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PHOTOVOLTAIC AND RECTIFICATION PROPERTIES 
OF In/ t rans-  (CH) ,/ELECTRODAG +502 
SCHOTTKY-BARRIER CELLS 

J. K A N I C K I ,  S. BOU6 and E. VANDER DONCKT 
C o l l e c t i f  de Chimie Organique Physique 
Univers i te  Libre  de Bruxel les  
50, Av. F.D. Roosevelt 
B-1050 Bruxel les ,  Belgium. 
Submitted f o r  pub l i ca t ion  August 1 0 ,  1 9 8 1  

The e lec t r ica l  and pho tovo l t a i c  p r o p e r t i e s  
of In/trans-(CH),/Electrodag +502 sandwich 
ce l l s  have been examined. The forward b i a s  
dark c u r r e n t  obeys a modified Shockley 
equat ion.  The junc t ion  r eve r se  b i a s  
c u r r e n t  f i t s  t h e  image-force lowering 
r e l a t i o n s h i p .  The capaci tance-vol tage 
c h a r a c t e r i s t i c s  were analysed. A photo- 
vo l tage  and a photocurren t  were observed 
under polychromatic o r  monochromatic 
i l l umina t ion .  Photovol ta ic  a c t i o n  s p e c t r a  
are s imi l a r  t o  t h e  adsorp t ion  spectra. 
The dependence of Isc and V 
i n t e n s i t y  w a s  determined. T% temperature 
e f f e c t  on I , C ,  Is, and Voc was a l so  
inves t iga t e8 .  

on t h e  l i g h t  

INTRODUCTION 

A f a i r l y  r e c e n t  research  approach t o  t h e  u s e  of 
organic  m a t e r i a l s  i n  solar ce l l s  has  been focused 
on t h e  s tudy of t h i c k  f i l m s  of polymeric m a t e r i a l s  
i n  sandwich conf igura t ion .  I n  t h i s  f i e l d  w e  have 
inves t iga t ed  t h e  r e c t i f y i n g  and pho tovo l t a i c  (1) 
p r o p e r t i e s  of the  In/trans-(CH),/Electrodag +502 
sandwich cel ls .  

[ I351]/3 19 
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320/[1352] J. KANICKI, S. BOUE and E. VANDER DONCKT 

RESULTS AND DISCUSSION 

The conf igura t ion  of t h e  sandwich ce l l s  used i n  
t h i s  work i s  shown i n  f i g u r e  1. The undoped 
polymer forms r e c t i f y i n g  junc t ions  wi th  indium 
and ohmic con tac t s  with Electrodag +502. 

The current-vol tage c h a r a c t e r i s t i c s  measured 
under vacuum ($10-5 T o r r )  are represented  i n  
f i g u r e s  1 and 2 .  The forward bias (yFL dark  c u r r e n t  
( In  @ 
Shockley equat ion ( 2 )  : 

is found t o  obey t h e  fol lowing modified 

I=AjIo[exp [q (V-R,I) /nkT] (l-exp[-q (V-RsI) /kT] I] 

+ (V-RsI) /R,h 113 
with A : junc t ion  a r e a  ($0.08 c m  ) : 1, : diode 

s $ t u r a t i o n  c u r r e n t  i R, : series r e s i s t a n c e  : 
Rsh : shunt  r e s i s t a n c e  : T : abso lu te  
temperature : k : Boltzman cons tan t  : q : 
e l e c t r o n i c  charge : n : diode i d e a l i t y  factor.  

2 

2.5 3.5 
I '  I I I 

-10 

- 20 

/ h9 

I I I I I 

0 

FIGURE 1 IF-VF forward c h a r a c t e r i s t i c  of a 
t y p i c a l  In/ t rans-  (CH) JElectrodag +502 cell .  
F u l l  l i n e  r ep resen t s  t h e  t h e o r e t i c a l  curve and 
( * )  r ep resen t  experimental  po in t s .  
( A j  = 0.08 c m  , f i l m  th i ckness  t '= 75 pm) 2 
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PHOTOVOLTAIC and RECTIFICATION. . . [ 1353]/321 

The t h e o r e t i c a l  curve shown i n  f i g u r e  1 
corresponds t o  computer c a l c u l a t i o n s  us ing  
equat ion [l] . The parameters used i n  t h e  
t h e o r e t i c a l  c a l c u l a t i o n s  are given i n  t a b l e  IA .  
They were es t imated  from t h e  experimental  I - V  
c h a r a c t e r i s t i c s .  The IF-VF c h a r a c t e r i s t i c s  a t  
lower o r  higher  as w e l l  as room temperature 

