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CHARGING AND DISCHARGING OF sp
SPACE CHARGE
CAPACITY SHUNTED By NONLINEAR RESISTANCE

VLADIMIR HARASTA*, Bratislavs,

The charging and &m&:ﬁ@mzm of the s
mmwc_um.o layer no:ﬂmom.om in parallel with the nonlinear resistance of Me/MeX
nterface are numerically calculated, The transients have g nolinear be-

haviour and are significant]y i
influenced by ;
electrode and o sample. ¥ Y the contact Potential between an

Pace charge capacity of the diffuse

L INTRODUCTION

C = Oy sinh (xde)/adp. (1)

% = ¢/2kT', where ¢ is the permitivity, 7., the Debye
arge, £ the Boltzmann constant and 7' the tempe-

.E:w charging and m_.mormwmmzm of the SC capacity through great linear
istance had been solved by Bra chman and Macdonald [2]. The require
1t of the great external resistance follows from the need of m:w. ficient] mﬂos..
.nmuwm o‘rmzmom on the S¢ capacity, so that deviations from the m@:E@E;WE sc
.H..&ﬂeﬂos corresponding to an Instantaneous maguitude of voltage may be
mm_EP Or, In other words, so that the S¢' distribution may change quasista-
Y in dependence on the voltage. An analysis has shown that the require-
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ment of the magnitude of external resistance 1s 10t t0o restrictive — a resistance
comparable to the resistance of the sample is sufficient.

In practice we meet the ideally blocking electrode rarely and usually we
observe an appreciable current flow in the steady state too. Therefore, it is
reasonable to consider system, where a SC' capacity is connected in paraliel
with a generally nonlinear resistance. Its magnitude and voltage dependence
will be determined by conditions at the interface between the sample and the
electrede, i. e. by the quality of the investigated sample and the electrode.

{

II. THEORY

The current flowing through an interface may be in many cases msam:,oawamm.

- 8 a charge transfer current. This situation arises especially if the material

(metal) of the electrode is a component of the investigated sample too, e. g.
an ionic crystal of the MeX type with ionic conductivity and Me electrode.
Then, at the electrode a reaction takes place:

Me+ (in the crystal) - ¢ = Me (on the electrode).

The system comes into the equilibrium state when the difference of the &@oﬁ.@.-
chemical potential of an ion on the sample and at the electrode is zero.

R_*NE% — N‘.Ssmﬂ = mR_QS =0,

Aume+ denotes the difference of the chemical potential of the Me+ ion in the
sample and on the electrode and Ageq is the equilibrium potential difference
across the interface which arises owing to the charge transfer. If the voltage
Ay is not the equilibrium one A #£ Ageq, then through the interface the charge
transfer current is flowing [3]

1) = Aiofexp[(1 — B)en/T] — exp[—fen/kT]}, (2)

% is the exhange current density, § the symmetry factor of the energy barrier
for the charge transfer from crystal to electrode and 4 = Ap — Ageq is the
overvoltage. Consequently, the interface behaves as a nonlinear SC capacity
shunted by the nonlinear resistance

Y n

Rip) = — "= — e -,
I(n)  Aiofexp[(1 — B)en/ikT) — exp[—fen/kT]}
In agrrement with that, we can replace the considered system by an equivalent
cicruit according to Fig. 1. The resistance Ry is the sum of the sample resistance
and of an external resistance. The potential distribution, after an external
voltage has been applied, is schematically in Fig. 2.

(3)
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If we substitute for ¢ and B in (4,5) the relations (1) and (3), and restrict
Ry (9} Fig. 1. Equivalent oireuit of the system
e R,0(9,)

