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Raman spectra of 6H-SIC crystals including stacking faults have been examined ddatieeusing
backscattering geometry. The intensity of the transverse optical phonon band at 796utich
corresponds to the phonon mode at theoint in 3C-SiC, is sensitive to the stacking faults. We
found that the intensity of this band depends on the stacking fault density. This is explained based
on the bond polarizability model. The spatial distribution of the stacking faults is studied by Raman
image measurement. @000 American Institute of PhysidsS0003-695(00)00249-7

Silicon carbide has a large number of polytypes forcalculated on the basis of the bond polarizability conéépt.
which the stacking sequences of Si—C double atomic planes Under an assumption that the bonding forces between
are different. This fact implies that the stacking faulg$ Si(C) and GSi) atomic planes are the same for hexagonal
are easily generated. In fact the calculated formation energgnd cubic environments, the Raman intensity of the FT
of the SF is very small compared with that of Si and modes given by Eg2) in Ref. 9 is reduced to the following
diamond! It has been pointed out that the SF has strongorm:5
influence on electrical properties of S¥Go far the SF have
been evaluated by x-ray diffractidnhigh-resolution trans- W=9[n(w)+1]o~|A(q)—B(q)|*/c(q)|*
mission electron microscogyand Raman scatterirg! Of
these methods Raman scattering is the most desirable sincedftd
is nondestructive, simple to use, and the least time consum- _2 )
ing. In the present work we study the stacking faults in 6H-  ¢(A)=N""2a; expiqz).

SiC by Raman scattering measurement of a transverse pho- . . .
non mode using a specified experimental geometry. Ram ere, S IS a constant independent of, n(«) is the_ Bose
spectra were measured with a backscattering geometry usi %ctor, g is the wave vector of phonons, am-B is the

the 488 nm line of an Ar laser. A triple monochromator with 0 c.iIIatio_n amplitude of the relatiye c_iisplacement of neigh-
f=60cm equipped with a backillumination type cooled boring Si and C planesc(q), which is called the Raman

charge coupled deviceeCD) detector was used structure factor, is given by Fourier transform of the bond
Long period SiC polytypes have a number of RamanRaman polarizability; which is equal .to thgog yy, andxy
active modes which arise from the so-called zone folding offomponents of the bond Raman polarizability tensor. For the

the Brillouin zone of the basic polytyg8C polytype.®° The FTO(0) mode, we may pugj=0. Hence, the arrangement of

Raman spectra of these phonon modes, especially the foldélae bond Raman polarizability along teeaxis in a unit cell

transverse modes are greatly affected by the SF. Figure '? represented &
shows Raman spectra of 6H-SiC crystals containing low and
high densities of the SF. The Raman bands are distorted and
broadened for high density of the SF. A striking feature inAccordineg Sa
the spectra is the growth of a Raman band at 796'cat a A

a=(a;)=d(1,1,1-1,—-1,—1) for the 6H polytype.

becomes zero. This argument is consistent
) _ ) with the result of the group theory analysis that the FJ)O
high density of the SF. Hereafter, we call this the KOO mode belongs to th&, mode, andxx yy, and xy Raman
band. We used the FTO) band as a monitor of the SF. o501 components are zero. However, if the SF is present,
The folded mode observed in the Raman scattering ofg arrangement of the bond Raman polarizability becomes
nH polytypes corresponds to a phonon mode with a wavganqom and then the(0)=3a; may be finite unless the
vector ofq=2mm/(nc) in the basic Brillouin zone of the 3C  ;oherence length of the phonon modes is infinite. The coher-
polytypeslén the111] direction, wheren andm are integers  gnce |ength of the optical phonon modes inferred from the
(2m=n).”" The Raman intensities of these folded modes iNRaman band width is thought to be less than a few tens of
the transverse optic@FTO) and acousti¢FTA) branches are nanometers in SiC. Growth of the FT® band with the SF

originates fromstacking fault activated Raman scatterjng
dElectronic mail: nakashim@pem.miyazaki-u.ac.jp which is analogous to disorder activated Raman scattéting.

0003-6951/2000/77(22)/3612/3/$17.00 3612 © 2000 American Institute of Physics
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FIG. 2. High frequency portion of the Raman spectra of samples with dif-
ferent SF densities. The SF densities of samples B and C drel0band
10°— 1 cm™?, respectively. The intensity is plotted on logarithmic scale.

man activity through extinction of the periodicity. Judging
from the Raman spectra shown in Fig. 2, the lower detection
limit of the SF density by Raman measurements may be
about 16cm™%.

In Fig. 3 we show an example of one dimensional Ra-
man images of a commercial base 6H-SiC wafer grown by a
chemical vapor deposition method, which contains relatively
high density of stacking faults. The image was obtained by a
line illumination method and a CCD detector. The laser
beam expanded linearly by a cylindrical lens was focused on
the sample surface. The illumination region on the sample
was 70<2000um. The spectra are plotted with steps of 65

FIG. 1. Raman spectra of the folded transverse modes in 6H-SiC crystalgm. The intensity of the FT@®) mode varies with the posi-

containing stacking faultga) Spectra of folded transverse acoustic modes

tion, indicating that the SF density is not uniform in this

and (b) of the folded transverse optical modes. Solid curves are for highwafer.

density of the SF and the broken ones are for low density of the SF.

lon-implanted semiconductdrs™ or mixed crystalst often

show additional Raman bands at frequencies corresponding

to those of zone-edge phonon modes.
The earlier hypothesis is experimentally verified by Ra-

man measurements of crystals with different SF densities
which are determined beforehand. SiC crystals containing

high and low density of stacking faults were cut from a 6H-
SiC ingot grown in a direction perpendicular and parallel to
the ¢ axis, respectively? The SF density was determined

from etch-pit-density measurements. Thiéace was exam-

6H-SiC
Distribution of stacking faults

FTO(2/6)

2500

2000

ts)

ined with backscattering geometry. No polarization measure- ‘
ment was made. Figure 2 shows Raman spectra of 6H-SiC-g 1500
crystals with relatively low SF densities, the intensity being

(a

plotted on the log scale. Since the SF density of the two &
samples is not heavy, the FT® band is weak and not well % 1000
separated from the FT@/6) band. The intensity of the E
FTO(0) band increases with increasing SF density, but the 500

FTO(2/6) and FTQ6/6) bands show no remarkable change
with this density; the figure in parenthesis denotes the re-
duced wave vector of the corresponding phonon in 3C-SiC.
Note that the band shape of the HR®B) and FTQ6/6)
modes are almost independent of the SF density except for

L L L L L e e

I S S T O T O I B I |

740

760 780 800 820 840

Raman Shift (cm)

_the tail regions. This faCt_ nggeStS that SF has not muchig, 3. Spatial variation of the intensity of the FT@ band in a 6H-SiC
influence on the phonon lifetime, but it does affect the Ra-crystal which includes SF.
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