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A B S T R A C T  

The  g r o w t h  k ine t i c s  of four  m e t a l  s i l ic ides  f o r m e d  b y  in f ra red  laser  hea t ing ,  MoSi2, WSi2, TiSi2, a n d  CoSi~, we re  
s tud ied .  U n f o c u s e d  (1.4-2.5 m m  radii)  b e a m s  were  s c a n n e d  over  t h i n  m e t a l  f i lms on  Si s u b s t r a t e s  at  d i f f e ren t  ve loci t ies  in  
o rde r  to  reac t  large areas  se lect ively  over  sho r t  pe r iods  of t ime.  The  si l ic ides are essen t i a l ly  s ing le -phase  MoSi2, WSi2, 
TiSi2, a n d  CoSi2 as ident i f ied  b y  x-ray dif f ract ion.  T h e  s c a n n e d  lase r  r e su l t ed  in a t i m e  v a r y i n g  s a m p l e  t e m p e r a t u r e  w h i c h  
was  i n c o r p o r a t e d  in the  eva lua t ion  of  t he  ac t iva t ion  ene rg ies  for e a c h  m e t a l  sil icide. The  ac t iva t ion  ene rg ies  were  deter-  
m i n e d  b y  n u m e r i c a l  eva lua t ion  of t he  in teg ra l  e x p r e s s i o n  d e s c r i b i n g  t he  t h i c k n e s s  as a f u n c t i o n  of t ime.  The  g r o w t h  laws 
o b s e r v e d  were  pa rabo l i c  in  n a t u r e  for  all four  m e t a l  sil icides.  Th i s  imp l i ed  a d i f fus ion- l imi ted  r eac t ion  b e t w e e n  t he  Si a n d  
t he  m e t a l  a tom.  The  ac t iva t ion  e n e r g y  resu l t s  were  all w i t h i n  t h e  r a n g e  of  p r ev ious ly  p u b l i s h e d  resu l t s  for f u rnace  reac- 
t ions .  T h e  k ine t i c s  s tud ies  of  WSi2, TiSi2, a n d  CoSi2 were  t he  first  of  l ase r  h e a t e d  s i l ic ide fo rmat ion .  In  l igh t  of  t h e  wide  
r a n g e  of  p u b l i s h e d  work,  ou r  resu l t s  can  b e  i n t e r p r e t e d  as a ver i f ica t ion  of  some  of  t he  p u b l i s h e d  resu l t s  for  s i l ic ide g r o w t h  
a n d  a p r e s e n t a t i o n  of  a r e p r o d u c i b l e  k ine t i c s  s t u d y  of t he  f o r m a t i o n  of  t h e s e  m e t a l  si l icides.  T h e  res is t iv i t ies  of  t he  in- 
f ra red  l a se r -hea ted  si l ic ides were  c o m p a r a b l e  to  t h o s e  o b t a i n e d  f rom fu rnace  reac t ions .  

Meta l  s i l ic ides  have  t r ad i t iona l ly  b e e n  f o r m e d  by  hea t -  
ing  a c o d e p o s i t e d  fi lm cons i s t i ng  of  me ta l  a n d  s i l icon or b y  
r eac t i ng  a m e t a l  film on  e i the r  s ingle-crys ta l  Si s u b s t r a t e s  
or po lys i l i con  layers  in  a fu rnace  at  an  a p p r o p r i a t e  t em-  
pera tu re .  Over  the  las t  d e c a d e  in t e r e s t  has  cen t e r ed  on  ob- 
t a i n i n g  s i l ic ide g r o w t h  in  m u c h  s ho r t e r  t imes  in o rde r  to 
l imi t  u n w a n t e d  d i f fus ion  in  t he  mater ia l .  Si l ie ides  h a v e  
b e e n  f o r m e d  u s i n g  lasers  in  a t h e r m a l  p roces s  (1), u s i n g  a 
laser  to  pho to ly t i ca l ly  depos i t  a me ta l  on  s i l icon fo l lowed 
b y  a laser  t h e r m a l  p rocess  (2), a n d  m o r e  r ecen t ly  u s i n g  
rap id  t h e r m a l  a n n e a l i n g  (RTA) (3). Lase r  h e a t i n g  a n d  RTA 
can  b o t h  r eac t  m e t a l s  w i th  Si to fo rm s t ab le  s i l ic ides  on  a 
sho r t  t i m e  scale, typ ica l ly  <60s. However ,  l ike  t he  furnace ,  
RTA hea t s  t he  en t i r e  wafer  in  a b l a n k e t  annea l ,  w h e r e a s  
laser  h e a t i n g  p rocesses  can  conf ine  t he  r eac t ions  to local- 
ized areas.  In  add i t i on  to t he  a d v a n t a g e s  of t he  laser  m e t h -  
ods  d e s c r i b e d  above ,  s ho r t e r  r eac t ion  t i m e s  a n d  rap id  
h e a t i n g  a n d  cool ing  ra tes  and  p a t t e r n e d  h e a t i n g  are also 
poss ib le .  

P r e v i o u s  w o r k  on  laser  p r o c e s s i n g  of  m e t a l s  on  s i l icon 
ha s  focused  on  two m e t h o d s .  In  the  first, a sma l l  a rea  
m e t a l  film is d e p o s i t e d  by  pho to lys i s  of  a gaseous  m i x t u r e  
in  c lose  p r o x i m i t y  to t h e  subs t ra te .  T he  s e c o n d  m e t h o d  is 
pyro ly t ic  w h e r e b y  t he  laser  d i rec t ly  i r rad ia tes  a p rev ious ly  
d e p o s i t e d  m e t a l  film to fo rm a silicide. P u l s e d  lasers  h a v e  
b e e n  u s e d  to reac t  m e t a l  f i lms s u c h  as P d  a n d  P t  w i th  Si, 
(4, 5) wh i l e  u se  of  a s c a n n e d  CW laser  to reac t  a va r ie ty  of  
m e t a l  f i lms was  a c c o m p l i s h e d  by  S h i b a t a  et al. (6, 7). A 
s t u d y  of  t he  f o r m a t i o n  k ine t i c s  of  MoSi2 u s i n g  a CW laser  
was  r e p o r t e d  b y  B o m c h i l l  et al. (8). In  all of  t h e s e  cases t he  
l ase r  was  i n c i d e n t  on  t he  depos i t ed  m e t a l  film, s o m e t i m e s  
o v e r c o a t e d  w i t h  Si to c o m p e n s a t e  for t he  h i g h  ref lec t iv i ty  
of  t he  m e t a l  fi lm w h i c h  wou ld  o the rwise  r e su l t  in  ineffi- 
c i en t  h e a t  depos i t ion ,  and  t h e  hea t  for t he  r eac t ion  was  
t r a n s m i t t e d  b y  c o n d u c t i o n  t h r o u g h  t he  me ta l  film. 

