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Development of a Micro Tensile Tester for the Material Characterization and
the Reliability Estimation of Micro Components
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ABSTRACT

This paper is concerned with development of a micro tensile testing machine for optical functional materials such as
single or poly crystal silicon and nickel film. Two micro tensile testers have been developed for various types of materials
and dimensions. One of the testers is actuated by a PZT and the other is actuated by a servo motor for a precise
displacement control. The specifications of PZT actuated micro tensile tester developed are as follows: the volumetric
size of tester is desktop sized of 710X200X270 mm?; the minimum load capacity and the load resolution in the load cell
of 1 N are 3 mN and 0.1 mN respectively; the full stroke and the stoke resolution of piezoelectric actuator are Imm and
10nm respectively. A special automatic specimen installing equipment is applied in order to prevent unexpected
deformation and misalignment of specimens during handling of specimen for testing.

Key Words : Micro Tensile Tester, Piezoelectric Actuation, Servo Motor Actuation, Automatic Specimen Setting System

1. M 2

AMA(Active Mirror Array)e} 242 XKl G4 =),
BT FE, 2 o] - 818 AR AKX, F HE o
gdlo], & w47, F 727, #1342 BE, oA 2
B, &4 E7, % A7), F W) 59 20A
3 - ARANES o 5 S50 4T Flelg
A& Ut 23}, o]ES HHARFORE AMRHe
e A= rteln FAlol| 2P rAdo] SrEEZE,
o5 A;ARZ 3 AT, WA & X3
FZo] AFA el A3 HIr) o|Fo|Aof S} 24
Axo] AN Hrke 32 2% - 5o B BFo
g 7t FE WEEE, BF Az ol HAl sl
25 g2 I Hrul Fo] 3loH, o]E g5t AL
e a2 §40] t=A] g sit) gy, BEe

"E-mail : nklee@kitech.re kr

2717} Bl A goll mep 24 UiRe] A4Y, B
Holl ZR)3he 2 £3), vlaE So) Gafo] ARA)
s, dubd o 2 Sass A o) o3 By =
A ARE Ak Ao] Brhsa Utk wek,
ulolaz Fxe] Z7)E zh= AW B4 A &
3 A7} Az Pes) Wil Yok

2ol BAS 24 o E Q3 Y, 7
3 NY, A A, AR AEH Fol itk o] &
A A AlFHe AHHoZ GAF, YT T
Ao 5 e 7P G319l whgoln], wak 5
e 3 sitolu 24 glolx BAXE A
2 e ora RnEF oz Wol Aol gl
it zeju}, mlo)=z 1% Alge AlEHe
= 13l U AW HYo| 27T, AFH
X9 BA 2 AFErt AR oz Padt) o
ko] ThFE AlE W} A Y Wpdo] AR T 9T, U}
olZ2 ANEHe) QAL Brts) 93 2 (Grip-

© 4

o

Brorr ek o
[ox



28 ot - A - Y4E

- AYE - ol9% - e

ping) HHo] B Y ATE BU) AYHD

Ack. 2 FA7EA] diiRe] At ¢AR ARE
(SCS, Single Crystalline Silicon)°|t} tH2 A A&
aAlel Agel AFHol Yo, Bl Fefeist 2}
ol, wet G4ol gl Aol ew FF G438 F7b
T AoT GAEERE o]F AAlo] &3 nlo|AR A
dw WA siolof ¢ Zo W)

uto] 22 1 AlZM LE7e B FHAZFH
ol o] ¥l (piezoelectric actuator)L} 22 AR R E| 7} A8
S, o= %8 Adsiohs Adshs 2419 9
3 AT A AEE e HAol e AEE
5 3] 24 MR 54 e m2 ol Aol
B9} 72o] AR A BHE 75712 ARRElA Q1A
Y +AT 5 gLovk, Il Fein axle) A
o= AalEe] AN AW o] WYHE R YA AT
71 2 MBEREE ALLsh= Ao] Yyk el

71Ee] At F 2EHY Alo|AE AHE-8Greek 5
[11& SEM #u] ol $3% 5 J=2 18718 7
F319t. 7571 PZTE AMS AL A Hel YL
% TREL AZPelL TE T Y Ry |
MOW B HEo| ANEr]e] Z2HE Y Ax}s}
W42 AL ST ol NP PR FY
S0l HIEY S 2L A AF 0|99 35
& WS F ARl sl 2R e 22
AL F2e 33 A4S st 19084
Tsuchiya 521 ©}Fe] nlo] A2 1 A|FolA Al
HE A7)0 AT = HHOZ YA E Ao}
W e ARr1gos thAsts she 978 Alwst
oA}, 2o BA71e mlola QA Aol vl
4 ke PR AP A e 23 w0l

fr _Q

1

tlo

< A7) s d & e A 3w
O]‘:}.

