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ABSTRACT

Natural frequency of a nano-resonator via nano transfer printing is studied. Through a nano trans-

fer printing, the hybrid metal/polymer membrane may evolve a wrinkle. Natural frequency of a wrin-

kled hybrid membrane decreases significantly, as the amplitude to wavelength ratio becomes larger.

To address the design limit of a hybrid nano resonator, we perform parametric study using finite el-

ement analysis. Specifically, we study the effects of the Young’s modulus ratio of the metal/polymer

membrane, thickness ratio and wrinkle amplitude to wavelength ratio, respectively. The results from

the parametric studies can serve as guideline to design hybrid nano resonators.

x
rhu

A A}3) Z(flexible elec-
3l SH L Slrt o=

387154 7]

2047) A g S %
tronics)ol] e+ #AL F&
T A3 R Tk Fokr

olsit}, & Hofri Folxd gku FAddl 7|
of 7o) 7hsdteEs Y T ¢ e YA
£ t2EYo|(flexible display), ZHE FA ¢
ato] A = ol ¥ B A (thin film solar
cell), A} ¥ o] YU, {91 AA} FzE +

sl oFar et 7]¥H(thin flexible substrate)o]
A9 Az7E D5Aolm, o) HEAQA FA X

Eg) 4189 (photolithography) 373l A= 431514
o, fz& g4 7ol T& ol5rt Ha vk
NEE, AL o AAIRE Ay st

¥ Corresponding Author ; Member, Hansung University, Dept. of
Mechanical System Engineering
E-mail : juilyoon@hansung.ac.kr
Tel : +82-2-760-8008, Fax : +82-2-760-4329
*  Member, Hansung University, Dept.
Engineering

of Mechanical System

solmzbe Wsle] ek A BAE0] Hreln
Ak Salu Htel AAE dx HARIH (TP
nano-transfer printing) 3742 X EZ| AT TG
Mot 9% Fgol bsel g &
golst, 44 Aol Soeb
ELaTab L=

SEEEEEERRE

(nano-resonator)oll gt A gk Foj¥a 9t}
tie 32071] S4okRE 3k 1A, ol
BH
, *

ez, AN, R, Y S g

weel J1AY B4 54 5

A9 ATE 3

glioln, olgdont the 37
ol

24, 84, T

ol Wg At
University®] Teng” 152 = A} <14 &4%

oo
S

o
o
=
=
<
N
P

2
ro,
fanct
o\
uy)
)
N
N

¥ Recommended by Editor Don Chool Lee
(©) The Korean Society for Noise and Vibration Engineering

Transactions of the KSNVE, 22(12) : 1157~1163, 2012 | 1157



Juil Yoon, et al; Study of Wrinkle Effect on Primary Natural Frequency of Nano-resonator

0.

o x]/\]_o

B e AL
1

2 o ol
o Q9
ST
g
O_l.,oJ
"
N
2
wé

N
ﬂi
R

0
_‘EL
_;

o
w22
g

oA Al HH, o]z <QIgh wh] =
A’ olgjet AW whels o)) 3
Z20& A8 1Y, AHF o

(wrinkle)o] YER7 = S} 2 o] &4
% Ui 33719 afREs
7b =, olo] tid ATt
r’ﬂrH o] witolAE vhie WA
et v AAF FAe <))

N oox rE o of oo
2

(
¥

fo, Ok 2 o %t BN of &
on, M =

-9,
i;lo%ﬂ[‘ﬁ i ol 2
ﬁi‘l

Tl o oo
o N K-
prge
ol ot
AR T
0O, o
%ﬂrig
il
Eﬂrmlol
~o o
4”911;3;
OA
il N
LR o2
cr’*:l;ﬂ
lr_‘
o 3
= 4 3
o 2
e o
o
o,

2
offt
5
-3
=)
W
ol
ol
ulf

SLowE 1 of o X A
i
oy, H
o
Rl

AEAA AxsANA o] Brbsd d&54
QL A7l gk #ilo] SHAERE oltjel Ak
M= AEAHoR FEL vk AL A A
o= Z12hH|of(gravure), =% A (flexography), 3
H(offset), ZLEFH]o|-2 X M(gravure-offset) ¥} 7

o

A7 Sl 2 Ak T3 AFA T2 Hau o
v Ao R yx AARIHZE ok dA7HA
L Zdﬂ}oléﬂ TR R e EdAxH

T/
(OTFTs), &4 4

rlo

FH AP ERAAYH FollA A
THoR Hgo] AxFa e,
= AAE T NS ghERe] AdWs)

U 2tk (1) o]FS(transfer layer)¥} <14
(printable layer)7+e] A2 =9 (2) E]H]-o]
(device layer)¥} 2A&F7e] A%
g3t} o]FFTOoENE Tiupo]~
w7l WA QAHE ke o
AR RlAEA e A e Fig 13 % lﬂr

Teng” 18-& o3 U AARIGFAHE o] &
sto] Ui FX7)E A 15 AT ANE
reke] Qokehd, 35nm H(Au)¢h 200 nm E27hH

1158 | Transactions of the KSNVE, 22(12) : 1157~1163, 2012

Hlo]E(PC)9| dte]He|= WHFAS AT A
gate], A2 o]FF 9l 160 T &% 500 psi
of ggoz HAL o]Fofyr]. o]F T & PC
Hufo] = 5 olHZ|= WHFNS 130 C

o] 500psicl §FEE ThstaL BeskowM, Qake 3
) e 1S T A el L
AR BN FLF HE 1L TP AELE
= 710) 5T} dojo} ek ol

o)el g b AARIA B oI H2 Thuto)
WAE Q534 P, A A §olH, AE 2
Y Fol trd 3L A gHAw 2aH9
bl AR e % BY, AHFe o%
Fomue A w9 & gofob s, W ¢

=450 4%}47414, Q) °lEAY] & A2 o
ard, (3) AT g 28 AMgehe WHE

layer

A\
Printable P wh s 4
layer \\\

7

Device

layer
l( I)

l(n)

Fig. 1 Schematics of the nano-transfer printing
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Table 1 Parameter values used in FEM analysis

Parameter Value
Au(Ey) 78 GPa
Polymer(Ep) 0.1~10 GPa
h? 0.035 mm

L7 5 mm
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Table 2 The ratio of amplitude to wavelength(4/A) of
wrinkle structure

AId
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1 0 0 0
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