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Elastic modulus measurement of thin films using laser generated guided
ultrasonic waves
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ABSTRACT

Regarding thin films in MEMS/NEMS structures, the exact evaluation of mechanical properties is
very essential to enhance the reliability of their design and manufacturing. However, such methods as
a tensile test and a resonance test, general methods to measure elastic moduli, cannot be applied to
thin films since its thickness is so small. This work concerns guided wave based elastic modulus
measurement method. To this end, guided wave excitation and detection system using a pulsed laser
and a laser interferometry has been established. Also an elastic modulus extraction algorithm from
the measured guided wave signal was developed. Finally, it was applied to actual thin film structures
such as Ni-Si and Al-Si multilayers. From experimental results, we confirm that the proposed method

has considerable feasibility to measure elastic properties of thin films.

1.4 B & FEA e 4 olgHE e, o
ol gpe W i @y, wuel Fgos 4 gel

o BAoR 54 Ane| SulE ol&x Aue A FF uk ® ey vk JAIR, A7IAEEA,
=l B4 w7hE 9ste] AEe] FAEolor & ol FSHEE, W SE, A AREA dd A &
Aot WAAIFE AnHoR QY AFor 4 ofl $8HI 7] Wil olF HT txze] &
i glod, Hodde SFEAN Be 25 AASE AU SAT & e AR Ve
olgd T AT AR WA FrkE el aEal vk A uiere] SAG 1A
1% gk UgA Rl elgk A '] skl =4 FA4E S8l SEM= ol&% dAmEA U,
Tl 259HE ol8F T A 5 s o8 JIAA W, 2 wWHEAY <
A Al SAVIEY ¥ okt 34 B HAVEHE ol8shs FehRl BN, AWMAR 5
T o ol AWe egAGe] Hrte] o] o]g A W, ekl AW Fo] H&EHa glon,
i 9ok Ak olgjst 4 We nwd T B} 33 gWd RS @e 5 A8
ojglgo] EAATE
T4 A ek 489, BT G Ea i) vl dRde vela
P A 2 1 A71E Aetel ne 9 AldE
Tl (04868.5752 - Fox (0420868563 o e T
cl: - , rax: - < = < ST = 7] =] -
e A O 7l WEE SA%eRA FapnE SA: Vs,
wk AlEishL 7| AEkES e S oEke] @7)9F dEte. WE RUS/Laser

550



(Resonance Ultrasound Spectroscopy) Al22El-S ©]
g3t = om FAE Zhe e vk Al
Hrlels 71es Asdd?. =9 ®sE gk
Deger”, I & EHWJ Kushibikl 4=, o
uk AFEre] Wei W45 Ye 283 Hn|AL o]

=
=

g-ato] mfuke] gy 74]7—%‘ H7yetaLzt sl o, v
= Northwestern t&}9] S. Krishnaswamy I]’_—r( ),

1__

u]= NISTS] Hurley®,
dolAE o] &3 =
AoEEs
3l &9t
oJAI7HA] HEH Aol w}
o] Hr7hs UM
o2 HrlEa ¢)
St i e
of uAlE Aol W=
S-S ¢k vjx

= HAYete Li 5
O

JW'

4 w7

o

2 e W
o 2 mo &

o

=
o

ol
-/

>
e o
¥

N
e
=
=
S 2

o

o N ot
Moy 2

ol
ol
2

N

71 (substrate) - $Jo 4A
o]Fal Qlth Ynkd o= 714
Al wlste] w9 F7AG-RE
T AL, olgA whpgh Ity ok
Sk S|4 M348l 9= Generalized Lamb
3t} Fig. 13} Fig. 2% Generalized
Lamb Wave 4F 49| o Eo]t),

oft Hm to o

=
el
s
R
Kl

551

¢ (km/sec)

P

Figure 1 Phase velocity dispersion curve
for cr1 < cr, (soft layer on a half-space) Ref.

'Ultrasonic waves in solid media', J. Rose.
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Figure 2 Phase velocity dispersion curve
for ¢r1 > cr, (hard layer on a half-space)
Ref. 'Ultrasonic waves in solid media', J.
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Figure 3 Ultrasonic wave excitation with pulsed
laser: arrangement to establish interference pattern

on the specimen.
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Figure 4 Guided wave propagated in Al layer
of 1,000 nm thickness coated on Si substrate.
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Figure 5 Process for measuring the velocity of

guided wave propagating in thin film.

Figure 6 Optimization result of Ni-Si thin film
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