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Epitaxial growth of semiconductor films in multiple-wafer mode is under vigorous development in order to improve

yield output to meet the industry increasing demands. Here we report on results of the heteroepitaxial growth of multi-

wafer 3C—SiC films on Si(100) substrates by employing a home-made horizontal hot wall low pressure chemical vapour

deposition (HWLPCVD) system which was designed to be have a high-throughput, multi-wafer (3x2-inch) capacity.

3C-SiC film properties of the intra-wafer and the wafer-to-wafer including crystalline morphologies, structures and

electronics are characterized systematically. The undoped and the moderate NH3 doped n-type 3C-SiC films with

specular surface are grown in the HWLPCVD, thereafter uniformities of intra-wafer thickness and sheet resistance of

the 3C-SiC films are obtained to be 6%~7% and 6.7%~8%, respectively, and within a run, the deviations of wafer-to-

wafer thickness and sheet resistance are less than 1% and 0.8%, respectively.
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1. Introduction

Silicon carbide (e.g. 4H-SiC, 3C-SiC), owing to
its unique characteristics such as high thermal stabil-
ity, large band gap, resistance to chemical attack, and
high critical breakdown electric field, now has become
one of the state-of-art semiconductor materials for
high-power, high temperature electronic devices!!—4
and micro-electromechanical system (MEMS) devices
used in harsh environments.>6! SiC-based devices

(7 are under ur-

with superior operating characteristics
gent demands, which will promote the developments
of SiC substrates and SiC homo/heteroepitaxial films.
As for SiC film growth, the traditional growth method
was performed with the standard reactants of SiHy4
and either C3Hg or CoHy in Hy as the carrier gas, 89
by using a low pressure chemical vapour deposition
(LPCVD) system in the manner of one wafer within a

run. Therefore, multiple-wafer growth within a run is

under vigorous development in order to improve yield
output to meet the industry increasing demands.°!
To date, several groups have grown SiC films in multi-
wafer mode either in commercial or home-made hot
wall planetary LPCVD systems.['?=13] One of the
most concerned issues is the uniformities of the intra-
wafer and the wafer-to-wafer doping and growth rate
in the multi-wafer system. When the growth chamber
of the multi-wafer system is designed for accommodat-
ing increasing capacity, gas flow distribution and tem-
perature distribution become more complicated than
those of a traditional single-wafer system. We develop
a home-made multi-wafer LPCVD by installing an in-
let channel (IC) and an outlet channel (OC) in the
LPCVD system. Compared with a single-wafer sys-
tem, the multi-wafer system includes a large growth
chamber (GC) where multiple wafers are mounted, an
IC in the front (upstream side) and an OC in the rear
(downstream side) of the GC as seen in Fig. 1. Gas
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flow distribution is more controllable and uniform in
such a configuration, thereby yielding highly uniform
3x5.08-cm SiC epilayers.
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Fig. 1. Schematic illustration of the home-made multi-
wafer HWLPCVD system.

2. Experiment

Multi-wafer 3C-SiC films have been heteroepi-
taxially grown on Si(100) substrates in a home-made
HWLPCVD system, the schematic illustration of the
HWLPCVD is shown Fig. 1. SiH; and CoHy were
used as silicon and carbon sources, respectively. The
sources diluted and carried by pure Hy gas were fed
into the growth chamber through an inlet channel (as
seen in Fig. 1). Before loaded into the growth cham-
ber, Si(100) was washed with a conventional method
and rinsed in HF diluted solution to remove the native
oxidation from the surface. Further surface cleaning
process was performed in the growth chamber with
a Hs atmosphere at 1000 °C for 30 min. The two-
step growth method™ was processed as follows: 1)
carbonization. 5-sccm CoHy diluted in 3-slm Hy was
used for carbonization and introduced into the growth
chamber at 800 °C then the chamber temperature in-
creased slowly with a rate of 50 °C min from 800 °C to
1050 °C. Carbonization was performed at 1050 °C for
20 min. 2) 3C-SiC heteroepitaxial growth. After car-
bonization, the chamber temperature was increased
up to 1280 °C in 10 min, and then the silicon source
SiH,4 was introduced. Heteroepitaxial growth was per-
formed at 1280 °C with fluxes of Ho, SiH4 and CyHy
being 3 slm, 1 sccm and 2 sccm, respectively. The
growth chamber cooled down naturally at a Ho atmo-

sphere after heteroepitaxial growth. The pressure was
kept at 2.6x10* Pa in the whole processing.

