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Selection of Capacitors For Optimum Performance— Part 1

Em time to time we hear references to distortion and
other nonlinear effects produced by passive circuit compo-
nents, such as capacitors, used in audio circuits. However,
only on rare occasion can anything be found in written form
which attempts to quantify or otherwise document capacitor
problems, particularly as they specifically relate to audio. Yet,
distortions are produced by a wide variety of basic capacitor
types, and in some cases forms of this distortion are rather
easily measurable. Why there hasn’t been more written on
this topic is truly a good question, as in many instances the
audible defects produced by capacitors can easily be the
Achilles’ heel of a given design. If this were not a truism, why
else would there be so many audiophile modifications con-
sisting essentially of capacitor upgrades only? The implica-
tions of this will be apparent when this article is fully appre-
ciated.

While there has been no detailed overview or discussion of
these problems in print, two articles are noteworthy, because
they do in fact address this specific topic. In [1], Dave Hada-
way gave a summary of relative quality rankings for capacitor
types. More recently, John-Curl [2] discussed some measured
results for two capacitor types. Dick Marsh [3,4,5] has been
specific in cautions against certain types, in several Audic
Amateur letters.

What we hope to do in this article is cover capacitor basics,
means of testing for impedance and distortion, and summa-
rize with some selection criteria which will optimize sound
quality. We will begin by discussing some simple (but
deceiving, really) distortion tests. A summary of key capacitor
performance defining terms is given in the sidebar entitled
Capacitor Basics.

Signal Path Tests For Capacitor Distortion

One of the more frustrating aspects of the distortion prob-
lem vis-a-vis capacitors is that they do not always allow direct
quantification as they typically operate in the signal path. A
good example of this very point will be demonstrated below
in the discussion of some THD tests on tantalum capacitors.
By these THD results, one might be led to believe that tan-
talum types are adequate when suitably selected. Neverthe-
less, they still fail to measure up in auditioning and show
poor electrical quality when measured by other methods —
even though they may appear to be operating in a virtually
distortionless fashion by THD tests.

Two series of THD tests were performed on two types of
capacitors, tantalum electrolytics and ceramic discs. These
tests seem to be representative, as different capacitors of the
same variety produced similar results, and the results here
generally correlate with Curl’s [2].
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Tantalum Capacitor Tests

In the tantalum tests, a circuit was built in the form of a
simple high-pass filter, as shown in Fig. 1. The general test
circuit used is shown in Fig. 1a, and the details of various
capacitor connections are in 1b. The 3-V rms generator and
meter is a THD oscillator/analyzer combination. The general
goal of this test is to examine the distortion sensitivity of the
polar tantalum capacitor in handling bipolar a.c. signals.

As the different connections of 1b indicate, there are vari-
ous ways that a polarized capacitor such as this can be con-
nected. The circuit as shown in 1a is a simple a.c.-only circuit
with no d.c. polarizing bias applied to the capacitor in test
condition A.

For such a mode of operation, a tantalum capacitor will
generate appreciable distortion when the signal conditions
are such that there is appreciable a.c. voltage dropped across

Fig. 1—Tests of tantalum capacitors.

Fig. 1a—General Fig. 1b—Test details of
test circuit. capacitor connections.
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it. Or, stated another way, when its reactance becomes ap-
preciable in relation to that of the load (here 680 ohms).

For condition A, the capacitor is a single 6.8- 4 F unit, and
its reactance equals 680 ohms at about 35 Hz. To generalize,
we will talk in terms of this frequency, which is the corner
frequency, fc. As will be seen, it is a key to understanding this
particular pattern of distortion behavior.

THD data were taken on this and the remaining connec-
tions, as shown in Fig. 2. For condition A, it can be seen that
distortion is low at frequencies above about 10 times fc, but
rises as fc is approached and nears 1 percent in level below fc
when the capacitor sees a large a.c. voltage.

From these data, it seems somewhat analogous to regard a
polarized tantalum operated thusly as a capacitor shunted by
an imperfect diode. The distortion it produces is even order,
which is shown in the distortion photos in Fig. 3. Since the
device’s a.c. characteristic is asymmetrical it appears that cir-
cuit means which tend to minimize the asymmetry also tend
to minimize the distortion produced.

As John Curl showed [2], a simple parallel connection of
like capacitors, as in B, reduces distortion appreciably. Com-
pared to condition A, condition B reduces the distortion at fc
by a factor of 2 to 3 (Fig. 2).
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The series back-to-back connection of condition C can re-
duce the distortion further, if the two capacitors happen to
have complementing characteristics. The distortion products
for condition C are also shown in Fig. 3 (at fc). However, it
appears this particular connection depends strongly on the
match of the specific units used. Also, unlike the connection
of B, the series connection of C increases the net equivalent
series resistance (ESR), which is usually not desirable as dis-
cussed later.

If the series connection is so effective, the logical question
is, then, does polarizing bias applied to the junction help
further? The answer is yes, with increasingly better results

Capacitor Basics

A brief review of capacitor fundamental relationships is
appropriate to a more complete understanding of the appli-
cations-oriented discussions of this article.

As can be noted from the physical diagram (Fig. B1), a
capacitor consists of two plates or conductors separated by a
dielectric or insulator and the whole is capable of storing
electrical energy. Capacitance is determined by the area and
spacing of the plates (dielectric thickness) and the dielectric
constant which is symbolized by K. The K of a given material
is a direct measure of its ability to store electrons as com-
pared to air. Note that within a given size, capacitance can
only be maximized by increasing K.

Table Bl is a short summary of some of the dielectrics used
in audio work. As can be noted, all of the film dielectrics
have relatively low Ks, while the remainder, such as alumi-
num and tantalum oxides, are quite a bit greater. This is the
reason why a 10- p F polycarbonate capacitor is so much larg-
er than a 10- y F aluminum or tantalum electrolytic for a com-
parable voltage.

All capacitors can be modeled electrically by the equiva-
lent circuit in Fig. B2. The elements shown here are actually
parasitic, with the exception of C, which is an ideal capacitor.
In practice a parallel resistance, Rp (sometimes called IR or
Insulation Resistance), shunts C, causing leakage. R is both
temperature and voltage dependent. A series resistance, R,
(also often called ESR, for Equivalent Series Resistance) ap-
pears in series with C, limiting the minimum impedance. R, is
composed of plate, lead, and termination resistances primari-
ly. For high-cusrent circuits, R. can represent a significant
power loss, and it is desirably minimized. L represents the net
inductance of the winding and leads. C is actually compused
of C; and C;, where C; and Rpa comprise the dielectric ab-
sorption model (discussed fully in text).

The losses in capacitors are described by the real and reac-
tive impedances, as shown in the vector diagram triangle, Fig.
B3, with the respective impedances as described by equa-
tions 2, 3, and 4. )

In capacitor specification literature, the angles 6 and & are
often seen. Both are used to represent losses, which can be
described either by the term power factor (PF) or dissipation
factor (DF). As equations (5) and (6) indicate, they are trigo-
nometrically related.

An important point to be appreciated is that for very small
values of R, PF and DF are nearly the same. Note also that
both PF and DF can also be expressed in percentage form, as
DF (%), as noted in equations (7) and (8).

Capacitor losses are also sometimes expressed in terms of
Q or quality factor, a general figure of merit. Q is simply the
inverse of DF, as shown in equation (9). The practical expres-
sion of this is that low DF capacitors have high Q.

