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ABSTRACT 

Tungsten silicide films were formed b y t h e  chemical vapor deposition method using the reaction WF0 and Si2H0. The 
deposit ion rate, resistivity, composition, stress, crystal structure, and content  of impurit ies were studied and compared 
with tungsten silicide films deposited by reaction of WF0 and Sill4. The tungsten silicide films made using Si2H0 have a 
higher deposition rate and higher Si concentration than those made by using Sill4 at the same substrate temperature. For 
these reasons, the tungsten silicide films made by using Si2HG were found to have a resistivity that is a little higher and, 
after annealing, a stress that is smaller than that made by Sill4. Also, the resistance of tungsten silicide to peeling is larger 
than that of the film made by using Sill4. The crystal structure of the WSi~ films made by Si2Ho is almost the same as that 
made by Sill4; however, a tetragonal WsSi3 structure easily forms even in Si-rich films of WSi2.0. Content of fluorine in films 
made by Si2H6 is smaller than that in films made by Sill4. 

Recent ly ,  doped  poly-Si  has been main ly  used for in- 
t e r connec t ion  mater ia ls  for very  large scale in tegra ted  
circuits .  However ,  res is t iv i ty  of in t e rconnec t ion  be- 
comes higher  and propagation delay of signals becomes 
larger  as devices  reach higher  densi t ies  and as line 
widths  become  smaller. Consequent ly ,  refractory metal  
s i l ic ides rep lac ing  doped poly-Si are being s tudied  and 
becoming  widely used. 

WSi2, MoSi~, TiSi2, and TaSi~ are in this class of refrac- 
tory meta l  silicides. There  are several  me thods  for 
forming these refractory metal  silicides, e.g., sputtering, 
mixing by ion implantation,  and chemical  vapor  deposi- 
t ion (CVD). Of these methods ,  CVD is main ly  used for 
deposi t ion of tungsten silicide (WSi~.) (1). 

CVD-WSix films are becoming widely used because of 
fewer  impur i t i es  (2), easier  f ine-patterning,  and having  
bet ter  step coverage  than the sput te r ing  method.  How- 
ever,  in our study, it was found that  there  is a lot of 
f luorine and hydrogen  induced  with  react ion gases of 
SiH~ and WF, and these  concent ra t ion  values  are in the 
order of 1021 and 1020 cm -3, respect ively (3). Therefore, for 
using CVD-WSix as the gate mater ia l  of a meta l  oxide  
s emiconduc to r  (MOS) transistor ,  it is be t ter  to s tack 
CVD-WSix on polysi l icon to p reven t  gate SiO2 from 
"f luorine" diffusing. 

There  is another  me thod  to form CVD-WSi~; this 
method  uses the reaction of WF6 and Si2Ho (SizH~ decom- 
posed at a lower tempera ture  than Sill4), as well as the re- 
act ion of  WFo and Sill4. In the me thod  of  forming  WSix 
with the reaction of WF6 and Si2H~, it is possible to make 
films rich in Si, which are stable at high temperature  an- 
neal ing and capable  of low t empera tu re  deposi t ion.  
There is also the possibility of decreasing the content  of 
f luorine and hydrogen  in the film. If  these  possibi l i t ies  
could  be actual ized,  then, if  the films were  used as an 
e lec t rode  on gate SiO2 for MOS transistors,  the break- 
down voltage of gate SiO2 would increase, and peeling of 
films after anneal ing  would  decrease.  These  films could  
then be useful  in the progress of integrated circuits pro- 

cess technology.  In this study, we depos i ted  WSix films 
by using the reaction of WFG and Si2H6 in cold wall type 
CVD equipment  and then compared the deposi t ion rate, 
the resist ivi ty,  the stress, the crystal  s t ructure,  and the 
contents  of fluorine and hydrogen with the values of the 
films formed by using the reaction of WF6 and Sill4. 

Experimental 
CVD-WSi~ films were deposited by the reaction of  WF6 

and Si2H6 in cold wall type equ ipment ;  this e q u i p m e n t  
has a shower-type gas nozzle cooled with water. The sub- 
strate tempera ture  was changed from 225 ~ to 425~ The 
pressure was 40 Pa. WF0, Si2H0, and He were induced in 
the chamber  through mass flow controllers. The flow rate 
of WF6 was fixed at 2 cm3/min, and the flow rate of Si2H0 
was changed from 40 to 120 cm3/min. The flow rate of He 
was 400 cm3/min. 

