A REAL-TIME SIGNAL TEST
FOR CAPACITOR QUALITY

BY JOHN CURL and WALT JUNG

N THE PAST FEW YEARS, audiophiles

have begun to focus on passive cir-
cuit components and their impact on
audio signals. Capacitors, passive
components that vary enormously in
their departures from the ideal, have
been part of these discussions. You

can easily measure capacitor quality
by a variety of standard tests for
parameters such as dissipation factor
(DF) and dielectric absorption (DA).
Undoubtedly, these tests arrange the
various dielectrics according to their
relative quality. Some tests, such as
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F_IGURE 1 : The b.asic test setup uses two RC networks and a calibrated differen-
tial amplifier. Trim Radj for coarse null. Trim Ragj2 for fine null. Cref should be
reference-quality caps (Teflon are preferred, but polypropylene are adequate).
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FIGURE 2: This selectable-gain differential preamp uses an IC instrumentation
amp to realize the differential gain/level shift function.
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the one described in the specifications
for the MIL-C-19978D capacitor
[fixed plastic {or paper-plastic) dielec-
tric], are sensitive detectors of the
more subtle parameters [DA). This is
not a real-time test, however, and it
requires specialized equipment and
uses essentially DC signals.

Bridge tests have long been used in
passive component testing, and a
simple wideband bridge circuit can be
used to test relative capacitor quali-
ty. The advantage of this approach is
that it is both real time and real
signal. Specifically, you can observe
the relative quality results immedi-
ately, and they are based on signals
that closely approximate audio sig-
nals. In fact, they may actually be
audio signals.

The test is simple to implement
using two RC networks and a cali-
brated differential amp, as shown in
Fig. 1. In one arm of the bridge, the
capacitor being tested is connected in
series with a fixed stable resistance,
Rz . In the other arm, a high-quality
reference capacitor of similar value is
connected in series with two variable
resistances, R adj; and R agj2. Trimmer
Ragj1 adjusts the time constant,
while Radjz compensates for the
equivalent series resistance (ESR).
Typical pulse width is 1 to 20msec;
period is 5 to 10 times pulse width.
These adjustments balance the bridge
(note that the values need only be
nominally equal). The bridge output
is amplified by a factor, K, and is con-

. verted to single-ended form for obser-

vation on a standard oscilloscope.
The bridge is driven by a low-
impedance rectangular wave source
with a level of 1 to 10Vpp. This can
be from any lab pulse generator with
a passive output filter added to band-
limit the signal to below 100kHz.
The band limit is to minimize in-
strumentation problems, as well as to
simulate an audio signal more realis-
tically. Note that a steady-state signal



TABLE 1

SCALE SENSITIVITIES (V/DIVISION)

Input Level

To Bridge 10V 5V
10Vpp 1% 05
Wyp 10% 5

Relative % (for K = 100}

v 0.5V 0.1v
01 0.05 0.01
1 0.5 0.1

such as the one described above is
most useful in finding the null posi-
tion. Once this has been established,
you may use a real audio signal, as
well as pink or white noise and other
broadband sources.

Figure 2 shows one convenient
way to realize the differential
gain/level shift function using an IC
instrumentation amplifier {IA). With
the AD524 (or AD624) devices, pin-
selectable calibrated gains of 10, 100

10V/div. = 10%/div.

1V/div.

PHOTO 1: thst =
electrolytic; Cref = 8uF, 200V polypropy-
lene; Ry =450%; residue= 12 percent;
20msec pulse.

10uF, 10V aluminum

10V/div. = 1%/div.
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PHOTO 4: GCiest
disk; Crer = 0.1uF, 200V polypropylene;

=0.1uF, 50V ceramic

Rp =50kQ; 1residue=2.4 percent;
20msec pulse.

or 1,000 times are available, as noted
in the table with Fig. 2. A gain of 100
is the most useful. The devices
quoted require no additional parts and
no trimming for operation, only a
+15V supply (recommended). In
principle, you may also use other IAs
or separate setups with three op
amps. If you choose the latter ap-
proach, you will need seven precision
resistors, four of which should be
precisely ratio-matched pairs.

