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Thin films of beta silicon carbide were prepared on alpha silicon carbide
substrates by the chemical vapor deposition (CVD) technique involving the
hydrogen reduction of silane and propane. The filma were prepared under .
variety of conditions and gubsequently subjected to thermal annealing cycles
between 1800PC and 2000YC. It is shown that the single cryatallinity of the beta
tilms improved with continued annoaling. The beta polytype was found to be
stable over the entire range of temperatures studied.
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Abstract

Thin films of beta silicon carbide were prepared on alpha silicon carbide
substrates by the chemical vapor deposition (CVD) technique involving the
hydrogen reduction of silane and propane. The films were prepared under a
variety of conditions and subsequently subjected to thermal annealing cycles
between 1800°C and 2000°C. It is shown that the single crystallinity of the beta
films improved with continued annealing. The beta polytype was found to be
stable over the entire range of temperatures studied.
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The Influence of Annealing
on Thin Films of Beta SiC

1. INTRODUCTION

Silicon carbide crystals grow in various habits and ciy.tal stuctures
depending upon the stacking position of the silicon »...' “achon daunle layers.
Because there are only two possible stacking pon:tici: lor ench successive layer
in crystalline silicon carbide, three possible atoi:: positions exist, Although
many modifications of si{licon carbide have been discovered (Verma and Krishna,
1966), only the transformation of 3C beta silicon carbide to 6H alpha silicon car-
bide was known to occur. This irreversible transformation was observed when
heating cubic beta silicon carbide with ite close packing ABCABC structure above
1800°C. The transformation was to hexagonal alpha 6H silicon carbide with
ABCACB structure.

The cubic modification has long been considered to be the low temperature
form of silicon carbide analogous to the lphslvorttc modification of ZnS (Bauman,
10562). With the discovery of the 3H alpha polytype grown at temperatures less
than 1500°C (Adamaky and Merz, 1958), the role of beta silicon carbide as the
stable low temperature form of silicon carbide was questioned.

At temperatures above 2000°C, 2H has never been grown and 3C only rarely.
This has caused some recearchers to doubt the stability of beta silicon carbide.

(Received for publication 18 December 1972)
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While much work has been done on the structure and perfection of 3C and 6H
(Krighna et al, 1971; Krishna and Marshall, 1971a; and Bootsma et al, 1971),
there have been no reported results of the effects of thermal annealing of thin
films of beta silicon carbide., In this paper, results are given of experiments per-
formed to determine if the crystal structure of thin films of beta silicon carbide
deposited on alpha silicon carbide could be improved by annealing and if this
polytype were stable within the temperature range where the transformation of
2H alpha to 3C cubic to 6H alpha SiC occurs (Krishna et al, 1971; Krighna and
Marshall, 1971a and b; Bootsama et al, 1971).

Electron diffraction studies of the thin films of beta SiC were used to observe
any structural changes or any transformations. A JEM electron microscope was
used for this purpose.

2. EXPERIMENTAL

A water-cooled vertical reactor wus used as shown in the schematic of
Figure 1. Thin films of beta silicon ~arbide were hetercepitaxed upon the basal
plane of alpha silicon carbide. Silane and propane in hydrogen were used as the
source for silicon carbide. The mole ratio of both the silane and propane was
5 ?‘<1.0'4 related to the hydrogen. The total flow rate was one liter per minute
and the deposit temperature of the beta SiC thin il was 800°C to 1700°C.

Figure 2 shows the range of single crystal growth rates, Above fh<10'4 and below

4x10'4 mole ratio, only polycrystalline beta silicon carbide was deposited. At the
lower deposii temperatures, chlorine in argon was used to etch the surface during

growth. The etch rate of the hydrogen becomes appreciable above 1550°C, therefore

chlorine was not used above that temperature. The deposit time was 30 minutes.

The heteroepitaxed beta SiC samples on alpha substrates were annealed in a
resistance heated furnace in a helium ambient of & Ib/in2 above atmosphere,
Samples annealed at 1300°C or less were enclosed in » grephite cylinder before
heating. Those samples annealed at greater than 1800°C were enclosed in a
graphite cylinder which was then embedded {n high-purity silicon carbide powder
to inhibit decomposition of the beta SiC surface at temperature. The cylinders
were then placed in a temperature controlled furnace for the required time cycle.

