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Stability Improvement of Tactile Sensor of Normal and Shear Stresses

Using Ni-Cr Thin Film Gauge
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Tactile sensor consisted of micro-cantilevers has been developed to detect both normal and shear stresses,
and have human-friendly surface. NiCr thin film is used as strain gauge having low resistance drift, although
Si piezo-resistance gauge shows the large resistance drift induced by large temperature coefficient of resistance
(TCR) and its output is unstable. TCRs of NiCr films prepared by vacuum evaporation and sputtering (at
RT and 600◦C) are 0.054%, 0.082%, and 0.0065%, respectively, and are much lower than that of Si, 0.25%.
As a result, reduction of resistance drift and stabilization of the sensor have been obtained by using NiCr
thin gauge.
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1. Introduction

Recently, tactile sensor has become very important to
detect objects and their weight for various robots, espe-
cially used for nursing-care and precise parts assembly.
This tactile sensing of the robots must have good sen-
sibility and soft-touch similar to human tactile organ.
In order to fulfill these requirements, we have proposed
the tactile sensor which uses many micro-cantilevers
fabricated on Si wafer. The micro-cantilevers are fab-
ricated by surface micromachining and are embedded
in elastomer. Strain gauges are formed on the micro-
cantilevers to sense both normal and shear stresses.

In previous works (1)∼(3), we fabricated the sensor
which uses Si piezo-resistance gauges on the cantilevers
to sense the stresses, but sensor output shows much drift
due to resistance change of the gauge.

In this work, we have analysed this sensor by FEM
analysis of structures to reveal the reason of resistance
change, and have made the tactile sensor using NiCr
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thin film to decrease the effect of resistance change.

2. Operation Principle and Targets of the
Tactile Sensor

Structure and operation principle of the tactile sen-
sor are shown in Fig.1. Two pairs of facing cantilevers
are fabricated on SOI wafer by micromachining. The
micro-cantilevers are covered with elastomer (PDMS)
to protect micro-cantilevers and to control stress detec-
tion sensitivity and range. When the stress is added
to the surface of elastomer, the deformation of micro-
cantilevers along with elastic polymer is detected as re-
sistance change of strain gauge layer formed on the can-
tilevers. The normal and shear stresses can be distin-
guished by using two face-to-face cantilevers. When only
shear stress is added to the tactile sensor, the summation
of resistance changes of two cantilevers becomes very
small, but the differential of resistance change increases.
In the case of normal stress, the summation increases
but the differential becomes very small. Therefore, the
tactile sensor can detect both normal and shear stresses
independently and simultaneously.

Targets of this sensor are that the sensor can distin-
guish a difference of 0.5kPa and maximum input range
is a few hundred kPa. Voltage sensitivity should be bet-
ter than ±10V within ±1000 × 10−6 in strain (bridge
voltage = 2V) when the sensor is connected to strain
amplifier.
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Fig. 1. Structure and operation principle of the
tactile sensor using micro-cantilevers.

3. Thermal analysis of the Tactile Sensor

Fig. 2. Simple FEM model of the cantilever.

Figure 2 shows simple FEM model of the cantilever
when voltage applies to the resistance. FEM analysis of
this model shows that temperature increases 1.3K. We
also analyse FEM model of the reference resistance. This
FEM analysis shows that temperature increases 0.4K.
As results of these analysis, temperature of resistance
region in micro-cantilevers structure is higher than ref-
erence resistance. When temperature of resistance in-
crease, resistance also increases. This resistance change
is usually cancellable by using bridge circuit constructed
by same resistances. But these FEM analysis show that
we cannot construct bridge circuit by same resistance
and resistance drift is generated by temperature change.

Resistance drift was much affected by temperature co-
efficient of resistance (TCR). NiCr alloy is generally used
as conventional strain gauge, and TCR of NiCr bulk al-
loy is much lower than p+-Si, thus we have used NiCr
thin film as a strain gauge (5).

4. TCR property of NiCr thin film

In this section, we describe TCR property of NiCr thin
film deposited under several conditions by vacuum evap-
oration and sputtering and outputs of the sensor using
NiCr thin film strain gauge has been discussed.

