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1.0 Introduction

Strain gauges made of thin film semiconductors have
been widely studied and used in measurement of
physical quantities like pressure, strain, flow,
acceleration, and force due to their higher strain
sensitivity (GF). Measurement of these parameters
under harsh environment conditions (high
temperature, high shock, high radiation, errosive flow/
impact and corrosive media) using sensors in
aerospace, petrochemical and automotive sectors are
very essential for the safe and efficient operation of
industrial processes [1,2]. Currently, piezoresistive

sensors based on silicon (Si) are utilised to measure the
physical properties described above. Due to Si narrow
bandgap, its electrical capabilities decrease at
temperatures over 150°C, and its mechanical qualities
worsen at temperatures beyond 500°C, limiting its use
in high-temperature applications [3, 4]. As a result,
semiconductor sensing materials with a wide
bandgap, good mechanical and electrical properties
over a broad temperature range are required. Wide
bandgap semiconductor materials include GaAs,
diamond and SiC. Thin film pressure sensors based on
GaAs [5] and Diamond [6-8] have been employed up
to temperatures of 300 and 450°C, respectively.
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SiC is a promising semiconducting material which
finds applications in opto and microelectronics. SiC
material has attracted the researchers due to its larger
bandgap, higher hardness, melting point, break down
field, electron saturation velocity and thermal
conductivity, and is found to be suitable as sensing
material in sensor applications for high temperature
[1, 9-11]. There are about 200 distinct SiC polytypes,
with cubic, hexagonal, and rhombohedral crystalline
forms being the most used for sensors and devices.
Among these polytypes, 3C-SiC (cubic) is the widely
used sensing material for harsh environment
applications and it can be easily deposited on Si, SiO2
and Si3N4 substrates using CVD method [1,12-16]. 3C-
SiC thin films can be deposited using either double or
single precursor. However, the stoichiometry link
between Si and C is poor in the double precursor
approach. As a result, subsequent studies are
concentrated on deposition of 3C-SiC thin films
employing single precursors [1, 2, 17-21]. Using single
precursors, the deposited films show good
stoichiometry.

A strain gauge with good strain sensitivity, low
TCR, and great thermal stability is useful for
measuring physical parameters [15, 16, 22, 23].
Experimental analysis of the strain sensitivity and the
TCR of 3C-SiC (nitrogen doped) for possible uses as a
strain gauge is reported in this paper. These films were
deposited using LPCVD technique with MTS as the
precursor gas, and doping is done by introducing
ammonia gas during the deposition process. The four-
point bending method is used to test strain sensitivity.

2.0 Experimentation

2.1 Growth of 3C-SiC (nitrogen doped)
thin films

The in-situ 3C-SiC (nitrogen doped) films were
deposited on thermally oxidised Si (100) and alumina
substrates using LPCVD reactor, details are reported
elsewhere [24]. Technique used for deposition of these
thin films are reported elsewhere [25]. By maintaining
processing conditions constant, insitu 3C-SiC (nitrogen
doped) thin film deposition tests were carried out for
varied NH3 flow rates. XRD patterns are obtained from
PANalytical X-pert Pro X-ray diffractometer. Sheet
resistance was measured by 4-probe method (in-situ)
in the range of 40 to 550°C. Resistivity and TCR of thin
films were calculated for temperature range 40 to
550°C. Electrical resistance – strain behaviour of films
were studied at room temperature using four-point

bending set up. The electrical resistance – strain graph
was used to calculate the GF of thin films.

2.2 Experimental Set-Up to Study the
Electrical Resistance – Strain Behaviour

Once the deposition process is completed, for strain
gauge applications it is required to know the
resistance-strain behaviour of the films. Therefore, it is
essential to know the sensitivity (GF) of the 3C-SiC thin
film to use it as strain gauge material.

In present work, four-point bending method
(mechanical technique) was used to measure the GF of

Fig.1. Photograph of (a) the four-point bending setup, (b)
Dimension details of the four-point bending setup and (c)

Nitrogen doped 3C-SiC thin film strip on alumina
substrate.
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thin films. The photography of four-point bending set
up is shown in Fig.1 (a). It consists of two identical
rectangular electroplated stainless steel (SS304) slabs
of 7 mm thickness, 50 mm width and length of 125 mm
and four tungsten carbide rolling pins of diameter 5
mm and length 50 mm.

