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In 1], the current and transport coefficients were calculated for oxidation-reduction rcactions proceeding on-
an electrode prepared from the semiconductor itself. In this work we considered the case when the half-width of the
forbidden zone 4y is significantly smaller than the energy of overpolarization Eg.

In this work, these results are generalized for the case of an impurity scmiconductor, where together with the
case & <« Eg, we shall also consider the case Ay ~ Es. Moreover, we shall consider the exchangce of clectrons
between the gurface states of the semiconductor and the solution. Since the calculations for impurity and intrinsic
semiconductors differ little, we shall not take up the details of the calculations and shall immcdiaicly present the
results. Just as in [1], we shall consider that the deviation from equilibrium in the semiconductor is small. General-
ization to the case of deviation from equilibrivm in a semiconductor also presents no difficulties. To simplify the
expressions, we shall also consider that the y,-effect is absent.

The expressions for the currents for a semiconductor with a nondegenerate surface take the form:

isn?P = Gp-np®-exp (——ﬂ,.-en;(/'l:T), . 1).
isn® == Ge-exp (—Be-enk | kT) -n.(n), @
where 1) and ng are the overvoltages in the volume of the semiconductor and on the contact, where
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The upper sign pertains to the first subscript, the lower sign to the second; np" is the concentration of. holes at the
contact at equilibrium; ne (1) is the electron concentration at the contact in the absence of equilibrll}m; Ap_ eare
the distances from the Fermi level to the top of the valence zone and from the bottom of the conduction zone to
the Fermi level, respectively; ¢,? and ¢K° are the equilibrium potentials in the volume of the semiconductor and
on the contact; L is the matrix element of the perturbation; I is the size of the reaction region; ¢z and c,-; are the
ion concentrations in the volume of the solution.

The quantities Bp, e take the form
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- These quantities are coefficients of proportionality between the change in the activation energy and the heat
| of the reaction, i. e., coefficients contained in the Bronsted function [2]. As can be scen from (4), Bp, generally
: speaking, does not coincide with 8,; morcover, the values Bp> 1and B <0 are impossible in principle. The de-
pendence of the current on the potential is determined by the transport cocfficicnts %, e

ae=1— (1 —Be)dnk/dn | (5)
ap = Bpdnk/dn. (6)

In the absence of surface states, the derivative dnk/dn is very small. Howcver, from the standpoint of the
last obscrvation with respect to the quantities 8 ,e the opposite case is more interesting, in which dng:dn ~1, i. e,
ap,e ® Bp,c. In this case, an unusual dependence of the current on the potential may appear in principal. Actually,
let the reaction proceed for any reason (for example, as a result of the fact that the matrix element L for the con-
duction zone is cqual to zcro) with the participation of the elcctrons only of the valence zone, and let Bp > 1. Then
the cxpression for the current takes the form

P == {yP[eU~BpMAT e~eBpn/AT] M

As can be scen from (7), as n increases, the current first increases, then reaches a maximum, and begins to fall.

The fact that the electronic or hole currents may possess a maximum was obtained from the qualitative con-
; siderations of Gerischer [3), who considcred a scmiconductor without surface states, and considered that the current
: - may reach a maximum when the surface of the semiconductor degenecrates. Gerischer obtained no expressions for
. the quantities Bp, c.

** Let us consider the relationship between the exchange currents for the case Ay « Eg.

o | igP 22 exp {— (1 4 Ao/ Es) [e(pu® — ¢x®) — (Ap — Ac) /2] [ kT}. )
, In the absence of surface states, the derivative d gk /deg isvery small. Hence, the quantity ¢K° may be
considered approximately constant with variation of ¢,r°., Then, when the concentration of impurities in the semi-
conductor varics, the quantity ¢ ( ¢°— ¢K°) will vary exactly as (&p~ A¢)/2. Hence, the ratio of the electronic
exchange current to the whole current will remain approximately constant. At a large concentration of surface
states, when dgg /dg ~1, the quantity e(p,’ — ¢ K") will remain approximately constant, as the dependence of
ioc/ipP on the concentration of impuritics will be determined by the change in the quantity (A p—Ae)/z.

In conclusion, let us bricfly consider the current at the surface levels. For the sake of definition, we shall
consider that there arc only donor states on the surface of the semiconductor, with a constant concentration Ng and
an energy E¢°. The cxpression for the current i gy may be written as follows

isﬂ = isnp + ignc + i,nd’

where igz" is the current related to transition of electrons from the donor levels to the solution. We shall consider
that the exchange of electrons between the donor states and the zones is rapid. Then, fori,,, we can write (to
simplify the expressions, we shall consider that | Eg— erp| < Eg, ep is the Fermi level) .

ST
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T X exp(—enx/2kT). (9
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levels, the current isy™ may be of the same order as the cdurrent fgq
above the Fermi level, the dependence of the current igr” on the ov

Estimates show that if Ly ~ L, then at a concentration Ng ~ 1014-1015 ¢ pp”

2, for sufficiently low-lying
Or even greater. Moreover, for levels Eqlying

ervoltage is the same as for ig,®, while for the
levels lying below the Fermi level, the dependence is the same as for isyP.
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