H21E B2 e R R Vol. 21 No. 12
2013 4 12 A Optics and Precision Engineering Dec. 2013

XEHS 1004-924X(2013)12-3087-08
MEMS B 283 = 4E il 52 I Skt R #E

XEATF REFERFLF ORAAN
(1 PEEFE SRR TRFR. AT AN 310018;
2. BT EMRHATRE BOKAKITEZR £, b 2012035
3.LBRAEAY MABFHARERBK/ AAPIRAERER LR E, L 200240)

FEE 1 TR U s o AR L = 2 5 = kG B )t 45 R R i s 14, AR SO FaERE MEMS T8 & 7 —FlA]
FH T A RUEE =2 RO 00 o ) H 2 XA s I 3 o D e 500 8 I i P S TS AR (S S R e . R WMES &
K273 Wit TiE SN B 25 mmX 25 mm X 10 mm, B4l 12 pm o B P9 @ RO R 1 nm (9 =4EMM BT & . &G,
XN Sk ) L L R R AR A B AT T K. 25 AR R I Sk ) il e 0 Y L R 4L 5 e, A8 ) 0 R YE Bl R F S
s Bl 18] 53 1 08 F 10 nm B 43 BE AR F 25 nm SRR AF . JT A 0D Sk 25 44 TR B L0 B VIR BRI OB AR, TT 4R
B A K 2 AL B (NMMD | 58 iR A R B K B4 2K GORS B2 2R 9 2 4 5%

X # OEMATMNKMREEEAE ML AL RERE AR M

MES S TBI2; TP212.9  TBAARIZAS:A  doi:10. 3788/OPE. 20132112. 3087

Design and calibration of 3D micro tactile
probe based on MEMS capacitance sensor

WU Jun-jie* , Li Yuan, Li Dong-sheng, Lu Xin, He Ming-xuan

(1. College of Metrology & Measurement Engineering »
China Jiliang University, Hangzhou 310018, China;
2. Laboratory of Micro/Nano Measurement ,Shanghai Institute of
Measurement and Testing Technology ., Shanghai 201203, China;
3. State Key Laboratory of Nano/Micro Fabrication Technology , Research Institute of Micro/Nano
Science and Technology ,Shanghai Jiaotong University, Shanghai 200240, China)

* Corresponding author , E-mail ;wujunjiesimt(@gmail . com

Abstract: It is difficult to measure large size components in higher precision and a 3D mode in the mi-
cro-nano geometrical measurement. Therefore, a high resolution, small sized capacitance sensor was
fabricated based on non-silicon Micro-electronic-mechanical system(MEMS) technology. By designing
the packaging and weak-capacitance acquisition system of the sensor, a capacitance-based micro tactile
probe was developed to measure the 3D dimensions in micro/nano scale. Then, a 3D micro displace-

ment platform was designed to test and calibrate the probe. The macro-micro combination drive mode
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was used to design the stage and its moving range is 25 mm X 25 mm X 10 mm and the uniaxial resolu-
tion in 12 pym range is 1 nm. Finally, the range, linearity, hysteresis and resolution of the probe were
tested. Results show that the axial range is 4.5 ym, the lateral range is greater than 5 pm, the axial
resolution and the lateral resolution of the probe are less than 10 nm and 25 nm,respectively. The ex-
periments show that the probe has a good linearity and its advantages are simple structure, high reso-
lution, small volume and low costs. The probe developed can be integrated to the nano measuring and

positioning machine (NMM) to complete required measurement tasks in large ranges and sub-microm-

eter or nanometer level accuracy.

Key words: micro tactile probe; micro capacitance sensor; Micro-electronic-mechanic system

(MEMS) ; calibration device; nano measuring machine
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Fig. 2 Structure of micro capacitance sensor
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Fig. 3 Micrograph of micro capacitance sensor
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Fig.5 Principle of data acquisition system
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(a) Axial calibration model

R 4 S % 38 v D), A9 o B 1 0 Y R L
T TS BE 35 I 0 Sk ) 0 9 1 L 4y B 0 K
R RE . BEHE S — GOR BE 1 Am o 2% 2B LR 25 —
MBI R B R AR L AR BRZE R 1/10~3/10, 4
i AH OC 5K o i 25 A% B3 1 40 ) — B R JL g oK



