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Abstract 
I1:t has · been shown tha�. opposite gradients of electron 

and lio]e. concentration cau1d· be generated when n-type wedge­
shaped film with· p.-type surface llayer · fs illuminated. The re­
sulting photovoltage generated along the fil'm is higher- then 
corresponding Dember voitage1which could explain the experf� 
mental: res�s obtained for odS wedge-shaped films whos&. up­
per surfaee haB" been subject ,:;o, a treatment. 

It has been £ound experimentaly that wedge-shaped tliiu: 
fflnr 1ossess  pho.tovolta:i:c· property11'2 .Tlle wedge geome� of
the film yWi th 119-od phoUocronductmg property, is able tc ge-· 
n&rate P.hotp,voltage on the bases· of tw«- mecha:nisms :Dember­
effec'ti �d surface recombination3,4,5. The mui.inall photova:t­
tage developed between the film ends does no:tt 93eaeed the: va­
llue- of Dember voltage generated at the same il.lumination in 
a: bu.llt semiconductor .. 

In ordetr to exirlain higher tihan Dembe1" vo1tage �whiclt 
has been fo:und esperimentaly , another.· model!. fi3· considered, 
m wli±cl:11 :p-tYI?e surface �eJP is placed on the top· surfac&. 
of n-tilPe wedge-shaped !illnr.The illuminatfon is taken to be 
10:irougl:i· the p-layer· and the measuring electrodes are plllced 
at, the both ends at the film base/ F"ig. I/� 

The. bas:fo:. soUJ!Oe of nonunif01'1D1 distribution. of photag� 
nerated e�iex,s, £.e. the erlstance of a concentration gra.­
clfents along the filllr: lengtlii,, :ts· the contact ffeld tha:ti�

0 

&Xi'sts in tha dep1ation 
layer of p-n contact apd:' 
1Ute: inclined »osition of 
this-0 field with: re9Rec:dt 
tio the film· base. Thia f±-
mild :ilJ, taken, tc be au 

Fig.1 s�ong tha-tt. a!ll! pho;togene-
rated carri:era are sweptt; outt. from the dep:J:et1on lqarfW#. 

Fcn,· the aake:. of simpricity we sharI consider· planp� ­
:ca1llell n-type- film" with p-type thin layen-·on ,:;he top/,Fig..2/� 
Fil:nsit, o�· d1 w& sti&'lDl find th8' distribution of photogene:r. 
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ted carriers in n-region in the dependence on the: fililr. thick­
ness/d ,..zi/ ,., and �ter that �e shall! consider:· a-- film w.i:th va­
riable thickness/ wedge-shaped film/.For· planparal!ll.ei geome­
try the problem is one dimensional witli: z-coordinate normal 
ucr- the filin surface.F�· n- .region,. which. has O .< z <. �  tlie. 
contact; field is zero·, and the equation for the excess, bola 
concentration. /op= Pn - Pno / is

DP a
2
Sp -+- G exp (-tl. £:1._z)) - � P· = o , /'X/ dzf 'Lp 

whm,e Dp is dif:£usi'on coeficient ,,t"'p average life· time· of tihe
holes; in n-region, and G is generation of electron- hole pad.rs 
bJ· Jima.ldBnu light>. at; the surfaee z=d:, and o( is light absorp­
taon coeficient. The equation of tfie excess electron concen­
tratii>n /i, n = n • nrJ is simply obtained by substi:tuti:on o.t
p by D1 in· eq./l:/ .The boundary condition for <) P andDn an tha: 
Iawer· surface/ Z: = o ;  film base/is defined by the surf'alm ne-

• Z

p 

N 

d 
Z!+ W 

X

combination veloc:iitiias 
SP and 5n,. and corespon. 

ding surface recomb:ma· -
tion- curr.env: dens:i:t:iies : 

D d6p r:: S b p dz-. - p f)
(" /2/ 

D d on a 8 r n - n o n o
dz 

The sweeping acti;on, of the 
contact. field, at. the top 
sur.tace of n-region/z == z1/
is such: tihat. all 'bhe ho-

les · are swept out from the depletion layer ,. and all the &lee 
trons gen&rated wi�h.i:n the depl.e.tion leyen/W/1 are :ilnjected.
l:11.to n�regien,. i.e. 

