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Gener al

The Gold Capacitors are electric double-Ilayer
capacitors using organic electrolyte, which were
successful ly devel oped as commercial products for the
first time in the world. Farad order of capacitance
can be obtained utilizing the surface area of active
car bon.

Gol d Capacitors were first enployed for power failure
backup in the progranmable tiners for the Panasonic
video tape recorders in 1978. Since then their
application has been expanding to w der business
fields fromconsunmer use to industrial use with the
devel opnent of a variety of product types.

Gol d Capacitors are of such a special type obtained
by formng electric double |ayers on an active carbon
surface that they have different properties from
ordinary capacitors. So, a brief explanation on the
product and its theoretical background will be given
in the followi ng, using the data obtained through
over 10 years research and devel opnment made by the
Conpany Research Laboratory and the Capacitor

Di vi si on.

We shall be pleased if this nmaterial is helpful for
you to deepen your understanding of Gold Capacitors
and can be a useful reference in using themfor your

desi gn.
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3. Classification of Gold Capacitors
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5. Construction
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6. Practical Crcuits for Golden Capacitors
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Equi val ent Grcuit Mdel of Gold Capacitors

Gol d Capacitors, different from other conventional
capacitors, use the principle of electric double

| ayers.

A description on the equivalent circuit will be given
in the follow ng:

Fig. 1 shows the basic construction of a Gold cCapacitor.
The electric double layers are formed on the surface

of each part of the active carbon.

08 209
O @)
ERELIE
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O5OOEOS0 Q
Cn
Ren 625 7
e & n «—0O
D=
T 5
Resistor for AnTe[errent‘ al Resistor tor
taking out el ectric the ions to nove
the electric

doubl e- | ayer
char ges capaci t or

Fig. 1 Basic Construction of a Gold Capacitor and
| ndi vi dual Doubl e-| ayer Capacitor
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This part of the active carbon, for instance Cn, forns
a single electric double-layer capacitor. For the

I nternal resistance when taking the electric charge
out of the electric double |ayers, there are two; a
resi stance between the active carbon Cn and the
collector and a resistance relating to the transfer
of the double-layer ions formed on the active carbon
surface.

These resistors can take various val ues dependi ng on
the positional relation to the collector, the state
of the binder, etc. They can be expressed as the
nodel shown in Fig. 2. Now each part of the active
carbon, having a resistance between that part of the
‘active carbon and the collector and having a liquid
resi stance, is grouped, and the total capacitance is
called Cn in general. The group of active carbon C
in Fig. 1, which is close to the collector in
electric resistance, 1S expressed as O in Fig. 2.

The groups having a greater resistance that this are
expressed as C2 . . . . Cn.

Here, Rcn includes the resistance between each part

of the active carbon. Rininthe liquid resistance of
the active carbon to the separator. Rs is the liquid

resi stance of the separator.
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Fig. 2 Equivalent Circuit of a Gold Capacitor

Cn = Total capacitance of the active carbon
with Rcn and Rin
Rs = Separator resistance

Now an explanation will be given using Fig. 3 on the-.

causes of the changing in Rcn.

C1 AR C1 (Ren small) |
!

— | —
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§

Fig. 3 State of Active Carbon and Resistance (Rcn)
Up to Collector
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Ren is small for the part of the active carbon

which is in contact with the collector as shown by

ad of (a), and for the part of the active carbon as
shown by ' whose electric conductivity to the
collector is naintained by acetylene black and the
like. On the other hand, Rcn is large for the part
of the active carbon like cn which is physically
apart fromthe collector (influence of the thickness
of the active carbon painting).

Al'so, as shown by Cn of (b) and (c), Rn increases when
the active carbon is floating in the electrolyte or
when the contact to the collector is hindered by the
intermngling of a gas even when it is positioned
physically close to the collector

Regarding the liquid resistance, there are tw; a
l'iquid resistance between each part of the active
carbon and a liquid resistance between the

separators. \Wen microscopically observed, even the
shape of such fine holes on the active carbon surface
as shown in Fig. 4 may influence the ion nmovenment and
al so the tenperature dependency of the apparent

capaci tance neasur ed.

- 14 -



Rl_ small

| ar ge

| ar ge

Fig. 4 Active Carbon Surface Conditions and Liquid
Resi st ance

The equivalent circuit shown in Fig. 2 expresses the
actual state of a CGold Capacitor alnost correctly.

