COMPOMENTS

You may know which capacitor technology to choose for a given task, but do
you know why it’s the best choice? Having spent thirty years designing,
specifying and troubleshooting capacitors, Cyril Bateman shares his expertise.

o my surprise, recent review of my pub-
lications library revealed a scarcity of

i capacitor articles. Perhaps I should have
anticipated this since on reflection, many text
books and circuit simulators all consider
capacitors as ideal, so why delve further. On
the other hand, capacitors have also been
called *strange devices’, i.e. unfamiliar, which
this article seeks to remedy.

Thirty years of experience as a capacitor
design and applications engineer has con-
vinced me that over-stressed or mis-applied
capacitors are involved either directly or indi-
rectly in most circuit failures. All components
wear out in time, but mis-applied capacitors
can fail extremely quickly. Worse stiil, before
the capacitor ultimately fails, it can directly
coniribute to failure of semiconductors, mask-
ing the prime failure mechanism.

The best way to understand unfamiliar com-
ponents is to perform measurements on rep-
resentative samples, then dismantle them to
understand their differing constructions. But
with capagcitors, not alt the significant details
are immediately apparent.

Capacitor overview
The fundamental definition of capacitance

relates to charge and voltage, measured stati-
cally. Descended from the Leyden jar, a
capacitor is essentially an energy storage
device. Since its stored energy can be charged
or discharged extremely quickly, alternative
common usage ac definitions have been
derived, as discussed in the panel entitled
‘Defining capacitors’.

Of these definitions, the most important
relates a capacitor’s impedance to frequency,

|Z}= R +(Xe, - XL’ ey
Where,
X1, =27FL, 2
and,
Xc = ! 3)
°2mFC,

Throughout this article, the series equivalent
expressions are used, denoted as Xe,, R, etc.,

unless otherwise stated.

At any frequency, the term Xc--XJ; can be
simplified to jX,, giving the fundamental vec-
tor equation for impedance, Z=R X,

This vector equation leads to the common
usage expressions for impedance magnitude
121,

Frequency Capacitance {(nF) Tand

100Hz 9.9982 0.00010
1kHz 9.0088 0.00005
10kHz 9.9986 0.00015
100kHz 10.0000-- 0.0005

Table 1. Clear demonstration of how esr changes significantly with frequency. Measured
results of 2 high quality 10nF polystyrene foil/film capacitor, made using a four terminal
Waynte Kerr 6425 precision component analyser at a lest voltage of 1V.

‘@ ESR {Q)

9000 17.0
20000 0.8

5000 0.26
3000 0.05

|Z|= R+ X7

* and phase angle,

§=tan™" X
RS
This phase angle definition results in the sec-
ond most important quantity for capacitors —
loss factor,

tan = abs—R—‘
XS
An ideal capacitor would have a phase
angle, hence tand, that remained constant
regardless of frequency. Since by definition,
eqn 3, a capacitor’s reactance, Xc;, is totally
dependent on frequency, so also must be the
capacitor’s series resistance, R;, known as est.
This is clearly demonstraied by the results
measured for a very high quality polystyrene
capacitor, Table 1.

What is a capacitor ?

Any iwo conducting surfaces, separated by an
insulator, exhibit capacitance. The value of
this capacitance increases with surface area
and reduces with separation.

The fundamental definition of capacitance

assumes this insulator is a vacuum, thus
directly relating to the permitiivity of free
space.

Capacitance=
s Area

Free space permittivify X ——————~
Separation

But area and separation alone are insignificant
compared to the contribution provided by a
change of insufation material. Each insulation
materiat used is rated for dielectric constant, or
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k. value. This represents jts permittivity rel-
ative to free space.

In practical materials used to make com-
mercial capacitors, this ‘K’ ranges' from
1.00059 for air, 2 to 4 for plastic films, 8 for
aluminium, 28 for tantalum electrolytics, and
from 6 up to 12000 for differing ceramic for-
mulations.

Given this wide range of dielectric con-
stants, it is natural to loosely categorise all
capacitors by the dielectric material used.
While in general this is valid, the final capac-
itor’s size and electrical properties also vary
according 1o the construction methods used.

