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Abstract: This paper presents effect of deposition pressure on thestiacture and electrical properties of 3C-SiC (111) fHins.
These films are deposited at a temperature of 1@@nd pressures of 1.5, 1.8, 2.5 and 2.7 mbar, on thermallyizeddSi (100)
substrates from a mixture of methyltrichlorosilane and rbgen gas using a vertical hot wall, low pressure chemicaloua
deposition (LPCVD) reactor. The above properties are iyated for all films using X-ray diffraction (XRD), Fourigransform
infrared spectroscopy (FTIR), Scanning electron micrpgc¢SEM) and four probe technique. An FTIR spectrum shows the
formation of Si-C bonding of deposited films. The SEM and XRieistigations show improvement in the grain size and digsigy,
decrease in strain and dislocations of the films with inaeéashe deposition pressure from 1.5 to 2.5 mbar. AFM ingesgidns show
decrease in roughness of the films with increase in the diépogiressure from 1.55 to 2.5 mbar. The sheet resistanc€-@ig thin
films is found to decrease with increase in temperature inrdhge of 35 to 550C. Comparing all the films, 3C-SiC thin films
deposited at a pressure of 2.5 mbar and temperature of’IDdghibited improved structural and electrical properties.

Keywords: LPCVD, 3C-SiC, methyltrichlorosilane, XRD, Temperatucefficient of resistance.

1 Introduction

Silicon (Si) is a conventional semiconductor material hgva narrow bandgap and widely used in sensor and device
applications below 150C. Mechanical properties of silicon are found to deteriofatetemperature above 50.
Hence, there is a need for materials for high temperaturécapipns and those materials should have wide bandgap,
high hardness and high melting poiti2].

Silicon Carbide (SiC) has intrinsic properties such as eialedgap ( 2.2 eV for 3C-SiC), high melting point (28@),
high break down field 2 x 10°%/cm~1), high electron saturation velocity 210°cms 1) and high thermal conductivity
(5-7 Wem1K 1) [2,3,4,5]. These properties enable the use of SiC as sensing méiariaigh temperature sensors
applications. There are more than 200 different SiC polytygpnd among these, only three crystalline structures yamel
cubic, hexagonal and rhombohedral are widely used for ser@sa device applications. Among these three crystalline
structures, 3C-SiC (cubic) material can be deposited daréifit substrates such as silicon, silicon dioxide, sapmnd
silicon nitride [2,5,6]. The synthesis or deposition of 3C-SiC thin films can be deitfeer by using double precursor or
single precursor technique. The single molecular precuestnique is used for depositing the 3C-SiC material due to
the accurate control of stoichiometry (1:1) between Si aifd,8,9,10].

3C-SiC thin films can be deposited either by using atmosplpeessure chemical vapor deposition (APCVD) or low
pressure chemical vapor deposition (LPCVD) technique.VP@ an ideal technique for depositing thinner 3C-SiC films
because this provides higher film uniformity and lower carite@tion when compared to APCVD. The disadvantages of
LPCVD are that, the deposition rate is more sensitive to tatpre variations than APCVD and high temperatures
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are required to achieve significant deposition rate. Hefarethe growth of thin-films with high uniformity and low
contamination level, LPCVD system is more suitable than BCXD system11,12].

This paper reports a technique for depositing 3C-SiC thingfiby LPCVD from methyltrichlorosilane (MTS) single
precursor molecule for sensor applications. Very littlerkvoas been reported regarding the electrical properti&Cof
SiC thin films using MTS. The present work explores the eftécteposition pressure on microstructure (growth rate and
crystallinity) and electrical properties (temperatureficient of resistance) of 3C-SiC thin films.

2 Experimentation

The 3C-SiC thin films are deposited on a thermally oxidized180) substrate using a resistively heated vertical hot
wall LPCVD reactor (M/s. Archer Technicoat limited, UK) adétails of the reactor are reported elsewhé/@.[The
precursors used are MTS (Purity: 99.8 %, M/s. Spectrochadial) for SiC deposition and hydrogeHy) (Purity:
99.9995%, M/s. Inox air products, USA) as carrier gas. Gassfere controlled by mass flow controllers (M/s. Bronkhorst
Hightech, Netherland) through visual flow indicators. MBSicolourless liquid at room temperature, is evaporated by
heating at 70C in a flash evaporation system. The resulting vapour is mixigd ks in the mixing chamber and finally
admitted in to the reaction chamber. Processing conditsaa dor the deposition of 3C-SiC thin films are: temperature
1040°C and MTS:H; ratio used is 1:16 to deposit stoichiometric SiC withoutdaposition of free Si or carbon (C ).
These films are deposited using precise control of the vadeposition pressures of between 1.5 and 2.7 mbar.

