
1 Introduction

Clarification of the surface reaction
mechanism in CVD processes is necessary for
growth rate simul-ation in CVD reactors, espe-
cially in the case of polycrystaLline silicon
growth, since the surface reaction rate domi-
nantly affects the growth rate. Furthermore,
growth conditions are optimized more easily as
the surface reaction mechanism is cl_arified.
However, it is difficult to separate the
individual surface reaction rates of. both
source materiars and the reaction intermediates
produced in a reactor, because the concentra-
tion of the individual_ intermediates on a wafer
is difficult to determine. The authors carried.
out the growth of polycrystalline siLicon by
using a fast wafer-rotating reactor, and have
determined the surface reaction rate for silane
from the calcuLated value of silane partial
pressure on a wafer. The surface reaction order
for silane has been found to be 0.67, which is
different from previously reported values of
0.5 of 11).

2 Erperiment

The growth rate dependence on the siLane
gas flow rate was examined at the wafer temper_
ature of 800oC under wafer rotation speeds of
1200 and l-0800 rpm using a fast wafer-rotating
reactor2). The reactor d.iagram is shown in
Fig.l-. The growth condition is summarized in
Table 1.

3 Growth results

Arrhenius plots of the growth rate are

c-7-3

shown in Fig.2. The growth was surface reaction
controlled between 800-900oC under both rota-
tion speeds. The apparent activation energy
changed with the rotation speed, which suggests
that the gas species contributing to film
growth changed.

Figure 3 shows the growth rate dependence
on the silane gas flow rate at eOOoC. The
growth rate was not proportional to the silane
flow rate. The growth rate at 1Z0O rpm was
faster than that at 1,0800 rpm. The growth rate
in Fig.3 is plotted versus silane partial
pressure in Fig.4. The reaction order was O.7g
and 0.69 at l-200 and l-0800 Epf,, respectiveJ.y,
which also suggests a change in the species.

The silane contribution ratio to growth is
considered to be Larger at L0800 rpm than at
L200 rpo, since a higher rotation speed sup-
presses the gas phase reactions in a fast
wafer-rotating reactor2) .

4 Calculation of, surface reaction rate

The authors intended to extract the
surface reaction of silane from the grortrth
results, since siLane surface concentration and
the ratio of silane contribution to the growth
rate can be determined from the calculation of
silane diffusion and reactions under an infi-
nite disk rotation induced flo#), by using
fluid properties at arithnetic mean temperature
at an inlet and a wafer. In the calculation,
it was assumed that silane thermal_ly decomposes
into sily1ene, and both silane and silylene
contribute to filn growth, 8s shown in Fig.S.
The gas phase reaction rate constant was taken
from the work of Coltrin et al.3) by assuming
its linear dependence on the pressure. The
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sticking probability of siJ-ylene rras assuned to
be unity. Under the assunption of the surface
reaction rate of silane, which was the boundary
condition for the calculation, the silane
concentration profile above the wafer and the
growth rate can be determined. The form of
siLane surface reaction rate vras assr:med to be

e.R, t k"p:, (1)

where ps is the silane partial pressure on a
wafer, k" is the rate constant, and c is the
reaction order and was determined self-consis-
tently, and was found to be 0.67, although
reported vaLues of a have been 0.5 or l-1). The
growth rate was expressed as

G..R. = 2.67e:<p(-20100)pl..t, (Z)

where G.R. is the growth rate in F,m/min, T is
the temperature in K and ps is the siLane
partial pressure in Torr. The bold Lines in
Fig.3 indicate the simulation resuLts in which
the surface reaction rate expressed by Eq.2 was
used. The growth rate dependence on both the
silane fLow rate and the rotation speed was
well explained by the modeI.

The surface concentration of silane non-
dimensionalized by the inlet concentration is
shown in Fig.6 as a function of the silane gas
flow rate. The surface concentration of silane
was aLmost the same as the inLet concentration
at L0800 rpil, while that was small at 1200 rpm
due to the gas phase decomposition reaction.
The contribution ratio of siLane for the growth
is shown in Fig.7 as a function of the silane
gas flow rate. The silane contribution ratio
for growth was not unity even at L0800 rpm
because of the higher reactivity of low concen-
tration silylene.

5 Discussion

The rate-determining step for fiLm growth
depends on the growth condition. The activation
energy refl-ects the rate-determining step, and
the reaction order reflects the reaction
mechanism such as adsorption, desorption, etc.
The relatively high activation energy of 40
kcal/noL indicated that the suiface reaction
such as adsorbed siLane decomposition reaction
was the rate-determining step and that the
desorption of hydrogen, which is reported to
affect the growth rate was not it. The reaction
order of 0.67 appears to indicate that the
adsorption of silane was the Freundlich type of
adsorption isotherm;'

SiHn*

n appears to equal L.5 or 3 dependent on the
reaction order of the rate-determining step on
the wafer; i.e., 1.5 for the unimoLecular reac-
tion and 3 for the bimolecular reaction. The
reported reaction order was measured in a
conventional batch type LPCVD reactor. There-
fore, exact reaction order for silane could not
be obtained,' since the reaction intermediate,
the reaction order of which could be unity,
affects the growth rate.

The growth rate is also obtained by stick-
ing probability for silane measured by the
molecular beam methoda). In this case, the
surface condition of the wafer is different
from that under the reduced hydrogen condition,
and the internal energy state of silane, which
is determined by the silane temperature' is
also different. The fast wafer-rotating reactor
offeis the surface reaction analyzing method
applicable to an actual- growth surface and a
thermally activated source material.

5 Conclusion

The surface reaction rate for siLane on
polycrystalline siLicon has been determined by
using a fast wafer-rotating method. The growth
rate dependence on the silane partial pressure
and the temperature has been found to be

G.R. = 2. Gze>rp (- 203-oo )p3..t,

where G.R. is the growth rate in U,n/min, T is
the temperature in K and ps is the siLane
partial pressure in Torr.The reaction order of
sil-ane has been f ound to be dif f erent f rom
previously reported reaction orders.
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Table L Gronth condition

Silane flow rate : 0.025-4 I/nin
Hydrogen flow rate : 15 l/nin
Wafer temperature : 800-1200 oC

Growth pressure : 38 Torr
Wafer rotati.on speed : 1200-10800 rpm

Wafer : 3n Si (111)

1

n P{i.ao,
(3)

where SiHo* denotes the
is the constant. From the

adsorbed siLane and n
experimental results,
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