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Micro-tensile Test for Micron-sized SCS Thin Film

Sang-Joo Lee, Seung-Woo Han, Jae-Hyun Kim and Hak-Joo Lee
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Abstract

The mechanical behavior of small-sized materials has been investigated for many industrial applications,
including MEMS and semiconductors. It is challenging to obtain accurate mechanical properties
measurements for thin films due to several technical difficulties, including measurement of strain, specimen
alignment, and fabrication. In this work, we used the micro-tensile testing unit with the real-time DIC (Digital
Image Correlation) strain measurement system. This system has advantages of real time strain monitoring up
to 50 nm resolution during the micro-tensile test, and ability to measure the young’s modulus and Poisson’s
ratio at the same time. The mechanical properties of SCS (Single Crystal Silicon) are measured by uniaxial
tension test from freestanding SCS which are 2.5 ym thick, 200-500 #m wide specimens on the (100) plane.
Young’s modulus, Poisson’s ratio and tensile strength in the <110> direction are measured by micro-tensile
testing system.
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Fig. 2 Structure and dimensions of specimen

{a) SOl wafer {e) Etching substrate by DRIE

{b) Etching SCS by DRIE {fi Remove the oxide layer
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{c) Au deposition for markers (g) Outline dicing by laser

{d) Au patterning by lift-off
Fig. 3 Fabrication process for making specimen
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Fig. 4 Tensile stress-strain curve of the SCS specimen
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Table 1. Young’s modulus of SCS [GPa]

Direction <100> <110> <111>
Brantley © 130.2 168.9 1875
Sato etal. @ 125 147 180
Namazu et al. ® - 169.0 -
This work - 167.2 -
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Fig. 6 Stress and biaxial strain for SCS (a) and (a) and
strain versus load for determination of Poisson’s
ratio (b)

47



4l
o
+
%
N
=
1
o
o
0,
o

B
Y
o ¢
Q9
N
4 to -
N

O
- —

S ou= e o
o] & (100) THAA AL <110> Wk
AGgete] e vE AT
0.22~0.28 3} 8-A}5FS T}HED),

34
rg
g
(e}
5
O
N o)
i
LA e
tlo
>
o -y
%0,
= (o 32
ro i B

_ de, /dP
de, /dP

1)

4 2=

ol A= MEMS A 3%l
gelz vpete) J1AH B4

3 Wom ZAsgrh o] u W3

o &2
o
>
>

Oﬁ, 0_1.,

o ™

o o

£ o oo
= i)
3

D

[
o
>0

rH
B2z
£ 2

AgHA FHA ZHJLA Eﬁﬂ,% HAFo
Aol A 3k °F 167 GPa o EHAAFE &
W& dAEIGIE 2y ER 2 ATt A
A4 A o Qg Al v
o WAy B AL SHo| A-gE

g
el
]

%

>

[o %t
hu ol 2 o of

to o

%9, 12
N

2
e
w M
o % = 3
I -
ox T o
o
o
t
Ir
I
)
g{‘;
E
O ot
i
o

H? fz
o
e

e
-
2
R
>
>
ofo
o
@
2
3
D
=
O =
LA}V
14
N
lo
doopoh rEmoplr oW R

R 2 4o 2o O
o &
o
=
=2
>
ol
i
N
N
1)
o .
ol
>
§2 oz
rlr
o2
12
o
R

~
o
ko
_0|L
kY

A= 21 A7) ZEEO] AFNEARELL
SHZFERY 2 Z)EEArd T A A
(08K1401-00610)°l <J3ll 42 =] A5 T}

]
o

tpn=2

(1) Yu, M. F, Lourie, O., Dyer, M. J., Moloni, K., Kelly,
T. F,, and Ruoff, R. S., 2000, "Strength and Breaking
Mechanism of Multi-walled Carbon Nanotubes under

Tensile Load," Science, Vol. 287, pp. 637-640.

(2) Oliver, W. C., and Pharr, G. M., 1992, "An Improved
Technique for Determining Hardness and Elastic
Modulus using Load and Displacement Sensing
Indentation Experiments,” Journal of Materials
Research, Vol. 7, pp. 1564-1583.

(3) Kim, J. H., Lee, H. J., Han, S. W., Kim, J. M., and
Baek, C. W., 2006, "Residual Stress Evaluation of
thin  Film Using Strip Bending Test,” Key
Engineering Materials, Vol. 321-323, pp. 121-124.

(4) Sharpe, W. N., Turner, K. T. and Edwards, R. L.,
1999, "Tensile Testing of Paoly-silicon," Experimental
Mechanics, Vol. 39, pp. 161-169.

(5) Lee, S. J., Hyun, S., Han, S. W,, Lee, H. J. Kim, J. H.
and Kim, Y. I, 2007, "A Study of Mechanical
Behavior of Au Films by Visual Image Tracing
System," Advanced Materials Research, Vol. 26-28,
pp. 1117~1120.

(6) Bantley W. A., 1973, "Calculated elastic constants for
stress problems associated with semiconductor
devices," Journal of Applied Physics, Vol. 44, pp.
534-535.

(7) Nakao S., Ando T., Shikida M. and Sato K., 20086,
"Mechanical Properties of a micron-sized SCS film in
a high-temperature environment," Journal of Micro-
mechanics and Microengineering, Vol. 16, pp. 715-
720.

(8) Namazu T. and Inoue S., 2006, “Characterization of
Single Crystal Silicon and Electroplated Nickel Films
by Uniaxial tensile Test with in situ X-Ray
Diffraction Measurement”, Fatigue Frac Engng
Mater Struct, Vol. 30, pp. 13-20

48



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


