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FHOTOLUMINESCENCE RESULTS 

D. Caffier, M. Le Contellec and J. Richard 

CNET, Centre Lannion B, ROC/TIC, 22301 Lannion, France 

Abstract.- Photoconductivity and photoluminescence of a-Si : H and 
a-Sixcl-X : H films prepared by glow discharge or R.F sputterinq have been 
studied. For a-Si : H sputtered films, the photoconductivity is greatly 
increased with R.F power, substrate temperature and can be compared to values 
obtained for glow discharge films. The addition of a low carbon content 
(< 10 %) does not affect the photoconductivity but a higher content greatly 
decreases it. In conclusion, we deduced that the existence of a hiqh 1.2 eV 
photoluminescence peak is a necessary condition to obtain a good photoconduc- 
tivi ty . 

Introduction.- Many works have been made on photoconductivity [ l ]  and photolumines- 
cence [ 2 ]  of a-Si : H films prepared by glow discharge or R.F sputtering. In this 
paper, we present an assumption on the structure of our a-Si : H sputtered films 
which will be developped in a futur work. This assumption is related to the results 
obtained by photoconductivity and photoluminescence measurements. We also present 
preliminary results of photoconductivity in a-SixCl-x : H. 

Samples preparation.- The a-Si : H and a-Sixcl-, : H films were respectively prepa- 
red by two methods : decomposition of silane or silane + methane [ 3 ]  in a glow dis- 
charge, R.F sputtering of a silicon target in an Argon + hydrogen or Argon + hydro- 
gen + methane C41 atmosphere. All these films have a high hydrogen content ( >  10 % ) .  
For some experiments, we have used a-Si : H films prepared by decomposition of 
silane at a substrate temperature of 500°C and post hydrogeneted. After post-hydro- 
genation the film contains a low hydrogen content below 1 0. 

Experimental results : 

1°) Photoconductivity results : 
-1 -1 15 

The variation of photoconductivity A0 (52  cm ) versus photon energy for a l 0  ph 
cm-2s-1 photons flux has been measured in a-Si : H and a-SiXC1-, : H films (fig. 1). 
AU is the difference between illuminated and dark conductivities. The photo-current 
I is given by : 
P 

I and F are respectively the current under illumination and the photons flux. The 
exponent 6 is given by the variation of I versus photons flux for a fixed energy. 

For a-Si : H sputtered films, A5 has been determined as a function of R.F power, 
partial hydrogen pressure, substrate temperature Ts and annealing temperature. The 
photoconductivity increases with R.F power ; but for a low power, we obtain also 
a high Aa after annealing at 300°C or by increasing the substrate temperature during 
deposition (fig. 2). In this last case, Aamax (maximum of AD) has a value similar to 
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Fir. 1 : Photoconductivity versus photon energy 
( l ) ,  ( 2 ) ,  ( 3 )  : Glow discharge f i lms 
( 4 ) ,  ( 5 ) ,  ( 6 )  : R.F s p u t t e r i n g  f i lms 

-7 -1 
than obtained i n  glow discharge samples (2  10 cm-'). 

For a-Si C : H f i lms ,  Aumax can be higher  than f o r  a-Si : H f i lms  prepared i n  t h e  
same c o n 8 i k ~ n s  i f  t h e  carbon concentrat ion does not  exceed about 10 % ( f i g .  1 ,  
sample no 1 ) .  Beyond t h i s  concentrat ion,  Aomax g r e a t l y  decreases due t o  an important 
defec t s  dens i ty  which have been measured by e l e c t r o n  sp in  resonance (1018 cm-3) [51. 

The following f e a t u r e s  a r e  of i n t e r e s t  : 

(I) A5 e x h i b i t s  a maximum value,  Aumax, a t  an energy which increases with hy- 
drogen o r  carbon content .  The energy of  t h i s  maximum is  r e l a t e d  t o  t h e  o p t i c a l  gap. 

(11) A l l  the  curves of a-Si : H f i lms show a shoulder between 1 eV and 1.3 eV 
followed by a rapid r i s e  above about 1.5 eV. This f e a t u r e  appears t o  be c lose ly  
s i m i l a r  t o  those of absorpt ion curve. This shoulder suggests a l o c a l  dens i ty  of 
s t a t e  maximum near 1.2 ev [ b ] .  

(111) Below t h e  shoulder t h e  photoconductivity g r e a t l y  decreases and disappears  
a t  0.7 eV. 

( I V )  For a-SixCl-x : H ,  when t h e  carbon concentrat ion is  low, t h e  shoulder a t  
1 .2  eV e x i s t s .  So we suggest ,  i n  c o r r e l a t i o n  with photoluminescence r e s u l t s  [ 5 ] ,  
t h a t  amorphous s i l i c o n  carbide contains  some s i l i c o n  c l u s t e r s  l a rge  enough t o  pro- 
duce t h e  t y p i c a l  photoconductivity of amorphous s i l i c o n .  But, when t h e  concentrat ion 
increases ,  t h i s  shoulder disappears  and Aomax is loca ted  a t  higher  energies .  



