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We examined the Raman scattering and IR absorption spectroscopy of 4H-SiC and
its performance as an anvil material for high-pressure UV-visible absorption spectroscopic measurements. The first- and second-order Raman peaks of 4H-SiC and
diamond do not coincide. 4H-SiC does not have obvious signals from 2330-5000 cm-1 ,
suggesting that 4H-SiC anvils are beneficial for high-pressure studies of samples
whose Raman signals locate in the region of diamond. Above 1800 cm-1 , the transmitted signal of 4H-SiC in the IR absorption spectra, measured through 4.6 mm
thickness is much higher than that of type IIa diamond. An in situ high-pressure
UV-visible absorption spectroscopy study on CdI2 was carried out up to 28.0 GPa
using 4H-SiC anvil cells (4H-SAC) with a 400 µm culet and the acquired band
gap narrowed with increasing pressure. These results show that 4H-SiC has an
excellent performance in high-pressure spectroscopic studies. © 2018 Author(s).
All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1063/1.5040769

I. INTRODUCTION

Owing to the synergic development of various pressure devices and probing technology, highpressure research has been progressing rapidly during recent decades.1 The diamond anvil cell (DAC)
is a unique pressure device due to the excellent properties of diamond.2 The static pressure that can
be obtained in the lab has been greatly improved by use of the DAC, especially the Mao-Bell cell,3
which has achieved pressures that exceed 400 GPa.4 The use of diamonds, however, also imposes
limitations. The IR and Raman characteristics of diamond interfere with measurements of sample
peaks in similar spectral regions.2 For example, the diamond first- and second-order Raman scattering
at 1333 cm-1 and from 2300 to 2700 cm-1 , respectively, may overlap with the sample signal, while
the IR diamond absorption of diamond from 1500 cm-1 to 2665 cm-1 obscures the sample signal.
Moreover, the strong absorption of diamond at 420nm makes it impossible to measure a wide band
gap (larger than 2.95eV) in the UV visible absorption spectrum. The most significant constraint is
that perfect diamonds are limited and very expensive.
SiC is second in hardness to diamond and has been studied to replace or complement diamond
in high-pressure experiments. A 6H-SiC anvil cell achieved pressure over 55 GPa.2,5,6 Xu et al.
conducted powder neutron diffraction of wüstite (FeO) to 12 GPa by using large 6H-SiC as anvils.7
SiC is also suitable for electric conductivity measurements due to its wide-gap8,9 and has no detectable
magnetic signal to interfere with high-pressure magnetic measurements.2 A 6H-SiC anvil cell was
also used to perform in situ synchrotron X-ray diffraction and double-sided laser heating experiments,
achieving high temperatures of 3700 K.10

a

Corresponding author: E-mail address: wanglin@hpstar.ac.cn

2158-3226/2018/8(9)/095012/5

8, 095012-1

© Author(s) 2018

095012-2

Zhang et al.

AIP Advances 8, 095012 (2018)

FIG. 1. Crystal structure of 4H-SiC (a) and 6H- SiC (b).

From a crystallographic perspective, SiC is polymorphic with different stacking sequences; 4Hand 6H-SiC are the most common. Figure 1 shows that 4H- and 6H-SiC have stacking sequences
of ABACA and ABCACBA, respectively. Besides 6H-SiC, 4H–SiC is the only moissanite that can
be grown in large crystals. Compared to 6H–SiC, 4H–SiC has a wider bandgap and higher carrier
mobility, suggesting better performance as an optical window and in high-temperature power electronics.9,11 However, the feasibility of 4H-SiC as high-pressure anvils has never been investigated.
In this paper, we performed Raman, IR absorption, and in situ high-pressure UV-visible absorption
studies on 4H-SiC to compare 4H-SAC and DAC performance. Our results show that 4H-SiC is a
preferable substitution for diamond in high-pressure spectroscopic study.
II. EXPERIMENT

Single crystal 4H-SiC was commercially purchased and then cut into 2.3 mm high hexadecagon
anvils with 400 µm culets. The top and side views of the faint yellow 4H-SiC anvil are shown in
Fig. 2(a) and Fig. 2(b). The assembly of the 4H-SiC anvil in a Mao-type cell is shown in Fig. 2(c). A
micro-Raman system (Renishaw, UK) with a 532 nm laser excitation with 2400 g/mm grating was
used. IR spectra were collected on a Bruker VERTEX 70v FTIR spectrometer and a custom-built
IR microscope with type IIa diamonds. A CdI2 sample was used to compare the 4H-SAC and DAC
in situ high-pressure UV-visible absorption spectra.
III. RESULTS

