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Resume - L 'e labora t ion  d ' a l l i a q e s  Si-Ge par  dep8t chimique en phase vapeur a Bt6 

en t repr i se  a p a r t i r  de deux composes organometall iques de formule H3Si-(CH2I2-GeH3 

e t  H ~ S ~ - ( C H ~ ) ~ - G ~ H ~ .  Le comportement thermique de ces composes e s t  e tud ie  par  des 

analyses de l a  phase gazeuse de decomposition e t  du materiau so l ide .  Les couches obte- 

nues sont compos6es de s i l i c i u m ,  de germanium e t  ne cont iennent pas de carbone. En 

fonct ion de ces r e s u l t a t s  e t  de ca rac te r i sa t ions  physico-chimiques des precurseurs e t  

du materiau une d iscuss ion nous amene proposer une s t r u c t u r e  du materiau. 

Abst ract  - The preparat ion o f  Ge-Si a l l o y s  by chemical vapour deposi t ion has been 

undertaken us ing two organometal l i c  compounds, H3Si-(CH2)2-GeH3 and H3Si -(CH2I3-GeH3. 

The i r  thermal behaviour was inves t iga ted  by ana lys is  o f  the gaseous products o f  decom- 

p o s i t i o n  and o f  the  s o l i d  mate r ia l .  The t h i n  coat ings a re  composed o f  s i l i c o n ,  germa- 

nium and do n o t  conta in carbon. According t o  these r e s u l t s  and physico-chemical charac- 

t e r i z a t i o n s  o f  the precursors and the  products, we a re  lead t o  propose a s t r u c t u r e  f o r  

the sol i d  mate r ia l .  

1 - INTRODUCTION 

The preparat ion and the p roper t ies  o f  amorphous a l loyssuchas  a Sil-xCx/1,2,3/, 

a  Gel-xCx/4/ and a Sil-xGex/5,7,8,9/ have been extens ive ly  s tud ied because they present 

i n t e r e s t i n g  semiconducting p roper t ies  which are usefu l  i n  s o l a r  c e l l s  o r  photosensors.These 

amorphous mate r ia l s  present advantages w i t h  respect  t o  t h e i r  chemical composition and s t ruc -  

ture.  I n  p a r t i c u l a r ,  according t o  the  parameter X ,  i t  i s  poss ib le  t o  vary f o r  each k i n d  o f  

a l l o y  the value o f  the o p t i c a l  clrap w i t h i n  a re levan t  range. Floreover, i n  previous s tudies 

o f  these mater ia ls ,  various methods o f  preparat ion a re  used t o  c o n t r o l  the  X value and the 

s t r u c t u r e  t o  achieve the best  p roper t ies .  Two methods are : plasma ass is ted  chemical vapour 

deposit ion, and chemical vapourdeposit ion. I n  each o f  these methods the preparat ion o f  

b ina ry  a l l o y s  i s  c a r r i e d  ou t  us ing two precursors which conta in the  elements c o n s t i t u t i v e  o f  

the mate r ia l .  I n  the  case o f  spu t te r ing  the precursors a re  s o l i d  w h i l e  i n  Plasma Assisted 

Ghemical Vapour Deposi t ion (P.A.C.V.D.) and C.V.D. the precursors a r e  gaseous. For instance 

i n  the  preparat ion o f  a  Si,-,GeX a l l o y s ,  the  spu t te r inq  method used germanium and s i l i c o n  

targets / lO/  and P.A.C.V.D. and C.V.D. use sermane (GeH4) and s i l a n e  (SiH4) as precursors. 
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Nevertheless, i n  the  case o f  thermal C.V.D. i t  i s  n o t  easy t o  con t ro l  the composition X w i t h  

the experimental condi t ions espec ia l l y  when the precursors have very d i f f e r e n t  temperatures 

o f  decomposition. With the  aim t o  used only  one precursor  which i s  ab le  t o  ca r ry  toge,ther a l l  

t h e  elements o f  the mate r ia l ,  we have undertaken a program t o  study the  behaviour o f  organo- 

m e t a l l i c  precursors. I n  preceding work /3,5/ we have a l ready obtained Si,-xCx and Gel-xCx 

a l l o y s  us ing organometal l ics. We r e p o r t  here the  extension o f t h i s  work t o  the  e labora t ion  o f  

Ge-Si and Ge-Si-C s l l o y s  s t a r t i n g  from one orpanometal l ic Drecursor. 