The Si (100) substrates are cleaned by RCA (Radio Corpaorafidmerica) cleaning method. To electrically isolate
the deposited film for electrical characterization, a ail&yer of 0.6um thicknesses is thermally grown on Si substrates.
These thermally oxidized Si (100) substrates are placett®graphite holder in the reaction chamber for deposition of
3C-SiC thin films. The reaction chamber is evacuated to aspre®f 0.1 mbar by using a combination of liquid ring pump
(LRP) and booster pumps, and purged with argon (Purity@®/8) continuously prior to film deposition for removing the
residual air. The temperature of the reaction chamber re&sed from room temperature to 9@Dat a rate of #C/min
with argon (Ar) purging. The MTS at a flow rate of 1.25 SLM (Sfand Liters per Minute) an#l, at a flow rate of 20
SLM are supplied into the chamber for a period of 20 min. Dgitims period, the pores on the surface of the substrates
are filled with 3C-SiC material due to the decomposition of 3Mapour in the presence bi,. The temperature of the
reaction chamber is increased from 9€Dto 1040°C at a rate of £#C/min with Ar purging. The 3C - SiC thin films are
deposited on thermally oxidized Si (100) substrates by lyiqpreactive gases ( MTSH,) for a period of 30 min. After
the deposition process, reactive gas supply is stoppedhaneactor is evacuated for 30 min to remove the byproducts.
The reactor is backfilled with Ar and allowed to cool to roormeerature.

Experiments are conducted for various deposition pressaréeposit 3C-SiC thin films by keeping other processing
conditions constant.

PANalytical X-pert Pro X - ray diffractometer operated at KNj 30 mA with a Cu Ka ray tube § = 1.542&),
configured in symmetrica#l — 26 mode is used to obtain XRD patterns of 3C-SiC thin films in otd@nalyze the crystal
orientation, the scanning angled@s varied from 15 to 80° with scanning steps of 0.04Perkin Elmer spectrometer with
a spectral resolution ofofn~! is used to carry out the Fourier transform infrared spectipg measurements to confirm
the presence of Si-C bonding. Size, distribution of graims @emental composition in the grown 3C-SiC thin films are
analyzed using Jeol JSM-5500 Scanning electron micros¢®Ri). Film thicknesses of grown 3C-SiC thin film are
determined by cross-sectional SEM images. The surfacéhrass of 3C-SiC thin films is investigated with atomic force
microscope (AFM- XE-70 Park system) using diamond tip intachmode. XEI software is used for data processing and
surface roughness analysis. Sheet resistance of 3C-3ifilths is measured by 4-probe method (in-situ) using a ctirren
source meter (Keithley 6221) and Nanovoltmeter (Keithl&82A) in the range of 30 to 55 with a heating rate of 4-5
°C/min and an accuracy af1°C. TCR of each 3C-SiC thin film are calculated for the above temafure range.

3 Results and discussion

3.1 Structural properties

Figurel shows the photograph of 3C-SiC thin film deposited on thdsnwadidized Si substrate. It is observed that the
film is free of any visible cracks, and peeling offs. It confirthe adhesion and uniformity of deposition.

The crystal orientation in the grown film is analyzed by meafn$-ray diffraction (XRD) patterns. The XRD patterns
obtained for Si (100) substrate and 3C-SiC thin films depdsiin thermally oxidised Si (100) substrate at a temperature
of 1040°C and deposition pressures range of 1.5 to 2.7 mbar are showigume 2. The peaks corresponding to 6H-
SiC (101) polytype, 3C-SiC (311) and 3C-SiC (111) are obsetim the film deposited at a pressure of 1.5 mbar. The
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Figure 1: Photograph of 3C-SiC thin film deposited on thermally oxédiZSi

intensity of the diffraction peaks increased with incregsihe deposition pressure. A strong peak observed in all the
deposition pressures af2= 35.56° corresponding to 3C-SiC (111) phase. The lattice constfacdrmesponding peak is
4.36A , which agrees well with that of single-crystalline 3C-S&;10,14]. The observed Full width at half maximum
(FWHM, ) decreases from.82° to 0.24° with increase in deposition pressure from 1.5 to 2.5 mbackhidicates the
enhancement in crystallite size from 26.5 nm to 35.3 nm (daieéd from Scherrer formula) and reduction in strain
(1.3x 10°3to 0.98 x 1073) of films. But for the film deposited at pressure of 2.7 mbarileithan increase in FWHM of
0.34°, which indicates the reduction in crystallite size (24.88)rand enhance the strain of the filmgk 10-3). This
shows the deposition pressure is an important parameteeirding the film crystallinity. The peaks observed at around

27.5° and 561° are attributed to the presence®0, layer between Si substrate and 3C-SiC thin film, and Si satestr
respectively.
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Figure2: XRD patterns of 3C-SiC films deposited at various depositi@ssures (a) 1.5 mbar (b) 1.8 mbar (c) 2.5 mbar (d) 2.7 mbar
and (e) Si(100)-Substrate