For a given dielectric, thickness — or rather
thinness — is all important in determining the
capacitance achieved in a given physical size.
Usable dielectric thinness is limited by its abil-
ity to sustain the required voltage as well as
surviving manufactaring methods. Common
plastice which can be manufaciured in
mirrometre thicknesses®, withstand around
{7 dc per micrometre, al room temperature,
short term. _

Since the dielectric for electrolytic capaci-
tors is ‘formed’ in situ on the base foil, it
doesn’t need a minimum thickness to provide
handling strength, as do plastic fitms. Together
with certain multilayer and disc ceramic con-
struction techniques, electrolytic dielectric
thinness is limited only by the voltage that
neéds to be sustained.

To minimise the final size, the dielectric
together with its conducting surfaces — the
electrodes — may be compacted using winding,
stacking, foiding or layering techniques. Thesc
processes lead to supplementary descriptions
including wound, stacked and multilayer.

Electrodes formations

The conducting surface for paper or plastic
dielectric materials is produced by one of two
common techniques. In one of them, an
extremnely thin, visuafly transparent coating of

“tg], generally aluminium, is vapour deposit-

‘. _on to the insulator in a vacuum chamber,
resulting naturally in the description metallised
capacitor. This method however cannot be
used with polystyrene.

When the dielectric itseif is not etallised,
the alternative and electrically superior
method uses thin flexible soft metal foils or
discrete metallised plastic foils, as electrodes.
These foils are interlaid with the dielectric
during assembly. :

The surface of ceramic dielectrics is gener-
ally made conductive by coating with suitable
metal inks. After air drying, these are “fired’ at
high temperature. .

With aluminium electrolytics, the alumini-
um base anode foil has the dielectric oxide, i.e.
AlLOs, pre-formed electrolytically on its sur-
face prior to assembly. The anode foil acts as
one conducting electrode. o

This electrolyticaliy formed dielectric’s
thickness is self regulating, aftaining some
14A for each volt applied in manufacture. At

'V working for example, this represents only

0.02nm dielectric thickness (ipm, Of microi,
is 0.00394in). The true sccond elecirode is the
electrobyie material with which the separating
tissue paper is impregnated.

Assuming a pelarised capacitor, connection
1o the electrolyte is made using a second, usu-
ally thinaer, aluminium foil or cathode. While
this cathode is not deliberately formed, it
inevitably possesses a smuch thinner naturally
occurting aluminium oxide, etectrically equiv-
alent to a few volts. In this way, a pair of back
to back capacitors is created. One has the
desired capacitance and voliage capability
while the other has a rruch greater capacitance
but only a few volts capability, applied in
reverse. '

With a non-polarised, or bi-polar capacitor,
this unformed cathode is replaced by a second
deliberately formed anode foil. This results in
two capacitors back to back, usually having
the same capacitance and voliage capability.

Depending on the desired life-length char-
acleristics, the pre-forming voltage used can
range from 1.2 times to more than double the
working voltage, trading size and cost against
leakage current, and hence endurance.

Properties of capacitors
Every capacitor needs conducting surfaces, of
electrodes, which inevitably have some infrin-

sic resistance. Having a physical cross section

and length equates aulomatically to induc-
tance, called self-inductance. As a result, a
capacitor must be represented as a series CLR
combination circuit.

This CLR network results in a circuit whose
resonant frequency depends on the capacitor’s
value and construction. At the resonant fre-
quency, the capacitor represents a de blocking
low value resistance, and a de-blocking but
inductive reactance at frequencies above this
resonance,

At any frequency, a perfect capacitor, hav-
ing neither resistance nor inductance, would

sustain a voltage in quadramre with the

applied current. Anatysed on a polar display,
voltage would be —90° and current 07, so the
complementary angle delta would be zero.
Having no tesistive element, this perfect
capacitor cannot Jose or dissipate energy.

The self-inductance results in a voltage at
+90°, This subtracts magnitude from the
capacitive voltage, increasing the apparent
capacitance value which would be measured.