2 - SELECTION AND SYNTHESIS OF PRECURSORS 

2-1 - Precursor Select ion 

The choice o f  the  precursors has been d i r e c t e d  by t h e  goal o f  prepar ing Si-Ge-C a l l o y s  

whose composition i s  determined by the composition o f  the s t a r t i n g  precursor. Two organome- 

t a l l i c s  compounds (0.F1.). 

have been synthesized which have t h e  f o l l o w i n g  fea tu res  : 

- a l l  the carbon atoms a re  loca ted  between the  s i l i c o n  and the germanium atoms. 

- the number o f  carbon atoms i s  d i f f e r e n t ,  two atoms f o r  the molecule A and th ree  

atoms f o r  the molecule B. 

- the bonds energies o f  the Si-C and Ge-C a re  h igh and q u i t e  s i m i l a r  (90 Kcal.mo1-I 

f o r  Si-C i n  Si(MeI4 ; 76 ~ c a l  .mol-l f o r  Ge-C i n  G e ( ~ e ) ~ )  /l!/. 

- under opt imal condi t ions o f  p y r o l y s i s  we a n t i c i p a t e  the  deposi t ion o f  the elements 

i n  the  cen t ra l  chains, Si-C-C-Ge and Si-C-C-C-Ge. 

2-2 - Synthesis and charac te r i za t ion  o f  the  precursors 

The precursors have both been synthesized according t o  PETROV and a l .  /12/. The com- 

pounds a r e  obtained i n  d i b u t y l  e ther  then p u r i f i e d  by d i s t i l l a t i o n .  The i r  p u r i t y  was v e r i f i e d  

by N.M.R. and Mass Spectrometry. I n  t a b l e  I are  repor ted the  mass spectra obtained f o r  the  

two molecules A and B. The fragments produced by e lec t ron  impact (70 ev) d isp lay  the  weakness 

o f  some bonds. The most in tense ions (I = 1000) correspond t o  the  formula H3Si (CH*); a t  

m/e = 59 f o r  t h e  molecule A and H ~ S ~ ( C H ~ ) '  m/e = 45 f o r  t h e  molecule B which a r i s e  f rom 

breaking o f  t h e  bondsa and 6 t o  the  germanium atom. The weaker bond energy o f  Ge-C i n  

Ge-CH2 weather than t h a t  o f  Si-C i n  SiCH2 can exp la in  the presence and the  importance o f  

these fragments. 



Table I : I n t e n s i t i e s  o f  the p r i n c i p a l  peaks coming from the  mass 
spectra under e lec t ron  bombardement a t  70 ev. 

3 - EXPERIMENTAL 

H3Si - CH2 - CH2 - GeH3 

( A )  

The apparatus used t o  prepare these deposits i s  a c o l d  wa l l  reac to r  which has been 

a l ready described elsewhere /13/. The gaseous phase coming f rom the  decomposition enters a 

gas phase chromatograph f o r  separat ion and analys is .  

The p y r o l y s i s  o f  the molecules A and B have been performed a t  atmospheric pressure. 

The c a r r i e r  gas was hel ium N55 and the  t o t a l  f l o w  r a t e  was 10 l h - l .  Three temperatures o f  

decomposition were used (425, 450, 475 "C) and the temperature o f  the  precursor source was 

regulated i n  order t o  have a molar f r a c t i o n  x = I O - ~ .  