%12 3

SR 45 MEMS Hu%85 = B0 6 K i B 3091

Z LK B ) = AR B A
Vi 2 S VB Bl 25 mm X 25 mm X 10 mm, K5 )5 4 1
nm Y = 2 R A i 0 Sk A o 2RE AT DA A2 e S
REE R T RS R E S s 7 pR .,

B
JERENE S

Ui

R TG SERIRTEE

M

T R E YR

Fig. 7 Photo of calibration device

5 MXARELZER

5.1 WELENR
o 8 BE M AL I S 1 e A R T 3K
LN YRR o 2 00 Sk ) 00 s /) oK OIS B R R
T IR S 307 B 7 5 A 100 nm g 4 B 4R A0 7% L
AR 8 FiR .
7.00
6.95F
6.90F
6.85F
6.80F

6.75F
6.70F

[TEIERS T

ulpF

6' i A A A i A i A A A A
0005 1.01.5 2.02.53.0 3.54.0 455.0 55
d/pm

P8 K 2

Fig. 8 Measurement rang test

B8, ISk fih & s34 0.5 pm A8 S B
I 5.0 o B Bl fi) 0 2 Y R Ik B ARBR (5. 0 ppm
A A R —8 pFL UL B A 2 B i) .
PRI 5 00 S F) Bl o 0 Y L 4.5 pme T
0 S A8 1) 00 B R B Sy B LR RO A AR R S
TR RAIR AUAE 0~5. 5 o A XA i) )
T PR AT 0t 25 OR R e I S ELOR T
5 pm,

5.2 ZMERIRHNK

HI T2 R BB R L 0 Sk A R A I S
PRy it 0 S A AR R PR B B 2 3 R R
FERY AT 3 pm B A7 03K, 7 Bl s AR 1A 2 R
0.1 pon Sy 2B BRI S 30 A K s % 45 19 K48
PEAT HL A AR AN 9 PR .

6.80
[ [ = Gl E
6.75 s
6.70F [IGE a2
R B
6.65F
& 660f
& 2
6.55F
ol -":::f:?!"a
6451 ok e
6.40—*

B9 et EE Al

Fig. 9 Results of linearity test

Hm WA HLEN: Cou =0. 107 77 % & +
6.376 44,4 FE R 0. 990 77, 5% 2 F Jy fil ok
0.002 59; M LA HL N : Cruvr = 0. 021 26 % &
+6.427 31 A R K 0. 991 83, 5% 2% F-J5 il Ky
0.000 09, 3k HA #4712 M . HLRE m) 2 14w
b Tl

IR A AL R A ) TAE &4 T AT AR
etk 5 RATRR R AR — SO BE . R WA 4 R
i 10 iR,

6.70
e HIFIEE
6.65 H e sl
—a [l R
6.60F ARICIEES
=
£ 655}
=
650 . et
645F
64075 s 10 15 20

B 10 R 4G
Fig. 10 Results of hysteresis test

IR T7 1« AR L 0 X SR B B BG4 137
BB R ZE LA 0.1 pm B EE RS B 20 2D B 8
Ja LATRIRE AP B [] 90 A A s LA . S50



3092 7\16%

e TR

%21 %

05000 K 1) i 1 e K 22 {E 2 0. 012 75 pFL g [n]
2SN 0. 002 24 pF, SRR, T fE 2
R TR .
5.3 oA

Pai - a1 S = 8 57 NI 2
S Sk ) RS B . S Dk & e AR L
T 158 BN ) A 20 BE AT 05K O A 4R P 4y
BTy MR R 11 s

6.460 5

6.459 OF| —a— 10 nmspist s
6.457 5| —e— s R

P | = 10 nmFH & BER
6.456 0 5 oL A P2
6.454 5F
15 i *—n —*
T 6as30f /
6.451 5F
6.4500F
6.448 5 p
6.447 0k
6.445 5 -
0 2 4 6 8 10
Steps
Ca) il i) 3 3% 3 00 3K
(a) Axial resolution test
6.452 5
6.ASZOk! . s nmssisitit i
6.451 SE|  —o— 20 nmsB gt A
6.451 OF 25 nmAy EELL O AR .
6.450 5k 0mPEHEHE | P
E_ 6.450 OF
S 6.449 5L
6.449 OF
6.448 5F
6.448 OF
6.447 5k
6.447 0 >
0 2 4 6 8 10
Steps
Cb) s 1] 43 ¥ 3 3
(b) Lateral resolution test
B11 a3 7 R 25
Fig. 11 Results of resolution test
S &3k