With a near perfect capacitor, the above
resistance, appearing in serjes with the capac-
itive reactance, degrades this —90° angle,
resulting in the complementary angie delta
increasing. This change in phase angle repre-
sents the resistive element which dissipates
energy as heat in the capacitor, Fig. 1.

With capacitors, it is usual to refer only to
this delta loss angle, which is generally
described as tand.

Dielectrics
Unfortunately, all dielectrics other than vac-
wm contribute their own particular degra-
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Fig. 1. This simple vector diagram shows the
relationship hetween tand and cos6. Both are-
essentially equal only with small loss angles.
The interaction befween the capacitance Xc
and inductance X1 vectors is also visible.

dations from this near ideal capacitor. In gen- '

eral the more highly siressed the dielectric, in
volts per micron, the greater the degrada-
tions.

Since the characteristics of both vacuum
and air capacitors depend principally on the
particular insulators used to support their
assembly, they are excluded from these dis-

" cussions.

Depending on the synmetry of its molecutar
structure, each plastic dielectric can be
described as having either polar or non-polar
characteristics. A symmetrical-molecule plas-
tic, or other non-polar dielectric, has electrical

characteristics effectively constant with chang-

ing frequency, and exhibits minimal dielectsic
absorption effects.

If this polymer molecule is not symmetrical,
it has a dipole moment resulting in increased
dielectric constant. Similarly, ferroeleciric
ceramic crystal poles and domains can pro-
duce extremely high dieleciric constants. Such
types arc known as high-K dielectrics.

Both result in polar characteristics, le. a
capacitance that reduces and a tand that
increasing with frequency. These are functions
of the basic materials used — not to be con-
fused with the constructional terms polarised
and non-polarised or bi-poksr, as applied to
electrolytic capacitors. _

While manufacturing techniques cannot
change a polar dielectric into a non-polar,
they can enhance the polar effect. Stressed
with dc voltages, polar materials exhibit 2
reluctance {0 accept or release their full

charge instantaneously — a behaviour called -
dielectric absorption.

What is dieleciric absorption?

Tf a capacitor is fully charged, to say [0V, for
a considerable time, hriefly discharged using a
short circuit, then left to recover, a voltage is

found which develops with time. The ratio of

this resultant voltage compared to the initial
charge voltage, is described as dielectric
absorption. '

In past years dielectric absorption was only
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. Self inductance
TSR

Dieleciric
Absorption

E.S.R.

§!.Fi.

CapacitanceTn

Fig. 2. Full equivalent circuit for a practical
capacitor. In practice esr includes the ter -
resistance, which is only shown separately to
aid explanation.

- considered relevant to high voltage capacitors,
as a safety hazard. With modemn techniques it
becomes refevant at very low voltages.

Measured values of dieleciric absorption
vary with measurement technique, but more

- importantly with dielectric stress applied, in
volts per micron. Typical figures range from
0.05% for polystyrene?, 0.25% for polyethy-

~ lene terephthalate, or PET, to 5% for alu-
minium. o .

' Some dielectric materials also have a small
degree of piezoelectric effect, which can result
n a voltage when they are mechanically con-
strained, whether physically or from tempera-
ture changes while rigidly or surface mounted.

- Some care is needed to differentiate this effect

Fig. 3. This PSpice simu- |
" lation shows the affect
of 1nH inductance with
0.01<! esr or tsr on four
near ideal capacitors,
100pF through 0.TpF.
The TyF capacitor high-
lighted also shows com-
parison of increased esr
of 0.1 and reduced
esr of 0.001%, giving
dramatically changed
plot shape, with small
values of esr. _
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from that of dieleciric absorption.

Both effects are small and are irrefevant for
most applications. However when working
with sample/hold circuits, charge amplifiers,
etc., capacitor choice should account for these
effects.

According to manufacturing technigues
used, every practical capacitor exhibits some
dielectric  absorption  effect. However
polystyrene or polypropylene film/foil and
COG NPO dielectric ceramic capacitors, show
minimal effects. )

‘Wiih the inclusion of this dielectric absorp-
tion mechanism, it is now possible to deduce
the equivalent circuit for a practical capacitor,
Fig. 2.

