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Abstract:- 
Photolumincsccncc (PL) measurements were earried out on Liquid-phase epitaxy (LPE) grown P(A1.86Ga.14As)-P(GaAS)-N(GaAs) 

solar cells in the temperature range 10-350K.By the PL measurements analysis and using a simple theoretical model, we evaluate the surface 

recombination velocity at the GaAs p-n junction surface as a function of temperature. 

Our results indicate that surface recombination is not playing an important role in the heterojunction device , and show that the 

surface recombination velocity at the (GaAs) p-n junction surface is proportional to Exp (-Ea/KT) with activation energies Ea of 3.5 meV 

to 13 meV in the temperature range studied. 

 

Introduction:- 
The attempt to improve the performance of solar cells, by increasing their spectral response and power conversion efficiency, has 

been the aim of several papers and interesting proposals in the last few years. 

However, as early as 1980 the use of Alx GaA-x As GaAs as a semiconductor material in solar cell structures had been widely 

recognized as one of the best ways to achieve high solar energy conversion-efficiency. 

Knowledge of the recombination parameters is thus of great important to the device performance and hence to the process designer. 

In particular , an accurate method to measure the surface recombination velocity (S) is extremely important in the above semiconductors 

.which are promising and already widely used materials in optoelectronic devices. 

The purpose of this paper is to analyse the photoluminescence (PL) measurements of the P ( AI.86 Ga.uAs)-P (GaAS)- N(GaAs) 

solar cells using a simple theoretical model to evaluate the surface recombination velocity at the GaAs surface, which is the greatest cause 

of low collection efficiency. 

 

Experimental Details:- 
A series of heavily Be-doped p-type AlxGai.x As  GaAs layers with Al composition x~0.86 and at different thickness were grown 

on n-type GaAs substrates by using the liquid phase epitaxy techniques (LPE). 

Tne substrates were (100) oriented and doped with SI to a carrier concentration of  1.3 E17 to 1.9 E18 cm . The growth temperature 

was 700 C. The grown layers were about 0.5 \i m thick as determined by a Ball Lapapparatus [1]. Free carrier concentration in the grown 

layers (~2E17 to 1 2E18 cm 3) was determined from Van der Pauw measurements [2].( Be) atoms diffuses into the n-type substrates during 

the growth cycle, resulting in a p-n junction located within the substrate This junction will operate as the active photovoltaic junction. [Full 

details of the apparatus used for preparation of samples for this work can be found in ref. 3 .]. Photoluminescence (PL) measurements at 

different temperature (10-300 K) were carried out on four sample (LP1 ,LP2,LP3,LP4) by using an evacuable liquid He cryostat. An 

automatic heating control system with direct readout of sample temperature between 10 and 300 K with +1" K accuracy. Due to the high 

Al composition (x) in the window layer ( giving indirect gap material) and the small layer thickness only the GaAs PL signals were obtained. 

The techniques used to obtain the spectra have been fully described in ref (4) The properties of the samples used in this study are shown in 

Table (1) . 

 

 

Theory 
The A).ae Ga uAs - GaAs solar cell is excited with light of photon energy less than the band gap of the Al.8e Ga.uAs layer so that 

the incident radiation penetrates the wide -bandgap Alx Gai.x As top layer and is absorbed in the p-type GaAs active layer. Electron-hole 

pairs are created in excess of their equilibrium numbers at/or near the surface of the p-type GaAs layer and they may diffuse further into the 

bulk of the sample before recombining with the emission of a photon (i.e., radiatively) or in a processes which do not result in external 

photon emission (i.e. , nonradiatively). 

However, consideration of the factors that influence the observed external emission in the case of Alx Gai_x As GaAs structure 

suggest that most of the large difference in the PL emission intensities between the "coated"(i.e., Alx Gat* As f GaAs structure) and" 

uncoated " by the solid-solution layer (i.e., GaAs) can be ascribed to differences in surface properties [5]. The analysis was performed by 

Williams and Chapman |6] for a homogenous semi-infinite solid with the photoexcited carries being generated by radiation incident on the 

surface. The diffusion of the excess minority carriers (electrons) of concentration n is obtained by solution of continuity equation :- 
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Where Dn is the electron diffusion coefficient, QC is the absorption coefficient for the incident exciting radiation , t is the total life time , x 

is the normal distance from the surface ,and g is the net generation rate of free carries .The appropriate boundary conditions are :- 

 

At x=0 

And  

n=0      at   x=∞ 

 

Where S is the surface recombination velocity  the subject to these particular boundary conditions is the solution to this differential 

equation 

 