2v/div. = 2%/div.

PHOTO 2: Ctest = 10uF, 25V nonpolar
aluminum electrolytic; Crer = 8uF, 200V
polypropylene; Ry =500Q; residue~=~3
percent; 20msec pulse.

=0.1%/div.

1V/div.

10V/div.

PHOTO 5. Ctest =0.1pF, 100V polyester
(Mylaz); Crer=0.1uF, 200V polypropy-
lene; Ry, = 50kQ; residue = 0.11 percent;
20msec pulse.

Using the Setup

With this setup, you can obtain a
wide variety of sensitivities, which
are dependent on the driving level, X,
and the scope sensitivity actually
used. For example, dependent on the
particular quality of Crest, the residue
signal at the null point may be as
high as 10 percent or more referred to
the input, or it may be as low as 0.01
percent or less. These scaling sen-
sitivities are indicated in Table 1 for
the drive levels of either 10Vpp or
1Vpp, with the scope scale as shown.
For this table, an IA preamp gain of
100 is assumed. For example, when
a drive of 10Vpp is used, a scope
display of 1V/division is equivalent
to 0.1 percent/division, with respect
to the input signal.

For an asymmetric rectangular

=0.5%/div.

.5V/div.

unn;un

PHOTO 3: Crest = 10pF, 35V tantalum
electrolytic; Cref = 8uF, 200V polypropy-
lene; Ry =5009Q; residue=0.9 percent;
20msec pulse.

=0.1%/div.

1V/div.

10Vidiv.

PHOTO 6: Ctest =
electrolytic; Crer = 8uF, 200V polypropy-
lene; Ry, = 50kQ; residue =0.19 percent;
20msec pulse.

10uF, 10V aluminum
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wave input signal, the frequency
spectrum of the test signal is rich in
harmonics. Therefore, a single ideal
time constant will cause the signal
components to change in amplitude
and phase. A second time constant of
similar basic value, but with the para-
sitic effects of non-ideal parameters
added, will produce a different set of
amplitude/phase relationships. You
can understand this if you consider
that the parasitic components will
change the capacitor value or ESR
with frequency. Any capacitor with
frequency-dependent parameters will
not act identically to an ideal one
when fed a wideband signal. This test
is designed to produce an output (the
residue after nulling) that represents
the signal components that differ
from the bridge’s reference leg. This
signal is a measure of the relative
quality of Cresr because it differs from
Crer in real time.

Sample Results

Some sample results from this type
of test are shown in Photos 1-7. The
input driving waveform is shown at
the top, and the residue after nulling
appears at the bottom (sensitivity as
shown). The specific types being
compared are noted, along with other
relevant conditions. In all cases, the
input pulse width is 20msec, and the
time base is 10msec/division.

This residue can be composed of
linear and nonlinear components
because it is the total error remain-
ing after the bridge has been trimmed
for time constant and ESR. DA will
typically be the largest error compo-
nent in film and aluminum capaci-
tors, and it will often be essentially
linear error. Nonlinear errors can also
occur, as with capacitance parame-

0.01V/div. = 0.001%/div.

10V/div.

PHOTO 7: Ctest = 1uF, 200V polysty-
rene; Crer = 1uF, 50V Teflon; Ry = 10k(};
residue = 0.001 percent; 20msec pulse.

ters that are not voltage independent.
This can occur with high-k ceramic
units and some tantalum types.
The residue from the test units is
dominated mostly by DA errors.
These results offer some interesting
observations about the nature of the
output error with regard to audio
signals (mostly transient in nature).
Not only is the basic waveform of the
input pulse distorted in shape, but al-
so note that appreciable output is still
occurring for several tens of milli-
seconds after the input is complete. [

Editors Note: In a letter to Richard
Mazsh in December 1980, tesponding to
Marsh’s article ‘‘Dielectric Absorption
in Capacitors” (TAA 4/80), John Rob-
erts suggested a test similar to the one
outlined above. The suggestion was in
an unpublished postscript to the letter,
which appeared in TAA 3/81, p.54.
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