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Force-feedback System with Integrated
CMOS Micromachined Tactile Sensor
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The minimally invasive surgery (MIS) has been rapidly developing
nowadays for its small cut, less pain and less recovery time.
A magnetic hydrogel-based microgripper for intravascular
applications was developed. When the surgery devices grasp
human tissues or organs, the applied stress has to be well
controlled. To avoid excessive stress, real time monitoring of the
stress is essential. Triaxial micro-electro mechanical systems (MEMS)
tactile sensors were attached to the tip of a forceps for measuring
the pressure and shear stresses. The tactile sensors can detect the
grasping force and two directional shear stresses at the same time.
When a user-defined motion is performed, the integrated MEMS
tactile sensor and readout circuit transforms the pressure into the
electrical signals. The analog-to-digital converter (ADC) converts
the electrical signal into digital data, and the signal processing
block generates a control signal for generating the feedback
force to control unit. The feedback force can provide information
of mechanical grabbing force to user, so user can apply a proper
grasping force during the surgery.

In this force-feedback syste’,
tactile sensor is integrated with
sensing circuit on single chip. To
improve sensitivity, a T-shape protrusion
architecture is involved. Also, to simplified the post-
process of the sensor, the layout of the chip is designed

to be manufactured by single-step wet etching. A set of fully
differential correlated double sampling capacitor-to-voltage
converter circuit with switching capacitor array and calibration
scheme is used as sensing circuit. The compensation for process
and environment variations is considered within circuit design.

In this design, the feedback force to user is generated by a balloon
tactile actuator system. Several tiny balloons are placed under
the control buttons. After the feedback system receiving signal
generated by the tactile sensor, it will generate feedback force
through balloon tactile actuator system to user. When the force
in the tip of forceps is increasing, an air compressor blows the
balloons according to the force signal from the feedback system.
By the combination of the tactile sensor and the balloon tactile
actuator system, the force-feedback system can be realized.

In near future, the force-feedback system can be applied to
the concept of Internet of things. This system can be applied
to any accident scene through the combination with wireless
communication systems. Through remote control systems,
a doctor at office can take care of patients immediately after
ambulance arrives at the accident scene. This will cut down the
waiting time of patients to medical care and the raise possibility
of surviving. Through the application of remote surgery, lots of
tragedies can be stopped in time.
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System Block Diagram of Force-feedback System with
Integrated CMOS Micromac Hined Tactile Sensor

2015 RSN B HERAAE



