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SURFACE PHOTO-EFFECT IN SEMICONDUCTORS

DE, S. S. 1), PATTANAYAK, T. K.!) BERA, M.1),
HALDER, J. C. 1), GHOSH, A. K. !), Calcutta

A theoretical investigation of surface photo-effect is madé using the expres-
sion of the normalized surface potential obtained through the solution of the
Poisson-Boltzmann equation at the semiconductor surface. In the derivation,
the expression for the charge in surface traps has been assumed to follow the
Brattain - Bardeen model. Variation of the normalized surface photo-voltage
with surface potential has been calculated numerically.

L. INTRODUCTION

During the illumination of the semiconducting surface, the change in the sur-
face potential due to the total charge, both the space charge and the traps, has
been calculated by Garret and Brattain for the evaluation of the surface
photo-voltage [1]. Various successful attempts have been made so far for the esti-

-mation of photo-electric phenomena on different semiconducting materials [2—8].

From an approximate analytical solution of Poisson’s equation, De et al. [9] de-
duced an expression of normalized photo-voltage which is useful for semiconducting

materials.

The present paper deals with the calculation of the normalized surface photo-
voltage of semiconductors utilizing the expression for the normalized surface po-
tential together with the expression for the charge in surface traps based on the
Brattain and Bardeen model. The method is devoid of any approximation. The
numerical analysis of the results is presented graphically.

II. MATHEMATICAL DEDUCTION

The total charge in both space charge and traps can be written as

L =Qs+ 0t =2en; LpF(Us,Ug) + e[Nyexp(P —Y) — Nyexp(Y — N)] (1)
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(the symbols have the same meaning as in the previous papers (1, 10, 11]). After
some alebraic manipulation, (1) can be written as

% = 2ven; Lplsinh U (Us —Us )—(cosh Up —cosh Us)]'/*+2Lsinh(Up—Us), (2)

where L = eN = the light current, i.e., the density of the surface states generated
per second owing to illumination. . o .
The normalized photo-voltage can be obtained by differentiating wncmsou (2)
with respect to L and then by setting the result equal to zero. This yields
aUs _ exp(Up — Us) — exp(Us — Us) i
“8L  Llexp(Up — Us) +exp(Us — Us)] ‘
+ eni Lplexp(Up) — exp(—Un) — exp(Us) + exp(=Us)]x (3)
x [(Us — Us){exp(Us) — exp(—Un)}—

— {exp(Us) + exp(~Us) — exp(Us) + exp(—Us)}]

:u.

When Us < 0 and for a large value Upg, the equation (3) can be approximated as

QA
8Us . 1|, en;Lp s fmv
3L Lexp (Us — Us) (Up — Us — 1)*/*

oL ~ L =

III. RESULTS AND DISCUSION
Equation (4) has been used to investigate the nature of variation of a nor-

malized photo-voltage due to ;jllumination of the surface with normalized surface
potential through numerical analysis. The results are presented in Fig. 1, where

- Wer20
Cmuu.o

Fig. 1. Variation of normalized photo-volt-
age with normalized surface potential. A”rn
set (a) gives the variation for hm = 1 with
the origin as (—7.999990 x 10~ ) and the
set (b) depicts the corresponding changes
for [ = 2 with origin as (—7.499990 X
107°%).
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two sets of graphs are obtained for L =1and L =2. For each set, three graphs
have been drawn for Up = 15,Up = 20 and Ug = 25. From the graph it is apparent
that for higher negative values of the normalized surface potential, there is a limit
in the generation of photo-voltage even at different values of the bulk potential.
This is in agreement with the physical state. In the case of II[—V semiconductors,
similar observations can be made [3—s6].
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VCCIENOBAHHE NOBEPXHOCTHOTO POTOSDDEKTA B NOJYNPOBOOHAKAX

B pa6ore mccaenyerca ¢PoToadderxT Ha nosepxrocTa HONMYNpOBOJHHEKA HPHBEIEHHO-
TO NOTEHNEANa MOBEPXHOCTH OCHOBANHOM Ha ypasuennn Hoacon—PBonpnmana. C npHEMe-

» B BRIBORAX yITeHH BHIPAXEHHA YIHTHIBAIOLLEE
3apAQ B JOBYUIXAX NOBEPXHOCTH.

Hymepuvecxn AHATHSIEPYETCA H3MEHEHHe PoTo-Hampaxenns wa NpPABEREHHOH 110B-
€PXHOCTH C NOTEHNHEANOM NOBEPXHOCTH.
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