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ABSTRACT 

Belt t ransport  CVD processing, a simple but  useful technique applied widely in wafer fabrication, is evaluated in this 
work. An empirical  relation, (Tox) (belt speed)" = K, where Tox is the oxide thickness,  is established. The value o fn  is found to 
be 1.09 experimental ly  and 1.0 as analyzed theoretically. A simple deposit ion model  is discussed. The effects of belt  speed on 
film thickness and the effects of flow rate on characterist ics are also s tudied in detail. 

Chemical ly  vapor  depos i ted  SiO~ and doped SiO~ are  
wide ly  used in IC fabr ica t ion  due to the low deposi t ion 
tempera ture .  Three applicat ions,  namely ,  as masking  
mater ia l s  for  diffusion and etching, as coating ma te r i a l  
for pro tec t ive  passivat ion,  and as field oxide mater ia l ,  
are  f r equen t ly  employed  (1, 2). Therefore,  it  is ve ry  
impor t an t  to ob ta in  s tab le  processing conditions for 
the  fabr ica t ion  of CVD films. 

There  are  m a n y  kinds  of CVD reactors  (3-6).  How- 
ever,  two types  of reactors  are classified. The first is 
the chemical  vapor  t r anspor t  (CVT)I  reactor .  The 
wafers  in this type  are  fixed inside the furnace;  the 
chemical  vapor  is conducted into the inlet  and forms the 
solid produc t  on the wafer  surface  (Fig. l a ) .  The solid 
produc t  m a y  also be formed in the vapor  phase o ther  
than  on the wafer  surface, and the par t icu la tes  m a y  
fal l  on wafer  surface and resul t  in pass ivat ion defects. 
Genera l ly ,  CVT is appl ied  in low pressure  a n d / o r  
h igher  t empe ra tu r e  CVD processing. 

The second is the  bel t  t r anspor t  (BT) CVD reactor.  
In  this  system, the wafers  are p laced on a hot plate  
which is t r aversed  under  a nozzle head  by  a moving 
bel t  (Fig. l b ) .  The nozzle head  is cooled by  chi l led 
water ;  the chemical  vapor  flows into the nozzle head 
and spreads  over  the hot plate.  The sol~d chemical  
product  can be formed more dominan t ly  on the surface 
of the hot  a rea  due to the rmal  act ivat ion.  F u r t h e r -  
more,  the  par t ic le  contaminat ion  p rob lem on the wafer  
surface  can be minimized,  and the deposi t ion ra te  and 
un i fo rmi ty  are  more  stable.  

The effects of var iables  on CVD processing in the  
BT reac tor  have  been studied.  

Theoretical Analysis 
When  Sill4 is mixed  with  oxygen  gas, chemical  r e -  

actions occur to form the solid products  such as SiO2, 
SiO,.and Si. 

The fol lowing possible  chemical  react ions should be 
considered 

SiI-I4(g) + 2 02(g) 0 ) SiO2(s) + 2H~O(~) [1] 

k, 
SiH4(~) + Os(g) ) SiOcs) + 2H~O(~) [2] 

ks 
) SiOs(,) + 2Hs(~) [3] 

Key words: belt, t ransfer,  CVD. 
1 Not ',to be confused with chemical transport  reac t ions  in w h i c h  

deposition results from transport  (usually by diffusion) b e t w e e n  
z o n e s  of different t e m p e r a t u r e  in a r e v e r s i b l e  equilibrium (4). 

SiH4(r , ) Si(s) + 2H2(g) [4] 

In the case of h igher  0.2 concentra t ion dur ing  the oxi-  
dat ion of silane, react ion [1] wi l l  dominate  and SiO2 
is the ma jo r  component  of the s i lox film. Conversely,  
the Si content  wil l  be h igher  due  to the l a rge r  con- 
t r ibut ion  of Eq. [2], if the 02 concentra t ion is decreased.  

