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rat io  of 12/1 be employed for si lox CVD processing. (iii) 
The deposit ion ra te  decrease  wi th  increased flow of 
n i t rogen is a t t r ibu ted  to two factors, depression of the 
sil,ane par t i a l  pressure  and lower ing of the wafer  sur-  
face tempera ture .  

Acknowledgments 
The authors  wish to give thei r  s incere thanks  to Mr. 

J en -Kong  Chen and Mr. J y a n - B a n g  Chen for the i r  
help  in sample  p repara t ions  in these studies.  Thanks  
are  also to Mr. F a n g - C h u r n g  Tseng for his support .  

M a n u s c r i p t  submi t t ed  Dec. 17, 1982; revised m a n u -  
script  received June  21, 1983. 

National Chiao-Tung University assisted in meeting 
the publication costs ol this article. 

REFERENCES 
1. T. L. Chu, J. Vac. Sci. TechnoL, 6, 25 (1969). 
2. T. L. Chu and R. K. Smeltzer ,  ibid., 1O, 1 (1973). 
3. C. F. Powell ,  J. H. Oxleyl and J. M. Blocher, "Vapor  

Deposition," pp. 249, 343, John Wi ley  & Sons, Inc., 
New York  (1966). 

4. H. Schiller,  "Chemical  Transpor t  Reactions," p. 163, 
Academic  Press,  Inc. (1964). 

5. W. Kern  and V. S. Ban, in "Thin F i lm Process," 
J. L. Vossen and W. Kern,  Editors,  pp. 278-285, 
Academic  Press  Inc. (1978). 

6. M. L. Hammond,  Solid State Technol., p. 61 (Dec. 
1979). 

7. W. Kern,  RCA Rev., 37, 55 (1976). 
8. N. Goldsmi th  and W. Kern,  ibid., 28, 153 (t967).  
9. B. J. Baliga and S. K. Ghandhi ,  J. Appl. Phys., 44, 

990 (1973). 

Behavior of Pd/Sn and Pd Catalysts for Electroless Plating on Different 
Substrates Investigated by Means of Rutherford Backscattering 

Spectroscopy 
Leo G. Svendsen 

Institute of Physics, University of Aarhus, DK-8000, Aarhus C, Denmark 

Tetsuya Osaka* 
Department of Applied Chemistry, Waseda University, Shinjuku-ku, Tokyo, Japan 

Hideo Sawai 
OKI Electric Industry Company, Limited, Materials Department, Research Laboratories, Hachioji-shi, Tokyo, Japan 

ABSTRACT 

Two catalytic systems for electroless metal  deposi t ion have been investigated by means of Rutherford backscat ter ing 
spectrometry (RBS). The well-known tin sensitizer, pal ladium activator, two-step catalyst had the main emphasis,  but  also a 
commercial  one based on evaporated pal ladium was examined.  The behavior of the two-step catalyst  was largely dependent  
on the substrates used. On A1203, the Sn:Pd ratio was 1:1 with 1.3 • 1015 atoms/cm 2 each. On carbon substrates,  the Sn:Pd 
ratio was 1:4 with 6 • 10 TM tin atoms/cm 2 and 24 • 1015 pal ladium atorns/cm 2. Both these results violate the simple reaction 
mechanism described by the  equation Sn~+ + Pd~+---> Sn4++ Pd ~ The commercial  catalyst on polyimide containing 2.5 • 1015 
pal ladium atoms/cm 2 on the surface behaved differently compared to the two-step catalyst by diffusing into the deposi ted 
layer and thereby influencing its deposit ion rate. 

The ca ta lys t  systems used for in i t ia t ing the deposits  
f rom autoca ta ly t ic  Ni -P  and N i - P - W  baths  have been 
inves t iga ted  by  means  of Ru the r fo rd  backsca t te r ing  
spec t rome t ry  (RBS) .  The resul ts  thus obta ined  m a y  
,contribute to the cur ren t  discussion of this subject .  
This ar t ic le  repor ts  on two types  of catalysts ,  i.e., the  
w e l l - k n o w n  two-s tep  sens i t izer -ac t iva tor  sys tem con- 
ta in ing Sn 2+ and Pd 2+ and a commercia l  method,  
where  ca ta lyzing takes  place b.y means of a sparse 
l aye r  of evapora ted  pa l l ad ium atoms. 

