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Abstract: Structure and polarity of the SiC single crystal have been analyzed with the four—circle X-ray diffraction

method by a double-crystal diffractometer. The hexagonal { 10_15] pole figure shows that this SiC sample has a 6H

modification. The difference between the integrated intensities measured by wscan in the triple-axis diffraction set—

up finds some convincing evidence that the surface is either a Si4erminated face or CH4erminated face. The experi—

. - 2 2 . . . .
mental ratios of | F (000L) | °/] F (000L) | * are in good agreement with the calculated ones after the dispersion cor—

rections to the atomic scattering factors (L= 6, 12 and 18, respectively). Thus, this measurement technique is con—

venient for the application of the materials with remarkable surface polarity.
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1 Introduction

Silicon carbide(SiC) is a promising candidate
for the high-temperature, high-speed, high-{re-
quency and high-power electronic devices owing to
its excellent thermal and electrical properties'' ”.
Additionally, SiC is a potential excellent substrate
for the GaN epitaxy due to its small lattice con-
stant and the thermal expansion coefficient mis—
matched the later'”.

It is well-known that SiC can form numerous
modifications' ' (the so-called polytypes), including
the common polytypes of hexagonal 4H, 6H and
8H, rhombohedral 15R, and cubic 3C. However, all
6H, 4H and 3C-S8iC are assumed to be SiC bulk sin-

gle crystals. so it is very crucial to identify the SiC
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polytype when the SiC bulk single crystal growth
is performed.

In previous papers, a four—circle X-ray diffrac-
tometer has been applied to determine the SiC
structure. T he result shows that SiC has a 6H mod-
ification, which is noncentrosymmetric and contains
a polar axis. Because of this axis, the bonding con-
figuration of the surface atoms depends upon the
crystallographic planes. Generally speaking, the
various crystallographic planes are composed of the
identical close-packed double layers. Based on a

', an equivalent def-

generally accepted assumption'’
inition is obtained that for two opposite faces of a
crystal, which are both perpendicular to the polar
axis, one is Siderminated [ symbolically (0001) ]
[ symbolically

and the other is C-erminated

(000-1Y 1. T he [ 00011 vector points from the C face
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to the Si face. There might be many differences be-
tween the physical and chemical properties of the
(0001) surface and the opposite (0001) surface.
6H-SiC crystallographic structure consists of
the stacking of Si-C bilayer in ABCACBA sequence
along the c¢(or z) axis (0001) directions of the
hexagonal structure, where each letter (A, B and
C) corresponds to a Si-C bilayer. A bulk truncated
atomic distribution of this structure in []]EU)

high-symmetry planes is shown in Fig. 1.

T 6H-SiC(0001)

O Siatom
@ Catom
l 6H-SiC(000-1)
FIG. 1 Schematic View of SiC Single Crystal-

lographic Atom Arrangement of ( 1120) Plane
Perpendicular to {0001} Surfaces

From the close-packed structure, it is observed
there exist two kinds of different interplanar dis—
tances between the neighbor (0001) planes. One is
D /4., the other is 3/4D. Here, D stands for the dis—
tance between two double layers. The effects of the
polarity on the bond structure can be observed on

7

the typical etched surfaces of an opposite face'® ",

by infrared attenuated total reflection spec—
troscopy' ", the piezoelectric effect'” and X-ray
photoelectron diffraction characterization'"”. In ad—
dition, such identifications can be made by observ-

ing the effects of the intensity of scattered X-

ray'"" "’ It has been noted in previous papers, that

the intensity measurements of the scattered X-ray

were taken by a rocking curve on a double ecrystal
X-ray spectrometer. Moreover, no more factors in—
fluencing the integrated intensity have been dis—
cussed. Besides, in order to reflect this rule better,
the diffracted intensity was related to the structure
factor for a mosaic crystal. A triple-axis X-ray set—
up was used in the intensity measurement. When
the measurement of the diffracted intensity was
carried out, a crystal analyzer had to be placed in
front of the detector and some other factors taken
into consideration. In this paper, the application of
the X-ray dispersion effect in the determination of
the polarity of SiC single crystal has been present-
ed, using the triple-axis diffraction method with the
purpose of our distinguishing between the Si+er-
minated face and C-terminated one prior to the

subsequent treatment or deposit.

2 Experimental Procedure

The SiC single crystals were grown by Chemi-

cal Vapor Deposition(CVD), with the growth de—

FIG. 2 Schematic Description for Configuration

of Four-Circle Geometry

tails being introduced elsewhere.SiC sample was

analyzed by X-ray diffraction with a Rigaku
diffractometer equipped with a Cu anode at 40kV
and 100mA. Using a four-circle diffractometer, the
pole figures are measured, whose geometry in real
space is shown in Fig. 2 to identify the structure.
The intensity measurement of scattered X-ray was
taken according to the triple-axis diffraction
method. The X-—ray diffraction patterns of w scan

were obtained using a step of 0.002°. CuKo
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monochromatic radiation was selected by a single
crystal Ge(004). Si(220) was used as an analyzer

crystal.

