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Silicon ca rb ide films w e r e depos i t ed by p l a s m a e n h a n c e d c h e m i c a l v a p o r dépos i t i on u t i l i z ing 
m o n o m e t h y l s i l a n e ( C H j S i H j ) . Silicon ( 1 0 0 ) a n d po lycrys ta l l ine go ld w e r e used as subs t r a t e s . A 
m a s s s p e c t r o m e t r i c ana lys i s of t h e m o n o m e t h y l s i l a n e p l a s m a s h o w e d t h a t t h e m a j o r i t y of t h e S i ­
C b o n d s were p r e se rved in t he gas phase . T h e compos i t i on , t h e dens i t y a n d m o r p h o l o g y of t h e 
a m o r p h o u s S i C : H ( a : S i C : H ) films were s tud i ed as a f u n c t i o n of s u b s t r a t e t e m p é r a t u r e , 

, c o m p o s i t i o n of t h e ion flux b o m b a r d i n g the s u r f a c e a n d t h e k ine t i c ene rgy of t hè se ions . T h e 
su r f ace sc ience t e c h n i q u e s ut i l ized fo r thèse inves t iga t ions i n c l u d e x ­ ray p h o t o e l e c t r o n 
spec t roscopy , A u g e r é lec t ron spec t roscopy , s cann ing é l ec t ron m i c r o s c o p y , F o u r i e r t r a n s f o r m 
i n f r a r e d , a n d R a m a n spec t roscopies . 

I. INTRODUCTION 

Silicon ca rb ide h a s m a n y f a v o r a b l e phys ica l a n d chemica l 
p rope r t i e s such as h a r d n e s s a n d h igh chemica l s tabil i ty. I t s 
l a rge b a n d gap a n d t h e poss ibi l i ty t o d o p e it n- o r / ' ­ t ype 
p e r m i t its e lec t ron ic a p p l i c a t i o n s in h a r s h env i ronmen t s . 

T h i s t echnolog ica l po t en t i a l h a s resu l ted in t he develop­
m e n t of several f ab r i ca t ion r o u t e s of SiC. ' '^ C h e m i c a l v a p o r 
dépos i t ion t e c h n i q u e s ( C V D ) usua l ly r equ i re h igh t e m p é r a ­
tu re s {T> 1270 K ) tha t l imi t t he i r a rea of appl ica t ions . A 
m o r e p r o m i s i n g S iC p r é p a r a t i o n m e t h o d a t low t e m p é r a t u r e 
is a p l a s m a e n h a n c e d c h e m i c a l v a p o r dépos i t ion p roces s . ' " 
T h e ident i f ica t ion a n d c o n t r o l of t h e p a r a m e t e r s t h a t dé te r ­
m i n e t h e g r o w t h process a n d t h e phys ica l a n d chemica l 
p rope r t i e s of t he depos i t s a r e necessa ry if t he films a re t o b e 
used in va r ions app l i ca t ions . D é p o s i t i o n of SiC by glow dis­
c h a r g e ( p l a s m a ) h a s genera l ly used S i H 4 / h y d r o c a r b o n ^ 
a n d S i H 4 / h y d r o c a r b o n / n o b l e gas m i x t u r e s as feedstocks .* 
T o o u r knowledge , few o t h e r si l icon c o m p o u n d s have been 
used in thèse types of e x p e r i m e n t s . T e t r a m e t h y l s i l a n e a n d 
m o n o m e t h y l s i l a n e a re t h e m o s t c o m m o n , bu t they w e r e 
m i x e d w i t h si lane a n d r e g a r d e d as t he c a r b o n source r a t h e r 
t h a n t h e sou rce of si l icon a n d c a r b o n . 

I n con t r a s t w i th p r e v i o u s a p p r o a c h e s , th is p ap e r dea l s 
w i t h t he synthes is of s i l icon c a r b i d e films by p l a s m a en­
h a n c e d chemica l v a p o r dépos i t i on ( P E C V D ) f r o m a p u r e 
m o n o m e t h y l s i l a n e f eeds tock gas. T h e p u r p o s e of th is s t u d y 
is t o c h a r a c t e r i z e b o t h t h e C H j S i H j p l a s m a a n d the phys ica l 
a n d c h e m i c a l p rope r t i e s of t h e films as a f u n c t i o n of t he de­
pos i t ion p a r a m e t e r s . T h e p r o p e r t i e s of a : S i C : H films such as 
dens i ty , compos i t i on , s t ress , h y d r o g e n inco rpo ra t ion , a n d 
s t r u c t u r e , were inves t iga ted . C o m p a r i s o n be tween films p ro ­
d u c e d o n a r a d i o ­ f r e q u e n c y ( r f ) p o w e r e d é lec t rode a n d on a 
g r o u n d e d ( n o n ­ p o w e r e d ) é l ec t rode a t var ions subs t r a t e 
t e m p é r a t u r e s a r e p r e sen t ed . 