An appreciation for the interrelation of these various ca-
pacitor loss elements can be gained by regarding Fig. B4, a
hypothetical capacitor impedance vs. frequency curve. At rel-

with more bias, as shown in conditions D, E, and F. However,
even a relatively small bias, such as in D, is very effective,
reducing THD at fc to 0.01 percent. This bias level is 5 V or
just in excess of the greatest signal peak swing. The distortion
for test condition D is shown in Fig. 3 at fc.

What this series of tests seems to say is that one should
carefully control the a.c. signal developed across such a polar
capacitor to minimize this distortion. If you use a simple sin-
gle-capacitor connection with no d.c. bias, it appears that a
just derating by a factor of about 10 times will minimize the
distortion. In other words, if a given capacitor used for cou-
pling is calculated to have an fc of 10 Hz, making it corner at

atively low frequencies, the value of Z observed is equal to X,
and follows the inverse relationship of equation (2). At some
higher frequency, it reaches a minimum value, due to R,. At
this minimum impedance frequency, the capacitor actually
acts as a series-resonant circuit, with maximum current limit-
ed only by R.. Note that only if the capacitor were truly ideal

AREA=A

.

Fig. B1—Physical diagram of a capacitor.
C = (KA/d) (0.225 x 10-?){arads M
See reference 15 for a thorough discussion of C.
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Table Bl-—Dielectric constants of typical materials.
Teflon through polyester are films.

Dielectric K (vacuum = 1.0000)
Air (reference) 1.0001
Teflon 20
Polypropylene 21
Polystyrene 2.5
Parylene 2.65
Polycarbonate 29
Polyester 3.2
Glass 40-85
Mica 6.5-8.7
Ceramics 6 to several thousand
Al oxide 7
Ta oxide 1
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Fig. B2—Equivalent circuit of a real capacitor. C = capaci-
tance in farads, L = inductance in Henrys, R, = equivalent
series resistance in ohms, R, = parallel resistance in ohms,
and C;and Rpa = dielectric absorption portion of equivalent
circuit.

Capacitor Terms

Capacitive reactance = X¢ = 1/2nfC (2)
Inductive reactance = X, = 2nflL 3)

(Note: equations 2 and 3 apply for sine waves—see text.)

impedance = Z =V R4+ (X Xi)? )




1 Hz will minimize the distortion produced by this particular
mechanism. However, as alluded above, this is not the whole
story, as the discussions later will show.

Ceramic Capacitor Tests

In a second series of tests, the distortion produced by a
common ceramic disc capacitor was studied. Data in the
form of the THD vs. frequency for this test are shown in Fig.
4. The first circuit used is a simple low-pass (LP) filter, with
the capacitor under test as the shunt C arm. The values cho-
sen for the test were R = 1K and C = 0.1 pyF. A 100-V type
‘was used for the capacitor.

would its impedance continue to fall indefinitely with fre-
quency. On a log-log scale, this is shown as a straight (non-
curved) descending line with increasing frequency (shown
dotted in Fig. B4). It should also be noted that R, is both
temperature and frequency dependent (although not shown
here).

Xe~ XL

Fig. B3—Vector diagram
of capacitor impedances.

Power factor = PF = cos 8 =sin 3 =R,/Z (5)
Dissipation factor = DF = cot 8 = tan & = R,/ (X-X(} 6)
Note: For relatively low values of R, Z is approximately equal
to Xc-X..Therefore, 8 approaches 90 degrees and cos 8 is ap-
proximately equal to cot 6. As a result, PF and DF are nearly
equal for low Rs values.
DF (%) = DF x 100 = 100 {Rs/ (Xc- X0)] 7)
PF (%) = PF x 100 = 100 (Rs/Z) 8)
In practical terms, DF = PF with a discrepancy of under 1
percent for PF (%) values of 14 percent or less.
Quality factor or figure of merit =
Q = (XX /R = 1/DF. 9)
Example: A DF (%) of 0.1 percent in a capacitor results in a Q
of 1000.
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A very interesting point which should be noted regarding
equations (2) and (3) is that they specifically describe reac-
tances for single-frequency, sine-wave conditions. In actual
practice, music is comprised of a multiplicity of signal com-
ponents simultaneously, and would be more accurately gen-
erally characterized as a transient waveform source.

As such, a transient pulse of period t is generally related to
the f term more accurately, as

=1/2t (10}

Note that for these conditions, we now must consider not
only the fundamental frequency of repetition, but also all of
the harmonics comprising the Fourier series with their exact
phase and amplitude relationships if the waveform is to be- |

transmitted accurately.

Fig. 2—THD
in tantalum
electrolytics
as a function
of corner
frequency in
a high-pass
filter,
various
connections.
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Fig. 3—Output vs. distortion photos for tantalum capacitors
in a high-pass filter, various connections. For each photo, top
is filter output; bottom is distortion products. Setup condi-
tions as in Fig. 1b.

Conitio ” fc = 18 z, dis-
tortion about 0.075 percent.

Condition A: fc = 35 Hz, dis-
tortion about 0.2 percent.

Condition D: fc = 70 Hz, dis-
tortion about 0.01 percent.

Condition C: fc = 70 Hz, dis-
tortion about 0.025 percent.

Condition F: fc = 70 Hz, dis-
tortion about 0.003 percent.

Condition E: fc = 70 Hz, dis-
tortion about 0.005 percent.

As the LP data show, distortion is produced well below the
corner frequency, which in this case is 1800 Hz. The data
shown are corrected, so the THD 100 percent set level fol-
lows the LP roli-off. Even as such, however, the higher har-
monics are attenuated, and this data may be a pessimistic
representation. An IM test might show even worse perform-
ance for this LP filter. Figure 5 shows the nature of distortion
in 5a; as can be noted, it is third harmonic. By contrast, a
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Fig. 4—THD produced by a ceramic disc capacitor as a func-
tion of frequency in low-pass and high-pass filters.

polyester type inserted into the circuit shows no discernible
distortion (5b).

By placing the same ceramic capacitor in an HP filter cir-
cuit, the roll-off of harmonics can be circumvented. In this
type of use, the voltage across the capacitor is highest at low
frequencies. Thus nonlineatities will show up as higher har-
monics, which are readily passed by the filter.

The data for the HP test show much stronger distortion at
the lower frequencies, where the voltage is highest. We are
not sure what should be interpreted as the common distor-
tion-producing source in these two tests. One thing seems
quite clear, however, and that is the simple fact that you
cannot “work around” the distortion problem in ceramics.
Our feeling is that they should simply be avoided anywhere
near an audio signal path and probably just avoided alto-
gether for audio. For example, some listening tests have indi-
cated that they can produce audible distortion when used as
supply bypasses, let alone coupling!

One obvious implication which emerges from the above is
that a capacitor is not just a capacitor by any means. Of
course, what we’ve discussed here are only two types of ca-
pacitors, and we really ought to make some general recom-
mendations as to desirable types. This leads us more deeply
into just what a capacitor is, and how this knowledge relates
to audio.

Interpreting Capacitor Performance Data

One of the most important factors needed for a full and
effective understanding of capacitor audio application crite-
ria lies in interpreting data. Most of us have probably seen
examples of impedance/frequency curves such as the one
hypothesized in Fig. B4. However, considering such curves in
the light of real data actually allows us to separate the men
from the boys among capacitors — and also shows us which
ones to use for audio.

Fig. 5—Output and distortion photos for ceramic and po-
lyester capacitors in a low-pass filter circuit.

:

b—~0.1- uF polyester; fc=1.8
kHz, “distortion” is at residual
level; 0.01 percent full scale.

a—~0.1- uF ceramic disc;
fc = 1.8 kHz, distortion is
about 0.1 percent.

