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Polarized infrared reflectivity spectra of 6 H-SiC single crystals under different angles of incidence are
reported. A new sharp line in the reststrahl band was observed in the extraordinary ray, whose line
shape is dependent on the angle of incidence. It was possible to show that crystal anisotropy of 6H-SiC
is the reason for the new line in the reflectivity spectrum. A numerical calculation using a Lorentz oscil-
lator model confirmed this result. Two weak one-phonon absorption lines in the reststrahl-band region

for E||c were observed. Furthermore, we found a line at 859 cm™

Uin the extraordinary ray and an

unusual structure near wyg in the reststrahl band of parallel c-cut 6 H-SiC samples, which could not be
explained in terms of the classical Lorentz oscillator model.

I. INTRODUCTION

Infrared reflectivity spectra in SiC were reported previ-
ously by several authors.! "!®> As shown in Ref. 14 it is
possible to identify the polytype of a silicon carbide crys-
tal through the fine structure in the reststrahl band. This
report deals with polarized infrared reflectivity spectra of
6H-SiC single crystals under different angles of incidence.
In addition to results already published on the infrared
reflectivity of SiC polytypes we found new lines and
structures in the reststrahl band of 6 H-SiC which we will
describe in this paper.

A. Crystallographic structure of 6 H-SiC

Figure 1 shows the unit cell of 6 H-SiC. The stacking
order of the C-Si layers is A-B-C- A-C-B. This arrange-
ment of the atoms leads to a hexagonal structure with a
sixfold symmetry axis along the stacking direction (c
axis). The crystal anisotropy of 6 H-SiC is introduced into
this material by this hexagonal structure. The complex
crystallographic structure of 6H-SiC (six silicon and car-
bon atoms per unit cell each) is the reason for the large
number of infrared active phonons (ten IR active
branches) in this material. Thus this polytype shows
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FIG. 1. Unit cell of 6H-SiC (hexagonal symmetry).
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some polarization-dependent absorption lines in the
reststrahl band, which make it ideal for studying the
influence of (a weak) crystal anisotropy on the infrared
reflectivity.

B. Classical Lorentz oscillator dispersion theory

The classical Lorentz oscillator model dispersion for-
mula for v TO phonons o, *

v 4 ?
e(w)=ew+22ﬂ—f’w_]— , (1)
im0~ —ile

in the region of the reststrahlen frequencies can be ob-
tained by using the fundamental equations of lattice dy-
namics combined with Maxwell’s equations (cf. Refs.
16-19). In Eq. (1) €, is the high-frequency dielectric
constant, w; the frequency, p ; the oscillator strength, and
I'; the damping constant of the jth TO phonon. Taking
the anharmonic phonon-phonon interaction into account
through a quantum-mechanical treatment, I' is a
frequency- and  temperature-dependent  function
I'=T(w,T).?° However, these parameters depend on
each other due to the generalized (including damping)
Lyddane-Sachs-Teller (GLST) relation which has the fol-
lowing form in the case of a single resonance:*!

€ oiot+T?/4

—_— = (2)
€x 03 +T2/4

For I'=0 this formula reduces to the well-known
Lyddane-Sachs-Teller relation.??

C. Dispersion relation of phononic polariton

In Eq. (1) only polarization by the electrical field E was
taken into account. A rigorous treatment also requires
consideration of the coupling with the B field according
to the Maxwell equation VXE= —(1/¢)oB/d¢. A more
precise description of the photon-phonon interaction,
which is consistent with Maxwell’s equations, is the so-
called polariton concept developed by Born and Huang.!®
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In an anisotropic, nonmagnetic medium without electri-
cal currents, the wave equation is given by?>2*

CL)2 2
eyl k) =k, +kiky | =0 3)

Herein €;; denotes the ijth component of the dielectric
tensor and k; the ith component of the wave vector.

