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Abstract

Tt has been shown that. opposite gradients of electron
and hole concentration cauld be generated when n-type wedge-
sheped film with p~type surface Iayer- is illuminated.The re-
sulting photovoltage generated along the f£ilm is higher: them
corresponding Dember voltage,which could explain the experi-
mental results obtained for &ds wedge-shaped films whose: up-
per surface hes been subject vo & treatment.

It has been found experimentaly that wedge-—shaped thin
£iIm possess phoﬂovoltaih-propertyﬂ’a.!me wedge geometry of
the film,with gpod photloconducting property, is able toc ge-
nerate photevoltage on the bases of twe mechanisms:Dember-
effectt and surface recomb:l.ma.t::Lorl3 45 o The maximal photovoI-
tage developed between the film ends does not: exceed the va-
Ine of Dember voltage generated at the same illumination im
& bulk semiconductor.

In order to explain higher than Dember voltage ,whick
has been feound experimentaly , another: model is considered,
in which: p-type surface layer is placed on the top surface
of n-type wedge-shaped £iIm.The illumination is taken te be
tirough- the p-~layer and the measuring electrodes are pIaced
at. the both ends at the f£ilm base/ Fig. 1/,

The basise: source of nonuniform:distribution. of photoge~
nerated cerriers, i.e. the existance of a concentration gre»
dients along the film: lengthy,. is the contact fieId thet:

' exists in the depletion
layer of p-n contact smd

-P tite inclined positicn of
-N this field with respect
o to the £ilm base. This fi-

édd is taken' te be su
Fig.l sttrong’ that: all phuxogene-
rated carriers are swept: out: fram the depletion layery/¥/.
Fav: the sake: of simpYicity we shall consider  planpa& -
rallel n-type film with p-type thin layer on the top/Fig.2/.
Finstt of &Il we shEIl find the distribution of photogenera-
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ted carriers in n-region in the dependence on the: filmr thick-
ness/d,zi/ s and efter that ve shall consider a: £iIm with va—
rigble thickness/ wedge-shaped £ilm/.For plenparallel geome-
try the problem is one dimensional with: z-coordinate normal
to the film surface.Feor n- region, which has 0<z<z; the
contact: field is zero, and the equation for the excess: Liole
concentration /Op= P, = Pno / ig

D, ap + G exp[-4 G-2) - ..LS_P = o, /1/
az° T
where D, is diffusion coeficient,ft‘p average life time of the
holes: in n-region, and G is generation of electron- hole pairs
by incldent light att the surface z=d, and«is light absorp-
tion coeficient. The equation of the excess electron concen-
tration /,6 = Den / is simply obtained by substitution of
P by m in eq./l/ The boundary condition foré andé an the
Yover surface/ z=0; film base/is defined by the surfa“ce De-
combination velogiitias
S, and S, and coresponw
ding surface recombina -~
d tionr current: densities:

Zi+W dé; =
Dp _2 Sp 69
Z;

4

/2/
D d5n = Sngn °

The sueeping action of the
X  contact. field, at the top
. surface of n-region/zszi/
Fig.2 is such: that alX the ho=-
" les are swept out from the depletion layer, and all the elec -~
trons generated within the depletion layer/W/' are injected
into n-region, i.e.

P=0

for z.=3z4 /3/

24 W
= f G exp [—o( (d-z)] dz
2y

Since our measuring electrodes are placed att the film base/z=0//,
we shall take the solution of eq./l/ with conditiens /2/ and
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/3/ for z=0,which for the excess hole concentration is

. B4
¢Tp ‘qpexp(-a(d) sh 'f;

So(0)= , /4/

1+ 83 .
Ib shL +%ch

and for the excess elecgron concentration is

C. o) 6 Thexp( -42)
(Jn( ) (1 -O(.Z_ﬁ)

(sh Iz% =tflych ;2 -a(l 8XPAZ4 -(oLZIhz-l)expo((sz)]

. T 15/
( 77?"; oh?l: sh 21 )

where Lp and I.n ape corresponding diffusion lengths, and.-’l"‘n
and'q P are constants defined by

D
'yl n = = * ’Y'[ P - —;%L—D g
Sn:r"n P
The expression /4/ and /5/ has been analysed by Hewlet-
Packard computer amd graphic plotter.The presexgat'ion has
been: done on the same coordinate system, where n(O) /G—"C’n
andd p{0) /Gl‘p have been presented v.s. zi/L“, and’ z'i/ I‘p,’
ThHe analysis has been performed for differeat ,. Sp and S,
and different W,For (L1=0.02; 1/47.—.0.01 and three difflerent
valmes of k=oW, the plot is given on Fig.3.
As one can see, the hole concentration inereases and the
electron concentration decreases with the film thickness.

dl=p. 02 ; L 30. 015 dWsu. v,
* 3. a2
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CIear physical interpretation of the results can be dd;ie
by am analysis of /4/ and /5/ for psrticulan case /(=0 ,, sp,
8,~> 0//e For this case

sh Z
S = o, BB,

ch ]z%
vidich gives a monothonic increase. of tlie hole eoncentratiion,
tending to the saturetiou value GUp.The phiysical meaning of
titis is that, as far as 2z; increases tlhe possibility of hole
extraction fron n-region is decreased, and e concetratiom
becomes equal to that im bulk,
The exceess electron aoncentration is givenm by

Sn(o) =6T, (1 ¥ -%’;iﬁi) 12/

whichr gives decrease of the concentration with zi butt It
allways remaimr higher than the concentration in tulk /G.tn/ .
THis comes= out because of the injection action of the sur-
face field.

This analysis can be applied four the film with variable: wi
and d as far as variation is neglegible with respect to the
other film dimensions, For wedge~-shaped film z; and d ere 1i-
near functions of the film length /x/; For suck & fiIm gesme-
try Sn(O) and’ S p (0)give concentration gradients slomg x
with opposite signs and their pertiel....pontributions to the
photovoltage will be added. As a result of this, a higher:- tham
Dember vo~ltage'will apesr along the fiIm length/x/.

The surface recombination can substantialy change the results,
which can be shown by the analysis of/4/ and /5// for the extrew
me caseSe Tw® cases: has been gnalysed ,, zi<<1.m)and zi>>].’.p @),

for  which: the excess: concentrations: ere

Sp0) = a, i for By Iy
. P
SHo = ely, far 25Ty

./8/

and. .
Sw(0) =6C.(1- WP o M __) Loz
? e L N Rl L2 N 7o
Su (o) = 6T, for >>I, !

The expression /9/ for the case: z23< Ly gives a decremse: or in -
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crease of the concentration,which dependé on the magnitude: of
the second and tHird term,The second term gives a decrease be-
cause of the surface recombination, and the third term gives:
an increase becguse: of the electron injetion from the deple -
tion layer. In this case the concentration gradients can hawe
equal or opposite: Bigns,which will depend on 1[4711 and We

For: the case of very strong surface recombinatiom,expressw—
ions /4/ and /5/ become

Splo)=aCT % for z; < I,
5 p(o0)= Gv'Up”?p ffar %357 Ly

and
S n (0)= aT, (W + ?zi] “7n for 25 LTy
In

5:: (0)= T n"f’n for zy>PL,
As one can see , the concentration gradients have the same
signs, and the photouvoltage Wikl be proportional to: theim:
difference.For the case of very strong surface recombination
the developed photovoltage will be equal or less than Dem: -
ber voltage.
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