Typical data of this nature for tantalum capacitors are
shown in Fig. 6. Regarding this data and recalling the model
of a real capacitor (Fig. B2), we see that under d.c. or low-
frequency conditions, Rs and L are negligible, compared to
the C and Rp combination. As the frequency increases, par-
ticularly above a few kilohertz, the effects of both Rs and L
increase.

In these practical cases shown here (one of which is typical
of good-quality Ta units), it can easily be noted that X. does
not follow the ideal capacitor -6 dB-per-octave pattern with
increasing frequency.

Further examination shows that as frequency increases, X,
tends to decrease, while X, increases in value. This of course
means that the (X-X\)? term of the Z formula gradually de-
creases until at some frequency, the term (X-X,)? disappears.
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Fig. 6—Typical impedance vs. frequency curves for tantalum
capacitors.

Fig. 7—Typical impedance vs. frequency curves for aluminum
electrolytics.
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Then the observed impedance is resistive or Z = Rs. This is
the so-called series resonant frequency of the cap, which for
tantalum and aluminum electrolytics will generally fall be-
tween 10.kHz and 1 MHz. From this, it should be apparent
that if a capacitor is operated at a higher frequency than this,
it will no longer be a capacitor to the circuit.

Although the discussion thus far has treated only tantalum
electrolytics, this pattern of non-ideal Z vs. frequency behav-
ior is actually inherent to all real capacitors to some degree.
In the better quality dielectrics, Rs and L are lower and more
closely controlled, and this is reflected in lower losses (DF),
due to the lower parasitic parameters. This will be more ap-
parent as we present data for other dielectrics.
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Aluminum electrolytics show a quite similar broadly reso-
nant frequency, where Z = Rs (or ESR). Data for a wide range
of aluminum electrolytics are summarized in Fig. 7.

As can be noted from these data, the resonant frequency is
typically between 10 and 100 kHz. Note, however, that the
absolute level of impedance is much lower in the case of
aluminum, due to the availability of much larger values. Also,
many of the larger electrolytics are designed to handle large
ripple currents and thus have very low values for Rs, as can
be noted.

If these data are very carefully interpreted, a number of
quite useful points can be drawn from it. Generally speaking,
for two capacitors of similar value, the one with the higher
voltage rating will show lower Rs (and DF, if viewed thusly).
This can be seen, for example, between units A and B, as well
as units F and G. And, it can also be seen in tantalum units
(the two specific cases for comparison in Fig. 6 show this
quite well).

One might at this point ask what is the disadvantage of a
relatively high Rs (or high DF) in a capacitor used in audio.

Fig. 9—Impedance vs. frequency
for film capacitors
using various dielectrics.
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Fig. 10—Measuring capacitive impedance by oscillator and
voltmeter method.

The answer can be had by regarding the data of Fig. 7 in a
different light.

Using the capacitors A and B as illustrative examples, their
actual effective capacitance values were calculated for vari-
ous frequencies, using equation 4 to solve far C. The results,
plotted in Fig. 8, clearly show the A unit (the higher Rs unit)
to exhibit strong changes in capacitance with frequency. The
B unit improves the situation relative to A, but still shows
substantial capacitance change.

It is not at all hard to imagine how a capacitor whose value
actually changes with frequency might distort an audio sig-
nal’s integrity, particularly with regard to phase.

If we can visualize the complex frequency relationships of
music passing through a capacitor (it doesn’t really), while Z
is simultaneously changing with the complex frequencies of
the music, it is possible to appreciate how it can be relatively
easy to upset the subtle harmonic/fundamental phase and
amplitude relationships. Not only from the capacitance varia-
tion standpoint but also from the inductive behavior region.
Used as a coupling capacitor, the resulting effects of high DF
(L or Rs) are image blurring, and instrument harmonics/over-
tones are less accurately reproduced, with a general overall
veiling of the sound. Use in a feedback path further compli-
cates the matter, because we are using this signal to provide
error correction. For example, if we consider the general
transfer relationship for an amplifier where the gain = Zf +
Zin, it is easy to see that variations in Z with frequency which
depart from the ideal will distort the relationship.

When we talk of film capacitor types, we find that the
situation of less than ideal behavior regarding impedance vs.
frequency is improved greatly. This is simply due to the fact
that film dielectrics, such as polystyrene, polypropylene, po-
lycarbonate, and polyester, have much lower dielectric loss-
es. This is reflected in lower DF and Rs, as well as generally
much more stable parameters with respect to frequency and
temperature.

The impedance vs. frequency characteristics of a number
of film-type capacitors are shown in Fig. 9. In general, it can
be noted that they all show lower minimum impedances
(lower Rs), and sharper dips around resonance. These points
underscore the fact that the resistive losses can be much low-
er, in many cases below 10 milliohms.

Film capacitors also appear inductive above their series re-
sonant frequency, due to inevitable parasitic inductance of
the winding and/or leads. However, the inductive effects can
be minimized, by suitable winding and termination tech-
niques, which can extend the usefulness of a capacitor to
substantially higher frequencies. Useful cues to look for in
this regard are specified noninductive winding technigues
and extended foil-welded-lead attachments.

Measuring Capacitor Impedance Values

Since the above poaints are so basic to optimum capacitor
selection, it logically follows that most audio experimenters
will want to have the capability to measure the various ca-
pacitor performance parameters. Since few of us have access
to the necessary bridges (and if so, many of them can’t mea-
sure Rs or DF), it seems necessary to devise a setup to mea-
sure these parameters. A setup we find most convenient to
these purposes is shown in Fig. 10, and it was actually used to
gather all of the data for Fig. 8.

This setup basically measures impedance (Z) by the volt-
age divider method, using a sine-wave generator and voltme-
ter. From the impedance data, C, Rs, L and DF can be de-
rived. Table | and the notes describe the details of the proce-
dure, which is written for either a bench voltmeter or an
oscillator-analyzer combination. You should, of course, take
appropriate precautions regarding bias voltages, polarity, and
so forth. Also, be sure to use shielded leads on the voltmeter
and connections direct to the terminals on low Rs units.

You will be pleased with how much power this simple
little setup gives you in grading capacitors, particularly elec-
trolytics. For example, you can use it to quickly weed out
poor-quality units, such as A (a junkbox special). Given a few

Table I—Voltage to impedance conversion chart, with notes
for various test conditions and using the circuit shown in Fig. 10.

Equivalent

Voltmeter Scale Impedance

(Full scale, volts or percent) (Full scale, ohms)
10-V Source’ 3-V Source ?

1 100 100
0.3 30 30
0.1 10 10
0.03 3 3
0.01 1 1
0.003 0.3 03
0.001 0.1 0.1
0.0003 0.03 0.03
0.0001 0.01 0.0

Notes:

1) This scale applies to a separate 10-V source and a.c. volt-
meter. The 1-V full-scale range is equivalent to 100-ohms
full-scale range. (Multiply numerical reading X100 to get
ohms.)

2) This scale applies to a Sound Technology 17008 or equiva-
lent operated as a 3-V source. Use the “dB Volts” scale with
0.3 V rms equal to 100 percent. The 100-percent full-scale
range is then equivalent to 100-ohms full-scale range and
ohms are read directly.

3) The d.c. bias source, if required. Use input blocking capac-
itor equal to or greater than 100 yF, and OBSERVE POLARI-
TIES!

