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Evaluation of Adhesive Strength for Nano-Structured Thin Film by
Scanning Acoustic Microscope
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Abstract In recent years, nano-structured thin film systems are often applied in industries such as MEMS/NEMS
device, optical coating, semiconductor or like this. Thin films are used for many and varied purpose to provide
resistance to abrasion, erosion, corrosion, or high temperature oxidation and also to provide special magnetic or
dielectric properties. Quite a number of articles to evaluate the characterization of thin film structure such as film
density, film grain size, film elastic properties, and film/substrate interface condition were reported. Among them,
the evaluation of film adhesive to substrate has been of great interest. In this study, we fabricated the polymeric
thin film system with different adhesive conditions to evaluate the adhesive condition of the thin film. The
nano-structured thin film system was fabricated by spin coating method. And then V(z) curve technique was
applied to evaluate adhesive condition of the interface by measuring the surface acoustic wave(SAW) velocity by
scanning acoustic microscope(SAM). Furthermore, a nano-scratch technique was applied to the systems to obtain
correlations between the velocity of the SAW propagating within the system including the interface and the shear
adhesive force. The results show a good -correlation between the SAW velocities measured by acoustic
spectroscope and the critical load measured by the nano-scratch test. Consequently, V(z) curve method showed
potentials for characterizing the adhesive conditions at the interface by acoustic microscope.

Keywords: Scanning Acoustic Microscope, V(z) Curve, Adhesion Strength, Surface Acoustic Wave Velocity,
Polymeric Film, Spin Coating
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Fig. 2 Schematic diagram of scanning acoustic
microscope

Oxide)®] SHAleh Abgolo] M=z 4o 3
o}, o] #zol FEWHHL 383 m, THLS 1200,
ae)ar A% Agle 577.52 melvh. gl HE
)@ 2= €943 (deionized water)7} AFE-E AT}
Ao 25T £ 25 wat 1 $X7t
Hglxofzit, mpekr] AL ~Elo|X o JEE I
Zste] 1 REE A FAEUY & AT
ANE 252 215CE DATA FX5te] 23
sh3Att.

3.2. Lt AR AE

Fig. 32 Uk 23X ZH](CSM Instrument
NanoSctatch Tester model; S/N 01-2526)5 e 1L
At o] wf A2 ¥ ¥ (spheroconical) 3 El
of tholohE= W& ARgatdlth, the 224 A
Ag sl AgEe T Fefolsol R
Ak Asbe Agwe] PR AEe] 27% e}
o BE A 23 dole 120 m=E Y
A stk 271 I 03 mNeE  3glor
03 mN/se] £z & HAxAer F7MAZoH
HAF 5 10 N2 AASI T v 252
off tigk g A% 272 Table 19 YeERARATH

ol

o

Fig. 3 Schematic diagram of scanning acoustic
microscope

Table 1 Experimental conditions of nano—scratch

test
Linear scratch type Progressive
Initial load (mN) 0.3
Final load (mN) 10
Loading rate (mN/min) 19.4
Scanning load (mN) 0.3
Speed (/m/min) 240
Length (¢m) 120
Acquisition rate 10 Hz
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Table 2 Film thickness measurement by SEM

No 1 2 3 4 5 6
1 0.329 | 0.347 | 0.295 | 1.032 | 0.985 | 0.985
2 0.328 | 0.337 | 0.295 | 1.055 | 0.984 | 1.055
3 0.337 | 0.338 | 0.295 | 1.043 | 0.985 | 0.985

Mean
Value

0.331 | 0.340 | 0.295 | 1.043 | 0.985 | 0.992
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Table 3 Critical load by nano—scratch test
Sample |l | s | m | o#s | ke
No.
1 222 | 213 | 254 | 842 | 881 8.41
2 1.86 | 2.57 | 2.33 8.53 8.61 8.51
3 2.06 | 240 | 2.28 8.19 | 854 | 7.99
Mean 2.05 2.37 | 2.38 8.38 8.65 8.31
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