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Selectively deposited layers of TiSi2 have been obtained without Si substrate consumption 
using the TiCl4/SiH4 system diluted in H2 at 800 'c. For a given set of parameters, we show 
that TiSi2 formation uses Si coming from the substrate or from the gas phase, the principal 
parameters being the TiC14/SiH.t ratio. the carrier gas, and gas mass transfer as the limiting 
mechanism of the reactions. 

Selective deposition of metal silicides, among which 
TiSi2 exhibits the lowest resistivity, is very likely to be used in 
future submicron silicon technology. Atmospheric,I,2 low­
pressure,3,4 plasma,5 or ultraviolet irradiation-enhanced6 

chemical vapor deposition (CVD) have been used. If small 
thicknesses required in future geometries are no longer a 
problem, on the other hand, silicon substrate consumption 
must be avoided in the TiSi2 formation. Ilderem and Reif' 
proposed a two-step process: first depositing a polycrystal­
line silicon layer at 600 "C, then comsuming it by TiC14 at 
730°C 

In this letter we report for the first time selective depo­
sition of TiSi2 without Si substrate consumption in a short 
time (minute range) at 800°C and under low total pressure 
(Torr range) using a mixture of SiH4/TiC14 diluted in hy­
drogen, in a cold wall reactor, heating the silicon wafer by a 
fast-switching lamp system. It is shown that SiH4/TiCI4 di­
luted in H2 shows relatively independent behaviors, the 
li.miting mechanism being the mass transfer in the gaseous 
phase of the two species. 

The experimental arrangement, similar to the original 
version of Gibbons et al.,7 has been described elsewhere.R 

The addition of a separate line at the reactor entrance com­
ing from a TiCl4 saturator is the major modification. TiCl4 

injection is controlled, although its actual vapor pressure in 
the reactor is unknown, by the saturator temperature (here, 
room temperature) and an argon flow (5 sccm) bubbling in 
the liquid. The SiH4 flow rate is 40 secm. If these experimen­
tal parameters are dose to those of Ilderem and Reif, 3 the 
striking difference in our case is the dilution of the species in 
a carrier gas either H2 (2 sIm) or a mixture of He and H2 in 
equivalent amounts. AU the reactions described in the fol­
lowing are made with the same set of parameters: SiH41 
TiC14 flows diluted in carrier gas, same total pressure of 2 
Torr, temperature and deposition time (1 min). Deposition 
is carried out on (00l) silicon waferso Prior to the process, 
an oxide layer was patterned in parallel stripes, alternative 
oxide (8.um) and Si windows (12.um). This structure, obvi­
ously useful for selectivity study, is also basic for kinetic 
studies. Indeed, TiSi2 thickness is deduced from two succes­
sIve stylus profiling measurements. One just after selective 
deposition gives the height difference between the top sur­
face of TiSiz and Si02, and the other, after removal of Si02 

and TiSi2 by HF, gives the height difference between the 

bottom ofTiSi2 and the location ofthe Si-8i02 interface. As­
deposited TiSiz layers are polycrystaUine, single-phase, stoi­
chiometric TiSiz, and exhibit the stable C54 structure as 
measured by x rays, The composition was also analyzed by 
in-depth Auger electron spectroscopy CAES) and Ruther­
ford backscattering (RES) profiling; the SiiTi. rati.o is 2. 
These same techniques also determine the composition of 
pedestal structure (below the TiSiz layer) when existing as 
shown later. Moreover, TiSi2 resistivity measured by four 
probe without any further thermal treatment ranges from 15 
to 20 f..l!l cm. Surface roughness at the TiSi2/Si interface is 
typically 200-300 A peak to peak. 