It is necessary to evaluate TCR property of NiCr thin
film before fabricating the sensor. TCR of NiCr (0.8Ni-
0.2Cr) bulk alloy is 110ppm/◦C (6), but TCR of NiCr

thin film is dependent on deposition method and con-
dition (7). Thus, deposition methods selected are vac-
uum evaporation and sputtering and deposition tem-
perature is parametrically changed to reduce TCR. Ta-
ble.1 shows deposition condition used in this experiment.
NiCr (0.8Ni-0.2Cr) alloy was used as source and target
materials. Figure 4 shows TCR of NiCr thin films de-
posited by sputtering as a function of deposition temper-
ature and Fig. 3 shows the relative change of resistance
of the NiCr films, as a function of temperature. As a
result, NiCr thin film deposited by vacuum evaporation
has the highest TCR (0.054%/K), but the smallest TCR
(0.0065%/K) is obtained in the NiCr thin film deposited
by sputtering (600◦C).

Table 1. Deposition condition of NiCr thin film.

deposition method temperature

RF Magnetron sputtering
RT

200◦C

Pressure : 0.8 Pa 400◦C

Target-Substrate Distance : 100 mm 600◦C

vacuum evaporation
RT

Pressure : 2.7 × 10−4Pa

o

Fig. 3. Temperature dependence of relative change
of resistance, ∆R/R of the NiCr thin films de-
posited by vacuum evaporation and sputtering.

5. Fabrication of the Tactile Sensor with
NiCr thin Film

Based on experimental data about TCR property of
NiCr thin film, device structure of the tactile sensor has
been decided. Figure 5 shows cantilever structure of
the designed tactile sensor. SOI wafer (top Si layer:
2.5 µm, buried oxide (BOX) layer: 1 µm, Si wafer:
500 µm) was used as substrate. SiN insulation layer
was deposited by sputtering at ◦C. NiCr strain resis-
tance layer was stacked at 600◦C by sputtering, and
Au film was deposited by sputtering [Fig.6(a)]. After
sputtering, strain gauge and electrode were patterned
by photo-lithography and wet etching [Fig.6(b)]. Width
and length of strain gauge are 10µm and 1160µm. To
form window for sacrificial layer (BOX layer) etching,
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NiCr thin film
deposited by sputtering

Fig. 4. TCR of NiCr thin film deposited by
sputtering.

SiN film was etched by reactive ion etching (RIE) with
CF4 plasma and Si was etched by RIE with SF6 plasma.
SiO2 under the etching window was also etched by RIE
with CHF3 and O2 plasma [Fig.6(c)]. CYTOP CTL-
813NMD (Asahi Glass Co. Ltd.) was used as deflection-
control layer as it has large thermal expansion coeffi-
cient. CYTOP was spin-coated on the wafer and cur-
ing starts at 100◦C. Then,curing temperature was in-
creased up to 200◦C and kept for 1 hour [Fig.6(d)]. To-
tal thickness of this layer was 3-4 µm. CYTOP was also
patterned by RIE using O2 plasma[Fig.6(e)]. Sacrifi-
cial layer was etched by buffered HF solution and wafer
was dried with vacuum-freeze-dring method [Fig.6(f)].
Finally, the structure was covered with polydimethyl-
siloxane (PDMS; SILPOT 184, DOW Corning Corp.).

Cytop:3-5μm

Au:400nmSiN:100-200nm NiCr:50-60nm

PDMS:1mm

Fig. 5. Cross-sectional structure of cantilever of
the tactile sensor.

(a) sputtering

(b) NiCr,Au patterning

(c) SiN,Si,SiO2  etching

(d) CYTOP spin-coating

(e) CYTOP etching

(f) sacrificial etching

Fig. 6. Fabrication process of curved micro-cantilever.

6. Results and discussion

Figure 7 shows microscopic photograph of a fabricated
chip. The chip size is 0.8 cm × 0.8 cm and elastomer size
is 5.0 mm × 5.6 mm. There are 4 Wheatstone bridge
circuits on the chip and each bridge has one cantilever
and 3 reference resistances. Figure 8 shows magnified
photograph of a cantilever.

Fig. 7. A photograph of the fabricated tactile sen-
sor chip.

