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Thermal Vibration of a Cantilever in Near-Field Scanning Optical Microscope
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This paper presents an investigation of the vibration of a cantilever in an aperture-less near-field
scanning optical microscope (NSOM). The vibration is measured with a typical aperture-less
NSOM system. Numerical simulations are made under the assumption that the vibration is caused
by an internal thermal stress of a cantilever. This thermal stress is induced by the interaction
between the cantilever and the light scattered by the probe tip. Experimentally obtained fre-
quency responses of the cantilever agree with the result of the simulations to suggest the validity

of the assumption.
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Fig.1. Experimental system to detect vibration of a
cantilever.
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Table 1. Data of a Si;N, cantilever used for experiment.

Probe shape Sharpened pyramidal

Thickness of cantilever 800 nm
Length of cantilever 100 gm
Width of cantilever 20 gm
Resonance frequency 88 kHz
Spring constant 0.37 N/m
Material of cantilever Si;N,
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Fig. 2. Experimental results for frequency response. (a)
Amplitude versus modulation frequency of the exciting
laser, (b) phase versus modulation frequency of the excit-
ing laser.

nm X2 TH, HOREBIRFHEIRELL TuawL, 2h
XL T40nm BED&% THEHICI—1+95 &, UEEE
F EENC T — b LIS, RIBOAS SBRER
DD, BREESRTOMMEL 180" FhTWws, ZdDHs
RIZ2EBEDEWEEDENICLZBILTICL > TuN
— Wb ATHWBEIERRLTWVS,

ZRIEHLTEI— bR LAY F U= 0l
&, RIESY0.01~0.0001 nm BBE DIEBSMH I LTV
5. ZORIER, EREEMITET — N3b 254t
RTCUVI0EBECLLEZSR Y, €a— 2 L0EBE, K
WisBie 22 2 Ldps, BUZ X 2IREIDVNZ B> T
2IedEZoNE, Lrl, ZOBSOEHOEREIL,
BETAIENTERN,

436 (26)

L >
<
Lg >
Substrate ST
® -
h
z Q
/ A4
NJL
w

Scattered light
N

y
\J

Fig.3. Model of a cantilever used in the analysis of
vibration.
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Fig. 4. Model of a cantilever bent by thermal stress.
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Table 2. Parameter used in simulation for a Si;N, cantilever.

Density of gold (Au): p 19300 kg/m?
Density of SizN,: p, 3150 kg/m?
Young’s modulus of Au: £, 78 GPa
Young’s modulus of SizN,: £, 146 GPa

Specific heat of Au: ¢, 128 J/ (kg*K)
Specific heat of Si;N,: ¢, 692.3 J/ (kg-K)
Coefficient of linear expansion of Au: a; 14x10-¢ K-!

Coefficient of linear expansion of SisN,: @, 0.4X107¢K™!

Thickness of Au: 7, 20 nm
Thickness of SizN,: /4, 800 nm
Thermal conductance: & 3.5 W/m?
Thermal conductivity: A 1.38 W/ (m+K)
Absorbed power: @, 189.75 W/m?
Absorbed area of light: L, 20 um .

Size of cantilever: L, b 100, 20 um

Coefficient of viscosity friction: v 0.005 kg/ (m-s)
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Fig. 5. Simulation results of frequency response with a
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Table 3. Parameter used in simulation for a Si cantilever.

Thickness of cantilever 5000 nm
Length of cantilever 200 um
Width of cantilever 30 gm
Resonance frequency 130 kHz
Spring constant 27 N/m
Material of cantilever Si

Density of aluminum (Al): p, 2690 kg/m®
Density of Si: p, 2340 kg/m®
Young’s modulus of Al: £} 70.3 GPa
Young’s modulus of Si: E, 229 GPa
Thickness of Al: i 30 nm
Thickness of Si: %, 5000 nm

Specific heat of Al: ¢
Specific heat of Si: ¢,

902.5J/(kg*K)
712.5 ]/ (kg*K)

Coefficient of linear expansion of Al: @ 23.1X10¢K™!
Coefficient of linear expansion of Si: @, 2.6X107°K™!
Thermal conductance: ¢ 3.5 W/m?
Thermal conductivity: A 168 W/ (m+K)
Absorbed power: @, 632.5 W/m?
Absorbed area of light: L, 40 pm

Size of cantilever: L, b 200, 30 gm

Coefficient of viscosity friction: v

0.005 kg/ (m=s)
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Fig. 7. Simulation results of frequency response with a Si
lever. (a) Amplitude versus modulation frequency of the
exciting laser, (b) phase versus modulation frequency of
the exciting laser.

