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This quar te r ly  repor t  i s  an account of recent  progress i n  our 

program to  produce hydrogenated amorphous boron t h i n  f i lms ,  t o  charac te r ize  . 

these  f i lms ,  and t o  produce and evaluate s o l a r  c e l l s  from such amorphous 

boron f i lms.  

In exact  analogy w i t h  the  s i t ua t i on  previous'ly .exis t ing f o r  amorphous 

s i l  icon, 'amorphous boron, w i  thout hydrogenation, has poor semi!condtkti ng 

proper t ies  due t o  defec t  s t a t e s  in  the  band gap. The decomposition of 

diborane, penataborane, and/or decarborane t o  produce t h i n  f i lms can reasonably 

be expected to  r e s u l t  i n  amorphous boron t h i n  f i lms containing substant ia l  

quan t i t i e s  of hydrogen. The cur ren t  program aims d i r e c t l y  a t  the  growth and 

doping of such hydrogenated amorphous boron t h i n  f i lms ,  t he  evaluation and 

optimization of t h e i r  semiconductor p roper t i es ,  and t he  fabr ica t ion  and t e s t i ng  

of t h i n  f i lm so l a r  c e l l s  from them. 

During t he  past  quar te r ly  period we have continued t o  produce -both 

i n t r i n s i c  and doped a-boron t h i n  f i lms.  Our f i lm charac te r iza t ion  e f f o r t s  

have been primarily focused on contro1,l ing the  op t ica l  band gap by anneal ing 

t he  as-deposited f i lms i n  vacuum a t  400°C, and measuring t he  resul  t j ng  opt ical  

gap a s  a function of bake-out time. Because t he  opt ical  band gap of a-boron has 

been observed t o  vary from 0.8 eV t o  over 2.0 eV a s  a function of hydrogenation, 

i t  should be poss ible ,  by control led annea.ling, t o  obtain a-boron f i lms w i t h  an 

optimal band gap of 1.45 eV. In addi t ion,  work i s .  nearing completion on our 

c ryos ta t  which w i l l . b e  used t o  measure the  e l e c t r i c a l  gaps of our a-boron f i lms.  



Film Fabrication . . 

Amorphous boron films continued t o  be produced .in this quarter,,. i n  

addition to  i n t r i n s i c  .a-boron films , film doped wi. t h  carbon, phosphorus, 

and s i l i con  were fabricated. The doping was accomplished by introducing 

.respectively ethylene, phosphine, and s i lane  into our diborane-hydrogen 

glow discharge. 

Optical Measurements 

In our studies of the optical gap of afimorphous boron, we a re  attempting 
---.- 

to produce a film w i t h  the optimum gap of 1.45 2V. 

O u r  optical measurements a r e  made w i t h  a Beckman DK-2A spectrophotometer 

as described in the previous quarterly report .  

We have used the method of Freeman and Paul .(.I 978.) to  calculate  the absorption 

coeff ic ients  of our films. Then plott ing ( a  hv.)''* versus hv lead to a value of 

the optical gap, according 'to the work of Mott and Davis (1970). They found 

the relationship expressed i n  Eg. (A): 

where a . i s  the absorption coef f ic ien t ,  h i s  Planch's constant, v i s  the photon 

frequency, and E, i s  the ,opt ica l  gap. 

A representative graph fo r  one of .our ,fi lms i s  s.hown in Fig. 1 , from which 

the optical gap i s  seen to  be f . t .6  eV by:En. ( A ) .  . . .  



The optical band gaps measured t o  date f o r  a number of our as-deposited 

amorphous boron fllms range from 2.05 to  2.22 eV. 

Our confidence i n  the fi lm properties obtained through the techniqye has 

increased greatly since we now have access to  a Bendix Proficorder profilometer 

to  measure film thickness. ,Previous thickness measurements had been made using a 

miraud interferometer microscope attachment. The profilometer data ,  we believe, 

i s  considerably more trustworthy. Film thickness can now be measured routinely 

to  w i t h i n  10%. 

As these gaps fo r  the films as-deposited are  considerably higher than t h a t  f o r  

maximum i f f  iciency under AM1 i 11 umination, we have been anneal i ng the specimens 

in an attempt to  optimize the gap. This treatment consis ts  i n  putting the boron 

fi lms, under vacuum, into one our s a l t  pots. These s a l t  pots precisely regulate 

the temperature a t  which a film i s  baked. Previous work w i t h  a Brew vacuum furnace 

showed tha t  the device could not eas i ly  be made to  regulate a t  temperatures as  

low as those a t  which we desired to  conduct the bake-out procedure. Optical band 

gap changes as a r e s u l t  of these bakings a r e  contained in Table I .  By baking a t  

400°C, we have been able to  lower the band gap in stages from 2.19 eV in the as- 

deposited s t a t e  t o  1.42 eV, which i s  close to  the ideal optical gap' of 1.45 eV. 

