Characterization of 3C-SiC crystals grown by thermal decomposition
of methyltrichlorosilane
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Single crystal 3C-SiC platelets, formed by thermal decomposition of methyltrichlorosilane at
1650-1750 °C, have been characterized in terms of structure and morphology. The platelets are
~3-5 mm in length and 1-1.5 mm in thickness. Thd1) C face of the crystal, which has an
effective zero growth rate, presents a large, mirrorlike surface in the as-grown 3C crystals. Atomic
force microscopy indicates that them&grownsurfaces are extraordinarily flat and uniform, with a
mean surface roughness of 1-2 A. This value is comparable with the roughness of state-of-art
polishedSi wafers. X-ray rocking curves of th@11) peak were obtained with a linewidth of 12.3
arcsec. This is the smallest value reported to date for any polytype of SiC. Raman spectroscopy at
300 K reveals a very sharp TO—phonon peak at 797.8%cmith a linewidth of 2.1 cm?. © 1996
American Institute of Physic§S0003-695(96)00651-]

Silicon carbide is a wide band-gap semiconductor undeatomic force microscopyAFM) of the as-grown crystal sur-
active development for high power, temperature, and frefaces, multiple-crystal x-ray diffractioMCXRD), and Ra-
quency device applications. Several review articles coveman spectroscopy. Single crystal 3C—SiC platelets have been
various aspects of these developments, for example bgrown*'*from the thermal decomposition of methyltrichlo-
Morkog et al! and by Edgaf. SiC crystals exhibit many rosilane(MTCS—CH;SICl;) at the Baikov Institute. MTCS
structures depending on the stacking sequence of Si—C tes a colorless liquid at room temperatuweth a boiling point
rahedra. The SiC polytypes that have been explored the mo&f 66 °C). No metallic parts were used in the reactor because
have either the zinc-blend8C) or the hexagonakH or 6H) MTCS produces HCI in contact with moisture. The SiC
structures. While 3C has the highest electron mobilitydrowth is carried out in a high flow of JHon a resistively
(~1000 cnd/V s) of all SiC polytypes, interest has concen- heated graphite rod at temperatures ranging from 1650 to
trated on the hexagonal polytypes because of the commercial’ >0 °C. This. technique has yielded some of the purest and
availability of substrates cut from bulk crystals grown by al@rgest 3C—SiC crystals to date:3-5 mm in length and
modified sublimation technigqu Due to the general un- 1—1.5 mm in thickness. Undoped crystals appear yellow un-

availability of bulk 3C—SiC crystals, most recent work on 3¢ der normal light, whilen-type (N-doped crystals are dark
used thin film growth on Si substratéfor a review see 9réen and-type (Al- and B-doped crystals are black.

Dauvis et al5). 3C—SiC-on-Si growth was made possible by AN exarlnp!e of ﬁn ulndolped hSC—dSiC cryTtaI_ ﬁrown by
the introductiofi of a buffer layer that partially accommo- MTCS pyrolysis is the platelet-shaped crystal with 5.3 mm

dated the large lattice mismatch. However, recently there haig length and~; mm thickness ShOWT‘ in Fig. 1. The top
been renewe?d interest in the bulk growth of 3C—Sin by th surface, shown in the photograph of F@g)l is the(11) C
sublimation technique using seeds consisting of 3C—Si ace of the crystal, which has an effective zero growth rate
films grown on (and removed from Si/ and 6H—SIC compared to the other growth planes. This surface is not
crystals®® In this context, it is useful to, be aware of the processed after crystal growth and presents a remarkably flat-

capabilities of previously developed vapor phase bulk crysta] nd mirror-finished plane. The back side of the crystal con-
. i f lle111) Si f incli 11
growth techniques for the 3C polytype. Most of the ists of a smalle(11) Si face bounded by inclinedl1])

0-13 " planes.
reporté_ of vapor phase 3C cr_ystal groyvt_h utilized thg X-ray diffraction (XRD) rocking curve(w/26) measure-
pyrolytic decomposition of chlorine-containing organosi-

I . X s ith h q hi q b ments have been performed using the Philips Xpert system.
anes in conjunction with heated graphite rods or tubes agnhe manochromator of this system consists of four channel-
susceptors. _ cut Ge crystals oriented along ti220) plane. In this con-

In this letter, we report several newly characterized aSTiguration a maximum resolution of-11 arcsec can be
pects of vapor phase grown 3C-SiC crystals, including,chieved using a Sil11) wafer. An XRD rocking curve of
the(111) peak of the 3C crystal shown in Fig. 1 is presented
3E|ectronic mail: a.steckl@uc.edu in Fig. 2. The full width at half-maximuniFWHM) of the
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FIG. 1. Photograph of undoped 3C—-SiC crystal grown by methyltrichlorosi-
lane.

3C-SiC(111) line is approximately 12.3 arcsec. For com- & ; ’ a
parison, commercially available 6H-SiC measured on the0 0.25 0.50 0.75 1.00 um

same system exhibits multiple overlapping peaks with the

FWHM of the largest peak being70 arcsec. Conventional Image Statistics

XRD scans(6/26) of the crystal reveal only th€l11l) and Img. Z range 5.841 nm

(222) reflections of the 3C polytype over the dynamic range Img. Rws (R g-fg; nm

(10°) of the measurement. _ ::z g:f_ area {002 o
One of the most interesting aspects of the growth by this Img. Srf. area diff 0.244 x

technique is the presence of a large, mirrorlike surface in the

. .. i Box Statistics
as-grown 3C crystals. Using AFNDigital Instruments Di-

mension 300pin the tapping mode we have determined that :";a'('gz) g ggf o
these as-grown surfaces are extraordinarily flat and uniform Mean roughness (Ra) 0.146 nm
This value is comparable with the roughness of state-of-ari Surface area 0.421
polished Si wafers. An AFM image of axil um? area of Surface area diff 0.224 «

this surface is shown in Fig. 3. Several dust particles show

up as large and brightand, therefore, relatively talwhite  FIG. 3. Atomic force microscopic image of ti&11) C face of 3C(upper
features in the image. Excluding these larger particles, whicfigure) and surface roughness analyiswer table.

