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The distortion in factory-
produced or home-made ampli-
fiers is frequently unknown;

designers sometimes give specifications,

but these are not always reliable. Since

distortion meters are usually expensive,

Elekitor L have a simple, . but effective
instrumant.
Low frequency pre- and power-amplifiers | ensble these spikes 1o be measured the The block disgram of & sejection filer
slways produce some distortion. The | distortion meter will have 3
vasious kinds are distinguished as follows: | frequencies involved unaitenuated, A 0 @ phase
Linear distortion - the departure from a | pasmband to 500 kHz s therefore by no .ul.nn (paraphase amplifior, with equal-
flat smplitude-frequency tesponse curve, | means an unnecessary and-opposite oulputs), Ome of these

An smplifier which is flat within | dB
from 20-20000 Hz has less linear distor-
tiom than snother which oely does this
within the band from |00-8000 Hz.
Intermodulation distortion - when two
or more [frequencies are lod - simuil-
taneously into the amplifier and it pro-
duces ‘sum and difference’ companents,
Harmonsc distortion. This is real *visible'
distortion; if the input was 3 sinewave the
ocutput signal is definitely ‘something
else’. The output signal can then
shown to consst of the original sinewave
ipossible amplificd), phus several overtomes
or harmanics. The ratio of the unwanted
components 1o the tolal output signal

gves the distortion percentage. This
measurenent can made with the
distortion meter described below.

Dusign considerations

A distortion percentage of 0.01% means

that the fundamental in the cutpul signal
is virtoally ten thousand timses greater
than the distortion. Therefore, if the dis
tortion is to be measured the fundamen-
tal will have to be attenuated more than
10000 times. This is 80 dB! At the same
time, the first overtone (second har-
monic) must remain umaffected. This
requires an exceedingly sharp filter,
For normal low frequency work it must
be possble to measure distartion in the
frequency range 100 He to 10 kifz. The
filter will therefore have to be tunsbie
through this band.
Transstorised power amplifiers frequent-
Iy produce spikes in the waveform at the

- pero-crossings as well as the pormal dis-
tortian componests. These spikes can be
as short as 10 g o even less, implying
the presence of frequencies in excess of
100 kHe.
After the fundamental has been suppres-
sed the distortion product then appears &
in figure 1. The spikes in this trace have
an amplitude 1% of the totsl output! To

For a distortion messurement accosding
1o DIN standards, the RMS

unwanted products
their average power-ce
must be determined, T
tegrating Howeve c
human ear responds fo the amplitude
rather tham to the power of a signal, &
peak-bevel detector is what really
needed. This will often show a completely
different (musch worse') result!

An example of this is given in figure 2

measurements glve same result
0.18% distore,

Figure ws the on product
from » similar amplifier. Along with
'nnlllury distortion how this ope
oduces sharp wpikes. The two
llleasmcmcnl procedures now lead fo
totally different results: the RMS meter
indicates o distortion incresse 1o 0.21%
(0.03% more than before). The peak
e aw indicates
crease of about
e accural
the subjective increase o
niversal instr

carry
must  be
unaffected by h e (which can

be identified « ‘scope’, but may
canse & misleading resding an the pointer
instrument). The design will therefore
inchude hum and noise filters which can
be switched out of circuit

The filter

The design chosen for the rejection-
filter s an weusial one. When two signals
having the same frequency. amplitude

and phase are presented 1o the inputs of
3 good differentisl amplifier, the output
signal is zero, The signals are blocked

cutput signals, the ooe which i 180° oul
of phase with the input signal, is applied
directly 1o one inpat of the differential
amplifier. The other output of the phase
splifter is in phase with the inpist sgnals it
is passed fo a phase shiffer. This section
imposes a phase rotation which, depen-
ding on the frequency, lies somewhere
between 07 and 360°. For one single
Trequency (o) this shift will be precisely
180", The output of the phase shifter is

now applied to the other input of the
Fo

y 1807,
the output of the differential amplifier
will disappear - the signal will be rejected.
For every other frequency the output
sigral will be unequal to zero.

The final step is to provide the req
sharpeess of the characteristic by m
I overall negative feedback

The great advantage of this arrangem
# thal it does mol require trimming,
while at the sans

thometer,
o the two halves of this poten-
tiameter is completely unimportant

Circuit of the filter
The filter circuit is given in figure 4, The
transistors Ty and orm the phase
splitter, The in-phase output signal s
developed across Rs, so that the circuit
has heavy internal negative voltage feed
back like that of an emittes follower (bat
much heavier in this case). The ant)
output signal appears over Ry, This it
is far better-behaved than any single-
transistor arrangement and bs used at all
important points in this design
e phase shifter is built up around Ty to
w. It s actually a cascade of fwo simple
phase shifters. each of which Imposes 3
miution between 0% and 150%. The
frequency for which the total rotation
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The Rundsmantal frequency was
in this case 1 ki, the cailbration
0.5% por division. The smplitude
of the ke i tharetors 1% of
that of the fundamental.

Figure 2. Contribstion of the
spiken 10 The dinoTionpercentae.
mecoeding 1o the DIN standard
Bath messsramests wars done
iemticairy:

The X-input s connected o the
Butput of the sinewsve genarster
ihrequency 1kHz); the Y-input it
connecied to e output of the
distortion meawring eresit. The
varticsl snsitiity of the oseil
Ioscoge b st to correspond with
0.8% dintortian par division.