Previously ,  the  two-s tep  system has been  inves t i -  
gated by  Meek (1, 2) using RBS as wel l  as the mixed  
ca ta lys t  sys tem (3). Meek found resul ts  in agreement  
wi th  those ob ta ined  by  Cohen e t a l .  (4), using M6ss- 
bauer  spectroscopy;  they  s ta ted  that  the s imple reac-  
t ion 

Sn 2+ +Pd 2+ -> Sn 4+ 4- Pd ~ [I] 

takes  place to make  the surface  ca ta ly t ica l ly  active. 
These findings were  ac tua l ly  in d i sagreement  wi th  
those of de Minje r  etal.  (5) as wel l  as wi th  those f rom 
the photosensi t ive  sensi t izers  based on both Sn 2+ and 
Sn 4+, ne i the r  of which could be exp la ined  b y  the 
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simple Eq. [1] only.  The l a t t e r  resul ts  are  ma in ly  ob-  
ta ined  by  Schlesinger  et al. (6-9).  

The RBS Method 
When a surface is bombarded  wi th  swif t  4He+ ions, 

the sca t te red  par t ic les  can y ie ld  informat ion  on the 
s to ich iomet ry  vs. depth in the  s u r f a c e  layer .  The 
spect ra  consist of the number  of par t ic les  as a function 
of the par t ic le  energy  af ter  scat ter ing,  shown in Fig. 1. 
F rom the w id th  of a peak,  the l aye r  thickness m a y  be 
determined,  whi le  the peaks  s t emming  from the same 
l aye r  contain informat ion on the s toichiometry.  As 
seen in Fig. 1, this is phosphorus and nickel  in the  top 
l aye r  and a luminum and oxygen  in the substrate .  Af te r  
a deposi t ion t ime of 40 sec, the dot ted  spec t rum in Fig. 
1 indicates tha t  a l aye r  of a cer ta in  thickness has been 
fo rmed  on the substrate .  The r e t rograde  movement  of 
the signals s t emming  from oxygen,  a luminum,  a n d  
P d / S n  is due to the i r  s t ay ing  in-depth ,  whereas  the 
n ickel  and phosphorus peaks  a lways  s ta r t  at  the same 
position, indica t ing  signals f rom the surface.  The ta i l  
is due to an i n -dep th  deposi t ion on the substrate .  

In  Fig. 1, the inser t  shows the e xpe r ime n t a l  setup.  
An area  of 1 • 1 m m  2 of the surface is i r r ad ia t ed  by  2 
MeV 4He + ions to a dose of 40 #C. The inves t igat ion 
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Fig. I .  RBS spectra of  Ni-P(b) layers on top of sintered a lumina  
substrates. The backward movement of some r~gnals is indicated by 
##~4"  "## 

was made  under  a p ressure  below 5 • 10 -v  Tort .  The 
sca t te red  ions are  detected by  a su r f ace -ba r r i e r  de-  
tector  at  an angle  # of 160 ~ A deta i led  descr ipt ion of 
the equ ipment  and sof tware  used in this inves t igat ion 
is given in Ref. (10), and for  an in t roduct ion  to the 
RBS method,  the r eade r  is r e f e r r ed  to Ref. (11). 

Experimental 

Three types  of subs t ra tes  were  used in the inves t iga-  
tion, i.e., (i) alumina,  a s in tered  96 weight  percen t  
(w/o)  a-A12Os ceramics 1 often used for hyb r id  IC sub-  
s t ra te ;  (ii) carbon, as 99 w/o  pure  graphi te  containing 
a pheno l - res in  b inder ;  2 (iii) a type  of po ly imide  3 
used for  f lex-pr in t  subst ra te .  The a lumina  and carbon 
subs t ra tes  were  degreased  wi th  ethanol,  r insed  in 
water ,  and  dr ied  p r io r  to be ing  made  ca ta ly t ic  for 
n i cke l  deposit ion.  This was done in the  fol lowing way:  
sensi t izat ion:  2 min, r inse 10 sec; act ivat ion:  2 min, 
r inse 10 sec; sensi t izat ion:  2 min, r inse 10 sec; ac t iva-  
tion: 2 rain, r inse 10 sec. Deionized wa te r  was used for 
rinsing, and the solutions were  made  as follows: sensi-  
t izer:  SnC12.2H20,  1 g / l i t e r ;  HC1 37%, 1 mI / l i t e r ;  
ac t iva tor :  PdC12, 0.1 g / l i t e r ;  HC1 37%, 0.1 ml / l i t e r .  
The repea ted  two-s tep  process 4 was used because of its 
super ior  ca ta ly t ic  effect on a lumina  subs t ra te  com- 
pa red  to those of a mixed  PdC1JSnC12 catalyst .  To 
compare  the results ,  the same procedure  was appl ied  
to g raph i te  to make  the subs t ra te  catalytic.  The ca ta-  
lys t  thus made  is denoted "A catalyst ."  The po ly imide  
was ca ta ly t ic  when purchased.  This has been done by  
evapora t ing  pa l l ad ium sites onto one side of the speci-  
mens, and this ca ta lys t  is denoted "B catalyst ."  

