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Abs t rac t  

Using qua r t z  subs t ra tes ,  hydr0genated.a-Si t h i n  f i l m s  have now been 

produced bo th  by glow d ischarge decomposit ion o f  s i l a n e  and by t h e  c o n t r o l  l e d  

i o n  p l a t i n g  o f  h i gh  p u r i t y  s i l i c o n  through glow discharges composed o f  s i l a n e ,  

hydrogen, and argon us ing  a mod i f i ed  Takagi appratus. Thus f a r ,  t h i n  f i l m s  

produced by bo th  glow d ischarge decomposit ion o f  s i l a n e  w i t h  and w i t h o u t  

magnetic confinement and by i o n  p l a t i n g  have been cha rac te r i zed  and compared 

us ing  x - ray  de f f rac tomet ry ,  i n f r a r e d  spectroscopy, o p t i c a l  absorp t ion  

spectroscopy and by t h e i r  temperature dependence o f  r e s i s t i v i t y .  Based on 

these r e s u l t s ,  t he  i o n  p l a t i n g  technique o f  produc ing a-Si t h i n  f i l m s  looks  

extremely encouraging. F i lms have been produced a t  approx imate ly  t en  t imes 

t he  depos i t i on  r a t e  ob ta ined  us ing  glow d ischarge decomposit ion of s i l a n e ,  

even. w i t h  magnetic f i e l d  containment. I n  a d d i t i o n  t he  r e s u l t i n g  t h i n  f i l m  

p r o p e r t i e s  measured to '  da te  compare f avo rab l y  w i t h  those ob ta ined  from our 

glow d ischarge produced f i l m s  and t h e  p r o p e r t i e s  o f  glow d ischarge produced 

f i l m s  repor ted  i n  t he  l i t e r a t u r e .  



Introduction 

Ion plating i s  a deposition process in which evaporation of a metal or 

semiconductor into a plasma glow discharge about a negatively biased substrate 

i s  used to affect  both the character and the surface bonding of the resulting 

thin film deposit. Ion plating has also been carried out by direct  ion beam 

methods b u t  can s t i l l  be distinguished from ion implantation by the use of 

the low ion energies typical of glow discharges. The energy level of the 

evaporated metal or semiconductor i s  increased through the i r  interaction with 

the glow discharge. I t  i s  the increased energy s t a t e  of the depositing material 

that  affects both the nature and adherence of the deposited thin films. 

The term ion plating was i t s e l f  introduced in 1964 by Mattox (Mattox, 1964). 

To date, the method of ion plating has been used primarily for  the coating of 

substrate material s ,  including non-conductors such as plast ics ,  with metals. 

This i s  so because an immediately recognized advantage o f  t h i s  method was the 

drastical ly  improved adhesion of ion plated films versus vacuum deposited films 

(Davis, 1963). This increase in adhesion i s  due t o  the controllable arrival 

energy of the incident metal vapor flux. Both the glow discharge voltage 

and evaporation rate can be separately controlled (Aisenberg and Chabot, 1973). 

Recently, the related method of ionized cluster  beam deposition has been 

used t o  produce epi taxi a1 semi conductor f i  lms of s i  1 icon on  substrates of 

sing1 e crystal s i l icon ,  amorphous carbon, and cleaved NaCl (Takagi , e t  a1 , 1978, 

Takagi , -- e t  a1 , 1976). I n  thei r experiments the ioni zing vapor was composed 

o f  thermionical ly  generated electrons rather than the more usual use 0.f 



evaporation into a glow discharge. I t  i s  t o  be expected tha t ,  with low 

substrate temperatures, high glow voltages and relatively small c luster  sizes , 

that  amorphous sil icon films can be readily produced since, in normal glow 

discharge methods amorphous sil icon films can be made on substrates whose 

temperatures are over 500°K (Love1 and, -- e t  a1 . , 1973). To date, however, only 

one parenthetical report involving amorphous sil icon films and ion plating 

appears to have tieen presented in the l i t e ra tu re  (I toh,  1977). I toh, however, 

devoted most of his experimental e f for t  t o  producing single crystal epitaxial 

si l icon films on the (111 ) and (110) planes of single crystal si l icon substrates. 