Consider  Eq. [1], i.e., high oxygen- to - s i l ane  ratio,  
al l  the  s i lane molecules  are  to be reac ted  fu l ly  into 
SiO2(s) 

r dTox 
R = pA L ~  ] [5] 

Chemical ly ,  the ra te  in weight  pe r  uni t  t ime is 

R : k �9 PsiH4 �9 Po2 2 [6] 

where  p is the dens i ty  of the  si lox film, A is the dep-  
osition area  including the whole  surface under  the  
nozzle head, k is the react ion ra te  constant,  PSiH4 is the 
pa r t i a l  pressure  of Sill4, and Po2 is the  pa r t i a l  pressure  
of 02:. According to Eq. [5] and [6] 

dTox= [ kPs'H4P~ ] dt [7] 
Ap 

On in tegra t ing  the t ime f rom 0 to t 

Tox [ kPsiH4P~ ] 
: t [8] 

A. 

OOOO 

Gas ~ I 

OOOO 

(a) 

Gas 

Fixed nozzle h e a d - - ~  Wafer 
r-~ ,~--Hot plate 

( o  - - "  o ) " - -  8ell 

(b) 

Fig. I. (a) The CVT deposition reactor. (b) The BT deposition 
reactor. 
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However, in the belt t ransport  system 

t = belt B e e d  [9] 

where L is the width of the nozzle head. Using Eq. [8] 
and [9], we thus obtain 

[ kPsiH.Po2' ]L=K [10] (Tox) (belt speed) = Ap 

And then, for a given apparatus (A and L constant) 

.E = E(PsIH4, P02, P, T) [11] 

Therefore, K is a function of reactant part ial  pressure, 
film density, and wafer surface temperature. 

However, at  a high oxygen-to-si lane ratio, the 
part ial  pressure of oxygen can be thought of as con- 
stant even though the O~ gas is further increased. 
And therefore, at high O2/SiI-I4 ratios 

dTox 
: K' (T) �9 PSiH4 [12] 

dt 
or 

(Tox) (belt speed) : K"(T)  �9 PSiH4 [13] 

i.e., the deposition rate is l inearly dependent on the 
partial  pressure of Sill4, where K' in Eq. [12] and K" in 
Eq. [13] are temperature dependent factors. Thus, 
Sill4 part ial  pressure and wafer surface temperature 
will affect the deposition rate. 

Experimental 
A Pacific Western System (PWS) Model 2000 CVD 

reactor was used in this work. The temperature of 
the wafer surface was measured by a Wahl Interna- 
tional Model 392/~ thermometer. The oxide thickness 
was measured by a Beckman Model 26 spectrophotom- 
eter. The index of refraction was measured by a 
Princeton Applied Material Ellip 7610 ellipsometer. 
The wafers were cleaned by a standard acid/H~O2 
process prior to depositing the CVD film. The layout 
of gas lines is shown in Fig. 2. O~, Sill4, and N2 were 
conducted and controlled by Brooks Tube flowmeters. 
The wafer surface temperature was kept high enough 
so that deposition can occur. 

Results and Discussion 
Effect of belt speed on film thickness.--By following 

the specified deposition parameters, N2(O2) ---- N~(SiH4) 
---- 5900 cmS/min; 02 = 640 cm3/min; SiI-I4 _-- 48 cm3/ 
min, and the wafer surface temperature of 415 ~ +_ 5~ 
it is observed that the deposit thickness varies inversely 
with belt speed (Fig. 3). The empirical reaction be- 
tween the film thickness and belt speed was estab- 
lished as 

(Tox) (belt speed)1.09 = 6.79 X 10 -4 cm2/min 

This result is approximately consistent with that theo- 
retically analyzed in Eq. [10], 

E~ect of oxygen-to-si~ane ratio on film characteris- 
tics.~The observed refractive index of CVD films de- 
pends strongly on the deposition parameters. Also, the 
thermal annealing of as-deposited CVD films (7) in 
art ambient of nitrogen gas at  l l00~ changes the r~- 

FM- Flow Meter 
MFC-Mcms Flow Controller 

~ N2(O2) 

02 02 
N 2 [ ~ S  H~12(SiH4) 

SiH4 
H20 !" 4 
H20 " 