II. EXPERIMENTAL PROCEDURE 

T h e S i c dépos i t ion e x p e r i m e n t s were p e r f o r m e d in t h e 
r eac t ion c h a m b e r desc r ibed in déta i l elsewhere.^ T h e sche­
m a t i c d i a g r a m of th is Sys tem is s h o w n in F ig . 1.' T h e films 

w e r e depos i t ed o n t h e l o w e r é l e c t r o d e w h i c h cou ld b e resisti­
vely h e a t e d as h i g h as 773 K , even w h e n p o w e r e d . Monch 
m e t h y l s i l a n e gas ( H u i s P e t r a r c h Sys t em 9 7 % ) w a s i n t r o 
d u c e d via a n or i f ice in t h e c e n t e r of t h e u p p e r é l e c t r o d e an 
w a s r e m o v e d by a r o t a r y a n d a s o r p t i o n p u m p . F o r t h e mass 
ana lys i s of t h e p l a s m a species, t h e p l a s m a c h a m b e r w a s con­
n e c t e d t h r o u g h a d i f ferent ia l ly p u m p e d m i d d l e s t age to a 
h i g h v a c u u m c h a m b e r in w h i c h w a s ins ta l led a U T I lOOC 
m a s s ana lyze r . T w o m o d e s of m a s s s p e c t r a acqu i s i t i on werè 
used . B o t h n e u t r a l a n d pos i t ive ion species w e r e detected 
w h e n t h e m a s s s p e c t r o m e t e r ion ize r w a s on . Pos i t ive ions 
a l o n e w e r e de t ec t ed in t h e ionizer­off o p é r a t i o n m o d e . The 
c o n t r i b u t i o n of t h e ions t o t h e to ta l ( i o n s a n d n e u t r a l ) s i gn^ 
w a s so sma l l t h a t it c o u l d b e neg lec ted . 

Single c rys t a l Si ( 1 0 0 ) w a f e r s a n d gold foi ls w e r e used aS 
subs t r a t e s . T h e w a f e r s w e r e e t c h e d in 4 9 % H F immed ia t e l 
b e f o r e be ing a t t a c h e d to t h e é l ec t rodes . T h e go ld foi ls w c 
po l i shed w i t h 0 .05 / / m a l u m i n a p a s t e a n d r insed w i t h acé­
t o n e a n d m e t h a n o l . O n c e in t h e dépos i t i on c h a m b e r , t h e sulv 
s t r a t e s u r f a c e s w e r e f u r t h e r c l eaned b y a r g o n ion bombard­
m e n t , f o l l owed by t h e ign i t ion of t h e C H j S i H j p l a s m a . 

T h e c rys ta l l ine s t r u c t u r e of t h e films was e x a m i n e d wi th 
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FiG. 1. Schematic diagram of the PECVD System. 
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di f f rac tometer . X- ray pho toe lec t ron spec t roscopy 
\ r S ) . Auger é lec t ron spec t roscopy ( A E S ) , and scanning 
]^iriin microscopy ( S E M ) were used t o dé te rmine the sur-

, c ..cmiposition a n d t h e m o r p h o l o g y . T h e in s t rumen t s uti-
]^,cû u ^ re a P H I 5300 E S C A System and a P H I 660 scann ing 
vui;- niult iprobe. A r g o n d e p t h profi l ing was pe r fo rmed in 
ihc X ' '^ and A E S a p p a r a t u s w i th an e roded area of 1 cm^ 
j„j 1 mm' , respect ively. T h e concen t ra t ions quo ted in the 
l'iillowing sect ions were t h u s représenta t ive of the bulk c o m -
p„siiion. F o u r i e r t r a n s f o r m e d in f ra red spect roscopy 
I |-TIR ) spect ra w e r e ob ta ined o n a Nicolet F T I R spec t rom-
fH-r operating in its t r ansmiss ion mode . T h e R a m a n analysis 
(»;is performed wi th an A r * laser opera t ing at 488 nm wi th a 
,pii. ! rometer equ ipped wi th a p h o t o n coun t ing imaging pho-
1011' liiplier tube. T h e th ickness of t he deposi ts was mea-
suf-tl liy a Clevi te Sur fana lyse r 150 prof i lometer for films 
iliicker than 200 n m o r by e l l ipsometry for films th inner t h a n 
2(X) nm. P ro f i lomet ry a l so a l lowed t h e es t imat ion of t h e de-
gac of bending of t h e sil icon subs t r a t e induced by the stress 
m ihe deposi ted films. T h e dens i ty of t he films was d e d u c e d 
Irom their mass a n d vo lume . 