This program has as i t s  primary goal the development of methods for  the 

preparation of e f f ic ien t ,  low cost amorphous thin film solar ce l l s  involving 

the direct  use of the ion plating technique. 

As discussed in our f i r s t  quarterly report, the f i r s t  three months of 

th i s  research program was devoted to the modification of our ion plating appar- 

atus to permit the introduction of si lane and dopant gasses into the glow 

region, and t o  the optimization of the glow discharge plasma and the concomitant 

deposition rate  by the use of magnetic f ie lds .  During the l a s t  reporting 

period we have focussed our effor ts  on the preparation of thin films by the 

controlled evaporation of high purity sil icon into glow discharges composed of 

s i  1 ane, hydrogen and argon using our modified Takagi apparatus, and on the 

characterization of the thin films produced using magnetic containment and 

ion plating techniques. 



Experimental  Program 

A. F i l m  P repa ra t i on  

Two oi l-pumped vacuum systems have been modi f ied t o  produce a-Si  t h i n  

f i l m s  by t h e  combined glow d ischarge decomposi t ion o f  s i l a n e  and i o n  p l a t i n g  

techniques.  Both systems a re  capable o f  be ing pumped t o  l o e 7  t o r r  by us i ng  

l i q u i d  n i t r o g e n  b a f f l e s  t o  e l i m i n a t e  backstreaming. 

The glow d ischarge  system has been m o d i f i e d  t o  i n c l u d e  an e lect romagnet  

t h a t  can be used t o  produce magnet ic f i e l d s  perpend icu la r  t o  t h e  subs t ra te  

su r f ace  rang ing  f rom 0 t o  .12 t e s l a  (1200 gauss).  Th i s  system has been used 

t o  produce some seventy a-Si  t h i n  f i l m s  us i ng  var ious  magnet ic f i e l d  i n t e n s i t i e s  

t o  c o n s t r i c t  and enhance t he  glow. The r e s u l t s  o f  these exper iments 

i n d i c a t e  t h a t  magnetic containment can be used  t o  more t h a n d o u b l e  t he  depo'sition 

r a t e  a t  a  given.'  power inpu t .  ;'! .-.. 

I o n  p l a t e d  f i l m s  a re  c u r r e n t l y  be ing produced us i ng  a m o d i f i e d  Takagi 

i o n  c l u s t e r  appara tus . ,  I n  t h i s  system a s i l i c o n  charge i s  evaporated by 

us i ng  an RF hea t i ng  c o i l  and t h e  evaporated s i l i c o n  i s  a l lowed t o  a d i a b a t i c a l l y  

expand i n t o  a  g lowing gas. F i lms  have been produced us i ng  hydrogen and a 

m i x t u r e  o f  10% Si  i n  argon as a  giow medi urn. S i  1  i c o n  f i  lms were a1 SO produced 

by evapora t ion  through a glow of  argon a lone t o  e s t a b l i s h  base.- l ine i o n  p l a t i n g  

parameters. F i r s t ,  i t  was necessary t o  determi ne t he  evapora t ion  parameters 

r e q u i r e d  t o  a l l o w  f o r  s i l i c o n  t o  evaporate d u r i n g  t h e  e n t i r e  t ime  p e r i o d  (-1/2 h r  . )  

r e q u i r e d  t o  produce - 1 ~  s i l i c o n  f i l m  f rom t h e  glow d ischarge  decomposi t ion o f  

s i l a n e  a lone.  Second, based on t he  mass o f  t h e  s i l i c o n  charge used, i t  was 