Solutions of this equation for w(k), especially for uni-
axial crystals, have been detailed discussed in the litera-
ture.2~%7

D. Spatial dispersion

Spatial dispersion means the nonlocal behavior of the
dielectric function €, which depends not only on @ but
also on the wave vector k:

e=€(w,k) . (4)

This results in new phenomena, which have been demon-
strated in the reflectivity spectra of excitonic polaritons
in direct semiconductors with a uniaxial lattice.?*?° In
principle such a dependence on k also is possible in the
infrared spectral range. The resonant TO phonon has a
wave-vector dependence @rg phonon—@(k) as a conse-
quence of the phonon dispersion relations. The wave vec-
tor in the crystal k' is connected with the vacuum wave
vector k by k'=nk, where n denotes the refractive index
in the material. For instance assuming a maximum value
of n =20 (depending on damping) at the resonance fre-
quency oo of the strongest phonon one can estimate an
upper limit of k' to be less than 2X 102 times the exten-
sion of the Brillouin zone 7 /a in the infrared region. So
one expects only a very slight dependence of € on the ab-
solute value of the wave vector k. Thus, in uniaxial crys-
tals € describing the phononic polariton depends only on
the direction of k. This is called directional dispersion
and will be discussed in the next section.

II. INFLUENCE OF CRYSTAL ANISOTROPY
ON INFRARED REFLECTIVITY
IN UNIAXIAL CRYSTALS

The influence of crystal anisotropy on infrared
reflectivity was discussed theoretically by Lang and
Pashabekova,’® but no experimental results have been
available to test this theory to date. Their point of view
is somewhat different from the experimental situation in
our experiments. They discussed infrared reflectivity of
crystals in the case of normal incident radiation on a sur-
face cut with an angle 6 to the optical axis of the crystal.
In contrast to that, the measurements in this work were
performed on crystals cut parallel or perpendicular to the
¢ axis. However, a similar situation, which provides com-
parable results, was achieved by using different angles of
incidence.

In uniaxial media two different solutions of the wave
equation exist, which describe the ordinary and the ex-
traordinary rays: The ordinary ray is. polarized perpen-
dicular to the plane defined by the ¢ axis and the wave
vector k; the extraordinary ray is polarized in the plane
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defined by the ¢ axis and the wave vector k. If one
neglects the coupling by the magnetic field B (this is as-
sumed in Ref. 30), the ordinary ray is not affected by
crystal anisotropy. The optical properties (here
reflectivity) are independent of the angle between the ¢
axis and direction of propagation. In the case of the ex-
traordinary ray the electrical field E lies in the plane
defined by the ¢ axis and the wave vector and crystal an-
isotropy causes directional dispersion: Here the energies
of the lattice modes depend on the propagation direction
in the crystal, and the pure transverse or longitudinal
character and symmetry of the optical phonons disap-
pears due to mixing effects, except for 6=0° and §=90°.
Directional dispersion and its calculation in uniaxial
crystals has been examined in Refs. 32—-34. As described
there, it is possible to calculate the explicit form of the
functions €,(0), p;(0), w;(0), and T';(0) for arbitrary an-
gles O if all the parameters in Eq. (5) are known

2

v 4mp, o7 ;

— J oL

€lw)=er’+ 3 3 o
=100 il ;o

>

w 47p) K Of i
qlo)=¢’+ 3 ——L—t
k=10); —@ il o

(v and w are the number of active TO phonons according
to selection rules for Elc and E||c). The degree of mixing
depends on the influence of the crystal anisotropy com-
pared with the magnitude of the local field built up from
the lattice modes (longitudinal-transverse split). In the
case of 6 H-SiC, 4H-SiC, and ZnO, which all have hexago-
nal symmetry Cg,, for example, the effect of crystal an-
isotropy is weaker than the longitudinal-transverse
split.?

For calculating the reflectivity of a uniaxial cry-
stal, the Fresnel equation (3) must be solved with
€11 T €T €,€E3T €

[w’€ () —c?k?]{e,(w)[w’€) (@) —c?k?]s,

+€(0)[0’€ (@) —c?k?]s}=0; (6)

here k is the wave vector and s=(s,,s,) its direction with
s,=(s1+s3)""? and s, =s;. The solutions of Eq. (6) cor-
respond to the ordinary ray

elw)=¢€(w) (7)

and the extraordinary ray

€ (w)e(w)

€lw,0)= (8)

€,(w)sin’0+ €flw )cos?6 ’

where the angle 6 between the optical axis and the direc-
tion of propagation was introduced. Regarding a single
TO phonon without damping (I'=0) and writing €, and
€, in the form