Fig. 2. The layout of gas lines in the BT CVD system 
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Fig. 3. The effect of belt speed on film thickness 

fractive index. Figure 4 indicates that the refractive 
index of as-deposited CVD films of higher oxygen- 
to-silane ratio (greater than 12:1) is ,abnormally low. 
However, af ter  thermal annealing for 30 min, the re- 
fractive index becomes normal at a value of 1.45. 
Interestingly, the refractive index at lower oxygen-to-  
silane ratio changes from 1.45 to 1.50 after annealing 
treatment. Therefore, two phenomena are implied in 
accordance with the above observations, First, there 
may exist oxygen and/or  nitrogen in as-deposited CVD 
films at  larger oxygen-to-silane ratios, i.e., faster dep- 
osition due to a higher concentration of oxygen in the 
gas mixture may cause oxygen and/or  nitrogen to be 
trapped in the as-deposited CVD film. The trapped gas 
will be evolved on thermal annealing. Second, the CVD 
film exhibits a silicon-rich phenomenon at lower oxy- 
gen-to-silane ratio, i.e., the silicon content of the CVD 
film will be higher as reaction [2] becomes more im- 
portant in the formation mechanism of the film. Con- 
sequently, the deposition model described in Eq. [10] 
will not fit well for deposition at lower oxygen-to-  
silane ratios. 

Reaction model.--If it is assumed that the part ial  
pressure of the i-component gas in gaseous mixture is 

P! -- ~ Patm [141 

where r denotes the flow rate  of gas read from the 
flowmeter, and rtota! denotes the summation of flow 
rates of all gases during the deposition period. Then, 
Eq. [10] can be wli t ten as 

I 
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Fig. 4. The effect of thermal annealing at 1100~ in N2 on the 
refractive index of CVD silicon oxide films. 
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= (.s,.,  . .  ] 
(To.) (belt speed) K ( T )  �9 [ - - r ~  ) ( r---~-~l ) 3 

[15] 
= K(T) �9 B [16] 

The logarithm (Tox)(belt speed) is plotted vs. the 
logarithm of the S factor as shown in Fig. 5. It is ob- 
vious that the (Tox) (belt speed) product varies ap- 
proximately linearly with respect to the S factor, 
(Tox) (belt speed) -- KS 0.90. This fact implies that in 
high oxygen-to-silane ratio CVD processing, Eq. [1] 
dominates the deposition reaction and SiO2(s) is the 
major component in the silox film as explained pre- 
viously. 

E~ect o~ gc~-/~ow on film thickness.~At fixed param- 
eters of belt temperature, belt speed, flow rate of cool- 
ing water, flow rate of nitrogen, etc., silox films were 
deposited with various flow rates of SiI-L~ and O~. The 
results are shown in Fig. 6 and 7. It is observed that ex- 
cessive flow of O~ reduces the film thickness. This 
phenomenon is similar to that reported by Kern et a~. 
(8) and Baliga et aI. (9). The reason given by Baliga 
et al. is that adsorption of oxygen on the silicon sub- 
strates retards the chemical rea.ction. However, Fig. 8 
indicates that the value, (Tox) (belt speed), is linearly 
decreased with the decree_sing partial pressure of Sill4 
which resulted from the further increase of oxygen 
flow, i.e., the effect is consistent with that described 
previously in Eq. [13]. 

Figure 9 shows the effect of nitrogen on film thick- 
ness. It is observed also that the decrease of partial 
pressure of both SiHr and oxygen by the further addi- 
tion of nitrogen gas reduces the deposition rate. On the 
other hand, heat will be carried away from the wafer 
surface by the increased flow of oxygen and nitrogen. 
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Fig. 5. The plot of Iog(Tox)(be|t speed) vs. log S 
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Fig. 9. The effect of nitrogen flow rate on film thickness. -~-  
Varied N~(O2) with N2(SiH4) constant at 5900 cmS/min. 
Varied N2(SiH4) with N2(O~) constant at 5900 craB/rain. 

Therefore, excessive flow of oxygen or further addi- 
tion of nitrogen lowers the wafer surface temperature, 
i.e., K'(T) or K"(T)  will be decreased i~ the heating 
power of the CVD system is kept constant  

Conclus ions 
With the belt transport CVD reactor used in this 

work, three conclusions on CVD silox formation are 
summarized : (i) The deposition rate is proportional to 
(Tox) (belt speed), the product of film thickness and 
belt speed. (ii) The oxygen-to-silane ratio during the 
deposition period is very important for CVD process 
control. Too large a ratio will result in deposition rate 
decrease; however, too small a ratio will cause the 
CVD film to be silicon-rich. It is recommended that a 
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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 

* Electrochemical Sooiety Active Member. 
Key words: electroless, Rutherford backscattering, catalysiS. 

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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