III. RESULTS 
A. : omposition of a CHsSiHa plasma 
/. Neutral species 

The inf luence of t w o fac to r s on the p la sma compos i t ion 
was examined: the to ta l p ressure of C H j S i H j and the rf 
power appl ied. U n d e r ail condi t ions , we observed f o u r 
groups of peaks (F ig . 2 ) . T h e first one was related to species 
containing the S i - C b o n d : CSiH^ ( 1 < z < 6 ) . T h e second a n d 
ihird g r o u p s c o u l d be a t t r i bu ted , respectively, t o 
SiH, ( l < j < 4 ) a n d C H ^ ( l < x < 4 ) species. T h e last g r o u p 
unisisted of m o l e c u l a r a n d a t o m i c hydrogen . T h e main peak 
appeared a t 44 a m u a n d co r r e sponded to a monomethy l s i -
lane molécule déf ic ient in t w o hyd rogen a toms. E x p e r i m e n t s 
with a deu t e r a t ed m o n o m e t h y l s i l a n e C D j S i H j would a l low 
one to u n a m b i g u o u s l y assign a s t r u c t u r e to this 44 a m u neu ­
tral f r a g m e n t . 

The p r é d o m i n a n c e of species conta in ing a S i - C b o n d in 
the C H j S i H j p l a s m a is a m a j o r advan tage in the f o r m a t i o n 
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FiG. 2. Mass spectrum of the neutral species collected at the grounded 
électrode. CH , SiH, pressure = 15.7 Pa, rf power = 100 W. 
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of silicon ca rb ide films via a P E C V D process . In con t r a s t 
with a S i H 4 / C H 4 p lasma w h e r e t h e m a j o r i t y of t he S i - C 
bonds h a d t o be fo rm ed a t t he su r f ace of t h e subs t ra te , in t h e 
C H j S i H j p la sma S i - C b o n d s w e r e p rese rved in the gas 
phase. The re fo re , the probabi l i ty of o b t a i n i n g S i - C b o n d s in 
the depos i ted films shou ld be h i g h e r in the case of a 
C H j S i H j p l a sma versus a C H 4 / S i H 4 p l a sma . T h e absence 
of mo lecu l a r species wi th mass g rea t e r t h a n 4 6 a m u indica t -
ed a very low ra te of po lymer i za t ion in t h e gas phase . T h i s 
was f avorab le to a nuc lea t ion on t h e subs t r a t e s a n d conse-
quent ly t o t h e g rowth of c o h é r e n t films. T h e gas p ressure 
and t h e rf p o w e r suppl ied did n o t in f luence s t rongly the plas­
ma compos i t ion . T h e spec t ra of t h e n e u t r a l species col lected 
at t he p o w e r e d and at the g r o u n d e d é lec t rodes were very 
similar . 

2. lonic species 
T h e posi t ive ions were inves t iga ted u n d e r the s ame condi ­

tions of pressure and rf p o w e r as were t h e neu t r a l species. 
T h e ions de tec ted in the C H j S i H j p l a s m a inc luded the fol-
lowing: C H + ( 2 < J : < 4 ) , S i H / ( 2 < 3 ' < 4 ) , a n d 
S iCH + ( 3 < z < 5 ) . T h e ions c o n t r i b u t e d 0 . 1 % to the to ta l 
flux of par t ic les impinging t h e é l ec t rode sur face . Bu t the 
compos i t ion of the ion flux d e p e n d e d s t rong ly on the élec­
t rode examined . T h e average degree of h y d r o g é n a t i o n of 
SiH^ a n d SiCH^ species a n d t h e n u m b e r of ions con ta in ing a 
S i - C b o n d were lower at t he p o w e r e d é lec t rode t h a n at t h e 
g r o u n d e d one. T h e différence obse rved in t h e ion flux c o m ­
posit ion a t t h e two électrodes was a t t r i b u t e d to the inf luence 
of the self-bias voltage t ha t deve lops spon taneous ly at t h e 
powered électrode. T h e h ighe r average e lec t ron-molecu le 
collision energy, due to the po ten t ia l d r o p in the vicinity of 
the p o w e r e d électrode, resul ts in a h i g h e r probabi l i ty to 
break t h e S i -C , S i - H , a n d C - H b o n d s , t h u s increas ing t h e 
f rac t ion of l ight ions. 