In  th i s  paper ,  we p r e s e n t  a c o m p a r a t i v e  s t u d y  of t he  
g r o w t h  of  m e t a l  s i l ic ides by  local ized h e a t i n g  t h r o u g h  t he  
s u b s t r a t e  u s i n g  an  in f ra red  laser.  T he  p roces s  is an  ex ten-  
s ion  of  t h e  m e t h o d  u sed  by  Al i en  et al., (9) in  t he  b o n d i n g  
of  Si d iodes  to a Cu hea t  sink.  In  th i s  in f ra red  h e a t i n g  pro- 
cess  t he  laser  l igh t  is i n c i d e n t  on  t he  u n p o l i s h e d  b a c k  s ide 
of  t he  wafer  a n d  scans  over  a p r e s c r i b e d  path .  As the  t em-  
p e r a t u r e  of  t he  s u b s t r a t e  a n d  me ta l  fi lm inc reases  f rom ab- 
so rp t i on  of t he  laser  b e a m  the  meta l -S i  reg ion  will  b e c o m e  
h e a t e d  a n d  s i l ic ide f o r m a t i o n  will  result .  This  h e a t i n g  of  
t he  s u b s t r a t e  is i n h e r e n t  in  t he  p rocess  and  e l imina t e s  t he  
n e e d  for  t e m p e r a t u r e  b i a s ing  of t he  sample .  T h e  h i g h e s t  
t e m p e r a t u r e s  ach i eved  are m a i n t a i n e d  for on ly  ve ry  sho r t  
t imes .  Therefore ,  over  t h e s e  sho r t  t i m e s  h i g h  t e m p e r a t u r e s  
c an  be  a c h i e v e d  t h a t  m i g h t  o the rwi se  be  u n d e s i r a b l e  in  a 
furnace .  G r o w t h  ra tes  are acce le ra ted  d u r i n g  each  scan.  
The  in f r a red  h e a t i n g  p rocess  pe r m i t s  t e m p e r a t u r e  meas-  
u r e m e n t s  to b e  m a d e  on  the  f ron t  s ide of  the  wafer ,  sepa-  

r a t ed  f rom the  S i /meta l  su r face  on ly  by  t h e  m e t a l  th ick-  
ness  a n d  any  ove rcoa t ing  layer  t h a t  m a y  be  p resen t .  We 
wil l  p r e s e n t  t he  resu l t s  of  our  e x p e r i m e n t s  on  t he  g r o w t h  
k ine t i c s  as wel l  as some  of  t h e  e lect r ica l  a n d  ma te r i a l  prop-  
e r t ies  of t h e  s i l ic ides of  Mo, W, Ti, a n d  Co. A c o m p a r i s o n  of  
t h e  k ine t i c s  da ta  o b t a i n e d  will  b e  m a d e  w i t h  t he  r e su l t s  ob- 
t a i n e d  f rom the  fu rnace  da ta  of  o the r  inves t iga tors .  This  is 
use fu l  s ince  c o n s i d e r a b l e  sp read  exis t s  in  t he  p u b l i s h e d  
k ine t i c s  da ta  f rom the  va r ious  g r o w t h  s tudies .  To our  
k n o w l e d g e  th i s  is t he  first r epo r t ed  k ine t i c s  s t u d y  of  laser-  
p r o c e s s e d  WSi2, TiSi2, a n d  CoSi2. 

Experimental Work 
N-type  Si <100>  s u b s t r a t e s  were  u l t r a son ica l ly  c l eaned  

w i t h  t r i ch lo roe thy lene ,  ace tone ,  m e t h a n o l ,  a n d  r in sed  in 
de- ionized  water .  The  wafers  were  e t c h e d  in a d i lu te  hy- 
drof luor ic  ac id  so lu t ion  j u s t  p r io r  to  load ing  in to  e i t he r  a n  
e l e c t r o n - b e a m  or s p u t t e r  depos i t i on  sys tem.  1000A fi lms of 
Mo, Ti, or Co were  E - b e a m  de]oosited on  the  s u b s t r a t e s  at  a 
ra te  of 5 A/s, fo l lowed by  a cap  layer  of  a m o r p h o u s  Si (a-Si) 
of  a p p r o x i m a t e l y  400/~ in t h i c k n e s s  w i t h o u t  b r e a k i n g  vac- 
uum.  T h e  cap  layer  p r e v e n t e d  o x y g e n  c o n t a m i n a t i o n  of  
t he  m e t a l  sur face  af te r  r e m o v a l  f rom the  v a c u u m .  The  W 
s a m p l e s  were  p r e p a r e d  by  spu t t e r  depos i t i on  of  700A W at  
a ra te  of  3.6 A/s, fo l lowed by  a s imi la r  cap layer  of  a-Si. The  
s a m p l e s  we re  t h e n  d iced  in to  1 c m  x 1 c m  squa re s  in  prep-  
a r a t i on  for  t he  k ine t i c s  s tudy.  The  t h i c k n e s s  of  t he  depos-  
i t ed  t h i n  f i lms was  ver i f ied b y  a T e n c o r  a lpha - s t ep  profi ler  
a n d  R u t h e r f o r d  b a c k s c a t t e r i n g  s p e c t r o m e t r y  (RBS). 

The  laser  was  a CW, N d : Y A G  laser  ope ra t i ng  at  1.06 i~m 
w i t h  a spo t  r ad ius  of  e i t he r  1.4 or 2.5 m m .  The  r eac t ion  
c h a m b e r  was a s teel  cy l inde r  w i t h  a qua r t z  w i n d o w  at  t he  
top.  T h e  c h a m b e r  was  k e p t  u n d e r  a v a c u u m  of  approxi -  
m a t e l y  10 m t o r r  to r e d u c e  t he  deg ree  of  o x y g e n  con tami -  
n a t i o n  a n d  to e l imina te  c o n v e c t i v e  cool ing  effects.  The  
b e a m  was  d i r ec t ed  in to  t he  r eac t ion  c h a m b e r  t h r o u g h  t he  
w i n d o w  u s i n g  a 45 ~ t u r n i n g  mirror .  S c a n n i n g  t he  laser  
ac ross  the  s a m p l e  was  a c c o m p l i s h e d  b y  ro t a t i ng  t he  tu rn -  
ing  m i r r o r  to a ch i eve  veloci t ies  t h a t  r a n g e d  f rom 0.05 to 
25 cm/s.  Af ter  each  scan  over  t he  s a m p l e  at  a g iven  ve loc i ty  
t he  m i r r o r  r e t u r n e d  to its or ig ina l  pos i t ion  in a t i m e  m u c h  
sho r t e r  t h a n  t he  scan  t ime.  