2 2
_ Wi~ W
e(w)=¢€, — 3
W1o— O

€(w,0) is given by
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_0)2)((0%10’” __w2)

elw,0)=

(0fo, — @ N, —?)sinX(0) /€,  +

€(w,0) has two propagation-direction-dependent poles
@;(0) and w;(60) due to the roots of the denominator,
and in the case of =w; ¢ | Or ®=w ; One obtains €=0.
The direction dependence of the resonance frequencies
@;(0) and wp(6) in 6H-SIiC is shown in Fig. 2. Conse-
quently two different reststrahl bands appear in the
reflectivity spectrum of the extraordinary ray. In general
their precise form depends on the angle 6 between the
direction of propagation and direction of the ¢ axis on the
one hand and the angle of radiation incidence ¢ on the
other hand. The frequency range of the two reststrahl
bands in 6 H-SiC is shown in Fig. 2 (hatched area).

III. EXPERIMENTAL DETAILS

All reflectivity spectra described here were obtained on
samples cut from 6H-SiC boules grown at the Siemens
Research Laboratory in Erlangen with a modified Lely
method proposed by Ziegler et al.3! Some of the samples
were prepared with the optical axis parallel to and others
with the optical axis perpendicular to the polished sur-
face. The samples were treated with hydrogen fluoride
acid to ensure that no oxide layer covers the surface.
They were cleaned with destillated water and acetone in
an ultrasonic bath before measurement.

The samples were n type with nitrogen concentrations
between 0.5 and 1.0X10'7 c¢cm™3 at room temperature.
The identification of the polytype was performed by
measuring low-temperature photoluminescence due to
bound excitons at neutral nitrogen donor atoms.®> All
reflectivity spectra were recorded at room temperature
using a Nicolet infrared Fourier spectrometer type FTIR
740 at a resolution of 1 cm™!. The Spectra Tech specular
reflectivity model 500 and a polarizer were used for mea-
surements under different angles of incidence from 30° to
70°. In the experimental spectra only relative
reflectivities are presented, due to the fact that absolute
reflectivity is difficult to determine.

@01 /
e _

]

FIG. 2. Origin of two reststrahl bands in uniaxial crystals for
the extraordinary ray demonstrated in the case of 6H-SiC (0: an-
gle between optical axis and propagation direction; hatched
part: area of high reflectivity).
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IV. ANGLE- AND POLARIZATION-DEPENDENT
MEASUREMENTS OF 6H-SiC RESTSTRAHL BAND

Four experimental geometries were used for measure-
ments: (1) geometry G1: 1 c-cut sample, E|c; (2)
geometry G2: 1 c-cut sample, Elc; (3) geometry G3: ||
c-cut sample, E||c; and, (4) geometry G4: || c-cut sample,
Elc. For each of these geometries, the reflectivity spec-
tra were recorded with following angles of incidence:
¢=30°, 40°, 50°, 60°, 70°. Four main features appeared in
the spectra: (a) a sharp line at the high-energy part of the
reststrahl band (w~=w; o) under flat angles of incidence in
the extraordinary ray in crystal geometries G1 (L ¢ cut)
and G3 (|| ¢ cut), (b) two peaks at 889 and 884 cm ! in
the middle of the reststrahl band in the extraordinary
ray, (c) a line at 859 cm ™! in the middle of the reststrahl
band in the extraordinary ray under 60° and 70° angles of
incidence, and (d) a broad hump on the low-energy side
(@w=~800 cm!) of the reststrahl band in geometries G3
and G4.

(a) A sharp line at the high-energy part of the

* reststrahl band is visible in the extraordinary ray in both

crystal orientations (geometries G1 and G3) under flat
angles of incidence (G1: ¢ =50% G3: ¢ > 40°), which in-
creases as the angle of incidence becomes more flat. This
line is a consequence of the anistropic of the 6 H-SiC lat-
tice as discussed in Sec. II. In this material (the case of
low anisotropy compared with TO-LO splitting) crystal
anisotropy can be observed in infrared reflectivity spectra
by the shift of the reststrahl band (area of high reﬂect1v1ty
between wrq and oro:  Elle:  org, 1 =788 cm |,
®10,=964 cm ™ ; Elc: wrp,=797 cm L @, =970

cm™!) for the two polarization directions [cf. Figs. 3(c),
and 3(d)], and, additionally, in the appearance of this
spike line in the extraordinary ray [cf. Figs. 4(c), and
5(a)]. Our measurements are the first systematic descrip-
tion of this line. Only Collins et al.3® report on a similar
spike appearing in the extraordinary ray in AIN, but the
line was erroneously regarded as a two-phonon transi-
tion.