How temperature affects capacitors
Ceramic COG NPO type capacitors are
restricted to £30ppm/°C change of capacifance
with temperature and are the most stable avail-
able. With the exception of these, all
dielectrics show easily measured larger capac-
itance changes over their temperature range.
General-purpose  ceramic  capacitor
dielecirics are categorised under the EIA clas-
sification scheme. The popular X7R material
is thus restricted to a box envelope allowing
+15% change in capacitance over its working
temperatures. However the exact profile with-
in this envelope, differs with manufacturer.
“Change in temperature also results in a

. change of measured tand for most common

dielectric materials. Non-polar dielectrics
show very small changes, but with a polar
dielectric, the maker’s data should be con-
sulted, '

The behaviour of plastic-film capacitors
however tends to be consistent according to
the materials used and less dependent on spe-
cific manufacturer.

Voltage effects

Many polar dielectrics have a capacitance
which changes with applied ac or de voltage.
With voltage, capacitance tends to increase
above that measured at 1V then declines.
Since this behaviour depends on the precise
dieleciric chosen and manufacturing tech-
nigue, makers data should be consulted.

Frequency effects
As shown in published data, almost all capac-
itors exhibit a frequency-dependent capaci-
tance change. Less well known, the dielectric
strength or voltage withstand of film
dielectrics, can reduce? with increasing fre-
quency., For many applications this is not
important since the power or current rating
constraints which should be applied, dominate.
With pulse waveforms having large peak-to-
mean ratios, power constraints no longer dom-
inate, so it is essential to consult makers’ data
when choosing a capacitor for pulse duty
More significant for general applications,
every capacitor regardless of dielectric has fre-
quency dependent (and losses, which increase
with frequency.

Power limitations _
Having mentioned power ratings, surely since *
curtent and voltage are in guadrataore, no
power is dissipated in a capacitor? '
1 mentioned that a near ideal capacifor has
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]Il@599@&&3&3@090‘30@.6OCOODC‘QO@BGG : i
“The fundamental definition’ of capac:tance Cin fara s ls-the ratio
of charge acquired in coulombs Qto the applied voltage V.

conducting surfaces with a finite resistance.
These electrodes must connect to the ontside
world using one of a variety of means,
inevitably adding resistance. The sum of these
metallic resistances, true series resistance, or
tsr, is a very low value fixed resistance. For
convenience, since it cannot be otherwise sep-
arately measured, it is sometimes viewed as
being the minimuin impedance, seen at 1eso-
nance, 6n a conventional impedance and fre-
quency plot, Fig. 3.

However other, usually much larger, loss

| Defining cc:pac:i'ers ;

ging th

stxpressed ing the conventional s

where ¢

inthe above

pace perm:ttmty, _EG is.8. 854188x1 O—IZF/m _' '
the nsulatmg matenafs have a cheie“ fic consta

In practlce, every capacitor mcorporates a reSIStlve componen?

Sists OF . tmpedes the. passag “of curr

Each practlcai capacntor also incorporates an |nduct1ve element -
; ie above provides -

. Atany given. frequency, the term Xc—-XI can be 51mplif1ed into its
i qu!vaient jXS, gtvrng the’ vector equatlon, Z_Rs-t-}Xs Thls

bressions the R term represents the’ equiivalent -
_serses resistance of the capacitor, while the X term represents the hied
series.reactive. gqmponent When v1ewed asa vec:tor dlagram, a s equally si

resistances are found in practical capacitors.
Every capacitor exhibits a leakage current,
which is voltage and temperature dependent.
A rule of thumb based on the Arrenhuis faw,
is to assume this current doubles for each
10°C increase in temperature. Obviously this
current can be represented by a high value
insulation resistance in parallel with the
dielectric. More conveniently, following the
parallel-to-series conversion rules, it equates o
a very small fixed value series loss resistance.

With most capacitors, the dielectric’s tand,

: "'}i'poiar plot,

- angle

'havihg atand o

sta

I for

_ : an Va
- for capac1t0r5, Fig 1.