B. Film composition 
/. Influence ofthe substrate température 

T h e dépos i t ion ra te of t he films g r o w n on b o t h é lec t rodes 
decreased wi th increasing subs t r a t e t e m p é r a t u r e . In add i ­
tion, we observed tha t the c o m p o s i t i o n of t h e films depos i ted 
at t he g r o u n d e d électrode d e p e n d e d d r a m a t i c a l l y on the sub­
s t ra te t e m p é r a t u r e dur ing dépos i t ion . F o r t e m p é r a t u r e s low­
er t h a n 423 K , the films depos i ted a t t h e g r o u n d e d é lec t rode 
were heavi ly con tamina ted wi th oxygen ( m o r e t h a n 10 
at. % ) whi le films deposi ted a t 573 a n d 723 K con ta ined less 
than 1 at . % of oxygen (see T a b l e I ) . T h e présence of oxy-
genated species in the films cou ld no t be a t t r ibu ted to t h e 
adso rp t ion a t t he surface d u r i n g t h e t r a n s f e r in air f r o m the 
déposi t ion c h a m b e r in to the A u g e r o r t h e x-ray photoe lec­
t ron spec t romete r . W h e n présen t , t h e c o n t a m i n a t i o n was de­
tected in t h e bulk of the films as s h o w n by a r g o n d e p t h profi l­
ing. Ai l t he concent ra t ions , c i ted in T a b l e I, were m e a s u r e d 
a f te r é l imina t ion of the a d s o r b e d layer by a r g o n spu t t e r ing in 
the u l t r ah igh v a c u u m ( U H V ) c h a m b e r s . T h e oxygen con ta ­
mina t ion took place du r ing t h e g r o w t h process . A di f férence 
in the t e m p é r a t u r e d é p e n d a n c e of t h e s t ick ing coefficient of 
the oxygena ted species in c o m p a r i s o n w i t h t h e s t icking coef-
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TABLE I. XPS analysis of films deposited on gold foils. rf power = 50 W, CH, SiH, pressure = 13.3 Pa. Si 2p 
BE = Si Ip binding energyobtained by curve fitting. C U BE = C l i binding energy obtained by curve fitting. 

Grounded électrode Powered électrode 

Si 2p BE C l î B E concentrations Si Ip BE C l i BE concentrations 
7 - ( K ) (eV) (eV) S i /C O (at. %) (eV) (eV) S i /C O (at. %) 

333 98.5 284.6 15 100.0 284.8 1.5 < 1 
102.0 280.7 283.2 

423 99.9 284.7 1.1 10 100.0 284.6 1.9 < 1 
283.0 283.1 

573 100.1 284.8 1.3 < 1 100.2 284.6 1.9 < 1 
283.3 283.2 

723 100.1 284.6 1.7 < 1 100 .1 284.7 2.3 < 1 
283.1 282.9 

ficient of S i - C species on t h e S i^C^H^ g r o w i n g film could 
exp la in t he r e l a t ionsh ip b e t w e e n t h e c o n t a m i n a t i o n level 
a n d t h e subs t r a t e t e m p é r a t u r e . T h e res idua l gas a n d impur i -
t ies c o n t a i n e d in t he feed ing gas w e r e p r o b a b l y t he sources of 
o x y g e n a n d oxygena t ed f r a g m e n t s . 

I n c o n t r a s t w i t h t he resu l t s o b t a i n e d at t h e g r o u n d e d élec­
t rode , t he films g r o w n at t h e p o w e r e d é l ec t rode were only 
s l ight ly c o n t a m i n a t e d even a t low t e m p é r a t u r e s ( T a b l e I ) . 
T h e p ré sence of energe t ic h y d r o g e n a t o m s close to t he g row­
ing films a t t h e p o w e r e d é l e c t r o d e cou ld resu i t in t he r é d u c ­
t ion a n d é l imina t ion of t he o x y g e n a t e d species . 

A E S a n d X P S ana lys i s of films g r o w n o n b o t h t h e 
p o w e r e d a n d the g r o u n d e d é lec t rodes , i nd ica t ed t h a t t hey 
w e r e c o m p o s e d of t w o p h a s e s (see F ig . 3 ) . T h e first phase , 
c h a r a c t e r i z e d by a m a j o r i t y of S i - C bonds , was en r i ched in 
s i l icon in c o m p a r i s o n w i t h s ingle c rys ta l S iC ana lyzed u n d e r 
t h e s a m e condi t ions . T h e s e c o n d p h a s e c o n t a i n e d ma in ly C -
C a n d C - H bonds . 

T h e p o w e r e d é l ec t rode films w e r e si l icon r ich in c o m p a r i ­
son w i t h films depos i t ed a t t h e g r o u n d e d é l ec t rode (see T a ­
ble I ) . T h e energe t ic h y d r o g e n a t o m b o m b a r d m e n t a t t h e 
p o w e r e d é lec t rode cou ld p r o v o k e t h e p re fe ren t i a l r emova l of 
C a t o m s f r o m t h e g r o w i n g films as CH4, w i th t he si l icon 
f r a g m e n t s be ing m o r e l ikely t o r e m a i n a t t h e s u r f a c e . ' 

H y d r o g e n was p résen t in t h e films b u t i ts c o n c e n t r a t i o n 
c o u l d n o t be d e t e r m i n e d b y A E S a n d X P S . 