200um

strain gauge

Fig. 8. Cantilever buried in PDMS elastomer.
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6.1 Signal stability of the tactile sensor To
discuss signal stability of the tactile sensor, output of
sensors without applying any stresses has been mea-
sured. The sensor fabricated in previous work using
p+-Si piezo-resistance gauge is tested and compared to
the sensors fabricated in this work. These sensors are
set into the shield box and connected to Agilent 4155C
semiconductor parameter analyser. Figure 9 shows time
variation of the output from the instrument connected
to the sensor without any stresses. Output is normalized
by ”Voutput/[GaugeFactor]” to consider the sensitivity
of the sensors. Output drift are less than 20 × 10−6V
for NiCr film and larger than 20× 10−6V for p+-Si film.
Moreover, output of the p+-Si strain gauge changes con-
stantly and output of the NiCr film gauge become stable
after 50 seconds. As a result, the sensor using NiCr thin
film strain gauge has better stability than the sensor
using p+-Si strain gauge.
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Fig. 9. Output drift for the sensor without
stresses. 10V applied to the sensor. Output is nor-
malized by ”Voutput/G”. Gauge factor G is used as
Gp+−Si = 127 and GNiCr = 2.

6.2 Response to stresses As a result of stabil-
ity test mentioned in the previous section, it is suggested
that NiCr thin film strain gauge has good stability. Sen-
sor responses are also characterized when normal and
shear stress are applied to the sensor. In this section
sensors are connected to TEAC SA-150 strain amplifier
to amplify the output.

Figure 10 shows output from strain amplifier when
normal stress is applied to the sensor. The same nor-
mal stress is applied 3 times to the sensor. Variance of
outputs is very low. The output increases slowly with
increase of the stress in low stress range, abruptly in-
creases above about 50 kPa and saturates above about
250 kPa.

Figure 11 shows output from strain amplifier when
shear stress is applied to the sensor. The same shear
stress is applied 3 times to the sensor. Shear stresses
are applied from longitudinal direction and transverse
direction to the cantilever. Plotted data [X 1st] are dif-
ferent from [X 2nd] and [X 3rd], but this may comes

from invisible deformation of elastomer and error which
exist in measurement stage. Comparing X and Y sig-
nal in Fig. 11, this sensor has good selectivity of sensing
direction.

Fig. 10. Output of strain amplifier connected to
the sensor under normal stress. The stress are ap-
plied 3 times to the sensor.

direction sequence

X

Y

Fig. 11. Output of strain amplifier connected to
sensor under shear stress. The stress are applied 3
times to the sensor. Plotted data[X 1st] are sepa-
rate from [X 2nd] and [X 3rd].

6.3 Output intensity of the sensor Output
intensity is greatly affected by gauge factor. When p+-
Si and NiCr are compared, gauge factor of p+-Si (about
100) is higher than that of NiCr (about 2). This means
that output intensity of the p+-Si piezo resistance is
about 50 times larger than that of NiCr strain resis-
tance.

Figure 12 shows outputs from the sensors when the
sensors are connected to constant-voltage power supply
(8V). Comparing the sensor output, the output from p+-
Si sensor is almost 100 times larger than that from NiCr
sensor. This sensor output difference is larger than dif-
ference of gauge factor. Output intensity is also depen-
dent on inclined angle of the cantilever (4), thus difference
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Fig. 12. Outputs from the sensors when 8V is ap-
plied to the sensors without strain amplifier.

of inclined angle of the cantilvers may affect this result.
This difference of inclined angle comes from difference
of the material used as deflection-control layer. Material
used in p+-Si sensor is Cr and that used in NiCr sensor
is CYTOP. NiCr has lower resistivity than p+-Si, thus
resistance region of NiCr sensor is longer and larger than
that of p+-Si sensor to earn enough resistance. As an
adverse effect of this, NiCr sensor needs larger insulation
layer to prevent electrical short of circuit. CYTOP has
insulation property, so CYTOP is used as both insula-
tion and deflection-control layer.

7. Conclusion

NiCr thin films have been prepared as a strain gauge
of the tactile sensor. NiCr thin film is deposited by vac-
uum evaporation and sputtering, and the film prepared
by RF magnetron sputtering at 600◦C has the lowest
TCR. Based on evaluation of TCR of NiCr thin film,
tactile sensor using NiCr thin film strain gauge has been
fabricated. NiCr thin film gauge sensor has better sta-
bility than p+-Si piezo-resistance gauge. This sensor has
little drift of output and shows good selectivity of nor-
mal stress and shear stresses with different direction.
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