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ABSTRACT

In the last two decades there are tremendous improvement has taken place in the field of tactile sensors
based on piezoresistive cantilever. To meet better sensitivity requirement, a good quality of tactile sensors
are needed. The purpose of this paper is to indicate a comparative study on performance enhancement of
tactile sensors. This comparison shows how performance parameters like sensitivity, high resolution, cost

procedure etc. can be improved with number of approaches.
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I. INTRODUCTION

Micro cantilever is one of the mostly used MEMS device. It expanded in the field of sensing, resolution etc.
Micro cantilever is used in many sensing application like robotics, bio sensors, tactile sensors.

Tactile sensors sense the physical interaction with its surrounding. It is capable to detect temperature, pain,
screening of disease, detection of mutations etc. Tactile sensors has various types like piezoresistive,
piezoelectric, optical sensors etc.

Piezoresistive tactile sensor have many benefits over remaining tactile sensors as large sensitivity, a high spatial
resolution, low cost, easy procedure and many others.

When pressure is applied on piezoresistive tactile sensors it changes its resistance by which it sense testing
parameter. Silicon element is used as piezoresistive which is embedded inside an elastic body. Normally used
elastic body is polydimethylsiloxane (PDMS). By this elastic body there is soft interaction between sensors and
target object which prevent the piezoresistive element from fracturing. The forces which are applied on PDMS
cap are transferred to cantilever. Applied force can be normal force or lateral force depend on used application
For maximum sensitivity, beam of piezoresistor material have to stand close to surface of the cantilever.

Resistance alteration is a function of pressure applied can be defined as

@ U KioiKtot

R
K=denotes the gage factor.
I=longitudinal part of gage factor.
T=transverse part of gage factor

Sensitivity of Piezoresistive material directly related to thickness and radius of curvature.
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1. WORKING PRINCIPLE

Here we use different principle on normal and lateral forces.

1. Normal Force Sensing Mechanism: As drawn in fig. 1 when normal pressure is applied deformation of
cantilever increase. By measure the amount of deformation, the normal force can be measure.

2. Lateral Force Sensing Mechanism: In this sensing principle as shown in fig.2 after applying lateral force on
the surface of PDMS cap, there is a torque around the center pillar of the cap by which surface of PDMS cap is

rotate slightly. By taking the difference between deformations, resistance is change and can detect applied force.
I11. DEVELOPMENT STAGES:

In last 2 decades myriad work has been done in the field of tactile sensors.

In 2000 an integrated MEMS structure three dimensional tactile sensors is developed by Toi Mai, Wen.J.Li,
Yong Chain [1]. It has 4*8 sensing element with force range 10N in horizontal direction and 50 N in
perpendicular direction. Each cell has linear response to the three components of forces which is applied on all
cells. In this paper author proved that with the help of finite element analysis optimal cell structure and
piezoresistor position can determined. These sensors measure normal force which is applied on the tactile pixels
for gripping force control and generate tactile images for gripping position and object recognition.

Up to that time non robust tactile sensors are developed which are too bulky in size, non reliable, heavy and
have large volume. So they can’t be used in space system, robotic system. To improve gain and overcome this
drawbacks lie approached robust three dimensional sensors with large pressure range and soft contact surface.
For reduce overloading effect he use over stop design and comes integrated piezoresistive sensing element for
reduce volume.

This tactile sensors used five layers rubber surface, force concentrating columns, sensing array, protection base
and circuit base as explained in fig3.

These force sensors are located on a portable carriage in X, Y, Z direction. These sensors can be moved up and
down to apply force in X, Y, Z direction. With this approach 2.3mV/N force applied in X, Y direction while 13
mV/N in Z direction. Silicon rubber is shielded the force concentrating columns which affect the sensing cells.
Acrtificial nureal network is used to compensate the change. In this paper 2% F accuracy in the force range of -
10 to 10 N for F, and F, and 0 to 50 for F,.

In past years atomic force microscopy [AFM] technique is used for local elasticity measurement. [AFM] is a
scanning probe microscopy with high resolution. It is used to calculate irregularities of sample surface. But high
cost, difficulties in measurements and in sample preparation makes AFM unreliable for using extensively in
industrial and biomedical. In 2004 Sadao Omata overcome the problems of AFM by devloped a micro tactile
sensors [MTS] which formed with ultrasonic contact sensing [2].MTS measure the phase shift in the resonance
frequency. MTS has advantage of high sensitivity (where modulus is constant and viscosity is neglected), high
resolution, can produced at low cost .Basic component setup is shown in fig.4

Most generally used tactile sensors are pressure sensors matrices for detect shear stress and pressure. But
drawback of this sensors is difficult calculation to take out one axis component of the applied shear stress. In

2005 Kentaro Noda proposed design to overcome this problem by embedded tactile sensors in elastic material
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[3] by which cantilever follows the deformation and detected with change in resistance. For this they arranged
sensors in orthogonal direction, which detect not only two dimensional shear stress but also pressure
independently.