The  s a m p l e  was  gen t ly  c l ipped  to a t h e r m a l  i n su la to r  
(Macor  block)  d u r i n g  p r o c e s s i n g  in  o rde r  to i n h i b i t  t he  
h e a t  g e n e r a t e d  in  the  s a m p l e  f rom c o n d u c t i n g  away. In  ad- 
d i t ion ,  t he  c l ipp ing  of  t he  s a m p l e  to t he  b lock  fac i l i ta ted  
a l ign ing  t he  s ample  w i t h  r e spec t  to t he  laser  b e a m  by  mov-  
ing  t h e  block.  The  Macor  b lock  res ts  on  a m u c h  la rger  solid 
s ta in less  s teel  cy l inde r  t h a t  serves  as a s t ab le  s tage for t he  
sample .  

The  t e m p e r a t u r e  of  the  laser  h e a t e d  s amp le s  was meas-  
u r e d  w i t h  a 5 mi l  d iam,  t ype  K t h e r m o c o u p l e  coup led  to a 
c h a r t  recorder .  The  t h e r m o c o u p l e  was  p l aced  u n d e r  t he  

684 J. Electrochern. Soc., Vol. 137, No. 2, February 1990 �9 The Electrochemical Society, Inc. 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 132.174.255.116Downloaded on 2015-03-08 to IP 

http://ecsdl.org/site/terms_use


J. Electrochem. Soc., Vo l .  137, No.  2, F e b r u a r y  1990 �9 The E lec t rochemica l  Society,  Inc. 685  

sample, contacting the metallized side. The contact be- 
tween the thermocouple head and the sample was main- 
tained as a result of pressure from the clips. This resulted 
in a gap between the sample and the Macor block which 
also inhibited heat conduction away from the sample. 

Separate calibration runs were made to measure the 
temperature at the metallized, a-Si overcoated side of the 
sample. These calibration runs employed the laser powers 
and scan velocities that were used to obtain the reacted sil- 
icides in the experiments. A second aspect of the calibra- 
tion was to measure the relative error involved in the tem- 
perature measurement  from the thermocouple. This was 
accomplished by measuring the temperature of a bare Si 
sample under conditions that would just  yield melting of 
the Si, which occurs at 1410~ (10). In this case, for a spot 
radius of 2.5mm, laser power P = 41W scanned at 
0.65 cm/s the measured temperature was 1205~ for a 
sample that just reached melting. This just-melted condi- 
tion could be seen in the surface dislocations and roughen- 
ing of the Si surface. Thus, the relative error was about 
15%. This percent correction to the temperatures as meas- 
ured with the thermocouple was used in subsequent calcu- 
lations that required knowledge of the sample tempera- 
tures. 

Figure 1 shows the temperature as measured by the ther- 
mocouple for the experimental  conditions of 30W laser 
power scanned at 0.75 cm/s using a spot radius of 2.5 mm. 
After the first four scans the temperature basically oscil- 
lates between two values, Tmax and Train. It is during each of 
these subsequent scans that the temperature rises to Tmax 
and falls to T,nin as the beam passes the region monitored 
by the thermocouple. The small jog on the downward 
slope of each scan is a result of the return pass of the laser 
to the starting point. 

The laser power and scan velocity were adjusted to ob- 
tain maximum/minimum temperatures from 968~ ~ to 
626~176 in order to study the kinetics of the laser-heated 
silicides. The thermocouple was removed during actual 
processing and the sample was then in contact with the ce- 
ramic block. 

Approximately 37% of the incident laser power is ini- 
tially transmitted to the Mo/Si interface taking into ac- 
count the room temperature absorption coefficient of crys- 
talline Si(11) which is approximately 13 cm-1, a vacuum/Si 
reflection coefficient of 0.32 (12) and a calculated reflection 
coefficient of 0.19 at the Si/Mo interface (13). As the sub- 
strata temperature rises the absorption coefficient will in- 
crease (14) and above 350 ~ C nearly all of the energy will be 
absorbed by the substrata. The laser energy was then to- 
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Fig. 1. The temperature as measured by the thermocouple as a func- 
tion of time. The laser condition was P = 30W scanned at 0.75 cm/s. 

tally absorbed by the Si substrate at the formation tem- 
peratures (>500~ and heating of the metal/Si substrata 
was accomplished by heat transfer from the substrate to 
the metal/Si substrata interface. 

The silicide growth kinetics and composition were then 
analyzed by 2.14 MeV He + backscattering spectrometry 
(RBS). Glancing angle x-ray diffraction measurements 
using a Read camera were made following the RBS analy- 
sis to identify the phases formed. 

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

Mo s i l i c ide . - -The  kinetics of the IR laser-heated reaction 
between the Mo and the Si was studied from backscat- 
taring spectra as in Fig. 2. The silicide layer grows with in- 
creasing number  of laser scans of 13W incident power 
scanned at 5 cm/s with a spot radius of 1.4 mm. This 
growth can be seen in the broadening of the Mo signal 
width and the formation of the Si step near 1.2 MeV. The 
existence of rather sharp edges at the lower energy side of 
the Mo signal near 1.6 MeV and at the corresponding edges 
for the Si substrata near 1.0 MeV indicate that the diffu- 
sion process for the reaction was planar. The absence of 
any broadening or shift of the amorphous Si (a-Si) peak to 
lower energies near 1.2 MeV implies no interaction be- 
tween the a-Si and the underlying Mo layer. The thickness 
of the reacted layers was determined using a computer- 
aided simulation of the spectra (15). The vertical arrows in- 
dicate the surface scattering energy from that atom. 

Figure 3 shows a plot of the square of the thickness as a 
function of the number  of laser scans corresponding to the 
backscattering spectra of Fig. 2. The data gathered for 
other laser processing conditions are also plotted as a func- 
tion of the number  of laser scans. The number  of laser 
scans effectively represents the laser heating time since 
each pass of the laser supplies an incremental amount of 
heat to the sample. For each set of laser conditions we ob- 
serve a linear relationship. The growth of the silicide MoSi2 
thus follows a parabolic law where the thickness x is pro- 
portional to the square root of time. This implies that the 
reaction between the Mo and the Si is diffusion limited in 
nature (16). The Si diffusion is the controlling mechanism 
since it is known to be the dominant moving specie in 
MoSi2 formation (17). The large offset in the number  of 
laser scans for the laser condition P = 13W, scanned at 
5 cm/s is primarily due to the existence of a native oxide 
layer that formed on the bare Si substrata just prior to 
loading into the deposition chamber. This thin oxide can- 
not be detected by backscattering analysis. The presence 
of oxygen and its effect on the metal-Si reactions will be 
addressed in a second publication. 

