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In work (1) the process of dissolution of germanium was considered under the
assumption that the semiconductor adjoining the electrolyte has unbounded
dimensions. Below, we shall consider the process of dissolution of germanium in
the case when the length of the semiconductor is comparable with the diffusion
length or smaller than it. Such investigations have been carried out by a number
of experimenters, for example in works (2, ®). It therefore seems reasonable to
carry out numerical calculations for this case. One may also hope that the
study of the dissolution processes of semiconductors of finite length will shed
further light on the understanding of the kinetics of semiconductor dissolution.
Indeed, as we shall see below, the limiting current depends on the dimensions
of the semiconductor. The value of the limiting current is connected with the
magnitude 7/m (1), i.e., with the ratio of electrons and holes which, respectively,
are evolved or consumed when a germanium atom passes into solution. By
comparing the theory with experiment, it may be possible to investigate the
degree of participation of electrons and holes in the reaction as a function of
various physical characteristics, for example of the magnitude of the electric
fields at the contact, etc.

We shall henceforth consider a one-dimensional problem. Let us introduce the
z-axis, perpendicular to the germanium—electrolyte boundary. We shall assume
that the plane x = 0 corresponds to the germanium—electrolyte interface. In
the region = < 0 the electrolyte is located, and in the region = > 0 there is
n-type germanium. In the plane x = w there is an ohmic contact.

In accordance with works (4, ®) we shall characterize the ohmic contact by
the magnitude of the surface recombination velocity. In other words, we shall
assume that the hole current flowing through the ohmic contact is determined
by the relation

Jp = e[p(w) — p,]9, (1)

where e is the absolute value of the electron charge; p,, is the concentration of
holes in a homogeneous equilibrium semiconductor; p(w) is the concentration
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of holes in the plane of the ohmic contact; S is the constant of the surface
recombination velocity.

The region adjoining the ohmic contact is uncharged, and minority carriers in
this region move by the diffusion mechanism. We therefore have the following
equation relating the hole current to the change in the concentration of holes in
the diffusion region:

jp = _er%' (2)
Here D, is the diffusion coefficient of holes in the diffusion region. When holes
pass through the diffusion region, recombination takes place.

holes. This process, as usual, is described by the equation

ot T,

where 7, is the lifetime of holes; dp /dt is the number of holes absorbed per unit
time.

The continuity equation for holes has the form

dj —
Yo _ PuTP (4)
dx Tp
Using (2), we obtain
Pp—P d*p
I D — =0. 5
D ()

Equation (5) determines the law of variation of the hole concentration along
the semiconductor and is a second-order equation. Its solutions contain two
arbitrary constants, for whose determination boundary conditions must be for-
mulated.

In the plane of the ohmic contact, evidently, the relation
dp

—eD, —|  =w=e¢[p(w)—p,|S. (6)

P dx r=w

must hold.

Equation (6) is a boundary condition for our problem. To describe the distribu-
tion of holes in the near-contact Debye layer, one should use the equation
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Jp = eu,pE — er%. (7)
The germanium surface is strongly enriched with holes at the contact. Since
the change in the hole concentration occurs over distances of the order of 1074
cm, there are large gradients of the hole concentration; therefore the diffusion
currents are always large in comparison with all currents j, used in electrochem-
istry, and the latter may be neglected. Putting j, = 0 in (7), we immediately
arrive at the Boltzmann-law distribution of holes. These considerations make it
possible to relate the hole concentration at the contact to the concentration at
the boundary of the diffusion region.

At equilibrium, in accordance with what was said above, we have the relation

pr(j =0) = p,e?/F, (8)

where p,(j = 0) is the equilibrium concentration of holes at the contact with
the electrolyte, ¢ is the equilibrium potential difference dropping in the semi-
conductor.

When an external potential u is applied, a current j begins to flow through the
system. The concentration at the contact is related to the concentration at the
boundary with the quasineutral region p(z,) by the dependence

Pi(d) = plag)e kT, (9)

Eliminating the quantity e¢?/*” from relations (8) and (9), we obtain

plz,) = W))pnew/’”. (10)

Pk(j =0

Equation (10) is the boundary condition for equation (5) on the side of the
germanium-electrolyte contact.