2. Influence ofthe rf power 
F i l m s f o r m e d at t h e p o w e r e d é l ec t rode a t 573 K at t h r e e 

d i f f é r en t rf p o w e r s (50 , 75 a n d 1(X) W ) were inves t iga ted . 
T h e self-bias deve loped by t h e p o w e r e d é l ec t rode in thèse 
c o n d i t i o n s var ied be tween 225 V at 50 W a n d 300 V at 100 
W . 

A n inc rease in t he dépos i t i on r a t e wi th a n inc reas ing p o w ­
e r w a s observed . T h i s w a s e x p e c t e d because t he increase of 
t h e p o w e r inc reased t h e d e g r e e of d i ssoc ia t ion of the gas. 

N o s t r o n g d é p e n d a n c e of t h e film c o m p o s i t i o n on the rf 
p o w e r was de tec ted . T h e c o m p o s i t i o n a l va r i a t ions were 
w i t h i n t h e e r r o r r a n g e of A E S a n d X P S q u a n t i t a t i v e ana ly ­
sis. T h e c h a n g e in t he ene rgy of ions b o m b a r d i n g the g row­
ing film d id no t in f luence d r a m a t i c a l l y t h e r a t io of c a r b o n 
a n d s i l icon in t h e resu l t ing film. 

-

Of; 

1 ' 

W. 

•>è 
C. Density and stress 

A t b o t h é l ec t rodes , a n inc rease in t h e s u b s t r a t e tempéra­
t u r e r e su l t ed in a n inc rease in t he film dens i ty . T h e compari­
son b e t w e e n t h e resu l t s o b t a i n e d a t t h e p o w e r e d a n d the 
g r o u n d e d é l e c t r o d e s a t t h e s a m e t e m p é r a t u r e s h o w e d that 
t he ion b o m b a r d m e n t a l so inc reased t h e dens i ty of t h e films. 
T h e dens i t y m e a s u r e d f o r a film depos i t ed a t 5 7 3 K at the 
p o w e r e d é l e c t r o d e w a s c lose to t h e dens i ty of b u l k silicon 
ca rb ide : 3 . 2 1 g / c m ' f o r SiC. T h e re levan t resu l t s a r e présent-
ed in T a b l e I I . 

T h e p r o f i l o m e t e r w a s used to e s t i m a t e t h e d e g r e e of bend-
ing of t h e s i l icon a n d gold s u b s t r a t e s i n d u c e d by t h e stress in 
t he d e p o s i t e d films. O n go ld a n d si l icon t h e s t resses observed 

(a) x^^^^carbldlc carbon 

•xper lmantat / / 

•morphous j^'^-~J 

290.0 219.0 2«a.e 2V.0 2K.0 2(5.0 2M.e 283.0 2«2.0 2<t.O 2II.0 
UWW EKKV. eV 

e K P T i m e n f 1 
r « s u l U 

• rb ld lc •Ilicon 

FiG. 3. Film deposited at 723 K at the powered électrode on gold. CHj SiHj 
pressure = 13.3 Pa, rf power = 50 W. (a) C Uphotoelectron line, (b) Si2^ 
photoelectron line. 
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I «Hi I " ' [)cpo^>'i°" rate and densily of the films as a function of the 
(^ir.iie température. Density of single crystal SiC:3.21 g /cm '. 

Grounded électrode Powered électrode 

Déposition Déposition 
rate Density rate Density 

• K) (nm/min) (g /cm' ) (nm/min) (g/cm^) 

32 1.5 27 2.0 
573 18 2.0 15 3.2 

ttcrc a lways c o m p r e s s i v e . A t 3 3 3 K a t t h e g r o u n d e d e lec-
ircili.-. no s t r e s s w a s d e t e c t e d on t h e t w o s u b s t r a t e s . A t 5 7 3 K 
,1 ;. s a m e é l e c t r o d e a s l i gh t b e n d i n g of t h e s i l icon w a f e r a n d 

i l i c go ld foi l w a s m e a s u r e d . T h e s t r e s ses in t h e films 
ibriiicd a t t h e p o w e r e d é l e c t r o d e w e r e s o l a rge t h a t t h e g o l d 
loils were m a c r o s c o p i c a l l y b e n t a n d t h i c k films ( > 1 / / m ) 
deposited on s i l i con w a f e r s d e l a m i n a t e d t o r e l ease t h e i n t e r ­
facial t ens ion . T h i n n e r films r e m a i n e d a t t a c h e d t o t h e s i l i con 
substrates. T h e a d h é s i o n of t h è s e films t o t h e s u b s t r a t e s , in 
prcscnce of h i g h s t r e s ses , s u g g e s t e d t h e f o r m a t i o n of s t r o n g 
clK-mical b o n d s a t t h e i n t e r f a c e s . T h e n a t u r e o f t h è s e b o n d s 
w o J be C - S i a n d S i - S i f o r s i l i con s u b s t r a t e s a n d S i - A u f o r 
i;oiti subs t r a t e s . 

