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Study and Fabrication of Transparent Electrode Film by using Thermal-Roll Imprinted
Ag Mesh Pattern and Coated Conductive Polymer
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In this study, to fabricate a low-resistance and high optical transparency electrode film, the
following steps were performed: the design and manufacture of electroforming stamp, the
fabrication of a thermal roll-imprinted polycarbonate (PC) patterned films, the filled low-resistance
Ag paste using doctor blade process on patterned PC films and spin coating by conductive
polymers. As a result of PC films imprinted line width of 26.69+2 um, channel length of 245.57+2
pm, and pattern depth of 7.5420.2 um. Ag paste to fill part of the patterned film with conductive
polymer coating and then the following parameters were obtained: a sheet resistance of 11.1
{V/sq, optical transparency values at a wavelength of 550 nm was 80.31 %.
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1. M2 go%oldelets 7 7HA AFE& wFHA = v
o024 FHAF AEE ¢ JdE =HA As=

7 % S(transparent electrodes)S, 7FA] % <] A B BFSAE ARdnEd 9 Biadm
e FAEME AVARARL HAE 7154 < B 7 A%’ &7 78 59 F5A85e A
wabd 3024 LCD, PDP, OLED, FED 59 H% ERE S54RI o g AzxitdE e %
t&aEde] olfe® HXwd, v Az xtd B W] FEAT AR2E HFeA b ot
o, 78 AA7AE, FERdA, =44 8, FEAE ZHAARY dEAHY de AAF
ZFEAA, §A7]1718 Hugte Y, gtz FA(ITO, indium tin oxide)2.& FHE7} 4351
HEFHA 5 FHAE Bopol] &5z ¢! Aggke] @7] Wio] FHAT A2 g a9
FHASE vAFe] 1X10° Q/em ©)3}, WA 2ola Yok A gk o] F 1m0 9 FY&Y ¢
ol 10° Q/sq ©13tZ A7IAEA o]l $5tx 380 FY 71Fe] F%5 st ITO ¥rge A=E 93
A 780 nm & 7MAFA GG e Fatgo AF F& v 5 27ty vyt "eshy] i
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o @77t L 9¥L AT okl = Zeka

grige] ¥ ITo M59 A4 Z}— 9B =7
ojtf g¥ell= FAA7 Hi, BEL IAY A
S | 7IAAA GGl H s, 7]%3%9} 4

BFAST Ao o GRFeR A MUY BA
o] Mg FAHE vepln gleks
£ =EqME o8 e EAEE dEsr] A
71&9 110 § YAE F de FEAFTE A=
7F 4% & Ho|2E(Agpaste) B Hl 2] F5A 59}
°o]-§-3to 7‘1;(13]’ AFHEe F
BRAFEAA AN
E8t28 UFo dF-F 7491 FHE o] 83ty
AAAEE s F & Ho|AEE HE S#H o]
E(doctor blade)FL.2 Af1n AxRA IEAE &
g3t A geozA Hre JAFoy &3
A glol A2elM AAY nFdxe FHAF
PES 34% & A

2. RENS EE AR

21 HY A=

Ao AHg" 7|8 F9A S8txg FEY
PC(Polycarbonate) (DEI-1, BAYER)Z A}-&-319] o0
dE9 FAE 200 pm °jth BEE 4] SAHES
stebelr] ¢l pCc "WE 9ol PEN
(Polyethyenernaphthalate) (TEONEXQ65FA, Dupont)
PET(Polyethyleneterephthalate) (SH82, SKC)¥ F44
Zelayg "ES AMEEGen 7 489 EAL
Table 1 & 2T},

Table 1 Characteristics of plastic substrates

T, Tra CTE
Substrate & nsparency

(C) (%) (ppm/C)
PC 120 >90 20~50
PEN 150 > 85 10~20
PET 140 > 85 20~30

AAYE 9 AEEE 3 Ago AEF &
Ho]2EE 1 E(silver contents)®] 70%°17, =
(viscosity)= 10,000cps, ]ﬁﬁL(speciﬁc resistivity)<
1X10° Q/cm ¢! DGP-SP-11 (ANP) 2 Ho|~EE
A3 T

gt g eo] AMSE AEA nEAE LFE]
1.3%0°]9, XX 50 mPas, PEDOT:PSS H] & (ratio)
2 1:2.5(by weight)?] Clevios PH1000 (Baytrony& A}