However, since this circuit is conplicated, a

sinplified equivalent circuit that can express those

described above is shown in Fig. 5.
According to this circuit, Gold Capacitor is
consi dered a capacitor which consists of a parallel

assenbly of mcrocapacitors Cn having different

internal resistance Rn.
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BL (Insulation resistance)
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Fig. 5 Sinple Equivalent Crcuit of Gold Capacitor

- 16 -



Property of Capacitance

Gol d Capacitors can be represented by the nodel shown
in Fig. 5. There is large distribution in the internal
resi stance for the capacitance of each part of the
active carbon. Sone parts of the active carbon have

a high internal resistance.

The el ectrostatic capacitance of Gold Capacitors has
property simlar to the electric capacity of a

battery. That is, the capacitance depends on the
conditions of the neasurenment and use, so it is

considered nore appropriate to be called "effective

capacitance. "

I nfluence of the measuring current
The circuit to lead a current out of a Gold

Capacitor is shown in the figure bel ow

¢

R2

o o
SW
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(1) Mcrocurrent neasurenent (R2»R1)

When the external resistance (R2) is greater than
the resistance between each part of the active
carbon Rcl, Rc2, etc., the capacitor potential at
the positions of d ~ Cn will change al nost at the
same rate per time, producing no potentia
distribution within the capacitor electrode.

This means that the capacitance neasurenment for

C ~ Cn can be nade correctly when the discharging

current at the measurenent is very snall

(2) Large current neasurenent (R2«R1)

When the external resistance R2 is nmuch smaller
than tne resistances between each part of the active
carbons Rcl, Rc2, etc., the capacitor potential at
the positions 0 ~ Cn is determned by Rcl, Rc2,
etc. and therefore a potential distribution is
produced within the capacitor electrode. The
charges (O » c2 » ¢c3 » ---) close to the collector
are so discharged that the potential between the
capacitor terminals reduces quickly. Thus the
measured capacitance val ue becomes | ower.

In this case, however, the capacitance at the

el ectric double layers is not reduced, so no

- 18 -



capaci tance reduction is exhibited in the neasurenent
using very small current as described above.

(This can be understood from the phenonenon that,
after discharging is done by a large current and

the switch is opened and as the charge within the

el ectrode becormes uniform the potential between

the termnals is recovered.)

I nfluence of Charging Voltage

Since Gold Capacitor is an assenbly of very snall
capacitors with different internal resistance as
shown in Fig. 5, the charging voltage wll influence

the nmeasured capacitance val ue.

\V VQ Vi 5

t
I V2 C = Vi— V2 )

—> T( Seo)
Fig. 6

In the case of constant-current capacitance
measurenent, the greater the ratio of the applied
vol tage (Vo) to the capacitance nmeasuring voltage

(V1 ~ V2) in Fig. 6 is, that is, the greater the
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di fference between the m crocapacitor voltage and

t he measuring voltage is, and the longer the
charging period is, the greater the measured

capaci tance value will be because charging wl |
proceed to the mcrocapacitors which are apart from

the collector and therefore nore charges can be

gai ned.

I nfluence of Leakage Current

In the capacitance nmeasuring conditions, |eakage
current that influences the nmeasurenment consists of
the el ectronic conductive current (iB) and the
current (ic) which is consumed by charging the

non- charged porti on.

When a Gold Capacitor with such currents is nmeasured
at a constant current (i), the neasured capacitance

(c) is determned fromthe follow ng equation (1):

o Ci=iB-10)t e t - Measuring period

C - A . ® . omom f Q
- /JE  Measuring vol tage
difference (V)
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(5)

When the | ow current neasurenent is used in order
to correctly measure the capacitance of Cold
Capacitors, care should be taken of the setting of
the current val ue because its influence on the

measur enent cannot be negl ected.

I nfl uence of Hi gh Tenperature Load Test

The capacitance val ue neasured after performng a

hi gh tenperature load test will be |ower than that
prior to the test. This is because the resistance
bet ween each part of the active carbon increases and
t he measurenment is taken with constant current using
a large current.

In this case, therefore, a higher value will be
obt ai ned when the current is reduced, because
sufficient charges can be taken fromthe micro-
capacitors which are apart fromthe collector and

have higher internal resistance.

- 21 -



(1)

Leakage Current

The | eakage current of CGold Capacitors consists of
the following 2 itens:
1. Leakage due to the electronic conductive

material existing between the + and - el ectrodes.
2. Insulation resistance of the electrolyte

In the Product Standard of Gold capacitors, the |eakage
current is specified as the val ue measured 60 m nutes
after the voltage application for the reason of the
measuring period. This charging period, however, is
not adequate to obtain the true |eakage current
because the measured val ue includes the charging
current for the active carbon which is apart fromthe
collector and has |arge resistance.