(b) Other remarkable structures are the two peaks at
889 and 884 cm ™! in the middle of the reststrahl band for
samples cut parallel to the ¢ axis and polarlzatlon E|c
[geometry G3; cf. Figs. 3(c), 4(c), 5(c), 6(c), and 7(c)].
They also appeared in the G 1 geometry, e.g., Fig. 5(a) for
flat angles of incidence; however, their intensities in the
G1 geometry were much weaker than in the G3
geometry. They can be identified with phonon lines
found in Raman scattering measurements by Feldman
et al.®" due to the infrared and Raman selection rules for
a hexagonal lattice (Cq, symmetry) (Ref. 38) of TO pho-
nons having 4; symmetry.

(c) Furthermore a very weak line at 859 cm ™! was ob-
served in the reflectivity spectra. It first became visible in
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FIG. 3. (a) 6H-SiC reflectivity spectrum G1: L c-cut sample, E|c,¢=30% (b) 6H-SiC reflectivity spectrum G2: L c-cut sample,
Elc,¢=30° (c) 6H-SiC reflectivity spectrum G3: |c-cut sample, E|lc,¢=30°. Two weak phonon absorption lines appear in the mid-
dle of the reststrahl band; there is also a hump structure observable near wyo (d) 6H-SiC reflectivity spectrum G4: || c-cut sample,
Elc,$=30°. The hump structure appears also in the ordinary ray.
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FIG. 4. (a) 6H-SiC reflectivity spectrum G1: 1 c-cut sample, E|c,¢=40°% (b) 6H-SiC reflectivity spectrum G2: 1 c-cut sample,
Elc,$=40° (c) 6H-SiC reflectivity spectrum G3: | c-cut sample, E|lc,#=40". A new spike line appears at an angle of incidence of
40° in the extraordinary ray. (d) 6H-SiC reflectivity spectrum G4: || c-cut sample, Elc,¢=40"
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FIG. 5. (a) 6H-SiC reflectivity spectrum G1: 1 c¢-cut sample, E|lc,#=>50°. The spike line appears also in geometry G1 at an angle
of incidence of 50° in the extraordinary ray; also the two weak phonon lines in the middle of the reststrahl band are now observable
here. (b) 6H-SiC reflectivity spectrum G2: L1 c-cut sample, Elc,¢=50% (c) 6H-SiC reflectivity spectrum G3: | c-cut sample,
E|lc,¢ =50 (d) 6H-SiC reflectivity spectrum G4: | c-cut sample, Elc,¢=50°.
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FIG. 6. (a) 6H-SiC reflectivity spectrum G1: 1 c-cut sample, E|/c,¢=060%(b) 6H-SiC reflectivity spectrum G2: L c-cut sample,
Elc,¢=60% (c) 6H-SiC reflectivity spectrum G3: || c-cut sample, E||c,¢=60°. The hump tends now to a more flat shape; a new struc-
ture at =859 cm ™! is visible. (d) 6H-SiC reflectivity spectrum G4: || c-cut sample, Elc,¢=60".
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FIG. 7. (a) 6H-SiC reflectivity spectrum G1: L c-cut sample, E|c,¢=70% (b) 6H-SiC reflectivity spectrum G2: L c-cut sample,
Elc,¢=70° (c) 6H-SiC reflectivity spectrum G3: || c-cut sample, E|c,#=70°. The shape of the hump is totally deformed now; the
structure at 859 cm ™! has been increased. (d) 6H-SiC reflectivity spectrum G4: || c-cut sample, Elc,$=70°.
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the extraordinary ray at 60° angle of incidence [Fig. 6(c)]
and was even more distinct at 70° [Fig. 7(c)]. It is re-
markable that this line cannot be observed for small an-
gles of incidence [Figs. 3(c) and 4(c)]. The origin of this
line could not be identified.