2O) Photoluminescence 
r e s u l t s  : 

Fig. 2 : A Photoconductivity versus 
s n b s t r a t e  temperature f o r  two 
spu t te red  a S i  : H samples 

+ 1.2 eV luminescence peak 
I n t e n s i t y  versus s u b s t r a t e  
temperature 

The luminescence measurements 
were performed on samples held 
a t  4.2% under Argon l a s e r  exci- 
t a t i o n  a t  2.6 eV. For these mea- 
surements, t h e  f i lms were deposi- 
t e d  on f r o s t  s u b s t r a t e s  t o  remove 
in te r fe rence  e f f e c t s .  The detec- 
t i o n  was made e i t h e r  by a photo- 
m u l t i p l i e r  o r  by a cooled lead 
sulphide c e l l .  The luminescence 
was corrected f o r  t h e  response o f  
t h e  d e t e c t o r  system, which was 
determined using a Tungsten lamp 
of  measured co lor  temperature. 
Fig.  3 shows luminescence spec t ra  
f o r  samples prepared a t  two d i f -  
f e r e n t  s u b s t r a t e  temperatures. 
Af te r  deconvolution, we observe 
general ly  i n  our s p e c t r a  th ree  
peaks : a peak a t  a f ixed  energy 
o f  1.2 eV and two o t h e r  peaks 
whose energy v a r i e s ,  one between 
1.02 eV and 1.1 eV and t h e  o ther  
one between 1.33 eV and 1.4 eV. 
From f i g .  2 and f i g .  3, we deduce 
t h a t  t h e  photoconductivity in- 
creases  a s  t h e  photoluminescence 
i n t e n s i t y ,  s p e c i a l l y  a s  t h e  inten-  
s i t y  of t h e  1.2 eV peak. For 
a-SixCl-x : H f i lms ,  a s  AClmaX, 
t h e  photoluminescence i n t e n s i t y  
decrease with t h e  carbon concen- 
t r a t l o n  [5] .  

In te rpre ta t ion .  - To determine t h e  o r i g i n  of t h e  1.2 eV peak, we have prepared a-Si 
f i lm by decomposition of s i l a n e  a t  s u b s t r a t e  temperature Ts of  500°C. A s  prepared 
the  f i lm does not  contain hydrogen and photoconductivity i s  not  mesurable, b u t  
reaches a g r e a t  value ( 10-~n- lcm-~  ) a f t e r  post-hydrogenation . Without hydrogen, pure 
a-Si contains about 5 1019 cm-3 paramagnetic cen te rs  [71.  Posehydrogenat ion in t ro-  
duces i n  t h e  f i lm a hydrogen concentrat ion l a r g e  enough t o  e l imina te  completly t h e  
dangling bond E.S.R. Signal  (< 1017 cur3) [71.  

For t h i s  f i lm and only a f t e r  post-hydrogenation, we observe a high photoluminescence 
located a t  1.2 eV. From t h i s  and r e s u l t s  before,  we conclude : 

(I) t h e  ex i s tence  o f  1.2 eV peak is  a necessary condit ion t o  ob ta in  photocon- 
d u c t i v i t y .  

(11) A h i t h  Aama, is  r e l a t e d  t o  a high i n t e n s i t y  of t h i s  peak. 

I n  a l l  our spu t te red  f i lms  we observe always a 1.2 eV photoluminescence peak and 
a l s o  other  peaks whose energy depends on preparat ion condit ions.  I t  seems t h a t  t h e  
peak a t  1.2 eV i s  a c h a r a c t e r i s t i c  of an amorphous s i l i c o n  with a low gap s t a t e  
densi ty.  So we assume t h a t  our f i lms  a r e  composited of two mater ia l s  type of  clus- 
t e r s .  

- a-Si : H c l u s t e r s  with a high hydrogen content ,  a l a r g e  gap (> 1.5 eV) and 
many defec t s .  The hydrogen i s  not j u s t  sa tu r ing  dangling bonds b u t  it modifies t h e  
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Fig. 3 : Luminescence s p e c t r a  of a spu t te red  a-Si : H f o r  two s u b s t r a t e  temperatures 

whole s t r u c t u r e  [ a ] .  Knight [ 9 ]  shows t h a t  t h e  t o t a l  hydrogen content  does not  corre- 
l a t e  with t h e  d e f e c t  dens i ty  and a s  t h e  hydrogen concentrat ion i s  increased i n  cer- 
t a i n  ways t h e r e  is  a rap id  r i s e  i n  t h e  sp in  dens i ty .  

- a-Si : H c l u s t e r s  with a very low hydrogen content ,  b u t  l a r g e  enough t o  com- 
pensate t h e  d e f e c t s  (low s p i n  d e n s i t y ) ,  and a small gap (E 1.37 eV) . This a-Si : H 
can be compared with t h e  post-hydrogenated a-Si. 

Conclusion.- Sputtered a-Si : H f i lms  photoconductivity can be compared t o  values ob- 
t a ined  f o r  glow discharge f i lms .  The addi t ion  of carbon (< l 0  % )  does not  a f f e c t  t h e  
photoconductivity value,  b u t  a higher  content  g r e a t l y  decreases it. From c o r r e l a t i o n  
with photoluminescence r e s u l t s  we conclude t h a t  a high 1.2 eV peak is  a necessary 
condit ion t o  ob ta in  photoconductivity. Our spu t te red  f i lms  can be considered a s  
a-Si : H f i lms  composited of amorphous s i l i c o n  c l u s t e r s  with,  respec t ive ly ,  a high 
hydrogen content  and a very low hydrogen content .  
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