T3, TDEHIX, EBa—12EL LV N—0FH|
122, (ERFEEES CHERREIC R S,

5. #& Bl

INFE Y MEDFu—T I L BEENE VvV N—DHE
TERC X 2B R HIE LT, &7, BELESFHE SR B H
B L 2EEOEHRAEEHL, HEMY 21—y
YT RITo 1. 2 ORR, HIES niiRE, BELE
BUN— RN ENTRE LIV N—DBEESTRICL 5V
INN—NEBDEFEI X > TEU 2IEE L, [ U EEREET
2O ERbyol, REMRIEIE, F/ A—FIVEITO
A= —Thol, ZOEBIKEI=a— T —5—D
AN X BIREDS D © 125G, ZOSBIIH LW &8
birote, iz, NNIVELEET, BIREZ T LKETE
2586, ZOEEEBRINL TE UV N—DIREI 2
$52LT, NSOMPBEBHTE 2 WEEESH 5 2 L1%b
»olz,

ARRDY S 2V —v a v TR, VN—DEMELERE
B X 2BYSH DOFENI X BIRE €T M LTS, EBR
TREEI— MRV N—THEIC X IR EEL T
Wiz, ZD7R®, VN—OBC X 2IREIOEE » EEICE
YB3, VAN—EHMEETORES A EFER L BR
BT SLEIC R B, kT, YIalb—yaYiZAnbs
TA—F —bIEHECHIE LI ECERET 2 0ESH S, &
NoDFENEITS 2T, 37 anfEBTONEWEOH

€ #F



HEA ORI b BIO ¥ 2 2, Dordrecht, 1995) NATO ASI Series 300, pp. 109-122.

KRG D—ERIL, CEERIENRE - |AERTE “= 5) M. Abe, T. Uchihashi, M. Ohta, H. Ueyama, Y. Sugawara
and S. Morita: “Measurement of the evanescent field using
774 =NVE « FRE ORI XV {Thitr, noncontact mode atomic force microscope,” Opt. Rev., 4
(1997) 232-235.
X B 6) S. Timoshenko, D. Young and W. Weaver: Vibration Prob-
lems in Engineering, 5th ed. (John Wiley & Sons, New
1) Y. Inouye and S. Kawata: “Near-field scanning optical York, 1990).
microscope with a metallic probe tip,” Opt. Lett., 19 (1994) 7) O. Marti, A. Ruf, M. Hipp, H. Bielefeldt, J. Colchero and J.
159-161. Mlynek: “Mechanical and thermal effects of laser irradia-
2) F.Zenhausern, M. O’Boyle and H. Wickramasinghe: “Aper- tion on force microscope cantilevers,” Ultramicroscopy,
tureless near-field optical microscope,” Appl. Phys. Lett., 65 42-44 (1992) 345-350.
(1994) 1623-1625. 8) M. Allegrini, C. Ascoli, P. Baschieri, F. Dinelli, C. Frediani,
3) J. Mertz, M. Hipp, J. Mlynek and O. Marti: “Optical near- A. Lio and T. Mariani: “Laser thermal effects on atomic
field imaging with a semiconductor probe tip,” Appl. Phys. force microscope cantilevers,” Ultramicroscopy, 42-44
Lett., 64 (1994) 2338-2340. (1992) 371-378.
4) M. Hipp, J. Mertz, J. Mlynek and O. Marti: “Optical near- 9) Fh)IIEG, EERETE, SRS TEEHYE 2 BR(GRILHEE,
field imaging by force detection,” Photons and Local 1976).

Probes, eds. O. Marti and R. Moller (Kluwer Academic,

27#% 85 (1998) 441 (31)



