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Technology and System Overview

Miniaturized MEMS Pressure Sensor
Design Challenges:
•Thin (<3

 
μm) and flexible membrane for enough deflection

•Small gap between top and bottom for sufficient base capacitance
Results:
• Sensitivity of 0.75 fF/mmHg is achieved within 500 μm x 500 μm 
• Future work: scaling down to 300

 
μm x 300 μm with more than 1.5 fF/mmHg
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ε: Dielectric constant 
A: Area of electrodes
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Creation Process 

Micro-scale Integration Solution: Z-axis Anisotropic Conductive Adhesive (ACA)
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• RF powering circuit converts wirelessly 
received microwave power at the antenna 
into DC voltage to  power up the entire 
device.

• Circuit area: ~ 100μm x 50
 
μm

• A few nF
 
storage capacitor is achievable 

with Deep Trench Capacitor technology, 
which realizes more than 10 times 
improvement in capacitance density over 
flat 2D structures.   

Increased capacitor area (trench 
surface)

Ultra-thin insulating film (< 50 nm)
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• The smaller the incision, the better the recovery rate.
• 2 mm antenna compressed to fit in 1mm incision
• Nitinol is super-elastic which allows the antenna to 

self-
 
expanded within the eye 

• Biocompatibility
• Simulated antenna radiation performance within a 

mouse eye model: peak realized gain is -32.2 dBi at 
5.8 GHz.
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Schematic of the Test Structure Image of the Test Structure

Distance: 10 cm
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Works up to 30 cm.
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After implantation, the self-
 expandable Nitonol loop 

returns to the loop shape.
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External Reader Data Collection

Voltage supply: Magnetic coupling
Sensor size: 2.5 x 2.6 mm
Antenna diameter: 10.8 mm

Voltage supply: RF powering
Sensor size: 300 x 300 µm
Antenna diameter: 2 mm

Tonometry is an external measurement method 
of tension or pressure in the eye.
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•Wire-bond connection

500μm
100μm

•Solder bumps •Anisotropic Conductive Adhesive (ACA)

25 μm

Overview of Packaging Challenges

• High density
• Biocompatible
• Low parasitic 

impedances 

Mouse Eye

3mm

How do you connect to a tiny integrated circuit and sensor? Current IC Designs are Pad Limited. How do you connect to a tiny integrated circuit and sensor? Current IC Designs are Pad Limited. 

The Current Design has over  50% occupied by the pads 
in regards to length. Too much wasted area. 
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Small RF transition loss of the Z-axis ACA and 3D vias demonstrates that the 
packaging techniques are suitable for the RF interconnection between antenna and IC.

How do you create a small sensor to measure the variation of IOP ? How do you create a small sensor to measure the variation of IOP ? 

How do you store the power to operate IC ? No internal source in includedHow do you store the power to operate IC ? No internal source in included

How do you implant the sensor into the mouse eye in 1 mm incision ? How do you implant the sensor into the mouse eye in 1 mm incision ? 
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