The average composition of the silicide was calculated 
from the ratio of the respective signal heights of the Si to 
the Mo taking into account the scattering cross section of 
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Fig. 3. Growth of Mo silicide by IR laser heating. The square of the 
thickness of the silicide as determined by backscattering analysis is 
shown as a function of the number of laser scans for various Mser condi- 
tions. 

each element .  The  ratio for the sample  processed  for the  
condi t ion  P = 13W scanned at 1.5 cm/s for 30 scans us ing a 
spot  radius of  1.4 m m  turned  out  to be about  2.08, which  
impl ies  a compos i t ion  of  the  form MoSi.+. Glancing  angle  
x-ray diffract ion measu remen t s  indicated that  the  fully re- 
ac ted  sil icide was MoSi2 in the  hexagona l  phase. 

The  scanned infrared laser heat ing process  produces  a 
t empera tu re  which  varies wi th  time. For  each pass of the 
laser spot  the  t empera tu re  will  rise and fall be tween  the  
two tempera tures ,  Tm~ and Tm,~. This was seen in the  tem- 
pera ture  profile obta ined  with  the  t he rmocoup le  in Fig. 1. 
The rmocoup l e  measu remen t s  were  made  for each set of  
laser condi t ions  for all the  metal-Si  systems.  The  T~JTmt~ 
t empera tu res  used  in this  paper  are the  cor rec ted  tempera-  
tures us ing the  t empera tu re  cal ibrat ion m e t h o d  descr ibed  
in the expe r imen ta l  work  section. 

An  unders t and ing  of  the growth kinet ics  of  the silicide 
fo rmat ion  will  depend  on a knowledge  o f  the  t empera tu re  
profile. A representa t ion  of  the t empera tu re  profile dur ing 
a single scan is g iven in Fig. 4. The scan is d iv ided  into 
three  regions. Region 1 is the  r is ing t empera tu re  region, re- 
g ion  2 is the dwell  region, and region 3 is the  fall ing region. 
The  t empera tu re  var ia t ion in regions 1 and 3 are approxi-  
ma ted  by straight  lines. This  is a reasonable  approxima-  
t ion based on our  t empera tu re  measu remen t s  as shown in 
Fig. 1. I f  the  only heat  inpu t  at a po in t  on the scan was dur- 
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Fig. 4. A representation of the temperature profile as derived from 
temperature measurements is shown for a single scan. The time 72 was 
typically much shorter than either T1 or %. 

ing the  per iod in which  the beam spot  passed the point  the  
t empera tu re  would  fall exponent ia l ly  as the  b e a m  left the  
point.  S ince  there  will  be heat  flow into the  poin t  f rom re- 
gions subsequen t ly  scanned,  the  t empera tu re  will  fall 
more  slowly, perhaps  more  l inearly wi th  t ime. The  same 
type  of a rgumen t  can be made  for the region of  r is ing tem- 
perature,  where  the  t empera tu re  rise would  follow a X/t 
t ime  dependence  in the  absence  of hea t  cont r ibut ions  
f rom regions  away  from the  m e a s u r e m e n t  poin t  (18). ~ is 
typical ly  more  than  an order  of magn i tude  shorter  than  ei- 
ther  ~, or z3. The  the rmal  diffusion t ime  vaief = L2/D, where  L 
is the  wafer  th ickness  and D is the the rmal  diffusivi ty of  Si, 
is abou t  1 ms at room tempera tu re  which  is m u c h  smal ler  
than  the  dwell  t ime  of 0.67s for the  condi t ions  m = 2.5 m m  
and v = 0.75 cm/s. However ,  heat  losses occurr ing  after the 
diffusion t ime  and before  the  end of the dwel l  t ime  to re- 
g ions  jus t  scanned  and regions  about  to be  scanned  proba- 
bly account  for the  shor tened  72. Al though  the  the rmal  dif- 
fusivi ty  decreases  nonl inear ly  wi th  t empera tu re  (19) 
resul t ing  in an increase in the the rmal  diffusion t ime, ~diff is 
still m u c h  smal ler  than the  typical  dwel l  t ime. Tempera-  
ture measu remen t s  recorded  wi th  an X-Y recorder  and 
wi th  a digit izing scope verif ied the  the rmal  t ime  constants .  

Si l ic ide growth occurs  dur ing the  entire scan since the  
lower  t empera tu re  %,j, is set to be  greater  than the  forma- 
t ion t empera tu res  (500~176 of the  four  sil icides fo rmed  
in this study. Therefore,  a cons tant  t empera tu re  cannot  be  
associated wi th  a g iven set of  expe r imen ta l  condit ions.  For  
this reason, the  usual  Arrhenius  plot  cannot  proper ly  be 
appl ied  to calculate  an act ivat ion energy  for the  process.  
Bomchi l l  et al. (8) and Gold and Gibbons  (20) who  used  a 
scanned CW laser deve loped  an analytical  mode l  to predic t  
si l icide growth  that  employs  an effect ive anneal ing  tem- 
pera tu re  Teff and an effect ive anneal ing  t ime t+ff. An activa- 
t ion energy  was der ived  f rom an Arrhenius  plot  us ing 
these  effect ive t empera tu res  and times.  

The  act ivat ion energy  of  the  growth process  can be de- 
r ived f rom the  solut ion to the  differential  equa t ion  that  de- 
scribes the  th ickness  of  the sil icide layer as a func t ion  of  
t ime  under  diffusion-limi{ed condi t ions  (21) 

dt - 2x(t) [1] 

where  x is the  thickness ,  Ea is the  act ivat ion energy,  A is a 
mater ia l  constant,  and T(t) is the  t ime d e p e n d e n t  tempera-  
ture  of the  process.  Equa t ion  [1] descr ibes  diffusion- 
l imi ted  thin  film reactions.  When the  growth  m e c h a n i s m  is 
react ion- l imi ted  the  n u m b e r  2 is rep laced  by uni ty  in 
Eq.  [1]. S ince  our  exper imenta l  results  for MoSi2 f rom 
Fig. 3 indicate  that  the  growth  was diffusion-l imited,  
Eq.  [1] is appropr ia te  for our analysis. The  solut ion to 
Eq. [1] is the  integral  equa t ion  

x2(O = A f] exp l -  kT(t')E--a ] dr' [2] 

The  integral  is evaluated  over  a single-laser scan of  dura- 
t ion t. To evaluate  this express ion  we descr ibe  the tem- 
pera ture  over  three  regions as depic ted  in Fig. 4. Region  1 
consists  of  a l inear t empera tu re  rise f rom Tm,n to T . . . .  re- 
g ion 2 is at a cons tan t  t empera tu re  '/'max, and region 3 is a 
l inear  decrease  f rom Tmax to T,ni,1- Region  2 is neg lec ted  in 
the  calculat ion because  very  little g rowth  occurs  dur ing  T2 
since it is m u c h  shorter  than  e i ther  ~, or ~3. For  example ,  in 
our  MoSi2 calculat ions approx imate ly  3% of the  total  
g rowth  occurred  dur ing z2 which  resul ted  in a change  of Ea 
by less than  0.2%. Therefore,  the  eva lua t ion  of the  integral  
is essent ial ly taken  over  two regions,  1 and 3. 

