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Flexible Electronics Fabrication by metal nanoparticle direct nanoimprinting
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AZAL 7]ES] el ATV AARLAE HEE Ve H2d
A7kel gE A A7)7171E wEE foplA aA s
WwaoQdnh [12] @A T ARERAE Alxs7] 9@
Wol o]&¥1 &= FFF5ZH(vacuum deposition) T} F2]
Z}(photolithography) 3IEld2> F=Z F7]&E Z(inorganic
material)oll thal] =3} =o] Qv SARE FAG i
A 7R VIR Ao w Gzt @o] 2ol FAAe]
etchant, photoresist, developer 52| 382 &7 A o] &
7] oyl aga dAHew 7jEe F71E §59
TAES & XX TAHol B, B WAE de=
st ohekek vl AR A EAES wEsta wet
A g7sl kel A Eelt [3] sl =] A4 =Zd
v 7] < (direct patterning technique)= AI]E A =(gate
electrode), Zx2=(source), =@ U(drain) A=, HE=AEH
(semiconductor) 5] ©F3 TIsAHEL] NFTHy F
27 g S A ¢ e o E AAHY
Ax Jot s 2 HEd WHSZ micro contact
printing[1], drop-on-demand inkjet printing [3], solid state
embossing[4], screen printing[5], laser induced forward
transfer[6], nanoimprinting[7] & ©] %1t} Inkjet printing > =
A g gyt sEde] gold wiiel B2 Eof
oA olgw 1 glor} d|AE=7} 20~50 micron ©.& A3
wo] Q7] Wil arleAe HALAE eV e
Agsirh[8,9] e ZdE L FA~FHU =] It
s 78T 7 Jde FI AFHZHE BRoIx shAT
g 544 e stee EAo fA9 e A4
S ook 37| Wil AeA HAY fElHdoel(glass
transition) & WEU= ol AldA = o] & o] gt
wel BE mEFo] 1000°C o)A e F5%

oot 1

- =
e Zagas] gt 718 g zy 34
28R edrdg g o fHe FE5AFELE lift-
off Ph2zint o] F vl o) st itk mebd vhe
JrAYe FE hsl 0§ o oY Ay =
Yo ERE @ 4 9l ne 4% Zage 3

=
EetdA Ynedxdge] e ndEdEE FASH
A FEEES dd FHor AH ZAYE 5= e Al
Mde] yed=zdy FA4S /3ot [10,11]

=
== 2 (nanomaterial) & surface to volume ratio @<=
A bulk)el A B 5 gle R 54 debdt #
Aol A ol &5 T Y= gAE ThFd &
e 2 AFdA 53 FEae E4L o
it

AL A7l E94 degAR eSS 9 2~3 nm
T9o] Yx9iAE 100°C A4 W §83S YERA
Hh [1213] o] & &§H A RS 5 EAS

ool o ofke

HE 1000°C 7} ¥ dH3 &Aooz JMFLEE
FolAl ik W 2L F&5E o8 F AU Tt
TS dols B ol 5% Yx=dAE wEdS
W A (nanoink)F el HAl wHE S Q7] Wl
HE 2rdAME &84 ojdoR 2EE Folx ¢ud
T fAELdS A4 HEYEE £ Ade I s
F=dzag, Jax T3y, A9ay 55)% o &%
T AA gt

2 ®)

Golc
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80T 140°C
Fig. 1 Metal Nanoparticle direct nanoimprinting process

AA A FAL Figure 1 o Yol (A~-B) 4 two-
phase method o <J3] 3% alkanethiol self assembled
monolayer = Z®H & Y=Yz (2-3nm)E  alpha
terpineol §-7)-&ufol °F 10% wt = EAS AAA 72
o YxfiAYaE weEr aga yxgas £y
Zl#H el A" 7iet (C-D) Yk YdEe 7HA
il 9% PDMS Z2EE U7t 7heiA Qe ZehaE
7139} ell i oF 5Psi o] w3 A4S vheth 19k F
Ale] alpha terpineol & =& 7] 9§ S8 7|
S 80°C 2 7}g3h (B) 10 ®AE =939 alpha
terpineol & 3] FTUAIAA Y=z dES vHEL
Ao 23154 pDMS E=+ AASY (F) Yx=d A
HEE v 140°C = 5 #3F 7FEEte] U=datse] &
FHo 5 HHs F4d

3. 80 A EE

B ZAS S gokst 7|9 2oke] yi/mlo]m R
=& sjelo] wEol AT} Figure 2(A)E BZHSZbe) Azt
3, 948, A vlo]aE FE e AFM o|H| A& HoF
Ao figure 2(B)= Yoo 2] <F 80nm A4 A
< 7 vk dde FES HolFEth HEE e}

dol 4 wddA A4 e Tdy He o g3
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S A e £ vlolZE] We Welel v
@ 2% PRAS 432 M TEY 5 ek Wy of
geb 2544 R guglel FEhegdgne =
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Ao Axgh @ 5 ek oleld FHL Bal wEolx
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Fig. 2 Metal micro (A) and nanostructures (B) fabricated by metal
Nanoparticle direct nanoimprinting process