Figurs 23 shows 8 trace without
sk The dhat0rTion sceording 18
the DIN standard b 0L18%.

Figurn 25 shows & trace thet doss
include spikes; the DiN-samurs-
mant yiekds & distortion percent-
e ol 0.21%

Figurs 3 Block disgram of the

Fiqurs 4. The sircult diagram of
the fiitesr, Py weed Sy anable call:
bration of the seitivity ftotsl
wonel st read 100%) P med Py
provide coana and fies

mant respectivaly of the mjectian:
frequancy. Py end Py provide
eoare e fine sfjuriments of
thm amphituda balace {masimum
rjectionl. The capsciten Cz and
€3 mum heve s high thermal
mbility.

Figurs 5. Cireuit of the hum and
naise fillers and of the x10/x300
ampiifinr.

dintestion mter
amounts to exactly 180°, is fo. This
is adjusted by means of Py
and Py A fine sdjustment is provided
by Py, The capacitors C3 and Cy should
have low thermal coeffickents.
and S, enable the
d, In combination with
ches are open the
phase shift is 0° for all frequencies; the
filter action is defeated and the inpat sen-
sitivity can therefore be set correctl
Te to Tya form the differential ampl
The impedances in the circuit have been
kept low so that it will also behave well at
high frequencies. The inverted (1B0°)
signal from the phase splittor reaches the
plusinput via Ry and Py, The output
the phase shifter is taken fr
applied to the mimusinput, These two
signals must have precisely equal ampli-
tudes ai fg in ond can be
coarsely and finely adjusted using Pa and

The potentiometer Py is a preset control
for adju
ferential amplifier, since this depends on
the perties of the individual framsis-
tors. Set '||r DHC levels gl points A and B
to be equal (about 4 wolis), This is the
only trimming point in the whole filter.
Overall megative feedback is applied via
Ry Byzand R

Hum and noise filters

The circuit of these filters i shown in

figure 5. They are active filters, contain-

ing RC networks in their input, output
The rumaver i fairly

jof slope i more than

er i bailt around Tys and
an be switched info circuit with Sg
The cut off starts near 250 Hz, the
response. being more than 2041 down
at 50 Hz.

The noise filter (Tys) i switched in by
8y or 8¢ and cuts off at 20 or 200 kHz
respectively. Bear in mind that this filter
will also suppress any spikes more or bess
completely, Fig also inchades s
s} This will boost
n; 10 or 100, 30 that 3

fud l dl\).l\‘dl'
tage here is that the response of the IC

ol to rodl
¢ outpul
cantribution from the nmrmm wpiles
is host,

How to use the meter
Measurements are taken with the equip-
ment arraiped as thown i fgure 6. The

distortion. We hope to publish a3 good

cheap design shonly

The measurement p'omdu!c s a3 follows
b

and the x10/x 100 :-n;u.ne- out of circuit
Adjust Py until the meter reading is 1 ¥
this is equivalent 10 a distortion of 100
Set §; 1o ‘messure”. Adjust Py and Py
alternately 1o oblain 2 minimum reading.

can be set to “x10" or % s may
br required for a useful deflection. When
of Py and Py becomes too
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critical, continue fine adjustments with
Py and Ps. As soon as the minimum out-
pat has been found the distortion can be
read directly. Just how this s done will
depend on the indicating instrument used.
1 this imstrument s a typical multl-meter,
the nogmal harmonic distortion can be
tesd with reasonsble accuracy. The *x100°
position of Sy then cormesponds to an fid
of 1% distortion. The contribution of
waveform spikes will be lost, while there
is no quarantee of the accuracy of the
‘meter at higher frequencies,
A more sccurate resull can be obtained if
s good AC millivoltmeter & available. Set
Sy in this case to “xl’, otherwise the
integrated amplifier with its early rolloff
will be in circuit,
Both of these methods have the objection
that the indicating instrument integrates,
o that its reading corresponds 1o the
RMS value of the distonion.
m nnpllmde of the distortion products
using an oscilloscope.
Comn:u this 25 shown in figure 6. The
orignal signal from the sinewave genera-
tor is applied to the Nemput and the
output from the distortion meansring
carcuit (st “x1" gain!d Is applied 10 the
Yenput. The trace will now be of the

Set the 100% level, dhnnl calibration, to
indicate 3 volts peak-to-peak. 3 mV in the
trace now corresponds to 0,15 distortion-
amplitude,

It may be possible 1o improve the reada-
bility of the trace by using the hum or
moise reduction filters. Remember, how
ever, that the naise filters will al;o

Finally, a very good indicating inst rument
b an AC millivoltmeter that cam be
wwitched to operste as an RMS or o 3
peak detector. Beware of instruments
that use & peak detector but have a scale
calibration  reading 0.707x the peak
value - they only read the RMS level of 3
pure sinewave. The meters required here
ue some kind of square-law detector
RMS value of the distorion.

level). With such an instrament distortion
can be resd either according ro the DIN
standard or as & ‘pesuine” distortion-
percentage, .