After growth, the films were characterized and
analysed by scanning electron microscope (SEM),
atomic force microscopy (AFM), x-ray diffraction
(XRD) and sheet resistance measurement (SRM), sep-
arately. XRD was performed to analyse the film
structures by using a Philips diffractometer with Cu—
Ka radiation and 626 geometry. SEM was used
to study the surface morphology, by observing the
cross-sectional shape and measuring the film thick-
ness. AFM was employed to measure the surface mor-
phology and root mean square (RMS), with a digital
instruments multimode nanoscope IIla operated in a
contact mode. SRM was obtained by Napson NC-40
non-contact sheet resistance measurement instrument.

3. Results and discussion

The surfaces of SiC films were mirror-like and
observed by optical microscope at low magnification.
Figure 2 shows the surface morphological structures
and the cross sectional morphological structures of the
SiC films. The film thicknesses were about 1.7 pm.
The 3C-SiC layers are mosaic in nature, and larger
grain size provides evidence of better surface quality.
The average grain size and the surface roughness were
about 3 um and 4.5 nm for an area of 10 pmx10 pum
respectively (as seen in Fig. 2(c)). It has been reported
that the SiC grains exposed at the surface had nearly
the same size as the grains measured by AFM.[8] The
size of the crystal grains followed a proportional rela-
tionship to growth rate and film thickness.[?!

When 3C-SiC film grew heteroepitaxially, nu-
clei grew two-dimensionally on the substrate surface
and coalesced when the growing-up neighbour nu-
clei closely touched with each other, forming larger
islands. Thereafter, the neighbour islands coalesced,
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RMS = 0.9 nm
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Fig. 2. Surface and cross-sectional SEM morphologies of 3C-SiC grown on Si(100). (a) Surface SEM morphology,
(b) cross-sectional SEM morphology, film thickness is about 1.7 pm, (¢) and (d) surface AFM morphologies,

image sizes are 10 x10 ym? and 1x1 um?, respectively. (d) Image zoomed in from the square area of (c) (quoted

by the white frame).

leading to large platens of 3C-SiC formed on the sur-
face. 3C-SiC platens were single crystal (as seen
in Fig. 2(d)), however, the platen tilted with re-
spect to each other, giving rise to different crystal do-
mains which formed anti-phase domain (APD) bound-
It has been
demonstrated that aggressive etching processes may

aries (as seen in Figs. 2(a) and 2(c)).

cause preferential etching at the boundaries of the
APDs, 1617 therefore, APDs would be decreased by
an additional Hy etching processing.'”]

Voids were detected at the interface between sil-
icon substrate and the covered SiC film (as seen in
Fig. 2(b)). The void was formed in the carbonization
stage, when the Si substrate surface was not covered
throughout by the first initial SiC carbonization layer,
therefore, voids were formed at sites where surface Si
atoms were intense out-diffusion at high temperatures.
Out-diffusion of Si is effective at temperatures above
1100 °C and high-density voids are formed at lower
growth temperatures (1100 °C-1150 °C).I*8] Since the
size and the density of the void are related to the

O void free films will be obtained

growth parameter,
in an optimized growth processing.

Figure 3 shows the XRD spectra of three wafers
within a run. The spectra are highly uniform, and
peak position of each SiC(100) is almost the same,
and the full-width at half-maximum (FWHM) is nar-
row, less than 0.5°. The peak position of SiC(100) at
~41.3° corresponds to a lattice constant of 4.3622 A
(1 A = 0.1 nm), which is slightly larger than that of