He gas was added  to the react ion gases. WSi~ films 
were  depos i ted  at about  2000A on the 1000fi- oxidized 
(100) plane of a 4 in. wafer. These films were annealed in 
N2 gas at several temperatures  under  1000~ for 30 min to 
prevent  contaminat ion of oxygen. 

The th ickness  of the films was measured  by Talystep 
after etching by HNO3 and NH4F (ratio of 50:2). The resis- 
t iv i ty  was measured  by the four-point  probe method.  
The composi t ion was measured by Rutherford backscat- 
tering spectroscopy (RBS), the stress by the Newton ring 
method,  the crystal s tructure by an x-ray diffractometer,  
and the  impur i t ies  by secondary  ion mass spec t roscopy  
(SIMS). 

Results and Discussion 
Deposition rate.--The depos i t ion  rates of  WSi~ films 

using reaction of WFo and Si2H6 and of WFo and Sill4 are 
ind ica ted  as a funct ion  of the substra te  t empera tu re  in 
Fig. 1. The flow rate of Si2H6 and Sill4 were 120 cm3/min, 
and the flow rate of WF0 was 2 cm3/min. 

In this subs t ra te  t empera tu re  range, the depos i t ion  
rates of WSix films using Si2H6 were 900-1250 A/rain; this 
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Fig. 1. The deposition rate of WSi~. films deposited by the reaction of 
Si2H6 + WF6 and Sill4 + WF6 as a function of the substrata tempera- 
ture. The flow rate of WF 6 is fixed at 2 cm3/min, and the flow rate of 
SigH6 and Sill4 is 120 cm3/min. 

value is about  60-180 A/min larger than that of WSix films 
us ing Sill4. This is because  Si2H6 is more  easily decom- 
posed and reacts  wi th  WF6 at a lower  t empera tu re  than 
Sill4. The deposi t ion rates of WSi~ films using both Si2H~ 
and Sill4 were  decreased  as the subs t ra te  t empera tu re  
was raised because the ratio of the deposi t ion rate on the 
shower  and the wall became larger. F rom these  differ- 
ences of deposi t ion rate, it is supposed that the composi-  
t ions of WSi~ films using Si2H6 would be r icher in Si than 
that of WSi~ films using Sill4. 
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Fig. 2. The resistivity,of WSi~ films deposited by the reaction of 

Si2H6 + WF6 and Sill4 + WF6 in the deposited state and after anneal- 
ing at 1000~ for 30 min in N2 as a function of the substrate tempera- 
ture. The flow rate of WF6 is fixed at 2 cm3/min, and the flow rate of 
Sill6 and Sill4 is 120 cm3/min. 
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Fig. 3. Change in resistivity of WSix films using SigH6 as a function of 
the substrate temperature. The substrate temperature is 225 ~ 325 ~ 
and 425~ The flow rate of WF~ is 2 cm3/min. The flow rate of Si2H6 is 
120 cm3/min. 

Resistivity.--The resis t ivi t ies  of WSi~ films at the as- 
deposi ted state and after annealing at 1000~ for 30 rain 
in N~ are indicated as a function of substrate tempera ture  
in Fig. 2. These  resis t ivi t ies  become  larger as the sub- 
strate t empera tu re  rises, and the resis t ivi t ies  of  WSix 
films using Si2H~ are about  1.5-1.8 t imes larger than that  
of WSix films using Sill4 at the same substrate tempera-  
ture. The res is t iv i ty  of the WSix film that  was depos i ted  
at 275~ using Si2H~ after anneal ing  at 1000~ has mini-  
m u m  value  of about  1 x 10 4 ~-cm. The res is t iv i ty  of  
WSi~ films using Si2H6 is larger than that  of  WSix films 
us ing Sill4 at a subs t ra te  t empera tu re  about  325~ The 
anneal ing tempera ture  dependence  of resist ivi t ies is in- 
dicated in Fig. 3. These values have a m ax im um  at about  
600~ and therefore fit the same tendency as WSi~. films 
using Sill4 (see Fig. 4). 

