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Electrodeposition of Silicon from a Nonaqueous Solvent 

J. Gobet and H. Tonnenberger* 
Centre Suisse d'Electronique et de Microtechnique S.A., CH-2000 NeuchdteL, SwitzerLand 

ABSTRACT 

Electroplat ing of silicon from solutions of SiHC13, SiCI4, SiBr4, Si(CHzCH3)~, Si(OCHzCH3)4, Si(OOCCH3)4, and 
Si[N(CH3)2]~ in tetrahydrofuran, using LiC10~, TBAP, or TBAB as supporting electrolyte, has been studied. St--C, St--O, 
and Si- -N bonds are not reduced. Cyclic voltammetry shows a reduction peak, followed by passivation, for the halogeno- 
silanes. Potentiostatic and galvanostatic deposition on Pt, Au, Ni, Cu glassy carbon, or ITO glass yields smooth layers up 
to 0.25 ~m. Thicker  layers have cracks. Auger spectroscopy shows C (-8), O (-8), and C1 (-1.5) as impurit ies (atomic 
percent). 

An electrochemical  silicon coating process would find 
appl ica t ion  in the field of corros ion pro tec t ion  and for 
the  fabr ica t ion of low cost photovol ta ic  solar cells pro- 
v ided  the necessary  mater ia l  character is t ics  could be 
met. 

A nonaqueous  m e d i u m  mus t  be used for the electro-  
deposi t ion of silicon because of its very large negative re- 
duc t ion  potent ia l  and the high react iv i ty  of most  of its 
c o m p o u n d s  towards  water.  A few publ ica t ions  indicate  
the possibi l i ty of e lec t rodeposi t ing  silicon from organic 
solutions.  Best  resul ts  were obta ined from SiHC13 solu- 
t ions in p ropylene  carbonate  (1-3). E lec t rodepos i t ion  
f rom K2SiF~ in acetone (4) and Si(OCH~CH3)4 in acetic 
acid (5) were also reported. 

The present  paper  descr ibes  the resul ts  obta ined for 
d i f ferent  si l icon precursors .  Te t rahydrofuran  was 
chosen as the solvent  because of its resistance to electro- 
chemical  reduct ion and the possibili ty of removing most  
of its water and dissolved oxygen by an appropriate  puri- 
f ication procedure .  Cyclic vo l t ammet ry ,  potent ios ta t ic ,  
and galvanostat ic  electrolysis  were used to evaluate  the 
charac ter i s t ics  of these  systems.  The current  eff ic iency 
was measured  and the morpho logy  and compos i t ion  of 
the s i l icon film were  checked  for d i f ferent  electro-  
deposi t ion conditions. 

E x p e r i m e n t a l  

All expe r imen t s  were  done in a glove box (Mecaplex,  
Model  GB 91) in a n i t rogen a tmosphere  conta in ing  less 
than 10 ppm 02 and 1 ppm H20. Tet rahydrofuran ,  THF, 
(Fluka, puriss.) was purified by dis t i l la t ion over  a solu- 
t ion of  sodium b ipheny l ide  under  N2. Its water  conten t  
measu red  by Karl F isher  cou lomet r ic  t i t ra t ion was 5 . 
10-4M (10 ppm). Tr ichloros i lane  (Fluka, pu rum or Alfa, 
99.9%) te t rach loros i lane  (Fluka, puriss,  or Alfa, 
u l t rapure)  and the other  si l icon c o m p o u n d s  (Alfa, 
h ighes t  avai lable grade) were  used wi thou t  fur ther  
purification. The support ing electrolytes were dried 48h 
under  v a c u u m  at 160~ for the l i th ium perchlora te  
(Fluka, purum) and 100~ for the t e t r a b u t y l a m m o n i u m  
bromide ,  TBAB (Fluka, puriss.) and the 
t e t r a b u t y l a m m o n i u m  perchlorate ,  TBAP (Fluka, 
purum). The latter was recrystall ized in acetone accord- 
ing to the procedure  described by Mann (6). 