 

 

 

 

 

 

 

  

 

 

 

 

The total radiative recombination rate inside the sample (i.e., the luminescence intensity lc-due to radiative recombination of mechanism i 

escaping the surface) is determined by n(x),the life timeTi for this recombination mechanism , the absorption coefficient ß for this 

luminescence ,the detector efficiency and solid-angle factor ,and an internal reflection coefficient r:- 

 

 

                                                                                                                             ……………..(3) 

 

 

By carrying out the integration using the value of n from equation (2) and the small signal approximation 

thattri is a constant gives : 

 

 

                                ………(4)  

 

 

 

which can be applied to each of several radiative recombination processes which occur simultaneously. 

The above expression contains factors which are the same for the coated and uncoated samples,such as £ i.r.g.andti for 

a given experimental arrangement. Hence the ratio of the PL emission intensities of P-type GaAs layer with coated and 

uncoated surfaces (y\Uti) is of the form:-

 

                                    ………………..(5) 
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h e r e  ,  oc i s  t h e  o b s o r p t i o n  c o e f f i c i e n t  o f  G a A s  a t  t h e  w a v e l e n g t h  o f  t h e  e x c i t i n g   

r a d i a t i o n  ( o c ~ 1 0 6  c m - 1  [ 7 ]  )  a n d  / i s  t h e  s e l f - a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  l u m i n e s c e n c e  s i g n a l ,  

w h i c h  i s  v e r y  s m a l l  ( ~ / 0 2  c m - 1  ) .  N e g l e c t i n g  t h e  v a l u e  o f  S c  D n - 1  c o m p a r e d  w i t h  L n " 1 , r e f l e c t i n g  t h e  

f a c t  t h a t  t h e  r e c o m b i n a t i o n  v e l o c i t y  a t  t h e  A l *  G a i _ x  A s  -    G a A s  h e t e r o j u n c t i o n  i s  

s m a l l ( ~ 1 0 2 c m / s e c ) [ 8 ] , t h e  a b o v e  e x p r e s s i o n  c a n  b e  f u r t h e r  a p p r o x i m a t e d ,  a n d  t h e  f o l l o w i n g  

e x p r e s s i o n  f o r  S u c  o n  p - t y p e  G a A s  i s  o b t a i n e d  w h e n  l c / l u c  i s  m u c h  l e s s  t h a n  α  L n . -  
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T h e  d i f f u s i o n  c o e f f i c i e n t  D n  i s  r e l a t e d  t o  t h e  m o b i l i t y  u .  n  o f  t h e  m i n o r i t y  c a r r i e r s  

 

t h r o u g h  t h e  E i n s t e i n  r e l a t i o n  ( q D n = ( i n  K T ) . H e n c e  , S u c c a n  b e  e v a l u a t e d  f r o m  : -  

  

 

                                                … … … … . ( 7 )  

 

W h e r e  q  i s  t h e  e l e c t r o n i c  c h a r g e  , K  i s  t h e  B o l t z m a n n  c o n s t a n t  , T  i s  t h e  t e m p e r a t u r e  i n  ° K .  

 

R e s u l t s  a n d  d i s c u s s i o n  : -  

 

T o  a v o i d  t h e  c h a n g e  i n  t h e  r e c o m b i n a t i o n  m e c h a n i s m  w h i c h  c o u l d  b e  c a u s e d  b y  t h e  

t e m p e r a t u r e  i n c r e a s e  a b o v e  a b o u t  1 4 0  ° K  ,  a n d  t h e  b a n d g a p  s h r i n k a g e  c a u s e d  b y  t h e  t e m p e r a t u r e  

i n c r e a s e  a b o v e  1 4 0  ° K  w h i c h  m a k e  t h e  e x c i t i n g  l i g h t  a b s o r b e d  i n  t h e  u p p e r  A l x  G a 1 - X  A s  l a y e r  a n d  

h e n c e  t h e  P - t y p e  G a A s  l a y e r  i s  n o  l o n g e r  e x c i t e d  w i t h  c o n s t a n t  e x c i t a t i o n  d e n s i t y ,  W e  c o n s i d e r  i n  

t h e  f o l l o w i n g  c a l c u l a t i o n  o n l y  t h e  t e m p e r a t u r e  b e l o w  1 4 0  K . I n  a d d i t i o n ,  w e  a s s u m e  f o r  t h e  

c a l c u l a t i o n  t h a t  t h e  c o n t i n u o u s  d e c r e a s e  o f  t h e  P L  e m i s s i o n  i n t e n s i t y  o f  t h e  A l x G a j . x  A s - G a A s  s o l a r  

c e l l s  w i t h  t e m p e r a t u r e  i s  m a i n l y  d u e  t o  t h e  e n h a n c e d  p a r t i c i p a t i o n  o f  n o n r a d i a t i v e  r e c o m b i n a t i o n  

p r o c e s s  a t  t h e  r e s u l t s  A l x  G a - 1 x  A s - G a A s ,  i n t e r f a c e  .  I n  o r d e r  t o  e x t r a c t  S u c  v a l u e s  f r o m  t h e  r e s u l t s  

