
FABRICATION AND CHARACTERIZATION OF SILICON-POLYMER BEAM 
STRUCTURES FOR CANTILEVER-TYPE TACTILE SENSORS 

 
 M. Sohgawa1, Y. -M. Huang1, K. Yamashita1, T. Kanashima1, M. Noda1, 2, M. Okuyama1 and 

H. Noma3 

1Graduate School of Engineering Science, Osaka University, Toyonaka, JAPAN 
(Tel : +81-6-6850-6331; E-mail: sam@semi.ee.es.osaka-u.ac.jp) 

2Graduate School of Science and Technology, Kyoto Institute of Technology, Kyoto, JAPAN 
3Knowledge Science Laboratory, ATR, Keihanna Science City, JAPAN 

 
 
Abstract:  Silicon-fluoropolymer beam structures for cantilever-type tactile sensors have been fabricated 
and characterized.  Curvature shape and tip height of fabricated cantilever agree well with theoretical 
calculated results.  The deposition condition of polymer layer has been optimized in terms of process 
yield and tip height.  The optimal thickness and curing temperature are 4-5 µm and 200°C for 1.5 µm 
thick Si, respectively.  The response of the tactile sensor with PDMS elastomer has been investigated 
against pressure.  Although resistance of the platinum strain gauge has large temperature drift, it is 
obviously proportional to pressure, so that it becomes evident that the pressure can be detected by tactile 
sensor embedded in the elastomer. 
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1. INTRODUCTION 
 

A cantilever is one of the basic and important 
components of various devices for many 
microelectromechanical systems (MEMS).  
Recently, we have fabricated a stable and 
controllable cantilever with high precision as an 
intelligent tactile sensor [1-3].  It is proposed that 
an integrated multi-axis tactile sensor can be 
fabricated by using surface micromachining 
technology.  Both pressure and shear forces can 
be detected by measuring tiny piezoresistance in 
the cantilevers that are deflected upward, so that it 
could be employed for many applications, such as 
man-machine interface or sensing for robot.   

We have found that SiGe epitaxial layer or Cr 
thin film can be used to cause upward deflection 
of cantilevers [1-3].  In this work, fluoropolymer 
film has been employed as a strained layer 
material instead of SiGe or Cr.  It is not 
necessary to insulate piezoresistive layer from the 
strained layer, because it is a good insulator.  
And it can be easily and uniformly deposited by 
spin-coating method without vacuum system.  
Moreover, it has high coefficient of thermal 
expansion to make upward deflection and 
chemical resistance during sacrificial etching. 
 

2. OPERATION PRINCIPLE OF TACTILE 
SENSOR 

 
Structure and operation of tri-axial tactile sensor 

is shown in Fig. 1.  Each cantilever has an 
adequate incline and has sensitivities to both 
normal and shear stress, while a perpendicular 
cantilever to its substrate has no sensitivity to 
normal stress [4].  These cantilevers are soaked 
in elastomer thick layer.  A pair of face-to-face 
cantilever elements shows strain gauge outputs of 
the same signs against normal force and the 
outputs of opposite signs against shear force. 
Normal and shear forces can be easily 
distinguished by comparing summation and 
difference of face-to-face cantilevers.  Therefore, 
this structure is applicable to force detection of all 
axes. 

  
3. EXPERIMENT 

 
Figure 2 shows a schematic illustration of the 

cantilever structure for a tactile sensor.  SOI (top 
Si layer: 1.5 µm/buried oxide (BOX) layer: 2.0 
µm/Si wafer: 650 µm) wafers were used for a 
starting substrate.  Titanium and platinum thin 
films as the strain gauge were formed by RF 
sputtering and patterned by lift-off method.  The 



thickness of Pt/Ti layer was 50 nm/ 10 nm.  
CYTOP CTL-813NMD (Asahi Glass Co. Ltd.) 
was used to form the fluoropolymer layer.  
CYTOP was spin-coated on the wafer and cured at 
100-300°C for 1 hour.  Next, the fluoropolymer 
layer and Si were patterned by reactive ion etching 
(RIE) using plasma of oxygen and SF6 gases, 
respectively.  Finally, the BOX layer as a 
sacrificial layer was etched by buffered HF 
solution so that cantilever structure was released.  
After sacrificial etching, the sample was rinsed by 
ultrapure water and dried by vacuum-freeze 
drying method after tert-butyl alcohol substitution 
to prevent the cantilever from sticking to the 
substrate surface.  Then the structure was 
covered with an elastomer material, PDMS 
(SILPOT 184, Dow Corning Corp.).  
Alternatively, the sample was soaked in elastomer 
precursor after isopropyl alcohol substitution 
instead of vacuum-freeze drying. 
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Fig. 1.  Structure and operation of tri-axial 
tactile sensor. 
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Fig. 2.  A schematic illustration of the curled 
cantilever structure. 

