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By using monomethylsilane (MMS343i—CH;), we have formed a $i,C, interfacial buffer layer

for 3C—SiC/S{100) heteroepitaxy at substrate temperatilifeof as low as 450—-650 °C, which is
compared to the conventional carbonization temperature of 900 °C or higher. The buffer layer allows
the subsequent growth of high-quality single-crystalline 3C-SiC films at 900 °C without formation

of voids in the Si substrate at the interface. The grown 3C-SiC films degrad&;fo450 or

>650 °C. The low processing temperature as well as the suppressed Si outdiffusion can be related
to the inclusion of both Si—H and Si—C bonds within the MMS molecule. 261 American
Institute of Physics.[DOI: 10.1063/1.1390476

The heteroepitaxy of SiC on @iC/S) has been an im- which we term the organosilan®9) buffer layer, has been
portant issue in SiC epitaxy since it potentially provides aevaluated by forming a 3C—SiC film on it with MMS gas-
solution to the problem of micropipes that exist even in statesource molecular-beam epitax@ SMBE) at T,=900 °C89
of-the-art SiC wafers. To achieve qualified SiC/Si heteroepi- Figure 1 presents reflection high-energy electron-
taxy, insertion of an appropriate interfacial buffer layer isdiffraction (RHEED) patterns from(a) the interfacial buffer
strongly required, which bridges the lattice mismatchlayer prepared al;=650 °C, Pyys=5.0x10"° Torr for 5
(~20%) at the interface and impedes the Si outdiffusionmin and (b) the SiC film grown onto the buffer layer at
from the substrate. The surface of the buffer layer is espet;=900 °C, Pyys=5.0X 10 ° Torr for 60 min. Choice of
cially crucial. Surface degradation may initiate defects suchhis growth temperature is based on our previous growth
as stacking faults in the growing film, which, once formed, experiments using MM&? Figure 1a) shows only 3C-SiC
are very difficult to remove. spots, indicating the formation of a uniform, single-

The carbonization method, which utilizes reactions becrystalline SiC buffer layer that fully covers the Si substrate.
tween hydrocarbon molecules and the Si substrate, has be&he formation temperatur&; =650 °C can be compared to
a common tool in forming a 3C-SiC buffer layer having thethe conventional carbonization temperatures~&00 °C or
same crystal orientation as the Si substfafeRecent higher. The pattern from the film grown onto the buffer layer
investigation$ are revealing that the role of carbonization is [Fig. 1(b)] indicates that it is from a 3C—SiC single crystal.
more on forming a diffusion barrier against Si atoms than omlthough some three-dimension@D) features are evident,
relaxing the lattice mismatch. Problems with carbonizationthe appearance of streaks indicates that a relatively flat,
however, are(1) the high temperature§ =900 °Q required  qualified single-crystalline 3C—SiC is grown onto the OS-
to decompose the hydrocarbon molecules and to form thpuffer layer using MMS GSMBE af,=900 °C.

SiC lattice structure, an@®) Si outdiffusion from the Si sub- The formation temperaturg; has a strong effect on the
strate caused by the high-temperature process. The high pregrface structure of the buffer layer. The RHEED pattern
cess temperature causes surface roughening as well. The f&m the buffer layer formed af;=300 °C showed a 21
outdiffusion causes degradation of the SiC buffer layerreconstructed $100) surface structure with Kikuchi lines.
which includes Si voids within the Si substrate at the inter'ThiS Suggests that the MMS molecu|es are dissociative'y ad_
face. sorbing at the two dangling bonds of a Si dimer at this low

We here notice that the greater bonding energy of thgemperature. With increasing; up to 400—450 °C, the in-
Si—C bond(13.09 eV (Ref. 5 than that of the Si-Si7.45  tensity of the half-order spots are gradually weakened, indi-
eV) (Ref. § or C—H (12.55 eV (Ref. 5 bonds can be the cating that the Si—Si dimerbonds begin to break up due to
most responsible for driving the Si outdiffusion. This consid-jnteractions between the surface Si atoms and the MMS mol-
eration, as well as the problematic high processing temperascyles. At 500-600 °C, the RHEED pattern became that of
ture, suggests two logical strategies to overcome the probsj1001x1 with a highly intensified background. This indi-
lems  with 7carbor_1|zat|0n: lowering of the formation cates the occurrence of the entire breaking of the surface
t_emperatur% and simultaneous supply of Si atoms in addi- 5j_s;j dimerbonds and preservation of the atomically flat sur-
tion to C atoms. In this study, we have utilized mono-face as well. Further increase ®f up to 700—-800 °C initi-

methylsilane (H;Si-CH;;  MMS) and have formed 5ieq continuous SiC growth, but with very poor quality, in-
Si; —C,/Si(100) interfacial buffer layers at temperatures aS¢luding poly-SiC crystals.

low as Ty=450-650°C. The function of the buffer layer, The formation temperature of the buffer layer also has a
strong effect on the quality of the 3C-SiC film grown on it.

3Electronic mail: nakazawa@bunshi.riec.tohoku.ac.jp RHEED patterns from the SiC films grown onto the buffer
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FIG. 2. Fourier-transform infrared-spectroscofiyTIR) spectra obtained
from SiC films grown(a) with and (b) without T;=550 °C buffer layer
formation.

