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Abstract

A series of 3C-SiC films with varied film thickness up to 17 lm have been grown on Si(100) by chemical vapor deposition, and studied
by photoluminescence, Raman scattering, Fourier transform infrared transmission and reflectance measurements. Typical key behaviors
on these optical spectra are investigated. Thinner (<3 lm) films have their optical spectral features, mainly associated with defects. High
quality of single crystalline cubic SiC materials can be obtained from thicker (>10 lm) films, evidenced by optical spectra. There exists a
tensile stress in the 3C-SiC film grown on Si, affecting greatly the optical features. Its measurements have leaded to a formulas on two
deformation potentials, a and b.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Silicon carbide (SiC) and its polytypes are promising
semiconductors for high temperature, high frequency and
high power electronic and optoelectronic applications,
which have raised a great deal of research and development
(R&D) interests [1–3]. During the last few years significant
progress has been achieved in the development of 4H and
6H wafers and related devices. However, the cost of 4H
and 6H–SiC wafers remains high. Also, some technique
bottlenecks exist, such as high density of micro-pipes and
deep traps due to strain accumulation, doping striations
and domain misorientation, which greatly reduce the effec-
tive device mobility and limit the device performance [4].

Among all SiC polytypes, cubic silicon carbide (3C-SiC)
exhibits the highest electron mobility [5], and is the only
material that can be grown on low-cost Si substrate [6]
and with a potential to merge into the well-developed Si-
base integration technology. It has many advantages for
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MOS device applications permitting ‘‘inversion’’ at lower
electric field strength and free of electron traps generated
by the ‘‘near interface-trap effect’’ [4]. Nano-structural
3C-SiC has recently approved to exhibit the enhanced blue
emissions due to the quantum confinement effect [7]. By
way of chemical vapor deposition (CVD), the successful
growth of 3C-SiC films on Si wafers has been achieved in
1983 [8] by overcoming the difficulties from the large lattice
difference of about 20% and an 8% mismatch in the thermal
expansion coefficients between 3C-SiC and Si [9]. The
author has recently published a book chapter [10] to
review, and introduced important research and develop-
ment (R&D) on 3C-SiC materials growth and analyses
since 1983. However, beyond those references till 2003,
cited in [10], many attractive and interesting results on
3C-SiC R&D are reported in 2004–2005 [4,5,7,11–19] and
more are coming.

In this paper, we present an investigation on the optical
properties of CVD-grown 3C-SiC/Si materials by way of
photoluminescence (PL), Raman scattering, and Fourier
transform infrared (FTIR) spectroscopy. Typical data are
presented to express the main features of optical spectra
from CVD 3C-SiC/Si.
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2. Experimental

The experimental samples involved in this paper were
prepared by chemical vapor deposition (CVD). This
CVD procedure produces an initial SiC layer from a car-
bonization, which was done by way of an initial tempera-
ture ramp on the Si substrate in the presence of a
hydrocarbon [9]. This thin (� several hundreds of ang-
strom) SiC mixed alloy layer served as a buffer for a subse-
quent CVD growth of SiC.

For the characterization of studied materials, low tem-
perature (LT) photoluminescence (PL) measurements were
performed at �2 K with the sample immersed in pumped
liquid He, a He–Cd laser or a filtered Hg lamp for UV exci-
tation, a SPEX-1400 spectrometer for signal light disper-
sion, a photomultiplier for detection, a lock-in amplifier
and related electronics and computer for signal magnifica-
tion and processing [20]. Raman scattering was measured
in the near backscattering geometry, with excitations from
an Ar ion laser, and using a triple spectrometer – optical
multichannel analyzer system. FTIR spectra were mea-
sured by a Perkin–Elmer 2000 FTIR spectrometer.

3. Results

3.1. Low temperature photoluminescence

Fig. 1 shows 2 K PL spectra for three CVD 3C-SiC/
Si(100) samples with SiC film thickness, d, of 3.2, 4 and
Fig. 1. 2 K photoluminescence spectra of three CVD 3C-SiC/Si(100) with
d = 3.2, 4 and 11 lm.
11 lm, respectively. The thinnest film showed a dominant
1.90 eV PL band, i.e., the so-called G band, plus a weak
DI band at 1.972 eV and weak emissions near 2.15 eV, all
of which are defect-related features in 3C-SiC [20]. As the
film becomes thicker, exciton lines appear in the wave-
length range of 5200–5500 Å. As the film is thicker than
10 lm, the non-zero phonon line, labelled ‘‘O’’ appears,
the nature of which is due to the exciton bound to neutral
nitrogen donors. Its first order phonon replicas, labelled as
TA(X), LA(X), TO(X) and LO(X), appear sharply. Their
second-order combinations can also be observed. The
observation of exciton lines is characteristic of the good
quality of experimental samples.