The cyclic vo l t ammet ry  and e lec t rodeposi t ion  experi-  
ments  were  done at room tempera tu re  in a three-elec-  
t rode glass and Teflon cell of 120 ml capacity. The plati- 
num counterelect rode was separated from the remaining 
solut ion by a fine poros i ty  glass. The cathode,  an 8 mm 
diam disk of  pla t inum,  gold, or o ther  mater ia l  main- 
tained in a Teflon holder  was mechanical ly  polished with 
fine grain alumina, then rinsed with deionized water and 
THF prior to each run. The distance between the center  
of the ext remity  of the Luggin capillary, parallel to the 
substrate,  and the surface of the substrate was 2 mm. The 
ohmic drop result ing from the high resist ivity of the so- 
lutions (LiC104 0.3M:2.7 �9 103 ~ �9 era, TBAP 0.3M:l.1.103 

c m ,  TBAB 0.02M:3 �9 104 ~ - cm) was compensa ted  for by 
pos i t ive  feed back in all cyclic v o l t a m m e t r y  and 
po ten t ios ta t ic  e lectrolysis  exper iments ,  excep t  when  
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TBAB was the suppor t ing  electrolyte.  Two re fe rence  
e lec t rodes  were  used, Ag/AgCl(s), LiCl(s), LiC104 
(0.3M)//LiC104 (0.3M)//... and Ag/AgC104 (0.02M), LiC104 
(0.3M)//LiCIQ (0.3M)//... both in THF. The saturated so- 
lution of the first reference electrode was prepared in the 
presence of an excess of AgC1. All the reported potentials 
here  are re la t ive  to the Ag/AgC104 electrode.  They are 
0.80 V more  ca thodic  than the cor respond ing  potent ia l  
re la t ive  to the Ag/AgCl(s) e lectrode.  An Amel  p o t e n t i o -  
s tat-galvanostat  (Model 552), funct ion generator  (Model 
567), and integrator (Model 721) were used. 

The depos i t ' s  morpho logy  was sys temat ica l ly  ob- 
served by scanning electron microscopy and the relative 
content  in St, C, and O was measured by electron probe 
microana lys i s  (Camebax).  The total  amount  of si l icon 
electrodeposi ted was determined by colorimetric analy- 
sis of the si l icomolybdic acid derivative (8) with an accu- 
racy of -+0.5 ~g in the range 2-50 ~g. The deposi t  thick- 
ness was calculated on the base of a deposit  density of 2.2 
g/cm 3. 

Results and Discussion 
Cyclic voltammetry.--Figure 1 shows typical  vol tam- 

mograms  obta ined f rom so/ut ions of  SiHC13, SIC14, and 
SiBr4. They share two c o m m o n  character is t ics .  First  
there  appears  only one reduc t ion  peak, and no corre- 
sponding  oxida t ion  peak is observed.  Second  the cur- 
rent  density is much  smaller in the second cycle (only a 
small further  decrease was observed in a third and fourth 
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Fig. 1. Cycl ic  voltommograms of sil icon halides in THF.  Supporting 
electrolyte TBAP 0.3M, sweeping rate 8 0  mV/s, ~ first, ---  second, 
- -  - - -  third cycle. 
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Table I. Reduction peak potential of various halogenosiianes 

Halogenosilane SiHC13 SIC1, SiBrt 

Peak potential (V) -2.7 -3.0 -2.2 

cycle). The peak heights  were roughly propor t ional  to 
the silicon compound concentrat ion (Fig. la  and b). Gold 
and p la t inum electrodes gave identical results. Peak po- 
tentials are listed in Table I. 

