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Fig.1 Sketch of displacement sensor and driving mechanism of

micro xy-stage
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Fig.2 Sketch of detecting beam
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Fig.3 Distribution of detecting beam axial stress
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Fig.7 Curve of the sensor displacement resolution
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Table 3 Displacement resolution of the displacement sensor

e bR 4 B + x - x +y -y
53 PEE /nm 10.0 8.3 12.3 9.8

W AL B RS R [B] 45 bR E L R 1 AL S 43
B HR BB R (1) 9 5E 0 i kS % I i B AR
(STM6) b5 7 4 5K 2l By [ 5 27 & 67 5% 19 0% R i k.
FIF e/ Z e B A A e B 26, 11 50 10 4 1 T PR K S 8
By A1 25 5 (20 B L€ ALF 5 0 30 07 % 72 4k 5 ok A
A SRR 1T 43 B I SR /NI Bl H R G . RO A
WU IS EAE NV R S H IR Ve SR )5 . 535
PIBHHEIE V. MIEMERE.0. 01V RS JE A4 K,
I3 A E ALY 6 T % 9K B H AR R A B A Ik AR
) i PR e R A bR E TR AN 7 BT 5 (3D 4B AR E
(AL % A% 2% 45 T B 43 P 1Y Je /N BIE 3 vl R 1 XA (19)
OO S B A 1) B /MO RS A RS

Voin = Keee {(( Vi + AV)? = Vi) (19
K ke J 0 HLBK B A5 500 A 35 5 Ve i b1 8 2o R
SR .

ME 7 fh &R LLAE W, YK g By 15 +
0.01V 115 + 0. 02V B, X 5 A A6 P B e 5 KM
SRR T 2 Z K S s 15V FF %F R ) 46 I H R 5 /N
{EL . BPY 7 5 3K 2 B R 43 0 A 15, 00V @ 3] 15+ 0. 01V
M 15+0.02V 1F 8T o L AR To ik 3 B8 7 & i s AL 8
AL KSR 15 + 0. 03V JIr X I il £k 14 Jie KA /)N
TSI s 15V i % 0 Y il 42 i d5c /M B E £
FEAESHWH L 16V T AL 825 i th i i e A28 b 7
[F] 9K 2l By Hs o 15 + 0. 03V I A% Jaedds i i 1) Hl JE 28 Ak i
WA 28 584 AT LUK 43 12K 3R W7 7% 1% J% 2 AT DL 43
Hriz g & + x J5ia) LUK R M 15. 00V B E] 15 +
0. 03V I A5 A5 fb . [R) B AT DL AR & 2 7 & Hofth Jr
ORSEEDRE S8 E S VA =R IS ERNETR g S I FS
3 FiN.

7 &R

BET R A DRIE T. 2456 8 73 A T A 6lE
BT R ) % P 0 B H B 3 5 SR FH X R T B R A ]
T PR RE H BH 2 B A SR A O 4 AR B R SR 4 oK
GE AT LUK I E A1 6 1A% 28 A . Hy TR U
s EL ) A 7 A T 3% o e gty = e A A A SR AR Y
% 22 R 0K e g mi BEL A A A S T 5 1 3R T P R R
RE. LR R, B AR REESN R EEL T 0.903mV/
pm, 3 BERALF 12, 3nm.

2% 3k

[ 1] Christofer H. From micro-to nanosystems: mechanical sensor go
nano.J Microelectromechan Syst,2004,14:S1

[ 2] Michael S C L,Gary K F. Position control of parallel-plate micro-
actuators for probe-based data storage. J Microelectromechan
Syst,2004,13(5) : 759



1594 SR S NI %29 %

[3] Borovic B, Liu A Q,Popa D,et al. Open-loop versus closed-loop [ 6] Jonah A H.Thomas W K.1/f noise considerations for the design
control of MEMS devices: choices and issues.J Micromech Micro- and process optimization of piezoresistive cantilevers.J Micro-
eng,2005,15:1917 electromechan Syst,2000,9(2) :226

[ 4] Partridge A,Reynolds J K,Chui B W,et al. A high-performance [ 7] Ingo B,Lutz D,Erwin P. Piczoresistive cantilever as portable mi-
planar piezoresistive accelerometer. J Microelectromechan Syst, cro force calibration standard.J Micromech Microeng, 2003, 13
2000,9(1) :58 S171

[ 5] DongJian,Li Xinxin, Wang Yuelin, et al. Silicon micromachined [ 8] Wang Zheyao, Yue Ruifeng,Zhang Ruoxin,et al. Design and op-

high-shock accelerometers with a curved-surface-application timization of laminated piezoresistive microcantilever sensors.

structure for over-range stop protection and free-mode-resonance Sensors and Actuators A,2005,120:325

depression.J Micromech Microeng,2002,12:742

Development of a Displacement Sensor with a Sidewall Piezoresistor
and Its Typical Application”

Sun Lining', Wang Jiachou'*", Rong Weibin', and Li Xinxin®

(1 State Key Laboratory of Robotics and System , Harbin Institute of Technology, Harbin 150001, China)
(2 State Key Laboratory of Transducer Technology, Shanghai Institute of Microsystem and Information Technology ,
Chinese Academy of Sciences, Shanghai 20050, China)

Abstract: For improving displacement sensor sensitivity to detect the motion in-plane and to improve the vertical sidewall surface,a
new displacement sensor used for detecting motion in-plane is proposed. Piezoresistor technology is compatible with the other mi-
cromachining technology. This sensor can be integrated with other devices easily and fabricated with ion implantation technology
combined with deep reactive ion etching technology. This design doubles the sensitivity compared with the conventional design be-
cause it puts the piezoresistor on the surface of the vertical sidewall of the detection beam. Besides using vertical sidewall piezoresistor
technology, this displacement sensor has been applied to a micro xy-stage to detect the stage motion successfully. The experimental
results verify that the sensitivity of the fabricated displacement sensors is better than 0.903mV/pum, the linearity is better than
0.814% ,and the displacement resolution is better than 12. 3nm.
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