4) On low ESR types, place the a.c. meter leads directly at the
capacitor terminals for minimum lead length.
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units of similar value, it is quite easy to select the lowest Rs
unit, such as H versus .

If you use an audio oscillator and meter, you will most
probably be limited to upper frequencies below 100 kHz or
200 kHz. However, you can use the same basic technique
with a wide-range function generator as a sine-wave source
and a high-gain scope as the readout device. This will allow
testing of the smaller value film capacitors, which typically
are series resonant at appreciably higher frequencies.
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Selection of Capacitors for Optimum Performance—Part Il

PICKING CAPACITORS

Walter G. Jung and Richard Marsh*

A somewhat lesser known performance parameter of capa-
citors called dielectric absorption (DA) is also a major con-
tributor to sonic problems. Actually, in spite of the fact that
DA is not generally understood, it may well be more impor-
tant than DF.

This phehomenon is really a reluctance on the part of the
capacitor dielectric to give up the electrons that it has stored
within itself whenever the capacitor is discharged. Then,
when the shorting mechanism is removed, these electrons
that remained in the dielectric will, in time, accumulate on
an electrode and cause a “recovery voltage” gradient to ap-
pear across the capacitor terminals. This has been referred to
as a capacitor’s “memory” of what was just previously ap-
plied. The recovery voltage, divided by the initial charging
voltage, and expressed as a percent figure, is called the “per-
centage dielectric absorption” (% DA).

Conversely, there is also a reluctance on the part of the
dielectric to accept all of the energy presented to it with a

*®Copyright by Walter G. jung, Consulting Author, and Richard Marsh, Tech-
nical Specialist, Laurence Livermore Labs, Univ. of California, Berkeley, Calif.

uniformity of speed. These factors may be understood by
regarding the capacitor model of Fig. B2. The effect of DA is
represented by the capacitor C2, with a series resistance, Rpa.
The total capacitance seen externally is C = C14+C2. Variation
of the relative size of C2 and C1, and Rp,, represents the
equivalent of real capacitors, with varying degrees of DA.
(Note that this model suggests that the externally perceived
effects of DA might be controllable to some degree by ma-
nipulation of the relative impedances controlling charge and
discharge of the real capacitance. Experimental evidence dis-
cussed later tends to support this contention.)

In addition to the “bound” electron phenomenon, a sec-
ondary factor in the magnitude of recovery voltage values is
that of “free” electrons in random movement in the dielec-
tric. These free electrons take finite time to move from the
dielectric to the electrode, and therefore contribute to this
recovery voltage.

Dielectric absorption becomes a critical factor in circuits
which are highly dependent upon speed of response. As the
a.c. signal goes to zero (as in a short circuit) the trapped or
bound electrons within the dielectric do not follow as fast.
These electrons take a finite time to move from the dielectric
to the electrode. As capacitors are typically used in audio
circuitry, we could translate these defects into loss of accura-
cy in reproducing the fine inner detail of music, as well as the
music’s dynamic structure.

It is quite illuminating to consider what effect a phenome-

non such as DA will have on an a.c. signal consisting largely
of transients (such as audio) might have. For example, when
an a.c. voltage is applied, there is a tendency for the dielec-
tric absorption phenomenon to oppose this change in polar-
ity.
" When music is the a.c. signal, the sonic degradation is one
of compression or a restriction of the dynamic range. Also, a
loss of detail results, and the sharpness is noticeably dulled.
With dielectric types which have high DA, there is a definite
“grundge” or hashy distortion added to the signal.

It is quite important to describe the sonic thumbprint that
DA contributes to subjective audio. The effects of DF and DA
can be perceived differently. DF is primarily a contributor to
phase and amplitude modulation; DA reduces or compresses
dynamic range. This it does by not returning the energy ap-
plied all at once. With signal applied to a capacitor with DA
present, the amplitude is reduced by the percent DA. When
this energy does get returned (later), it is unrelated to the
music and sounds like noise or “garbage” being added; the
noise floor is also raised. High-frequency and/or transient
signals are audibly compressed the most. Signals that look

Jlike tail pulses (a lot of transient music information is of this

nature) are blunted or blurred in their sound. “Dulling,”
“loss of dynamics,” “added garbage or hash,” and “an inabil-
ity to hear further into the music” have been subjective terms
used to describe the DA effect in capacitors.

All polar dielectrics have relatively high DA; the best exam-
ples of this pattern are tantalum and aluminum electrolytics,
which can have DAs as high as several percent. There is also a
general correlation between dielectric constant and DA, with
the high K dielectric types being worst in terms of DA (we
would like to thank T. Von Kampen of TRW Capacitors for



making this point to us). For example, regarding Table BI,
ceramics and both the Al and Ta oxides have high values for
K, and also show correspondingly high values for DA.

Glass and mica dielectics have intermediate values for K,
and also intermediate levels of DA. They are nowhere nearly
as bad as ceramics or the Al and Ta oxides, but neither are
they as good as the films.

Interestingly, it should be noted that there is also a general
correlation between low values for DF and low DA, particu-
larly among the film dielectrics. However, a low DF does not
always go hand in hand with a low DA, and the glass and
mica dielectrics are good examples of this fact. Both of these
dielectrics have excellent properties with regard to DF, and
also low capacitive variations with regard to frequency and
temperature. Unfortunately, however, these excellent prop-
erties (which make these types highly desirable for such ap-
plications as resonant circuits and equalizers) are not realized
concurrently with low DA. So, these types are therefore not
ultimately as desirable for high-performance audio.

The film dielectrics, which are non-polar, are a different
story with regard to DA and DF. All types listed in Table BI
have relatively low values (3 or less) for K, and good to excel-
lent performance with regard to DF and DA. Among the film
dielectrics there can be found a direct correlation between K
and DA, and even the relatively worst film dielectric (polyes-
ter) has a DA of less than 1 percent. The best of them, Teflon,
has a DA on the order of 0.01 or 0.02 percent, while polypro-
pylene and polystyrene are nearly as good.

Testing Capacitor DA

Measurement of the DA of a capacitor is a rather involved
procedure when it is dane in accordance with MIL-C-19978D
[28]. This standard is widely used and referenced by the ca-
pacitor industry, and unless you test a particular type accord-
ing to the MIL-C-19978D format, you are not likely to get
comparable results (even though the relative quality relation-
ship may still hold between different dielectrics).

The procedure outlined in this specification calls for a five-
minute capacitor charging time, a five-second discharge,
then a one-minute open circuit, after which the recovery
voltage is read. The percentage of DA is defined as the ratio
of recovery to charging voltages, times-100.

It should be understood that this is quite a stringent test,
with regard to both the capacitor and the instrumentation. It
takes an excellent dielectric to show small recovery voltages
after a full charge, a five-second discharge, and a one-minute

Table Il — Dielectric absorption tests (after MIL-C-
19978D).

Test1
Device Vo (V) DA (%)
1) 4.7 pF/50V Al 0.082 1.4
2) 6.8 pF/35VTa 0.170 28
3) 4.7 pF/250V 0008  0.13
Metalized polyester
4) 5 pF/200V
Metalized polypropylene 0.007 0.017
Polypropylene foil 0.002 0.033
Test 2
Device Vo (V) DA (%)
1) 100 pF/3VTa 0.230 38
2) 100 uF/20V Ta 0.095 1.6
3) 50 pF/10V NP Al 0.065 1
4) uf/3VTa 0.200 33
series, back to back
5)6 pF/15V NP Ta 0.148 25
6) 220 uF/35V Al 0.086 1.4
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open circuit. It also takes some special low-current voltmeter
techniques to read this voltage without introducing serious
errors.