3 Results and Discussion

According to crystallographic theory, it is easy
for the closepacked or low Miller-index plane to
appear on the surface of single crystal. As long as
the hexagonal structure and the cubic structure are
concerned. the distances between the crystallo-
graphic planes of cubic (111) and some hexagonal
( 000L )

diffraction information from erystal surface may re—

are almost identical. Therefore, X-ray

sult from either cubic 3C (111) plane or hexagonal
(000L) plane(L is a positive integer ). To distin-
guish these information, the diffraction of other
plane is performed according to the interangle be-
tween two different plane in 3C unit cell and
hexagonal unit cell (2H, 4H and 6H). The { 10_15}
pole figure shown in Fig. 3 was measured by fixing
the detector at 28 position of 45.28° and scanning
the tilt angle X from 0° to 60° and the az-

imuth rotation angle ® from 0° to 360° . Figure 3

FIG.3 XRD Pole Diagram  Detector an—
gle 20 was set at 45.28° for( 1015) H-SiC.

Angles X and @ were scanned.

shows that peaks appear when X= 48. 57°, which is
equal to the interplanar angle between (0006) and
(1015) planes. It can be seen that the diffraction—

geometry of the plane is in excellent agreement

with that of a 6H structure. Additionally, the
{ 1015} diffracted peaks have the exactly symmetri—
cal points of {1015} of the hexagonal structure, i.

e., the peak repeats itself by every 60% This is con-
sistent with the hexagonal symmetry of SiC materi—
al. therefore, a conclusion is drawn that the SiC sin-
gle crystal has a 6H structure.

Initial measurements of the intensity of the
scattered X-ray from opposite sides of a {000L }
single crystal were made with a triple-axis setup on
a double crystal X-ray spectrometer. The intensity
of a diffracted X-ray beam is proportional to | F|’
for a mosaic crystal, measurements were taken
with triple-axis erystal diffraction. Based on the ex-
tinction rule of X-ray diffraction, the ( 0006)
diffraction should be the first order diffraction of
the basal plane of a 6H structure. T he (00012) and
(00018) diffractions are the second and third ones,
respectively. The X-ray beam was collimated by a
0. Imm aperture to obtain a beam size, which was
small compared with the crystal area being ana-
lyzed. The intensities of the reflections by w scan-
ning mode were recorded and after each measure-
ment, the crystal was displaced laterally with a
small distance to obtain the reflection from some
locations of each face. The results are shown in
Fig. 4.

[t is known that the integrated intensity is a
function of the structure factor. Brack'"' deduced
the ratios of the structure factor of (000L) to that
of (000L) as follows:

E(_O_QQQ_]_Z fsi—ifc
F(0006) fsi+ ifc

F(00012) _ |
F(000 12)

Fi [Hlﬂlgl _ I sit g C
F(00018) fsi—ifc

where fsi and fc are atomic scattering factors of
dispersion corrections, expressed as f = fo+ Af '+
iAf ", where fois the normal scattering factor usu—

ally tabulated as a real function of sin6/A, and Af
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FIG. 4 Reflection Intensity with CuKe Radiation Showing a Series of ( 000L)

Diffraction from Same Surface in Comparison with [OUOE] Diffraction of Opposite

Surface (L= 6,12, 18, Respectively)

and Af "are the real and imaginary parts of a cor—
rection factor due to dispersion.fo, Af and Af "can
be obtained from the related literature'”. Howev—
er, it should be noted that in Brack’s work, some
factors influencing the integrated intensities are
not be mentioned. Based on the expression' " of in-
tegrated intensity, the main factors are L,, AV and
| F| >, where L, is Lorentz-polarized factor, which is
expressed as ( 1+ cos’26) /2sin26; AV is the crystal

volume irradiated by X-ray ;and F is the structure

factor. T aking these factors into consideration, we
obtain the experimental values of the integrated in-
tensities among ( 0006), (00012) and (00018) re-
flections are in excellent agreement with the theo-
retical prediction. However, the factors Ly and AV
are considered to be identical in the {000L} and
{OOOZ} reflections. Here, the calculated values of
| F(000L)| /| F( OOOE] | * and the measured ratios
of integrated intensities from {000L} reflections to

those from{000L } reflections are listed in table 1.

Table 1 Calculated Ratios of Scattering Factors of {000L) Planes to Opposite {000;} Planes in Comparision

with Experimental Values

(0001 Total Counts _ | F(000L)| 2/] F(000L)| > | F(000L)| /] F(000L)] *
(000L) (000L) M easure Calculation
0006 14913 15764 0.946 0.949
00012 3314 3288 1. 008 1. 000
00018 4519 4135 1. 093 1.076
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From above, it is evident that the SiC single
crystal, as a mosaic crystal, has the intensity ratios
that are in good agreement with the calculated va
lues. Therefore, according to the above values of
| F(000L)|?/] F (000L |°, i. e. 0.946, 1.008 and

1. 093, we may conclude that the face, which is as—

sumed to be the variation of the | F(000L)|?* val-
ues, is Siterminated face and the opposite is Cter-
minated face. Hence, it is also possible to determine
the polarity of other SiC polytypes with stackings
of Si-C double layers along the z-axis, such as
hexagonal 2ZH-SiC{ 0001}, 4H-SiC{0001} and cubic
3CSiC{111}.

4 Conclusion

The measurement of hexagonal SiC pole figure
proves that the SiC single crystal has a 6H modifi-
cation. T he ratios of the experimental intensities of
{0001} surface to the opposite {0001} surface are
in excellent agreement with the calculated values of
| F(000L)| /] F( OOUZ)l * The result applies to de—
termining which side is the Si-terminated ( 0001)
face and which is the CHerminated( 0001) face.
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