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us ing qua&, sapphire and s ta in1  ess s tee l  substrates,  hydrogenated 

a-Si f i lms have been by ion -p l  a t i  ng techniques th rough  h 1000-2000 

v o l t  hydrogen glow. The h i g h k t  hydrogen content  t o  'date has been 18 a/o 

i n  a f i l m  evaporated I n  p a r t i a l  pressure o f  5 5 ~  of  hydrogen. 
. .  . 

Opt ica l  ' band gaps o f  these - f i l m s  .va ' r i  ed from- 1.67 eV t o  2.21 . e ~ .  Films 

made on sapphire substrates were used  i n  IR-s~ectroscopy. measuremen't ; th.ey 
... 
-1 .. . 

had . a doublet  absorpt ion peak' a t  approximately 2000 cm corresponding t o  

S i  H' bond s t re tch ing .  



A. ' Introduction 

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

semiconductor in to  a plasma glow discharge about a negatively biased substrate  

i s  used to  a f f ec t  both the character and the surface bonding of the resul t ing 

t h i n  f i lm deposit. Ion plating has also been carr ied out by d i r ec t  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 o r  semiconductor. i s  increased 'through t h e i r  interaction with 

the gl ow discharge. ' 1 . t  i s  the increased. energy s t a t e  of the deposi t i  ng material 

t h a t  a f f ec t s  b o t h t h e  nature and'adherence 'of the depos.ited t h i n  f i lms. 

The term ion pl'ating was i t s e l f  introduced i n  1964 by Mattox. . To date ,  

the method of ion: plating has .been used primarily fo r  the coating of substrate  

materials,  including'non-coriductors such a s  p l a s t i c s ,  w i t h  meta1.s'. - This i s  so 

because an immediately recognized'.advantage of t h i s  method was the dras t ica l ly  

improved adhesi-on of ion plated films versus vacuum deposited fi lms. This 

increase in adhesion i s  due to the controllabl'e arr ival  energy of the incident 

metai vapor flux. Both -the glow. .discharge voltage and evaporation r a t e  can be 
. , 

separately control 1 ed. 

Phis program.has'as i t s  primary goal the development of methods for  the 

preparation o'f e f f i c i en t ,  Tow cost  amorphous t h i n  f i lm so lar  ce l l  s involving 

the d i r ec t  use of the ion p l a t i n g  techniques. 

A complete 'apparatus dedicated to  ion-plating has now been 'constructed. 

~ydro$enated a-Si films have, bein made b y  ion-pl a t ing and character izat ion of 

t h e i r  optical and semi conducting properties i s  underway. ~ ~ d r o ~ e n  contents 



of a number of films have been measured and found t o  va ry  from 5.7alo to 
- 

18.0a/o. 'Infrared spectroscopy of those films deposited o n  sapphi re  'substrates 

have shown strong doublet ibsbrption around 2100 cm-' corresponding. t o  the 

Si-H bond s tretching Mdes. The doublet e f f ec t  i s  s imilar  to  tha t  observed 

by Brodsky. 

Film thicknesses 'have been .measured u'si ng a Bendi x Profi corder. profi lometer 
. . 

accurate to  be t te r  than 500i. Using the measured fi lm thickness and transmittance 

versus wavel.ength data from a Beckman DK-2A phot'o-spectrometer optical gaps 

were determined using the method of'.'~reeman and Paul.. Optical gaps ranged from 

' l .67 eV to  2.21 e ~ .  (See   able 1 ) .  

~e terminat ion  'of the e f f ec t s  of magnetic f i e l d  confinement of the hydrogen 
. . 

glow on t h e  a-Si properties a re  underway. . No resu l t s  a re  ye t  avai lable ,  t h e  

magnetic f i e l d ,  however, *can be .seen to  v is ib ly  concentrate. the glow below 

the substrate holder (.see Fig. 1 ) .  