Op = o
z $...__ jw for z.:: z1

Dn� = G· exp (- �  (a-it)) dz 
zi

t3/ 

Smee our measuring electrodes a;:re placed att. 'the · film base/z=0#,1 
we shall. take the solution of eq./1/ with conditions /2/ and 
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/3/ for z=O,which for the excess hole concentration is 
. Zi 

bv (O)= 
G'C'p ·'?pexp(-old) ah r;- ' /4/ 
1+�1p sh � +1 eh 

z
� 

and fo� the excess ele:iron conc:Rtration is 

(. G Ln_exp (  -;:J.d) 
u n(O)= � 2 2 o. -� I.ii)

• 

(ah � -v«anch � -o(��z1 -�2�2-l)e:x�(z1+w�
• 'Iin /5/ 1

{ H/ n oh � ·+ sh � ). L n  � 
where � and Ln ime corresponding. diffus1on lengths , and-'l"Jn 
and � P �e constants defined by 

1'l, n C • � p
= • 

The expression /4/ and /5/ has been analysed by Hewlet­
Packard computeD a.ml graphfo piot.ter.The preseniation has
been: done on the same coordinate system� wnere O n (O) /G't:'n 
and c) p( 0) /CJ'ti, have been presented v .s . z,i/�. and: z,i/ Lp,• 
Tlie ana:lysi"s has been per.formed .t'or different . ,. SP and Snt:
and dil:ferent. w.For o(.L=0.02 ;. 1/'»']:::0.0l and three d1fferen1t 
vaDues a.£ k= o(W, the plot is given on· Fi:g.3. 

As one can see , the hol.e ' c·oncentration increases and the 
ebc.tron concentration deer.eases with. the film: 1lhickne:ss . 

c£1.• 0. 02 j t :10. 0 1 ;  "W11w. 01,
:u. 02 
0. lrJJ 

....... ll+fl+H+t+-++f-,t-++l+H+H+t++++H-+11-++l+H++++t-t-++t-H 
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Cl!ear· physi.cal! interpretation of the resullts can be d�e 
by ant anatyds of /4/ and /5/ for particulSJ1 case /a1.p o ,, sp , 
Sn..+ 0//. For· th�s· case 

. &P<o) 
C /,6/ 

wl:tiic:lr gives· a'. monothonic increase, of tti.e hole: aoncentration., 
t.endi.ng to the satura.tJfou: v.eitua Gi'l:p.The p�ical. meaning ot 
t}ttjs· is that..,. as far as � increases tlie. possibi'l:i"tt37 of ·hole 
extract;i:on, fron n-region is de-creased,. anti tifut ccmce'tmat±om 
becomes equal. to· that: m:. bulllto 

Tlie exce-ess electron· cmncentra-ti:On is givm:r by 

<S°n (O) = G't:'n (1 + +. ....Lz · ) /,7/ 
-n slt it 

which' gives decrease of the· concent'rati"on wilt'lt· z1,., butt. rtt 
aUWB:1'S remam liigtter· than the concentratj;on_ fn liullt /,.(F.Cuf. 
Tl:1%s comes:! out because of the- injection action of· th� s1m­
face f:teld. 

This analysis· can be applied f on· the fi]m wiibh· variab]le; � 
and d as f 8.D'· as· vari:ation :i:s neg1eg:i:bie witilti respeat to tbe 
Gtlier film diinensfons·. For· wedge-shaped film· z

1
. and d -� li­

near functions of the film length· /xA· For· suclt. ai film' geome­
try fn  (0 ) and· E, p (0 )give concentrat±on gradients along· x
with opposite signEf and their partial. ., .irontribut:ums to· tha: 
Rhotovoltag� �ll be added. As a result of this ,: a higher: �han 
Dember voltage will! apear· aiong the ffim length/x/. 

Tl:i:e surface · recombination can substantiail!y change the results 11 
which: can be. shown by the analysis o£/4/ and · /5/1 for the u'tlla-­
ma cases., Twa> cases, has been anallys-ed ,, z-i << L#J)tm.d �i>> � (n) ,. -
for· wlii.c)i; the excess-· concentrat±ons:, are.: 

and. 

() r;{ O) = Gt; 

bm  C O) = ,Gt;n( ll�

6 n. ( O) sz G,'C' n

. /8/ 

The e�res&:i:on /9/,l for the caem zi<<Lu gives a de-er.ease) or in -
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crease of the concen�.tion,which depends on the magnitude: of 
the second an d  tliird term�The second term gives a .decrease be­
cause of the surface recombination, an d  the tlnrd term give� 
an · increase because, of the e1ectron injetion from the depla -
tion layer·. In thfs cas-e the· concentration gradients can ha-�e:
aqual or opposite: si·gns-,whi·c11 wi1l. depend. on l:.Hl'/n and w.

For· th� case of ve�y strong surface recombination,express�­
ions /4/ an d  /51" become 

and 

[; p ( 0 )c G'C'� torr z1 « �

6 p· ( 0 )= G:-'CP "1p for z;i "?/' Lp

• 
As one can · see , the concentration gradients have the same? 
signs , and the· photovoltage w111 · be proportional to; theii:I?· 
difference.For· tbe case of very strong surface recombinatiion 
the devel!oped pbotovoltage will be equal or less- than Dem: ­
ber voltage. 
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