A va lue  of  Ea was inser ted into the integral  of  Eq. [2]. The  
t empera tu re  T(t') as a funct ion  of  t ime  was measured ,  and 
the  th ickness  x reac ted  in a k n o w n  amoun t  of  scans (time) 
was de te rmined  f rom previous  backsca t te r ing  data. The  
mater ia l  constant  A could not  be obta ined independen t ly  
in our  exper iments  wi thou t  knowledge  of  Ea. Therefore,  
the  va lue  of A was initially obta ined f rom the  li terature.  In  
the  case of  Mo silicide growth,  a value  of  approx imate ly  
4.3 x 10 '6 A2/s was obta ined f rom publ i shed  data for laser- 
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3 0  grown MoSi2 (8). The integral was then numerically evalu- 
ated and a comparison was made between the calculated 
thickness x and the thickness as measured by backscat- 
tering analysis. E, was varied to get a best fit. For each set 
of laser conditions a value of E, was obtained in this way. 

The activation energies were recalculated with different 
values of the material constant A in order to obtain a mini- 
mal spread in the values of E,. The values of E~ thus ob- 
tained using a value of A of 2.50 • 10 ~/~2/s were 2.05, 2.10, 
2.13, and 2.19 eV. The average value and uncertainty were 
2.12 +_ 0.1 eV. This uncertaintY is the actual spread of acti- 
vation energy values (i.e., 2.05-2.19 eV) obtained from our 
calculations. 

The results obtained in our study for the activation 
energy are within the range of previous measurements 
using furnace [2.2 (22), 2.4 (23), 3.0 (24), 3.2 (25), and 4.1 eV 
(26)] or laser reactions (1.8 eV) (8). The experimental  results 
obtained here confirm some of the previously published 
activation energies. 

W si l ic ide.--Figure 5 shows the backscattering spectra 
for the laser conditions P = 24.5W scanned at 1.25 cm/s 
using a spot radius of 2.5 mm for various number  of scans. 
The growth ofW siticide is observed from the formation of 
the Si step near 1.1 MeV and the broadening of the W sig- 
nal to lower energies with increasing number  of laser 
scans. A partial reaction between the a-Si cap layer and the 
W is seen in the slight shift in the a-Si peak near 1.1 MeV to 
lower energies. The W edges near 1.7 MeV appear rather 
sharp and straight. However, the Si substrate edges be- 
tween 1.0 and 1.1 MeV appear flatter and less sharp. The 
formation of the W step near 1.8 MeV is likewise not as 
well defined as in the Mo case. This might be due to the dif- 
ference in the deposition method for the W silicide 
samples: the W films were sputter deposited on the Si sub- 
strates whereas the three other metals were electron-beam 
deposited. The difference in the structure of the sputtered 
W film may influence the diffusion of the Si atoms in the 
metal [Si is known to be the dominant moving specie in 
WSi2 formation (27)]. The sputtering process incorporated 
minimal amounts of oxygen into the deposited metal film 
metal as determined from compositional analysis using 
Aguer spectroscopy. The presence of oxygen within the 
metal film would tend to decrease the diffusion of Si 
through the growing silicide and metal film. Thus, the Si 
atoms can penetrate further into the silicide/W film during 
each pass of the laser and a flatter Si substrate edge results 
in the backscattering spectra in Fig. 5. 

Figure 6 shows the relationship between WSi2 thickness 
squared and the number  of laser scans for the experimen- 
tal conditions of Fig. 5 as well as for two other laser~condi - 
tions. The spot radius was 2.5 mm for these scans. The rela- 
tionship is linear for all three conditions, again indicating a 
parabolic growth law. Thus we observed a diffusion- 
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Fig. 6. Growth of W silicide by IR laser heating. The square of the 
thickness of the silicide as determined by backscattering analysis is 
shown as a function of the number of laser scans for various laser condi- 
tions. 

limited reaction between Si and W as we had between Si 
and Mo. Note that in Fig. 6 there is no significant Offset in 
the number  of laser scans as there was for MoSi2 growth. 
The presputter removed the native oxide on the Si sub- 
strate and the sputter deposition itself did not incorporate 
any significant amount of oxygen. 

The average composition of the fully reacted WSi2 using 
the laser condition P = 32W scanned at 1.25 cm/s for 17 
scans was determined from the backscattering spectrum. 
The ratio of Si:W was about 2.04. Tetragonal WSi2 was 
identified by x-ray diffraction as the reacted silicide. 

The activation energy was determined using the same 
method as for the MoSi2 samples. The material constant A 
for the computation was determined from WSi2 furnace 
data to be approximately 10 TM A2/s (28). The calculation 
yielded activation energy values of 2.53, 2.69, and 2.85 eV. 
The average value and the uncertainty were 2.69 -+ 0.2 eV. 
Results for the activation energy of WSi2 growth obtrained 
in previous furnace measurements are: 1.9 (29), 2.2 (22), 
and 3.0 eV (28)~ This represents the first reported kinetics 
study of WSi2 grown by laser heating. 

Ti s i l ic ide . - -The backscattering spectra for Ti samples 
processed under the laser conditions of P = 22W scanned 
at 1.25 cm/s using a spot radius of 2.5 mm are shown in 
Fig. 7. The development of a step near 1.1 MeV for the Si 
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Fig. 5. Backscattering spectra for samples of a-Si/W/Si heated at Fig. 7. Backscattering spectra for samples of a-Si/Ti/Si heated at 
P = 24.5W and scanned at 1.25 cm/s for various number of scans. P = 22W and scanned at 125 cm/s for various number of scans. 
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substrate and a step for the Ti signal near 1.4 MeV indicate 
the consumption of the Ti layer and the subsequent 
growth of TiSi2. There is little or no interaction between 
the a-Si cap layer and the Ti as seen in the stability of the 
a-Si peak near 1.2 MeV over the 15 scans in the backscat- 
tering spectra. The Si edges near 1.1 MeV and the corre- 
sponding Ti edges near 1.4 MeV appear fairly straight and 
sharp. On the basis of this observation we conclude that 
the diffusion of Si atoms from the substrate is planar: there 
is no evidence of Si being uniformly distributed through- 
out the Ti/TiSi2 interfacial region. In this sense, the resem- 
blance is closer to the MoSi2 growth than WSi2 growth. We 
attribute this difference to the presence of oxygen in both 
the as-deposited Mo and Ti films as determined from 
Auger compositional analysis. The oxygen incorporation 
in these films serves to inhibit the diffusion of Si across the 
entire metal-Si interface. 