, i t  i s  n e c e s s a r y  t o  m a k e  s w e e p i n g  a s s u m p t i o n s  o n  t h e  t r a n s p o r t  p a r a m e t e r s  a n d  t h i e r  t e m p e r a t u r e  

d e p e n d e n c e .  F o r  s i m p l i c i t y  w e  a s s u m e  t h a t  t h e  e l e c t r o n  d i f f u s i o n  l e n g t h  L n  i n  e q n . ( 7 )  h a s  

t e m p e r a t u r e - i n d e p e n d e n t  v a l u e  o f  1 0  f x  m  ,  w h i c h  i s  t y p i c a l  f o r  a  d i r e c t  - g a p  s e m i c o n d u c t o r  l i k e  

G a A s  ( 9 ] . A I t h o u g h  t h e  m e a s u r e d  m o b i l i t i e s  i n  p - t y p e  G a A s  a t  P  ~ 1  X  1 0 1 8 c m - 3  o b t a i n e d  b y  H a l l  

m e a s u r e m e n t  s h o w  s o m e  v a r i a t i o n  w i t h i n  t h i s  t e m p e r a t u r e  r a n g e  ,  w e  a s s u m e  a  c o n s t a n t  v a l u e  o f  

5 0 0 0  c m 2 / v . s e c  f o r  o u r  c a l c u l a t i o n  [ 1 0 ] T h e  v a l u e  o f  S u c  a t  d i f f e r e n t  t e m p e r a t u r e  c a l c u l a t e d  i n  t h i s  

w a y  a r e  g i v e n  i n  t h e  a r r h e n i u s  p l o t  o f  f i g u r e s  ( 1 , 2 , 3 , 4 ) T h e  s t r a i g h t  l i n e  i n d i c a t e s  t h a t  f o r  t h e  l a y e r  

i n v e s t i g a t e d  h e r e  ( S u c ) i s  p r o p o r t i o n a l  t o  e x p  ( - E a / K T )  w i t h  a n  a c t i v a t i o n  e n e r g y  E a  o f  3 . 5 m e V  t o  

1 3 m e V .  T h e  o b s e r v e d  t e m p e r a t u r e  d e p e n d e n c e  o f  S u c  i s  s i m i l a r  t o  t h a t  o f  t h e  c a p t u r e  c r o s s  s e c t i o n  
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o f  m o s t  b u l k  k i l t e r s  a s  o b t a i n e d  f r o m  D L T S  [ 1 1 ] , w h i c h  h a s  b e e n  a t t r i b u t e d  t o  m u l t i -  p h o n o n  

p r o c e s s e s , a n d  t o  t h a t  o f  i n t e r f a c e  r e c o m b i n a t i o n  c e n t e r s  a s  o b t a i n e d  f r o m  t h e  m e a s u r e m e n t s  o f  t h e  

i n t e r n a l  q u a n t u m  e f f i c i e n c y  o f  A l X G a 1 - X A s  h e t e r o s t r u c t u r e s  [ 1 2 }  T h e  r e s u l t i n g  v a l u e s  o f  t h e  

s u r f a c e  r e c o m b i n a t i o n  v e l o c i t y  S u c  ( ~ 1 . 5  X 1 0 4  c m / s e c  a t  1 0  ° K  t o  ~ 8 . 5  X  1 0 6  c m / s e c  a t  1 4 0  

° K ) f o r  t h e  s a m p l e s  s t u d i e d  a g r e e  w e l l  w i t h  t h e  v a l u e  r e p o r t e d  i n  t h e  l i t e r a t u r e  [ 8 , 1 3 ]  

 

