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Selective epitaxial silicon layers have been grown in a reduced pressure ( < 2 Torr) reactor in 
the 650-1100 °e temperature range using only dichlorosilane (DeS) gas diluted in hydrogen. 
The growth rate plotted in Arrhenius coordinates (log G vs liT) shows an activation energy 
of 59 kcaI/moI in the 65G-800 °C range. A comparison is made between the DeS system and 
our previous results concerning the SiH4/HCi/H2 system. 

Low-temperature silicon epitaxy can be achieved using 
an ultrahigh vacuum system and "classical" chemical vapor 
deposition (CVD). i In another approach, 2 silicon epitaxy 
can be plasma assisted. In these two systems however, the 
working pressure during CVD is in the miHitorr range, the 
gas is silane, and so far, no selectivity has been reported. 

In this letter we show that epitaxial silicon layers can be 
selectively grown on silicon over a wide range of tempera­
tures. The gas source is only dichlorosilane (DeS) diluted in 
hydrogen in a reduced pressure reactor (in the Torr range) 
where the temperature is obtained by a rapid lamp heating 
system. Two growth rate regimes are observed and dis­
cussed. 

The reactor has been described elsewhere3 and was first 
investigated by Gibbons et a/.4 and labeled LRP for limited 
reaction processing. For selective epitaxial studies, p-type 
(100) or (111), 2 in. wafers were oxidized to 5000 A and 
patterned. The oxide was patterned by reactive ion etching 
followed by a 200 A oxidation removed in bu:lfered hydro­
fluoric acid. The pattern is composed by stripes aligned 
along the < 100) or (110) directions. The ratio of oxide to 
silicon areas ranges from 10 to 90%. Since no loading effect 
has been observed when the backside of the sample is bare 
silicon, we wi.H present results concerning a 10% oxide-cov­
ered surface. The epiIayer thicknesses were measured by a 
stylus profilometer and optical reflectivity. 

It is well known that cleaning prior to the epitaxial step 
is one of the key parameters for defect-free layers. In this 
letter we report a protective oxide layer created according to 
the RCA recipeS or the Ishizaka tecnnique.6 This oxide is 
removed via SiO formation under low-pressure hydrogen or 
"in vacuum" in less than 1 min at 800°C or above. As an 
alternative the time/temperature cleaning step can also be 
provided by a sample peak temperature of about 1 s at 
950 T. The sample then cools down at about 100 "Cis rate to 
the nominal epitaxial growth temperature. This last proce­
dure appears to be more convenient when selectivity is need­
ed. 

Selective epitaxy in the SiH4 /H2 system (without llCl) 

requires temperatures of around 1000 "C.2
•
7 Thus, for selec­

tive epitaxy experiments, we have used the DCS/H2 

(80:2000 in volume) system at 1.8 Torr as total pressure. 
Figure 1 shows the growth rate in an Arrhenius plot for 

three systems: (a) SiH4 IH2 , (b) DCS/H l' and (c) 
SiH4 /HCIIH2 • Note that as the growth rate is low, below 
650 °e, this region was not investigated. These curves can be 
divided into two parts: above the 800-850°C temperature 
range, the growth rate is almost constant which indicates 
that the dominant limiting mechanism is the mass transport 
in the gas phase. For the DCS system, in the high-tempera­
ture region, a power law fits the experimental growth rate 
with an exponent a = 0.9. This figure is to be expected from 
the variation in the diffusion coefficient D of DCS. Indeed, 
according to the model we reported in Ref. 7 and assuming a 
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FIG. 1. Growth rate G is plotted as a function of the reciprocal absolute 
temperature and for 2 slm of Hz. Curve (a) is for 40 seem of SiR4 and we 
measure Ea = 38 keallmoL Curve (b) is for 80 seem of DCS and Ea ~c 59 
kcalimoL Curve (e) is for 20 seem ofSiH4 and 2 seem ofHC! and we obtain 
Ha ~ 74 keal/mol. 
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growth rate limitation by the gas mass transport, its vari­
ation with temperature is primarily that ofthe diffusion coef­
ficient. In addition a rough calculation along the lines ofthat 
model gives a value of Do = 0.25 cm2/s from the general 
expression for D: D = Do (Pol?) (T /1;)" where 1;) ~= 273 
K and Po = 760 Torr. This value for Do is close to that given 
in Ref. 8. It has also been found that in that temperature 
region the influence of the crystalline orientation of the sili­
con substrate « I 11 > or < 100» is very weak. 

For temperatures lower than 850°C, from curve l(b), 
and assuming G = Go exp(- EalkT) where G is the 
growth rate, Go is in principle a constant, k is the Boltzmann 
constant, and T the absolute temperature, the apparent acti­
vation energy Ea calculated is about 59 kca.l!mol. This value 
is high compared to that genera.lly reported which is in the 40 
kcal/mol nmge:) Although at this time no model can be put 
forward, we can safely assume a surface reaction rate limit­
ing process. A dissociation reaction such as 
SiH2Cl:! --< SiHe} + HCI (Ref. 10) can give a figure compati­
ble with nur result since the corresponding dissociation ener­
gy is 60 kcallmol. 

Full selectivity is obtained throughout the whole tem­
perature range (from 1100 to 650 °e) when using DCS/H2 • 

The surface morphology of the epilayers observed by optical 
microscopy is always specular and shiny. No defects such as 
dislocations or stacking faults are present according to pre­
liminary observations by transmission electron microscopy 
on layers grown at 650 "C. 

As a comparison, we show in Fig, 1 (a) the G values 
corresponding to the SiH4/H! system_ Selectivity is only ob­
tained over 950 OC and the low-temperature activation ener­
gy of 38 kcallmol compares fairly well with previous re­
sults. 1 

: But this system is not selective in the 
low-temperature region. Thus, to obtain selectivity as in the 
DCS system, a low amount of HCI is needed during the epi­
growth, The HCl concentration needed is about 10% of the 
silane concentration. In this case the curve 1 (a) is trans­
formed into 1 (c) (for the low-temperature region only); the 
activation energy is now 74 kcal/mol and full selectivity up 
to 650°C is obtained. 

Two ways are then reported in order to obtain selective 
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epitaxial growth between 1100 and 650°C: the first includes 
DCS/H/ without the addition of HCI, the second is the 
SiH4 /Uel/H) system where the amount of HCI is just a few 
percent of the SiH4 concentration. These are the main char­
acteristics of our system working in the Torr pressure re­
gime. This is in contrast with previous publications where 
the addition of Hel is needed even when using DeS/H 2 • 12.13 

It should be pointed out that in these published systems sili­
con epitaxy is achieved in the 20-100 Torr regime. Thus in 
our system the etching of silicon by the presence of Bel is 
enhanced by the reduced pressure which is in the Torr re­
gion. More details concerning this Hel behavior wiH be re­
ported in a full paper. 

In summary, we have shown for the first time that sili­
con selective epilayers can be grown using only DCS diluted 
in hydrogen at temperatures as low as 650°C. Results ob­
tained with the system SiH4 /HCVH2 show equivalent and 
consistent resutts_ 
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