Figure 8 shows a plot of Ti silicide thickness squared vs. 
the number  of laser scans corresponding to the Ti samples 
shown in the backscattering spectra of Fig. 7 as well as for 
three other scans with different parameters. A spot radius 
of 2.5 mm was used for these conditions. For all experi- 
mental parameters the TiSi2 thickness squared increased 
linearly with the number  of laser scans. The growth of the 
TiSi2 thus follows a parabolic growth law where the thick- 
ness is proportional to the square root of time. This growth 
relationship is the same as that observed for MoSi2 and 
WSi~. Again, this implies that the reaction between the Ti 
and the Si is diffusion limited in nature. Si is known to be 
the dominant moving specie in TiSi2 formation and there- 
fore it is the Si diffusion which limits the reaction (30). The 
straight lines in the graph of Fig. 8 shows an offset in the 
number  of laser scans. This is primarily due to the exist- 
ence of  a native oxide on the Si substrate prior to electron- 
beam deposition. This same effect was noted for the MoSi2 
growth. 

The average composition of the fully'reacted TiSi2 using 
P = 22W scanned at 1.25 cm/s was found to be in the ratio 
of Si:Ti of about 1.99. Glancing angle x-ray diffraction 
identified the reacted silicide as TiSi2 in the stable C54, low 
resistivity phase. 

The activation energy for the TiSi2 growth process was 
determined using the same method as for the MoSi2 and 
WSi2 samples. The material constant A was evaluated from 
TiSi2 furnace data to be approximately 2.1 x 1015 AZ/s (30). 
The evaluation of the activation energies yielded values of 
1.97, 2.00, 2.03, and 2.04 eV. The average activation energy 
and uncertainty was 2.01 _+ 0.1 eV. A survey of the litera- 
ture for activation energies of TiSi2 growth reveals that our 
experimental  results are again within the range of previ- 
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Fig. 8. Growth of Ti silicide by IR laser heating. The square of the 
thickness of the silicide as determined by backscattering analysis is 
shown as a function of the number of laser scans for various laser condi- 
tions. 

ously measured values but with much less spread. These 
furnace values were: 1.8 (32), 2.17 (31), and 2.3 eV (33). 
Since there was no available data in the literature concern- 
ing the kinetics of laser grown TiSi2 our work represents 
the first kinetics study of TiSi2 growth using a laser. 

Co silicide. Figure 9 shows the backseattering spectra 
of Co samples laser heated under the conditions of P = 9W 
scanned at 0.25 cm/s using a spot radius of 1.4 mm. CoSi2 
growth is evidenced by the shifting of the Si substrate 
edge to lower energies near 0.9 MeV and the broadening of 
the Co edge to lower energies near 1.3 MeV. Complete sili- 
cide formation is seen in the formation of one plateau at 
about 1.1 MeV for Si and another between 1.4 and 1.6 MeV. 
The flatness of the Si edges near 1.0 MeV are reminiscent 
of those of'the WSi2 backscattering spectra. Auger compo- 
sitional analysis revealed that both the sputtered W 
samples and the E-beam deposited Co samples contain in- 
significant amounts of oxygen. However, the growth of 
CoSi2 is further complicated by the formation sequence of 
C%Si, CoSi, and then CoSi2 (34, 35). Because of the rela- 
tively high temperature ranges chosen for the CoSi2 study 
(Tmax/Tmjn values from 6670/586 ~ to 789~176 there was no 
evidence of the initial phase, Co2Si, in the backscattering 
data. The transformation from the CoSi phase to the final 
stable CoSi, phase is seen in the increase in the signal 
height with the number  of laser scans near 1.1 MeV and in 
the decrease in the signal height for Co near 1.5 MeV in 
Fig. 9. The absence of sharp interfaces is probably the re- 
sult of the diffusion through the CoSi. Finally, we observe 
the interaction of the Co layer with the cap layer of amor- 
phous Si. The cap Si peak has decreased in height near 1.2 
MeV and is part of the silicide signal, with no evidence of a 
peak in that region. 

Figure 10 shows a plot of the CoSi2 thickness squared vs. 
the number  of laser scans for the condition p = 9W 
scanned at 0.25 cm/s as well as for the other laser condi- 
tions used. The spot radius used was 2.5 mm. The CoSi2 
thickness squared is linearly proportional to the number 
of laser scans for all of the laser conditions. This implies 
that CoSi2 follows a parabolic growth law. The reaction be- 
tween the Co and the Si is thus diffusion limited. The 
growth law is identical to the previous three metal-Si sys- 
tems studied. A basic difference here is that it is known 
that Co is the dominant moving species for CoSi2 forma- 
tion (36). it is the diffusion of Co atoms that limits the 
growth of CoSia. 

The radio of Si atoms to Co atoms in the average compo- 
sition obtained from the backscattering spectrum for the 
sample processed at P = 22W scanned at 1.25 cm/s for 20 
scans was about 2.09. X-ray diffraction measurements in- 
dicated that the reacted silicide was cubic CoSi2. 
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Fig. 9. Backscattering spectra for samples of a-Si/Co/Si heated at 
P = 9W and scanned at 0.25 cm/s for various number of scans. The 
small offset in energy between the as-deposited case and the scanned 
cases is due to a slightly different calibration of the as-deposited data. 
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The  ac t i va t i on  e n e r g y  for CoSi2 g r o w t h  was  eva lua t ed  in  
t he  s a m e  way  as t he  p r ev ious  t h r e e  s i l ic ides in  th i s  s tudy.  
T h e  ma te r i a l  c o n s t a n t  A was  d e t e r m i n e d  f r o m  CoSi2 fur- 
n a c e  da ta  to b e  a p p r o x i m a t e l y  2.1 • 10 TM A2/s (37). T he  eval- 
u a t i o n  of  t he  ac t iva t ion  ene rgy  y ie lded  va lues  of  2.40, 2.43, 
2.45, a n d  2.51 eV. The  ave rage  ac t iva t ion  ene rgy  a n d  t he  
u n c e r t a i n t y  was  2.43 _+ 0.1 eV. P r e v i o u s  m e a s u r e m e n t s  ob- 
t a i n e d  for  f u rnace  g r o w n  CoSi2 we re  2.3 (37), 2.6 (36), a n d  
2.8 eV (38). The  e x p e r i m e n t a l  r e su l t s  o b t a i n e d  in th i s  s t u d y  
are  aga in  in  good  a g r e e m e n t  w i t h  r e s p e c t  to  t h e  r a n g e  of  
p u b l i s h e d  values .  In  add i t ion ,  as was  t rue  for the  WSi2 a n d  
TiSi2 k ine t i c s  s tud ies  t he re  does  no t  ex i s t  any  p rev ious ly  
p u b l i s h e d  k ine t i c s  da ta  on  CoSi2 g r o w t h  u s i n g  laser  
hea t ing .  