Two V-grooves have been made in each of the slab
along the width to position the tungsten carbide
rolling pins at suitable locations on either slab so as to
provide adequate bending moment under loading of
the sample plate as shown in Fig.1(b). Two of the
rolling pins were placed in the V-grooves on top of the
bottom slab. In order to hold the rolling pins firmly,
rollers pins were fixed by kapton tape. The sample plate
(alumina) with the 3C-SiC thin film strip (strain gauge)
and wire leads for resistance measurement is then
placed over the rolling pins, which is as shown in Fig.
1(c). The upper slab, with the other two rolling pins in
its V-grooves facing downwards, was placed over the
sample plate.

The entire assembly was kept on a stand with a dial
gauge (Mitutoyo, 2109S-10) of ±1µ accuracy. Thus the
alumina plate on which the strain gauge thin films
were deposited are placed between the rolling pins. At
the centre of the top plate a hole of 9 mm diameter was
made, through which the dial gauge spindle was
placed so that the tip of the rod just touching the
surface of thin film (sample plate) where maximum
deflection occurs during loading. The four-point
bending setup described above is similar to the set up
reported in [26]. The calibration of the system was
carried out using a foil type Nicrome strain gauge,
which is a linear type strain gauge having a resistance
of 350 and GF value 2.1 (IPA India, Bangalore) is
bonded on to a micro slide (75 × 25 × 1.35 mm).

Load is applied in steps and corresponding
deflection as well as change in resistance of the
Nichrome foil strain gauge is measured using dial
gauge and a 6 1/2 digit multimeter, respectively. GF is
calculated and found to be 2.0975. Therefore, the
accuracy of the four-point bending system used in the
present investigation is found to be 0.12%.

When load (slotted weights) was applied, the
sensor material (nitrogen doped 3C-SiC) would be in
tension. The value of strain  is given by

... (1)

where t = thickness of alumina substrate(mm)
t = deflection (m) and
d = distance between outer rolling pins (mm)
Sample is loaded by placing slotted weights on top

of the upper slab and for various loads the

corresponding deflections indicated by the dial gauge
are recorded. Simultaneously, the resistance change R
was measured using multimeter (HP 34401A).

Also, the initial resistance R of thin film strain gauge
before loading was measured. GF of semiconductor
material may be expressed as

... (2)
Where R/R is relative change in resistance and

strain  is determined using equation (1). The GF is a
scalar quantity [27] and depends on the fabrication
method (diffusion, ion-implantation or epitaxial
growth), crystallographic directions, dopant level and
type (n- or p).

3.0 Results and Discussions

XRD pattern of 3C-SiC (undoped) film is depicted in
Fig.2. The peaks at 27° and 56° correspond to SiO2 layer
and Si respectively.

The peaks at 2 values of 35.6° corresponds to 3C-
SiC (111) and it validates that, the processing
parameters employed has resulted in 3C-SiC polytype
with a lattice constant of 4.36 Å. The impact of doping
on the crystallinity of films is depicted in Fig.3. It is
observed that FWHM has raised from 0.23° (for
undoped) to 0.63° (for film doped with 17 atomic % of
nitrogen), exhibiting a reduction in the size of
crystallite (from 36.2 to 13.2 nm). The detail discussions
on the impact of nitrogen doping in 3C- SiC on the
crystallinity are reported elsewhere [25].

Fig.2. XRD pattern of undoped 3C-SiC thin film
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The temperature effect on resistivity of 3C-SiC (0, 9,
17 and 30 atomic % of nitrogen) films in the
temperature region 40-550°C is depicted in Fig.4.
Temperature impact on resistivity of undoped film
exhibits a reduction with rise in temperature (up to
200°C).

Furthermore, as the temperature rises the
variations in resistivity becomes lesser and tends to a
value of 19 cm at 550°C. In these films resistivity was
found to decrease in the order of 14 as temperature
increased from 40 to 550°C (Fig 4(a)). Doping the film
reduces the resistivity significantly less than 1cm at
any given dopant concentration and variations in
resistivity is slow down over a range of temperature
[17, 28, 29]. The resistivity was found to decrease in the
order of 1.4 for the film doped with 9 atomic % of
nitrogen (Fig.4(b)), 1.07 for film doped with 17 atomic
% nitrogen (Fig.4 (c)) and 1.5 for the film doped with 30
atomic % nitrogen (Fig.4 (d)) as temperature rise from
40 to 550°C. The film doped with 30 atomic % of
nitrogen exhibited an increase in resistivity compared
(Fig.4 (d)) to films doped with 9 and 17 atomic % of
nitrogen (Fig 4 (b & c)). Film doped with 17 atomic % of

nitrogen exhibits an insignificant change in resistivity
over the entire temperature range of study. The detail
discussions on temperature dependent resistivity of
doped films were reported elsewhere [25].