£351 A=® AL 4¢3 DMSO (Dimethyl
sulfoxide)& Swit% 1ol FUTh

4y E-dZdY FFe AHEE HAY 2"z
£ 273 H(negative photoregister, THBYEZ =W IZH
3 Az =% 2 *‘74 59 F8E& AA
< PAIUL, o] & AFEEE B AT Y
A 2PER *1 HY-Zo F&o] sbed FA 200
pm 2 FEAd 2¥xoly, sj'l AU 40X40 mm
of &l A E(line width) 25 um, A 2} (channel
length) 250 pm ¢t ¥ Fol(height) 10pm & &
A7 HHi(grid mesh)d] HEE (=g HA L
A 2Fs gl

22 AY 3|

FRAsE & Az Adg AFsr] A 4
Y8 Jye e AHIE RAYG Ty
go @& Jtsta dA qrger Vg w9 4
ez QEdL FA3e PRl

e 2 3¢ Ao e 4¥-5 dTdY

AW(KIMM)S] TFAEE Fig. 1 3 Zon €3 9
zz%]_%] % oq/\é }\E-I]SIE x]—;‘d-z;_} _)I: /\)\‘—
gr)ol(click gear) BFYLE F /9 A= tE &
Hxg FAE £ a, F Wi ZFEEo e
6 7he] GAol 98] A& ~ 200 C7A 2% =3
o] 7bsstn A HFEE 1~ 10 mm/s 7HA] A A o]
7Vttt B B AE4E F Y ’g%ﬁ‘ A
B RE(servo motor)E AHEEte] ¢ ¥ E 1 ~
550kgf 742 2 VAl AAE e oy 3
A= 7} E(impression rol)Z T4 F ot

%NW

Fig. 1 Apparatus of thermal-roll imprinter

PC 5L €3-8 Ad¥ = AU ¥ HHE
gol=g o] 83ld & HoAEE FY AR
BE9 A2F YA (scratch)E A3} 7] 938 Fig.
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2 ¢} Zol AU t}7]F A E|(multi-coater, KIMM)
g ALEste 55 °9 7)&71E VA de A
gg] o= g ALg3d.

e .

Ink dispenser

25,

Ceomamic blade

Fig. 2 Apparatus of multi-coater

23 SHAS HE N F 39

: Pattamed statup

Plastic substrate

(a)

Doctor blade

Spm 8 .
+ Conductive polymer

Fig. 3 Fabrication of transparent electrode: (a) imprinted
mesh pattern on plastic film using thermal-roll
imprinting, (b) inking conductive Ag paste on
imprinted mesh pattern using doctor blade, and (c)
coated conductive polymer onto preformed mesh
patterned layer using spin coating

8 ASAR ¥4 Fig 3 ¥ Po] Eepad
ol 33 7l AHE olgste AAHd S
18t @A), FHEHIEE o83 & #Ho]
€ 4dd AA Add $d3e FAOE F

_—il,

[e]

NN

L4
=

gaideod, FAHdd & AR dAES 120CAA
20min AXAIA FJvh 9E ”alolﬁsﬂr A=A
& Ho|AEE o] &3 C 71¥ fo A%
A nEAE 29 ZY3Y %‘%‘% A3 gA
©F B39 FHEHAT
Z8E B3 FdA4d Az T84 #we 100 C
A 10min F¢ HE A
sl
°olst & TEE A=Y 5 AT AL
15 ¢oll @48t 2 ol A=A nEA
£ Yo ¥¥ HehE(flatness) ¥ ZE(roughness)S
FAANA BHF FEE AT F genz &
o] =YY I 4 IYPYLE AFsid FEH
o ZAHY Y A & A2 vE Hgz
98 t}F AXK(multi-layer device) A} Z}ol] E-alH &
s Asch

3. Y Aa
3.1 98-8 Ziol §Y

4.8 79l 4 22L& 79l & E(imprinting
temperature)i= 90 °C, Z+¢) & Z(imprinting speed)
Irpm o} HA¥EL T3 74 "E A HolE
Table 2 &} Zo] v @ 3}gich

Table 2 Result of thermal roll-imprinting test for plastic

films
Substrate lliesu]t of pa;t:im depth (pr:u)i
PC 755202 734202 741%02
PEN 1.55%0.1 1.49%£0.1 1.65%0.1
PET 4.08+£0.1 4.02+0.1 4.16%0.1

el h:o]7}. 10pm 9] 001/\4 2HE X oA PEN

£& 155201 pm, PET UEL 4.0820.1 pm &
ZV—’( ZdEA e, AuFez  ARAAS
(coefficient of thermal expansion)”} 2 PC T Eo]
755202 ym 2 ZAHo 7pE 2L 71l EAS
B3 AWFAs e PEN 480 7M1 AL
M3ks B3rh 9 A9E F3ld nE¥FHxo|n
Zrd ol 7 L2 PC BES VIO 755202
pm & ZHolZ ZIlE ZAA el HES Fig. 4 9
ol A3t
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Fig. 4 Result of thermal-roll imprinted mesh pattern film