are unrelated to the crystal growth, a mean surface roughness

(R,) of 1.46 A is obtained over the surface contained within

the inner black rectangle. Additional information regarding Micro-Raman spectroscopy with spatial resolution of
the surface contained within the black rectangle is given inL—2 um was performed in the backscattering mode using
thebox statisticsshown in Fig. 3. Similar information for the Ar* laser excitation with a wavelength of 514.5 nm. Figure 4
entire surface is given in thenage statisticsn Fig. 3. Itis  shows a Raman spectrum obtained at room temperature from
interesting to point out that, even when one includes thehe (111) surface of the 3C-SiC crystal obtained using 5
large particles in the calculation of the surface roughness, theiw of power and a 58 objective. Two sharp lines are

R, over the entire image is still only 1.72 A. observed at 797.8 cnt (TO phonon and 972.8 cm? (LO
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FIG. 4. Raman spectrum taken in the backscattering configuration from the
FIG. 2. Rocking curve x-ray diffraction spectrum of 3C—SiC crystal. ~ (111) surface of 3C—SiC crystal at 300 K.

Appl. Phys. Lett., Vol. 69, No. 25, 16 December 1996 Steckl et al. 3825
Downloaded-19-Nov-2002-t0-129.137.164.137.=-Redistribution-subject-to-AlP-license-or-copyright,~see=http://ojps.aip.org/aplo/aplcr.jsp



phonon. Spectra obtained from six different locations pro- H. Morkog, S. Strite, G. Gao, M. E. Lin, B. Sverdlov, and M. Burns, J.
vided an average FWHM for the TO and LO lines-eR.1 ,Appl. Phys.76, 1363(1994.
and~3.5 cm %, respectively. These values are not corrected3“3(‘ 'i/ldg?;ir“;‘v '\g‘:]‘tderv R'fg’Tszvseilg?/g?' Cryst. GrowB, 146 (1983
—1 . . . . i y J . " .
for the 1-2 cm ~ resolution _Of Jobin— _Yvon U-100 dO_Uble “D. L. Barrett, R. G. Seidensticker, W. Gaida, R. H. Hopkins, and W. J.
monochromator operated with 2@0n slits. For comparison  Choyke, J. Cryst. Growtti09, 17 (1991).
purposes, we have measured the Raman peak of a Si wafer 2R. F. Davis, G. Kelner, M. Shur, J. W. Palmour, and J. A. Edmond, Proc.
-1 " ; IEEE 79, 677 (1992.
g?igrg c#]ﬁfeli"(:??e?:‘tmglCct)rr:%llil(%nzn?jnf;?t?‘rl]?%dca SF.V(\:/HM 6S. Nishino, J. A. Powell, and H. A. Will, Appl. Phys. Lett2, 460(1983.
’ : ' ) Ively thi s —I V. Shields, K. Fekade, and M. Spencer, Inst. Phys. Conf. 8&F, 21
films grown on Si(100 substrates, where only the LO pho- (1994,
non is allowed by the Raman selection rules, Lo_phononaJ. Yang, S. Nishino, J. A. Powell, and P. Pirouz, Inst. Phys. Conf. Ser.
lines have been reported with line widttBWHM) of ~5 187 25(1994. .
1 _1 . K. Nishino, T. Kimoto, and H. Matsunami, Inst. Phys. Conf. Set2, 89
cm - (Ref. 16 and 7 cm ~ (Ref. 17, respectively. (1996
In summary, we have reported the structural characteris®y, 1. Kendall, in Silicon Carbide edited by J. R. O'Connor and J.
tics of 3C crystals grown by methyltrichlorosilane. The crys- Smiltens, 67(Pergamon, 1960
. . epe 11 ihi
tals exhibit remarkable properties as exemplified by K- M. Merz. 73, ibid.

. T . E. Straughan and E. F. Mayer, 88jd.
instrument-limited XRD and Raman spectroscopy results;sg’ Susman, R. C. Spriggs, and H. S. Weber,isi,

The uniquely flat and smooti111) C surface can be used for 145, N. Gorin and A. A. Pletyushkin, Growth Cryst. 210 (USSR (1965.
fabricating exploratory 3C—-SiC devices, even though cur#’L. M. lvanova and A. A. Pletyushkin, Inorg. Mates, 1817(1967).

rently the crystal size is fairly small. We conclude that anmz- Eﬂu;alda'dHé,O\fuT#éa’ j /l:- Lf%hk}ggDeztgo(Tg ;Sakuma, S. Misawa,
. o . L . . Endo, and S. Yoshida, J. Appl. : .

investigation pursuing potential improvements in the vapon,,' <o =" " T Vie R Ho, 9. williame, S. C. Liew, Y. G.
phase growth of 3C—SiC leading to crystals with larger di- rqoo, s K. L. Choo, W. E. Ng, and S. H. Tang, Mater. Res. Soc. Symp.

mensions would be desirable at this time. Proc.339, 417 (1994.

<

3826 Appl. Phys. Lett., Vol. 69, No. 25, 16 December 1996 Steckl et al.
Downloaded-19-Nov-2002-t0-129.137.164.137.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://ojps.aip.org/aplo/aplcr.jsp