(d) The appearance of this weak line at 859 cm ™! is
correlated with the shape of the broad hump on the low
energy side of the reststrahl band (at @~800 cm ') in
geometries G3 and G4. For E|c in geometry G3 [Figs
3(c), 4(c), and 5(c)] its shape is nearly independent of the
angle of incidence up to 50°, but at ¢=60° [Fig. 6(c)] it
suddenly becomes flatter and at ¢=70° its shape de-
creases to longer wavelengths [Fig. 7(c)].

For Elc this hump is also observable in ||c-cut samples
(geometry G4), although its shape here is less broad and
nearly independent of the angle of incidence up to ¢ =70°
[Figs. 3(d), 4(d), 5(d), 6(d), and 7(d)].

The hump cannot be observed in samples cut perpen-
dicular to the c axis independent of the angle of incidence
and polarization (G'1 [Figs. 3(a), 4(a), 5(a), 6(a), and 7(a)]
and G2 [Figs. 3(b), 4(b), 5(b), 6(b), and 7(b)] geometries).
This is remarkable when going to flatter angles of in-
cidence, because the lines at 889 and 884 cm™! in
geometry G3 (E| c in || c-cut samples) are observable—
although weaker —in geometry G'1 [E||c in L c-cut sam-
ples; cf. Fig. 5(a)]. The influence of crystal anisotropy on
the shape of the described hump at =800 cm ™! should
be very small. It is interesting to remark that Lauterbach
[11] and Picus [3] have found an analogous humplike
structure in the reststrahl band of a || c-cut 4H-SiC sam-
ple and another SiC sample (no specifications were given),
respectively. Yet in the paper of Spitzer et al. on 6H-SiC
(Ref. 4) this humplike structure did not appear. Such
structures also have been found in other materials. We
discuss here some arguments for their appearance, which
are not connected with the surface properties of a sample,
because such effects may be suppressed by the polishing
procedure of the surface. For instance the reflectivity
spectra of the alkali halogenides show distinct side-
bands® which can be attributed to strong anharmonic
effects in these materials leading to a frequency- and

temperature-dependent damping I'=T(w,T).*’ Such a
mechanism seems in principle possible for SiC, too, be-
cause of its relatively high polarity. However, this mech-
anism is excluded due to the strong crystal orientation
dependence of the hump structure (visible in the G3 and
G4 but not in the G1 and G2 geometries). A classical
model of Barker and Hopfield*! assumes that several en-
ergetically close resonances are coupling, leading to a
reflectivity spectrum different from a spectrum of uncou-
pled resonances. In the case of 6H-SiC the oscillator
strengths of the phonons at 777 and 769 cm ™! are much
too small to explain such a strong effect. The fact that
these weak phonons—in contrast to those in the
reststrahl band—are not visible in the reflectivity spec-
trum is due to the high refractive index at their energy,
while the lines at 889 and 884 cm ™! lie in a energy region
of low refractive index (cf. Fig. 9). Spatial dispersion (cf.
Sec. II) does not contradict the experimental results, but
it should be negligible because of the former estimation.
It is interesting that the reflectivity spectra of other semi-
conductor materials with a simpler crystal lattice than
6H-SiC also show structures of unknown origin in the
reststrahl band.*?

V. NUMERICAL RESULTS

As a consequence of the directional dispersion in 6H-
SiC, an exact calculation of reflectivity is possible only
for the ordinary ray, because the dielectric function (5)
here is independent upon the angle of incidence. In the
case of the extraordinary ray the dielectric function (5)
depends on the angle 0 between the ¢ axis and the direc-
tion of wave propagation and therefore on the angle of in-
cidence due to the refraction law (except in the case of
normal incidence). This problem can be solved only by a
self-consistent calculation. Our calculations were not
self-consistent. Spatial dispersion due to the phonon
dispersion relation was also not taken into account.

The starting points for the calculation of the functions
€, and € were the anisotropic dispersion formulas (5).
The phonon energies were taken from the Raman-
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TABLE I. IR active phonons in 6H-SiC: Elc. TABLE II. IR active phonons in 6 H-SiC: E|c.