3.2. Raman scattering

Fig. 2 shows Raman spectra for three 3C-SiC/Si(100)
samples with LT–PL displayed in Fig. 1. We see, as
d(SiC) increases from 4 to 11 lm, the intensities of 3C-
SiC longitudinal optical (LO) and transverse optical (TO)
phonon modes increase, with respect to that of the Si sub-
strate. For the poor quality one with d(SiC) = 3.2 lm, the
allowed LO mode is weaker than the forbidden TO mode.
Also, some extra features exist, corresponding to other
polytypes of SiC or defects. After removal of Si sub-
strate, the LO and TO lines will shift their position a
little. These Raman line shifts can be used to determine
the stress and strain inside the 3C-SiC films [21]. The rela-
tionship between the Raman feature and film quality can
be established [22].

3.3. Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) spectroscopy was
used to study the initial growth of 3C-SiC films.
Fig. 3(A) shows FTIR transmission spectra for four
CVD 3C-SiC/Si(100) with different growth time or differ-
ent film thickness. For a very thin film with the growth
time, s, of only 2 min, a transmission band near
800 cm�1 in Fig. 3(A, curve a) indicates the initial stage
Fig. 2. Raman spectra of three CVD 3C-SiC grown on (100) Si with the
film thickness of 3.2 lm (right-up corner), (a) 4 lm, (b) 11 lm, and (c)
11 lm, with the Si substrate removed.



Fig. 3. Fourier transform infrared (FTIR) spectra of: (A) transmission
from four CVD 3C-SiC/Si(100) with film thickness of 0.1, 1.5, 3 and 6 lm
and (B) reflectance from four CVD 3C-SiC/Si(100) with film thickness of
1.1, 1.6, 4.8 and 7.7 lm, respectively.

Fig. 4. Comparative 2 K PL spectra for nitrogen-bound-exciton (N-BE)
peaks from two 3C-SiC films of (top) a 16-lm thick free film and (bottom)
a 17 lm film on Si(100).
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of the formation of the SiC-like crystal but not true 3C-SiC
yet. As s increases to 30 min, a deep and flat band between
770 and 920 cm�1 appears in Fig. 3(A, curve b), with both
edges corresponding to the TO and LO phonon frequen-
cies. This characterizes the complete formation of 3C-
SiC. As s increases to 1 and 2 h, i.e., with the film thickness
increased to 3 and 6 lm, respectively, this reststrahlen band
becomes further broad and flat, indicating the improve-
ment of the cubic crystalline perfection of the 3C-SiC layers
grown on Si substrate.

FTIR reflectance spectroscopy can also be employed for
the materials evaluation of CVD-grown 3C-SiC films on Si.
Fig. 3B shows FTIR reflectance spectra from another set of
four CVD 3C-SiC/Si(100) with different growth time or
film thickness of 1.1, 1.6, 4.8 and 7.7 lm, respectively. The-
oretical simulation can be applied to the 3C-SiC/Si system
to give more information on the material properties [23].

4. Discussion

We are giving a further discussion from luminescence
features on the experimentally observed shifts of N-BE
lines and the effects of a tensile biaxial stress on bound exci-
ton transitions. The lattice constant of 3C-SiC at RT is
4.359 Å and is smaller than that of Si (5.430 Å at RT).
The thermal expansion coefficient of 3C-SiC is slightly
larger than that of Si [10]. Consequently, as an epitaxial
3C-SiC film is grown on a Si substrate by CVD, we have
a tensile biaxial stress inside the SiC film. Our Raman scat-
tering studies [10,20] have shown that this tensile biaxial
stress shifts the optical phonons of 3C-SiC to lower ener-
gies. According to the theoretical analyses in [20], it also
splits the k = 0 (C point) degenerate valence band, puts
the heavy-hole band on top and narrows the energy band
gap. The band gap change, DEg, due to a tensile biaxial
stress, X, can be calculated by a formula [10,20],