Modificat ions of the aspect  of the vo l tammograms  of 
SiBr4 solut ions  were observed a short t ime after their  
p repara t ion  ( -30 min).  However the addi t ion  of an or- 
ganic base, (CH~CH2)zN, resulted in stable solutions. The 
peak associated with the reduct ion  of SiI4 disappeared 
almost immediately after the preparation of the solution 
and at tempts to stabilize it did not  succeed. 

This react ivi ty might  be expla ined  by unavoidab le  
trace amounts  ofHX (X = Br, I) in the solution due to the 
reaction of residual water with the halogenosilanes. It is 
well known  that  HBr and HI are effective reagents  for 
the scission of ether bonds. In  THF the final decomposi- 
t ion product  of SiBr, or SiI4 will be Si[O(CH,)4X]4, where 
X = Br or I, due to the catalytic effect of HX. 

No reduct ion peak could be observed by cyclic voltam- 
met ry  up to the cathodic stabil i ty l imit  of the system 
(-3.6V), when Si(CH2CH3)4, Si(OCH2CHa)4, Si(OOCCH~)4, 
or Si[N(CH3)2]4 were added to TBAP or LiC104 solutions 
in THF. 

These results show that the reduct ion of the halogeno- 
s i lanes is i r reversible  and that  all e lectrons are trans-  
ferred in a nar row potent ia l  range, probably  in a mult i-  
step process. In te rmedia te  oxidat ion states of Si were 
not detected, a fact not surprising in view of the instabil- 
ity of Si (II) compounds .  Two dis t inc t  polarographic 
waves have, however,  been  reported for SIC14 in DMSO 
(8), and in fluoride melts both Si(IV) ~ Si(II) -o Si(O) and 
Si(IV) -o Si(O) mechanism were proposed (9, 10). The rel- 
at ively anodic  reduc t ion  potent ia l  of SiBr4 compared  
with SIC14 or SiHC13 is advantageous, however, its lesser 
chemical  stability is a major drawback. 
Si--O, Si--C, and Si--N bonds appear to be too stable to 

be reduced in  the potential  range allowed by this system. 
The sil icon electrodeposi ted in the first cycle 

(-50-200A for a un i fo rm layer) drast ically modifies the 
characteristics of the working electrode. The rate of the 
reduct ion processes, not the diffusion, limits the current  
densi ty in the following cycles. The reasons a r eno t  com- 
pletely understood at this time, a strong adsorption of a 
bath cons t i tuen t  on the freshly deposi ted layer could 
produce this change. Moreover the SIC14, and to a less ex- 
tent  SiHC13, reduct ion in the second cycle starts at poten- 
tials more anodic. This fact indicates a complex behavior 
at the electrode surface. 
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Fig. 2. Galvanostatic electrolysis of SiHCIz. Variation of cathode po- 
tential with charge. Concentration and current density, respectively, 
0.1M and 1 mA. cm-2; curve a, 0.1M and 0.6 mA. cm-~; curve b, 1M 
and 0 8  mA �9 cm-2: curve c, supporting electrolyte TBAP 0.3M. 
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Fig. 3. Potentiostotic electrolysis of SiHCl3. Variation of current den- 
sity with time. Potential - 2 . 6V .  Supporting electrolyte TBAP 0.3M. 
Curves a and b, concentration 0.1M and 1M, respectively. 

Electrodeposition.--The chlorosilanes SIC14 and SiHCi3 
were chosen for mos t  of the e lec t rodeposi t ion  experi-  
ments.  Reduct ion of the Si l l  bond is highly improbable  
and use of SiHC13 should allow incorpora t ion  of hydro- 
gen in the deposit .  P l a t i num or gold subst ra tes  were 
used except where otherwise mentioned.  