FTIR spectra obtained from the SiC films groa with and
(b) without the T;=550°C buffer layer. The spectruiia)
from the film grown onto the buffer layer presents a sharp
3C-SiC transverse-opticdl'O) -phonon absorption peak at
795 cm ! with a FWHM of ~38 cm L. This peak position
is identical with that from ideal bulk 3C—Sit.The peak
becomes asymmetrical and blueshifted for the film grown
directly onto the Si substraféb)]. These results indicate that
a fully relaxed, high-quality SiC crystal is obtained by em-
ploying the optimized OS-buffer layer. Extra components ob-
served at 850—950 cnt in (b) are also observed for films
(b) grown onto buffer layers formed afl;=300°C or
T;=700°C. XTEM observations indicate the presence of
FIG. 1. Reflection high-energy electron-diffractidRHEED) patterns for ~ voids with surrounding11l) facets for these samples. We
(a) the interfacial buffer layer formed &t =650 °C for 5 min onto a clean  thus relate the extra components in the FTIR spectrum to
Si(100 surface andb) the SiC film grown aff=900 °C for 60 min onto 4o qraqation at the SiC/Si interface in the film, such as stack-
the buffer layer. ing faults. Figure 3 shows the XTEM image of the SiC film
grown onto the OS-buffer layer formed at 650 °C. A high-
layer formed afT;=450-650 °C presented a clear 3C—-SiC quality 3C—SiC film is seen to be successfully grown on
1X1 pattern with streaks, indicating the formation of a quali-Sj(100), with an atomically flat interface without Si voids in
fied SiC film on these buffer layers. For buffer layers formedthe Sj substrate. Low-resolution XTEM observation clarified
at Ty=<400°C or 706<T(=<800 °C, however, extra spots and that the distribution of stacking faults in the film is not uni-

ring patterns, in addition to the 3C-SiCx1 spots, were form but there are some regions with 80—100 nm in diameter
observed on the grown films, indicating the formation ofthat contain no stacking faults.

polycrystals. AtT{=700 °C, in particular, the grown film be- The surface morphology of the grown films was investi-
came purely polycrystalline. Namely, there is a process wingated using atomic-force microscogpFM). The surface
dow inT; as for the formation of a qualified buffer layer in- morphology of the film formed onto the buffer layer at 450

the present OS-buffer method. T;<650°C presented rectangular-shaped steps with each
The epitaxial nature of the 3C-SiC films grown onto the

optimized buffer layenT;=450-650°Q can also be con-
firmed by x-ray diffraction(XRD), Fourier-transform infra-
red spectroscopyFTIR), and cross-sectional transmission
electron microscopyXTEM) observations. The XRD, con-
ducted using a CH « line, exhibited a sharp 3C—S(200)
peak at 41.37° and a 3C—-34D0) peak at 90.10°, in addi-
tion to the major SK400) reflection peak from the substrate.
The absence of extra peaks is consistent with the epitaxial
nature of the 3C-SiC film. In fact, the results from RHEED,
XRD, and XTEM (Fig. 3) altogether indicate that the film is

of single-crystalline 3C—-SiC without any other orientations
or polytypes. The full width at half maximuntFWHM) ; R
value of the 3C—Si(200) peak was~0.68° for a~350-A- — 10nm

thick sample. FofT{=700 °C, on the other hand, siay FIG. 3. Cross-sectional transmission electron microscopy image of a SiC

and (220 peaks were also observed. Figure 2 shows thdim grown onto a buffer layer formed at 650 °C.
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T T ecule account for this mechanism. This finding implies that
R verp o L MMS gas adsorption not only incorporates C atoms into the
Growth time=60 min buffer layer but also provides molecular SiC units even at
low temperatures. This explains why a qualified SiC lattice
structure can be formed at temperatures as low as 650 °C
using MMS. Hydrocarbon gas molecules, on the other hand,
cannot be fully decomposed at low temperatures, and cannot
thereby provide sufficient Si—C bonds to form qualified SiC.
Another equally important finding in Ref. 11 is that atomic
. ] exchange between the surface C and the substrate Si atoms
i hardly occurs on MMS/$100 even after annealing up to
00600 300 ~650 °C, which is contrasted to acetylen€180). This can
Buffer layer form. temperature (°C) also be understood in terms of the strong Si—C bonds already
present in the MMS molecule. When hydrocarbon molecules
are used instead of MMS, intermixing of Si and C atoms at

Rms (nm)

[\9]
T T T

highly degraded surface

{Rms>30 nm)

FIG. 4. Root-mean-squafems) roughness of the SiC film surface obtained
with atomic-force microscopyAFM) as a function of the formation tem-

perature of the buffer layer. the SiC/Si interface occurs to form stable Si—C boHds,
which leads to degradation of the surface and formation of Si

_ o S voids?

side parallel to thg011] direction. This indicates that the In summary, we have formed a buffer layer for 3C—SiC/

grown SIC film is epitaxially aligned along the Si substrateSi(loo) heteroepitaxy by using MMS &af;=450-650 °C.
orientation. Voids or pits were not observed on the film surrpqo ability of the buffer layer has been demonstrated by the
faces. Contrary to this, the surface morphology of the f”msquality of the SiC film grown onto the buffer layer, which is
grown onto the buffer layers formed a;<400°C or  comparable with the bulk 3C—SiC. The interface is shown to
T¢=800 °C, or directly onto the Si substrate was smeared. Iihe gromically flat without Si voids in the Si substrate. The
particular, pits with depth of>30 nm were observed for 4 ,thors would like to acknowledge Futami Satoh and Profes-
films grown onto the buffer layer formed @4<400°C or g Michiyoshi Tanaka at the Research Institute for Scientific
directly onto the Si substrate. These deep pits suggest thGeasurements, Tohoku University for their great support in
occurrence of Si outdiffusion from the Si substrate to the filmy,o xTEM observations. This work was supported in part by
surface during growth. The root-mean-squéRé1S) rough- 5 Grant-in-aid for Scientific Resear¢No. 12650025 from
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