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Platy a-SiC Single Crystals
Grown From Solvent Silicon

1. INTRODUCTION

Relatively large a-SiC single crystals prepared by sublimation (Lely, 1955)

often contain fine carbon particles (Inomata et al, 1 970a).
In the present experiments use was made of solvent silicon to grow ao-SiC

crystals free of carbon particle inclusions. The characteristics of the crystals are
discussed and compared with those produced by sublimation.

The temperature was s& ,,t 22000C to realize a fast growing speed. This tem-
perature is the highest limit %;r obtaining a stable performance, since the boiling
point of silicon under one atmospheric pressure is in the neighborhood of 23000C.

Sizable crystals free of carbon particle inclusions which is uncommon to those

grown by sublimation were obtained. However, the physical ch,%racteristics of the

crystal., such as purity, are not ilvestigated. It should be noted here that the
growth of P-SiC (3C) by a similar technique has been reported by Nelson et al (1966).

2. rUXPERIMENTS

The method of growth is similar to that described in the papers by Inomata et al

(1969a; 1969b) except that S.D.H. (bulk density > 1.80) manufactured by the Nippon

(Received for publication 12 April 1972)
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Carbon Co., Ltd. was used as raw material for the graphite crucibles. The S.D.IL
underwent the same high-puri~y treatment as that usually given to graphite used as
a moderator. The crucibles are of inner diameter 25 mm, wall thickness 15 - 20 mm,

and depth 50 -60 mm. Heating was accomplished using both a graphite resistance

(Inomata et al, 19t8a) acd a high-frequency induction furnace.
If the crucible -er-, made of material similar to that employed for the slowing-

down of atomic piles, the solvent silicon would seep out through the wall and could

not be retained for a long pabriod of time. The crucibles used in the present experi-

ments held the solvent well.
Approximately 50 grams of high-purity silicon (purity above 5N) made by the

Chisso Co., Ltd. was placed in a crucible, vacuum-substituted in a furnace at room

temperature under one atmospherce of high-purity argon (N2 < 5 ppm), heated to
22000C, kept at this temperature for several hours, and then was cooled rapidly.

The crucible was taken out after cooling, and crystals were collected for observa-

tion after silicon was removed with a 1:1 mixture of nitric and hydrofluoric acids.

Heating was attempted in a vacuum also, but when the temperature exceeded
the melting point of silicon in a vacuum of 10- 10 Torr, the graphite crucible
was often damaged. Experiments may be carried out safely with a crucible of ap-
propriate form and thickness, but special precautions must be taker, since the fur-

nace is also liable to damage.

Even when high-density graphite is used, the solvent silicon leaks out through

the gap between the crucible and the lid, making it difficult to perform lengthy ex-

periments. The present trial lasted 5 hours.

3. RESULTS

3.1 Crystals

Figure 1 shows crystals which were
grown while the temperature was main-

tained at 2200 0 C for 5 hours and the

thermal gradient in the crucible was ."

such that the bottom portion was aipprox- "
imately 20*C lower than the. middlepor-

tion. The well-shaped crystals obtained
under these conditions are mostly of the

hexagonal platy a-type, and in general

they are thinner than those obtained by .

sublimation. One of the features is the

small probability of forming Figure 1. Platy 20SiC Crystals Grownsmal proabilty o foringFrom Si Melts at 2200 C for 5 Hours

II!



3 1
""urtzite-type twins whose angle between the bases is approximately 7030'.

Among the platy crystals are some'whose basal planes are slightly cui-ed. Al-
tugh not evident in the figure, there are two crystals which exhibit Newton rings

between the-n and the glass plate.

Figure 2(a) is a dark field photo-
micrograph of aw relatively large crys-

tal obtained'using the solvent silicon
technique. The scattered elements in

the crystal are accidental dust par-

ticles wh'ch have not been removed.

No incusions such as those observed,
in crystals obtained by sublimation
were found. Figure 2(b) is a typical
example of a crystal obtained by the 700

same technique, which contains thin
silicon layers- The small isolated

area to which the arrow points is one
of the silicon layers. Since this area [
is transparent and appears brownish
under natural light, it should be a very

thin layer of approximately 100 1.

