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Abstract

Highly oriented cubic silicon carbidé3-SiC) thin films are deposited on Gill) substrates using bias assisted low-pressure
hot filament chemical vapour deposition technique. Methé@k,) is used as the source for carbon, while the substrate itself
acts as the source for silicon. The technique is quite simple, cheap, has one step, and requires no stringent reaction condition
the substrate temperature used being in the range7d0 °C and the chamber pressutel torr. The films have been characterised
by X-ray diffraction (XRD), Fourier transform infrared spectroscofyTIR), X-ray photoelectron spectroscofXPS), atomic
force microscopy(AFM) and Raman spectroscopy. Bombardment of negatively biased substrate by high-energy positive ions
under relatively low chamber pressure is believed to facilitate the growth of highly oriented SiC films.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction dation, the film is covered with a silicon dioxid&iO,)
passivating layer and this is an important consideration
Because of its numerous outstanding properties for device fabrication. However, certain technological
3], crystalline silicon carbidéSiC) is being considered problems need to be addressed. The greatest hurdle in
as a promising wide band gap semiconductor material. controlling the epitaxy of SiC on Si wafers has been the
It is potentially suitable to be used for electronic devices, large mismatch( ~20%) between the lattice constants
capable of operation at high power levels, high temper- for -SiC (4.359 A at room temperatureand Si(5.430
atures and hostile environments where the efficiency of A at room temperatude There are several reports on
the conventional Si-based devices is seriously limited. the successful deposition of amorph’épe|ycrysta”ine
Of more than 130 polytypes of SiC, differing only in  sj.C films by a variety of techniques, e.g. RF glow
the stacking sequence of tetrahedrally bonded SiC bilay-gischarge decompositidif], electron beam evaporation,
ers [4], B-SIC, with the energy gap of 2.2 eV and therma/plasma-assisted chemical vapour deposit&
relatively high electron mobility, in particular, appears 12] pulsed laser ablation and ion beam reactifit@).
very promising. The material is required in the form of Tpe techniques used so far are generally expensive,
thin films for cgrtain specific purposes. For instance the j,yolve complicated equipment and require very strin-
SiC layer on Si has proved to be a much better substrateyen reaction conditions such as high temperatures, ultra
material for hetero-epitaxial growth of Gal$] and it high vacuum, singlémultiple precursors and multi step
has helped to grow smooth and continuous diamond ,ncessing. In contrast, we report here a fairly simple,

film of thlcklnes§ Ie;]ss than gm, V}’h'_Ch is the smallest  .heah easy to operate and single step process for the

reported value in hetero-epitaxial diamof@]. On oxi- preparation of highly oriented3-SiC thin films on
*Corresponding author. Tel:+91-22-559-3827: fax:+91-22-550-  Silicon single crystal substrates using a bias-assisted

5151. low-pressure chemical vapour depositiBALPCVD)
E-mail address: akdua@apsara.barc.erneiuK. Dua). technique. Our method has ¢€H as the carbon source, a
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substrate temperature af 750 °C and a chamber pres-
sure of ~1 torr.

SiC(111)
2. Experimental details

Single crystal silicon wafers with crystal orientation
(111D obtained from Wacker-Chemitronic GmbH are SiC(222)
used as substrates. These are sonicated in tri-chloroethy- l 2
lene, acetone and isopropyl alcohol, then subjected to
etching for 2 min in 40% HF and finally a rinse in de- . . m
ionised water. A BALPHFCVD facility{14] is used for 40
film deposition directly on the above substrates without
any further treatment. CH and hydrogé,) are used ‘ _ - _
as feed gases, while the substrate itself acts as the sourcgd- 1- Typical X-ray diffraction pattern of the deposit on(&iD
for silicon. The optimised deposition parameters are substrate excluding the @il1) region. SiG222) region is shown

. . " after multiplying by 2 for a better presentation.
given in Table 1. After deposition the samples have
been taken out of the coating system and characterised
ex situ.

XRD patterns are recorded in a Philips X-ray diffrac-
tometer PW 1710 using CuK line from an X-ray
generator operated at 30 kV and 20 mA. For AFM
topography, a Park Digital Instrument is used in contact
mode employing silicon nitride tips. FTIR measurements
are done in a Bomem model DA-8 instrument with
resolution of 2 cm? . Raman spectra are recorded using
LABRAM-1 spectrometer(ISA make in a back scat-
tering geometry and a spectral resolution of 2¢m

Counts(a.u.)

70 80
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and (222) planes of cubic SiC. The absence of diffrac-
tion lines, from planes other thatlll or its higher
orders, clearly indicates that SiC crystallites are oriented
along the(111) planes. To confirm the presence of SiC,
FTIR transmission spectra are recorded in the wave
number region of 400-4000 crd . The spectrum was
duly corrected to eliminate lines originating from the
silicon substrate itself. The corrected spectr(fig. 2)
clearly exhibits a very intense peak at800 cnr?,
attributed to the TQT') phonon modes of Si-C bonds
in -SiC [9]. The absence of Si—-H and C-H stretching