To simulate a MIL-C-19978D type of test, we built the cir-
cuit of Fig. 11, which reads the recovered voltage (Vo) via a
bench DVM. The capacitor being tested (D.U.T.) is charged
to 0.6 V. This level might seem low, but was chosen because
it represented a typical peak signal level, particularly for low-
er level circuits. (A slightly higher charging voltage would

Fig. 11 — Dielectric absorption test circuit.

Test Procedure

1) Charge D.U.T. to 0.6 V for 5 minutes ($1, pos. 1).
2) Discharge D.U.T. for 5 seconds (51, pos. 2).

3) Open S1 (pos. 3); after 1 minute, read Vo.

4) Calculate DA in percent, as DA (%) = Vo (16.7),
where 16.7 is a scalor or constant unique to this test
circuit.

Notes

1) Use clip-on heat sink for A1.

2) Trim offset for Vo = 0.0000 V prior to testing.
3) Use high-quality insulation to S1 and D.U.T.
socket.

4) Q1, Q2=2N5089.
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make measurements easier and more applicable to higher
peak signal voltages, should this be desired) A MOS FET
input amplifier is used, the CA3160BT. This is done because
only a few pA of bias current are allowable in the D.U.T.
circuit; if the current were higher the D.U.T. voltage would
vary, by being charged by this bias current, and not be distin-
guishable from the true DA-produced voltage. In the circuit
here, the 3160 bias current begins to limit the accuracy of
readings below about 0.1 percent DA.

The test procedure is largely self-explanatory. However,
the precautions listed in the notes should be followed, and
we recommend no deviations from the parts specified if you
want comparable results.

Two series of tests were run with this setup, as outlined in
Table II. The first test compares four similar value capacitors
with different dielectrics to see the differences in DA. As can
be noted, both aluminum and tantalum electrolytics are very
poor, with tantalum sample being slightly worse than the
aluminum. This might be expected from their relative Ks.

The metalized polyester unit is far better than either elec-
trolytic, measuring less than 0.15 percent. This may be quite
good for polyester types, as typical specification data avail-
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able do not always show comparably low figures. The metal-
ized polypropylene unit is extremely good in terms of DA
with a measured figure which compares quite well with the
manufacturer’s data. The polypropylene foil unit is not quite
as good, but is still excellent.

For both units 3 and 4 (or any other comparably low per-
centage DA type) the particular test conditions chosen are
very sensitive to millivolt or sub-millivolt errors. This is sim-
ply because 0.1 percent of 0.6 V is only 600 yV— a voltage

easily lost or obscured without very careful construction and
calibration of the setup. Higher charging voltages (say 10 V)
would ease this burden considerably, but we do not as yet
know that such a test level can always be directly correlated
to lower levels.

Test 2 examined a number of higher value aluminum and
tantalum electrolytics. Comparison of units 1 and 2 shows
that a higher voltage rated unit of the same value will tend to
have a lower relative DA. This is an interesting point, as this

“Tuning” typically used audio circuits with quality capacitors

Since we would otherwise be endiessly asked “How can |
improve my brand X preamp or power amp using the im-
proved capacitor types recommended in this article?” it
seems appropriate to make some comments as to the meth-
ods which would be typically used. First, readers should un-
derstand that we are not equipped to answer individual re-
quests for consultation in these areas. If you cannot translate
our general comments into the specific steps appropriate to
modify your particular gear, please ask a more technically
knowledgeable friend for some help. One should not at-
tempt these changes without some prior experience in elec-
tronics and familiarity with the components used. Please be
advised that if you choose to do so, you make such changes
at your own risk, which is to say we cannot be responsible for
any accidental damage you may incur. You should also be
aware that the alteration of some equipment may result in
invalidating a warranty and may also influence its potential
resale value.

Since the minimum number of equipment blocks an audio
system can be assembled with is two, preamp and power
amp, we will discuss these two items as generally used. The
basic ideas can be translated to any audio equipment using
capacitors, which of course includes everything.

Figure B3 shows a block diagram of how a typical solid-
state preamp is often-realized. In the phono section of B5A, it
can be noted that the signal path contains six capacitors, all
of which can potentially degrade the signal’s quality. The
amplifier circuit is shown generally as a gain block A, which
can be an op amp or discrete circuitry, and the comments on
optimum capacitor usage apply to any active devices used
(even those not yet invented!).

Ctis typically used to block d.c. from the cartridge, and is
often a small electrolytic in the 1- to 10- yF range. It might
better be a film unit such as a 2.2 pf, with a 0.01- pF poly-
styrene shunt. An interesting point here is that low bias cur-
rent op-amp inputs (such as FET units like the TLO71 or
LF356) remove the requirement for C1 altogether, and the
amplifier can be directly coupled to the cartridge. This, of
course, will not be possible with the classic type of two-
transistor topology, due to the inherent bias restrictions.

C2 is typically a large electrolytic, in the range of 10 to 100
pF or more, the large value necessary for extended bass re-
spanse. This function can be optimized by selecting a low
ESR type, using a back-to-back connection, and shunting

- with a film. The complete composite of Fig. 17B is useful.

C3 and C4 are the RIAA equalization capacitances and are
very critical to fidelity as well as basic frequency response. If
the network values are those appropriate for accuracy of the
three RIAA time constants (see S. Lipshitz’s article “On RIAA
Equalization Networks,” Jour. of the Audio Eng. Soc., Vol.
27, No. 6, p. 458, june 1979), C3 and C4 should be realized
with film types such as polystyrenes or polypropylenes (best)
or at the least, polyesters. It is probably ill-advised to use a
ceramic unit for equalization if quality results are to be ex-

Fig. B5 — Capacitor “tune up” in typically used
preamp circuits.
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pected. C5 is a simple output blocking capacitor and can be a
composite such as Fig. 17B for best wideband response (or a
large-value film type if the input impedance of the next stage
is high).

The above comments can also be adapted to address tube-
type phono sections, such as the Dynaco PAS series. In such
cases, cathode bypasses (when used) are analogous to C2
and can be low ESR electrolytics, with film shunts. Interstage
coupling caps should be the best-quality films, such as poly-
propylenes or polystyrenes, of appropriate voltage ratings.
The output cap C6 cannot normally be an electrolytic be-
cause of d.c. leakage caused by the high bias voltages, so a
composite film type such as several 5- to 10- y F units, shunt-
ed by a small polypropylene or polystyrene, is useful. This
will be similar to Fig. 17A, but less the electrolytic. Be sure to
use an adequate voltage rating and consider surges.

A point worth making is that it may be useful to minimize
the grid resistances in tube circuits, while increasing cou-
pling capacitance. This will tend to minimize the DA effects,
by loading the capacitor as generally described with 17C. This
idea also applies to the output capacitors used with cathode
followers as well.

The high level preamp section of Fig B5B is typical of many
modern solid-state preamps. C1 and C2 biock the d.c. levels
associated with the active devices used. [f electrolytics are
used, they should be low ESR types, with film shunts.

Depending upon the actual circuitry employed, C1 or C2
(or both) may even possibly be eliminated. For example, an
LF357 op amp is often seen used for this amplification func-
tion, in which case its very low bias currents eliminate the
need for C1 and C2, that is they can be jumpered out. Any
residual offset of the IC used will still be blocked by C3, the
output coupling cap. C3 would be selected, as was true for



same consideration for selection criteria is also true with re-
gard to DF. It means that wherever possible, if you must use
an electrolytic, use the highest practical voltage rating. This
applies to either aluminum or tantalum units. Units like
number 1 should be avoided at all costs!