Ogawa E[3]2 0.5ume] FA& zk= elolels A
HAAE =HEH S o] 83t AF s A RRHE o]
L5 A g712 Algssint rlola 2T 2ol otf 9
CCD 7125 o] &3t #2d BEXNPEZRE HE
g2 23390,

Chasiotis 5[4]2 H
322 ARMO|L} STME: 0|83 *1@14 3 ARE
A0 2 WY EL Alkele v

Sharpe 5[5, 6, 72 F41o] %
T2 2 AL wakE o ks 5 aTJr S

3d FH7t 52 | B A ol o143}
o W¥EE SYshs "PHASDG)E ARSI A8
2Ale b4 A8 (Poly-silicon)? Y& A3}

R, HFHE w798t A EH ¥ gold line
marking$ 23813tk Sharpe 5o Ajekgt wlo|a 2
17 AME719] Mol AlEH AIE Fig. 19 U
BRI} 53, Yi $[9]2 Sharpe 5o] )¢t ISDG
AN2"lE EAE OB JEsll, o] 5 o]43td SCSY

Laser

Fringe  [*1 Fringe
Detector {7

] Detector
SIS ILTS L —ﬁ’g

‘\ur”lllh-Jﬁ
S &\.
A1

Specimen Base 2 a . e -
(@) (b)
Fig. 1. A schematic view of the measurement system and
a tensile testing specimen of SCS thin film
developed by Sharpe er al.[6].
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Table 1. Micro tensile tests with various schemes and their results.

Method of Measurement Results Specimen
Researcher Load Displacement ngﬂﬁlss g?:;:;ﬁ §v1>z<f Material le?g ﬁiondg
(GPa)  (GPa) (um)

Greek (1997) Strain Gage Optical encoder 167 1.25 10xi0  Polysilicon Insertion
Tsuchiya (1998) Strain Gage Strain gage 2.5 2~5%2  Polysilicon  Electrostatic
Ogawa (1997) Load Cell Microscope 96 0.95 300%0.5 Titanium Screw
Chasiotis (1998) Load Cell AFM 132 50x1.9  Polysilicon  Electrostatic
Sharpe (1989) Load Cell Interferometry 176 0.56  200x200 Nickel Insertion
"Sharpe (1997)  Load Cell Interferometry 168 1.21 600x3.5 Polysilicon Glue
Suwito (1997)  Sensing Beam Displacement sensor 1.2 28x15  SCS Glue
Yi (1999) Load Cell Interferometry 169 1.2 10x05 SCS Glue
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Fig. 2. 3D CAD model of Micro tensile tester with vertical
type.
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Fig. 3. Specimen gripping components in micro tensile
tester with the servo motor actuating type.

Fig. 4. Micro tensile tester with the servo motor actuating
type and the specimen gripper.
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Table 2. Specification of servo motor actuated tester.

No. Description Contents

1 |Load capacity(gf) 100 | 500 (10005000
2 | Min. load(gh) 0.1105(1.01!50
3 | Load resolution(mm) 0.01)0.05) 0.1 0.5
4 | Total stroke(mm) 200

5 | Stroke resolution(mm) 0.01

6 | Min. velocity(mm/min) 0.2

7 | Max. velocity(mm/min) 100

8 | Data acquisitiori resolution(bit) 16
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Fig. 6. Vertical load removing system in the micro tensile
tester with the piezoelectric actuating type.
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Fig. 7. Automatic specimen setting equipment and the
gripping adapter in the micro tensile tester with the
piezoelectric actuating type.

'

Fig. 8. Micro tensile tester with the piezoelectric actuating
type.
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Fig. 10. Schematic view of specimen fabrication process and
surface of the fabricated specimen.
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