Experimental data are gathered in Table I; the only vari­
able is the ambient in the reactor. The first colum.n is the run 
names, from R-l to R-4. The second cclumn represents, for 
each case, the reacting and/or inert gases involved. In the 
third column, we emphasize the selectivity of the deposition, 
Le., no nuclei at all are observed over the oxide (Fig. 1). The 
last two columns correspond to the thickness of the TiSi2 

formed using either a Si substrate (consumption) and/or 8i 
from the gas phase ("true" deposition). Selectivity is easily 
explained by the important HeI production during the reac­
tions, In aU four runs studied, the constant species are SiH4 

and TiC14 , so TiCt4 + 2SiHr , TiSiz + 4HCl + 2Hz and 
Si(adsorbed on the oxide) + 2HC1--SiClz (g) + H 2• At this 
reduced pressure, the silicen nuclei etching by Hel is very 
active and therefore so is the formation of volatile species, as 
already shown.'l For R-I, TiC14 and SiH4 are involved. In 

T ABLE I. Systems tested at l' = 800 °C during 1 min with the amounts of 
TiSi2 formed. The gas flow ratios afC the same for all the systems. "Select." 
refers to selectivity 011 oxide. "Collsump." and "deposited" refer to TiSiz 
formed from Si substrate consumption and from species in the gas p}mse. 
respectively. In R-l and R-4, the Si layer is the pedestal for th~ TiSi2 layer. 
Pressure: 2 Torr, temperature: SOO 'C; process time: I min, TiSi, (A/min). 

Nc. Reactions Select. COllSump. Deposited 

R-t TiCl. + SiH, Yes 0 450 TiSiz 
on 1050Si 

R-2 TiCI. + Hz + SiR, Yes 0 1700 
R-3 TiCl4 -I- H: + HCI + SiR, Yes 12()() 200 
R-4 TiCI. -t- SiH. + (He + Hz) Yes 0 1500 TiSi2 

on 1200 5i 
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FIG. I. Optical micrograph in Nomarski mode showing the selectivity de­
posited TiSi2 without substrate consumption on patterned wafers. The dark 
regions arc the oxide. Periodicity is 20 p.m. 

this case only the total pressure is lower than 2 Torr. For R-
2, H2 is added for a dilution of the species down to 1 %. For 
R-3, H2 plus 1: 1000 volumetric ratio Hel are used. In R-4, a 
(H2 + He) 50:50 partial pressure mixture at 2 Torr consti­
tutes the carrier gas. 800°C was selected because, as we see in 
R-2, we achieved our goal ofTiSiz formation without Si sub­
strate consumption. Below 800°C, deposition ofTiSi2 layers 
without substrate consumption can take place but the depo­
sition conditions are more critical. At 900 °C, the R-2 condi­
tion gave a deposited TiSi2 thickness only slightly higher 
than that at 800 0c. 

As seen from the qualitative results in Table I, the ques­
tion arises to determine the rate-limiti.ng step for TiSi2 for­
mation. Apparently, from R-l and R-4, the reacting system 
as a whole can be characterized by an excess of silicon source 
compared to the titanium source. R-2 instead exhibits condi­
tions for the right balance and R-3, on the contrary, gives rise 
to a deficiency in the external Si source. Unfortunately, the 
weak influence of temperature on the result cannot help us to 
discriminate between mass transfer and reactional processes 
on the basis of an apparent activation energy, which turns 
out to be weak in this system. In R-2, the ratio between TiCl4 

and SiH4 is critical; this can be vividly enlightened by chang­
ing the SiH4 injection by ± 50% around its right value. At 
the lower injection (20 sccm), Si substrate consumption 
takes place, and at the highest one (60 secm), a Si pedestal 
below TiSi2 is formed as checked by AES and RBS. The 
consumption case demonstrates that TiCl4 does not distin­
guish between the Si substrate and the SiH4 as silicon 
sources; this is a clue for a limitation related to the actual 
TiC14 supply to a reacting front, instead of a chemicallimita­
tion of its reactivity. 

We now come to a kinetic picture of a relative indepen­
dence ofSiH4 and TiC14 behaviors (to be more general than 
pure chemical activity). Because of the large difference in 
mass, 8.nd therefore, in diffusivity and thermal conductivity 
of these primary sources, their molecular diffusion 10 

towards the heated surface induces striking differences in 
their actual supply, even though the nominal injection levels 
are sufficient. These differences can probably be exemplified 
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by (i) thermal diffusion effects in the existing strong thermal 
gradient (hot sample-cold waH), and (ii) their thermal ac­
commodation to the reacting surface. In our opinion, this is 
why the TiSi2 formation is so sensitive to the dilution condi­
tions, determined by either an inert gas (He) orby a second­
ary reacting species (Hz with or without HeI). As an exam­
ple, if we compare R-2 and R-4, we have the same Ti(C14 ) 