necessary t o  determine e x a c t l y  what f r a c t i o n  o f  t h e  evaporated.  s i l i c o n  was 

a c t u a l l y  depos i ted  on the subs t ra te .  Th is  i s  a  f u n c t i o n  n o t  o n l y  o f  t h e  mass 

o f  t h e  s i l i c o n  charge and t h e  l e n g t h  o f  t h e  evapora t ion  pe r i od ,  b u t  a l s o  o f  

t h e  gas pressure used f o r  glow d ischarge decomposi t ion.  As t h e  glow p ressure  

i s  increased,  . t he  mean f ree  pa th  o f  evaporated s i l i c o n  atoms i s  reduced, hence, 

fewer s i l i c o n  atoms reach t h e  subs t ra te .  Resu l t s  t o  da te  i n d i c a t e  t h a t  approx- 

i m a t e l y  15% o f  t h e  s i - l i c o n  charge reaches t h e  s u b s t r a t e  when t he  glow p ressure  

i s  10011 and t h a t ,  w i t h  o u r  p resen t  c o n f i g u r a t i o n ,  t h e  r a t e  o f .  s i l i c o n  evapor- 

a t i o n  can be c o n t r o l l e d  s u f f i c i e n t l y  as t o  a l l o w  f o r  30 minutes o f  cont inuous 

evaporat ion.  

Hydrogenated a-Si t h i n  f i l m s  have been produced by i o n  p l a t i n g  i n  a  

s i l a n e  glow. I n i t i a l l y ,  ou r  e f f o r t s  were focused on o b t a i n i n g  -111 t h i c k  adherent .  

depos i t s  so t h a t  t h e  e l e c t r i c a l  and o p t i c a l  p r o p e r t i e s  o f  t h e  r e s u l t i n g  t h i n  

f i l m s  cou ld  be measured and compared t o  those ob ta i ned  f rom t h e  glow d ischarge  

decomposi t ion of s i l a n e  alone. 

We have produced such f i l m s  a t  approx imate ly  t e n  t imes t h e  r a t e  a t  which 

we a re  a b l e  t o  produce a-Si f i l m s  by glow d ischarge techniques.  I n  analogy 

w i t h  t he  p roduc t i on  o f  hydrogenated a-Si  f i l m s  by r e a c t i v e  s p u t t e r i n g  (Brodsky , 

e t  a l ,  1977A) i t  i s  apparent t h a t  i n  s t udy ing  t h e  e f f e c t  o f  SiH4/H2 r a t i o ,  -- 
experiments must a l s o  be done w i t h  t h i s  r a t i o  a t  zero;  t h a t  i s  w i t h o u t  s i l a n e .  

If i t  i s  indeed p o s s i b l e  t o  produce hydrogenated a-Si by i o n  p l a t i n g  through 

hydrogen a lone a cnns iderab l  e  number o f  a t t r a c t i v e  poss i  b i  1  i ti es w i  11 have 

.been opened up, not t he  l e a s t  o f  which would be t he  e l  i m i n a t i o n  o f  t h e  hazards 

i n v o l v e d  i n  t he  hand l i ng  o f  s i l a n e .  We expect t o  beg in  such exper iments s h o r t l y .  



X-ray .diffractometry was performed on several  f i lms  produced by the  

glow discharge decomposition of s i l a n e  and ion p l a t ing .  Di f f rac t ion  pa t t e rns  

were obtained both on as-deposited f i lms  and on f i lms  t h a t  had been heated i n  

a vacuum furnace f o r  one hour over  a' range of temperatures.  As-deposi ted f i lms  

and those heated t o  above 700°C gave no d i s t i n c t  peaks, while t he  same f i lms  

heated t o  above '700°C exhib i ted  d i f f r a c t i o n  peaks corresponding t o  the  (1 11 ) , 

(220) and (311 ) planes of c r y s t a l l i n e  s i l i c o n .  This implies- t h a t  t he  c r y s t a l -  

l i z a t i o n  temperature of our  amorphous s i l  icon th in  f i lms  produced by both glow 

discharge decomposition and ion p l a t i  ng i s  700°C. This observat ion i s  c o n s i s t -  

e n t  with ' c r y s t a l l  i z a t i o n  t e ~ p e r a t u r e s  reported i n  the  1 i t e r a t u r e  f o r  ' a - ~ i  t h i n  

f i lms .  (Herd, - e t .  a l . ,  1972).  