[1] MANSKE E,JAGER G,HAUSOTTE, et al.. Re-
cent developments and challenges of nanopositioning
and nanomeasuring technology [ J]. Meas. Sci.
Technol. , 2012, 23(7) . 1-10.

[2] PETZ M, TUTSCH R.CHRISTOPH R, et al..
Tactile-optical probes for three-dimensional microp-

arts [J]. Measurement, 2012, 45(10); 2288-2298.

P 11 np 0 ) 25 B R 10 nm B A HRLG BE
29 0.996 04, 2L FE 2 5 nm B AYHLA BE Dl 0. 925
62 4 4 ] A BE A 25 nm B AL G BE R 0. 996
15,25 20 nm B} A9 L4 B R 0. 955 66, @ ad LU
E a3 AT LA 0 Sk e 3 BE 0 O 10 nm, B
a4 HE IR F 25 nm,

ARSCHF KT —Fh AT T ok RO =4k R
I 7y v 25 2RIk o T Sk LA 45 ) T L (R R
AN HME AR S 5. BT aERE MEMS T4,
WA T — RT3 B8 7 B 1ol 2 AR iR
I PR 0 3 0 9 S B T A R A S T R
Ao T AT NP B R A TR TRORG 9 R T DA S A% Ik
GBI RE R G R E R T, IR R T B 4
Pe AT 25 nm, Bl 43 B8 06T 10 nm, IF HA
AP 2R I = eSOl e DU Sk o ISk A A e ) S
il 4.5 pom, 86 1) P 5290 FLOR T 5 pm T T
FH 00 Sk D038 B A% o ) = HE SRR & SE R T
T3k B o e e k. TF 1) Sk mT £ 1l 31 44
Kl B 5 A & (NMMD , DL 58 B E A K
BB 7. K B4 K ORS8RI 84 5%

AL JE Sk TAE 32 24 P 7 - WF S0 1) 1 4K
TS SRR BB AR b A 6 R L T AR R i B
J5 LA AR A 5 R [ 5 B8 22 () ) A A R AR AR
X Sk () EE A M IR RS LI AR ) LR A A
T R PR 1] 5 A 1 AR A A A AT D0 5 F S
Sk 1R 25 RS G BE R R 2 B Sk 58 25 40 B
Nk BEAME o B JE s R Sk 5 g oK I K E
H (NMM) i 4 5B AR #E 47 0F 58, 38 58 A 0 422 1
FARFEAF B TF K 58 1 MEMS Ht 25 20 = 48 i
B 3k 5 AR I i K T 6 I AR

[3] CLAVERLEY J D,LEACH R K. Development of a
three-dimensional vibrating tactile probe for minia-
ture CMMs[J]. Precision Engineering , 2013, 37
(2):491-499.

[4] TIWANA M1, REDMOND S J,LOVELL N H, et
al.. A review of tactile sensing technologies with
applications in biomedical engineering [J]. Sensors
and Actuators A : Physical, 2012, 179:17-31.

[5] PEGGS G N,LEWIS A J,OLDFIELD S. Design for



%12 3

R A MEMS H 285 = 4 Gl o 00 Sk B e A e

3093

[6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

a compact high-accuracy CMM [J]. CIRP Annals -
Manufacturing Technology, 1999, 1(48). 417-
420.
CLAVERLEY J D,LEACH R K. A vibrating mi-
cro-scale CMM probe for measuring high aspect ra-
[J1.
2010, 8-9(16):1507-1512.

BUTEFISCH S, BUTTGENBACH S, KLEINEBE-
STEN T, et al..

tio structures Microsystem Technologies ,

Micromechanical three-axial tactile
force sensor for micromaterial characterisation [ J ].

