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Abstract

Index Terms

I. INTRODUCTION

IN RECENT years, high-purity single-crystal SiC has found 
applications in a number of cutting-edge technologies 

including optics and semiconductor electronics. There are 

belonging to the point group symmetry 6 36vC P mc  
and has positive birefringence ( e on n ). It is one of the 

hardest high-performance materials available, second only 
to diamond; and it possesses superior resistance to harsh 
environments, such as high temperature and pressure. The 

chemical compound that are identical in two dimensions and 
differ in the third. Thus, they can be viewed as layers stacked 

N double layers (N
in the stacking direction [2, 3].

N
N

a wide variety of applications. They also have the important 
advantage in that they can be grown as large single-crystal 

possesses enough high birefringence for down-conversion 

k1 in the k-vector sum 

method that already was demonstrated [7].

damage threshold 2 under excitation by 

SiC properties for various polytypes and a bibliography of 
the available literature can be found on [9].

II. PROBLEM DEFINITION

produced all over the world for application in optics 

conversion to that in undoped SiC. Despite this, a very little 
work is done on properties study of doped SiC [10] – [12]. To 

properties. It should be outlined that optical properties only 
for o-wave can be studied due to the widespread prevalence 
of SiC wafers cut orthogonally to the crystal optical axis. A 
grown single crystal SiC can contain a mixture of polytypes 

In this work, we experimentally studied optical properties 

for applications in linear optics and nitrogen (N) doped for 
applications in electronics.

III. EXPERIMENTAL SETUP

accuracy ) were studied at room temperature. The 
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standard V and N doped SiC ingots of 100 mm diameter 
grown by MOCVD method for industry application in, 
respectively, optics and electronics. The wafers were from 
120 to 310- m thick and faced by 10 × 10 mm (in rear case 

orientations made possible measurement ordinary (o) and 

, orthogonal to optical axis 

direction of x and y-axes. If polarization of the probing beam 

abbreviation 0  or 90 . This type single wafers allowed to 
measure optical properties of both o and e-polarized waves, 
as well as to check cutting accuracy by using crossed 
polarizers. Parameters of manufactured wafers are listed in 
Tab. I.

TABLE I
LABELS AND PROPERTIES OF SELECTED SIC WAFERS

299 130 310 128 288 130

3.02 3.02 3.02 3.02 3.29 3.29 3.02 3.02

– – – –

610 777, 
783, 798, 
966 788, 798, 

783, 798, 
839, 969

787, 798, 
889, 970

Admixture 
absorption 
peaks, nm

-1

767, 788, 
966

Bandgap, eV

Orientation
SiC label
Thickness, 

analyses.
The transmission spectra of the manufactured wafers 

in nonpolarized and polarized light were recorded by 

190 nm to 3200 nm, spectral resolution 0.1 nm. Film 

used in the second case. IR spectra were recorded by IR-

from 7000 cm-1 -1 -1.

using a homemade time-domain spectrometer (TDS). 

harmonic generation module. The duration of laser pulses 
is about 100 fs. Pulsed terahertz radiation is generated from 
the surface of a p-type InAs semiconductor. It is optically 

The generated terahertz radiation is transmitted through 

pump arm of the spectrometer and then passes through a 

off-axis parabolic mirror and focused onto a sample using 

in diameter at the sample position. The terahertz radiation 
passed through the sample and collected by a similar mirror. 
The main detecting element is a (110)-cut ZnTe crystal. 
Other details are presented elsewhere [16].

Vibration scattering spectra were studied by using Raman 
Spectrometer inVia (Renishaw, UK) under excitation by 

nm at the wavenumber range down to 100 cm-1.
Optical damage threshold was established by transmission 

deviation from the linear trend under increasing intensity 

2132UTF (Lotis, Belarus) were used as the pump sources. 

duration 6.8 ns. Pump intensity was controlled by polarizer 
rotation on the laser output and crystal positioning after 
spherical lens with focusing length f

IV. EXPERIMENTAL RESULTS

Chemical composition of SiC samples is found 
stoichiometric. We were not able to determine impurity 
contents.

energy bandgaps of SiC wafers were determined. Energy 
bandgap was calculating by using relations [17, 18]

( ) r
gh h E ,

910ch
h ,

where 
eV, Eg is a bandgap, r
of electric conductivity, c is the light speed (in meters per 
second), h is the Plank constant, (eV

ieo were 
estimated from recorded transmission spectra Ti ( ) of the 
wafers with thickness di
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where ni are known refractive indices for 

2
2 2( ) 9.90o Hn

2
2 2
0.1701 729.2

e Hn    (6)

with validity range from 0.37 m to 1000 

2 2
6 2 0.03178o Hn ,  (7)

2 2
6 2e Hn   (8)

m to 2.3 m.
In this work, bandgaps were also calculated by using 

measured optical density Di

i
i gD h h E ,                           (9)

that can be exploited for indirect semiconductors, like SiC. 

( )( ) 10 DT .                           (10)

Estimated bandgaps are shown in Fig. 1.
Selected Raman scattered spectra are depictured in Fig. 2.
Raman scattering spectra scaled up in the spectral range 

-1 -1 for selected wafers are shown in 
Fig. 3.

(a)

(b)
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(a)

(b)

2

It was found that optical damage threshold is strongly 
depending on the intensity of N-induced absorption peak 

2

2 for the wafer with the most intensive N-admixture 
peak.

V. DISCUSSION OF RESULTS

We were not able to determine impurity contents, as it 
was already reported for materials doped with not isovalent 
impurities [19] or impurities that does not form chemical 
compound identical in structure to parent material [20]. 

To estimate doping effect, polytype structure of the wafers 

(a)

(b)

(c)

(d)
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their structures. Difference in structures is also coming from 
bandgap data in Fig. 1. 

-1 mostly 
being about a few parts of cm-1 that is acceptable for 
nonlinear applications. Well resolved absorption peaks were 

Fortunately, these polytypes have different Raman spectra 

-1 

about few tens of cm-1 -1 in a few cases that 
is much larger than that for pure SiC like optical damage 

VI. CONCLUSION

Optical properties of vanadium (V) and nitrogen (N) doped 

industrial applications in, respectively, optics and electronics 
are studied in detail to reveal usability in parametric 

not uniform in polytype composition. Most studied wafers 

below a half of cm-1 in the visible region and 1 cm-1 in the 

values of refractive indices are seriously varying wafer to 
wafer. It can be proposed that cooling is preferable in many 
cases to decrease optical losses and make all industrial 

A

N. Nikolaev and Dr. A. Mamrashev with Institute of SB 
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