The TCR plots of 3C-SiC (nitrogen doped) films with
temperature are depicted in Fig.5 and were found to be
negative. The obtained average TCR is - 2488 ppm/°C
for undoped films, -661 ppm/°C for 9 atomic % of
nitrogen, -103 ppm/°C for 17 atomic % of nitrogen and
-658 ppm/°C for 30 atomic % of nitrogen. Film doped
with 17 atomic % of nitrogen exhibits lower value of

Fig. 3. XRD patterns of thin films with (a) 0 (b) 9 (c) 17
and (d) 30 atomic % of nitrogen doping

Fig.4. Impact of temperature variations on resistivity of
films with (a) 0 (b) 9 (c) 17 and (d) 30 atomic % of

nitrogen doping

Fig. 5. Impact of temperature variations on TCR of thin
films with (a) 0 (b) 9 (c) 17 and (d) 30 atomic % of

nitrogen doping
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average TCR. TCR of film (doped with 17 atomic % of
nitrogen) varies from -71 to -118 ppm/°C (Fig 5 (c)) and
that of undoped film varies from - 3209 to - 1803 ppm/
°C (Fig 5 (a)) in the temperature range of 40 to 550°C.
Results exhibit that 3C-SiC (undoped) film has greater
TCR values than films doped with nitrogen. It is
observed that for all doped film the TCR values are
slightly increased in the temperature region 40 to
200°C (Fig.5 (b-d)) but start to reduce in its value for
temperature above 200°C. The detail discussions on
TCR variations of 3C-SiC (nitrogen doped) films with
temperature are reported elsewhere [25].

The GF mainly depends on resistivity and bandgap
of the semiconductor material used to construct the
strain gauge. A graph of R/R with strain measured at
room temperature is depicted in Fig.6 for longitudinal
strained 3C-SiC (nitrogen doped) film oriented in (111)
direction and GF is computed from the slope of ÄR/R
versus strain. A four-point bending technique is used
to study the change in resistance - strain behaviour
and calculate the GF of the nitrogen doped 3C-SiC thin
film using equation (1) and (2).

GF was found to be reduced from - 46 to - 9.6 (Fig.6
(a-c)) with rise in nitrogen doping concentration from
0 to 17 atomic % and increased to -12 (Fig.6(d)) for film
doped with 30 atomic % of nitrogen. Reduction of GF
up to 17 atomic % of doping is due to the decrease in
resistivity (Fig.4). However increase in GF of 30 atomic
% of nitrogen doping can be contributed to the forming

of amorphous structure in thin film (increase in
resistivity). These results are in good agreement with
XRD studies (Fig.3). It is also observed that the GF
value is decreased by 79 % with a rise in doping
concentration (0 to 17 atomic % of nitrogen). The
results show that nitrogen concentration in the 3C-SiC
film has a significant effect on GF. The summary of the
results (electrical resistivity, average TCR and GF)
obtained for various 3C-SiC (nitrogen doped) thin
films are tabulated in Table 1.

4.0 Conclusions

3C-SiC thin films (with and without nitrogen doping)
were obtained through LPCVD process on thermally
oxidized Si and alumina substrates using MTS and
NH3 precursors. The decrease in resistivity and GF of
films was observed with rise in nitrogen doping
concentration and their lowest values were observed
at 17 atomic % of nitrogen at room temperature.
Whereas the films doped with 30 atomic % of nitrogen
showed an increase in the resistivity and GF. The
doped film (17 atomic % of nitrogen) showed average
lower values of TCR (-103 ppm/°C) from 40 – 550°C,
whereas the film doped with 30 atomic % of nitrogen
showed an increase in resistivity, TCR and strain
sensitivity. Because of reduction in resistivity, TCR and
strain sensitivity, thin film doped with 17 atomic % of
nitrogen are suitable material for the possible
applications as strain gauge.
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Table 1: Electrical resistivity, Average TCR and GF of
doped thin films

Sl.No. Nitrogen Electrical Average GF
doping resistivity TCR

concentration in Ù cm (ppm/°C)
(at %)

1 0 246 -2315 -46
2 9 1.09 -686 -14
3 17 0.14 -123 -9.6
4 30 0.72 -709 -12
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