Raman spectroscopy is an important method to investigate the lattice vibration of materials.
Raman scattering is a very weak phenomenon with a typical intensity of only 10-8 of conventional
Rayleigh scattering, however, some studies have successfully applied Raman spectroscopy to characterize SiC crystal polymorphism.12–16 Figure 3 compares the Raman spectra of 4H-SiC and type
Ia diamond in the 50–5000 cm−1 region under the same experimental conditions. The position and
corresponding symmetry assignment for each first-order band are also shown. The band positions of
4H-SiC are consistent with those reported by Burton et al 12 and Nakashima et al,16 which confirms
that the moissanite is polymorphic 4H-SiC. As shown in Fig. 3(a), before 1940 cm-1 , 4H-SiC has
strong Raman scattering except 1333 cm-1 . Moreover, there is no 4H-SiC peak after 2330 cm-1 . Two
peaks at 4348 cm-1 and 4378 cm-1 belong to ruby. In contrast, from 2300 cm-1 to 2700 cm-1 there is a

FIG. 2. The photographs of 4H-SiC (a) top view (b) side view and (c) 4H-SAC.
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FIG. 3. (a) A comparison of 4H-SiC and type Ia diamond Raman spectra from 50–5000 cm−1 under the same experimental
conditions. The extended mode was employed with an exposure time of 30 seconds and accumulation of 2; (b) A comparison
of 4H-SiC and type IIa diamond IR spectra from 500–5000 cm−1 under the same experimental conditions; (c) UV-visible
absorption spectra of bare 4H-SiC and bare type Ia diamond.

multi-phonon second-order diamond Raman band. Thus, 4H-SAC is advantageous for high-pressure
Raman experiments for samples with signals in these ranges.
IR spectroscopy is another important method to investigate the lattice vibration of materials. Type
IIa diamond has fewer impurities than type Ia diamond, and is usually used in high-pressure IR studies.
We also characterized the 4H-SiC anvil with IR spectroscopy. Figure 3(b) compares the IR spectra
of 4H-SiC and type IIa diamond (with similar thicknesses), collected under the same experimental
conditions. Before 1800 cm-1 , diamond has obviously less absorption than 4H-SiC, which absorbs
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FIG. 4. (a) In-situ high-pressure UV-visible absorption spectroscopy study on CdI2 in 4H-SAC; (b) The bandgap change with
pressure.

all IR radiation before 1750cm-1 . After 1800 cm-1 , 4H-SiC transmittance is much better than type IIa
diamond, though there are two strong absorption peaks at 2070 cm-1 and 2290 cm-1 . This agrees with
Xu’s results, which reported the transmitted signal measured with 4 mm thick 6H-SiC anvils was up
to an order of magnitude higher than type-II diamond anvils.2 For type IIa diamond, from 1600 cm-1
to 2670 cm-1 there is a strong absorption band that is troublesome in IR spectra when a DAC is used
in high-pressure experiments. Furthermore, type IIa diamond has transmittance lower than 20% in
all ranges. As shown in Fig. 3(b), the shortage of type IIa diamond can be complemented by using a
4H-SiC in IR spectra.
We also investigated the absorption of the 4H-SiC anvil in the UV-visible range. Figure 3(c)
shows the comparison of the absorption spectra of bare 4H-SiC and type Ia diamond with similar
thicknesses. It is clear that they have similar transmittance in the region from 420-850 nm. 4H-SiC
has a cut-off at 370nm. The diamond cut-off starts at around 420 nm but it absorbs almost all light
from 370 to 420 nm, making the measurable region smaller than 4H-SiC.
UV-visible absorption spectroscopy is usually used to obtain the band gap of a semiconductor
from the absorption edge.17–19 Figure 4(a) shows our in situ high-pressure UV-visible absorption
spectroscopy study on CdI2 in 4H-SAC at selected pressures at room temperature. With the increase
in pressure, the absorption edge shifts to a longer wavelength. However, before 370 cm-1 (3.35 eV),
the stage is incomplete due to the absorption of 4H-SiC, as confirmed by the UV-visible absorption
spectrum of bare 4H-SiC in Fig. 3(c), which clearly shows that transmittance of 4H-SiC starts from
370 cm-1 . Owing to the absorption boundary at 370 cm-1 , the stages are partially visible at 0.7 GPa.
We estimated the band gap of CdI2 by extrapolating the linear portion of the (αhν)1/2 versus the
hv curve in the indirect band-gap Tauc plots under different pressure except 0.7 GPa. The band gap
change with pressure is shown in Fig. 4(b).

IV. CONCLUSION

We investigated the vibrational spectra of single-crystal 4H-SiC by Raman and IR. The effect
of pressure on the UV-visible absorption of CdI2 in 4H-SAC was presented up to 28.0 GPa.
For comparison, type Ia and type IIa diamonds were also examined. The first-and secondorder Raman peaks of 4H-SiC do not coincide with those of diamond. Furthermore, it shows
a flat feature in the range of 2330-5000 cm-1 , suggesting that 4H-SiC is beneficial for highpressure studies of samples with Raman signals in the range that overlaps with diamond. In
the region above 1800 cm-1 , the transmitted signal in the IR absorption spectroscopy measured
through 4.6 mm of 4H-SiC was much higher than that of type IIa diamond. A high pressure of
28.0 GPa was achieved using a 400 µm 4H-SiC culet. The absorption boundary was extended from
420 nm (type Ia diamond) to 370 nm (4H-SiC) in in situ high-pressure UV- visible absorption
spectroscopy.
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