Figure 1 shows schematica1:ly the ion-pl a t ing apparatus w i t h  the glow 

concentrating . magnet in place; The substrate  temperature i s  control1 ed by 

2 heaters inserted radi.ally into the . s t a in l e s s  s teel  base plate .  Temperature 

: measuremen'ts a r e  made using a copper-cons.tantan thermocouple which contacts 

the r ea r ' o f  t he ' subs t r a t e  throught a .  hole in the base plate .  The s i l icon  
. . 

. charge i s  evaporated using an RF heating c o i l .  ' Using a Mettler balance in a 

dry box substrates a re  ''weighed before and a f t e r  deposition. 



0 

' ~ t  the present time 1bw deposi t i o n l r a t e s  ' on  the order of 10-20 a re  

being employed.  here. should be. no d i f f i cu l ty  in increasing t h i s  s ign i f i c in t ly  
. .. . . . 

when optimization o f .  deposi t ion 'rate i s  required. s tandard ion p l a t i n g  techniques 

can deposit as much as '4,000 l/s&c. 

- .C.. Results 

Below 'is a- summary of the r e su l t s  obtained to date on the preparation and 

characterization o f '  hydrogenated a - ~ i  b y  ion bl a t i  ng . Tab1 e 1 1 i s t s  

' the optical band gap, thickness ,  hydrogen conten?. and  deposition r a t e  for  a 

number of ion-plated a-Si films. ' ~ ~ - s ~ e c t r o s c o ~ ~  shows d i s t inc t ly  

the doublet absorption peak a t  approximately 2000 cm-' indicat ive.  of Si -H 

bondi ng . 
A t  the present time substrate temperatures i n  the range from 150°C to 

250°C a r e  being u t i l  ized.  Substrate temperature has ye t  t o  be optimized 

fo r  the ion plating techni'que. 

Work. i s  now concentrated on deternii ni ng the e f f ec t s  of deposi.tion condi t ions 

on the. hydrogen contents of t h e  fi lms. We a re  varyinghydrogen par t ia l  pressure, 

substratetemperature-, glow voltage, and in  parti:cul a r  the strength o f  the 

magnetic f i e l d .  As previ'ously 'stated Si-H bonding has been observed i n  e a r l i e r  

fi-lms by ik-spectroscopy.'~ We are. preceding a s tep fur ther  and attempting to  

determine approximatelythe re la t ive  amounts of Si-HI, Si-HZ, and Si-Hg 

complexes, by observation of the bond bending absorption peaks which occur around 

900 cm-' . Absence of bond bending would demonstrate the sole presence of Si - H .  

3 



-An apparatus f o r  measuring ' res'i s t iv i ' ty  versus temperature has been 

cons t r "6 t ed .  ~ h a r a c t e r i z a t i o i  df the e l e c t r i c a l  r e s i s t i v i t y  and e l e c t r i c a i  

g a p  of  t he  depos i t s  i s  now underway. The dependence b f  the  opt ical  g a p  

on deposit ion condit ions i s  being 'determi neb. 

1ni t i a l  r e s u l t s  have indicated t h a t  f a i r l y  substant ia l  amounts of  hydrogen 

' may.be incorporated i n to  a - ~ i  f i lms by .+on-pl.ating'.in a  hydrogen glow. Optical 
. . . . 

gaps  of  f i lms produced so f a r  have var ied .  from 1.67 t o  2.21 eV. , Character izat ion 

of t he  e f f e c t s  of deposit ion condit ions on hydrogen content ,  opt ical  and 

e l e c t r i c a l  proper t ies  i s  underway. . . 



TABLE I 

Opt ica l  Band Gap (eV) Thickness (p) 

1.89 3.8 

2.21 4.45 

1.88 8.0. 

1.67 2.41' 

Hydrogen Content 

8.35 

~ e ~ o s i  t i o n  Rate 

5 . 3  i / s e c  

N/M - n o t  measured 
cn 
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' iguce 1. Substrate holder ,  f o r  i o n - p l a t i n g  apparatus. 
The r e g i o n  o f  magnetic f i e l d  glow conf inement occurs j u s t  

. below t h e  ~ subs t ra te .  




