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Optimization of ITO resistor pattern to improve linearity

in contact-type pressure sensor

Yun-Jin Jeong", Jung-Ho Park?, Yun-Jin Han® and Dong-Weon Lee'
YGraduate of Mechanical Engineering, Chonnam National University, Gwangju, Korea
2Korea institute of machinery & materials, Daejeon, Korea
%JCAMONTROL CO., Ltd, Daejeon, Korea

TSchool of Mechanical System Engineering, Chonnam National University, Gwangju, Korea

"E-mail : mems@jnu.ac.kr

Abstract

This paper introduces a novel contact-type pressure sensor with linearization property using indium-tin-
oxide (ITO) resister. The pressure sensor consists of a silicon diaphragm with a conducting layer and Pyrex
glass with the ITO resistor. The middle of the ITO resistor is contacted to the conductive diaphragm at a
desired pressure. The contact area of ITO resistor to the diaphragm is increased with the increase of applied
pressure. Meanwhile, the ITO resistance is linearly decreased with the increase of the contact area. The pattern
of ITO resister is optimized by FEM simulation, which makes the sensor output value to be linear. The change
of the electrical resistance between both ends of the ITO resistor is measured by using a simple electrical
circuit. The fabricated pressure sensor has a sensitivity of 15.6Q/kQebar and a dynamic range of 1bar~10bar.
Contact-type pressure sensor has advantages that no need to use additional circuit technology for amplifying
signal or removing noise.

Keywords: pressure sensor, diaphragm, indium-tin-oxide(ITO)

Specifications 660 | ' I I ‘ ' I ' I I ‘ ' i
- Sensor size : 6.8X 6.8 mm? R B Initial state No.1
- Diaphragm thickness: 50 pm s [ Initial state No.2
- Diaphragm size : 4.2 X 4.2 mm? . 840 e HJE\;\ ® 5bar 100,000 cycle No.1
. R E = O 5bar 100,000 cycle No.2
- Electrode gap : 30 um z Y # 10bar 100,000 cycle No.1
r - - Cr/Au thickness : 0.21 pm ; 620 |- \\\‘-‘« <> 10bar 100,000 cycle No.2 N
y g > \\
©
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540 [ 4
1 1 1 L 1 1
Siwafer 0 2 4 6 8 10
Applied pressure [bar]
Figure 1. Schematics of contact-type pressure sensor Figure 2. The change of out resistance versus

applied pressure
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“A Novel Pressure Microsensor With 30-pum-
Thick Diaphragm and Meander-Shaped
Piezoresistors Partially Distributed on High-
Stress Bulk Silicon Region” Yan-Hong Zhang et
al., IEEE SENSOR 2007

Diaphragm

: ; . |
Piezoresistor bridge |
|
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i front
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—_—
2KV 34.9X 1mm  KYKY-2800B SEM SN:0089 | zkv asx

Sensitivity : 32.2 mV/V-MPa
Pressure range : 0~1MPa

“Fabrication of a piezoresistive pressure
sensor for enhancing sensitivity using silicon
nanowire” J.H. Kim et al., Transducers 2009
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¥ Silicon
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nanowir
Probe Silicon |
- # nanowire -, —_—
\ ---@ ------- III'IIII@-} Alrad‘

‘ Diaphragm

Current

Sensitivity : 337.5 mV/V-MPa
Pressure range : 150 kPa~300 kPa
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“A wireless batch sealed absolute capacitive pressure “ Flexible wireless pressure sensor module”, Kyu-Ho Shn
sensor”’,Orhan Akar et al., Sensors and Actuators A, 2001 et al, Sensors and Actuators, 2005

Diaphragm

L1117\ 1114

Electroplated Coil

Polyimide substrate

p++ silicon

Blood vessel

Fixed Capacitor Plate

Cu Inductor coil

m
L

Au electrode

Glass Substrate
Blood pressure sensor
Pressure Sensitive Capacitor
Le c Silicone rubber tubing
S
42
/,4_
Metal plate
7 \
Planar Inductor Glass Recess
Fitarnal antenmsa Network analyzer
Sensitivity : 160 kHz/mmHg .
Pressure range : 0~50mmHg Sensitivity : 11.25 kHz/kPa
Pressure range : 0~213.3 kPa
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- Sensor size : 6 X 6 mm? . e —— 840 3380 9800 9800 338Q S4Q
- Diaphragm thickness: 35 um e swee o Q prfmf
- Diaphragm size : 4.2 X 4.2 mm? [ Si Diaphragm l 2 ¢ 9 2 9 e
- Electrode gap : 30 pm Ol
- Aw/Cr thickness : 0.21 pm ‘ i, ]
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N — ITO resistor XM

Specifications
- Sensor size : 6.8X 6.8 mm?
- Diaphragm thickness: 50 um
- Diaphragm size : 4.2 X 4.2 mm?
- Electrode gap : 30 um
- Cr/Au thickness : 0.21 um

Pyrex glass

5

Chonnam National
University MNTL

Yun-Jin, Jeong MEMS
Nano

Laboratory : MEMS & NanoTechnology Laboratory , MNTL Technology

Dept. Mechanical system engineering, 300 Yonghong-dong, Buk-gu, Gwangju 500-757, Korea Laboratory

Tel : +82-62-530-1669 o &7 g 2

Fax : +82-62-530-1689 / H.P : 010-4339-8867 F[IA AP

E-mail : kyjlyj@nate.com A National Research Lab.



Pyrex glass

/_' Cr/Au
ITO Resistor /
Si Diaphragm
1. 9+ oIz} H 2. ctojoj =2 Mz (P=1.5bar)
3. B% ©H A% MY A4 4. MEUH SI10| HIHS MY ZL
(P=5bar) (P=10bar)
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= Pressure : 10Bar

Diaphragm 5} A

7876

Stress : 1.7GPa

= Diaphragm size : 4.2 X 4.2mm?
= Diaphragm thickness : 50pum

» Electrode gap : 30pm

» Pressure : 10Bar

Glass bonding
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Global Results

Potential energy 129 307352 )
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- £73.3575875
4207673
968.4670125
5571725
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Stress : 525.9MPa
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Silicon Pyrex glass

. 5.Pyrex glass
1. Silicon wafer (300 pm) L]

1TO Cr/Au

2. Si Top etching (30pm) % 6.1TO patterning
»

Anodic bonding

3. Metal lift-off (Cr/Au) 7. Metal lift-off (Cr/Au)

!
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+» Silicon wafer
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+» Glass wafer
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