Similar inclusions were often observed

in other prepared crystals, particu- -__MM_

larly in larger ones. (b)

Figure 3 shows an extren.e case
of this phenomenon. The crystal was Figure 2. Dark Field Photomicrographs

of Two Typical Examples. The bright
grown in one hour in a crucible with a dots in photograph (a) are accidental
slightly larger thermal gradient. The dust particles which are of no signifi-

cance; the arrow in photograph (b)
crystal has striations iinca it was points to a thin silicon layer

grown at a greater speed than the ones
shown in Figure 2. The structure parallel with the crystal edge is not on the basal

plane, but exists within the crystal. Therefore, it may be concluded that during

growth the silicon solvent phase was being absorbed inside. Such a crystal, how-

ever, tends to develop cracks within because of the expansion which takes place at
the time of silicon solidification. This is observed near the center of the crystal
in the figure. The dark area on the right is unremoved silicon residues.

B-SiC is fornmed in the initial stage of crystallization in this process just as in
the sublimation process. As a result, these initial crystals were often found to re-

main epitaxially on the platy a-type crystals (loomata et al, 1968b). [
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3.2 Cry Polytype

Table 1 gives results of an attempt

to identify by oscillational photography

the polytypes of platy crystals grown at t Z" -

22000C in 5 hours. The polytypes are

listed in the descending order of the,

diffraction spot intensity. Lp denoi.a

a long-period structure. A circle in

the diffuse streak (stacking disorder)
column indicates a crystal in which Figure 3. Crystal Grown With a Larger

Temperate.re Gradient at 2200"C in One
distinct stacking disorders were found. Hour. The crystal has striations and

The two observed features are (1) the silicon layer inclusions. The dark area
on the right are silicon residues

predominance of the OH type and (2)

the existence of stacking disorders in
many of the crystal3.

Table 1. Structure of SiC Crystals Grown
From Silicon Melt at 22000C in 5 Hours

Diameter Thickness Thick. Stacking
No. Structure (mm) (mm) Dia. Disorder Color*

1 6H 2.5 0.01 0.004 0 G

2 3C + 6H 2.4 0.04 0.017 0 YG

3 6H + 3C + Lp.** 1.9 0.0; 0.016 VG
4 6H 1.7 0.015 0.009 0 G
5 6H + 66R (?) 1.5 0.015 0.010 G

S 6H + 3C 1.4 0.02 0.014 0 YG

7 6H + Lp. 1.4 0.02 0.014 G

3 6H 1.3 0.015 0,012 0 G

9 6H 1.2 0.015 0.013 0 G
10 6H 1.2 0.015 0.013 0 G

11 611 1.2 0.015 0.013 0 G
12 3 H 1.2 0.015 0.013 0 G

13 6H 1.1 0.03 0.027 0 G

14 6"H 1.1 0.01 0.009 0 G
15 61_ 0.7 0.02 0.029 0 G

* G and YG stand ftor rrtinn and yellowish green respectively,
** Lp. meann a structv:".. having a long c-period.
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Since graphite was used for the crucible and high-temperature degassing was

not performed, crystals were tinted generally by forming solid solutions with

nitrogen.
Since 6H exhibited a slight bluish green color and P-SiC its characteristic yel-

low color, it was relatively easy to distinguish the epitaxial residues described

above. Crystal no. 2 listed in the table corresponds to s,.ch a case.

3.3 Baual Surface Gtowth

Figure 4 shows results of differ-

ential interference observation of the
(0001) face of a particularly large crys- ,

tal. The crystal displays clear growth /

patterns. Figure 4(a) shows a tastly
grown face on which numerous growth

spirals are observed. Figure 4(b) is

complicated because a reflection from
the (a)-face is superimposed. However, (a)

it was confirmed that the pattern with •

high contrast corresponds to dissolu-

tion, judging from the height and curva-

ture of the steps studir.d by the phase

difference technique. The (a)-face also

has a reflection from the (b)-face

superimposed on it.
Obviously, the cooling process af-

fected the growth and dissolution. How-

ever, if we recall that a cooling proceF,3 (b)
increases the degree of supersaturation

of asoluionthenit s loicalto cr - Figure 4. Surface Structures ofa
Crystal Grown With a Large Temper-

sider that even under normal conditions ature Gradient. Face (a) shows nu-

the same relationship existed for the merous growth spirals; the opposite
face (b) shows a pattern of dissolutiongrowth speeds of the faces shown in

Figure 4 although the conditions for

them were different.
Figure 5 shows two different parts of the same crystal which was chemically' i etched for one hour with NaOH dissolved at 400 0 C. fligure 5(a) shows a fastly

grown face. No pits appear on this face, but triangular pits form on the opposite

(b)-face.
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In crystals prepared by sublimation, '0

the etching conditions stated above tend 0

to produce etch pits on the fastly grown

face (Inomata et al, 1968c). The situa-

tzan is reversed in the present case.

