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Measurement of Tensile Properties for Thin Aluminium Film by Using
White Light Interferometer
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Abstract Thin films play an important role in many technological applications including microelectronic devices,
magnetic storage media, MEMS and surface coatings. It 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 reliable test method to measure the mechanical properties of a thin film. We have developed an
alternative and convenient test method to overcome the limitations of previous membrane deflection experiment and
uniaxial tensile test by adopting a white light interferometer having sub-nanometer out-of-plane displacement
resolution. The freestanding aluminium specimens are tested to verify the effectiveness of the test method developed
and get the tensile propertics. The specimens are 0.5 mm wide, 1 um thick and fabricated through MEMS processes
including sputtering. 1 to 5 specimens are fabricated on Si dies. The membrane deflection experiments are carried
out by using a homemade tester consisted of a motor-driven loading tip, a load cell, and 6 DOF alignment stages.
The test system is compact enough to set it up beneath a commercial white light interferometric microscope. The
white light fringes are utilized to align a specimen with the tester. The Young's modulus and yield point stress of
the aluminium film are 62 GPa and 247 MPa, respectively.

Keywords: Aluminium Thin Film, Membrane Deflection Experiment, Tensile Properties, White Light Interferometer,
Yield Point, Young's Modulus
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(1) Thermal oxidation on Si substrate (5) Test piece passivation

(2) Test material deposition by sputtering = §
{6) Anisotropic etching
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Al (test piece)

x

Fig. 1 Schematic microfabrication processes to
make sputtered Al specimens with markers

Fig. 2 Five Al specimens on a Si die

_ End marker with FIB

Center Cr marker

Fig. 3 Enlarged half view of an Al specimen
having an FIB deposited end marker and
two center Cr markers by microfabrication
processes of Fig. 1
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« Microscope

Fig. 4 Side view of the MDE test showing vertical
load being applied by the nanocindenter, Py,
the membrane in-plane load, Pu, and

the posiion of the Mirau
objectivel11]

microscope
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Fig. 5 Modified membrane deflection test system
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Fig. 7 Configuration  of
sources(13]

specimen and  error
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Fig. 8 Fringe patiern for a misaligned specimen

0 04 0.8 x [mm] 14

Fig. 9 Fringe pattem for a well aligned specimen
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Fig. 10 Height measurement along the specimen
length direction in the initial loading stage
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Specimen #2
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Fig. 11 Height measurement along the specimen
length direction in the intermediate loading
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Fig. 12 Height measurement along the specimen
length direction in the final loading stage
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Fig. 13 Stress-stain curve
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Fig. 14 Stress-strain curves from 6 tests
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Fig. 15 Stress-strain curves from conventional and
modified membrane deflection methods
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Table 1 Mechanical properties from 6 tests

Test No. E [GPa] Syr [MPa]

1 60 250

2 62 260

3 65 240

4 63 250

5 62 240

6 61 240
Mean * SD. 62+ 2 247 + 8
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