B .  Film Evaluation 

In the  fol.lowing subsec t ions ,  IR s p e c t r a ,  e l e c t r i c a l  band gaps', and o p t i c a l  

band gaps obtained from a-Si f i lms  produced by glow discharge decomposition of 

s i l a n e  both with and without  magnetic confinement and by ion p l a t ing  a r e  

compared. 

IR Spectrometry 

Typical in f ra red  absorpt ion spec t ra  obtained from glow discharged produced 

a-Si t h in  f i l m s l a r e  shown i n  Figures 1 and 2 . '  The spectrum shown i n  Ffgure 1 

was obtained using a 10% silane-argon gas mixture a t  a pressure of 0.40 t o r r  

and a vol tage and glow cu r ren t  of 900V and 10 ma, r e spec t ive ly .  The absorpt ion 

peak loca ted  a t  a wavenumber of -2090 cm-I i s  due t o  a s t r e t c h i n g  mode assoc-  

i a t ed  with SiH2, while the  peak a t  a wavenumber of -2000 cm-I i s  assoc ia ted  with 
I 



Figure 1 :  Percent transmittance vs; wayenumber for an a-Si thin 
film .produced using a 10% silane-argon gas pressure o f  
-0.411. 



Wavenumber (cm-1 ) 

Figure 2 :  Percent transmittance vs. wavenumber for an a-Si thin film 
produced using a 10% silane-argon gas pressure of -1p. 



the  SiH s t r e t c h i n g  mode (Tsai  , - e t .  a., 1977). ' The spectrum shown i n  F igure  2  

was ob ta ined  us ing  t he  same rGa t i o  o f  s i l a n e  t o  argon, vo l t age  and glow cu r ren t ,  

b u t  a t  a  pressure o f  -1.00 t o r r .  Note t h a t  t he  o n l y  absorp t ion  peak observed i s  a t  

-2090 cm-' which corresponds t o  S i H 2  s t r e t c h i n g .  Th i s  r e s u l t  i s  c o n s i s t e n t  w i t h  

observat ions made by Brodsky (1  977B). 

The f i l m  used t o  generate t h e  spectrum shown i n  F igure  1  was produced a t  a  lower  

gas pressure and was r e d  and adherent.  The spectrum shown i n  F igure  2 was ob ta ined  

from a f i l m  produced a t  a  h i ghe r  gas pressure and was y e l . 1 0 ~  i n  appearance, c o n s i s t e n t  

w i t h  t he  known r e s u l t  t h a t  by va ry i ng  t h e  glow pressure,  f i l m s  can be produced w i t h  

va ry i ng  amounts of SiH and S i H Z  bonding. 

R e s i s t i v i t y  as a  Func t ion  o f  Temperature. 

R e s i s t i v i t y  measurements a s - a  func t ion  o f  temperature have t o  da te  been 

ob ta ined  over  the temperature range o f  294"-338°K. and w i l l  s h o r t l y  be extended 

t o  77°K: These measurements a re  used t o  o b t a i n  t h e  e l e c t r i c a l  band gap (Ec - Ef) 

o f  the  a-Si t h i n  f i l m .  

