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Abstract

In the microelectronic industry micro force
sensors that measure the magnitude of the
normal contact force are proposed and
fabricated by micromachining technologies
in this project. Piezoresistive poly-Si on an
insulating layer will be used as sensing
elements and a circular membrane with a
center boss serves as the force conducting
structure. The analytic solutions of the
distribution of the deflection and the
longitudinal/transverse stress of the sensor
upon a contact force is derived to obtain the
sensitivity and the working range of the
sensor. Then, the sensor according to the
design was fabricated. The fabricated

agrees with the sensor model very well.

R JUE SIS

When a robotic hand tries to grasp an
object, sensors are needed to help the hand
to know the magnitude, the position and
the direction of the force or the torque
applied on the object. Therefore, the
robotic hand can take the object stably and
safely. The so-called fingertip sensors are
used to accomplish these tasks. Fingertip
sensors have been categorized into
intrinsic force/torque sensors and extrinsic
tactile sensor [1][2]. Not like the intrinsic
tactile sensor, which detects more than
one degree of the force and torque at one
device, the extrinsic one detects the
contact force at the only single point and
the normal direction. With collecting of
many extrinsic tactile sensors in a
2-dimensional space, the tactile sensor
array is formed and, thus, a force image of
the contacted object can be obtained. In
recent years, many tactile sensors were
proposed based on different materials,
structures and fabrication methods[3-9].
Besides their good performance, however,
none of them are proven to dominate the
market maybe due to the cost[10].
Because they either use a special material
to sense the force or complex packages to



introduce the force to the sensor. To ease
these problems, the most successful
product based on MEMS (Micro
Electro-Mechanical System) processes,
the piezoresistive pressure sensor[11], was
considered and had been used as a

piezoresistive  tactile  sensor[12-15].
Regarding the same advantages of
piezoresistive pressure sensors,

piezoresistive tactile sensors provide a
high sensitivity, good linearity, low
hysteresis, easy sensing circuit and a way
to batch processes. However, those
proposed tactile sensors require still
additional package to introduce the force
to the sensor because there is no
force-conducting  structure on  the
membrane. Moreover, in these previous
researches, the distribution of the stress in
the membrane of the sensor has not been
analysed in detail when a contact “force”
instead of a “pressure” is applied on the
sensor since the behavior of a force on a
sensor is quite different from a pressure on
a sensor. Therefore, in this paper, a
piezoresistive tactile sensor with a circular
membrane and a center boss is proposed
and analysed in order to give a design
concept. It is known that a piezoresistive
pressure sensor with a circular membrane
and center boss has higher sensitivity and
better linearity than one without center
boss[16]. Moreover, the center boss on the
membrane can provide a structure for a
force introduction which could reduce the
complexity of the manufacture and the
cost.

A

After the successful fabrication of the
center-boss tactile sensor in the last year’s
project (NSC-92-2218-E-009-011), this
project focus on the package and the
characterization of the fabricated sensor.
Fig. 1 illustrates the usage of the
fabricated tactile sensor. The center boss

which is a little higher than the
surrounding frame is used to conduct the
applied force. This structure will limit the
further movement of the contacting object.
In addition, as the deflection of the
membrane is larger than the distance
between the sensor and the bottom plate,
which may be a glass or a ceramic, the
plate will also constrain the further
movement of the sensor and, therefore,
avoid the further deflection of the circular
membrane. As a result, the sensor will not
be destroyed if an over-range contact
force is occurred. This distance can be
determined once the deflection function of
the membrane is obtained. The static
performance of the fabricated sensors is
characterized by a mechanical system
illustrated in Fig. 2. The sensor is attached
on a PCB (Printing Circuit Board) by
silver adhesives and the signals on the
sensor are connected by the conducting
lines on the PCB and to the next side of
PCB by aluminium pins. A known weight
is used as the applied force and is
conducted to the sensor by a needle that is
supported by a Teflon block. The weights
are first added and, than, removed to
obtain the forward and backward
measurement results. A programmable
voltage source (Keithley 230) and a multi
meter (Keithley 196) are connected to the
sensor properly to read the change of the
voltage at room temperature. The result is
shown in Fig. 3. As we can see, the offset
of the sensor is about —-8.54 mV. The
sensitivity of the sensor is about 4.95
pV/g.w. when 0.5 V is applied to the
Wheatstone bridge. The non-linearity of
the sensor is 1.5% and the hysteresis is
4.3%.

A curve according to the previous
developed analytic solution is also drawn
in the same figure by using the geometry
of the fabricated sensor. A gauge factor
of —6.3 [18] is taken because of the highly



doped n-type poly-Si piezoresistors. With
an adding of the offset voltage, the
analytic solution agrees the measurement
very well.
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Figure 1. The usage of the fabricated
tactile sensor.
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Figure 2. The setup to characterize the
fabricated tactile sensor.
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Figure 3. The measurement result of the
tactile sensor.
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A tactile sensor based on a circular

membrane with a center boss have been

analysed, fabricated, packaged and
characterized in this two-year project. The
distribution of the deflection and the
longitudinal and transverse stress of the
sensor due to a contact force are obtained
and verified by FEM and experiment.

Because the stresses at the inner and outer

edge of the annular membrane are not the

same, a non-balanced Wheatstone bridge
is used in the design of the tactile sensor
to keep the high sensitivity of the sensor.

It has been proven, the non-linearity

caused by such a non-balanced

Wheatstone bridge can be neglected.

Since the fabrication process of the

proposed tactile sensor is the same as the

conventional pressure sensor with a center
boss, the cost of the sensor could be
reduced because no other special materials

or processes are used. Further more, a

packaging and the design guide of an

over-range protection are described to
make the sensor practical. Tactile sensors,
which have a sensing range to 1 kg.w. and

a sensitivity of 4.95 uV/g.w. at 0.5V, are

fabricated to demonstrate the feasibility of

the proposed tactile sensor.
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