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(57) ABSTRACT 
An improved method of deposition of silicon by using 
pyrolysis of silane, which employs a carrier gas of a 
mixture of hydrogen gas and an inert gas such as ar 
gon, helium, neon, krypton, xenon, radon and nitro 
gen, 
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1 
METHOD OF DEPOSITION OF SILICON BYUSENG 

PYROLYSS OF SILANE 

This invention relates to a method for producing a 
silicon wafer and more particularly to a method for epi 
taxially growing silicon crystals by using pyrolysis of si 
lane. 
Various method for growing silicon crystals are 

known in the art, one of which utilizes a reaction of re 
duction of silicon chrolide with hydrogen. Another is 
the one using pyrolysis of silane (SiH). The latter 
method is superior to the former since the latter can be 
achieved at a considerably lower temperature than the 
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respectively represents the temperature T and the de 
composition rate a. " . 

If, in this instance, the activity of the solid is assumed 
to be unity, then the equilibrium constant Kof the reac 

O 

former. Furthermore, the latter is suitable for produc 
ing a silicon epitaxial wafer especially with a steep with 
uniform impurity concentration, because the carrier 
gas in the process of the method does not include gase 
ous chlorides which invites the undesired vapour etch 
ing and auto-doping. 
The method however is not fully acceptable because 

the method still necessitates so a high temperature that 
the property of the resultant silicon wafer does not 
completely meet the requirements of high-frequency or 
low-noise transistors. 

It is therefore an object of this invention to provide 
improved method of growing silicon crystals by using 
pyrolysis of silane, at a relatively low temperature. 

In the drawings 
FIG. 1 is a sectional view of a growth apparatus em 

ployed for the method of this invention; 
FIG. 2 is a graphic illustration showing variations of 

growth rate of silane in terms of temperature; 
FIGS. 3 through 6 are graphic illustrations showing 

variations of ratio of decomposed silane to hydrogen 
argon mixed carrier gas; and 
FIG. 7 is a graphic illustration showing variations of 

ratio of decomposed silane to carrier hydrogen gas. 
In FIG. 1, a vertical type reaction apparatus which is 

generally used in the growth of silicon is illustrated, 
which includes a quartz bell-jar reactor 10 having a gas 
feed tube 12 and outlet port 14. In the chamber 10 is 
placed one or more succeptor 16 on which substrate 
crystals 18 are mounted. A conventional method of sili 
con deposition by using pyrolysis of silane is described 
hereinbelow. The conventional method is performed 
by admitting gaseous silane carried by a carrier hydro 
gen gas to the feed tube 12 of the chamber 10, as indi 
cated by an arrow A. The gaseous silane carried by hy 
drogen gas enters via the tube 12 the chamber 10 as in 
dicated by arrows B. Since the substrate 16 is heated to 
a high temperature for example 1,150°C, the silane gas 
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tion (1) is expressed as: 

K = P. */Psin 
- - 2 

where Phi and Psi respectively represent partial pres 
sure of the hydrogen gas and the silane gas when equi 
librium established. 

It should be noted that since not only the silane gas 
but the carrier hydrogen gas are introduced into the re 
action chamber 10, the partial pressure of the hydrogen 
gas in the chamber 10 increases so that the rightward 
shift of equilibrium of the reaction (1) is undesirably 
suppressed. 

In order to solve this problem, a method according to 
this invention employs as the carrier gas for the silane 
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thus entered the reaction 10 thermally decomposes . 
through the following reaction: 

SiH, (g) 2 Si (s) + 2H (g) 

The solid silicon produced through the above reaction 
deposits on the surface of the substrate 16 and, namely, 
a silicon wafer epitaxially grows on the surface of the 
substrate 16. 
FIG. 2 is a graph showing the variation of the decom 

position rate a of the gaseous silane in the process of 
the reaction (1) against temperature of the substrate T 
in terms of ratios A in gram molecule of the silane gas 
to the carrier gas, wherein absicissa and ordinate axes 
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gas, a mixture of hydrogen gas and an inert gas such as 
argon, helium, neon, krypton, xenon, radon or nitrogen 
gas. When the silane gas is carried by such a carrier gas 
as above mentioned, the partial pressure of hydrogen 
in the carrier gas introduced into the reaction chamber 
is considerably smaller whereby the decomposition of 
the silane gas is preferably promoted even at a rela 
tively low temperature. The method according to this 
invention may therefore be performed at such a low 
temperature as not to affect the property of the resul 
tant silicon wafer. 
FIGS. 3 and 6 respectively show graphs of the varia 

tion of the decomposition rate a against the tempera 
ture T of the substrate in terms of the ratio A when the 
carrier gas includes an inert gas in a ratio B in gram 
molecule of an inert gas to hydrogen gas. The propor 
tions A and B are varied from 0 to land from 0 to 10, 
respectively. 