When  the subs t ra tes  had been made  catalytic,  nickel  
was deposi ted f rom one of the fol lowing baths:  N i -P  
( a ) :  a commercia l  ba th  5 wi th  pH ---- 5.2 and hypo-  
phosphi te  as a reduc tan t ;  N i - P ( b )  : pH ---- 9.0 and wi th  
the  fol lowing composit ion:  0.027 M/ l i t e r  NiSO4, 0.068 
M/ l i t e r  Na~-citrate,  0.227 M/ l i t e r  (NH4)2SO4, 0.066 
M/ l i t e r  NaH2PO2; N i - P - W :  same composit ion and pH 
as N i - P ( b )  plus 0.106 M/ l i t e r  Na2WO4. 

Al l  the  baths  were  opera ted  at  90~ and the samples  
were  d ipped into the  hot  baths  for different  per iods  
of t ime  to find the  deposi t ion rate.  The etectroless Ni-  

F r o m  N i p p o n  T o k u s h u  T o g y o  C o m p a n y ,  L i m i t e d  ( N G K  S p a r k  
P l u g  C o m p a n y  L i m i t e d ) .  

2 F r o m  N i p p o n  C a r b o n  C o m p a n y ,  L imi ted .  
S F r e m  T o r e  C o m p a n y ,  L imi t ed ,  f i lm t h i c k n e s s  of  poly imide  

u s e d  is 75/~m. 
4 S ince  a l u m i n a  s u b s t r a t e  is a di f f icul t - to-pla te  s u b s t r a t e ,  t h e  

c a t a l i z a t i on  c a r r i e d  o u t  on ly  b y  a m i x e d  c a t a l y s t  is  n o t  suff ic ient  
to  f o r m  t h e  bas i s  f o r  a u n i f o r m  e l ec t ro l e s s  n i cke l  film. Th i s  re- 
p e a t e d  two-s t ep  p r o c e s s  is e f fec t ive  f o r  a l u m i n a .  I t  is s o m e t i m e s  
u s e d  for  a lumina  substrate  in  p r a c t i c a l  use ,  e .g . ,  a t  t he  Prec i s ion  
E l e c t r o n i c  C o m p o n e n t s  L i m i t e d ,  T o r o n t o ,  Ont . ,  C a n a d a  

NICKA 311 from I~aseib..in-Kogyo Company, Limi~r, ed. 

P-W film has previously shown (12) some superior 
properties concerning the uniformity and the thermal 
stability of film resistance compared to a film pre- 
cipitated from the Ni-P(b) bath, although the baths 
are differing only in that the Ni-P-W bath contains 
Na~WO4. 

Results 
Below, descriptions are given of the results that 

were achieved concerning the catalysts. 

Composition and content.--In Fig. 1, only  pa l l ad ium 
and  tin give vis ible  signals  s t emming  f rom the A - t y p e  
catalysts .  A n y  signal  f rom the oxygen  that  m a y  be 
presen t  due to a t in-oxo compound can be detected 
ne i ther  on a lumina  nor  on graphi te  subs t ra tes  be -  
cause of in te r fe r ing  signals  (on graphi te ,  these a r e  

caused by  the oxygen content  in the phenol  resin 
b inde r ) .  Chlorine,  on the o ther  hand,  should be eas i ly  
de tec table  at  a posi t ion 80 keV above the phosphorus  
peak  in Fig. 1, but  no peak  is p resen t  in any  of  the 
spectra.  This is a genera l  result ,  and the invest igat ions  
show that  the amount  of chlor ine adher ing  to the  
surface must  be less than 12% of the or ig inal  chlorine 
content  in SnC12 �9 2H20 and PdC12. I t  m a y  there fore  
be concluded tha t  a f te r  1 sec of deposition, the amount  
of chlor ide ions fol lowing the adher ing  t in and pa l -  
l ad ium is insignificant.  

RBS gives the fol lowing rat ios and contents for 
P d / S n :  

Alumina  substra tes :  P d / S n  rat io  1:1 wi th in  15%. 
Content  for  both  pa l l ad ium and t in:  1.3 _ 0.3 • 1015 
a toms /cm 2. 