P r inc ipa l  
fea tu res  

H3~i(cH2); 

H3si+ 

H3Ge(cH2); 

H Ge+ 

H3Si - CH2 - CH2 - CH2 - GeH3 

(B) 

4 - RESULTS 

4-1 - Gas phase ana lys is  

m 
e 

59 

3 1 

103 

7 5 

I n t e n s i t y  

1000 

700 

197 

140 

Pr inc ipa l  
features 

H3Si (CH); 

H3Si ( c H ~ ) ~  

H3Ge(cH2)i 

H3Ge(cH2); 

The decomposition o f  each molecule as a f u n c t i o n  o f  the  temperature o f  the  subst rate 

has been fo l lowed by gas chromatography. The f i g u r e  1 shows the  chromatogram o f  gas phase o f  

decomposition coming from the  p y r o l y s i s  ofmolecule A. The minimum temperatures o f  decomposi- 

t i o n  were determined by the decrease o f  the  chromatographic s ignal  o f  the  precursor o r  by the  

appearance o f  new s igna ls  which ind ica tes  the  beginning o f  t h e  decomposition /6/. These 

temperatures were respec t i ve ly  325°C f o r  A and 350°C f o r  B. I n  the  inves t iga ted  range o f  

temperaturesthe gases o f  decomposition were ethylene and acety lene f o r  A and propene f o r  B. 

Thei r  r e l a t i v e  presence i n  the  gas phase i s  temperature dependent, the percentage o f  decom- 

p o s i t i o n  o f  the precursors i s  displayed i n  f i g u r e  2 f o r  the  molecules A and B. 

I n t e n s i t y  

1000 

521 

172 

120 

m 
e 

45 

73 

116 

105 
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s t a r t  

$-l -85 

RT AREA AREA % 

1.85 8319 17.26 

2.41 1664 3.45 

4.50 38188 79.24 

F ig .  1 : Chromatogram o f  molecule A. Fig. 2 : Percentage o f  decomposition according 
t o  the temperature. 

4-2 - S o l i d  phase 

The s o l i d  phase has been deposited on s i l i c a  f o r  the  study o f  o p t i c a l  proper t ies,  on 

s i l i c o n  f o r  i n f r a r e d  absorpt ion, and on alumina f o r  ana lys is  by energy d ispers ion o f  X Rays. 

I n  the case o f  t h i n  f i l m s ,  the  s ignal  (A l .  Ka l i n e )  coming from the subst rate w i l l  n o t  

i n t e r a c t  w i t h  the  l i n e s  emi t ted by the  elements o f  t h e  coat ing.  

X.P.S. analys is  has been used t o  i d e n t i f y  the  elements inc luded i n  the  f i l m s  and t o  

determine by observat ion o f  chemical s h i f t s  the  nature o f  the d i f f e r e n t  bonds. The samples 

were examined before and a f t e r  s p u t t e r i n g  by ~r ' .  The A1 Ka monochromatized X-ray l i n e  

(1486.6 eV) was used. On t h e  surface, i n  a d d i t i o n  t o  s i l i c o n  and germanium, we note the 

presence o f  oxygen and a small peak o f  carbon. A f t e r  i o n i c  bombardment, the  oxygen peak 

decreases and t h e  carbon peak disappears. By comparison w i t h  monocrysta l l ine germanium and 

s i l i c o n  standard samples, we do n o t  f i n d  any chemical s h i f t  o f  t h e  germanium peaks wh i le  the 

s i l i c o n  d isp lays  a s h i f t  towards t h e  h igher  energies. Moreover t h e  peaks 2p o f  the s i l i c o n  

are broad (width a t  h a l f  maximum = 3.6 eV) compared t o  the s i l i c o n  standard sample (1.2 eV) 

f i g u r e  (3a and 3b). This  broadness may i n d i c a t e  t h a t  the s i 1  icon may be i n  d i f f e r e n t  chemical 

forms t h a t  can be r e l a t e d  t o  the presence o f  oxygen. On the  o ther  hand, the  decrease o f  the  

oxygen i n t e n s i t y  a f t e r  s p u t t e r i n g  shows t h a t  oxydation may occur subsequent t o  chemical 

vapor deposi t ion reac t ion  when the samples are i n  a i r .  I n  any case, the must i n t e r e s t i n g  

fea tu re  o f  t h i s  study i s  the  absence o f  carbon despi te  o f  t h e  use o f  organometal l ic precur- 

sors. 



