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The Si on SiC heterojunction is still poorly understood, although it has a number of potential applications in

electronic and optoelectronic devices, for example, light-activated SiC power switches where Si may play the role of an

light absorbing layer. This paper reports on Si films heteroepitaxially grown on the Si face of (0001) n-type 6H-SiC

substrates and the use of B2H6 as a dopant for p-Si grown at temperatures in a range of 700–950 ◦C. X-ray diffraction

(XRD) analysis and transmission electron microscopy (TEM) tests have demonstrated that the samples prepared at the

temperatures ranged from 850 ◦C to 900 ◦C are characterized as monocrystalline silicon. The rocking XRD curves show

a well symmetry with FWHM of 0.4339◦ Omega. Twin crystals and stacking faults observed in the epitaxial layers might

be responsible for widening of the rocking curves. Dependence of the crystal structure and surface topography on growth

temperature is discussed based on the experimental results. The energy band structure and rectifying characteristics of

the Si/SiC heterojunctions are also preliminarily tested.
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1. Introduction

Silicon-based and III–V compound-based hetero-

junctions have been widely used in micro-electronic

and optoelectronic devices for their prominent char-

acteristics, but SiC-based heterojunctions have been

less reported up to now because of their delayed de-

velopment in material preparation technology, except

GaN/SiC where SiC only plays the role of substrate.

As for device-functional SiC-based heterojunctions, a

few reports are concerned with SiCGe/SiC which is

formed by either ion implantation of Ge into SiC[1] or

heteroepitaxial SiCGe on SiC substrates.[2] Another

device-functional SiC-based heterojunction is Si/SiC,

in which the Si is mostly polycrystalline, however. In

1998, Henning et al reported the first Si/SiC hetero-

junction that used heavily doped polycrystalline sili-

con on a 4H-SiC epitaxial layer to develop an ohmic

contact fabricating process on SiC substrates.[3] In

2004, Hayashi et al deposited p+ polycrystalline sil-

icon on SiC to make a heterojunction diode (HJD),

which can block a voltage of 1600 V with low re-

verse leakage current.[4] In 2007, Chen et al reported

their simulation work on a mono-Si/SiC heterojunc-

tion MOSFET.[5] This might be the first work on

monocrystalline Si/SiC heterojunction, but there is

no more information about their experiment. The

most recent work on Si/SiC still focuses on depositing

polycrystalline silicon films on 4H-SiC substrates by

molecular beam epitaxy (MBE).[6]

SiC is a promising semiconductor material with

a wide band gap (3.02 eV for 6H-SiC); however, it is

insensitive to either visible or near-infrared light.[7] In

order to develop SiC optoelectronic devices, we pro-

pose to make a monocrystalline Si/SiC heterojunction

in which Si plays the role of light absorber in the vis-

ible and near-infrared regions. In realization of the

idea, the quality of the Si epitaxial layer is a key point.

Owing to a big mismatch in the thermal and lattice

parameters, the Si layer grown on a SiC substrate is

usually polycrystalline. However, strain growth or a

buffer layer might be able to relax this difficulty and

realize heteroepitaxial growth of monocrystalline Si on

SiC.

2. Experiments

In this work, a hot-wall chemical vapour depo-

sition system is employed to grow silicon layers on

the Si face of (0001) n-type 6H-SiC substrates. Silane
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(SiH4), diborane (B2H6) and hydrogen are used as a

silicon source, a dopant source and a carrier, respec-

tively. Most substrates used in this work are made

in our lab itself, and are not intensely doped, but the

resistivity is about a few tenths Ω · cm The substrates

are cleaned in a standard RCA clean procedure.[8] Af-

ter cleaning, the substrates are immediately loaded

into the growth chamber. The background vacuum

is about 1×10−3 Pa. Before growth, the substrates

are treated in H2 atmosphere at a high temperature

of 1250 ◦C for 10 min. The growth pressure is main-

tained around 230 Pa by a rotary pump during the

growth process. The gas flow-rates of SiH4(10% in

H2), B2H6 (1% in H2) and H2 with high purity are

optimized as 3, 0.2 and 300 SCCM, respectively. As

substrate temperature is a very sensitive key point in

the grown layers, the growth experiments were carried

out at different temperatures in a range of 700–950 ◦C.

X-ray diffraction (XRD), transmission electron

microscopy (TEM) and selected area electron diffrac-

tion (SAED) were employed to understand the mi-

crostructural features of the heterostructures, while

the electrical properties were investigated by an Agi-

lent 4155C semiconductor parameter analyser at room

temperature.

3. Results and discussion

XRD analysis was carried out to study the mi-

crostructure of the Si epilayers grown at different tem-

peratures, as shown in Fig.1. It can be found that the

XRD spectra of the samples grown at different tem-

peratures have the same peaks but different relative

strengths, which are located at 2θ = 28.46◦, 35.5◦ and

75.5◦, respectively. The peaks centred at 2θ = 35.5◦

and 75.5◦ are in accord with (0006) and (00012) faces

of 6H-SiC, respectively, while the peak centred at

2θ = 28.46◦ comes from the Si epilayers. However,

the samples only grown at 850 ◦C and 900 ◦C have a

more evident Si(111) peak. This implies that the opti-

mum substrate temperature for best crystalline qual-

ity might be in this range.