Unit three is a 50- y F non-polar aluminum electrolytic of a
type often seen in solid-state audio circuits. As can be noted
it has a somewhat lower DA. Apparently, a back-to-back
connection tends to reduce the DA of a single unit. For ex-

C6 in the phono section (a non-polar composite, such as Fig.
17B).

Not shown here are tone control functions which, if used;
would couple into the feedback path of the amplifier. Com-
ments similar to those on the RIAA equalization capacitors
apply to tone control capacitors as well. Since relatively high
values will often be employed, polypropylenes will likely be
effective here.

Power Amplifiers

In solid-state power amplifiers as are typically used today,
the capacitor numbers are reduced due to the more simple
function required.

A typical power amp signal path is as shown in Fig. B6. The
amplifier circuit itself is direct coupled to the speaker to elim-
inate a huge blocking capacitor and to simplify biasing. C1
serves as an input coupling capacitor of 1 to 10y F in value,
while C2 may be 100 to 1000 pF. Both of these capacitors
should be optimized similar to the method described for the
preamp. C2 usually must be an electrolytic, but should be an
optimized composite type. In some cases, depending upon
the value of R2, C1 might possibly be a film (only} unit, but
with typical input impedances of 10-50K, it will usually need
to be 10 u F or more for adequate LF response.
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Fig. B6 — Capacitor “tune up” in typically used
power amplifier circuits,

C3 and R5 form an output compensation network for the
power devices, and C3 may in some cases be a ceramic disc.
An equivalent value film unit is likely to be profitable here as
a substitution.

In summarizing these comments, it is perhaps important to
underscore the point that capacitors as used in the audio
signal path can be optimized mostly independent of the cir-
cuit topology or devices used. This is simply to say that while
our generalized guidelines have addressed more popular ex-
amples of circuit types, good-quality capacitors go well in
other circuits also; crossover networks are an example of pas-
sive circuits, an equalizer could be a good example of active
ones. Both functions have performance basic to capacitors. In
making such changes as outlined above, a logical approach is
to upgrade all the poorer quality capacitors first, for example
the ceramic capacitors if used, and in particular those in the
signal path.

Fig. 12 — Dissipation factor vs. temperature, various
dielectrics.
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ample, unit 4, actually a series pair of two units like number
1, shows less DA than a single. This tends to say that non-
polar units or non-polar connected conventional electrolytics
will be better in DA relative to a conventional polar cap.
However, this difference is largely academic we feel, since if
you want really high-quality sound, you cannot tolerate more
than a small fraction of a percent DA. Obviously this rules
out all but the best of the film dielectrics. Unit 6 is an exam-
ple of one of the better quality aluminum electrolytics (see
also Fig. 7).

While studying the DA problem in tantalum and alumi-
num electrolytics, we also bench-tested a large number of
various units in a much simpler, unbuffered test setup. The
basic procedure was to charge a cap to 5 V for 10 seconds,
discharge it (through a 1K) for 10 seconds, then open circuit
it, and read the recovery voltage after 30 seconds. With this
technique we could grade the various units into relative DA
categories. The best would read less than 5 mV (or 0.1 per-
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Table I1l—Capacitor dielectric comparison.

Dielectric Glass Mica Polyester Metalized Polycarbonate Metalized Parylene Polypropylene  Metalized Polystyrene  Teflon
Polyester Polycarbonate Polypropylene

Parameter/

Characteristics

DF, % 01 0.1 0.3-1.0 0.3-1.0 0.1-03 0.1-03 0.1 0.01-0.03 0.03-01 0.01-0.03 0.01-0.03

DA, % =5 =5 0.3-1.0 03-1.0 0.1-03 0.1-03 <0.1 <0.1 <0.1 <0.1 <0.1

R, 25°C High Med./High Med/High Med/High High High Very High Very High High Very High Very High

ADF/freq. Very Low Very Low Medium Medium Medium Low tow Very Low Very Low Very Low Very Low

AC/freq. Very Low Very Low Medium Med/High Medium Low Low Very Llow Very Low Very Low Very tow

ADF/temp. tow Low Med/High Med/High Medium Medium Low Very Low Very Low Very Low Very Low

AC/temp, Low Low High, Non-Linear Med/Low Med/Low Low, Linear Med/Low Med/Low Low, Linear Low,linear

Stability Excellent Excellent Poor Paor Good Good Excellent Excellent Excellent Excellent Excellent

Tolerances 1-10 1-10 5-20 5-20 1-20 1-20 0.5-10 1-20 1-20 0.5-10 05-10

Available, % ,

Range of 1- 1- 0.001- 01- 0.001- 0.01- 0.001- 0.001- 0.01- 10 pfF- 0.001-

Values 10,000 pF 10,000 pF 10pF 50pF 5pF 50 pF 1pF SpF S0pF SpF S5pF

Relative Size  Large Large Medium Small Medium Smatl Large Large Large/Med Large Large

Of Higher Values

Relative Cost  High Medium Lowest Low Medium Med/High High High High High/Low Highest

Notes: The outstanding performers among those listed are in the shaded areas. Highest performance is obtained from polycarbonate and those listed to its right.

cent) for this test, the worst over 20 mV (0.4 percent). Obvi-
ously, this simple test does not compare directly with the
Fig. 11 test results, but it still can grade units relatively. And
we would invariably find that lower DA units would sound
better in an audio circuit. However, the clincher is that no
electrolytic known to us, aluminum or tantalum, sounds like
a wire in even so simple an application as a coupling cap.
Once you try some of these tests for yourself in a good audio
system, one free of masking, you may begin to abhor capaci-
tors and seek means to eliminate them where at all possible.
And, indeed, where it is possible this is perhaps the most
effective method of eliminating these distortions. However, it -
is not always practical to eliminate capacitors, therefore ways
to minimize their degrading of the signal are valuable and
will be discussed.

Performance Comparison of Various Dielectrics

At this point we are ready to survey the various capacitor
dielectrics with regard to their parameters relevant to audio.
This we will do for all dielectrics mentioned thus far, with the
exception of ceramic and the electrolytics, since for the high-
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resistance vs.
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est-quality audio these dielectrics should not be used if at all
possible. Where an electrolytic type is a must because of a
time constant or filter criteria, some qualified recommenda-
tions can be made for aluminum types which make them
quite useful; this will be covered at the end.

Table 111 is a summary of the various dielectrics most useful
for consideration, with typical specifications listed for each
major performance parameter (left column). These specs are
really ranges, as are typically available from average sup-
pliers, and are not meant to represent a given type or series in
specific terms. They are, however, broadly representative of
what is generally available. For a given electrical parameter,
the dielectric type (or types) which are outstanding are noted
by shaded areas.

While Table Ill summarizes comparative data in discrete
form, Figs. 12 through 16 illustrate graphically a selection of
these different characteristics.

Dissipation factor of the various dielectrics is usually given
at 25° C, but there is always some temperature dependence.
Figure 12 shows that polyester is the worst of the films in this
regard, but the better ones show very flat DF change with
temperature.

