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Development and Applications of Material Testers for the Thin Films

Chung-Seog Oh*, Hyun-Gyun Ahn" and Hak-Joo Lee’

ABSTRACT

Thin films play an important role in many technological applications including microelectronic devices, magnetic
storage media, MEMS and surface coatings. 1t is well known that a thin film’s material properties can be very different
from the corresponding bulk properties and thus there has been a strong need for the development of a miniature tester to
measure the mechanical properties of a thin film. Two testers are designed and set up in small size of 62 mm width, 20
mm depth and 90-120 mm height to fit in a chamber of scanning electron microscope (SEM). One tester has a
homemade 0.2 N load cell and a low-priced electromagnetic actuator. The other has a commercial 5 N load cell, a 52
pum piezoelectric actuator and some novel grips. Two types of 3.5 microns thick polysilicon specimen are tested to
prove the testers’ applicability. The strain is measured by the two ways. Firstly, it is measured by an ISDG system in
the atmosphere for the reference. Secondly, the same test is repeated in a SEM chamber to monitor the strain as an in-
situ experiment. The strain is evaluated by observing the gap change between two markers.
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Fig. 1 The assembled 3D model of a miniature tester
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Specifications
- Model: BMDZ (Wazau)
- Rated Capacity: 5N
- Diameter: 8 mm
- Height: 15 mm
- Sensitivity: 1.5+£0.5%
- Nonlinearity: £ 0.2 % J
- Hysteresis: + 0.1 % ¥

Fig. 2 A commercial metal foil strain gage type

miniature load cell'?
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Specifications
- Rated Capacity: 0.2 N

- 8 Strain Gages (120 Q)

- Sensitivity: 100 mV/V

- Nonlinearity: + 0.25 % 4
- Resolution: 1.5 mN

- Hysteresis: 8 % ¥

Fig. 3 A homemade load cell
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Specifications
- Model: APASOS (Cedrat)

- Displacement: 52 pm
- Resolution: 0.5 nm

- Resonant Freq.: 13.5 kHz

-Force: 45 N

- Size (HxWxL in mm):
12x9x25

Fig. 4 The amplified piezoelectric actuator'®
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Specifications
- Force: 200 N
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Fig. 5 An integrated electromagnetic actuator



954 -

e ostFE: FXRYLFHHA] A 23 A A3 D

2.4 18

et Al gHe ZS el tho] (die) ol o
2] M APHE AXdE A7 Bk webA
o] AlgHd ZAF|E dH=Z AL A
= Pod we to]E olFAAH gl oF
A3 F kA WA EFA & 2¥ (02 1t
staick. AA Fig 6@t 2ol LA 449 7E
A2 (base jig) OF EAEC d7AME FAT
g, AlEH tho)E AT A3 AT (steel plate)S
o] AAo) UXHEF Gk A|PWY YHNE W
AN a7t AL AS o] d¥E vM 237
(micro manipulator)® o] &3l YoiA AW
o] A7l wWaolth, AlgHo] & thold & W
Foz ¥o Yt AP of HBE dojA ut
o wgog RIAAJH "o

AgHe YAE QWA vFA otz €
A4y 4 Hagol dad HodE Fig 6(b)%t
e g2 aye 439 A2dAE 1A
Aol 57}t 65°CAER &2 71 Jdo
2 e 428 ol&ste wWaeg, ¥ #
& 7% A& 9% (hot plate) oM 7tE% A
Bol| A Akl SAE vlE AEHA YolE &olF
ow g7t A ok o] AElelA the]e] ¢
Xg AgaA 2R3 H 2EE W APHS
22 foll AH nAsE wA el

Permanent
.Magnet

(b)

Fig. 6 Two kinds of load cell side jig to fix a specimen to
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Fig. 7 A miniature collet grip with SiC wire
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Fig. 9 The assembled thin film material testers
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Fig. 10 A silicon die (a) containing 5 polysilicon

specimens and an enlarged specimen (b)
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Fig. 13 Schematic of atmospheric testing system
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Fig. 14 Connection of SiC wire to a specimen
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Fig. 15 Stress-strain curves in the atmosphere
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Fig. 16 A specimen for the tensile test in a SEM
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