Ui/ule] AR F& 63’“01 345 Yx/mlel R HAAE
2R o] 857 YA = dst 1 %—E FEo ol
TEUE=UATE AAY FH A4S Hojof 5&5}. O]Eiﬁﬂ
A2 PDMS ¢ 722 soft 3 =5

o] 7]%3} conformal 3+ &S &4 o}—y 0] 5 ]
Zob xuAHS Solal =0 dummy ?}_zﬂe =

2% HE F AT 3
AENE S8 ZPaE AR AoE dFow %F

7 A (dielectric) 2 4]
150~300nm =79 PVP & @AY} AT 1
2o 1 floll Fhe] "=l source €} drain & F4 U
A AH Y= d=Zdy wHoe R FAdsiglon mpx et
o8 F dFAtolel A Abde] WAHEHZA ¥ 5
sk FeEjo] {7 WMEAE AWAEE Y] {7 EWA
2EE S o714 source ¢} drain H=rAfo] 9]
7F ERA2~H channel & 3/d gttt Figure 3(A) © RHs
2 71 ERA 2] 729 Tl AR kAR
7] wr=A ] 3stA F-xE YEAT) Figure 3(B)©
7l Edx e A%S Ueldi  transfer/output
characteristics 2 UYeERATE F7] ESAAEE gix3QA
p-type accumulation mode & UYERHM 10°%~10" ] lo/lo
ratio £} -25V 2] threshold voltage & ¥ 91t} I-V transfer 5
4 a"EzdA {71 WEAS mobility & TsHH
0.004~0.006 cm’/V - s #k-& YEFATE
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Fig. 3 (A) Structure of organic transistors with air stable
semiconducting polymer. (B) Output and transfer
characteristics of OFET.

B o3Ae ol gd Zehay v)@gle] wE Edx2E
gl 1AL el ojs) ojw A Wats hopr.7] ¢
d Frlaet EdAsEE R em Fd 5 sle 4A

5 wEojA oA Fubie] dEd #53S 3
Zo tA] EU:MAAE S output/transfer EA1S SAH T =
g Adsol A9 WA &eS FRIskArh wEA &
TAE T HEAR 55 AREAEC] 18T Fd
A7 427G Ao o] &2 F Ae 7FsdS dSsAT

gafo] vhe

3= FA

o7 FA~

3AL A3

2o A

d 243 B

2% olgetel wABEe fel foE e sEE

THAAL FA-FUR] WEA FPINE 54E 2

FANYL FAAA2ANA o] g5 2SS AT

=7|

2 A7E SHEAGH A (G04090029)2] =g o=

TPHAEFTH
Hags
1. Zschieschang, U., Klauk, H., Halik, M., Schmid, G. and Dehm,

10.

11.

12.

13.

C., Adv. Mater. 15 1147-51, 2003.

Redinger, D., Molesa, S., Yin, S., Farschi, R. and Subramanian,
V., IEEE trans. on electron devices 51 1978-83, 2004.

Ko, S.H . Pan, H., Grigoropoulos, C.P., Luscombe, C.K,
Frechet, J.M.J., Poulikakos, D., Nanotechnology 18, 345202,
2007.

Stutzmann, N., Friend, R.H., and Sirringhaus, H., Science 299
1881-84, 2003.

Ganier, F., Hajlaoui, R., Yasser, A., and Srivastava, P., Science
265 1684-86, 1994.

Ko, S.H., Pan, H., Ryu, S.G, Misra, N., C.P., Grigoropoulos,
Park, H.K, Applied Physics Letters, 93, 151110, 2008.

Chou, S. Y., Krauss, P. R., Renstrom, P. J., Science, 272, 85-87,
1996.

Ko, S.H.,, Chung, J., Pan, H., Grigoropoulos, C.P,
Poulikakos, D., Sensors and Actuators A 134, 161-168 , 2007.
Ko, S.H., Pan, H., Grigoropoulos, C.P., Luscombe, C.K.,
Frechet, J.M.J., Poulikakos, D., Applied Physics Letters 90 ,
141103, 2007.

Ko, S.H., Park, 1.,
Luscombe, C.K. Frechet, J.M.J., Nano Letters 7 (7) ,
1877, 2007.

Park, 1., Ko, S.H., Pan, H., Grigoropoulos, C.P., Pisano, A.P.,
Frechet, JM.J., Lee, E., and Jeong , J., Advanced Materials
20, 489-496, 2008.

Ko, S.H., Choi, Y., Hwang, D., Chung, J., Grigoropoulos, C.P.,
Poulikakos, D., Applied Physics Letters 89 , 141126, 2006.

Ko, S.H., Pan, H., Hwang, DJ., Ryu, S.G, Chung, J,
Grigoropoulos, C.P., Poulikakos, D., Journal of Applied Physics
102, 093102, 2007.

Pan, H., Grigoropoulos, C.P., Pisano, A.P.,
1869-

214