32 Hx4 2 Hol2E &7 EH3

aRY ol ZEE o&d AxA 2 Ho
2EE ©E Eo=E ol &ty ZA4ud Hd ¢
o AMRew ol A AR o] E-F-E(roll-
to-rolyo] it EFE 2 o] E(roll-to-plate) T4 A =)
Hol FAE & Z& AW I Ex dHo|2E
g e REAT AL v BEg AAE
dajel ol BygolE £EE 3mm/sec, YHS
3kgf 2 Fig. 5 9 #o] 7 el Axy &
Ho|2EE HFHog FHE

Fig. 5 Result of inked conductive Ag paste on preformed
imprinted mesh pattern using doctor blade

33 @54 JEX 3Y Ay

PC FE 9o AxA :ERS Clevios PH1000
E 293y 3AE o43ty g FA4g 9
of 34 = O "AAY, B i % £}
EE Table3 3 Zo] v

Table 3 Variation characteristics of thin film thickness,
sheet resistance, and transparency for spin
coating speeds

Condition ressigte:r:ce Transparency  Thickness
(pmisec) "o (%) (nm)
500/30 41.91%3 83,7003 430%2
1000/30 82,6813 87.08%0.3 35612
1500/30  119.07%3  92.93%0.2 118%2
2000/30  151.54%4  94.68%0.2 97%2
2500/30 175214 9522%0.2 74%2
3000/30  198.90t4 958902 58%2
3500/30 226514 96.28%0.2 34%2
4000/30  268.16%4  97.73%0.2 2412

A A3 deqd 18R 97 FA T4
A ALE Fise HA3A T WA ol
Ae Ag AT 5 2on Fig. 6 9 AFs} 2ol
1500rpm &2 30sec FAE A3t 118.0722 nm
o gehg 4R o b ST "9AgHE F

HEE 9E Ak
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150 4

{9] Aovauedsurs g
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Fig. 6 Variation characteristics of sheet resistance versus
transparency for thin film thickness

34 £HAES B A FY

8- 239 TAHY AxA 2 HolAEE
Holdste] AzdE pC UF Yol A=A nEA
Clevios PHI1000 & ¥ 3¥ &} dtuhg 3 AJs}
Fig. 73} Zo] £943 IEL AZsA
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Fig. 7 Fabrication of transparent electrode film using
thermal-roll imprinted Ag paste mesh pattern and
coated conductive polymer

AZE 45 L5 E4E &As7] At
o z+ FA dA dF dHAY @ EAxE 54
sl en 1 2ke] W3E Table4 o] YERRRITE

Table 4 Variation characteristics of sheet resistance versus
transparency for process layer

Sheet resistance  Transparency
layer
(¥sq) (%)
PC - 100
PC/Ag - 87.24%0.3
PC/PH1000 119.07%4 92.93%£0.2
PC/Ag/PH1000 11.1%3 80.31+0.2

Table 4 olA] B X0
AEZ 2669 um & A7HE
ol£E AR 1 Hoﬂ %Ji%‘-‘ﬂ A=A
TAE 2Y FoezAM uATE 11907 sq A

fé} 4 ndzxe E*JOI 7&% HEZA FY%
Y FANS )M E Bt $& HAY EAHS
ZA =t

E3 5% PC WES 100%9] FHAEE P&
g & #Hol2E Az #A¥HE AT pc WEH
PH1000 & A3 pCc AEL Z4zt 1375+02%,
7.07+£02%2 RHAEE 74 Azey, & ES
E Ax ¥y} PH1000 & 23 %%‘%ﬂ% R R
o FHEe 80.3110.2%i yehgt

4. HE

o & WAE & At Add FEAFS A
A% % pAREE g & Aolasd, Ay
nEAE Fi @4 sged, & AxY A
SE 18D -%—%%4 2% FAls WY Fol

o

o
@Wiﬂ E‘ﬁ 21% B2728e ‘HE%}%Q‘#, AR
& 11.1Qsq, FHE 8031%9 F
19,1 OP a5 XH-EA *w}a% ol-g3] F

J

Zol E9low, E 2 FHE 4884 B 4
oA &4 Aol sshelet waw
uY S5 ANY L FARE 2E FHR

= 9§82 msw AMNE Hddel, 4F, A
77, & dol2E9] FF R AATR F @
77 Ba sk

% 7]

B oQ7E 49712978 4EATAN
(B551179-08-03-00)} A0 Aoz FHEUR
Y},
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