E l e c t r i c a l  c o n d u c t i v i t y  can be expressed as an exponent ia l  f u n c t i o n  of  

temperature by the  re1  a t i o n  

a = oo exp(-bE/kT) 

where oo i s  a  constant ,  k i s  Bol tzman's constant ,  and AE i s  t h e  energy separa t ion  

from t h e  bottom o f  t h e  conduct ion band t o  t h e  Fermi l e v e l  . I n  t h i s  equat ion AE 

represents  one-hal f  o f  t he  e l e c t r i c a l  (as opposed t o  o p t i c a l ) -  band gap i n  the  case 

of  i n t r i n s i c  semiconductor. Measuremeht o f  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 permi t s  eva lua t i on  o f  A.E. Spear and LeCqmber (1 975) [have measured 

A E  f o r  doped and undoped a-S.i and found the  undoped m a t e r i a l  , f a b r i c a t e d  f rom t h e  

glow d ischarge decomposit ion o f  s i l a n e ,  t o  have a AE o f  0.30-0.95 ev, depending 

on deposi t i a n  cond i t ions . .  

I n i t i a l  r e s u l t s  ob ta ined  i n  t h i s  l a b o r a t o r y  a re  shown i n  Table 1.  The a-Si 

f i l m s  produced by glow d ischarge decomposit ion o f  s i l a n e  bo th  w i t h  and w i t h o u t  

magnetic enhancement and t h e  f i l m s  produced by i o n  p l a t i n g  i n  a hydrogen glow 

d ischarge e x h i b i t  thermal gaps t h a t  a r e  c o n s i s t e n t  w i t h  those found by o t h e r  researchers 

(Spear and LeComber, 1975; F r i  tzsche, 1978). A1 though t h e  thermal gap c a l c u l a t e d  f o r  

the f i l m  produced i n  a magnetic f ie1 d i s  d i f f e r e n t  f rom t h a t  produced w i t h  no 

magnetic confinement, bo th  a r e  i n  t h e  range repo r ted  f o r  normal glow d ischarge o f  

s i l a n e  produced a-Si f i l m s .  Fu r the r  t e s t i n g  i s  r equ i red  t o  determine i f  the  use of 

magnetic f i e l d  du i r ng  depos i t i on  s y s t e m a t i c a l l y  moves t he  Fermi l e v e l .  

It i s  encouraging t o  note t h a t  t h e  i o n  p l a t e d  f i l m s  t e s t e d  thus f a r  have thermal 

gaps s i m i l a r  t o  those ob ta ined  from s i l a n e  produced f i l m s .  The increased r a t e  of  

depos i t i on  noted w i t h  i o n  p l a t e d  f i l m s  over  glow d ischarge produced f i l m s  cou ld  

s i g n i f i c a n t l y  reduce t he  cos ts  assoc ia ted w i t h  s o l a r  c e l l  product ion,  p rov ided  t he  

e l e c t r o n i c  p r o p e r t i e s  of these f i l m s  a re  n o t  i n f e r i o r .  

O p t i c a l  Band Gap 

One o f  t he  very  r e a l  advantages o f  us i ng  a-Si as a p h o t o v o l t a i c  m a t e r i a l  i s  t h a t  

4 -1 i t  has an absorp t ion  c o e f f i c i e n t  o f  g rea te r  than 10 cm f o r  wavelengths l e s s  

than -0.7 microns (Zanucchi , e t  a1 . , 1977).  Th is  h i gh  a b s o r p t i v i t y  enabl es , of 

course, t h i n  (- lu') f i l m s  t o  be e f f e c t i v e  as c e l l s .  I n  o rde r  t o  be ab le  t o  make 

a b s o r p t i v i t y  measurements we have r e c e n t l y  purchased (us ing  Duke funds) a Beckman 

DK-2A spectrophotometer. 