Figure 2 shows examples of the variation of the poten- 
tial recorded dur ing  galvanostat ic  e lec t rodeposi t ion  
from SiHC13 solutions. They illustrate three types of be- 
havior.  A steep decrease in potent ia l  down to approxi-  
mate ly  -3 .8V followed by a plateau (curve a), a regular  
bu t  slower decrease in potent ia l  (curve b), and  cons tan t  
potential  (curve c). The first two were measured for iden- 
tical SiHC13 solut ions  unde r  s imilar  condi t ions ,  the tri- 
chlorosi lane concen t ra t ion  in the last was ten  t imes 
h igher  (1.0M). Galvanosta t ic  e lec t rodeposi t ion  from 
SiBr4 (0.1M) gave systematically type a curves with little 
dependence  on the cur ren t  densi ty  from 0.2 and 1.4 
mA/cm ~. F rom SIC1, 0.1M solut ions  only type c curves 
were obtained. In potentiostatic deposit ion exper iments  
cu r ren t  densi t ies  decreased or s tayed cons tan t  accord- 
ingly (Fig. 3). 

The cathodic current  density was always smaller than 
the diffusion limited current. Fur thermore  there was no 
significant decrease of the halogenosilane concentrat ion 
dur ing  an electrolysis exper iment .  The potent ia l  or the 
current  density should therefore stay constant  as curve c 
in  Fig. 2 or curve b in  Fig. 3. The fact that  this is not  al- 
ways the case might  be expla ined  in two ways. First,  
pass iva t ion  of the cathode, for example  by s t rong ad- 
sorpt ion on the freshly deposi ted si l icon layer, or sec- 
ond, by a high resis t ivi ty of the film. Both hypotheses  
could be s imul taneous ly  true; the first is suppor ted  by 
cyclic vo l t ammet ry  results,  the second by the k n o w n  
properties of intr insic amorphous silicon and by the ac- 
tual  resist ivi t ies measured  for films deposi ted  from 
SiHCI~ in propylene  carbonate  solut ions (1). Assuming  
the lat ter  hypothes is  only, resist ivi t ies calculated from 
the slope of the approximately linear part of curve a and 
b in Fig. 2 are 1.5 - 10 s and 3 - 107 ~ �9 cm, respect ively (3 
electrons,  100% cur ren t  efficiency), in accordance with 
(1). The leveling of curve a is believed to be l inked with 
the presence  of defects in the deposi ted layers and the 
cathodic stability l imit of the system ~ -3.6V. 

The causes of the observed difference of resist ivi ty 
and/or  pass ivat ion behavior  of si l icon deposi ted from 
different solutions have not  been identified. 

The current  efficiency has been calculated from the to- 
tal amoun t  of silicon deposited on the cathode. A three- 
and four-electron reduct ion process was assumed for 
SiHC13 and SIC14, respectively.  Results  are reported in 
Tables II and III. For SiHCI~ an average of 60% is ob- 
tained. For SIC1, the values are scattered around 35%, the 
differences are larger than  exper imenta l  errors, bu t  no 
clear correlat ion with the electrolyzed charge is ob- 
served. 



Vol. 135, No. 1 E L E C T R O D E P O S I T I O N  O F  S I L I C O N  111 

Table II. Current efficiency for potentiostatic electrodeposition 
of silicon at - 3 .2V  from a 0.2M solution of SiHCI~, 

supporting electrolyte TBAB 

Charge (C �9 cm -2) 0.45 0.67 0.90 1.14 1.92 

Efficiency (%) 50.7 61.5 60.0 64.4 57.9 

Table III. Current efficiency for galvanostatic electrodeposition 
of silicon at 0.6 mA - cm -2 from a 0.07M solution of SiCI4, 

supporting electrolyte TBAB O.03M 

Charge (C - cm -2) 0.32 0.64 0.96 1.28 1.62 

Efficiency (%) 45.7 41.8 29.3 26.1 35.6 

R e d u c t i o n  o f  HC1 ( p r o d u c e d  by  the  r e a c t i o n  o f  t r ace s  
o f  wa t e r  w i th  the  chloros i lane)  m i g h t  be  r e s p o n s i b l e  for a 
loss  of  e f f i c i ency  of  a b o u t  15-25% e s t i m a t e d  f r o m  t h e  
va lue  of  the  res idua l  cur rent .  