DEg ¼ dEh � ð1=2ÞdEs

¼ X ½2aðS11 þ 2S12Þ þ bðS11 � S12Þ�; ð1Þ

where dEs is the energy splitting between the heavy-hole
and light-hole bands, a is the hydrostatic-pressure defor-
mation potential and b is a uniaxial deformation potential,
S11 and S12 are the compliances of 3C-SiC, respectively.
For the case of 3C-SiC/Si with a tensile stress, X > 0, the
values of a and b are negative, we have DEg < 0 in Eq.
(1). This conclusion can be directly confirmed from our
PL measurements in Fig. 4 for a comparison of 2 K PL
spectra for nitrogen-bound-exciton (N-BE) peaks between
a 3C-SiC/Si and a 3C-SiC free film with similar thicknesses.
The N-BE and phonon replicas from 3C-SiC on Si shift to
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longer wavelength, i.e, lower energies in comparison with
3C-SiC free films in the figure.

Because the 3C-SiC deformation potentials of a and b

are not available, we cannot use Eq. (1) to calculate the
stress inside the 3C-SiC film on Si. However, we have an
estimate of the values of stress X from our previous Raman
measurements [21] and here we observe line shifts presum-
ably related to the band gap shift DEg from the PL mea-
surement. This enables us to make a rough estimate of
the range of the deformation potentials in 3C-SiC. Also,
the compliances values of 3C-SiC from the literature are
in scatter [24–27]. In earlier studies [20,21], we used the
values of S11 = 2.22 · 10�13 cm2/dyn and S12 = �0.56 ·
10�13 cm2/dyn for 3C-SiC from [25] and obtained an esti-
mate of

2:2aþ 2:8b � �10 eV. ð2Þ
Recently, Rohmfeld et al. [28], considering the case of

non-zero components of uniaxial stress–strain in the nor-
mal direction of the film, have recently performed an accu-
rate measurement of the biaxial stress–strain by using a
pressure sensor and tuning the biaxial strain via applying
a differential nitrogen pressure, on two 3C-SiC membranes
(1.5 and 1.8 lm thick, respectively), and obtained Raman
stress coefficients of 3C-SiC. In their work, the values of
calculated Raman hydrostatic stress coefficients [27] and
the calculated elastic compliance constants from Tolpygo
[25] were used, i.e.,

S11 ¼ 3:67� 10�3=GPa and

S12 ¼ �1:05� 10�3=GPa.
ð3Þ

With these values, and X = 0.61 GPa from Raman analysis
and DEg = �6.2 meV from Fig. 4 for this sample, we have
from Eq. (1),

3:1aþ 4:7b � �10 eV; ð4Þ
or approximately,

3aþ 5b � �10 eV; i.e., 0:6aþ b � �2 eV; ð5Þ
where the deformation potentials a and b are in units of eV.
Eq. (4) or Eq. (5) should replace Eq. (12) in [7] or Eq. (2)
given above.

In additions to the variation of the N-BE line positions,
Fig. 4 also showed the variations of their relative line inten-
sities due to the tensile stress. For examples, the zero-
phonon line is almost completely depressed by the stress,
and TA–LA–TO phonon replicas lines are attenuated
much more than the TA line. We will explore to penetrate
further on these phenomena in the near future.
5. Conclusion

In conclusion, we have performed photoluminescence
(PL), Raman scattering (RS), Fourier transform infrared
(FTIR) transmission and reflectance measurements of a
series of CVD-grown 3C-SiC/Si samples with varied film
thickness up to 17 lm. Typical key or main features on
these optical spectra are obtained. It has shown that the
thinner (less than 3 lm) 3C-SiC grown on Si have their
PL, RS and FTIR optical spectral features, mainly associ-
ated with defects. After a certain thickness (>10 lm) of
CVD film growth, good and high quality of single crystal-
line cubic SiC films on Si were obtained, evidenced by PL,
RS and FTIR spectra.

From comparative measurements for 3C-SiC grown on
Si and with Si substrate removed, the stress and strain
effects on 3C-SiC/Si are exposed. Tensile stress in the 3C-
SiC films grown on Si is identified and measured. A rela-
tion formulas on two deformation potentials, a and b, for
3C-SiC is deduced from the PL and Raman data. Further
interesting variations on the intensities from bound exciton
lines of 3C-SiC due to layer tensile stress are described, to
be studied further.
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