Table 1 .  Elec t r ica l  Gaps as  a Function 

of Deposition Technique 

Deposition Technique (Ec-Ef) (eV) 

Glow discharge of SiH4 0.798 
(no magnetic f i e1  d )  

Glow discharge of SiH4 0.472 
(magnetic f i e l d  of 0.75 t e s l a )  

Ion Plated 
(hydrogen glow) 

Ion Plated 
(hydrogen glow) 



The measurement o f  a b s o . r p t i v i t y  fo ' r  supported t h i n  f i l m  m a t e r i a l s  i s  no t  

s imple,  due t o  t h e  need t o ' a c c o u n t  f o r  r e f l e c t i o n  loses  bo th  a t  t h e  f i l m  surface 

and a t  t h e  f i l m - s u b s t r a t e  i n t e r f a c e .  There a r e  two p r i n c i p a l  methods a v a i l a b l e ,  

however, f o r  such a b s o r p t i v i t y  measurements. I n  e i t h e r  case, what i s  measured 

expe r imen ta l l y  i s  t h e  . t ransmi t tance  'versus wavelength r e l a t i o n s h i p .  

I n  t h e  case o f  a-Si f i l m s  depos i ted on i n t r i n s i c  c r y s t a l l i n e  s i l i c o n ,  where 

- t h e  t ransmi t tance  of  t h e  subs t ra te  i s  known (,To = 0 . 5 4 )  and nsub = "fi l m  t h e  

equa t ion  

where T  i s  t h e  o v e r a l l  t ransmi t tance ,  a i s  t h e  abso rp t i on  c o e f f i c i e n t  and d  the  

f ' i l m  th ickness,  has been used t o  conve r t  t ransmi t tance  da ta  t o  a b s o r p t i v i t y  

(Brodsky, e t  a1 . , 1977A). Because t h e  f i l m s  used i n  t h i s  s t u d y  were depos i ted  on 

g lass  'and qua r t z  subs t ra tes ,  t he  above equa t ion  must be genera l i zed .  The r e l a t i o n s h i p  

between a b s o r p t i v i t y  and t ransmi t tance  then becomes (Freeman and Paul , 1978) 

where 

where n  i s  t h e  index  o f  r e f r a c t i o n . o f  t h e  f i l m  a n d n o  t h a t  o f  t h e  subs t ra te .  



The method o f  Yates ('1979) has been used t o  approximate t h e  index  o f  r e f r a c t i o n  

of a-S i  t h i n  f i l m s  depos i ted  on qua r t z  subs t ra tes .  Th i s  technique a l l ows  fo r  t h e  

c a l c u l a t i o n  o f  n  f rom observed o s c i l l a t i o n s  i n  t r ansm i t t ance  a t  l ong  wavelengths 

due t o  i n t e r f e r e n c e  e f f e c t s  us i ng  t h e  equa t ion  

where k  = 1  and (A2-Al ) rep resen ts  t h e  d i f f e r e n c e  i n  wavelength o f  ad jacen t  

minima o r  maxima i n  t ransmi t tance  o s c i l l a t i o n s . '  A t y p i c a l  t r ansm i t t ance  versus 

wavelength curve ob ta ined  us i ng  a-Si  f i l m s  produced i n  t h i s  l a b  i s  shown i n  F i gu re  3. 

Using t h e  technique out1 i n e d  above a b s o r p t i v i  t i e s  as a  f u n c t i o n  o f  wave1 eng th  

were c a l c u l a t e d  f o r  a  s e r i e s  o f  a-Si  f i l m s  produced by glow d ischarge decomposi t ion 

o f  s i l a n e  w i t h  magnet ic conta.inment. F i gu re  4 shows f o r  r e fe rence  t h e  a b s o r p t i v i t y  

versus wavelength r e l a t i o n  measured f o r  an a-Si f i l m  produced by t h e  decomposi t ion 

o f  s i l a n e  w i t h  magnet ic containment.  T h i s  r e s u l t  does n o t  d i f f e r  m a t e r i a l l y  f rom 

t h a t  ob ta ined  f o r  f i l m s  produced w i t h o u t  magnet ic containment o f  t he  glow d ischarge.  