Fig. 1 shows the XRD pattern of a typical SiC film vibrations, reported to occur at 2100 ctn  and 2900
grown on S{111) substrate. The pattern normally con- cm~*, respectively, is worth noting. The Raman spec-
tains a sharp and intense peak of13i1) occurring at trum of the sample has also been recorded in the range
20=28.5 together with rather weak peaks @fSiC. of 400-2000 cm* (Fig. 3). It shows two distinct peaks
The former arises since the thickness of the depositedat ~790 cni* and 970 cm' . These peaks correspond,
film is not large enough to block the signal from the respectively, to the transverse and longitudinal optical
substrate. To give a better representation to the signalsphonons of cubic silicon carbid®], thereby confirming
from thin B-SIiC film, the silicon region has been its presence. Fig. 4 shows a set of main core level Si2p,
purposefully excluded in Fig. 1. Occurrence of peaks at Cls and Ols XPS spectra for a typical film. The spectra
20=35.6 and 786, respectively, correspond t6111) are neither normalised nor compensated for atomic

3. Results and discussion

Table 1
Deposition parameters used for sample preparation

Parameters Optimised values Measuring probe
Base pressure 16 torr Discharge gauge
Working pressure 0.8 torr Strain gauge

CH, flow rate 1 sccm Mass flow controller
H, flow rate 50 sccm Mass flow controller
Filament W coil(wire diameter: 0.5 mm

Filament temperature 195@ 2C Optical pyrometer
Substrate SiL11) wafer

Substrate temperature ~750°C Pt, Pt-14% Rh thermocouple
Filament—substrate distance ~6 mm

Substrate bias —-350 V

Bias current ~4 mA

Deposition time 20 min

Deposition rate ~20 nnymin
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Figb. 2. Transmission FTIR spectum of a typical coating ofL5D) Fig. 4. Main core levels Si2p, Cls, and Ols XPS spectra, along with
substrate. its deconvolution, of a typical film grown on &i11) substrate.

L 5
sensitivity factor of the respective elements. On decon-gﬁslfg |~S30 1n(r)181/ cm”. The average roughness of the

volutio_n of Si2p spectra, two mz_;\in components corre- Thus, it is clear that BALPHFCVD technique is able
Sf’fgf'ggv rzi%eguvsgly,o tgorij ?_QI.C%%n% &f&i at 4o deposit, under appropriate conditions, highly oriented
o ca.Lrb'de at~ 102 5I_eV are oblserslaid3] TrTe o I'de' B-SiC films on a Si single crystal substrate. Application
Xy kIJ'd h e ht h \k; 'f é(' th of bias results in the bombardment of the substrate and
oxyf car Ifteh pﬂase mblg' ave ((ajetn tﬁrm(?[ onh € the growing film by high-energy positive ions. This in
surtace ot the Tiim on being exposed 1o the atMOoSPNere,,, " oqits in the increase in kinetic energy as well as
pefore analys!zils]. The Cls spectra could be r_esolveql mobility of the adsorbed atoms afwt their aggregates
g_tg ;rtlr:a;grgazjo(;\;:o(;n%r;?;séie;a;?;g daaCC_ S(') tt))?n% "N and possibly leading to their sub-implantation into the
atl 286.4 e\} Th'e _eak at~2.847 oV mi r:t have substrate. It has indeed been predicted from theoretical
ST . peat ) '9 N calculations involving ion beam analysis using TRIM
orlglnated_ from_ adventmous (_:arbon or fro_m th_e carbo- software[16] that the penetration depth of carbon atom
_T_ﬁce%’f |mpur|:|re?nco—dne1zp:)isned ?Ionng i\:lv':thn SiC phi‘se'twith an energy of~0.35 keV in silicon substrate can
N 5632 6Se\jp§(():rr(lejs o(;\?j'np fgsa OO aS' boﬁ dsa Z'e]'{:‘:ona be as large as 4 nm. Moreover, due to temperature effect
e ponding —ol n_sil carbon can diffuse even more. However, the low pres-
oxide/silicon oxy carbide and a small feature-a633.8 sure(~ 1 torn) used in the present experiment, corre-
eVF?ueStohar\lNoafl TEISI ¢ raphv of a tvpical3 sponds to the mean free path of the precursor species
g. > Shows the opography of a typicais— that is comparable with the distance between the fila-

4'.”“m'th'Ck S.'C film wherein highly oriented, cryfstals ment and the substrate. This ensures that a larger number
with well-delineated edges and faces and having an

average size of 0.pm are clearly visible. Their number
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Fig. 5. AFM topography of a typical film. Its RMS roughness value

Fig. 3. Raman spectrum of a typical coating oi13il) substrate. is ~26 nm.



V.C. George et al. / Thin Solid Films 419 (2002) 114-117 117

of high-energy precursor species reach the substratdt neither uses any toxic Si-bearing precursor gas nor
before actually getting lost by collision and thus increas- requires stringent reaction conditions; the substrate tem-
ing the chance of their aggregation which in turn perature is~750 °C with a chamber pressure 1 torr.
improves nucleation, facilitating the formation of the Bombardment of negatively biased substrate/andhe
highly oriented SiC layer. However, it should be borne growing film by high energy positive ions, under rela-
in mind, that films of very large thickness could not be tively low chamber pressure, is believed to facilitate the
made using this technique because of the strain devel-growth of highly oriented3-SiC films by a combination
oped due to large lattice mismatch. Nevertheless, it is of surface and sub-surface processes.
possible to deposit films of~3—4 uwm without their
getting delaminated. Further, it may be very interesting Acknowledgments
to note that the crystallites are oriented alofill) _
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