supply, but it results in different final situations. However, 
these results can be almost wholly explained from what we 
know from the SiH4/H2/He system alone using the same 
reactor. 9 In R-4 indeed, the total Si utilized for TiSiz forma­
tion is roughly 2550 A if we assume that the p~destal struc­
ture is almost composed of silicon. This value is close to 1.5 
times that of the Si used in R-2 for the TiSi:! formation. This 
Si ratio of 1.5 fits nicely with our results reported elsewhere9 

for the SiH4/Hz/He system in the study of the growth rate as 
a function of the hydrogen partial pressure. Furthermore, 
the smaller absolute amount ofSi involved in the TiC14/SiH4 

experiments (R-2, R-4) compared to the case of the above­
mentioned system is obviously due to volatile chloride for­
mation. A stoichiometric description of these reactions has 
been previously reported. It 

R -3 appears more intricate. At first glance, it seems very 
astonishing that a small Hel addition can bring about such a 
dramatic change as compared to R-2. Indeed, the total TiSiz 
thickness is moderately reduced to 80% oftheR-2 value, but 
these 1400 A TiSi2 are nearly totany provided by the S1 sub­
strate. This inhibition of silane reactivity (for TiSiz forma­
tion) does not agree at aU with onr results obtained in the 
SiH4 /H2/HCl system using the same reactor. 9 For very sim­
ilar conditions, a decrease by a factor ofO.S of the Si growth 
rate is observed by Hel addition. We measured the growth 
rate for the two systems SiH4/H2 and SiH4/HCl/H2 as a 
function of the temperature in these very reactor and pres­
sure conditionsY The addition of Hel (10% of the SiH4 

concentration) drops the growth rate to just one half at 
800"C. This is in contrast with the drastic deposited layer 
thickness reduction observed in R -3. Some other chlorinated 
and volatile species should be included in our model. In the 
following overall reaction in which TiSi2 formation must be 
present as wen as volatilized chlorinated species in order to 
take into account the disappearance of Si from silane3

: 

TiC14 + 3SiH4 -t> TiSi2 + SiH3CI + 3H2 + 3HCI; (1) 

applying Le Chatelier's principle, the reaction should be 
driven to the left by the addition of HCl. This would bring 
about the observed reduced TiSi2 formation and at the same 
time, a reduction in SiH3Cl formation, which is not observed 
in R -4 since all the Si necessary for TiSiz formation is taken 
from the substrate and not from the gas phase. 

In order to reconcile the previous results, the following 
kinetic picture implying a rate limitation of the Ti-bearing 
species transport towards the reacting front is proposed, ex­
plaining selectivity as wen. The injection of TiC14 is suffi­
cient indeed, but for instance, in the reaction: 

(2) 

TiCl2 can be considered as the actual source and HCI as an 
etching species which diffuses as rapidly as SiH4 towards the 

Bensahel, Regolini, and Mercier 1550 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:  130.113.76.6

On: Wed, 03 Dec 2014 19:15:50



Si and Si02 surfaces. Silane dissociation takes place, giving 
rise to "elective deposition over Si02, because HCI from 
TiCl4 is rapidly available to etch away the labile silicon nu­
clei whose creation rate is reduced, but not inhibited. The 
slower TiC12 then arrives in contact with this last silicon to 
produce TiSi2 and some silicon chlorides. The addition of 
Hel (R-3) does not change this mass-transfer limitation, 
however, the actual concentration ofRCI including the add­
ed part and that (slightly reduced) coming from Eq. (2) 
has, relative to R -2, increased in such a proportion that now 
silane dissociation is truly inhibited. Due to this, the silicon 
substrate becomes the only Si source, and it cannot be etched 
by RCI at this temperature. 

In conclusion, selective deposited layers of TiSi2 with­
out substrate consumption have been achieved using a rapid 
thermal process under reduced pressure in the SiH4/TiCl41 
H2 chemical system. A model involving gas mass transport 
of TiCi4 as the rate-limiting step and assuming a relative 
independence of silane chemistry fits the experimental re­
sults well. More details and chemical reactions involved will 
be published elsewhere. 12 

The authors thank G. BomchiI for fruitful discussions, 
R. Carre for his technical help, and A. Perio, J. C. Oberlin, J. 
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