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PRISM MEMS MULTISENSOR CHIP – VER 2

1-AxisAccelerometer

Temperature Sensor

Humidity Sensor

Strain Sensor

Humidity Sensor 
finger overlap 2000um
# of fingers 20
finger width 10
finger space 10
pad size 400 x 400
polyimide thickness
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VER 2 HUMIDITY SENSOR CALCULATIONS
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MODELING OF INTERDIGITATED CAPACITOR

N = number of fingers
εr1

εr2

εr  = εr1 +  εr2

d1

d2

d1 and d2 (interrogation 
depth)
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PLANAR INTERDIGITATED SENSOR
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V.F.Lvovich, C.C.Liu, M.F.Smiechowski

Jo is zero order Bessel function

εr1

εr2

d1

d2

εr  = εr1 +  εr2
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FINGERS ON SILICON SUBSTRATE

C  = C fingers + C to substrate / 2

(if silicon substrate is treated as a conductor)

Silicon

SiO2

C fingers

C to SubstrateC to Substrate

εr1

εr  = εr1

C fingersC substrate

C = εεεεo εεεεr area / t

t
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HUMIDITY SENSOR CHIP EXAMPLE

1mm

1mm2mm

• Chip size: 7.9mm x 7.9mm

• 232 dies

• 95 Fingers:  

• Overlap Length: 4.5mm

•Width: 20µm (10um)

•Spaces: 20µm (30um)

• Pads and Other Layout Area

•2mm x 3mm Qty 2

•1mm x 5mm Qty 2

• Total of 22000000um2
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FILM CRACKING

Polyimide film if not cured correctly will crack as it absorbs water

Properly cured (baked) Polyimide does not crack
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PROPERTIES OF POLYIMIDE

Polyimide - Kapton, Apical, Upilex and other names.  Polyimide 
films are available in differing chemistries with different properties. 
The curing and annealing cycles are important in defining film 
properties.

Stable to 400°C (and above without oxygen available)
Relative Dielectric Constant 3.0 to 3.7
Water absorption (%) 2.1 to 3.7 
CTE 100-200C (ppm/C) 15 to 35
CHE (ppm/%RH) 10 to 20
Youngs Modulus (Gpa) 2.7 to 5.5
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MODELING OF DIELECTRIC CONSTANT VS % RH

Simple Model for relative dielectric constant of polyimide vs Relative 
Humidity

Relative Humidity (%) – RH
Relative Dielectric Constant at a given RH - εrPI
Relative Dielectric Constant of Dry Polyimide – εrPI0
Relative Dielectric Constant of Water – εrH2O
Maximum Water Absorption in Polyimide (%) – A

εrPI =   εrPI0 +  εrH2O *  A * RH/100

Example: at 50% RH εrPI =   εrPI0 +  εrH2O *  A * RH/100

= 3.7 + 80 * 0.03 * 50/100

=  4.9
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CALCULATIONS FOR EXAMPLE
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HUMIDITY SENSOR DESIGN SUMMARY

1. Polyimide coating should be 2 times the finger spacing
2. Stray capacitance to the substrate should be minimized by:

1. Using thick oxide between metal and silicon
2. Minimize wire bond pad size
3. Minimize size of metal connections to fingers

3. Maximize the number of metal fingers
4. Response time maybe related to polyimide thickness
5. Cure of polyimide is important to prevent cracking of film
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BETTER DESIGN
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MULTIVIBRATOR
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Bistable Circuit with Hysteresis and RC Integrator

Period = T = 2RC ln
1+Vt/V

1-Vt/V
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CAPACITOR SENSOR TO ANALOG VOUT
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CAPACITOR OSCILLATOR - MICROCONTROLLER

C

RC Oscillator

Microcontroller

Software

Communication

(USB, Bluetooth)

Host

Sensor
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CAPACITOR SENSOR OSCILLATOR EXAMPLE

Let R1=R2=10K and R=1MEG

If C = 34.4pF then T = (2)1M(34.4pF) ln(1.5/0.5) 

= 68.8E-6sec or 14.5Khz

If C = 37.9pF then T = 75.8E-6 sec or 13.2Khz

Period = T = 2RC ln
1+Vt/V

1-Vt/V



© March 28, 2011 Dr. Lynn Fuller, Professor

Humidity Sensor

Page 19

Rochester Institute of Technology

Microelectronic Engineering

HUMIDITY SENSOR AND BLUE TOOTH WIRELESS

PRISM HUMIDITY

SENSOR VIDEO
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HOMEWORK – HUMIDITY SENSOR

1. Look up the Honeywell HCH-1000 humidity sensor data sheet. 

What is the sensitivity of this sensor?

2. Using the Excel spreadsheet for capacitor calculations design a 

thin film interdigitated conductor humidity sensor that will be in 

the same capacitance range as the Honeywell humidity sensor in 

problem 1.