I lie h a r d n e s s o f t h e films c o u l d no t b e m e a s u r e d w i t h a 
tn icro indenter b e c a u s e o n o n e h a n d t h e films w e r e t o o t h i n t o 
a\oid the i n f l u e n c e of t h e s u b s t r a t e a n d o n t h e o t h e r h a n d t h e 
stresses p r é s e n t in t h i c k e r films i n d u c e d t h e i r d e l a m i n a t i o n 
l'rom the s u b s t r a t e . 

D. Structure 

i 1 o r d e r t o o b t a i n i n f o r m a t i o n c o n c e r n i n g t h e film s t r u c -
uirc, th ick films ( > 1 / z m ) d e p o s i t e d o n s i l icon a n d s a p p h i r e 
were p r e p a r e d . 

X-ray diff"raction a n a l y s i s i n d i c a t e d a n a m o r p h o u s s t r u c ­
ture for films g r o w n a t b o t h é l e c t r o d e s a t ail s u b s t r a t e t e m ­
pératures ( 3 3 3 , 4 2 3 , 573 , a n d 7 2 3 K ) . 

The a b s e n c e of a n y f e a t u r e in t h e R a m a n s p e c t r a of t h e 
films i n d i c a t e d a d i s o r d e r e d s t r u c t u r e . T h è s e r e s u l t s s u g g e s t ­
ed a p o l y m e r - l i k e s t r u c t u r e f o r t h e d e p o s i t e d films. 

! TIR s p e c t r o s c o p y g a v e i n f o r m a t i o n c o n c e r n i n g t h e 
h'Hiding b e t w e e n t h e t h r e e m a j o r c o n s t i t u t i n g é l é m e n t s : Si, 
C. and H . S i l i con s u b s t r a t e s w e r e u s e d t o o b s e r v e t h e 2 5 0 -
2300 c m - ' r é g i o n a n d s a p p h i r e s u b s t r a t e s f o r t h e 2 3 0 0 - 4 0 0 0 

'-"m ' r ange . S a p p h i r e w a s c h o s e n f o r i ts t r a n s p a r e n c y in t h i s 
range of i n f r a r e d ( I R ) f r e q u e n c i e s . T y p i c a l s p e c t r a a r e p r e -
•^ented in F ig . 4 . T h e s p e c t r a e x h i b i t e d t h r e e m a i n r é g i o n s : 
one loca ted a t a b o u t 2 0 8 0 c m " ' , a n o t h e r b e t w e e n 4 0 0 a n d 
1100 c m - ' , a n d t h e l a s t o n e b e t w e e n 2 7 0 0 a n d 3 1 0 0 c m " ' . 

^ed on t h e w o r k s of W i e d e r ' a n d C a t h e r i n e , * t h e 2 0 8 0 
' a b s o r p t i o n b a n d w a s a s s i g n e d t o t h e S i - H v i b r a t i o n a l 

' '" 'etch w h e n o n e , t w o o r t h r e e c a r b o n a t o m s a r e a t t a c h e d t o 
'he sil icon. T h e p r é s e n c e o f — SiH2 g r o u p w o u l d r e su i t in a 
^hift a n d a d i s t o r t i o n of t h i s b a n d . T h e a s s i g n m e n t of t h e I R 
absorp t ion b a n d s in t h e r a n g e 4 0 0 - 1 1 0 0 c m ~ ' r a n g e is s u m -
"lar ized in T a b l e I I I . T h e s t r e t c h i n g m o d e s of C - H b o n d s in 

— C H j a n d — C H j g r o u p s a r e r e s p o n s i b l e f o r t h e a b s o r p ­
t ion b a n d s l o c a t e d in t h e v i c i n i t y of 3 0 0 0 c m " ' . F i g u r e 4 
s h o w s t h e c o m p a n s o n b e t w e e n t h e t w o é l e c t r o d e s a t t w o 
t e m p é r a t u r e s 333 a n d 5 7 3 K . 