The deposi t ion rate and the resist ivity of WSix films as 
a function of the flow rate of Si2H6 and Sill4 are indicated 
in Fig. 5 and 6, respectively. The deposi t ion rate of WSi~ 
films using Si2H~ is more sensitive to the flow rate of re- 
action gas than that of WSi~ films using Sill4. This is be- 
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Fig. 4. Change in resistivity of WSix films using Sill4 as a function of 
the substrate temperature. The substrate temperature is 325 ~ 350 ~ 
and 425~ The flow rate of WF~ is 2 cm3/min. The flow rate of Sill4 is 
120 cm3/min. 
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Fig. 5. The deposition rate of WSi~ films using Si2H6 and Sill4 as a 
function of the flow rate of Si2H~ and Sill4. The flow rate of WF6 is 2 
cm3/min. The substrate temperature is 325~ 

cause the decomposi t ion of Si2H6 begins at a lower tem- 
pera ture  than that  of Sill4, and the depos i t ion  rate of 
WSix films us ing Si2H4 is regula ted  by the flow rate of 
Si2H6. The res is t iv i ty  of WSi~ films using Si2H6 is also 
more sensit ive to the flow rate of reaction gas than that  of 
WSi~ films using Sill4. 

The res is t iv i ty  of WSi~ films using Si2H6 after anneal- 
ing at 1000~ is larger for Si2H~ flow rate of above 100 cm3/ 
min  and lower for Si2H6 flow rate of under  100 cm3/min 
than  that  of  WSi~ films using Sill4. The reason for the 
above  resul ts  is a ssumed to be as follows: WSi~ films 
using Si2HG are rich in Si for the small flow rate of Si2H6. 
However ,  WSi~ films using Sill4 reach the s toichiometry 
value of WSi2 for the small flow rate of Sill4, and, after an- 
nea l ing  at 1000~ a crystal  s t ruc ture  of non te t ragona l  
WSi2 (e.g., tetragonal  WsSi3) begins to appear. In results, 
the  res is t iv i ty  of WSi~ films using Sill4 becomes  larger  
than that  of WSix films using Si2H6 for a flow rate of un- 
der 100 cm3/min. 

Composition.--The compos i t ions  of WSi~ films using 
Si2HG and Sill4 as a function of the substrate tempera ture  
are indicated in Fig. 7. The flow rates of WF6, Si2H~, and 
Sill4 are 2, 120, and 120 cm3/min, respect ively .  The Si/W 
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ratio of WSi.~ films using Si2H6 increases from 1.8 to 2.9 as 
the  subs t ra te  t empera tu re  rises from 225 ~ to 425~ On 
the other  hand, the Si/W ratio of WSix films using Sill4 in- 
creases slightly from 2.2 to 2.4 as the substrate tempera-  
ture  rises f rom 325 to 425~ The reason for the lack of 
data under  300~ is that  the film easily peeled  off. The 
cause of substra te  t empera tu re  d e p e n d e n c e  on the 
change  of the Si/W ratio is the d i f ference  in decomposi -  
t ion be tween  Si2H6 and Sill4. Another  reason that  the 
Si/W ratio of WSix films using Sill4 did not  change so 
much  is assumed to be as follows: Sill4 was not decom- 
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Fig. 8. Stress in WSix films using Si2H6 and Sill4 as o function of an- 
nealing temperature. Annealing was done for 30 min in N2. The flow 
rate of WF~ is 2 cm3/min. The flow rote of Si2H6 and Sill4 is 120 
cm3/min. 
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posed so much  because of the cooling effect of gas sup- 
p ly ing shower  even if the substra te  t empera tu re  rose. 
This  figure shows that  Si2H6 can deposi t  WSi~ films, 
which are r icher in Si than Sill4, and the Si/W ratio is eas- 
ily affected by the substrate temperature.  

