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ARTICLE INFO ABSTRACT

Article history: Ultrasonic atomic force microscopy (Ultrasonic-AFM) has been used to
Received 4 September 2015 investigate the elastic property of the ultra-thin coating layer in a thin-film
Revised 6 October 2015 system. The modified Hertzian theory was applied to predict the contact

Accepted 7 October 2015 resonance frequency through accurate theoretical analysis of the dynamic

characteristics of the cantilever. We coat 200 nm thick Aluminum and Titanium
Keywords: . ‘ thin films on the substrate using the DC Magnetron sputtering method. The
Ultrasonic atomic force microscopy amplitude and phase of the contact resonance frequency of a vibrating cantilever
varies in response to the local stiffness constant. Ultrasonic-AFM images were
obtained using the variations in the elastic property of the materials. The

Nanoscale thin coatings

Elastic properties

Contact resonance frequency morphology of the surface was clearly observed in the Ultrasonic-AFM images,
Micro cantilever but was barely visible in the topography. This research demonstrates that
Contact stiffness Ultrasonic-AFM is a promising technique for visualizing the distribution of local

stiffness in the nano-scale thin coatings.
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Fig. 1 Schematic diagram of contact model between a cantilever
tip and a coated sample
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Fig. 2 Schematic diagram of a rectangular cantilever in contact
with a sample surface
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Fig. 3 Schematic diagram of the ultrasonic atomic force micros-
copy (Ultrasonic-AFM) system
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Table 1 Silicon nitride cantilever parameters

Length Width | Thickness Spring Resonance
constant frequency
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(b)
SEM images showing cross-section of the fabricated
specimens: (a) aluminum coating, (b) titanium coating
with 200 nm thickness
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in free space, (b) contact resonance frequency for each
specimen

Normalized amplitude

0.4

0.2 T
500 600

7—}7—H gl whE 3t 200 nme] FAE 2=

=zZ3}1=20
FAES

~ 2 Ru
Hhok GRS AZ SR A AlZE v IR0 FAE
%—Zé‘c‘ﬂ A ST 5%, EIERES 7% 23t ] vjelA
%ﬂﬂ%@

s
g

Ao %j&o}ﬂ %L Eshe %4 XIFT}
olt}. F34 0~600 kHz7HA] 9] W9 HMW £4
22k ReZHAelH 12} AR FIGE 90.23
kHz0]1l 23} IH-3 3534 554.30 kHz¥H o] e e
) A 2ARA 2 v gL Fig. 5(b)= F 749
A tste] AL "ol FFYS o TAE 449 A&

A3



Journal of the Korean Society of Manufacturing Technology Engineers 24:5 (2015) 475~480

AFE Jepdty, g8 w7t 285 26 HEshd
5] S50 wt MR bE HES T I E
g7t g T8I AES5s W 39 1
EFFIGE 424.22 kHzo| 1 Elebs ZEBZ| H&3F
249 13} BE AE2FAFIGE 451.17 kHzQE: o83 A3
FAFIGE Z47te] ABONA 7IFE gOoZ AREEY AR
mAgE g SA0 wiet getAle Yt 8 F Alole] A5
Aol 2 Q13 HEFRFIG7} wglshAl ok vhygt IHF
& o] o= AR HF W HE e ‘%ﬂlﬁ %
745 4.21 nm, 467.08 N/m$ 3L Elels FHF9 7
574.34 N'm@Qrk. o] W A& g §e ¥4 —&1
o 7}lIAlE dFe-2 550 nNo|tk AL Ho| A5 xH %
& o] & FY0E ofF3ld U] 1Fo] FolA]y)
wEo] Pah TAY HEFA(K)7} FolAH o]o) we} &
Fore] FEF 9P 3 Folit). oj¢} vl E HdHH Hel
AUH R 7o) B g0z o)F3lH NYHH ] AL ot
oX|A a1 710 whe Yy T HEFA|)O] Soldel wet
AETAFIR AZ3) 9 ghe Goland o]g} e B
A0 mE AEFAFIR 1F 2 9 Aol RE et
e ZEZAE ¥glE 2290480 AEY 75 9 91 ofulA]

it

)
i

)4
()
o=
o

T

. =
d
k

32
o

N

\li‘ﬂ
OIN'&OELFE
o & 1o o v B m

r‘ﬁmE

€ ds AL AR 9 o ARt ozt A 2] Y54
< Wzl Je @AouAE 3 e 2ior FAd H5d

= Stk Fig. 67 Fig. 72 717 43wy o 289354 E]E]'E“
i} Sl ik 1 SEM o|v)A|, ZEvtiAdv Y] =

o] o]u]X|(topography), ZZ(amplitude) Z I’ (phase 1mage)
o|mAE UeRd 2ol Fig. 63 Fig. 7914 SEM o]r|#|¢} =4t
o] oA FHZF FH 5A4S UehlaL glom JE 9 ¢
oAl A5 &g EAe oJ3) veRd Zloltk ey Hol
FHS 26 4] HEFur s 7IEoE 1Yy
He| AZ 9 gjado] olrl ol Ao v YehiH of
S} W2 Z1E 5l 9)do] wolAle FYelM ofFAl Uep A
Ao}, JHo.2 ol Ushle el Fuie) the oeut
o gekeiths 28 or)ggl o9} o] g9} Al HEAL]
o AETFUTE o] o2 FHAQ A7 I A
wstol] ofgt &4 549 B2E eonA=E 4A e 4 9
ok 2o arrdn] 4o % 9 9P ojulAle EHY Fyo] o
a|Ael] Hg) Bt £ FESAES e §lom gyto] ofn)
Aol A EskA] She Fits Bk AlEshA vepla

L3 olEl B 9 A oFIAE Fo) ARl A4 7 e
W F2E WA s E 4 Aok gk gAolwAlE 1
o7 Z(topography)ll Hlel ¥ ZEZAE % UehfaL glen
SEM 3Holw] |9} HlusfH ek ) 3£9] 4K (morphology)S

479

)

Fig. 6 SEM and Ultrasonic-AFM images of Aluminum thin
coating. (a) SEM image, (b) topography, (c) amplitude
image and (d) phase image of Ultrasonic-AFM
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Fig. 7SEM and Ultrasonic-AFM images of Titanium thin
coating: (a) SEM image, (b) topography, (c) amplitude
image and (d) phase image of Ultrasonic-AFM
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