We a r e  i n  t h e  process now o f  c a r r y i n g  o u t  s i m i l a r  measurements on i o n - p l a t e d  f i l m s .  

Op t i ca l  gaps have a l s o  been ob ta ined  by p l o t t i n g  (ahv)'" as a  f u n c t i o n  of 

hv. , (Spear and LeComber, 1975).  A t y p i c a l  p l o t  o f  (ahv)'" vs.  hv i s  shown i n  

F igure  5. The o p t i c a l  gaps thus ob ta ined  f o r  a  v a r i e t y  o f  f i l m s  a re  g i ven  i n  Table  ?. 

The observed o p t i c a l  gaps l i e  predominant ly  i n  t h e  range repo r t ed  by o t h e r  i n v e s t -  

i g a t o r s  (Zancucchi e t  a l . ,  1977; Loveland e t  a1 . , 1973). Note t h a t  magnet ic f i e l d  

conf inement o f  glow d ischarge  produced f i l m s  does n o t  appear t o  have any sys temat i c  

e f f ec t  on observed o p t i c a l  band gaps. Al though t h e  i o n  p l a t e d  f i l m s  e x h i b i t  t h e  

l a r g e s t  o p t i c a l  gap (2.07 ev ) ,  f u r t h e r  t e s t i n g  must be c a r r i e d  o u t  be fo re  a  d e f i n i t i v e  

conc lus ion  can be reached s ince  i t  i s  known t h a t  inhomogeniet ies i n  t h e  f i l m  can 
I 

a f f e c t  t he  o p t i c a l  gap measured i n  t h i s  manner. 
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X (microns) 

F i g u r e  4 :  A b s o r p t i v i t y  v e r s u s  w a v e l e n g t h  f o r  a -S i  p roduced  u s i n g  m a g n e t i c  
c o n t a i n m e n t  . 



F igu re  5 :  (ahv)''2 versus Photon energy 



Table 2 opt ical   and Gaps a s  a Function 

of  Deposition Technique 

Deposi t ion Technique Optical Gap (eV) 

Glow discharge of SiH4, n o  f i e l d  (1 ) 1.38 

Glow discharge of SiH4 (0.5 Tesla)  1.77 

(1,OO Tesla)  1.55 

Ion Plated Through H2 (1 



Summa ry 

Ion plating techniques have been used to  produce a-Si t h i n  films a t  

approximately ten times the  deposition r a t e  achieved using glow discharge 

decomposition of s i lane  alone, even w i t h  magnetic containment. The resul t ing 

thin film properties measured to  date ,  which include IR spect ra ,  optical  

band gap, and e lec t r i ca l  band gap, compare favorably w i t h  those obtained from 

our glow discharge produced films and the propert ies of glow discharge 

produced films reported i n  the l i t e r a t u r e .  



Future Plans 

The thrust of our work through the remainder of the f i r s t  year i s  the 

systematic evaluation of ion plated a-Si properties in o u r  modified Takagi 

apparatus .as a function of preparation conditions (glow current density, gas 

pressure; evaporation boat temperature, boat-to-substrate separation, and Takagi 

'cell configuration. and vo1 tage) . The film properties to  be studied here include 

electr ical  gap, optical gap, absorptivity,  photoconductivity , r e s i s t iv i ty ,  absolute 

hydrogen content, and the average density of localized s tates  (by plotting the 

reciprocal of the square of the capacitance as a function of applied voltage). 

We have presently in hand a large number of a-Si films produced by simple 

glow discharge decomposition of si lane a t  different magnetic f ie ld  strengths 

and these films will be included in the property evaluation t e s t s  described above. 

As was discussed in the preceding section, we will also investigate the 

possibil i ty that hydrogenated a-Si films can be produced by ion plating through 

hydrogen alone, without si lane. If th i s  i s  indeed possible, i t  would be of 

compel 1 i  ng interest  . 
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