It can be seen from FIGS. 3 and 6 that the larger the 
proportion B becomes, the more readily the decompo 
sition of silane gas takes place. For instance, when the 
proportions A and B are equal to 0.001 and 10, re 
spectively, the decomposition of silane gas sufficiently 
arises even when the substrate is at such a low tempera 
ture as 850°C. 

It can be also seen from the figures that in the process 
of the present method the substrate may be heated at 
from 450°C to 1,300°C. However, it is preferable to 
keep the temperature of the substrate as high as possi 
ble to obtain a desired monocrystalline. When, on the 
other hand, it is required to prevent the vapour nuclia 
tion of the silane gas, the temperature of the substrate 
should be kept as low as possible. Therefore the opti 
mum temperature of the substrate is about 900°C when 
the ratios A and B are 0.001 and 10, respectively. 
FIG. 7 is a graphic illustration showing variations of 

the growth rate of silicon crystals, wherein a curve C 
represents the variation when the carrier gas made of 
only hydrogen gas is fed at a feed rate 40 (lmin.). 
Curve. D represents the variation when the argon and 
hydrogen gases are equally fed at a rate of 20 (l/min.), 
respectively, and curve E, 18 and 2 (l/min.), respec 
tively. These measurements were conducted at a feed 
rate of 40 (cc/min.) of silane gas. 
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It is apparent from the graph discussed above that 

growth temperature of silicon crystals becomes low as 
the mole ratio of argon in the carrier gas increases. 
According to this invention, the substrate on which 

an epitaxial layer is to be formed is kept at a relatively 
low temperature such as 900°C whereby the resultant 
silicon layer has a property suitable for high-frequency 
or low-noise transistor. 

In addition, the method of this invention can be us 
able for growing silicon polycrystals on a suitable sub 
strate such as silicon-oxide glass by keeping the tem 
perature of the substrate as low as 650°C, for example. 
The resultant silicon polycrystal layer has a property 
suitable for a low threshold MOS transistor. 
The invention will be more fully understood with ref 

erence to the following illustrative specific embodi 
ments: 

EXAMPLE I 
This example illustrates the formation and deposition 

of an epitaxial film of Sion substrate crystal. A polished 
seed crystal of phosphor doped n-type Si of 2 inches in 
diameter and 500mg in weight and having a carrier 
concentration of 3 x 10' carriers/cc is placed on a 
graphite succeptor located in a quartz chamber. The 
susceptor is heated to 900°C with radio frequency heat 
ing and a stream of silane is introduced together with 
carrier gas through the tube. Here the feed rate of si 
lane employed is 40cc/min. Carrier gas is a mixture of 
hydrogen and argon and the feed rates of hydrogen and 
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4. 
argon are 8l/min. and 12l/min., respectively. 

Deposition of epitaxial layer takes place on the sub 
strate as a result of pyrolysis of silane. The growth rate 
of the layer is about 0.5pu/min. X-ray diffraction pat 
terns show that the deposited layer is a single crystal 
and has the same crystalline orientation as the sub 
Strate. 

EXAMPLE II 
The same procedure outlined in Example I is re 

peated but the substrate of silicon single crystal is sub 
stituted for a surface oxidized silicon wafer, The sub 
strate is heated to 700°C. Gas feed rates of silane, hy 
drogen and argon are 20cc/min., 2l/min. and 8l/min., 
respectively. Polycrystal silicon layer of 2,000A in 
thickness is deposited by carrying out the reaction for 
about 10 minutes. 
What is claimed is: 
1. In a method of growing a silicon epitaxial layer on 

a substrate by pyrolysis of silane (SiHy) in an atmo 
sphere containing hydrogen gas, the improvement 
comprising mixing a inert gas selected from the group 
consisting of argon, helium, neon, krypton, Xenon, 
radon and nitrogen with said hydrogen gas at a gram 
molecule ratio of inert gas to hydrogen of up to 1,000 
and heating said substrate to a temperature in the range 
from 450 to 700° C., whereby the partial pressure of 
the hydrogen may be controlled so as to control the 
equilibrium of the reaction toward formation of silicon. 
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