Insulation resistance (Rp) has not been strongly addressed
in this discussion, because it is not often a critical parameter
in audio (at least from a distortion point of view). Figure 13
is an excellent summary of how the dielectrics compare for
Rp. As can be noted, all show decreases in Rp with increasing
temperature.’ »

While DF is an important parameter for capacitors, it is also
important that DF remain low for different frequencies.
However, in many dielectrics there is substantial frequency
dependence exhibited by DF, as shown in Fig. 14. The better
dielectrics in this regard are parylene, polystyrene, polypro-
pylene, and Teflon (not shown). A related parameter is capa-
citance variation with frequency, shown in Fig. 15. Again,
parylene, polystyrene, polypropylene, and Teflon (not
shown) are best in this regard. These variations are due to the
variation in K versus frequency for the different materials.

Film capacitors are generally quite good with regard to ca-
pacitance variation with temperature, as is shown by Fig. 16.
The better a capacitor in this regard, the more stable a tuned
circuit based on it will be when undergoing changes in tem-
perature. Of the films, polyester is the poorest, followed by
polycarbonate. The lowest TC is exhibited by polystyrene.
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One should view TC minimization with some caution with
regard to audio use, as in certain dielectrics optimization
techniques which minimize TC raise DA. A good example of
this factor is the characteristic “B & C” parylene dielectrics,
which have nominally 0 TCs, but a DA several times that of
characteristic A parylene, which has a 0.1 percent DA but a
TC of -200 ppM/°C. For audio use, the A characteristic would
be preferred, since you can’t “compensate” for zero DA,
whereas for TC you can (where necessary). One should, inci-
dentally, check for a possible compromise in DA for any “0
TC” capacitor; they often occur, and we do not mean to
imply the DA compromise is peculiar to parylene.

The remaining parameters of Table IIl are not illustrated by
graphical data, but also deserve comment. For example, the
available tolerances and range of values can strongly influ-
ence the selection of a capacitor, aside from the electrical
specs. Generally, very tight tolerances are available in most

Fig. 14 — Dissipation factor vs. frequency, various dielectrics.
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films, to below 1 percent on special order. The range of val-
ues is a difficulty, though, particularly when large sizes are
needed.

Most film capacitors are readily available, many off the
shelf, in sizes up to 1 yF. Above 1 py F they become very hard
to obtain, and almost non-existent for some dielectrics, such
as polystyrene.

In the larger values, any film capacitor will be quite large,
relatively speaking. So, to make use of the excellent electrical
properties and ultimate sound quality, we must be prepared
to accommodate a largish capacitor when 1 pF or more is
needed. A factor which can help minimize the final size is
the metalized dielectric. Most film capacitors (except poly-
styrene) are available in metalized types, as opposed to the
foil-wound variety. The metalized dielectric uses a very thin
metalized layer for the electrode and thus conserves space. A
danger area of metalized caps is the lead attachment, which

Fig. 15 — Capacitance vs. frequency, various dielectrics.
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is tricky. If it is not done adequately, a high (or worse, inter-
mittent) Rs can occur. As a result, metalized caps will usually
show somewhat higher levels of DF than a foil unit. Howev-
er, they can still be of excellent quality, and the best advice
here is simply to thoroughly check a given type before use.

The final “parameter” of Table Ill is the relative cost of the
various dielectrics. A statement that is unquestionably true
here is that you do get what you pay for — the “super dielec-
tric” films will cost you more money for a given value. For
example, a small-quantity of price for a 5- u F polypropylene
will be on the order of $8.00, whereas a 5-pF aluminum
electrolytic will cost about 20 cents.

Fig. 16 — Capacitance vs. temperature, various
dielectrics, courtesy F-Dyne Electronics.
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This kind of comparison is a sobering one, and the authors
would be foolish to think it will not scare many off. However,
we should not attempt to kid ourselves that “cheaper is bet-
ter,” as it simply is not if you want the best quality. As time
progresses and more become aware of the advantages of
these excellent capacitors, we hope volume usage will help
their price reduction. Where it is inevitable that a cap be
used, we should be prepared to pay more for the quality unit
necessary. If this seems like a harsh, unrelenting statement,
the final summation should give you better perspective for
why we feel the true audiophile must be prepared to bite the
bullet with regard to capacitors.

Summary

If we have done a good job on this article, a glance at
Table 1l and considerations of the distortion discussions
should allow the reader to easily select a good capacitor. For
reasons of practicality and other rationalizations, there are
the inevitable trade-offs. However, here is the way we see it.

Up to values of about 10,000 pF, polystyrene is the best all-
around choice, as it has reasonable size and is readily avail-
able in many sizes, with tight tolerances available. Above
10,000 pF, and up to 0.1 pF, it still can be used but is ' much
harder to obtain. .

Above, 0.1-uF polypropylene (or metalized polypropy-
lene) is the dielectric of choice, as it has nearly the same
relative qualities of DF and DA as polystyrene. Tight toler-
ances are available (but will be special order), and you can
get capacitors up to 10 py F or more.

Teflon may well be the best dielectric of all for audio, but
is produced in limited volume and is generally not practical.
Parylene is an excellent dielectric also, but limited in electri-
cal size ( 1 uF or less) and not widely available. Polycar-
bonate is perhaps the next best all-around choice behind
these and is generally available in a wide range of values.

Polyester types are the most widely available for all the
films and are already widely used in many audio circuits.
There is no doubt that this is due to the generally low cost of
these capacitors, but convenience and low cost should not
be primary selection criteria to a critical audiophile. Polyester
capacitors can be readily heard in good systems, with defects
similar to those described for tantalum but, of course, re-
duced in magnitude.

In our opinion, polyester capacitors should be very careful-
ly applied in an audiophile’s system, and any system using
them in the signal path may potentially benefit by the substi-
tution of (equal value, voltage and tolerance) polypropy-
lenes or polycarbonates. We have done this ourselves on dif-
ferent items of equipment, tube and transistor, with always
the same result — a stunning upgrade in sound quality. Fur-
ther, we have observed others do similar things, either com-
pletely independently or at our direction, with the same type
of results. »

It is not surprising to us that this type of reaction occurs,
since one single polyester or electrolytic (or other polar type)
can be heard, and a typical update to an old preamp or amp
might replace a dozen or more! if you did nothing more than
take an old (stock) Dynaco PAS preamp and change the ca-
pacitors to polypropylenes, you can be literally astounded at
the results. All of this is available at moderate cost to anyone
who can solder, and you need not send your amp off to the
specialty audio shop either! (Capacitor sources are listed in
the appendices.)

More Specific Recommendations

Beyond the above described substitutions (which are basi-
cally of a one-to-one variety), we’'d also like to show how to
use aluminum electrolytics effectively, so as to minimize
their sound degradation.

AUDIO ¢ March 1980



62

Fig. 17 — Using aluminum electrolytics with film shunts.
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Notes

1) R is net input resistance of next stage load.

2) R; is local bleeder or shunt resistance, adjusted to
minimize leakage and load impedance.

in Fig. 17 are shown two types of cannections which might
need to employ higher capacity value, 100 pF or more. The
trick is to select a low Rs electrolytic, such as one of the two
specifically mentioned for C, (see Fig. 7 again). Either of
them may be considered overkill from a time constant stand-
point, as 50 pF may be all that is necessary. But, the high
value and voltage listed will minimize Rs, and the relatively
high voltage also minimizes DA. At the higher frequencies
where the electrolytic becomes inductive, the film shunt car-
ries the signal and minimizes the audible degradation.

Figure 17A is used where the capacitor will always see a
defined polarity and can thus be correctly polarized. Figure
17B uses two of the specified types to form a low Rs, low DA
non-polar electrolytic. For the film cap Cs, use a polypropy-
lene if at all possible; if not, use a polyester. In either tase, a
smaller polypropylene shunt C. helps even further. Optional-
ly, an even smaller polypropylene or polystyrene (in addi-
tion) in the range 0.01 to 0.1 uF may be useful in some
circumstances.