P ;
The 1mpedance vector of a practj
-¢an be. represe ed
- device with a resistor, The resistor, use
to.that. measured can beéither

-term equwafent senes resnstance or-esr.

. 'iatlons,"the seties equivalentvalue tomi
Throughout this article, the series & u:va[ents are.

" aseries comblnation of 9. 9SQ reststwe and *99 SQ reactsve,
16F Capacitor or & arallel o : ;

“A differerice in equivalent cap:

lent series resistance would be 9.95Q.

Parallel impedances’
Certa measuﬂngmstrumentsor-mathe atical calculati
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frequency, voltage and temperature related
losses dominate. These are also expressed as
series resistance.

The sum of all these resistances, at any one
frequency, is called the equivalent series resis-
tance or est. As can readily be seen, esr is fre-
quency, voltage and temperature dependent,
so when quoted in makers” data, it only
applies to the particular conditions quoted

To aid understanding, it is perhaps easier to
consider esr as a combination of the above
leakage resistance and tsr, together with a

ues have.lise fo

F! res_.s,lo
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aumber of variable contributions dependent on
frequency, voltage or temperature. This esr,
together with the alternating current passing
through the capacitor, can be used to calculate
the power dissipated in the capacitor.

When - the capacitor is subjected 1o a
sinewave, simple calculations suffice. Given a
compiex waveform, the only method™? that
ensures accurate results is to use Fourier trans-
forms to characterise the waveform inte its
discrete frequency components.

Only when a capacitor is measured at its
final working frequericy, temperatore and volt-
age can its esr be derived directly from brid e
measurements of tand and capacitance But in
most applications it is not practicable to make
bridge measurement under such conditions.
Consequently esr must be estimated taking
account of each variable in tum.

I have stressed that esr is frequency depen-
dent, but does it reaily change by a significant
amount, or am I simply being pedantic?

Consider the esr of a high-quality 10nF
polystytene foil/film capacitor. I selected such
a device as one of the standard capacitors
when building my -capacitance bridge. All
measurements were taken using a four termi-
nal Wayne Kerr 6425 precision component
analyser, with a test voltage set to 1V, Table 1.

These results show clearty how esr values
do change significantly with frequency, for
this high quality capacitor. Many writers on
this topic have confused these esr and fsr
terms. Obviously they, differ substantially,
except at that frequency when the capacitor is
self resonant, .

Since correct understanding of esr is essen-
tial to avoid over-stressing capacitors, I make
no apology for Yabouring the point.

implications of voltage ratings
Many years ago, when impregnated metallised
paper capacitors were the standard workhorse,
it was considered that a capacitor rated for
400V dc or above could be used on 250V ac
" mains. Since these capacitors were impreg-
nated, this was just  abour feasible.
Unfortunately this premise tends to continue
even today. : :
When the then new unimpregnaied met-

" Wheatstone 'bk'i'&é;g;?e?

CREGEOPR0EO0ROTR OQOOQDO_GOGGG.QEOOOOIO_?. :
- A capacitance bridge” that'can.be used

“at audio frequencies to directly "
~measure capacitance and esr is'shown, :

It is easily built using:standard resistor

" and capacifor decade boxes together . .

ng

with one known high-quality st
reapacitor: i TR e e e
With range switching resistors to
feplace Ry and three switchable
“standard capacitors; this Circuit has
been used to measure both ™ * .~

. capacitance and esr frém a fews i

picofarads to a hundred thousand )

- microfarads: For best accuracy with the .

- larger ¢apacitors, four-terminal -
" connections and

Heurrent 3 ] }-, “*ﬁ E—’

Hpotential — o—Ff
P —_ | T

LCR bridge - ¥ .
Lpotentialj vi !f % ‘%*E

Lcurrentj { © —g

ity

Voltage

Test capacitor source

2 per isolating resistors

4 per blocking capacitors
with protection diodes

Fig. 4. This simple dc blocking buffer circuit allows measuresment of capacifance change with
applied dc volis. The isolating resistors should each present at least ten fimes greater
impedance than the test capacitor. Likewise, the dc blocking capacitors must withstand the dc

test voliage and have at least ten times the

allised PET capacitors became commonly
availabig thirty years ago, 400V de parts were
used for many of these 250V ac mains
requirements. Result — misery. If you were
lucky, the end terminations eroded, discon-
necting the capacitor. If you were unlucky, the
capacitor caught fire,

Even today, I have vivid recollections of this
unhappy time, when my task was to withdraw
from all 230V ac applications and re-rate the
capacitors to 160V, ac, on behalf of my
employer, for this particular construction.