MOO 2400 

0.70 

0.00 
400 

400 
1.40 

1400 2400 

wavenumbeT ( c m - l ) 

1400 2400 

0.70 

0.00 

' (b) 

Si-CHz 

Si -H 

vysi-c 

4 0 0 

400 
1.40 

1400 2400 

wavenumbcT ( c m - I ) 

1400 2400 

0.70 • 

0.00 
400 

• (c) 

' Si-CHi V SI-H 

Si-C 

1400 

wsvenumber ( c m - 1 ) 

1400 

2 4 0 0 

2400 

1400 

wavennmbcT ( c m - 1 ) 

2400 

FiG. 4. FTIR spectra. (a) Film deposited at the grounded électrode at 333 
K. (b) Film deposited at the grounded électrode at 573 K. (c) Film deposit­
ed at the powered électrode at 333 K. (d) Film deposited at the powered 
électrode at 573 K. CHjSiH, pressure = 13.3 Pa, rf power = 50 W. 
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TABLE III. Assignment of the IR absorption bands in the 400-1100 cm 
range. From Ref 7. 

wave number (cm ') vibration mode 

620 Si-H, S i - H , wagging and rocking 
675-680 Si -C stretching 

780 Si -C stretching 
S i -CH, rocking or wagging 

860 S i - H , , (SiH, )„. bending 
980-990 S i -CH, rocking 

1020-1040 S i -CH, rocking or twisting 

T h e s p e c t r u m ob ta ined fo r a film d e p o s i t e d a t t he g r o u n d -
ed é l e c t r o d e a t 333 K [Fig. 4 ( a ) ] p r e s e n t e d f e a t u r e s resul t -
ing f r o m t h e c o n t a m i n a t i o n by oxygen a n d w a s no t c h a r a c -
te r i s t ic of Si-Si , S i - C , S i - H , o r C - H v i b r a t i o n m o d e s . 

A n inc rease of t e m p é r a t u r e t r a n s f o r m e d t h e s p e c t r u m 
d ra s t i c a l l y [F ig . 4 ( b ) ] . T h e a b s o r p t i o n b a n d s , of a film de­
p o s i t e d a t 573 K at t h e g r o u n d e d é l ec t rode , w e r e exclusively 
d u e t o t h e v ib ra t ion m o d e s of a : S i C : H c o m p o u n d . T h e ion 
b o m b a r d m e n t , a t t h e p o w e r e d é l ec t rode , i n d u c e d t h e s a m e 
m o d i f i c a t i o n s of t h e spec t r a [F ig . 4 ( c ) ] . A close look a t 
F igs . 4 ( b ) a n d 4 ( c ) s h o w e d t h a t t h e s p e c t r a of films ob­
t a i n e d a t 573 K at t h e g r o u n d e d é l e c t r o d e a n d t hose of films 
f o r m e d a t t h e p o w e r e d é lec t rode a t 3 3 3 K w e r e very s imi lar . 
T h e s t r o n g a s s y m e t r y of t he a b s o r p t i o n b a n d a r o u n d 780 
c m " ' re f lec ted t h e p résence of t h e S i H j g r o u p s ( = ; 6 2 0 
c m - ' ) a n d of S i - C H j , S i - C H ^ g r o u p s ( s h o u l d e r a t 1000 
c m ~ ' ) . T h i s w a s c o n f i r m e d by t h e a b s o r p t i o n b a n d s pre­
s e n t e d in t h e rég ion 1 2 5 0 - 1 4 0 0 c m ~ ' c o r r e s p o n d i n g to 
b e n d i n g m o d e s of C H j - S i ( 1 2 5 0 c m " ' ) , C H j - S i ( 1 3 5 0 
c m ~ ' ) , a n d C H , - S i H j ( 1400 c m " ' ) . T h e s t r e t c h i n g m o d e s 
of C H j a n d C H j g r o u p s a r e u n r e s o l v e d b u t t h e a s y m m e t r y 
of t h e p e a k ind i ca t ed a h ighe r p r o p o r t i o n of C H j g roups . A s 
s h o w n by t h e re la t ive in tens i ty of t h e S i - H s t r e t c h i n g b a n d , 
t h e t e m p é r a t u r e in f luence o n the h y d r o g e n i n c o r p o r a t i o n 
w a s s t r o n g e r t h a n t h e effect of t he ion b o m b a r d m e n t . 