O t h e r  c o m p e t i t i v e  r e d u c t i o n  p r o c e s s e s  s h o u l d  the re -  
fore t ake  p lace  bu t  have  no t  ye t  b e e n  ident i f ied.  S imul ta -  
neous  r e d u c t i o n  of  t he  suppo r t i ng  e l ec t ro ly te  can  be  ex-  
c l u d e d  as t h e  p o t e n t i o s t a t i c  e l e c t ro ly s i s  of  SiHCl.~ was  
d o n e  at - 3 . 2 V  a n d  t h e  g a l v a n o s t a t i c  r e d u c t i o n  o f  SiCI4 
o c c u r r e d  at a c o n s t a n t  p o t e n t i a l  of  a p p r o x i m a t e l y  - 3 V ,  
b o t h  wel l  u n d e r  t he  ca thod ic  s tabi l i ty  l imi t  of  -3 .6V.  

The  m o r p h o l o g y  of  s i l icon films e l e c t r o d e p o s i t e d  f rom 
SiHC13 so lu t ions  appea red  s m o o t h  and  nodu le - f r ee  up  to 
a t h i c k n e s s  of  0.20-0.25 ~m by  S E M  o b s e r v a t i o n  at 1000 
t imes  magn i f i ca t ion  (Fig. 4a). A b o v e  this  l imi t  a p rogres-  
s ive  d e v e l o p m e n t  o f  c r acks  was  o b s e r v e d  (Fig. 4b, c). 
T h e  m o r p h o l o g y  was  f o u n d  i n d e p e n d e n t  of  t he  SiHC13 
c o n c e n t r a t i o n  in t h e  r a n g e  0.1-1.0M, o f  t h e  u s e  of  T B A P  
or  T B A B  as s u p p o r t i n g  e l e c t r o l y t e  and  of  t h e  c a t h o d e  
ma te r i a l  Pt,  Au, Ni, Cu, v i t r eous  C, or  ITO glass. E lec t ro-  
d e p o s i t i o n  cond i t i ons  had  only  a smal l  effect.  The  s a m e  
u n i f o r m  d e p o s i t s  (up to 0.25 txm t h i c k n e s s )  w e r e  ob- 
t a ined  in po ten t io s t a t i c  e lec t ro lys is  at - - 3 V  or ga lvano-  
s ta t i c  e l e c t ro ly s i s  at ~0.5 m A / c m  2. H o w e v e r  h i g h e r  cur-  
r e n t  dens i t i e s ,  1 or  2 m A / c m  2, r e s u l t e d  in f i lms a l r eady  
c r a c k e d  at 0.25 txm th ickness .  

S i m i l a r  r e su l t s  w e r e  o b t a i n e d  for  f i lms e l e c t r o d e p o s -  
i t e d f r o m  SIC14 solut ions ,  bu t  c racks  b e c a m e  a l ready  ap- 
p a r e n t  in layers  t h i cke r  t han  0.12 ~m (Fig. 4d). Depos i t s  
o b t a i n e d  f rom SiBr4 so lu t ions  in T H F  were  s l ight ly  nod-  
u lar  (Fig. 4e). D i m e t h o x y e t h a n e  was also t r ied  as so lven t  
i n s t e a d  o f  THF.  R e d u c t i o n  of  SiHC13 o c c u r r e d  at t h e  
s a m e  p o t e n t i a l  a lso r e s u l t i n g  in c r a c k e d  s i l i con  layers  
bu t  w i th  a c lear ly  nodu l a r  s t ruc tu re  (Fig. 4f). 

X- ray  d i f f r a c t i o n  i n d i c a t e d  an a m o r p h o u s  s t ruc tu re .  
T h e  h i g h  i n t r i n s i c  s t ress  t yp i ca l  of  a m o r p h o u s  s i l i con  
(11) cou ld  be  the  cause  of  these  defects .  The  h igh  impur -  
i ty c o n t e n t  (see below)  is ano the r  l ike ly  exp lana t ion .  

