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I 
Preparation and Characterization of Hydrogenated Amorphous 

Boron Thin Films and Thin ~ i l m  Solar Cel ls  Produced By Glow 

Discharge Decomposi ti on Methods 

MASTER 
INTRODUCTION 

The energy gap o f  unhydrogenated' amorphous boron i s  approximately 1.35 ev and 

therefore the theore t i ca l  maximum e f f i c i ency  f o r  amorphous boron so la r  c e l l s  i s  

approximately 25%. However, i n  exact analogy w i t h  the s i t u a t i o n  previously e x i s t i n g  

f o r  amorphous s i  1 i con, amorphous boron, w i  thout' hydrogenation, has poor semi conducting 
1 

propert ies due t o  defect  s ta tes i n  the band gap. Large area amorphous boron f i lms  

can be r e a d i l y  produced by e i t h e r  chemical vapor deposi t ion o r  py ro lys is  o f  d iborme 

o r  boron tr ibromide. Such f i l m s  do not  contain more than minute quan t i t i es  o f  

hydrogen, hbever ,  due t o  the  h igh (1 OOO°C) py ro lys is  temperatures required. The 

substrate temperature dur ing glow discharge decomposition methods, however, can be 

independently cont ro l  1 ed. The decomposi t on  o f  d i  borane i n  a glow discharge has 
a 
I 

been used t o  dope amorphous s i l i c o n  w i t h  boron. The decomposi t6on o f  d i  borane and 

o f  boron t r ibromide i n  hydrogen t o  t h i n  f i lms  can reasobably be expected t o  

resul  t i n  amorphous boron t h i  n f i l m s  .containing substant ia l  quan t i t i es  o f  hydrogen. 

I f  the e f f e c t  o f  hydrogen i n  amorphous boron i s  s i m i l a r  t o  t h a t  of hydrogen i n  s i l i c o n ,  
i 

then hydrogenated amorphous boron t h i n  f i lms  r e s u l t i n g  from glow discharge decomposition ;, 
4, 
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of gaseous boron compounds could have very g rea t  p o t e n t i a l  as a s o l a r  c e l l  m a t e r i a l .  

Furthermore, al though boron i s  o n l y  present  t o  the  ex ten t  o f  0.001% o f  the  e a r t h ' s  

c rus t ,  t h e  t o t a l  m e t a l l i c  equ iva lent  o f  boron product ion  i .n  t h e  Un i ted  States i s  

approximately f o u r  hundred m i  11 i o n  pounds annual l y  and t h e  Un i ted  States conta ins 

t h e  l a r g e s t '  known source o f  boron ores. 

EXPERIMENTAL 

Diborane ( i n  hydrogen) has been obta ined f rom two d i f f e r e n t  supp l i e rs  (Linde and 

S c i e n t i f i c  Gas Products). I t  i s  important  t h a t  i n  ob ta in ing  d i  borane, some in fo rmat ion  
- - 

i'- \ b e  found concerning t h e  date o f  manufacture o f  t h i s  gas s ince diborane i s  known t o  
\-- 

decompose as a f u n c t i o n  o f  temperature and time. For example, a t  16OC, 10% o f  ,diborane 

w i l l  decompose i n  100 days [l]. I n  our  case, dur ing  storage a t  27OC, s u b s t a n i t a l l y  

a l l  t he  diborane was observed t o  decompose i n  approximately 45 days, and a tank which 

i n i t i a l l y ,  was used t o  produce subs tan t ia l  f i l m  deposi ts , .af ter  45 days cou ld  produce 

essentially no depos i t  under the  same glow discharge cond i t i ons  . 
Boron f i l m s  produced by t h e  glow discharge decomposi,tion o f  dibora.ne have now 

been shown t o  indeed conta in  hydrogen. The hydrogen content  of these f i lms  was 

measured by the  standard ASTM method (Standard E50-75); 

Table 1 shows the  r e s u l t s  obta ined f o r  th ree separate f i l m s .  From t h i s  Table 1, 

-it can be seen t h a t  hydrogen contents o f  up t o  34 atomic percent  can be produced. 

We consider  these r e s u l t s  t o  be very encouraging. 

PLANS 

During the  next  r e p o r t i n g  pe r iod  we p lan  t o  charac ter ize  the  nature  of the  

hydrogen-boron bonds, i , n ,  these t h i n  f i lms by I R  spectroscopy. A1 so, t h e  r e s i s t i v i t y  



o f  these f i l m s ,  as w e l l  as cha.nges i n  r e s ' i s t i v i  ty  as a f u n c t i o n  o f  hydrogen content ,  

w i l l  be measured d i r e c t l y .  Th i s  wil.1: be ac'compl i shed us ing  -ari ' i r i  . s i  t u  vacuum oven -- 
and i n t e r m i t t e n t l y  removing t h e  annealed f i l m s  , t o  measure bo th  r e s i s t i v i t y  and 

hydrogen content .  , A n  AC H a l l  e f f e c t  machine i s  near ing  complet ion and t h i s  w i l l  

be used t o  l ook  a t  c a r r i e r  m o b i l i t i e s  . i n ' t h e s e  ' f i l m s .  

Sample F i l m  .~ - M a ~ s  (mg) . .  - 
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