Carbon substra tes :  P d / S n  rat io  4:1 wi th in  20%. 
Pa l l ad ium content:  24 • 2 • 1015 a toms /cm 2. Tin 
content:  6 _ 1 • 1015 a toms /cm s. 

Poly imide:  pa l l ad ium content:  2.5 _ 0.3 X 1015 
a toms /cm 2. 

The findings were  unaffected by  the baths  used for 
covering the surface wi th  a thin, conductive N i -P  
layer .  F igure  2, I and  II  show that  1 sec in the acidic 
N i - P ( a )  ba th  and 1 sec in the  basic N i - P - W  ba th  r e -  
sult  in the  same peaks  in the  RBS spectra.  The  sub-  
s t rates ,  on the other  hand, g rea t ly  affect the P d / S n  
rat io and content.  A comparison be tween  the RBS peak 
of P d / S n  on a lumina  and on carbon given in Fig. 2 
demonst ra tes  the difference of the  catalyst .  

Behavior of the catalysts.--Figure 3 shows a figure 
series of  the behavior  of the  two-s tep  A ca ta lys t  on 
a lumina  and on the evapora ted  pa l l ad ium cata lys t  the 
B catalyst .  I t  is found that  the  two types  of cata lys ts  
behave  different ly  wi th  respect  t o  a deposi ted Ni -P  
l aye r  from the N i - P ( b )  bath.  The spec t ra  of the two-  
step process indicate  that  the ca ta lys t  g r adua l ly  be -  
comes s i tua ted  in g rea te r  depth  as the deposi t ion p ro -  
ceeds, whereas  the spec t ra  of the  e va po ra t e d  ca ta lys t  
show tha t  it  moves both in the prec ip i ta ted  layer  and 
is present  at  the ve ry  surface.  

The resul ts  in Fig. 4 show tha t  ca ta lys t  A remains  
at  the in terface  since the deposi t ion ra te  is the same 
when  measured  at  the nickel  peak  and at  the P d / S n  
peak.  This resul t  holds for ca ta lys t  A for all  baths  and 
both subs t ra tes  under  invest igat ion.  The er ror  bars  in 
Fig. 4 include the uncer t a in ty  re fe r r ing  to the  measu r -  
ing sys tem only  (the RBS equ ipment ) ,  i.e., the uncer -  
t a in ty  s t emming  from the expe r imen ta l  p rocedure  is 
not  regis tered.  

Influences of the catalysts.--Figure 3 shows that  
pa l l ad ium remains  at  the ve ry  surface when cata lys t  
B is used. This m a y  be the reason for  the considerable  
change in deposi t ion ra te  in the  ea r l i e r  stages. On 
polyimide,  the  Ni -P  (b) ba th  deposits  at  a ra te  of 40% 
only of that  on a lumina  when the o ther  condit ions are  
identical ,  and  the N i - P - W  ba th  has reduced its depo-  
sit ion ra te  to only  30% of that  on alumina.  However ,  
unt i l  ca ta lys ts  A and B have been inves t iga ted  on the 
same type  of substrate ,  o ther  explanat ions  cannot  be 
fu l ly  excluded.  
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Fig. 2. RBS signals from catalyst A on AI203 (I and II) and from 
catalyst A on C (111). I, I sec deposit in Ni-P(a) bath; i l ,  1 sac 
deposit in Ni -P-W bath;  III, 3 sec deposit in Ni-P(5) bath. 

Discussion and Conclusion 
The use of RBS for obta in ing  informat ion  on the 

two-s tep  P d / S n  cata lys t  and the commercia l  pa l l ad ium 
cata lys t  has successful ly added to wha t  we a l r eady  
know. 

The fact  that  chlor ine is missing on the subs t ra te  
surface means that  t in is present  in an oxygen  com- 
pound. This is in agreement  wi th  Ref. (5 and 13) and 
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spectra. Two linear relations are as follows: thickness (in ang- 
stroms) = 24.7 • 1.1 X sec -t- 207 • 36, and 23.6 __ 1.3 X 
sec -t- 162 • 34. 