Why should this problem arise 2

. Given an impregnated or otherwise solid, void

free, capacitor construction, 250V ac and
-aboveé causcs no  insuperable problems.
However with non-impregnated non-solid
‘constructions, air voids occur within the
capacitor. :

According to Paschens curve of ionisation,
an air-filled void having optimum size and air
pressure can exhibit ionisation inception at
voltages as low as 185V ac, This is why 160V
ac was adopted in the previously-mentioned
application to provide a safety margin.

Once triggered, the ionisation current is self
sustaining at lower voltages - in fact almost o

- zero volts. Thus once triggered, the resulting

switching of the low:

impedance ¢ hs i$ a vise

fest capacitor’s capacitance.

discharge continues for at least 50% of the
periodic waveform. :
This ionisation discharge is damaging to
almost alt dielectric materials, resulting ulti-
mately in a short circuited capacitor,
From these experiences, international and
national safety rules for class X capacitors,
used across the 250V ac domestic mains, were
developed. Two main capacitor styles
emerged. These were a much updated resin
impregnated metaltised paper capacitor® and
the two-in-series metallised polypropylene
style, which worked since its two series capac-
itor elements shared the applied voltage. -

Manufacturing measurements

National and international capacitor approvals
require manufacturers’ measurernents to be
‘frue’ values, i.e. traceable to natienally held
standards. In general, this means that mea-
surement equipment must have an inherent
accuracy ten times beller than any claimed
component parameters. Measured values must
be ‘inset’ sufficient to climinate all known
measuring equipment errors.

‘With fow-loss or close-tolerance capacitors,
these requirements are not easily attained. A
test frequency of 1kHz is standard for capaci-
tors of value greater than 1nF except for elec-
trofytic types, which are generally tested at
100Hz. Resulting from their high impedance
at 1kHz, capacitors equal to or fess than 1nF
are tested a1 IMHz. In general, test voltages of
IV ac or lower are used.

Experimenters’ measurements
Commercially available capacitance test
eguipment can supply a DC polarising voltage -
to the component, but is generally restricted to
a maximum of 20V dc.

However an adapter permitting much high-
er voltages can be simply made. Hewlett
Packard application note 346 — a Guideline for
Designing External DC Bias Circuits® — pro-
vides details of adapters for their ranges of
precision meters, However these principles
can easily be extended to any equipment
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. Power stress circuit

. When designing switching supplies, much benefit derives

powers or voltages.

“orfailure

required through current
‘With a paralfel resonant ¢

which might need to be used, Fig. 4.
Commercially available capacitance testers
can often measure using move than 1V ac test
voltage, but they rarely extend above 20V ac.
Higher ‘test .voltages are possible using
Wheatstone bridge methods but care is needed
not to overload either the test source or the
bridge measurement arms — especially with
increasing frequency. . : '

A low accuracy alternative method which

can measure to very high voliages and fre-
quencies requires use of a power amplifier
together with suitable high ‘Q° inductors.
Depending on whether higher . voltage or
greater current than can be sourced by the
amplifier is needed, these inductors are-used to
either series or paraliel resonate with the
capacitor, Using these technigues, satisfactory
measurements-to 300V ac and several amps at
frequencies to 1MHz have been performed,
Fig. 5. '

Capacitor life

Qualification testing requires capacitors to sur-
vive contintious operation af maximum Taiings
and maximum temperature for typically 1000
hours. In some instances the capacitors are
required to be stressed in excess of claimed
levels, or for much lenger times. To under-
stand the implied life-test claims, you need to
read the specification.