Fig. 3 : X-ray photoelectron spectroscopy of the Si2p 
peak in the sample carried out at 450°C from 
the molecule (a) in monocrystalline silicon (b). 
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The examination o f  the  surfaces of the samples prepared according t o  the experimental 

cond i t i ons  g iven i n  t a b l e  I1 shows ondulat ions a r i s i n g  f rom gra ins  having a mean dimension 

o f  1.4 pm ( f i g u r e  4 ) .  When the  temperature o f  deposi t ion increases we note a morphological 

evolut ion,  the  gra ins become smal ler  = 0.7 pm a t  450°C and 0.3 pm a t  500°C. A s i m i l a r  exami- 

na t ion  o f  the  samples prepared f rom molecule B shows the same evolut ion.  The E.D.X. quant i -  

t a t i v e  analyses are d isp layed i n  t a b l e  11. I n  the two cases (molecules A and B )  the  s i l i c o n  

percentage increases w i t h  the  temperature o f  decomposition. 

Table I1  : Pr inc ipa l  r e s u l t s  o f  the thermal decomposition o f  the molecules A and B. 

H3Si - CH2 - CH2 - Ge H3 (A) 

Fig. 4 : Microphotography o f  the surface o f  a sample prepared a t  425OC. 

Temperature 
"C 

425 

450 

475 

% decomposition 

45 

65 

72 

H3Si - CH2 - CH2 - CH2 - Ge H3 (5) 

gases o f  

decomposition 

ETHYLENE 

ACETYLENE 

425 

450 

475 

27 

37 

5 2 

PROPENE 

GAP 
eV 

1.26 

1.02 

1.09 

E D A X Analysis 

% Ge 

60 

40 

40 

50 

40 

30 

% S i  

40 

6 0 

60 

50 

60 

70 

- 

- 

- 



I n f r a r e d  absorpt ion spectra have been performed t o  i n d e n t i f y  poss ib le  GeH and SiH 

bonds whose presence would be due the low temperature o f  decomposition.. The r e s u l t s  obtained 

w i t h  a FTIR Perk in  Elmer 1710 do n o t  show hydrogen. Meanwhile, we can see the c h a r a c t e r i s t i c  

fea tu res  of a  Si-0 bond which i s  i n  agreement w i t h  t h e  X.P.S. studies. The o p t i c a l  gaps were 

determined on coatings obtained from decomposition o f  the molecule A from the r e l a t i o n  o f  

MOTT and DAVIS /14/. The values repor ted i n  the  t a b l e  I 1  show a weak o p t i c a l  gap v a r i a t i o n  as 

a f u n c t i o n  of the temperature o f  deposi t ion and the s i l i c o n  percentage. 

5 - DISCUSSION - CONCLUSION 

The r e s u l t s  obtained from the  mass spectrometry o f  precursor, the  gaseous phase ana- 

l y s i s  a f t e r  p y r o l y s i s  and the  s o l i d  phase analys is  permi t  us t o  propose a s t r u c t u r e  o f  the  

s o l i d  mater ia l  and t o  understand i t s  formation. 