is also in agreement  wi th  Ref. (1) when the discussion 
in Ref. (6) is borne  in mind. Here  it is s ta ted  that  ve ry  
d i lu ted  sensi t izer  solutions consist ma in ly  of oxo-com-  
pounds,  whereas  the more  concent ra ted  ones also con- 
tain chlorine. The sensi t izer  used in the present  in-  
vest igat ion must  be ra the r  di lute  compared  to that  
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lyst A move toward lower energies. The signals from catalyst B broaden and always start at the same position in the different spectra. 
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used in Ref. (1), which contains 16 g / l i t e r  SnC12. 
2H20 and tha t  in Ref. (6) conta ining 7 g / l i t e r .  In  Ref. 
(5), the  ve ry  di lu te  sdnsit izer  containing only  0.1 g /  
l i ter  was used. A tin concentra t ion on graphi te  of 6 X 
1015 atoms/cm2 is smal le r  than  the 11 '• 1015 a toms /  
cm 2 on graph i te  found in Ref. (1),  however ,  the di f -  
ference is not  so large,  consider ing the differences of 
the  sensi t izers  and  the ac t iva t ing  process. The pa l -  
l ad ium c0ncen.tration of 1.3 • 1015 a toms /cm 2 found 
on the a lumina  is somewha t  l a rge r  than  that  of 0.9 >< 
10 is a toms /cm 2 on glass subs t ra te  in Ref. (1). Refe r -  
ence (1) agrees  wi th  the ca ta lys t  r emain ing  on the 
interface.  However ,  the amount  of  pa l l ad ium on carbon 
is a lmost  ten t imes g rea te r  than  that  found in Ref. (1), 
a n d  the ra t ios  P d : S n  of 1:1 and 4:1 on a lumina  and 
graph i te  both violate  Eq. [1] when it is borne in mind  
tha t  most of the t in must  be in the form of Sn 4+ ac-  
cording to Ref. (4 and 13). The resul t  means  that  i t  is 
not a s imple redox  process. This resul t  is not unique 
for a lumina  and carbon. Reference (14) repor ts  s imi lar  
resul ts  for  po lymer  surfaces.  The subs t ra te  species is 
concluded to control  not  only  the concentra t ion of ad-  
sorbed cata lys t  but  also the  rat io  of Pd:  Sn. 

Two o ther  discrepancies  were  found for sys tem A. 
Nei ther  a la rge  dissolution of t in  ions into the me ta l  
bath  nor the migra t ion  of the ca ta lys t  into the deposits  
was found, as in Ref. (1). Whereas ,  the resul ts  on the 
B cata lys t  on po ly imide  showed that  the migra t ion  of 
pa l l ad ium into the deposi ted l aye r  takes  place. 

Manuscr ip t  submi t t ed  Jan.  13, 1983; revised m a n u -  
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ABSTRACT 

Information on the deposi t ion of Ni-P and Ni-P-W from autocatalytic baths has been obtained by means of Rutherford 
backscat ter ing spectrometry (RBS). Measurements  of the kinetics during the first 60 sec of precipi tat ion established the 
deposi t ion rate to be highly dependent  on the catalyst  used. The Ni-P-W bath precipitates at a lower rate than do the various 
Ni-P baths. The investigation on the s toichiometry indicates that  the codeposit ion of phosphorus  on an average decreases 
from 10.0 to 3.1% when tungsten is present  in the layer. For  brief  deposi t ion periods (1 and 3 sec), the phosphorus content is 
found to be higher than the average. The phosphorus  content in the first 500A of a layer seems to be increased compared to 
the layer average; however, this result  is on the detect ion limit of the RBS method. 

Electroless  n icke l  is by  far  one of the  most  u t i l ized 
of al l  e lec t ro less -ba th  systems. Previously ,  the deposi t  
f rom autoca ta ly t ic  nickel  baths  has been inves t iga ted  
in a va r i e ty  of ways,  ranging  f rom pure  chemical  
methods  (1) to x - r a y  (2) and e lec t ron beam based 
spectroscopy (3, 4). Ru ther fo rd  backsca t t e r ing  spec-  
t r ome t ry  (RBS) has been app l ied  to the examina t ion  
of the kinet ics  of copper  deposits  (5, 6) and the com- 
posit ion of the cata lys ts  used for e lectroless  deposi t ion 
(7-9),  but  so far,  the re  have  been  few repor ts  on RBS 
analysis  of electroless n ickel  l ayers  (10). 
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The p resen t  pape r  discusses the resul ts  obta ined  by  
RBS as far  as both the kinet ics  and the s to ich iomet ry  
of var ious  deposi ted N i -P  and N i - P - W  layers  a re  con- 
cerned. 

Analytical Method 
Reference (9) gives a ve ry  br ief  in t roduct ion into 

the  field of RBS. With  this method,  knowledge  of the 
surface is obta ined  by  i r r ad ia t ing  a specimen wi th  
swif t  monoenerget ic  l ight  ions and measur ing  the yie ld  
of the ions backsca t te red  an angle  e. The method is 
nondes t ruc t ive  and yields  in format ion  on s toichiom- 
e t ry  vs. depth  (from the surface of the specimen)  down 