Fig.1. XRD spectra of Si films grown on 6H-SiC at dif-

ferent temperatures.

Figure 2(a) shows an XRD rocking curve of the Si

film grown at 850 ◦C. The peak is completely symmet-

rical with an FWHM (full-width-at-half-maximum) of

0.4339◦. Compared to the 0.06◦ FWHM of a standard

epitaxial Si sample shown in Fig.2(b), the FWHM

broadens significantly. As is well known, the thermal

mismatch and lattice mismatch introduce a high den-

sity of twins and stacking faults in the heteroepitaxial

Si layer, especially far from the Si/SiC interface, and

the defects are responsible for the FWHM broadening.

Furthermore, the defects in the SiC substrate, the high

impurity concentration in the Si epitaxial layer and

the imperfect process may also result in the FWHM

broadening.

Fig.2. XRD rocking curves of (a) the Si film grown at 850 ◦C and (b) a standard epitaxial Si sample.
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Figure 3(a) shows a low magnitude TEM bright-field image of the Si film grown at 850 ◦C. In this image,

the left grey region belongs to the 6H-SiC substrate, while the area with a different diffraction contrast belongs

to the Si thin film. The Si film is 1.2 µm thick and has a good crystal quality. The high-resolution TEM image

shows that the epilayer close to the Si/SiC interface is predominantly defect-free, as shown in Fig.3(b). The

inset in Fig.3(b) is an image of the SAED pattern of the same sample. The diffraction spot diameter is about

200 nm. The pattern shows that the Si epilayer has a face centred cubic structure, and the growing orientation

follows ⟨111⟩. The SAED pattern of the thin film gives a lattice constant of 5.416 Å, which is in accord with

the corresponding lattice constant of Si (5.43 Å), suggesting that the epilayer is monocrystalline Si.

Fig.3. TEM image and SAED pattern of Si film grown at 850 ◦C. (a) Low magnitude TEM bright-field

image, (b) high-resolution TEM image and SAED pattern.

Although the epilayer near the Si/SiC interface

is predominantly defect-free, defects such as stacking

faults and twins are present in the epilayers due to the

cumulative misfit strain, as shown in Fig.4. The cu-

mulative strain is relieved somewhat in these defects,

thus the upper portion of the film above the defect

regions is also defect-free.

Fig.4. HRTEM image of stacking faults and twins in Si

film grown at 850 ◦C.

Heteroepitaxial growth of Si on a SiC substrate is

expected to develop a new application of SiC in opto-

electronics. Therefore, we tested the I–V characteris-

tics of the p-Si/n-6H-SiC heterojunction sample grown

at 850 ◦C. The ohmic contact on 6H-SiC is made of Ni

with 950 ◦C annealing for 2.5 minutes, while the other

on the silicon layer is made of ITO for light absorption,

because ITO is transmitting in the wavelength range

from visible to near-infrared and can form an ohmic

contact with silicon. But the contact properties of the

electrodes are unstable because of their sensitivity to

the fabrication process and annealing process. Now,

the contact resistance of the electrodes is still large.

Figure 5 shows I–V characteristics of the p-Si/n-

6H-SiC heterojunction. Figure 5(a) is an experimental

result, and Fig.5(b) shows a curve obtained from the

simulation according to the experimental parameter.

It can be seen that the heterojuntion demonstrates

good rectification characteristics with a forward trans-

fer voltage of about 1.4 V from the experimental re-

sult and about 0.9 V from the simulation result, re-

spectively. The reverse current density is not very

high. The experimental value is 3.9×10−5 A/cm2 and

2.3×10−3 A/cm2 at 10 V and 20 V, respectively. The

series resistance of the primary samples is larger than

the ideal case because of the high contact resistance,

so the I–V characteristic is linear when the forward

voltage exceeds 10 V.

Figure 5(b) is a simulated curve of I–V character-

istics for the p-Si/n-6H-SiC heterojunction. The sim-
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ulation parameters are as follows: the energy gaps are

1.12 eV and 3.0 eV for silicon and 6H-SiC, respectively.

The steps of the conduction band and the valence

band in the heterojuntion are 0.2 eV and 1.68 eV,

respectively. Because the potential barrier of the hole

is much larger than that of the electron, the forward

current is mainly carried by electrons. Comparing the

experimental results with the simulation, we find that

the difference is in two orders of magnitude for the

forward current density between experiment and sim-

ulation due to the large contact resistance of the ex-

perimental samples.

Fig.5. I–V characteristics of the p-Si/n-6H-SiC heterojunction. (a) measured curve, (b) simulated curve.

4. Conclusions

A (111) oriented monocrystalline p-Si thin layer

has been heteroepitaxially grown on the Si face of

(0001) n-type 6H-SiC substrate in a low-pressure

chemical vapour (LPCVD) deposition system. XRD

and TEM analyses show that a monocrystalline sili-

con layer with good quality can be obtained in a tem-

perature range from 850 ◦C to 900 ◦C when the re-

action pressure is below 230 Pa and an appropriate

proportion of the mixed gases is used. Defects such as

stacking faults and twinned crystals exist in the near-

surface layer of the epitaxial silicon, which are caused

by the thermal and lattice mismatches between silicon

and SiC. This is responsible for the widened FWHM of

the XRD rocking curves. The measured I–V curve ex-

perimentally shows that the heterojunction has good

rectifying characteristics.
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