The gev_e_Ege b i a s  JVR) dark c u r r e n t  ( I n  + 1 
de l ive red  by t h e  junc t ion  f i t s  t h e  r e l a t i o n s h i p  
expressed by equat ion [ 2 ]  (see f i g u r e  2 )  : 
Io'A " 2  T exp(-q/kT[plb-(q3NA(Vc-V)/8n 2 csEd 2 1/4 1) 121 

with  A *  : modified Richardson cons t an t  ; plb : 
b a r r i e r  he igh t  ; NA : acceptor  (or t r a p )  
concent ra t ion  ; Vc : con tac t  p o t e n t i a l  ; 
E~ : semiconductor d i e l e c t r i c  cons t an t  ; 
E A  : imaqe-force d i e l e c t r i c  cons t an t  

(between -52OC and 110OC) obey t h e  r e l a t i o n  6 ' 1  

U 

( E s = E d = 5 j .  

-12.5 

-125 

a5 "114 114 '*' 
R (" 

FIGURE 2 
In-p-type trans-(CHIx Schottky b a r r i e r .  The ( * )  
r ep resen t  experimental  po in t s .  

IR-VR r eve r se  c h a r a c t e r i s t i c  of 
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T h e  remarkable l i n e a r i t y  of t h i s  p l o t  sugges ts  
t h a t  t h e  image fo rce  is l a r g e l y  r e spons ib l e  f o r  
t he  b a r r i e r  lowering which is observed wi th  biases 
between 0 and 6 v o l t s  and temperatures  between 
-52OC and l l O ° C .  The s lope  ( f i g u r e  2 )  y i e l d s  tb 
acceptor  ( o r  t r a p )  concent ra t ion  given i n  table 
I B .  The e f f e c t  of t h e  temperature on 1, w a s  
determined and t h e  p l o t  of l n ( 1  / A j T 2 )  v s  T-l  
g ives  t h e  barrier he igh t  gfb ( t&le I B ) .  

recorded a t  500, 1000 and 1500 Hz are presented 
i n  f i g u r e  3 where C-2 is p l o t t e d  a s  a func t ion  
of VR i n  o rde r  t o  assess t h e  NA va lue  and t h e  
contac t  p o t e n t i a l  accodding t o  equat ion [ 3 ]  ( 2 )  : 

The capaci tance-vol tage c h a r a c t e r i s t i c s  

FIGURE 3 C 2 - V  p l o t  of t h e  sandwich c e l l  a t  
f requencies  of 580 Hz ( a ) ,  1000  Hz (b) and 1500 
Hz ( c ) .  The ( * )  r ep resen t  experimental  p o i n t s  
for  a f i r s t  f i l m  and ( A )  r ep resen t  t h e  d a t a  
f o r  a second f i l m  (Aj'0.08 c m 2 ,  t=57 p m ) ,  t o  
show t h a t  t h e r e  is some d i f f e r e n c e s  i n  C-V 
measurements from f i l m  t o  f i lm.  
( A j  = 0 .08  c m 2 ,  t = 75 um) 
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PHOTOVOLTAIC and RECTIFICATION.. , [I35511323 

A s  shown on t h e  graph, t h e  junc t ion  e x h i b i t s  a 
l i n e a r  dependence of C-2 v s  VR up t o  %0.6 V and 
dev ia t e s  s l i g h t l y  a t  higher  vol tage .  T h e  average 
values  a t  room temperature of Vc, NA, C(VR=O) 
and t h e  width of t he  dep le t ion  region (W)  are 
given i n  table I C .  A t  h igher  temperatures (from 
30 t o  120OC) the  capaci tance i s  s t r o n g l y  frequency 
and vol tage  dependent. This dependence becomes 
weaker with decreasing temperatures and a t  low 
temperature (between 0 and -77OC) t h e  capac i tance  
i s  almost frequency and vol tage  independent. A t  
-77OC t h e  trans-(CH), cel ls  shows only a 
geometric capaci tance,  C g = 0 . 0 7  nF. This  behavior 
i s  similar t o  t h e  t e t r acene  and Mg-phthalocyanine 
( 3 )  sandwich cells where a t r a n s i t i o n  from t h e  
low temperature geometric capaci tance t o  dep le t ion  
l aye r  type capaci tance a t  high temperature  w a s  
also observed. 

The shor t - c i r cu i t - cu r ren t  a c t i o n  spectra 
normalized a t  cons t an t  i n c i d e n t  photon i n t e n s i t y  
(2.66~10~6 photon/sec c m 2 )  co r r ec t ed  f o r  l i g h t  
absorpt ion by ind ium is  represented  i n  f i g u r e  4 .  
The ac t ion  spectrum f i t s  r e l a t i o n s h i p  [ 4 1  
discussed previous ly  by Ghosh e t  a2 ( 4 ) .  