 

conclusion :- 

T h e  A I . 8 6 G a . 1 4 A s  w i n d o w  l a y e r  i s  t r a n s p a r e n t  t o  p h o t o n s  w i t h  e n e r g i e s  u p  t o  a b o u t  2 . 8  

e V  a t  l o w  t e m p e r a t u r e  T h i s  h i g h  e n e r g y  t r a n s p a r e n c y  i n  t h e  s p e c t r a l  r e s p o n s e  w a s  u s e d  t o  

d e t e r m i n e  a p p r o x i m a t e  v a l u e s  f o r  t h e  s u r f a c e  r e c o m b i n a t i o n  v e l o c i t y  ( S u c ) a t  t h e  G a A s  p - n  j u n c t i o n  

s u r f a c e  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  . F o r  e a c h  o f  t h e  f o u r  s o l a r  c e l l s  i n v e s t i g a t e d  , t h i s  s i g n i f i c a n t  

s t e p  i n  t h e  d e t e r m i n a t i o n  o f  t h e  r e c o m b i n a t i o n  p a r a m e t e r s  i n  t h e  A l x G a i - x  A s  s o l a r  c e i l s  h a s  b e e n  

t a k e n  b y  u s i n g  a  s i m p l e  t h e o r e t i c a l  m o d e l  a l l o w i n g  t h e  q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e  d i f f u s i o n  a n d  

r e c o m b i n a t i o n  p r o c e s s e s  a n d  o f  t h e  q u a n t u m  e f f i c i e n c y  o f  t h e  A l x  G a 1 - x  A s - G a  A s  s o l a r  c e l l s  a s  a  

f u n c t i o n  o f  t e m p e r a t u r e  T h e  c o m p a r i s o n  o f  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e x p e r i m e n t a l l y  

o b s e r v e d  l u m i n e s c e n c e  i n t e n s i t i e s  w h e n  t h e  A l x G a i _ x  A s  w i n d o w  l a y e r  i s  i n  p l a c e  , a n d  f r o m  t h e  

G a A s  e m i t t e r  ( i . e . .  A l x  G a 1 - X  A s  w i n d o w  l a y e r  r e m o v e d  )  ,  a l l o w s  a  s i m p l e  d e t e r m i n a t i o n  o f  t h e  

s u r f a c e  r e c o m b i n a t i o n  v e l o c i t y  a t  t h e  G a A s   P - N  j u n c t i o n  s u r f a c e  .  T h e s e  i n v e s t i g a t i o n  a n d  t h e  

t h e o r e t i c a l  m o d e l  . w h i c h  h a s  b e e n  a p p l i e d  f o r  t h e  f i r s t  t i m e  t o  a  s e t  o f  A l x G a 1 - X  A s - G a A s  

s o l a r  c e l l s  p r o v i d e  i n s i g h t  i n t o  t h e  u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m  o f  c a r r i e r  d i f f u s i o n  a n d  

r e c o m b i n a t i o n  t h r o u g h  t h e  c e l l  . w h i c h  d e p e n d s  o n  a  v a r i e t y  o f  m a t e r i a l  p a r a m e t e r s  a n d  o n  

e x c i t a t i o n  c o n d i t i o n s  . A l s o  . t h e  c o n c e p t  o f  s u r f a c e  p a s s i v a t i o n  b y  a  b a n d g a p  t r a n s i t i o n  h a s  b e e n  

d e m o n s t r a t e d  a n d  

i n c o r p o r a t e d  i n t o  c u r r e n t  G a A s  c e l l s  . T h e  b e n e f i c i a l  e f f e c t s  o f  t h e s e  l a y e r s  h a v e  a  d o m i n a n t  

i n f l u e n c e  o n  t h e  h i g h  o v e r a l l  P L  e m i s s i o n  i n t e n s i t y  a n d  h e n c e  o n  t h e  o v e r a l l  p e r f o r m a n c e  o f  t h e  

c e l l ,  a n d  o u r  r e s u l t s  h a v e  s h o w n  t h a t  i n d e e d  t h e  m a j o r  c a u s e  o f  i n c r e a s e d  c o l l  o u t p u t  w a s  t h e  

p a s s i v a t i o n  o f  s u r f a c e  s t a t e s  a t  t h e  A l x  G a 1 - X  A s - G a A s  i n t e r f a c e .  

 

References:- 

1 - A l lm a n  M ,p h d  th e s i s  Ja n c a s t e r  U n iv e r c i ty  U .K .( 1 9 9 0 )  

2 - V a n  d e a r  P a u w  L .J  p h i l i p s  T e c h n ic a l  re v i e w  ,2 0 ,2 2 0 ,  

(1 9 6 5 )  an d  in  p h i l i p s  R e s .R e p . l  3 ,1  ,( 1 9 8 5 ) .  