Microsystem Technologies , 2001, 4(7) . 171-174.
MELI F, FRACHEBOUD M, BOTTINELLI S, ez
al.. High precision, low force 3D touch probe for
measurements on small objects [C]. Proc. of EU-
SPEN ., Aachen, 2003.

PRIL W O. Development of high precision me-
chanical probes for coordinate measuring machines
[D]. Eindhoven: Technische
hoven, 2002.

BOS E J C. Tactile 3D probing system for meas-

Universiteit Eind-

uring MEMS with nanometer uncertainty [ D].
Eindhoven: Graduate University of the Technische
Universiteit Eindhoven, 2008.

AARFE. AT PR &AM Mgl 2%t
[D]. R . KiEH TR, 2010.

ZHENG Y T. Design of micro displacement
measuring system based on flat plate capcitance
[D]. Dalian: Graduate University of the Dalian U-
niversity of Technology, 2010. (in Chinese)
GIRAO P S,RAMOS P M P,POSTOLACHE O,
et al.. Tactile sensors for robotic applications [J].
Measurement, 2013, 46(3): 1257-1271.

XA, ARAKF. S BT S ORI RN 5
[J]. &% 4% T4, 2013, 21(2). 388-393.

1E& &

KREARQ8 ). B WL &% N 5]
2013 4 F o[58 2 B 4R W
ESVRERYIE N I E ST 08 X
87 T B 28 . E-mail: wujunjiesimt
(@gmail. com

[14]

[15]

[16]

[17]

[18]

LIU S J, HAO Y P. Calculation for spring con-
stants of folded serpentine micro-cantilevers[ ] ].
Opt. Precision Eng., 2013, 21(2). 388-393. (in
Chinese)

HE M,LIU R,L1Y, etal.. Tactile probing sys-
tem based on micro-fabricated capacitive sensor
[I]. Sensors and Actuators A: Physical, 2013,
194(1) :128-134.

A, REENA.F. BMAOKERS LHAE
FOREBHMBETTT]. & B R FE M|, 2010, 10
(23): 1505-15009.

SHENG Y, ZHAO M R, LIU M, et al.. Design
of micro force realization system and capacitance
[J]. Chinese Journal of Sen-
sors and Actuators, 2010, 10(23): 1505-1509. (in
Chinese)

TR, XX, LT, Fo—FEHONEKG)
K EMI M ER S EHRT]. ¥ wE 2,
2005, 13(2). 171-178.

JIED G, LIU Y J, SUN L N, et al.. Modeling

acquisition module

and control of a macro-micro dual-drive ultra-preci-
sion positioning mechanism [ J]. Opt. Precision
Eng., 2005, 13(2): 171-178. (in Chinese)

R N P8 NG €I Y (S U (el
[J). %% 4% 142, 2013, 21(3) . 717-723.
FENG H B.. Workspace of macro/micro actuated
parallel mechanism [ J]. Opt.
2013, 21(3): 717-723. (in Chinese)

PR RN KR ERE W T LID] M
M E AR BE . 2012,

LU X. Study on the System for Calibrating 3D
Micro Tactile Probes [D]. Hangzhou: Graduate
University of the China Jiliang University, 2012.

Precision Eng. ,

(in Chinese)

A OER1988 =), L, Wi i AR BN, il
+L TR, 2012 4 F o B 2k b
FRAFAR A 2, 5 B A Bk 44 ok
AR, E-mail; luxinxinger@

163. com



3094

%2l

ZRF 1957 —), B, HMRELH A
L B LRI, 1996 4 F AR
BTl KA 2, FENER
REFAFM L2500, F 8 H MEMS K8 TREHAR B AR I AR BRI
B 8F 5%, Email: charmingxuanl1987 @ it R AFE TR, E

gmail. com mail: lidongsheng@cjlu. edu. cn

T RAEF (1987 —), B, I 8 78 A, il
+, LA, 2013 4 3 H F R sgil

F ORA979—) B AT AL T
+ g TR R, 2002 4, 2004 4R
2007 4 R R 70 4R A o 1 VB
oA, BN E ORI
J5 1 0 BF 58 . E-mail: liyuan @ simt.

com. cn

(FRIERE REWET FEEH)