 
4. RESULTS AND DISCUSSION 

 
4.1 Curvature control of silicon-polymer beam 

The curling curvature 1/ρ of a bilayer beam 
structure is generally expressed as follows, 
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where Ei and ti are Young's moduli and 
thicknesses of the layers, respectively, and S0 is 
initial strain between the layers.  Here, silicon 
and fluoropolymer CYTOP have Es = 170 GPa 
and Ef = 1.2 GPa, respectively.  The initial strain 
is obtained as S0 = 1.26×10-2 from the thermal 
expansion coefficients of silicon and CYTOP, αs = 
4.2×10-6K-1 and αf = 7.4×10-5K-1, and temperature 
difference between the cure temperature (200°C) 
and room temperature.  Substituting these values 
and fluoropolymer layer thickness of 3 µm in 
Eq.(1), calculated curvature radius is 680 µm.   

Figure 3 shows superposed photographs of the 
fabricated cantilevers having 3 µm-thick 
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Fig. 3.  Superposed photographs of silicon-
polymer bilayer cantilevers with various 
lengths L = 200, 300, 400, 500, 600, 1000 and 
2000 µm. 



fluoropolymer layers with various lengths.  
Observed curvatures for the cantilevers with 
length 200 µm to 2 mm are 700-800 µm and fit 
well to the calculated value.  Therefore, the 
silicon-polymer structure is suitable to design and 
to fabricate the desired curved cantilever beams.   

Figure 4 shows tip height as a function of 
fluoropolymer layer thickness.  It is found that 
tip height has the peak value at about 4-5 µm of 
polymer thickness.  This dependence agrees well 
with the curve calculated by using Eq.(1).  
Moreover, tip height of the cantilevers with 
polymer thickness 2-3 µm is scattered widely.  
The fabrication process yield of silicon-polymer 
cantilever structure versus polymer thickness is 
shown in Fig. 5.  The yield rate rapidly decrease, 
because the structure is fragile at 2 µm thickness 
and difficulty of polymer layer patterning at and 6  
µm thickness, respectively.  Therefore, the 
fluoropolymer layer thickness can be optimized to 
4-5 µm for our structure. 

Figure 6 shows the tip height of silicon-polymer 
cantilever as a function of curing temperature of 
fluoropolymer.  The tip height increases with 
increasing curing temperature, because of increase 
of initial strain S0 in Eq.(1).  However, 
fluoropolymer films cured at 300°C were often 
cracked by too large strain.  Therefore, it is 
considered that optimal curing temperature is 
200°C. 
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Fig. 4.  Tip height of cantilevers versus thickness 
of polymer layer. 
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Fig. 5.  Process yield versus thickness of polymer 
layer. 
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Fig. 6.  Tip height of cantilevers as a function of 
curing temperature of fluoropolymer. 

 
 

4.2 Pressure detection by strain gauge on the 
cantilever 

We confirmed strain gauge output of fabricated 
tactile sensor with an elastomer material (PDMS).  
The sensor sample was pressed by columnar rod 
with the force sensor UFS 2A-05 (Nitta Corp.) 
through a glass plate, as shown in Fig. 7.  The 
pressure value was obtained by dividing the force 
value in z-direction of the force sensor by sensor 
sample area (2.1×10-4 m2).  Figure 8 shows the 
resistance changes of the platinum strain gauge 
against pressure on PDMS elastomer.  It is 
clearly found that the resistance change of strain 



gauge on the cantilever has almost linear 
dependence on the pressure.  However, resistance 
values of start and end point do not agree, so it 
seems that the resistance change also has 
hysteresis characteristics.  Differently, this 
disagreement is caused by temperature drift of 
resistance of platinum strain gauge that has large 
temperature coefficient of resistance.  It is 
necessary to compensate for the change in 
temperature or use another material with low 
temperature coefficient of resistance such as 
constantan.  Nevertheless, it becomes evident 
that the pressure can be detected tactile sensor 
embedded in PDMS elastomer.  Sensitivity of 
resistance change rate to pressure is about 4.4×10-

5 kPa-1 obtained by an inclination of the measured 
data. 
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Fig. 7.  Measurement of sensor response against 
pressure. 
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Fig. 8.  Resistance change of platinum strain 
gauge versus pressure. 

 
 

5. CONCLUSIONS 
 

Tactile sensors with silicon-polymer beam 
cantilever structure and elastomer have been 
fabricated by using surface micromachining.  
Curvature radius of silicon-polymer cantilever 
agrees well with calculated value.  The 
deposition conditions of polymer layer have been 
optimized in terms of process yield and tip height.  
Optimal thickness and curing temperature are 4-5 
µm and 200°C for 1.5 µm thick Si, respectively.  
The response against pressure of the tactile sensor 
has been investigated.  Although resistance of the 
platinum strain gauge has large temperature drift, 
it is obviously proportional to pressure.  The 
sensitivity to pressure is about 4.4×10-5 kPa-1. 
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