u

) <

The University of Osaka
Institutional Knowledge Archive

Title | RETZECIMEZRADOES S BILYEEORET
ik DIER

Author(s) |#xH, B; 3k, 18R, 4, &H i

Citation aﬁ%*&%%éﬁiﬁmﬁ. 2010, 76(771), p. 1444-

Version Type|VoR

URL https://hdl. handle.net/11094/2894

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



The Japan Soci ety of Mechanical Engineers

1444

H AR R (A BR)
76 % 771 %5 (2010-11)

RRAZEE OMEBEREORF L B LY B BRI A NRE"

#w3C No. 10-0482

#om B ® Wk
R BT, F RO B

Development of Wavelength-Tunable Picosecond Ultrasound
Method for Evaluating Ultrasonic Attenuation
in Oxide Thin Films

Kei MORITA, Hirotsugu OGI*,
Nobutomo NAKAMURA and Masahike HIRAO

** Graduate School of Engineering Science, Osaka University,
1-3 Machikaneyama-cho, Toyonaka-shi, Osaka, 560-8531 Japan

Thin-film mechanical resonators are promising for high frequency bandpass filters. Amorphous
oxide thin films are expected to be important candidates because they are free from grain scattering
loss. However, it has been difficult to characterize their acoustic properties, especially attenuation,
which is a key parameter for designing a high-Q resonator. Here, we present a novel methodology
for evaluating ultrasonic attenuation in amorphous oxide thin films deposited on silicon substrate
very high frequencies between 200 and 300 GHz. This method uses the high sensitivity of the
refractive index of light in silicon to the wavelength near 400 nm. Detecting Brillouin oscillations
from silicon substrate, which is caused by the transmitted acoustic wave, we can evaluate the
frequency dependence of the attenuation coefficient in the thin film through an inverse calculation.

Key Words : Ultrafast Measurement, Amorphous Oxide Thin Films, Brillouin Oscillation
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Fig. 1 Principle of Brillouin oscillation (upper) and
measured Brillouin oscillation (bottom) for 400 nm
amorphous SiO, thin film deposited on (001) Si substrate.
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Fig. 2 The models of the multiple reflections of the‘ single
layer (left) and multilayer (right) without ultrasound.
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Fig. 3 The models of the multiple reflections of the single

Strained layer (8z) [Layer 1]

layer with ultrasound.
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Fig. 4 Measured (solid line) and calculated (broken line)
Brillouin oscillations of amorphous Si0,/Si specimen.
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Fig. 5 Schematic of the optics. Dashed lines show the
probe beam (wavelength A=400 nm). Solid lines show the
purmnp beam (A=800 nm).
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Fig. 6 Measured (solid lines) and fitted (broken lines)
Brillouin oscillations at the various wavelength of the
probe light, 400-375 nm.
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1450 PR D WEE RO & BIYREE O BEFEEORE
Table 1 Frequencies of SiO; film and Si substrate.
Wave length Frequency [SiO,] Frequency [Sl]
(nm) (GHz) (GHz)
400 46.66 23441
395 46.80 245.51
390 4720 256.77
385 48.33 270.69
380 49.18 284.77
375 49.28 29941

SIO, IEDRRFE 3T A FBRB LY HZER (pu,
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BEVIAVTWARYY) | 7z SiO BRI L7V vz
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TDZ b7 E—T R 400 nm DL XBHISH
7o T U NT AREND ALJE, SiO, BIZX L T—8d 5 &
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791 1B, ¥R, SiHOTIYNLT ViEENCE LR
BHXBNTRABZEFRE pgDZOIETTTHY, Thb
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Table 2 Fitting parameters of Al, SiO, and Si.

ZOEIIRETHY, SO ZBiT AEED -

Al SiO, Si
LON Ka LOX Ksion Hsi Ks
400 0.490 4.86 148 0 5570 | 0387
395 0478 4.80 148 0 5.744 | 0456
390 0.466 4.74 1.48 0 5948 | 0.651
385 0.454 4,68 1.48 0 6.185 | 0.714
380 0.443 4.61 148 0 6452 | 0945
375 0431 4.55 1.48 0 6.709 | 1.321
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Fig. 7 Brillouin oscillation of SiO,/Si with several 3
values for amorphous SiO, layer.
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