3 - C r o s s  T  A ," l iq u id  p h a s e  E p i t a x i a l  g r o w th  o f  A l  C a A s "  E E v .L td  U .K ,( 1 9 8 3 )  .  

4 - F a r h o o d  A K ,A n a y l i  R S .A la r a m a n y  H M ,A l - Q a d i s iy a  J ,V ,1  ,n o .3 ,6 9 , ( 1 9 9 5 )  

5 - H e n r y  C H ,L o g a n  R A  an d  m e r r i t t  F R  ,J .A p p l .P h y s .4 9 ,3 5 3 0 , ( 1 9 7 8 )  

6 - W il l i a m s  E W  a n d  ch a p m a n  R A ,j .A p p l .p h y s .3 8 ( 6 ) ,2 5 4 7 , ( 1 9 6 7 ) .  

7 - A s p n e s D E j .A p p l .p h y s .6 0 ( 2 ) ,7 5 4 , ( 1 9 8 6 ) .  

8 - A b d u l l a e v  A ,S o v .P h y s .s e m ic o n d . ,1 3 ,1 0 1 5 , ( 1 9 7 9 ) .  

9 - F a h r e n b r u c h  A L    an d  B u b e  R H ," f u n d e m e n ta l s  o f  so l a r  ce l l s  " .p h o to v o l t a i c  

so l a r  E n e r g y  c o n v e r s io n  ,a c a d e m ic  p r e s s , ( 1 9 8 3 ) .  

1 0 - l l e g e m s  M ,J .A p p l .P h y s . ,4 8 ,1 2 7 8 , ( 1 9 7 7 ) .  

1 1 - H e n r y  C H  a n d  la n g  D V .p h y s .  R e v . ,B 1 5 ,9 8 9 , ( 1 9 7 7 ) .  



AL-Qadisiya Journal For Science Vol .17  No.2  Year 2012 
                                                       A . K . F a r h o o d                                  I S S N - 1 9 9 7 - 4 2 9 0  

-  8 1 -  

1 2 - H o f t  G W  an d  O p d r o p  C V , A p p l .P H y s .L e t t .  ,4 2 ( 9 )  ,8 1 3 , ( 1 9 8 3 ) .  1 3 -

1 3 -  K r e s s e l  H ,A p p l .P h y s .L e t t . ,3 0 ( 5 ) ,2 4 9 , ( 1 9 7 7 ) .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AL-Qadisiya Journal For Science Vol .17  No.2  Year 2012 
                                                       A . K . F a r h o o d                                  I S S N - 1 9 9 7 - 4 2 9 0  

-  8 1 -  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AL-Qadisiya Journal For Science Vol .17  No.2  Year 2012 
                                                       A . K . F a r h o o d                                  I S S N - 1 9 9 7 - 4 2 9 0  

-  8 1 -  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AL-Qadisiya Journal For Science Vol .17  No.2  Year 2012 
                                                       A . K . F a r h o o d                                  I S S N - 1 9 9 7 - 4 2 9 0  

-  8 1 -  

 دراسة تأثير سرعة الالتحام السطحية في الخلايا الشمسية من نوع

   N (GaAs)-P (GaAs)-As)l4 Ga.86 (Al. ةلالمحضرة بطريقة النمو من الحالة السائ 

 

 

 الأمير كاظم فرهود عبد

 قسم الفيزياء
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 -:خلاصة 

P)  في هذه الدراسة تم اجراء قياسات ضوئية       h o t o l u m i n e s c e n c e  m e a s u r e m e n t s  على مجموعة من الخلايا الشمسية التي تم نموها )

( Lبطريقة النمو من الحالة السائلة  P E( (( وكانت بتركيب   N ( G a A s-( P ( G a A s )-A s  ) 1 4G a .      8 6P ( A l وفي مدى درجات حرارة  .

1 تراوح بين  0 K 3 الى   5 0 K ( P. بأستخدام طريقة القياسات الضوئية هذه  L  m e a s u r e m e n t s ونموذج نظري للحسابات , تم ايجاد سرعة )

-pالتحام حاملات الشحنة السطحية في وسطح وصلة الـ) n. بدلالة درجة الحرارة ) 

pلقد بينت النتائج ان سرعة الالتحام لاتلعب دوراً مهماً في هذا النوع من الاجهزة كذلك بينت ان سرعة الالتحام عند الاتصال ) - n مع ( يتناسب

{ (  E x p  ( - E a / k T ) ) وبطاقة تنشيط ) { E a 3تراوحت بين )  5 M e v( الى )1 3 M e Vفي مدى درجات الحرارة المذكورة ). 