Figure 17C iltustrates how the composite capacitors of 17A
or 17B would be best applied as a coupling capacitor (d.c.
blocking) within an actual circuit typical of such use. The
load resistance which the capacitor must feed into is
comprised of R, (which may be the input resistance of, say, a
power amp) plus the local bleeder resistance, Rg. The net
load resistance will be Rg and R, added in parallel fashion.

For two reasons, this impedance should be minimized.
First, and most obvious, a low impedance is necessary to
bleed off any d.c. leakage of the large electrolytics (which
can for certain conditions be on the order of 1 y A or more).
Selecting a load resistance of 10K or less will, for example,
reduce the leakage-induced d.c. offsét at the output to 10
mV or less for a leakage of 1 pA.

The second reason is to minimize the audible effects of
whatever DA may exist in the capacitors actually used for C,
and C;. A low load (and source) resistance presented to a
coupling capacitor tends to minimize sonic deterioration.

In a single blind listening test using such various capacitor
dielectric types as mica, polyester, tantalum, and polypropy-
lene, it was found that a simple coupling capacitor can de-
grade sound quality quite strongly if the load impedance is
high. In this test R, was 50K and Rg was varied from infinity
down to 1K, and the source impedance for C was 1K.

A tantalum capacitor (Table II, Test 2, sample 1) feeding
the 50K load distorted the sound very strongly, with severe
hashy sound and loss of detail. However, the same capacitor
under 1K load conditions improved in sound quality appreci-
ably (it did not become transparent, but it did improve). The
other dielectrics mentioned followed similar patterns: Poor
performance into the higher impedance, improvement in
clarity with the lower impedance. However, even the best
dielectric on hand in a usable size (5-pF polypropylenes)
sounded much better into a lower impedance load.

Of course, one cannot lower load resistance arbitrarily
from this general viewpoint, as low-frequency response will
suffer sooner or later. But the evidence of these tests and also
the general pattern of bench tests for DA (which show re-
duced recovery voltage for low R, indicate that it is
worthwhile to lower load resistance (within allowable
bounds) to minimize DA effects. This factor can very logical-
ly explain points of disagreement on whether or not capaci-
tors really do sound bad, as it tends to say they sound bad
(within a given dielectric type) to the degree that the DA is
allowed to manifest itself. Minimizing load resistance tends
to optimize the circuit in terms of suppressing the DA. Gen-
eral procedural guidelines for “tuning” typical audio circuits
with capacitor improvements are described in the sidebar.

Interestingly enough, there is very strong indication to us
that in many situations the power supply electrolytics also
need the same careful attention as do signal path units. The
general rule of selection is the same: Use a low Rs unit and
bypass it with a film (such as in Fig. 17A). While the degree to
which this problem may be apparent is surely related to the
circuit topology, it is certainly worth consideration in all in-
stances of amplifier circuits, tubes or transistors.

For those readers unfamiliar with the “sound” of capacitors
or this general subject area, much of the above might sound
like mad ravings to some degree or another. We'd like to
leave some implication of what we feel the magnitude of this
problem really is.

After we had gone through all of the above exercises and
exorcised our complete system of unnecessary or poor-quali-
ty capacitors, the total degree of improvement was greater

" than any other improvement measure ever employed. With

no capacitors (or clean capacitors), you begin to hear the
music in a new light, one which is much more like the sound

‘of the real thing. In fact, you will be able to differentiate

subtleties you never before even realized existed. Your sys-
tem simply becomes a new system, in terms of resolution and
definition. The “solid-state sound” we’ve all heard discussed
may be largely due to lousy electrolytics — which by and
large never got used in the signal path in the tube days.
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Appendix | — Capacitor manufacturer index.

Code for types, A= aluminum electrolytic; Fw= film, and T= tantalum electrolytic.

Company Types Company Types Company Types Company Types
Custom Electronics, Inc. F Mepco/Electra Af Precision Film Capacitors F | Transcap Capacitors F
Browne St. Columbia Rd. 100 Community Drive Box 2536
Oneonta, N.Y. 13820 Morristown, N.§. 07960 Great Neck, N.Y. 11022 El Cajon, Calif. 92021
607/432-3880 201/539-2000 516/487-9320 714/449-6650
Elpac Capacitors F Mial F Sangamo Capacitors A | TRW Capacitors
3131 S. Standard Ave. 165 Franklin Ave. Box 128 301 West “O” St.
Santa Ana, Calif. 92705 Natley, N.J. 67110 Pickens, 5.C. 29671 Ogallala, Neb. 69153
714/979-4440 201/667-1600 803/878-6311 308/284-3611
Electro-Cube, Inc. F | Midwec F Seacor, inc. F Union Carbide/Kemet FT
1710 So. Del Mar Ave. Box 417 123 Woodland Ave. Box 5928
San Gabriel, Calif. 91776 Scotts Bluff, Neb. 69361 Westwood, N.J. 07675 Greenville, 5.C. 29606
213/283-0511 308/632-4127 201/666-5600 803/963-6300
F-Dyne Electronics F Nichicon (America) Carp. AF Siemens Corp. AT West-Cap Capacitors
449 Howard Ave. 6435 No. Proesel Ave. 186 Wood Ave. 2201 E. Elvira Rd.
Bridgeport, Conn. 06605 Chicago, Ill. 60645 1selin, N.J. 08830 Tucson, Ariz. 85706
312/679-6530 602/293-2646
Mallory Capacitor Ca. AT . Sprague Electric Co. AET
4760 Kentucky Ave. Panason!c . AFRT 449 Marshall St.
Indianapolis, Ind. 46241 Electronic Co.mponenls Div. North Adams, Mass. 01247
317/856-3731 One Panasonic Way 413/664-4411
Secaucus, N.J. 07094
201/348-7000

Appendix Il — Distributors with shelf stock of audio grade capacitors.

Digi-Key
P.0O. Box 677

Thief River Falls, Minn. 56701

800/346-3144

Hanifin Electronics

P.O. Box 188

Bridgeport, Penna. 19405
800/523-0334

Mouser Electronics
11511 Woodside Ave.
Lakeside, Calif. 92040
714/449-2222

National Capacitor Supply
11731 Markon Drive
Garden Grove, Calif. 92641
800/854-2451

0Old Colony Sound
P.O. Box 243
Peterborough, N.H. 03458

L

WL 500 - Bt e

450 TUNER
THATCAN'T

* . Somie tunersusea

“digital readout” that looks
precise, but the station can.
still be mistuned. But in
the Phase 5100 Digital .
Synthesized Tuner, the
digital frequency you
select is referenced to a
quartz crystal oscillator,
and locked in by a Phase
Lock Loop circuit. You
tune with absolute accu-
racy, so youcan't miss. You
enjoy every broadcast with
minimum distortion, and
maximum signal/noise
ratio. And the 5100 will

never “drift” off-statior.

stations, a total of 12 sta-
tions. Just touch a memory
button, and a favorite
station is immediately in
perfect tune. Automatic
scan up and down the
band. Ouitrageous specs.
And a price that'll make
life tough for other tuners.
Hear it at your Phase
Linear audio dealer.

20121'48th Avenue West,
Lynnwoad, WA 98036

" "The Phase 5100 hasa
memory that can store up’

to 6 FMstationsand 6 AM |

Enter No. 37 on Reader Service Card

63



	Picking_Capacitors_1
	Picking_Capacitors_2