The  bas ic  r e su l t s  of  t he  k ine t i c s  s t u d y  of  t he  four  m e t a l  
s i l ic ides,  MoSi2, WSi2, TiSi2, a n d  CoSi2, are  s u m m a r i z e d  in 
T a b l e  I. 

Electrical and material  properties.--The four -po in t  
p r o b e  t e c h n i q u e  was  u s e d  to m e a s u r e  t he  shee t  r e s i s t ance  
of  t h e  i n f r a red  laser  r e ac t ed  s i l ic ide layers.  T he  res is t iv i t ies  
m e a s u r e d  were  t he  lowes t  o b t a i n e d  f rom s a m p l e s  pro- 
ce s sed  at  h i g h  t e m p e r a t u r e s  w h i c h  y ie lded  t h e  s table ,  low 
res i s t iv i ty  p h a s e  for  e a c h  silicide. Tab le  II  s h o w s  t he  re- 
su l t s  of  t h e  res i s t iv i ty  m e a s u r e m e n t s .  T he  t h i n  film resis-  
t iv i t ies  of  the  four  s i l ic ides f o r m e d  u s i n g  in f r a red  laser  
h e a t i n g  were  all c o m p a r a b l e  to r e su l t s  o b t a i n e d  in a fur- 
nace.  In  add i t ion ,  t he  res i s t iv i ty  resu l t s  are s u b s t a n t i a l l y  
lower  t h a n  t h o s e  o b t a i n e d  b y  S h i b a t a  et al., u s i n g  t he  di- 
r ec t  f ron t - s ide  laser  p r o c e s s i n g  m e t h o d  (7). 

Opt ica l  m i c r o s c o p y  u s i n g  a N o m a r s k i  c o n t r a s t  mic ro-  
s cope  i n d i c a t e d  t h a t  s m o o t h  sur face  m o r p h o l o g y ,  low tem-  
p e r a t u r e  s i l ic ides  were  f o r m e d  w h i c h  e x h i b i t e d  n o n e  of  
t h e  sur face  r o u g h n e s s  c o m m o n  to f u r nace  r eac t ed  sili- 
c ides.  However ,  a t  h i g h  t e m p e r a t u r e s  some  t h e r m a l  
s t r e s ses  are obse rved ,  p r e d o m i n a n t l y  at  t he  edges  of t he  
h e a t e d  region.  Th i s  is to b e  e x p e c t e d  s ince  t h e s e  are t he  re- 
g ions  t h a t  b r idge  t he  h i g h  t e m p e r a t u r e  r eg ions  a n d  t he  
cooler,  u n i r r a d i a t e d  regions .  T he  n a t u r e  of  the  h e a t i n g  of  
t he  s u b s t r a t e  resu l t s  in  t h e r m a l  s t resses  t h a t  a r e ' ~ c c o m m o  - 
d a t e d  in  t he  la tera l  d i rec t ion .  

Discussion 
T h e  p r e s e n t  k ine t i c s  s t u d y  was  a n  o p p o r t u n i t y  to  ver i fy  

r e su l t s  p r ev ious ly  o b t a i n e d  by  o t h e r  p roces se s  as wel l  as to 
d e m o n s t r a t e  t h a t  good  si l ic ides can  b e  f o r m e d  u s i n g  ou r  
m e t h o d .  Fo r  each  m e t a l  s i l ic ide t h e r e  h a v e  b e e n  severa l  ki- 
ne t i c s  s tud ies  pe r fo rmed .  In  t he  s c a n n e d  lase r  case  s i l ic ide 
g r o w t h  occurs  on  t he  o rde r  of  s e c o n d s  or  m i n u t e s  whi l e  
t h e  fu rnace  r eac t ions  can  c o n s u m e  hours .  C o n s i d e r  t he  
MoSi2 growth kinetics. On the basis of our data in Fig. 3 

Table I. Results of growth kinetics study using infrared laser heating 

Observed time Adjusted A 
Silicide dependence (A2/s) Ea(eV) 

MoSi2 t 1/2 2.5 • 1016 2.12 -+ 0.2 
WSi2 t 1/2 2.2 • 10 iv 2.69 -+ 0.2 
TiSi2 t 1/2 3.0 • 10 is 2.01 -+ 0.1 
CoSi2 t 1/2 1.5 • 10 TM 2.43 • 0.1 

Table II. Four-point probe resistivity measurements 

Silicide p (laser) ~ - c m  p (furnace) ~ - c m  (28) 

MoSi2 95 90-100 
WSi2 73 70 
CoSi2 18 18-20 
TiSi2 17 13-16 

a n d  t he  t e m p e r a t u r e  and  t ime  profi les  m e a s u r e d  previ-  
ous ly  we eva lua ted  t h e  ac t iva t ion  e n e r g y  to be  
2.12 _+ 0.2 eV. In  c o m p a r i s o n  to p u b l i s h e d  da ta  we f ind t h a t  
ou r  r e su l t  is on  t he  low e n d  of  t he  r a n g e  of  ac t iva t ion  ener-  
gies. C o m p a r a b l e  r e su l t s  were  t h u s  o b t a i n e d  desp i t e  t he  
d i f f e rence  in r eac t ion  t imes  b e t w e e n  s c a n n e d  laser  a n d  
f u r n a c e  hea t ing .  

T h e  o the r  m e t a l  s i l ic ides c o m p a r e  d i f fe ren t ly  w i t h  t he  
r a n g e  of  p u b l i s h e d  ac t iva t ion  e n e r g y  data.  The  ac t i va t i on  
e n e r g y  for t he  WSi2 g r o w t h  in our  s t u d y  was  f o u n d  to be  
t he  h i g h e s t  of t h e  four  s i l ic ides s tudied .  This  s e e m e d  rea- 
s o n a b l e  in  l igh t  of  w h a t  is k n o w n  of  t he  m e l t i n g  po in t s  of  
W a n d  WSiz [3410 ~ (10) a n d  2165~ (39), respect ively] :  t h e y  
are  t h e  h i g h e s t  of  the  me ta l s  a n d  si l ic ides u n d e r  s t u d y  in 
th i s  work.  The  ac t iva t ion  e n e r g y  for  WSi2 was  s l ight ly  
c lose r  to t he  h i g h e r  of  t h e  two p u b l i s h e d  resul ts .  As far  as 
t he  ac t i va t i on  e n e r g y  for  TiSiz was  c o n c e r n e d ,  t he  TiSi2 re- 
su l t  was  r o u g h l y  c e n t e r e d  w i t h  r e spec t  to t he  r a n g e  of  pub -  
l i shed  values .  In te res t ing ly ,  it was  o b s e r v e d  in t he  l i tera- 
t u r e  that the kinetics of Ti-Si reactions were never 
reported in detail since the results on the kinetics were not 
reproducible (40). In light of the more narrow range of pub- 
lished activation energies for CoSi2 our evaluated activa- 
tion energy was in good agreement. In our work the in- 
frared laser heating of the metal-Si systems provides a 
means of obtaining reproducible growth kinetics studies 
of TiSi2 as wel l  as MoSi2, WSiz, a n d  CoSi2. 

