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Fig. 2 ESPI fringes in the bending test of the microbridge and the corresponding load versus

deflection curves. The dimension of the microbridge sample is 1102, 9pm X 364. 3pm X 9. 4pm,

1.1.2 fErieTR&NHE

PR T AR X G2 A 2 ) RUE J 18 A PR ] AR TR 8 G T — 2 AT B0y i e i) IR 8, 3 — T T
T e A AR T AN AL i A R /DN ﬁ%ﬁE’Jhfﬂﬁ/ﬁ%ﬂﬁ/ﬁﬁfﬁﬂ]%ﬂ%ﬁiﬁﬁ%ﬂ%*;%#ﬁﬁ,EE??BZ
DX G AE SN EAE FH N 27 A B R AL B s AR T | 73X — AR TR AT AT 38 K TR I 4 X 8 1 B 19 28 0% DRI 75
X Tl 7 B s v L P T JC 3 43 B . B2 o2 D o DR /A8 JE AN X AR TR B8 3800 ¥ . B R 3l A
R TN N W E B v K (ST e NS s T o I - N e i A e U [ Ry v S TR
YR AR IR T J5 2 [R] A SR T 1) R Y A8 A Sk i iR R n iz sh AR B . BT X T 2 WA i, ml Ly
e b 3 3 ) A L B R S AR IC A O 9k AR AR BT T B A AR IS BE A 6 T ROR B AR A DX R T A
SEM G JE k5] 2 45 5 v AR O 10 BE 91 3 78 /s ROBE ARG I 25 4 T SR AR AN 5 A 1Y, i SR8 1l B A
BERE i HiIE T2,

AR GIOPR 10V TN 194 G B e A L DX P BB 5 158 45 B b I s 22 08 BUb A2 R 91 T B b TE AR B XL
AN BE X 4 D 2K A Rk 118 45 1 R BB ek BT 0 B S e . AR R Y SR FH 4 oK R R R R 7 B T R AR O R A
R ICRES]  IFAE 10pm B 50 m AN [6] )8 B2 B B3R AR T O IR 91 B 98 1 A ¢ B9 b ic 22 B 3t
SR R T AN R R IR % B B ORI B 270 s 1 9 A R 0 B ) Bt 38 0k 7 R fc A R K AR T2 CEDMD
TE 20pm JEER I F 150 7 AL IR 40 1 Bk B SRS R FH P B R IR A A O 12 AR AR 1 (AL IR ke i <8 Bl 1Y



430 S, (2006 4F) &5 21 4%

AT A AT W 3 A R OB B R AE N 1
0V 1 AL SR B9 B 4% 9 140 e, 7E Bl I B 50 460 449 Fi
FES R IR R FE A 0. 8pem, 3R 14 7K A2 B ] A AR JE , %
far A 73. 5N &l 4 kg AH R B fIX 3R R IR AR T 1B K H A
BoRaA.

P B e R I SRS 0 S ] ORG 3 A7 1A U
F G GbR 10 RBE B 4 ] DRI A A U R 5 R bR
T RCT &Rl b 75 2 AT 40 B B py ) 8, RS B E
BB U IE AL, 40 MTS B Nano Indneter, ] DL J7 {8 H#i
A 1) RUBE DA f K B EC TR R/ B HE R Bl .
S PR 8 BOR B8 1T AP BOK IOBZBO TRIRARIC g s g et e 1T EDME 1 10 AL 0 B
#iEH AFM 5 SEM B #CF &, W AT WOk — T Fig 3 Microindentation array and microcavity
EFRICRES . 78 AT ARG I Hh 23 ) e B T X M AR K E defect produced by EDM
A 2. 4pm 3. 8um 6. Opm Fl 7. 5pm PUFP AR IC FF 51 76 % 2% B U h e AT iF 98 . o 1 3R 1545 10 X 1Y
WA TE 3,38 Y e RGO AR B R AL B 50 5] # R L 045 T A R 2 far T oz I B I 59 28 B 3%
I3AE . TEIZSL e vh A B R DRSS 0. 196pm, 6T 8 BRI A Gk 2 WS 2% k44 ],

o - 100
H o | g
20t 80 f— - . a -
<25] =] = s a9
i - = - -
~—. S0
g o U - -
ol = an [T "
g eyl o .
a0 |
U =g =mp < a7 T
.Dsn o5 o T i '?40 20 D 70 an
= LD 3 [ i)

P4 RS IC 9 M vk 2R A 09 B DX T IR 7 TR [ e LAz 7% 2K et 1B

Fig. 4 Two-dimensional microregion deformation maps displayed by the mark array and displacement vector
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Fig.5 Measurement configurations of the optical probe stage. (a) Probe and microobject are measured

simultaneously in the same ESPI system; (b) Only probe’s deflection is measured with the ESPI system
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Fig. 6 Measurements of bonding fatigue of a MOS inner Au wire with diameter 28pum (a) and tensile strength
and elongation of the silk with diameter 20pm (b); (c¢) deformation fringe of probe in the testing using optical

probe measurement system
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Fig. 7 Displacements and shear strain of a grain (unit: pm)
(a) tensile direction, (b) lateral direction and (c) shear strain
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Fig.8 Recognized grain boundaries and deformation fields under uniaxial tensile loading using
SEM. where (a) shows the displacement fields in tensional and vertical directions, respectively,

and (b) location deformations of the analyzed grains under different loads
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Fig. 9 Manufacture of micro/nano speckle patterns with laser deposition, chemical etch and anodic oxidation
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Fig. 10 Micro/nano speckle patterns on the surface of a NiFe thin film produced by electroplating and the

double-exposure Young's fringe and its revised spectrum caused by the deformation of the film
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Fig. 11 Some devices and instruments developed in our group for microobject and thin film measurements.,
where (a) and (b) are microscopic speckle interferometers based on the Linnik and long working distance
microscopes, respectively, (c) measurement stage using micro marker method., (d) micro positioning and
loading system, (e) and (f) are unaxial tensile loading instruments using AFM and SEM stages respectively,
and (g) and (h) are programmable driving unit of translation platform and calibration device of displacement

sensor. respectively
e
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Measurement of Micro-scale Experimental Mechanics
Based on Stage of Optical and Scanning Microscopes

LI Xi-de, YANG Yan, WEI Cheng, PENG Yun, ZHANG Zhao
(Department of Engineering Mechanics, FML, Tsinghua University, Beijing 100084, China)

Abstract: The paper presents an overview of the new micro-scale experimental mechanics concepts,
methods and devices of optical and scanning microscopic stages developed at photomechanical
laboratory of Tsinghua University. The research includes micro speckle interferometry, micro marker
method, optical probe method, grain deformation and movement analysis. In particular, it also
describes several devices and measurement systems developed in our group, which are double-field-of-
view speckle interferometer for thin film tensile test, microscopic speckle interferometry which
enables an alternative usage of conventional specular interferometry (CSI), ESPI, TSIP and phase
shifting for micro-object shape, in-plane and out-of-plane displacement measurements, micro marker
measuring stage for local zone deformation measurement, uniaxial tensile setups using in AFM and
SEM measuring stages for micro-objects and thin films testing and other instruments for micro-objects
testing, such as positioning and loading system, micro force sensor and programmable driving systems
of translation platform and displacement sensor. To prove the applicability of these methods and
devices, some applications of measurement examples are given and the problems and further research
on micro-scale experimental mechanics are discussed.

Key words: micro optical interferometry; scanning microscope; deformation measurement; micro scale

object; dynamic testing; mechanical behavior