Stress . - -The  stress of  WSix films using Si~H~ and Sill4 
after annealing is indicated in Fig. 8. The tensile stress of 
WSi2.~ films using Si2H, or SiH~ is to the order  of  10 TM 

dyn /cm 2 and reaches  a m a x i m u m  at about  500~ The 
depos i t ion  t empera tu res  of  WSi~. films us ing SigH6 and 
Sill4 are 275 ~ and 325~ respect ively .  The th ickness  of  
WSix films using Si2H6 and Sill4 is 1610-1895/~ and 
1335-2100A, respect ively .  This  figure shows that  the 
stress of WSix films using Si2H~ is lower than that of WSi~ 
films using SiH~ after above 400~ annealing at the same 
Si/W ratio of 2.2. This figure also shows the stress of WSi~ 
films using SigH6 that  were  depos i ted  at 325~ The film 
thickness  is 1400-1900A. At the same substrate tempera-  
ture, the stress of WSi~ films using Si2H6 was found to be 
lower than that of WSi~. films using Sill4. The cause of the 
difference in the stress between WSi~ films using Si2H6 
and WSi~. films using Sill4 was considered to be the dif- 
ferences in crystal structure and impurity content. Also, 
the substrate temperature dependence on stress is indi- 
cated in Fig. 9. The stress decreases suddenly to the or- 
der of dyn/cm 2 at a substrate temperature of above 325~ 
(Si/W ratio is larger than 2.6). 

Crystal  s tructure . - -The crystal s tructure of WSi~ films 
us ing Si2H6 were  s tudied by x-ray dif f ract ion analysis. 
The annealing tempera ture  dependence  of x-ray diffrac- 
t ion intensi ty from various crystal planes of WSi2.6 film is 
ind ica ted  in Fig. 10. The crystal l izat ion begins at 400~ 
the hexagonal  structures of WSi, mainly begin to appear 
under  550~ (5). Above  600~ te t ragonal  WSi2 s t ruc ture  
becomes  dominant.  This behavior  of crystal s tructure on 
annea l ing  t empera tu re  is same as that  in WSix films 
us ing  WF~ and Sill4. However ,  the d i f ference  be tween  
WSix films using SigH6 and Sill4 is that  x-ray diffraction 
f rom the te t ragonal  W5Si3(002) plant  appeared  only in 
WSi~: films using Si2H6 at 800 ~ and 1000~ The tetragonal  
W~Si3 structure also appeared in WSil.s film. It is assumed 
that  this s tructure is the cause of the stress being smaller 
in WSix films using S2HG than in WSi~, films using SiH~ at 
800 ~ and 1000~ A comparison of x-ray diffraction inten- 
si t ies for var ious  compos i t ions  of WSi~. films formed by 
SigH, and WF~ after annealing at 1000~ is given in Table 
I. This table shows that, in WSi,.s film, the x-ray diffrac- 
t ion intensit ies become smaller  in the order of tetragonal 
W.~Si~(002) > tetragonal  WSi2(101) > tetragonal  WSi~(002) 
> tetragonal  WSi~(ll0) . . . .  
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Fig. 10. Change in x-ray intensity from various planes of WSi2.6 film 
as a function of annealing temperature. WSi2.~ film was deposited at 
325~ The film thickness is ]305-1585~.  

In WSi2.6 film, however,  x-ray diffraction intensit ies be- 
come smal ler  in the order  of  te t ragonal  WSi~(101) > 
tetragonal  WSi,(l l0) > tetragonal  WSi2(103) > tetragonal 
WSi2(002) > te t ragonal  W~Si3(002) . . . .  And, in the WSi2,9 
film, they  become  smal ler  in the order  of  te t ragona]  
WSi2(101) > te t ragonal  WSi2(002) > te t ragonal  WSi2(103) 
> tetragonal  WSi2(ll0) > tetragonal WSi2(112) . . . .  

In short,  te t ragonal  W~Si3 s t ructure  appears  easily as 
the ratio of  tungs ten  in the WSi~ film becomes  larger; 
however ,  te t ragonal  WsSi3 s t ructures  can only appear  
above  800~ Also in Si-r ich films of WSi2.6, te t ragonal  
W.~Si3 structures were found to appear above 800~ 

In Si-rich films of WSi~.9, only tetragonal  WSi~ appears, 
and the diffract ion in tens i ty  f rom WSi2(101) p lane  be- 
comes  largest.  The crystal  s t ruc ture  of  WSi2.9 film is al- 
mos t  the same as that  of the WSi2.2 to WSi2.6 films us ing 
SiH4. 