After annealing, the oxides were removed from the surface of the samples
with hydrofiuoric acid. Identification of the thin film surface polytype and any
transformation was made by an electron microscope. The carbon layer left on
the sample surface after prolonged annealing at 2000°C was removed by heating
in air at approximately 800°C for 80 minutes.
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Figure 1. Schematic of Water-cooled Vertical Reactor
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3. DATA

Figure 3 is a composite of the data. The substrates designated on the tigure
as "'Ni coated intermediates'’ were proceased by the method of Berman and Comer
(1969). The normal deposit temperature for this technique is 1280°C. Sample
32/10, whose beta SiC layer had been deposited at 900°C, tranaformed to beta SIC
crystallites of various orientations, No further improvement was observed on
subsequent annealing.

Sample 46/2, with a beta silicon carbide deposit temperature of 1000°C. showed
continued improvement with annealing. The higher-growth temperature of sample
46/2 (100 deg over sample 32/10) may have created more beta silicon carbide
nucleation centers permitting a solid state transformation at elevated annealing
temperatures.

The rest of the samples had no molton metal intermediates. The temperature
of these deposits is normally 1450°C. The deposit temperature was varied to
observe any effects. Figure 3 showa that annealing at elevated temperatures did
not cause a transformation to 6H. Even a surface with strains introduced by
scratching with a diamond soribe did not undergo this transformation. Continued
annealing at 2000°C caused the beta SiC films to decompose, leaving a surface of
carbon which could be removed by oxidizing at 500°C, The final surface ia that of
the initial substrate.

The following series of Figures 4 through 10 are diffraction patterns tracing
one of the thin film samples through the annealing cycles, They were typical of
the resuilts obtained in this investigation.

* Figure 4 shows a diffraction pattern of the thin film layer before annealing.
The deposit temperatune of the beta layer was 1000°C. The substrate had
previously received an evaporated layer of Ni, 100 X thick. In order to insure a
single crystal layer deposit, the temperature ordinarily would have been 125¢°C.
Only a diffused area of polycrystalline beta SiC was indicated by the diffraction
pattern,

Figure 5 is the eiectron diffraction pattern of the same sample after annealing
for four hours at 1600°C. Single crystal beta SiC with some poly beta is indicated,

* Figure 6 shows the pattern of the sample after annealing at 1800°C for four
hours. Improved single crystal beta is indicated.

_ Figure 7 shows the pattern of the same sample after a four hour anneal at "
2000°C. An improvement in beta crystallinity is shown. |

Figure 8 is the diffraction pattern of a thin film beta layer after having its
surface scratched and then annealed for four hours. The pattern is still single |
crystal beta, _ P
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Flgure 3. Datsa and Resulta of the Annealiug Experiment

Figure 4. Sample 46/2=Diffraction Pattern of Thin Film Before Annealing
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Figure 8,

Figure 8,

for Four Hour

Diftraction Pattern of Sample 48/3 After Annealing at 1800°C
tor Four Hours

Dift

raction Pattern of Bample 48/2 After Annealing at 1800°C
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Figure 7. Ditfraction Pattern of Sample 46/2 After Annealing at 2000°C
for Four Houra

Figure 8. Diffraction Pattern of Sample Soratched and Then Annealed
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Figure 0. 8cratched Sample After Additional 6H Anneal at 2000°C
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Flsuro 10. Diffraction Pattern of Scratched Surface Annealed at 2000°C ,
and Surface Carbon Removed '




Figure § (o the diftreation pattern after the soratohed beta yurface i
annealed an additional six hours, The tigure showa the appearance of carbon and
polycrystalline beta,

Figure 10 is the laat diffraction patiern, whish shows the surface to be alpha
$1C. The carbon had been removed by oxidation.

4. CONCLUBIONS

The stability of thin films of beta allicon carbide was shown over the tempera-
ture range from 1600°C v 2000°C. Continued annealing at 2000°C caused deteriore-
tion of the surface due %o breaking of the 3iC bonding and svaporation of the silicon,
because the BiC ambient was insutticient to prevent decomposition,

The diffraction pattern alearly showed a solid state tranaformation of poly-
orystalline beta silicon carbide to ningle aryatal Leta struoture at 1800°C. This
demonetrates that it is possible to improve the orystalline struature of the
deposited layer by tharmal annealing. The introduction of localined imperfections
by scratching the thin tilm beta 8iC film did not cause a beta to alpha transforma~
tion. The surface of the beta 8I{C was scratched after the sample had stabilised.
Future studies will inolude the effect of introducing atrains and imperfactions
bafore annealing, [t is Lelieved that the stabllity of the thin tilma of heta 8IiC {»
related to its perfection, ‘This (s in agresmaent with the conclusions reported by
Krishna and Marsghall (107 1a) in their investigation of tranaformations of annealed
SH whiskers.
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