Energy (cm™!) Symmetry X =q /qmax Strength Energy (cm ™) Symmetry X =q /qmax Strength
797 E, 0 Strong 888.7 Ay 0.67 Weak
777 E, 0.67 Weak 883.9 A, 0.67 Weak
769 E, 0.67 Weak 788 A, 0 Strong
241 E, 0.67 Weak 508 A, 0.67 Weak
236 E, 0.67 Weak 504 A, 0.67 Weak

scattering measurements of Feldman et al.’” (cf. Tables I
and II; the phonons 241 and 236 cm ~! were not included
into the following calculations, because the necessary ex-
perimental data were not available). For evaluation of
the above parameters €, p;, w;, and I'; first the parame-
ters of the strongest phonon wyg and then the parameters
of the residual (much weaker) phonons were determined.
The experimental base for the determination of these pa-
rameters was the phonon energies wrq, ;o and the mini-
ma of the reflectivity spectra, w,,, for the ordinary and
extraordinary rays, respectively. wiq, @ho, @fg,0| o are
shown in Table III, while »’, =1000.0+0.5 cm™! and
o! =992.7+0.5 cm~! were taken from our measure-
ments at ¢=30°. For low angles of incidence ¢, the
dependence of w, and !, on ¢ is supposed to be negligi-
ble. From R(w,, )=0 one can derive the equation

drp(w3—w?,)

6lw,)=l=e,+ 9)
m (03— w2 )+ T2,
Together with the GLST relation Eq. (2),
2 172
€ wiot il
0 Lo 3 (10)

€0 ho+iT?
and the equation

€o=€, +4mp , (11

Eq. (9) was used to calculate the unknown quantities €,
€4, and p, which only weakly depend upon the parameter
I'. T was assumed to be an isotropic constant and deter-
mined by fitting the reflectivity spectrum of a sample
with very good surface quality (cf. Ref. 43) which yielded
I'=0.0068. From these values we obtained e, =6.17
and €!,=6.49. With the known parameters of the two

strong phonons, it was easy to determine the parameters
for the weak phonons. For that reason the corresponding
peaks in the reflectivity and transmission spectra were
fitted (e.g., Fig. 8). It was not possible to fit the phonon
structures at 777 cm ™~ ! and 769 cm ™! because they could
not be observed in the reflectivity spectrum, due to the
high refractive index in this region. It also was difficult
to observe these in transmission measurements, because
of the overlapping high absorption of the strong phonon
Or10-

The phonon oscillator parameters in 6H-SiC deter-
mined by this method are shown in Table III.

The directional dispersion of the strong phonons wj g
and wrq (cf. Ref. 37) was taken into account as follows.
For non-normal incidence of radiation the striking wave
of the extraordinary ray is refracted by a determined an-
gle towards the c axis (cf. Ref. 24). For w=wyg the re-
fractive index n is much higher than 1, and so the ray is
refracted almost perpendicular to the surface. However,
for w=~wyg, n is much smaller than 1 and the refracted
ray is nearly parallel to the surface. Due to the strongly
varying refractive index in the infrared —different from
the visible spectral region where the Raman experiments
were performed (n=2.7=const)—the phonon pairs
(@10 010) (970 cm ™1, 797 cm ™ !) for Elc and (964 cm ™!,
788 cm ™~ !) for E||c belong together. We checked this ar-
gument carrying out the above calculations with the un-
changed Raman values and obtained p,=0.190,
p;=0.335, €,,=5.16, and €l,=8.18. These values also
give a good description of the reflectivity spectrum in the
reststrahl region, but a much too high optical anisotropy
in the infrared area below 700 cm ™! and above 1200
cm ™!, For the calculation of reflectivity the Fresnel for-
mulas** were adjusted to the different experimental
geometries as follows. G 1:1 c-cut sample; E||c,

TABLE III. Parameters of the lattice oscillators in 6 H-SiC.

