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Tensile Strength Evaluation for Thin Films

Toshiyuki Tsuchiya
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Abstract

A new tensile tester using electrostatic force grip was developed to evaluate the tensile strength and relia-
bility of thin film materials. The tester was constructed in a SEM chamber for in-situ observation, and was
applied to the tensile testing of polycrystalline silicon (poly-Si) thin films with dimensions of 30-300 umin
length, 2-5 umin width and 2 um in thickness. It was found that the mean tensile strength was 2.0-2.8 GPa
depending on the length of the specimens, irrespective of the specimen width. These size effects on the
tensile strength showed that the location of the fracture origin was on the edge of the specimen, which was

identified by the SEM observation of the fracture surface of the thin films.
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Fig. 1  Schematic drawing of tensile testing using

electrostatic force grip.



goobooooooon

202 SEMOOOO0ODO

gobobooobobogooboooseMbbog
ooobobobg (FRe.3)iseEMODOOQgO
gogbobooooboobooobbbooooboboo
gooboooobboooobboooboboo
goboboooobooboooobboooboboo
oooboooobboooobboooboboo

Insulating film Px’?be

-/

Specimen

a)

il
Power supply

Fig. 2  Procedure of tensile test of thin film using
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Fig. 3 Thinfilmtensile tester.
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Fig. 5 SEM micrograph of tensile testing.
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Table 1 Tensile strength of poly-Si thin film against
the specimen size.

Width (um) 2 5
© Lengh(um) | 300 100 30 | 30 100 300
Sample number 1 14 17 | 13 18 17
Mean strength (GPa) | 28 23 22 | 27 24 20
Std. Dev. (GPa) 0.61 052 045|048 044 045
Weibull modulus | 53 60 60 | 69 63 54

Strength (GPa)
e
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Fig. 7 Tensile strength of poly-Si thin film.
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Fig. 6 Thin film specimen for tensile test.

0000000 R&DODODDOOVol. 34 No.1 (1999.3)



gooooooes8uoooooooooo
4102 O00O00O0O0OO0OOOOO
0000000000000 oDDOFRg. 80
Ow=5umO 000000000000 OOO0
dodooooboooooooogogoooL =
om0 oooooggg
ddodoooooooooooooooooon
Joooooooooobooobooooooogn
odododoooooooooooooooooon
0000000 ebO0ooooogrOO
Dooddooooooooooooon
F:1—expf—ﬂ\
\ af
0o00DO0OmOOO0O0O0OOOOO0OOOOO0OOO
D00 OOD0OOOOO@MOODODOOOOO
O000Fg 8000O0O0O0O0ODODOOOOOOmM
gs3e6o000d0ddooooooooooon
oo0oooooooooooooooooon

obooboboooooo@

ayw=>5pum
1
09} w=5um
50.8 . | —8— L=30um
S 0.7} | L=tooum
-8 0.6 —o— [=300pm
o 05
o4
=]
5 0.3
0 0.2
01F e
0 ‘ \
0.0 1.0 2.0 3.0 4.0
Tensile Stress (GPa)
b) L =300 pm
1 -
5,09  L=300um
Z0.8[|—e— ws=bum
B 0.7} |—e— weaum
o)
006
005}
[) |
5 0.4
*g 03¢}
& 02}
0.1}
0 . .
0.0 1.0 2.0 3.0 4.0
Tensile Stress (GPa)
Fig. 8 Measured fracture probability as afunction

of tensile stress. The curveisfitted to
Weibull distribution function.
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Fig. 9 Fracture surface of poly-Si specimen.
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