e of a symmetrical energy barrier g — 1/2, we obtain
Me/MeX /Me. Cr2 — SC capacities of the ourselves to the cas Y . . )
| A interfaces 1, 2, Bia — resistance of the 4 (Vo — V)/Ry — 2ig4 sinh (V) (8)
; interfaces 1, 2; Ry — sum of the bulk Ty s AT T e,
Gis¥) Gla%,) reistance of the sample and the external dt Co cosh [V + R_Qoz
tid Yy 2 - . .
’ resistance. The differential Egs. (6) and (7) have not a, solution in the closed form, there-
: i te initial conditions. The
. . fore we have solved them numerically with adequa o
We note that from the total voltage across the mnterface Ag,, 4 y, only its results for some different parametors %, Ageg, and V, are plotted in Figs. 4—8.
part  produces the charge transfer current,
Differential equations describing the charging and discharging of the system i/ . ————
in Fig. 1 are rather complicated and we have restricted ourselves to the solution ﬂ ©
of the simplified circuit with one polarized electrode — Fig. 3. as -
~We can realize such a case experimentally, if we choge the area of one of the g
electrodes much greater than the other, If we apply the de voltage V, in the o8
circuit from Fig. 3, there follows for the current 07
d(ve Vo — 7
1= 200 £ VY u Al Z |
dz R(V R
(V) 0 a5 L
where ¥ — 7 denotes the voltage on the nonlinear resistance BV shunting
< . ] L L :
SC capacity of the Interface. After some fearrangement we have for the voltage & ; N_Q w &J ilse:]
V the relat'on Yoeed 46, i
- : - ireuit i ig. alculated from [6] and normalized to the
Fig. 4. Charging currents of the cireuit in Fig. 3, ca/ - o
4 L ey o) (4) ::Mi value. Vo = 1V, By = 108 Q, 204 — 107 = Tl == B, QA,W Wwv P M.wﬂ.ww
= o s T ~0.5V: & =12V, Apey = —0.5V; €) x =6Vl Ap, = 0.5 ; ® = :
dt O+ vdejay =05V )« T e —05v.
AJ.Q.H ao:&aos. V= ﬂwe at { = 0 and the current is given by [ — (Va — V)/R. ifig v -
Similarly for discharging follows the relation . f __
a9 i
AV VR 4 yg,) . ‘ u
—— =20 T S)
dt C+ vdeuy : 08 \
with the condition ¥ — Voatt — ¢ and I — VIR, for the current, 97 - N
! R{9) - o
B ]
g " - |
& ‘ & 4 =0005Y |
a 1 i ]
C(7+ae) 04 .
ANODE CATHODE m 2 “ o et
ig. 2. Potentia] distribution on the eircuit in Fig. 1. Fig. 3. Simplified equivalent Fig. 5. Charging currents like in Fig 4. for different polarizing <o~;nm,m@w Va.ow=9V-1,
with m applied external voltage, circuit with one polarized ’ Apeq = 0, By = 108, 2404 = 10~ As Co =30 uF.
electrode.
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I DISCUSsION

The charging current of the circuit in Fig. 3 is at the moment of applying

arw voltage given by Ry, ie. by the resistance of a sample and an external
resistance. The current decay is initially linear, with the slope dI/ds_q —
= —Va/R2C) cosh (¢A@eq). For greater values of *Apeq the decay may be rather
slow (Fig. 4). Hrm steady current can be determined from the relation (V, — V)

o= 12y

as

a5

04

¢ 2 %0 24 & lsec
Fig. 6. Charging currents like in Fig. 4 for different values of . Ve =1V, the other
Parameters are the same as in Fig. 5.
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Iig. 7. Ummorm_.mim eurrents of the circuit in Fig. 3. Fig. 8. Discharging currents like
calculated from [7] for different values of Ag,, . Vo= i1

e A 1 Fig. 7 for different values of i
=1V, By = 108, 2544 — 19-7 A a=g V-1, ¢ = A@eqg = 0, the other para.
= 30 uF.

meters as in Fig, 7.
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applied voltage. The contact potential causes an increase of the SC capacity
and hence the following decrease of the rate of the charging current decay,
which is more distinct in the case of an equal polarity of the polarizing voltage
and the contact potential (Fig. 4). The discharging process is based on the
discharging of the §C capacity C(V) through the nonlinear resistance R(V) in
parallel with the constant resistance Ry. The decay rate depends again on the
polarity of the contact potential (Fig. 7) and the value of Fig. 8. While for
a higher voltage across the §C capacity the discharge current is g complicated
function of time, for a low voltage V < a~1 it decreases exponentially with
the time constant ¢ — Co cosh (adg,,) : (1/Ro + Aigar).

Some curves of transient currents have been calculated for the value of the

experimentally [4] and discussed theoretically by Lan yi[5].
The contact potentials on systems like Ag/AgBr are of the order of some
tenths of volts [6]. Their influence on the S¢' capacity causes in our model
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