The s t a b i l i t y  o f  the i o n i c  fragments i d e n t i f i e d  by mass spectrometry may he lp  t o  

de f ine  the d i f f e r e n t  steps o f  the decomposition process. Since the  molar f r a c t i o n  i s  small 

( IO-~) we expect t h a t  in termolecular  i n t e r a c t i o n  i s  l e s s  probable and, as a consequence, 

t h a t  the  mechanism of p y r o l y s i s  w i l l  be in t ramolecular  /15/. The p r i n c i p a l  i o n i c  species. 

i d e n t i f i e d  i n  the  mass spectra, H3Si ( c H ~ ) ;  and s~H;, f o r  molecule A, H3Si (CH~) ' ,  

H3Si ( c H ~ ) ~  and s~H;, f o r  molecule B, show t h a t  the  C-Ge bonds are e a s i l y  broken. Moreover 

the h igh i n t e n s i t i e s  o f  the  peaks S ~ H ;  species i n  the  mass spectra (50 % for the  molecule A ; 

42 % f o r  the molecule B )  suggest t h a t  the  Si-C bond i s  cleaved w i t h  a h igh p r o b a b i l i t y .  The 

gaseous phase ana lys is  i s  cons is tan t  w i t h  t h i s  conclusion since ethylene, acetylene and 

propene come respec t i ve ly  from the  p y r o l y s i s  o f  molecule A and B. The cen t ra l  chain between 

the s i l i c o n  and germanium atoms i n  the two molecules being e l iminated we can pos tu la te  t h a t  

the coat ing i s  b u i l t  from two d i f f e r e n t  e n t i t i e s  whfch a r i s e  from the gaseous phase. 

The o p t i c a l  gap values observed (1  eV - 1.3 eV) a re  i n c o n t r a d i c t i o n  w i t h  those pre-  

v ious ly  observed f o r  d i f f e r e n t  sil icon-germanium a l l o y s  conta in ing s i m i l a r  germanium per- 

centages, obtained by spu t te r ing  o r  P.A.C.V.D. genera l l y  the  o p t i c a l  gaps o f  such mate r ia l s  

increase as a f u n c t i o n  o f  the  percentage o f  s i l i c o n  i n  the  s o l i d .  I n  our  case, we observe a 

v a r i a t i o n  i n  the opposite d i r e c t i o n .  This observat ion leads us t o  t h i n k  t h a t  the mater ia l  

deposited from the A and B molecules could be heterogeneous and could be due t o  the  presence 

o f  Ge c l u s t e r s  and Si c lus te rs .  As a cbnsequence i n  the absorpt ion spectra recorded t o  

determine the o p t i c a l  gaps, the germanium absorbs a t  low frequencies wh i le  s i l i c o n  absorbs 

a t  h igh frequencies. According t o  t h i s  process, the absorpt ion spectra d isp lays preferen- 

t i a l l y  the  o p t i c a l  absorpt ion o f  germanium. 

From these p re l im inary  experiments, we can draw some conclusions : 

i - the goal displayed ~t the  b e g i n r l ~ n ~  6 f  the  paper, i .e.  keen the cen t ra l  chain o f  

the molecules SiC2Ge and SiC3Ge has n o t  been a t ta ined .  

ii - a proposal regarding the  nature o f  the s o l i d e  product i s  made from the ana lys is  o f  

the gaseous phase o f  decomposition and o f  the  s o l i d  phase. 
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iii - a f t e r  these r e s u l t s  on the  study o f  heterodinuc lear  organometall i c  compounds i t  

would be usefu l  t o  modify the  s t reng th  of the bonds between the  m e t a l l i c  atoms and the b r i d -  

g ing e n t i t i e s .  For example, i n  our  case, a strengthening o f  the  Ge-C and S i -C  bonds seems 

desi rab le.  Actual ly ,  our work i s  o r ien ted  towards t h e  synthesis o f  molecules present ing the 

f o l l o w i n g  s t ruc tu res  : 

i n  which the  double o r  t r i p l e  bonds may have a s t a b i l i z i n g  e f f e c t  on the metal-carbon bonds 

by an e l e c t r o n  t r a n s f e r t  o f  the V e lec t ron  o f  the  m u l t i p l e  bond t o  the  d o r b i t a l s  o f  the  

metal atoms /16/. 
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