single crystalline 3C-SiC (4.3596 A) The spectra ex-

|
hibits a strong SiC(100) texture without SiC(111) tex-

ture, therefore, SiC films show the orientation much
the same as that of the Si(100) substrate, which in-
dicates that the films are of homocrystalline cubic
3C-SiC. The growth rate is about 2 pm/h, and it
should be noticed that if growth rate is higher than
a certain value, SiC(111) texture will appear together
with SiC(100) texture in the heteroepitaxial 3C-SiC
films. Weak peak of SiC(222) texture at 75.5° appears,
and it may be caused by the tilt SiC planes when is-
lands coalesce, where the APD is formed as seen in
Fig. 2(c). Peak at 69.15° arises, owing to the diffrac-
tion from Si(400) plane. The intensity of SiC(100) is
much higher than that of Si(400), indicating a mod-
erate 3C-SiC film thickness.
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Fig. 3. The x-ray diffraction spectra of 3C-SiC films
grown on Si(100) substrate. The (100) peak positions of
wafers (No. 1, No. 2 and No. 3) are 41.45°, 41.37° and
41.35° respectively, and the corresponding FWHMs are
0.488°, 0.465° and 0.483° respectively.
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Thickness and the sheet resistance uniformity are analysed by sampling three wafers within a run. Thickness
measurement of each wafer is taken at eleven positions. Position 0 is located in the wafer centre. Five positions
(labeled as 1~5) are evenly distributed at a radius parallel to the primary plane, and the other five positions
(labeled as —1~—5) are evenly distributed at a radius perpendicular to the primary plane as seen in Fig. 4(a).
Thickness uniformity of each wafer is calculated by the following equation:

N N 2 N
=1 =1 i=1

where t; is the thickness of the i-th position, IV is the total sample counts. For the films with a thickness of
about 5 pm, the o /M values of intra-wafer and wafer-to-wafer are about 6%~7% and less than 1%, respectively,
which indicates that good thickness uniformity is achieved in the 3C-SiC heteroepitaxial thin films.
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Fig. 4. Thickness and sheet resistance uniformities of 3C—SiC films grown on Si(100) substrates. (a) Thickness
and uniformities (o/M) of 3C-SiC samples S-1, S-2 and S-3, respectively, within a run, (b) sheet resistances and
uniformities of UD and ND 3C—SiC samples. Lines are guides to the eye.

Sheet resistance measurement of each wafer is taken at nine positions as seen in Fig. 4(b). Position 3 is
located in the wafer centre. The other eight positions are evenly distributed at two diameters mutually perpen-
dicular to each other. Sheet resistance, which presents the resistance in the current direction of a square-shaped
thin film, can be expressed as Rk = p/d, where p is the film resistivity, and d is the film thickness. Sheet
resistance (Rk) uniformity can be used to represent doping uniformity of 3C—SiC heteroepitaxial thin films.
Figure 4(b) shows Rk and uniformities of undoped (UD) and moderate NH; doped (ND) n-type 3C-SiC thin
films, respectively. For UD films, Ry is at a magnitude of 103 /00, the uniformities of intra-wafer and wafer-
to-wafer are about 9%~10.5% and less than 0.8%, respectively. For ND films, Rk is at magnitude of 10! Q/0J,
the uniformities of intra-wafer and wafer-to-wafer are about 6.7%~8% and less than 1.2%, respectively. Com-
pared with the UD films, the ND films have good intrawafer uniformity but degrade wafer-to-wafer uniformity.
However, the difference in uniformity between ND and UD films was trivial on the whole.

4. Conclusion

Multi-wafer (3x2-inch) 3C-SiC heteroepitaxial films are grown on Si(100) substrates by using a home-made
horizontal hot wall low pressure chemical vapour deposition (HWLPCVD) system. Undoped and moderate NHj
doped n-type 3C-SiC films with mirror-like surface are obtained. 3C—SiC film properties, including crystalline
morphologies, structures and electronics, are characterized and analysed in the way of intra-wafer and wafer-
to-wafer. The uniformities of intra-wafer thickness and sheet resistance of the 3C-SiC films are obtained to
be 6%~7% and 6.7%~8%, respectively, within a run, and the deviations of wafer-to-wafer thickness and sheet
resistance are less than 1% and 0.8%, respectively. It is indicated that good uniformity has been achieved in
the 3C-SiC heteroepitaxial thin films.
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