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Proper Orthogonal Mode Analysis of AFM Microcantilevers in Dynamic Mode
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ABSTRACT

Proper orthogonal decomposition (POD) is a method for extracting bases for modal decomposition from the ensemble of
dynamic signals. Using the POD method, we analyzed the proper orthogonal modes (POMs) of AFM microcantilevers in dynamic
mode operations such as Tapping Mode. The POMs and POVs (proper orthogonal values) were computed through MATLAB
simulation for the 5-mode model of the microcantilever. We found that the POV portion of the higher POMs of the tapping
microcanilever slightly increased in comparison with no tapping. This implies that the modal energy in the fundamental mode can
be transferred to the higher modes during tapping.
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Fig. 1 Cantilever beam
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Table. 1 Constants and properties of AFM microcantilever
(OLYMPUS™ OMCL-AC240TC)

Description OMCL
Tip radius (nm) 10
Tip height (um) 14
Cantilever thickness (pm) 2.8
Cantilever length (um) 240
Cantilever width (um) 30
Spring constant (N/m) 1.8
Resonant frequency (kHz) 70
E (GPa) 176
p (kgm’) 2300
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Fig. 2 Tip displacement with (a) no tapping; (b) 90nm
gap; (c) 70nm gap; and (d) 50nm gap.
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Fig. 3 The first three POMs of the tip without tapping
are plotted with solid circles. The corresponding
LNMs are plotted with solid lines. (a) 1% mode,
(b) 2™ mode, (c) 3" mode.
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Fig. 4 The first three POMs of tapping tip with 90nm
gap are plotted with solid circles. The
corresponding LNMs are plotted with solid lines.
(a) 1" mode, (b) 2" mode, (c) 3™ mode.
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Fig. 5 The first three POMs of tapping tip with 70nm
gap are plotted with solid circles. The
corresponding LNMs are plotted with solid lines.
(a) 1" mode, (b) 2™ mode, (c) 3™ mode.
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Fig. 6 The first three POMs of tapping tip with 50nm
gap are plotted with solid circles. The
corresponding LNMs are plotted with solid lines.
(a) 1" mode, (b) 2™ mode, (c) 3™ mode.
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Table 2 The % of POV with different tapping gaps

mode
POV(%)
gap Ist 2nd 3rd 4th Sth
No 1000 | 00 | 00 | 00 | 00
tapping
o0nm | 99.998 | 0.002 | 00 | 00 | 00
70nm | 99.994 | 0.006 | 00 | 00 | 0.0
sonm | 99.948 | 0052 | 00 | 00 | 00
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Fig. 7 Tip displacement with 70nm gap tapping on the
surface with (a) 30% increase, (b) reference, (c)
30% decrease from the tip-surface stiffness.
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Fig. 8 The first three POMs of tapping tip with the 30%
increased surface stiffness are plotted with solid
circles. The corresponding LNMs are plotted
with solid lines. (a) 1*'mode, (b) 2" mode, (c) 3™
mode.
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Fig. 9 The first three POMs of tapping tip with the 30%
decreased surface stiffness are plotted with solid
circles. The corresponding LNMs are plotted
with solid lines. (a) 1*'mode, (b) 2"*mode, (c) 3"
mode.

Table. 3 The % of POV with different surface stiffness.
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mode
POV (%)
. 1 2 3 4 5
-30% | 99.996 | 0.004 0.0 0.0 0.0
k 99.994 | 0.006 0.0 0.0 0.0
+30% | 99.994 | 0.006 0.0 0.0 0.0
4. Z1 E9
Table 2 oA vlola = Mel v o] w1 gap Z|o]
o] W& POV Xt A¥E HA¥EW, ZUFoRE
TAHEE AFM oAM= 1 2 I ERE Fi4R 7t
e s HEZ HHdE: Y u= POV HE
o] 1 2k POM °l 100%7} YEl= AS & 5 2



=
=

2

POV & W3l% gap9] 35
vojslx et Ak FH
POV 727} 2 % POV

P
T

A

°|# 3t POV =
o} o] [1, 2, 5]
olsg 4 Uk =
olAZME YW Rde] A9
MR Eel §AE 1 2 POM o] HEHo] 9
Chi4] ey 158 gap o] Hashal ¥ Aol
S7tekd, & o A3 (severe) §13 “JE]7} H o
1 2 POM ZF-E 22K 7] A= 2 2H) POM o2 o

B g uyx]7} Aoy Ao g At

o~
T

2
=

5. =

=]

L &)

o

ZNAFE 7 | e A
nlo]| A= MEHH X

SE3t31 MATLAB A

m
of

]
=

nlo] ARG g o
ARkt

ATt

611

AbE POV ZHE U 7hHd tiste] 513
gap ©] AT E, 1A Aol TS At
(2 2 POM o] Ht} Weafj x| o]oupE R ko]
YA X% Frleke S 98 5 Ui

g9 HAE 7 5% vHy AeEs FUt
stal AA A A4 2 UhRle] e AARAES
kg sle] YElE POM 3 POV 9] W3S 313
skaral gk},

= 7|

o =EE 2 WA T 5 21 Aol oJste] A9l

ikl

P

Mo
ok

(1) Kerschen G. and Golinval, J. C., 2002, "Physical
interpretation of the proper orthogonal modes using the
singular value decomposition," Journal of Sound and
Vibration, Vol. 249, pp. 849-865.

(2) Azeez, M. F. A. and Vakakis, A. F., 2001, "Proper
orthogonal decomposition (POD) of a class of
vibroimpact oscillators," Journal of Sound and
Vibration, Vol. 240, pp. 859-889.

(3) Li, A. and Dowell, E. H., 2006, “Modal reduction of
mathematical models of biological molecules”,
Journal of Computational Physics, Vol. 211, pp262-
288.

4 Z&

ZER, T4, AdH, oY, 2007. “SHE

= AFM vlolA2Y W] AFPAuURE F
=7 oS ES I 2007 FA)5E)IEE
%/ KSNVE07S-08-19.

(5) Feeny, G. F. and Liang. Y., 2003, “Interpreting
proper orthogonal modes of randomly excited
vibration systems” Journal of Sound and Vibration,
Vol. 265, pp. 953-966.

6) o154, A5, 2005 “AFANREE o] &3
AFM mlola = g o] gafol] thsto]”

ot 24975 3 8)8] 2005 7 &) = ) 3= F, pp.

756~759.