The  g r o w t h  law w h i c h  was  o b s e r v e d  for e a c h  me ta l  sili- 
c ide  can  also be  c o m p a r e d  to t he  r e su l t s  o b t a i n e d  by  oth-  
ers  in  t he  l i te ra ture .  All  four  m e t a l  s i l ic ides  f o r m e d  b y  t he  
h e a t i n g  of t h e  in f ra red  laser  e x h i b i t e d  a pa rabo l i c  g r o w t h  
law. Mos t  of  t he  p u b l i s h e d  da ta  for  TiSi2 a n d  CoSi2 g r o w t h  
i n d i c a t e d  t h a t  t h e  g r o w t h  laws  were  pa rabo l i c  in  na tu re .  In  
par t icu la r ,  it has  b e e n  s h o w n  t h a t  the  f o r m a t i o n  of  CoSi2 
p r o b a b l y  resu l t s  f rom n u c l e a t i o n  f rom CoSi  at  t e m p e r a -  
t u r e s  a r o u n d  t h e  n u c l e a t i o n  t e m p e r a t u r e  of  500~ (36). 
However ,  ou r  CoSi2 g r o w t h  re su l t s  were  o b t a i n e d  at  t em-  
p e r a t u r e s  m u c h  h i g h e r  t h a n  this :  667~176176176 The  
o b s e r v e d  pa rabo l i c  g r o w t h  law in our  e x p e r i m e n t s  is in  
good  a g r e e m e n t  w i t h  t he  d i f fus ion- l imi ted  r e su l t s  ob- 
t a i n e d  b y  rap id  t h e r m a l  a n n e a l i n g  at  750~ (41). T h e  s l ight  
offset  in  t he  n u m b e r  of  laser  scans  in Fig. 10 is a t t r i b u t e d  
in pa r t  to t he  de lay  in  t h e  ver t ica l  g r o w t h  of  CoSi2 by  t he  
la tera l  g r o w t h  of CoSi2 g ra ins  f rom n u c l e a t i o n  s i tes  at  CoSi  
g ra in  b o u n d a r i e s  (38). Af te r  th i s  la tera l  g r o w t h  of  a th in ,  
c o n t i n u o u s  CoSi2 layer  at  t he  CoSi2-Si i n t e r f ace  ver t i ca l  
g r o w t h  of  CoSi2 occurs  in  a d i f fus ion- l imi ted  fashion .  

The  ear ly  k ine t i c s  s t u d y  of  WSi2 s h o w e d  a l inea r  g r o w t h  
re l a t ionsh ip ,  w h i c h  impl ies  a r eac t ion - l imi t ed  g r o w t h  
m e c h a n i s m ,  whi l e  l a te r  s tud ies  i nd i ca t ed  t h a t  pa rabo l i c  
g r o w t h  ex i s t ed  for  WSi2 (22, 28, 29). The  g r o w t h  laws  ob- 
s e r v e d  b y  o the r s  for  MoSi2 k ine t ics  e x h i b i t e d  t he  m o s t  
var ia t ion .  Fo r  example ,  two  w o r k s  in  t h e  l i t e ra tu re  con-  
t a i n e d  re fe rences  to a l inear  g r o w t h  r e l a t i onsh ip  in  t i m e  for  
MoSi2 (26, 42). F o u r  works  agree  w i th  our  o b s e r v a t i o n  of  a 
pa rabo l i c  g r o w t h  law (8, 22, 24, 43). A (t ime) 2 r e l a t i onsh ip  
was  c i ted in still  a n o t h e r  r e fe rence  b u t  th i s  a n o m a l y  was  
a t t i b u t e d  by  its a u t h o r s  to s t ress - re la ted  p h e n o m e n a  (23). 

A r e a s o n  for the  d i sc repanc ie s  in  the  MoSi2 da ta  w h i c h  
has  b e e n  s t r e s sed  b y  s o m e  is t h e  d e g r e e  of  s a m p l e  p repara -  
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tion. It is widely known that impurity effects can greatly 
influence the kinetics of metal-Si reactions (44-48). In par- 
ticular, the presence of oxygen in the metal, in the Si sub- 
strate, or as a native oxide on the Si substrate can affect or 
inhibit  the diffusion of Si atoms from the substrate. The ef- 
fect of the native oxide was observed for the E-beam pre- 
pared samples (Mo and Ti) in the degree of offset in the 
number  of laser scans for the thickness squared plots as in 
Fig. 3, for example. Also, the backscattering analysis re- 
vealed a difference in diffusion profiles between the Mo 
and Ti samples and the W and Co samples. In general, we 
attribute the observed planar diffusion for Mo and Ti to the 
presence of oxygen in the as-deposited films. For W and Co 
there was an absence of oxygen and flatter Si substrate sig- 
nals as seen in Fig. 5 and 9 for W and Co, respectively. 

Conclusions 
We have studied the growth kinetics of four metal sili- 

cides, MoSi2, WSi2, TiSi2 and CoSi2, that were formed by in- 
frared laser heating. The scanned laser method involved a 
time varying temperature which was dealt with in the eval- 
uation of the activation energies for each metal silicide. 
The growth law observed was parabolic in nature for all 
four metal silicides. This implied a diffusion-limited reac- 
tion between the Si and the metal atom, which for the for- 
mation of MoSi2, WSi2, and TiSi2 meant that it was the Si 
diffusion which limited the reaction, while for CoSi2 for- 
mation Co diffusion limited the reaction. The lack of agree- 
ment  concerning the growth laws in the literature points 
out the usefulness of obtaining growth data using a con- 
sistent method for all four metal/Si systems. The activation 
energy results obtained in this study using laser heating 
were basically the same as those obtained in a furnace by 
others but with a smaller spread in activation energies. Fi- 
nally, fairly smooth, low resistivity silicides can be formed 
using infrared laser heating. 
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