F i l m s depos i t ed o n the p o w e r e d é l e c t r o d e a t h igh t em­
p é r a t u r e ( 5 7 3 K ) c o m b i n e d the effects , on t h e h y d r o g e n 
c o n t e n t , of b o t h t h e ion b o m b a r d m e n t a n d t h e t e m p é r a t u r e . 
I n c o m p a r i s o n w i t h t h e spec t r a d i s cus sed in t h e p rev ious 
p a r a g r a p h , t h o s e films f o r m e d at t h e p o w e r e d é l ec t rode a t 
573 K p r e s e n t e d less f ea tu res [see F ig . 4 ( d ) ] . T h e absence 
o r t h e l o w e r in t ens i ty of ce r t a in a b s o r p t i o n b a n d s w e r e al-
w a y s r e l a t ed t o a sma l l e r deg ree of h y d r o g e n i n c o r p o r a t i o n . 
T h e in tens i ty of t h e S i - H s t r e t ch ing m o d e ( 2 0 8 0 c m ~ ' ) was 
r e d u c e d by a f a c t o r of 2 be tween t h e p o w e r e d a n d t h e 
g r o u n d e d é lec t rode . T h e C H j - S i b e n d i n g m o d e s w e r e ab­
sen t . T h e c o m b i n a t i o n of a h i g h s u b s t r a t e t e m p é r a t u r e a n d 
o f a n ene rge t i c ion b o m b a r d m e n t i n c r e a s e d t h e n u m b e r of 
S i - C b o n d s by r e d u c i n g the h y d r o g e n c o n c e n t r a t i o n in t he 
film. T h i s o b s e r v a t i o n was in a g r e e m e n t w i t h t h e h igh den -
s i ty ( 3 .2 g / c m ' ) obse rved f o r films p r e p a r e d a t 573 K o n t h e 
p o w e r e d é l ec t rode . 

IV. CONCLUSIONS 
Dépos i t i on of a : S i C : H films by P E C V D f r o m CYi^i 

on gold a n d si l icon s u b s t r a t e s w a s inves t iga ted . T h e c h a ^ 
teris t ics of t h e films, i n c l u d i n g c o m p o s i t i o n , s t ruc tu re , ^ 
sity, a n d I R a b s o r p t i o n b a n d s , w e r e d e t e r m i n e d as a funct id 
of t h e dépos i t ion var iables , i n c l u d i n g p l a s m a compositioj^ 
subs t r a t e t e m p é r a t u r e , rf p o w e r a n d ion flux. 

R a m a n s p e c t r o s c o p y a n d x- ray diff"raction measuremenjj 
sugges ted a po lymer - l i ke s t r u c t u r e of t h e films prepared b; 
P E C V D f r o m a p u r e m o n o m e t h y l s i l a n e feeds tock . 

It was obse rved t h a t films f o r m e d at t he p o w e r e d elec. 
t r o d e at h igh t e m p é r a t u r e ( 573 K ) exh ib i ted supe r io r prop. 
er t ies c o m p a r e d w i t h films f o r m e d at t he g r o u n d e d électrode 
u n d e r the s a m e c o n d i t i o n s . T h e dens i ty of t he p o w e r e d elec-
t r o d e films f o r m e d a t 573 K w a s h i g h (3 .2 g / c m ' ) a n d close 
t o t h e bulk value. A la rge a m o u n t of compres s ive stress was 
deve loped in thèse films, b u t t he i r a d h é s i o n to t he substrates 
(go ld o r s i l icon) sugges ted t h e f o r m a t i o n of s t r o n g chemical 
b o n d s at t h e in te r faces . 

T h e d i f férences b e t w e e n t h e p o w e r e d a n d t h e grounded 
é lec t rode films c o u l d b e a t t r i b u t e d t o t h e energe t ic ion flux 
b o m b a r d i n g t h e s u r f a c e of t h e p o w e r e d é lec t rode . T h i s bom­
b a r d m e n t was r e spons ib l e f o r t h e lower h y d r o g e n incorpora­
t ion, fo r t h e p u r i t y of t h e films g r o w n at th is é lec t rode , and 
fo r t h e possible f o r m a t i o n of in te r fac ia l bonds . 

T h e subs t r a t e t e m p é r a t u r e a lso con t ro l l ed t h e properties 
of t h e films. I t s i nc rease r e d u c e d t h e h y d r o g e n concentra t ion 
as well as t h e o x y g en c o n t a m i n a t i o n . 

T h e m a s s s p e c t r o m e t r i c ana lys i s of C H j S i H j plasma 
s h o w e d c lear ly t h e a d v a n t a g e of th i s gas in t he p r é p a r a t i o n of 
S i c . T h e m a j o r i t y of t h e S i - C b o n d s were preserved in the 
gas phase , i nc reas ing t h e p robab i l i t y to inc lude th is type of 
b o n d s in t he films. D i f f é r e n c e s in t h e ion flux composi t ion 
were observed b e t w e e n t h e t w o é l ec t rodes a n d cou ld explain 
t he d i f férence in t h e film c o m p o s i t i o n . 

Op t i ca l a n d m e c h a n i c a l p r o p e r t i e s of t h e films a r e pres-
ent ly u n d e r inves t iga t ion . 
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