Resu l t s  of  a typ ica l  A u g e r  e l ec t ron  s p e c t r o s c o p y  analy-  
sis are  s h o w n  in Fig.  5. The  only  d e t e c t e d  e l e m e n t s  w e r e  
Si, O, C, C1, and  t h e  subs t r a t e .  B u l k  c o n c e n t r a t i o n  
e x c l u d i n g  H w e r e  Si ~ 82, O ~8, C ~ 8, C1 - 1.5 a tomic  per  
cent .  T h e  s igna l  of  t h e  subs t r a t e ,  h e r e  Pt ,  i n c r e a s e d  
s m o o t h l y  w i t h  t he  s p u t t e r i n g  t i m e  i n d i c a t i n g  u n e v e n  
s p u t t e r i n g  or  u n e v e n  t h i c k n e s s  o f  the  deposi t .  No  signifi- 
c a n t  d i f f e r e n c e  b e t w e e n  t h e  c o m p o s i t i o n  of  l ayers  e lec-  
t r o d e p o s i t e d  f rom SIC14 or SiHC13 cou ld  be  o b s e r v e d  (hy- 
d r o g e n  is no t  d e t e c t e d  by A u g e r  spec t roscopy) .  Hydro-  
c a r b o n  c o n t a m i n a t i o n  and  r ap id  o x i d a t i o n  d u r i n g  t h e  
t rans fe r  to the  A E S  c h a m b e r  can  exp l a in  the  h igh  ca rbon  
and  o x y g e n  su r f ace  c o n c e n t r a t i o n .  F u r t h e r  i nves t i ga -  
t i ons  wi l l  be  n e e d e d  to u n d e r s t a n d  t h e  m e c h a n i s m  of  
b u l k  C i n c o r p o r a t i o n  and to d e t e r m i n e  w h e t h e r  the  bu lk  
l eve l  of  o x y g e n  is caused  by in situ ox ida t ion  du r ing  the  
depos i t i on  p rocess  or is a c o n s e q u e n c e  of  an  open  poros-  
i ty in t he  film. 

Fig. 4. Scanning electron micrographs of silicon electrodeposits. (a, 
b, c) Potentiostotic electrolysis at - 3 . 2 V  of o 0.2M SiHCI 3 solution in 
THF. Supporting electrolyte TBAB O.03M. Deposit thickness, 0.24; 
0.32; 0.49 I~m, respectively. (d) Galvanostatic electrolysis at 0.6 mA �9 
cm -2 of a 0.07M. SiCI4 solution in THF. Supporting electrolyte TBAB 
0.03M. Thickness, 0.15 I~m. (e) Galvanostatic electrolysis at 1.4 mA- 
cm 2 of a 0.1M. SiBr4, 0.3M triethylamine and 0.3M LiCIO4 solution in 
THF. Thickness, O. 1 t~m. (f) Potentiostatic electrolysis at - 2 . 8 V  of a 
0.08M SiHCI3 solution in dimethoxyethane. Supporting electrolyte 
TBAP 0.2SM. Thickness, 0.27 I~m. 

100 

60 

5O 

~o 

3O 

2O 

10 

0 

9O 

SI 
so ~-~ 
70 

0 C CI 

500 1000 1 500 2000 

TH]EKNESS/,~ 

Fig. 5. Concentration profile by Auger spectroscopy. Silicon electro- 
deposited potenfiostatically at - 2 .8V  from o 0.13M SiHCI3 solution in 
THF. Supporting electrolyte LiCIO4 0.3M. 
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A pre l iminary  es t imat ion of the hydrogen  conten t  of 
hydrogena ted  sil icon prepared with the SiHC13 precur- 
sor was obtained from the scattering of a proton beam by 
a 0.25 ~m layer electrodeposited on a 6 ~m nickel foil. It 
gave the expected high Si:H ratio of 1:0.9. 

