooth. To remedy
this, either interchange Q3 with a lower
beta transistor or parallel R7 until the
proper level is obtained. A
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