The dislocation densityd), defined as the length of dislocation lines per unit volutig,[are estimated using the
equation

5= oz (2)
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Where D is the crystallite size of the films are estimatedgitiie Scherrer formula. Strain of the thin films is estimated
using the equation (2)

. B CZS@ @

These results reveled that changing the deposition presglirchange the microstructure of the deposited 3C-Si@ thi
films as reported in Tablg

Table 1. Strain, dislocation and crystallite sizes for the peakj111

Sl.| Deposition| FWHM | Average | strain | Dislocation

No pressure | (103 Crystallite | € density
(mbar) rad) size, (1073 | 5(10™

D(nm) lines/m?)

1|15 5.495 | 26.48 1.31 14.26

2|18 4.808 | 30.27 1.14 10.91

3125 4122 | 35.31 0.98 8.02

4 | 27 5.864 | 24.82 1.39 16.23

Dislocation density ) indicates a measure of crystallinity. Among these films;S3C deposited at pressure of 2.5
mbar gives the smallestindicating best crystalline structure compared to highidower deposition pressure.

The transmittance peaks of the transverse optical (TO) nodee Fourier transform infrared spectra of 3C- SiC
thin films deposited at pressures range of 1.5 to 2.7 mbarhanersin Figure3. Since Si-C bond is highly IR active, a
vibrational peak appears at around 890! in all the samples and is attributed to Si-C bondif, L6]. The 3C-SiC
thin film deposited at pressure of 2.5 mbar show an increaSé-@ peak intensity as compared to the other films. The
increased peak intensity is attributed to the decrease amrinee path of precursor molecules with increasing gaspres
This result in increasing the number of molecules thatdelWith each other and precursor will decompose completely.
This indicates the possibility of increased Si-C bondinthvincrease in deposition pressuté]. The FWHM is found to
decrease with increase in deposition pressure indicatitteeeenhancement in crystallinity and this result is in agnent
with the XRD result. The peak observed at @06 ! is from the Si substratel[] and vibrational peak observed at around
1100cm~? (not shown in Figure 3.) is attributed to the presenc&i6k layer between Si substrate and 3C-SiC thin film
[1819.

The elemental compositions of the deposited 3C-SiC thirsféme analyzed by Energy dispersive X ray spectroscopy
(EDX) at different points on films. The elemental composii@f 3C-SiC deposited at pressures of 1.5, 1.8, 2.5 and 2.7
mbar is as shown in Figureand results indicate the stoichiometric relationship)bstween Si and C.

The effect of pressure on the microstructure of depositatsfdan be determined by the comparison of films deposited
under different pressures. The surface microstructur€eS& thin films as a function of deposition pressures argisho
in Figure 5. Densely packed grains with increasing grain sizes (12286 nm) are observed on the 3C-SiC thin
films. This shows that the surface grain size increases wittease in deposition pressure (1.5 to 2.5 mbar). The grain
boundaries are seen more clear on the film deposited at peessR.5 mbar. But the film deposited with the pressure of
2.7 mbar, grains tend to decrease in size because of lagje istithe film affects the growth of 3C-SiC, leading to poor
crystallinity. These observations are consistent withcttystallite size predicted by the Scherrer equation.

With increasing deposition pressure, the growth rate hapictreases (Figur®) at pressures below 2.5 mbar, but
decreases slightly at pressure above 2.5 mbar. This meansitipressures below 2.5 mbar, the SiC growth rate is
significantly influenced by reactive species formed from deeomposed MTS. This is due to increase in deposition
pressure and gas fluxes are constant, the mobile speed tfeegases (MTS) to the growing surface decreases. Thus
the resident time of molecules in the deposition zone irsgeaesults in increased growth rate. These observatiens ar
consistent with the increased peak intensity of (111) pedkDY diffraction data from Figure?). An increase in the
deposition pressure (2.7 mbar) seems to reduce the moleibel sy reactive gases (MTS) to the growing surface, thereby
decreasing the growth rate and deteriorates the crystétygude lowest FWHM for 3C-SiC (111) peak is observed at a
pressure of 2.5 mbar, at which a change in growth rate is diserved. These results reveled that the microstructure
properties is more sensitive to the deposition pressuriati@rs and are good in case of film deposited with 2.5 mbar.
Hence the growing temperature and pressure are main paanigtuencing both film crystallinity and deposition rate
[20].