The shape of the etch pits in Figure

5(b) indicates tha.t Vie face which shows - )4 4
dissolution pospesses layers correspond-

ing to those on the (111) face of P-SiC. (a)

4. DISCUSSION

4.1 Inclusions in Crystalp

It wr s proposed that ot-SiC crystals

prepared by sublimation generally in-

elude fine carbon particles (Inomata

et al, 1970a), but there was a slight

ambiguity about the conclusion that the (b)

inclusions are carbon particles. The

fact that crystals obtained h3re did not ent Parts of the Same Crystal (Fig-
Fiuen PartsoftheSaegrypsta (FTw ige-

show such inclusions supports this con- ure 4) After Being Etched in Moiten
NaOH at 400°C For One Hour. Face (a)

Sclusion, showed a higher growth rate
The reason why silicon inclusions

resulting from the solvent method and

carbon inclusions from the sublimation technique exhibit marked differences in
their distributions is that the former is in tae liquid phase under the growth condi-

tions whereas the latter tends to be in the solid phase.

Since inclusions in a crystal obtained by sublimation are very fine and scatter

throughout the crystal, they are usually very difficult to observe. However, silicon

inclusions are generally localized, as shown in !igure 2(b), and can easily be

observed.

Carbon particle inclusions in crystals are great obstacles in constructing p-n

,junctions (Canepa et al, 1964). Since defects in crystals grown from solvent siliconl

are 3asily detected, the parts containing these defects should easily be removed.

4.2 Structural Characteristics

It was mentioned in Sectiosi 3.2 that the crystals obtained in the present exper-

iments often contain stacking disorders and that there is a high probzbility of 6H
formation.
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When a SiC single crystal is grown without using seeds the formation and

growth of a-SiC usually follow the initial crystallization of P-SiC. However, if the

'growth tamperature is 'aboe 1600*C,,the type that is most easily formed from

-.- SWC is 6H, and this tendency is more pronounced at higher temperatures (Inomata

et al, 1969c; 1970b). This process of structural transformation accompanying crys-

tal growth is described in Table I (Inomata et al, 1968b).

The 15R.type which usually tends to coexiat with 6H was not observed probably

because this type could be grown easily in the neighborhood of.22000C only if it

"stared with t6 6H twin structure with a* 700301 angle between the bases. Many of
• • $hhe plat*y crystals obtained in the present experiments did not contain this type of

It was stated in Section 3.3 that parts of the basal surface had dissolved. This

fact suggests that the Initially crystallized parts will eventually disappear if the

growth time is len/hened. Therefore, removal of the initially crystallized P-SiC

and the regions cohtaining stacking disorders seems possible during growth.

Experience' shows that when the de'gree of supersaturation of the atmosphere

during crystal growth is low, tMe above-mentioned transformation process appears

to terminate in a relatively early stage of the growth. Therefore, changing the tern-

perature gradient inside the crucible from the beginning to the end of the growth

process may be an effective way of obtaining a-SiC single crystals with a nearly

perfect structure.

4.3 BaWa Surface Growth Speed

For tetrahedral binary-6ompound crystals, many arguments have been re-

ported on the difference in the growth speed and structure between the two basal

surfaces whose polarities are different (Brack, 1965; Komatsu, 1969). However,

fhe effect of changes in the exiernal conditions has not been well understood.

Although the results described in Section 3.3 were only one example concern-

ing SiC, they show that crystals are strongly influenced by the environment in

which they are placed, This may be attributed to the fact that the gas phase com-

position in the sublimation process is usually biased away from the equilibrium

to'ward the carbon side (Inomata et al, 1970a), whereas in the solvent process crys-

tals grow under overwhelmingly silicon-rich conditions.

"Clear conclusions cannot be drawn since the present investigation was carried
out on a limited number of crystals; however, to compare polarities and growth

speeds, it seems necessary to consider th e compositions in the gas and liquid

phases, and the relationship between the rr icroscopic temperature distribution in-

side the crystal and t.,A environment.
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5. SUMMARY

Platy a-SiC crystals of 2 - 3 mm in diameter were grown in high-density

graphite crucibles with high-purity solvent silicon after 5 hours' heating at 2200*C.
The crystals obtained consisted mainly of 61L When compared with crystals

grown by sublimation, the probability of forming twins with a 700301 angle between
the bases was small. Some of the crystals contained very thin silicon layers, but
these regions were generally localized-and fine scattered inclusions such as seen
in crystals prepared by sublimation were not observed.

The etching tendencies for the twb fastly grown basal faces with opposite po-

larities are found to be different. The tendencies for crystals grown from solvent

silicon are the reverse of those for crystals prepared by sublimation.
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