The i n i t i a l  indications a r e  tha t  heat treatment of hydrogenated amorphous 

boron films does indeed a f fec t  the optical band gap. These very encouraging r e su l t s  

lead us t o  believe i t  may be quite possible t o  t a i l o r  the band gaps of our fi lms. 

Future plans a re  to  continue the bake-out t e s t s  f o r  films produced under a 

.var ie ty  of deposition conditions. We intend to  eventually produce films w i t h  ideal 

properties. Furthermore, hydrogen ' content .wi 11 be measured fo r  the f i  lms a t  



var ious  stages of t h e  bake-out, procedure t o  more complete ly  c h a r a c t e r i z e  them. 

The incorpora ted hydrogen i s  be l i eved  t o  be the  c o n t r o l l i n g  f a c t o r  i n  t h e  v a r i a t i o n  

of t h e  bandgaps i n  these f i l m s .  

E l e c t r i c a l  Measurements 

Fu r the r  c h a r a c t e r i s t i c s  o f  boron f i lms  w i l l  be evaluated i n  a  c r y o s t a t  which 

i s  near ing  completion. Then we w i l l  be ab le  t o  measure t h e  r e s i s t i v i  t y -conduc t i v i  t y  

o f  our  var ious  boron f i l m s  a t  temperatures f rom 77 K t o  300 K. , 

We expect t h e  c o n d u c t i v i t y  t o  obey a  r e l a t i o n  o f  t he  form o f  Eq. (1)  (Mot t  1970). 

where oo i s  a c o n s t a n t ,  k i s  Boltzoman's constant ,  and Ac i s  t h e  energy separa t ion  

of t h e  bottom o f  t h e  conduct ion band. The e l e c t r i c a l  band gap, i n  t h e  c a s e - o f  

i n t r i n s i c   material,^, i s  tw ice  t h e  Ac . i n  Eq. (1 ) .  Measurement o f  t he  dark e l e c t r i c a l  

c o n d u c t i v i t y  versus temperature w i l l  thus revea l  t h e  e l e c t r i c a l  gap. 

The encourag ing. resu l ts  f o r  t h e  second q u a r t e r l y  r e p o r t  were obta ined us ing  

a two p o i n t  res i s tance  measurement. More i n  harmony w i t h  ASTM standard F  43 

i s  our  planned, f o u r  p o i n t  method. 

~easurements  o f  e l  e c t r i c a l  res i s tance  and i t s  v a r i a t i o n  ' w i t h  temperature w i  11 

be made, and room-temperature r e s i s t i v i t y  and e l e c t r o n i c  band gap computed f rom 

the  r e s u l t s .  A  system f o r  making these t e s t s  (F igs .  2 and 3)  us ing  a  two probe, 

con tac t  dependent, and a  f o u r  probe, con tac t  independent, method i s  undergoing 

t e s t i n g  and a  c a l i b r a t i o n  a t  present.  Comparison o f  t h e  r e s u l t s  o f  t he  two 

methods o f  measurement w i l l  be used t o  i n f e r  t h e  ohmic o r  r e c t i f y i n g  p r o p e r t i e s  

of t he  contacts.  A  t h i n  f i l m  specimen w i t h  vacuum evaporated contac ts  i n  the 

geometry used i s  shown diagrammat ical ly  i.n F ig .  4. A l l  measurements are made 



in an evacuated dewar to  obviate the adsorption of water vapor and oxygen by 

the sample surface.. The t e s t s  will  cover a temperature range of -75°C t o  

150°C by i n i t i a l l y  ch'lll.ing the cryostat  w i t h  1 iquid N2 and subsequently 

heating the sample holder w i t h  r e s i s t ive  elements mounted therein.  
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TABL,E I Opt ica l  Band Gap as a Function o f  
Nake-Out Time a t  400°C 

.Time (hrs)  Opt ica l  Band Gap (eV) 

As-Depos i ted 2.19 

0.5 2.07 

1 .O 1.05 

4.0 1.73 

8.0 1.68 

16.0 1.61 

32.0 1.42 



Figure  1 . ./ahv' vs. hV f o r  a t y p i c a l  as-deposi t e d  

a-boron film. 
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Figure 2 .  Resistance. Measurement Circui-t 



Fiqure  3. Schematic drawing o f  specimen t e s t  dewar 
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Figure 4. Schematic drawing o f  th in  f i l m  specimen. 