The surface roughness of 3C-SiC thin films deposited atréiffiedeposition pressures are investigated using atomic
force microscopy. The average surface roughness of the didfaeases with increasing pressure (1.5 to 2.5 mbar). This
shows that the surface roughness exhibits strong depeadendeposition pressure [14]. But there is increase in sarfa
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Figure 3: FTIR spectra obtained by 3C-SiC films deposited at varioesqures (a) 1.5 (b) 1.8 (c) 2.5 and (d) 2.7 mbar
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Figure 4: Elemental compositions of 3C-SiC thin films as a function epasition pressure

roughness in the film deposited at pressure of 2.7 mbar duedtaction in grain size. Figuré shows the roughness
variations with deposition pressure. Average surface moegs of the film deposited at 1.5, 1.8 and 2.7 mbar is too high
for MEMS and sensor applications(].

3.2 Electrical properties

For sensor applications, it is always desirable that thisteexce variation shall be as low as possible over a wideerahg
temperatureq] and electrical properties are depends on grain size ofépeslited film. There is improved microstructure
properties are observed in film deposited at pressure of B& mvhen compare to all the films. Hence for electrical
properties characterization only film deposited at presssaf 1.5, 2.5 and 2.7 mbar are considered. The normalized she
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Figure5: SEM micrographs of 3C-SiC films deposited at pressure of.&)(h) 1.8, (c) 2.5 and (d) 2.7 mbar.
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Figure 6: Growth rate of 3C-SiC thin films and FWHM of the 3C-SiC (111akes a function of deposition pressure
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Figure 7: Roughness of 3C-SiC thin film deposited at different pressur

resistance variation of 3C-SiC thin films deposited at 1.5a2d 2.7 mbar with temperature in the range of 40 *658
shown in Figure8. The normalized sheet resistance of the 3C-SiC thin filmesiégd at pressures of 1.5, 2.5 and 2.7 mbar
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exhibits an exponential dependence on temperature. Thaithi@ic emission of energetic carriers over a potentiatibar

is activated with increasing temperature, which resultddorease of sheet resistance. The film deposited at a peessur
of 1.5 and 2.7 mbar has larger magnitude change in resistatioeas compared to the film deposited at 2.5 mbar. This

is attributed to the increased grain size (growth rate) of fleposited with 2.5 mbar. The resistance variation is found

relatively low for temperature range of 330-58Dfor both the films.
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Figure 8: Normalized resistance versus temperature for 3C-SiC tinirs fileposited at a pressures of (a) 1.5, (b) 2.5 and (b) 2.7 mba

The TCR variations of 3C-SiC thin films deposited at différpressure with temperature is shown in Fig@rdhe
TCR of 3C-SiC thin films deposited at a pressure of 2.5 mbaesdrom—3209pm/°C to —1803ppm/°C whereas for
the film deposited at a pressure of 1.5 and 2.7 mbar varies ff6650ppm/°C to —1780ppm/°C and—3970ppm/°C to
—1750ppm/°C, respectively, for the temperature range of 40 to 350The standard deviation of TCR for 3C-SiC thin
film deposited at a pressure of 1.5, 2.5 and 2.7 mbar is 4g@3°C, 188ppm/°C and 616ppm/°C, respectively, in the
temperature range of 40 to 32G, whereas for temperature range of 330 to 860standard deviation of TCR will be
231ppm/°C, 211ppm/°C and 23@pm/°C, respectively. The standard deviation of TCR for 3C-Si@ filims deposited
at pressures of 1.5 and 2.7 mbar are found to be almost sai&ahdard deviation of film deposited at pressure of 2.5
m bar is less compared to other samples due to higher growticéthese films are suitable for high temperature (330 to
550°C) sensor applications.
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Figure9: TCR versus temperature for 3C-SiC thin films deposited atqumes of (a) 1.5, (b) 2.5 and (b) 2.7 mbar
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4 Conclusions

3C-SiC thin films are successfully deposited using low presshemical vapour deposition for high temperature sensor
applications. The effect of deposition pressures on mimogire, crystallinity and electrical properties of 3€3hin
films are analyzed. X-ray diffraction study is carried outtbase thin films showed that the crystallinity and crysialli
increased with increase in pressure from 1.5 to 2.5 mbarSH@bonding peak in the film deposited at a pressure of 1.5
mbar is very weak and broad, where as the film deposited atl2a shows stronger and sharper Si-C bonding, indicating
the enhancement in crystallinity of 3C-SiC thin films andstrésult is in agreement with the XRD result. The grain size
increases with increasing deposition pressure (1.5 to Ba&as investigated from SEM analysis. Where as a decrease
in grain size is observed in case of film deposited with 2.7 maloal shows a significant variation in sheet resistance as
compared to the films deposited at pressure of 2.5 mbar. Bhdatd deviation of TCR for 3C-SiC thin films deposited at
pressures of 2.5 mbar is 211 ppt for temperature range of 330 to 530. These results reveled that effect of pressure
on TCR of film for high temperature range is negligible. Besmof reduction in the surface roughness and TCR in the
film deposited at pressure of 2.5 mbar, this film is suitabtérfgh temperature sensor applications.
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