~ 

w i t h  B=L'l ; L : d i f f u s i o n  length  ; Nphi : number 
of i n c i d e n t  photons/cm2sec ; a: absorp t ion  
c o e f f i c i e n t  (cm-1)  ; #Q : quantum e f f i c i e n c y .  
I t  can be seen t h a t  a reasonable  agreement 

between experiment and theory i s  obtained and i s  
a l s o  shown i n  f i g u r e  4 ( t h e r e  is some dev ia t ion  
a t  t he  s h o r t e r  wavelength r eg ion ) .  The parameters 
used i n  t h e  t h e o r e t i c a l  c a l c u l a t i o n s  are t abu la t ed  
i n  table I D .  The b a r r i e r  width which w a s  used 
agrees  w i t h  capaci tance measurements. The ac t ion  
s p e c t r a  a t  lower o r  h igher  temperature (between 
-77OC and 110OC)  are similar t o  t h a t  recorded a t  
room temperature ( f i g u r e  4 ) .  
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0.25 
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FIGURE 4 E l e c t r o n i c  absorp t ion  spectra ( 0 )  

of t r a n s -  ( C H ) x .  Experimental  ( ) and t h e o r e t i c a l  
( - )  s h o r t - c i r c u i t  pho tovo l t a i c  c u r r e n t  a c t i o n  
s p e c t r a  wi th  l i g h t  i n c i d e n t  on t h e  In  s u r f a c e  01 

and Is, a r e  normalized t o  t h e i r  maximum 
(amax = 3x105 cm-1  and Isc,max = 0 . 8  PA). 

c u r r e n t  (Isc) i s  p ropor t iona l  t o ,  and t h e  open- 
c i r c u i t  vo l t age  (Voc) depends l o g a r i t h m i c a l l y  on, 
t h e  l i g h t  i l l umina t ion .  Is, i n c r e a s e s  and Voc 
decreases  a s  t h e  temperature  i s  r a i s e d .  Upon 
i l l umina t ion  t h e  indium e l e c t r o d e  becomes 
negat ive  wi th  r e s p e c t  t o  t h e  Elec t rodag  +502 and 
t h e  p o l a r i t y  of Vo, and Isc i s  independent of t h e  
d i r e c t i o n  of i l l u m i n a t i o n  (back or f r o n t a l  
e l e c t r o d e ) .  

The photocurrent-photovol tage c h a r a c t e r i s t i c  
ob ta ined  i n  t h e  pho tovo l t a i c  mode under cons t an t  
l i g h t  i n t e n s i t y  i s  shown i n  f i g u r e  5. 

I t  must be poin ted  o u t  t h a t  t h e  s h o r t - c i r c u i t  
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0.05 

0 20 60 
"oc(m") 

FIGURE 5 Steady state illumination photovoltaic 
Iph-vph curves for ]Cn/trans- (CH) JElectrodag +502.  

The p lo t s  are nearly linear under either poly- 
chromatic or monochromatic ( 6 4 0  nm) irradiation. 
The maximum light-to-current conversion efficiency 
(nmax) calculated from the open-circuit voltage 
and the short-circuit current is given in table 
IE. 

As a last point which must be kept in mind 
with respect to any possible practical application 
as solar cells, it must be emphasized that our 
trans-polyacetylene cells always suffer an aging 
effect which reduces their efficiency after some 
illumination time. 
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TABLE I Material and Schottky barrier 
characteristics at 22OC. 

I A  1F-v~ characteristic, I n u  

IB IR-VR characteristic, In @ 

2 ~A(cm-~) Pb(v) (cm 1 t(urn) 
7 . 5 ~ 1 0 ~ ~  ~ 0 . 7  0.08 75 

IC C-VR characteristic, In@ 

- 3  f (Hz) NA(cm 1 Vc(V) C(V=O) (nF) W(&) 
500 2.34~10~’ ~0.6 9.3 380 
1000 3 . 3 7 ~ 1 0 ~ ~  40.6 3.5 1000 

J 
400 220 1.9x10 -lo 2.42X10 -I2 QO.1 58 

IE Igh’Vph characteristic In the photovoltaic 
m de, In@ 

source 

P01Y- 
chromatic 8 7.5 0.19 0.25 ~ 2 4  %0,017 
mono- 
chromatic 46 0,0097 0.25 ~7 ~0.0016 
( 64 Onm) 
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