Summary 
Electrochemical reduction of SiHCI~ in tetrahydro- 

furan gave smooth and uniform deposits of silicon up to 
a thickness of about 0.25 ~m. Detected impurities were 
O, C, and Cl. For practical applications, morphology of 
thick deposits, stability in atmosphere, and impurity 
content have to be greatly improved. The influence of the 
chemical nature of the solvent, the hydrogen content of 
the film as well as other deposition parameters should be 
investigated in order to reach these goals. 
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ABSTRACT 

Thin film noble metal electrodes and electrode arrays prepared by photolithographic process suffer from contamina- 
tion of the surface by the traces of transition metals and their oxides which are used as adhesion promoters at the insulat- 
ing substrates. This contamination is an ongoing process as the transition metals migrate continuously along the grain 
boundaries through the thin (i000-4000A) layer of the noble metal. The transition metal oxide affects the electrochemical 
properties of the noble metal surface and also its electron work function. A simple electrochemical pretreatment has been 
developed which removes these contaminants from the surface and "anneals" the surface in such a way that acceptable 
electrochemical behavior identical with a thick noble metal electrode is obtained. It consists of electrochemical etching of 
the surface by pulsing it between 0 and +2V in solution containing 0.08M EDTA, 5.2% NH4OH, and 2.7 x 10-4M H202 for 
5-10 rain. It is then followed by cycling of the applied potential between 0.4 and -0.4V in 1M KNO.~ for 10 rain. Surfaces 
prepared by this procedure have remained clean for a period of at least 24h. 

Technic~ues for deposit ion and pat terning of thin films 
(500-3000A) of noble metals have been well developed for 
the purposes of fabrication of planar  integrated circuits 
(1). The fundamen ta l  problem is the adhes ion of these 
metals to the insulators, which are typically silicon diox- 
ide, silicon nitride, or oxynitride, and to other insulat ing 
oxides. It  has been solved by in te rpos ing  so called 
"glue" metals, such as Ti,W, V, Nb, Zr, Cr, etc., between 
the insulator  and the noble metal. The role of the transi- 
t ion metal is to react with the substrate containing oxy- 
gen and to form a covalently bonded mixed oxide at that 
interface (2, 3) 

Ti + SiO2 = TiO(2_~ + SiOx [I] 
At the other interface these metals form alloys with Pt 

or Au, thus assuring a good adhesion between the noble 
metal and the insulating substrate. Because of the small 
thicknesses involved, which are dictated to a large ex- 
tent by the resolution of the patterning process and by 
economical reasons, the intermixing of these layers by 
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diffusion (4-6) occurs and has to be taken  into account .  
Various ways of control l ing it have been developed 
which optimize the final structure from the point  of view 
of electrical resistance, mechanical,  and chemical stabil- 
ity. The most  common  combina t ion  of metals  is chrom- 
ium/gold (7). However, it suffers from relatively rapid mi- 
grat ion of metall ic Cr along the grain boundar ies  to the 
surface of Au with concomitant  formation of Cr~O3 at the 
metal surface which results, among others, in difficulties 
with wirebonding.  Various diffusion barriers have been 
s tudied and Ti,W/Pt s t ructure  has been  found to be 
optimal for this purpose. For some applications it is nec- 
essary to deposi t  Au on A1 in which case a diffusional  
barrier to prevent  in termixing of A1 with the noble metal 
is requi red  in addi t ion  to the format ion of a good adhe- 
sive seal with the ne ighbor ing  substrate.  For  this pur- 
pose again, Ti,W, and Ti,W/Pt diffusional  barriers,  con- 
t a in ing  a small  amoun t  of oxide, proved to be most  
effective (8-10). Many more different  combina t ions ,  
which  have been  dictated by the specific appl icat ion,  
have been studied and the above references only serve to 
illustrate the general nature  of this problem. 