As in work (1), we assume that recombination of electrons and holes in the
Debye region is negligible. Therefore the equality is obvious

Jp(x = 0) = j,(z,), (11)

which means that the hole current does not change in passing through the Debye
region.

The solution of equation (5) with boundary conditions (6) and (10) has the form
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D, ch ””E;“ — SL,sh % )
DpchLﬂp +SLpshL%

pk(]) eeu/kT _ 1:|

p(x) =p, + 1y [pk(j ~0)

With the aid of equations (2) and (12), one can find the hole current at the
point z = x,. We have

. . pk(]) eu/kT :| :

Iplx,) =17 :L'O[_e —11 44, 13

where j; is determined by the formula

eD,,n D, sh L—“; +SL,ch L%,
L, DpchLﬂp —|—SLpshLﬂp

Ji= (14)

In obtaining relations (13) and (14) we used the fact that z, < L,, z, < w.

To obtain the polarization curve, we must find the dependence of the total
current j on the magnitude of the applied total voltage. In doing so it should
be remembered that the total potential ¥ is equal to ¥ = u + A, where Ay,
is the potential drop in the Helmholtz part of the double layer.

In accordance with work (1), we shall assume that the ratio of the electron
current to the hole current is a prescribed quantity, i.e., we suppose that the
relation

i, (0
5O _ 1 (15)
Je(0) — m
is satisfied, where j, is the electron current. Hence we obtain
r
1,(0) =7 16
30 =i, (16)

where j is the total current flowing through the contact.

With the aid of relations (13) and (15), one can find the dependence between
the total current j and the voltage drop in the semiconductor. For the potential
we have the expression

eu Inp,.(j) ( j or )
Rt o ACPARS P (S (N 17
kT pr(j =0) Jim4r (17)

To obtain the total potential drop, one must add also the potential drop in the
Helmholtz region. This potential drop A, is related to the total current by
the relation from the theory of slow discharge (1)
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. P
j=—j, ( Pi(9) > eBAY +A¢g) /KT
pr(j=0)

Determining A1), from this and adding this value to the left-hand side of equa-
tion (17), we find the total voltage drop

o= %m (JJO) + (12)111”’(’;(20)111 <1+imir>- (18)

Expression (18) is, strictly speaking, the polarization characteristic of the an-
odic dissolution of germanium. Indeed, it can be shown that the quantity
_nli)
pp(j=0)
parison with the first and third terms. This can be done by investigating the
behavior of holes and electric fields in the Debye layer.

is, generally speaking, a quantity that varies only weakly in com-

Let us now proceed to consider the polarization characteristic. At small currents,
when |j/j;| < 1, a logarithmic dependence of the current on the voltage should
be observed, i.e., the usual Tafel law.

Since the current j < 0, the presence of the third term indicates the existence
of a limiting current, whose value is equal to:

w w
Dpsh——l—Schh—

eD L L
i = (14 ) 2 —2 - (19)
r/ Ly Dych =+ SL,sh o~
p p

One can find the dependence of the limiting current on distance for w — co. In
this case the formula for j;,, has the form

, m\ eD,p, p m
=1 7> — P _e2p2D (1 7) .
Nim ( + r Lp en; p/j’Lp + r

This expression coincides with the result obtained in work (1).

In the limiting case w < L,,, the hyperbolic cosines and sines can be expanded
in series, and for the limiting current the expression obtained is

w
D,—+SL
m) eD,p, "L,

jlim = (1 + —
r L, D, + Sw

p

For S — o0, the limiting current tends to the value
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m eD D. w
o= (1 7) P2 cth —. 21
JNim ( =+ r Lp C Lp ( )

For small S, expression (19) can be expanded in a series, and we find:

eD SL
jum:<1+@> L”p" th%+ﬁ
r
p p DpCh f

p

The expressions obtained determine the limiting current in different cases.

In conclusion, the author expresses gratitude to Corresponding Member of the
Academy of Sciences of the USSR V. G. Levich for useful discussions.
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