Because of components testing needed large aspect ratio and steep sidewalls optical metrology is not appropriate
for increase the sensitivity and to complete this requirement. P. Ruther reports a design in 2007 [4]. In which
design sensitivity improved with dimensional metrology of narrow deep drilling. This permits to determine the
cantilever as well as membrane thickness and optimize the stiffness. In this sensors cantilever of 7 mm. long and
width 150 um. Width is suspended by silicon membrane. In this design deep reactive etching of single crystal
silicon is used to form micro structured device. Cantilever is formed with deep reactive ion etching(DRIE) of
single crystal silicon. With this design Force sensitivity can be increase between 7.74 mV/V/mN and 10.9
mV/mN. This correspond to relative increase sensitivity S, and S; of 41% and 40% respectively.

Tactile sensors are not capable to detect both normal and shear stress simultaneously. To detect both
simultaneously. In 2009 M. Sohgawa form an array of tactile sensors embedded in piezoresistive cantilever [5].
Measurement setup is shown in fig.5. In this array 9 sensors element are used which four cantilever in one
sensors is linearly dependent on shear stress but there is little variation in sensitivity of each element.

Multiple measurement have been taken of sensors output which shows good directional characteristic and
direction of shear stress with good reproducibility

Skin structure type tactile sensors are used to increase sensitivity by the integration of several layers with
different rigidity as the skin. It requires detection of the small deformation affected by scanning the pm size
texture which is very complicated. In 2010 Kiyoshi Matsumoto examined skin type tactile sensors [6], which
reform micro ridges at the surface of sensors as a finger print to overcome the difficulty. When the object is
scanned finger print type structure deforms in shear direction which detects micro size texture of object and
increase sensitivity.

In 2011H. Takahashi realized a design with sidewall doping and surface doping of beam which embedded in
elastic body of tactile sensors [7].Shear stress measure by changing resistance in side walls. Beam can be
formed by thick Si layer of silicon on insulator (Soy) wafer. In this design cantilever needs a certain device have
a height more than threshold value. Sensors chip is formed in PDMS and UV resin. By this design we measure
shear stress.

Earlier, tactile sensors based on piezoresistive cantilever are fully embedded inside the elastic block. But In
2014 Thanh-Vinha, Nguyen Binh-Khiemb, Hidetoshi Takahashib,Kiyoshi Matsumotob, lsao Shimoyamaa
proposed new design in which element is partially embedded in elastic block[8].

By this approach sensitivity is increased 100 to 150 times in normal and lateral respectively.

In this paper three types of structure pyramid pillar shape and ring shape are used, which increases the

sensitivity. Setup and comparison result is shown in fig.6 and fig.7.
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TABLE 1.
Analysis of Development in Tactile Sensor On Piezoresistive Cantilever from 2000 to 2014
Year Author Work Advantage
2000 Toi Mai, WenJ.Li, Yong | Three dimensional tactile sensors | Overall tactile Sensors
Chain with high pressure range and soft | compactness
contact and robustness
2004 Yoshinobu Murayama, Sadao | MTS applied to local elasticity | Measure local elasticity without
Omata measurement instead of AFM significant deformation., low cost
2005 Kentaro Noda Tactile sensors with standing | Shear stress measurement with
piezoresistive cantilevers | high accuracy
embedded in an elastic material.
2007 P.Ruther, S.Spinne, Cornills, | Use dimensional metrology on | Improve sensitivity
0.Paul deep narrow drilling instead of
optical metrology
2009 M. Sohgawa and Noda Micro-cantilevers embedded in | Measure shear and normal stress
the PDMS elastomer independently
2010 Kentaro Noda, Kiyoshi | Use skin type tactile sensors Sensitivity of the tactile sensors
Matsumoto, Isao Shimoyama increased for micro texture
Scanning,
2011 H. Takahash and I. | Use Piezoresistive beams with | Measure shear stress
Shimoyama sidewall doping embedded in
Elastic body.
2014 Nguyen Thanh-Vinha, | Tactile sensors design features an | Measure normal and lateral forces
Nguyen Binh-Khiemb, | air  cavity underneath  the | simultaneously
Hidetoshi Takahashi ,Kiyoshi | piezoresistive elements
Matsumoto, Isao Shimoyama

IV. CONCLUSION

In this paper introduce the tactile sensors and its step by step development of performance of is shown . Various

type of parameter like sensitivity , high resolution , cost procedure etc. is compared in different approaches. For

this different type of structure and techniques are used.
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Fig. 2. : - lateral force sensing mechanism
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Fig. 4. Basic component of micro tactile sensor

327 |Page




International Journal of Innovative Research in Science and Engineering
Vol. No.2, Issue 04, April 2016

www.ijirse.com

Q e
=] -
ISSN: 2454-9665

- Force sensor

Shear Glass plate

siress - | |
Tactile sensor sample
_rr._._,-r"rr'"
i I
v
Mormal force Movable stage

Fig. 5 Setup for Tactile Array Sensor with Inclined Chromium/Silicon Piezoresistive Cantilevers Embedded In
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Fig. 6 Setup and comparison between proposed and conventional design sensitivity
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Fig. 7 Comparison between the sensitivities of the proposed sensors and that of sensor with a completely
embedded structure for lateral sensor
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