Impur i t i e s  in the f i lms . - -Fluor ine  and hydrogen  were  
in t roduced  into WSi~. films at depos i t ion  from reac t ion  
gases. Their  conten t  was analyzed by SIMS to invest i-  
gate the di f ference be tween  WSi~. films using SigH6 and 
SiH~. The content  of fluorine and hydrogen indicates the 
value at the half-depth point of the film. The changes in 
these  values  after  anneal ing  were  invest igated.  The an- 
nea l ing  t ime is 30 min. The resul ts  are shown in Fig. 11 
and 12. The conten t  of impur i t ies  for WSix films us ing 
Sill4 were indicated within a range because of the quan- 
tity of data. From these figures, the content  of fluorine in 
WSi~ films using Si2H~ is less than that in deposi ted WSi~ 
films using Sill4. 

Af ter  anneal ing  at 800~176 the conten t  of f luorine 
in WSi~ films using Si2H~ increases and almost  equals the 
value of the lower content  l imit in WSix films using Sill4. 

Table I. Comparison of x-ray diffraction intensity 
for three different WSi~. films after annealing 

at 1000~ for 30 min in N2 gas 

X-ray diffraction intensity (arbitrary units) 

WSi~ WSi2 WSi2 WsSi~ WSi2 WSi2  WSi2 WSi2 
T(002) T(101) T(002) T(ll0) T(103) T(112) T(200) 

WSi~ 197 231 402 183 153 57 28 
WSi2.~ 328 476 279 432 380 114 48 
WSi2.~ 572 690 0 393 441 177 66 
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as a function of annealing temperature. The substrate temperature is 
325~ These data come from the half-depth paint of the WSi~ film. 

The increase of conten t  was induced  by fluorine diffu- 
sion from the boundary  side of WSix and substrate SiO2. 
After  annea l ing  at 1000~176 the fluorine con ten t  
again becomes lower than that in WSix films using Sill4. 

This means the lowering of fluorine diffusion from the 
boundary  side. These data are explained by the fact that 
WSix films us ing  SigH6 become richer in  Si than  those 
us ing  Sill4 at the same substra te  temperature .  The con- 
tent  of hydrogen in WSix films using Si2H6 is 1 • 102o cm -3 
at deposited state and the same for WSix film using Sill4. 

Summary 
The propert ies  of WSix films deposi ted by react ion of 

WF6 and Si2H6 were invest igated and compared  with 
WSi~ films using WF~ and Sill4. The following facts were 
clarified. WSix films using Si2H~ become richer in Si than 
those using Sill4 at the same substrate temperature.  The 
deposi t ion  rate in 900-1250 A/min, about  60-180 A/rain 
larger than  that  of WSi~ films us ing Sill4 at a subst ra te  
temperature  of 225~176 The resistivity is 1.5-1.8 t imes 
as large as that in WSi~ films using Sill4 in the deposited 
state and becomes about  1 z 10 -4 ~-cm after anneal ing at 
1000~ for 30 rain in N~. The Si/W ratio becomes larger as 
the substrate temperature rises and its value becomes 2.9 
at 425~ 

The dependence  of the subst ra te  t empera ture  on the 
Si/W ratio is larger than  that  in WSi~ films us ing  Sill4. 
The stress is to the order of 10 TM dyn/cm ~ at the deposited 
state and reaches a m a x i m u m  after annea l ing  at about  
500~ this is the same for WSi~ films us ing Sill4. After 
anneal ing above 800~ the stress is smaller than that in 
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Fig. 12. Concentration of hydrogen in WSi~ films using SigH6 and 
Sill4 as a function of annealing temperature. The substrate tempera- 
ture is 325~ These data come from the half-depth point of the WSi~ 
film 

WSi~ films using SiH~ at the same composition. The crys- 
tal s tructure is amorphous in the deposited state, crystal- 
l ization begins  from 400~ Mainly hexagonal  WSi2 is 
crystall ized unde r  600~ and, above 600~ main ly  tet- 
ragonal  WSi~ is crystallized. However,  te t ragonal  WsSi3 
structure appears even richer in an Si film of WSi2~ after 
annea l ing  at above 800~ The conten t  of fluorine is 
smaller than that in WSi~ film using Sill4. The content  of 
hydrogen is as large as that in WSix films using Sill4. 
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