Energy (cm™ 1) pi r,; Symmetry x=¢q/qm.x Strength
970 LO L E, 0 Strong
964 LO | A, 0 Strong
888.7 9.46 X107 2.41X1073 A, 0.67 Weak
883.9 1.86X10* 3.11x1073 A, 0.67 Weak
797 TO L 0.236 6.8X1073 E, 0 Strong
788 TO | 0.257 6.8X1073 A4, 0 Strong
777 Not determined Not determined E, 0.67 Weak
769 Not determined Not determined E, 0.67 Weak
508 4.0X107¢ 1.5X1073 A, 0.67 Weak
504 1.7X1073 2X1073 A, 0.67 Weak
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FIG. 8. Fit of the weak phonons 889 cm ™! and 883 cm ™! in
6H-SiC in the reststrahl region for E||c.

_ Vielelcos(¢)— Vel —sin(4)?

R/=Inl*, rj=—r= — (12)
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VI (P
R =Ir >, r= cos(4) GTLM?_)_?_ ; (13)
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Velecos(¢)+V e —sin()
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VI 3
R, =Ir|*, r= cos($)— Ve —sin(¢) (15)

cos(¢)+V e —sin(¢)?

These anisotropic reflectivity formulas show that within
the approximations used here, there is no difference be-
tween the geometries G2 (L ¢ sample, Elc) and G4 (|| ¢
sample, Elc) in contrast to the experiment. For numeri-
cal calculations the above equations were used in real
form which can be found in Refs. 45 and 46. With the
oscillator parameters from Table III we obtained the
theoretical reflectivity spectra in good agreement with

10
. F 6H—SIC
10 Anisotropy of n
0
10
CO
o
2 10
-2
10 3
-3
10 " 1 " " 1 "
1000 900 800 700

WAVE NUMBER [1/CM]

FIG. 9. Anisotropy of refraction index n for E|c and Elc:
1000— 700 cm ! (calculated, logarithmic scale).
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FIG. 10. Anisotropy of refraction index k for E|c and Elc:
1000— 700 cm ! (calculated, logarithmic scale).

the experiments [cf. Figs. 3—7]. The spike curve, which
is due to crystal anisotropy (cf. Sec. II), was in very good
agreement with the measurements (angle and polarization
dependence). The optical constants n and k for Elc and
E||c are shown in Figs. 9 and 10. It is interesting to note
that the sharp peaks at 888.7 cm ™! and 883.9 cm ™! are
observable due to a high relative change in the refractive
index and not by an increase of the absorption coefficient.
Their calculated angle and polarization dependence de-
scribes the measurements very well. The broad hump in
the spectra (780 cm ! < <880 cm ™) of the || c-cut sam-
ples did not appear in the result of the numerical calcula-
tions. As we expected it obviously cannot be described
with the simple Lorentz oscillator model. So one can ex-
clude crystal anisotropy as the reason for it. The origin
of the broad hump remains unknown. Furthermore we
calculated the transmission spectra of a 700 um thick
sample with the above parameters taking only one-
phonon absorption processes into account (cf. Fig. 11).

VI. CONCLUSION

6H-SiC appears to be a good test crystal for interesting
features in the reflection spectra of anisotropic crystals

| 6H—SIiC: anisotropic lattice absorption
0.8 | d=0.7mm

0.6 -

Elc

0.4

TRANSMISSION

0.2

o L i 1 1 e
800 700 600 500 400

WAVE NUMBER [1/CM]

FIG. 11. Calculated transmission spectra for Elc and E|jc of
a 700 um thick 6H-SiC sample: 800—400 cm .
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when polarized radiation is used. This is due to the large
number of infrared active phonons (ten IR active
branches) in this material. We have presented an array of
experimental reflectivity measurements of 6 H-SiC which
clearly demonstrate the influence of crystal anisotropy on
the reststrahl band. We were able to show qualitatively
and numerically that a spike curve in the extraordinary
ray is due to crystal anisotropy. Also two weak phonon
absorption lines in the reststrahl band of 6 H-SiC could be
well explained by the Lorentz oscillator model. It turned
out that they are mainly visible due to a modulation of
the refractive index n. A polarization-independent broad
hump appeared in the spectra of the || c-cut samples. The
origin of this structure is unknown.

Previous infrared reflectivity measurements of many
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anisotropic solids should be reinvestigated using different
angles of incidence and polarized radiation. We also ex-
pect an observable effect of crystal anisotropy on
reflectivity spectra due to interband transitions in these
materials. Therefore the interpretation of these spectra
must be done with great care when using the data for
band-structure investigations.
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