This indicates that the | eakage current val ue
obt ai ned by the present measuring method does not
give correct self-discharging current at the tine
when CGol d Capacitors are left to stand at no |oad.
The measured val ue should, therefore, be used only

for reference.
| nfl uence of Hi gh Tenperature Load Test

The | eakage current is, as described above, the sum
of the electronic conductive |eakage current, the

| eakage current due to the insulation resistance of

- 22 -



the electrolyte, and the charging current at the
initial stage.

Before the test, since the collectivity fromthe
active carbon is good, the charging current which is
initially large reduces rapidly as shown by Curve 1
in the followi ng graph. After the high tenperature
| oad test, however, (discharging and recharging are
performed before neasuring the | eakage current) the
| eakage current curve becomes as shown by Curve 2.
This is because the resistance between each part of

the active carbon increases as descri bed above and a

| onger period of tinme is required for charging.

1: Leakage current of
Leakage 1 * the tested product
current 2 o' Leakage current
" £ after high tem
(= perature |oad test
1 hour

Charging Current
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10. Vol tage Hol ding Characteristic

When Gol d Capacitor is charged until a constant voltage
I's reached and left to stand at no |oad, the follow ng

are considered to be the causes of self-discharging:

1. Voltage drop cuased by the | eakage discharge
due to the electronic conductive materi al

exi sting between the + and - el ectrodes.

2. Vol tage drop caused by the insulation resistance

of the electrolyte.

3. Voltage drop caused by self-charging the

non-di scharged portion within the electrode.

(1) Voltage drop caused by electric conductive nateri al

When el ectric conductive material is existing between
the el ectrodes, the change in charge Q within the

capacitor, can be expressed by equation (2) as

foll ows:

Q=QoexpC-t_¢cR)---—-- (2)

wher e

R= Electric conductive resistance
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(2)

Since the voltage dependency is small in the

capacitance of this capacitor, it is considered V % kQ,

the change in voltage according to time is expressed

by equation (3).

vV =Qoexp

Ct/CRrR)-~"

Voltage drop caused by self-charging the non-charged

portion

This phenomenon occurs because there is active carbon

within the electrode which has high resistance from the

capacitor, as described in the paragraph for

capacitance.

l—-HJ&‘l C‘%i
| ...R2 c2
— i R2,. _C3
_M vé
I—’|4 =
Immediately

(v vorva > Ve)
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o ) R

A 4

<

|1

L ARRAAA]
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<_._

I;

1

2
\Y

vy
A&

(vf:vi:vj:vi)

Fig. 7

Self-charging within the electrode

That is, electric charges move from the active carbon

charged within the electrode to the non-charged

active carbon, causing a reduction in the charges near

the collector and a drop in the terminal voltage.
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(3)

A detailed explanation will be given in the

following using Fig. 7. After a certain period of
charging, the active carbon of capacitance C, which
has low internal resistance R1 will be charged soon to
reach the applied voltage Vo. However, the charging
voltage for C3 and G4 with high resistance wll

i ncrease according to the follow ng equation, so the
charging will be delayed, reaching V3 and v4 which

are |ower than Vo.
v =Vo(1-exp(-t - RC)

When the charging is stopped, self-discharging occurs
within the electrode fromd, C2, etc. of higher
voltage to C3, C4, etc. because of the voltage
difference until reaching voltages v1' ~ v4' which is
determ ned by each capacitance and anmount of charge.
This is the phenomenon which occurs within a single

el ectrode of + pole and - pole.

Vol tage drop caused by sel f-charging, and conpl ete

char gi ng peri od

The voltage drop occurs at the initial stage as shown
in Fig. 8  The hatched area over the extension of
the straight line portion corresponds to the voltage

drop caused by the self-charging of the non-charged

portion.
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Voltage (In V)

The voltage drop can be determ ned as the difference
between initial voltage Vo and voltage V2 which is at
the intersection of the extension of the straight |ine
and the vertical axis at t = 0.

This voltage drop depends on the charging period.

No vol tage drop occurs when the charging is conpleted.

Voltage drop caused by self-charging of

Invo non-charged portion

Inv?a2

N=v2expclep

Holding Tine (t) ——

Fig. 8 Voltage Holding Characteristic
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