Rprotection

Generator
amplifier

“from fmeasufing a apacitor atits final working voltage-and -
frequency. While low power measurements using a bridge
“-are possible; other techniques are.essential for higher. ...

If this capacitive load is resonated using a suitable
+ finductor; the power-amplifier is presented with hase
The inductor provides either the voltage needed to the™

Since it-also needs to supply only -
mplifier power dissipation:

: tich reduced voltage.”
ircuit, the amplifier supplies the.

resistor. :

ion increases

phase;

Compared to actual end nse 1000 — and
‘even 10000 — hours endurance is extremely
short. But compornents in end use are not gen-
erally continuously stressed, certainly not to
their maximum capability and temperature.
 Arrenhuis law suggests that insulation
resistances halve, alternately leakage cur-
rents double, for each 10°C increase in tem-
perature. Consequently 1000 hours at 125°C
can represent a useful life* under normal end -
use conditions, of 10 to 20 years — even
assuming maximum applied voliage.

A secondary benefit results from reduced
voltage. All capacitors, including elecirolyt-
ics, exhibit prolonged life with reduction in
operating voltage, even to zero dc, provided
any applied ac does not otherwise conira-
vene the capacitor specifications. -

One common mis-statement — that elec-
trolytics exhibit no capacitance with zero or
reverse bias — is completely unfounded. The
dislectric film is chemically robust and can-
not in the short term be changed. Long term,
assuming reverse voltage is within the per-
mitted levels, leakage current increase can
result in parametric failure.*

However if an electrolytic which has been
operaied for some time at reduced voltage, is
then subjected to increased voltage, a tem-
porary increase in leakage current results.
The capacitor may then fail to meet its spec-
ification. Since the converse also applies,

Inductor - air corad

Fig. 5. Taking advantage of inductor Q to preduce high test voltages on the capacitor while
maintaining the amplifier load near unity power factor. Variations on this circuit enable much
investigation info capacitor behaviour using only minimal equiprient.

The schematic circuit sugges
protect the amplifier in the event of capacitor failure. Much ~
higher levels:are possible:if this-resistor value s. reduced. -
" Capacitance change with frequency, voltage orcurrent
can be calculated from the circuit’s change in resonant

- freguency, the voltage drop and through ctirrent © il
- measurements of the test capacitor. . S

COMPONENTS

. required voltage at a much reduced current. The inductor’s
- stored enérgy-slipphies the missing voltage orcarrent drives =
required by the capacitor. The amplifier only supplies the
..-power needed to replace that lost due to capacitor - .
- , : TR Yissipation, inductor resistive [osses afid the protection” "

_These power or voltage limitations result because taking : - '
< EurreRt i quadraitrewith voltage: SHESSES ANy POWer
.amplifier. The amplifier's power dissipat

idly ivi ipaciti d, leading:to instability

-Using a stable air.cored inductor with.a Q of ten.or better, . .
_and a 100W mosfet audio power amplifier, capacitor S
voltages of 250V can be easily attained using the series

Giveuit An aiy cored inductance provides the stability. i s
* . needed for meaningiul calcufatiops. - . o
Conversely the parallel.configuration easily provides 5A..

f5 (iging a'sertes reSitorto <

any capacitor subject to excess temperature,
voltage or current or mechanical stess, will
fail quite quickly. _

One special aspect which certainly causes
electrolytic failure, is unwitting excessive
repetitive reverse bias. This can arise when a
polarised capacitor is used to couple the drive
waveform into a switching transistor base and
at the same time block de. This mis-use 1s
especially common. 1 have personally experi-
enced this failure mechanism many times, in
both television and satellite receivers.

With switching power supplies, an early'

indication of an electrolytic being reverse
biased is increased trensformer noise and
notable temperature increases. However with
‘television line and frame timebase generators
being less audible, the first indication can be
either reduced drive amplitude or semicon-
ductor failure.

Such abused capacitors nsuatly show visible
signs of overheating or electrolyte leakage,
measurable loss of capacitance and increased
est and reverse voltage withstand. 1 hope to
delve further into this topic in a subsequent
article which explores and measures various
capacitor constructions. ]
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