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A study on low temperature process technique of
ITO/PES structure for application to transparent
flexible RF components

Sung-Jo HAN

Department of Radio Communication Engineering

Graduate School of Korea Maritime University

Abstract

Flexible electronics has drawn significant attention owing to its variety of
applications such as flexible displays, smart tags, and wearable product. Especially,
for a development of transparent flexible display with a mobile communication
function, RF devices should be integrated into transparent flexible substrate.
Recently, PES (polyether sulfone) has drawn attention for application to
transparent flexible display due to its good heat-resisting property, high
transparency and good flexibility. For a realization of transparent device, ITO has
been employed as an electrode due to its good transparency.

In this thesis, low temperature process technique of ITO/PES structure has been
studied for application to transparent flexible RF components. Concretely,
photolithograpy, lift-off process and low-temperature sputtering process were
developed to obtain ITO/PES structure with good electrical and mechanical

performances.
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Fig. 1. Chemistry structure of PES (PolyEther Sulfone)
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Fig. 2. The heat characteristic of various flexible substrates
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2.2.2 ITO% &4 54
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Fig. 3. Crystal structure of ITO(Indium Tin Oxide)
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Fig. 4. The Schematic of chamber in co-sputtering system

_5_



ITO Hutel

= SFAN77

Zro| &= A E ¢)o]H(Silicon wafer)E AF&3tth ITO vhet
of AelF delHe frE 9@ od EES AAST] #15HH
Acetone, Methanal¥} DI Water &8 o] &3l =3 A& &
gstAch =3, ITO ¥eke ITOWM inch, 90% In:0s3, 10% SnO2, 99.99%)EFAS A}
43kl Sputtering Moz A AZom ZF2 W Chamber W h¥E of
2x10° Torr7bA] &2 AAT 283 A ®9] 29S AAS] Y &
105 A pre-SputteringS 3 F MES 1 vt =S £33 ¢t

F 1oA Ho]= uie} o] Sputtering 3¢ W3lo] wE ITO wtute] F7 E
S dolrz] Y3l ITO A 39 E 100, 150, 200 W= ®HSIA Z ) ITO 8]
b Z32HA], Plasma A4S $8iA= 20 SCCM(Standard Cubic Centimeter per
Minute)e] 14% Ar 7F2E AFL3IY T, Lo Z3kE ulule] EXS oo}

ol Chamber<]

2 O[N

747t 5 23 7

—

Table 1. The growth condition of ITO thin films as power

S B gl
Substrate Silcon wafer
Target ITO
RF Power [W] 100, 150, 200
Growth Time [min] 60
Working Pressure [mTorr] 5
Ar Gas [SCCM] 20
Temperature [TC] Room Temperature




Type 1 Type 2
(@)

Type 1 Type 2
)

.

>

o8

Type 1 Type 2
(©

Fig. 5. (a) Grown ITO on Si wafer with RF power 100 W using sputter

(b) Grown ITO on Si wafer with RF power 150 W using sputter

(c) Grown ITO on Si wafer with RF power 200 W using sputter



9 50 Kol upe} o] ITO v4h& [TOEMAS] RF powerg Este] 4
g Aol F2eRN, 247 ITO vhate] S2d FAE SASIAY. &
2004 Hole e} Zo] SAHZAF 100 W A% 75 £ 5 nm, 150 W] -5
95 £ 5 nm, 200 We] A% 115 £ 5 nmZ 2tz SA YT

Table 2. The thickness of ITO thin films as power

RF power (W)

ITO
100 150 200

type 1 | type 2 | type 1 | type 2 | type 1 | type 2

Thickness (nm)
72 78 97 93 113 118
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WslE RE2 AASA Hiv, 92 we 297k @4

=2
o8] = == 7 $E positive photoresist, 7 WFHE negative photoresist2hal

UV Light UV Light

| Substrate |

(a) (b)

Fig. 6. The Schematic of Positive photoresist and Negative photoresist

3.2.1 Positive photolithography and Negative photolithography

Soft bake : Pre bake photoresist

Fig. 7. The flowchart of photolithography process
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3.2.2 Reverse Photolithography

1% 82 Reverse photolithography®] A4S Uehd X Eo|t} Reverse
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F718 2 od EFE AAS7] 95+ Acetone, Methanal®} DI Water &9
o] g3st] 253 AHE & F Sputterg o] &3 Udte FANF HEE S
Azt ITO7F 528 PES 7]#-& o]&3te Positive photolithography &%=
2ol W WAl Soft bake7tx] A&Fch W] HA DA E masket 71 A}
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ol& A¥stal UV lightE ol&sta] =3 345 223 APt w2 o
WA Al 120 ~ 1305 2%oA 5%3F Ha

Hard Bake #4S €W & vfx23E AAs L UV lightE o]&3she] 203t

ol B ZE 90X F

x A3 02 Develop &
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Fig. 8. The flowchart of Reverse photolithography process
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A4 Add Ay g ag

4.1 Growth time W3}o] W& [TOxRIE}e] EA

Sputtering powerE 150W= wAA 71 & 33 & =2 Ao =Z Growth
time-S 300, 600, 900 min®. 2 W3A| 7| ITORES PESZ|# Aol F2HAIA
Btk I A3 39 99 o] ITO Htete] S2H AL, FA o wet ITO Bhet
o] Ajzo] FolstAl et AT F&o] AlRto] dojfel wgl AMZo] AF =
SA, Ao ek S Hda, A 54 A3 Z2F 500, 1000, 1500 nm

SAHAS. PES 1&g ITOS Lub& <l wt=A ot 2 F4A 2T ol

(@)

Table 3. The growth condition of ITO thin films as time

S B H
Substrate PES
Target ITO
RF Power [W] 150
Growth Time [min] 300, 600, 900
Working Pressure [mTorr] 5
Ar Gas [SCCM] 20
Temperature [TC] Room Temperature
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(a) (b)

(c)

Fig. 9. (@ The Grown ITO on PES with time change 300 min using sputter
(b) The Grown ITO on PES with time change 600 min using sputter
(c) The Grown ITO on PES with time change 900 min using sputter
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4.2 RFAALe] $8-2 $3F Positive photolithograpy &4

Fig. 10. The photolithography mask

2 dATolA= RF&AY §8&& fsl 138 10004 Hols upeh o]
photomaskE glass®2 #| 2+l t}. Photomaskell+ coupler, 2-way divider, 4-way
divider, 93 x W37 58 £33 RFE2AS] o8 71x d" AAAAH Ao
13 109] photomaskE o] &3}la] Positive photolithographye] &34 g o] &3}
RFZ&7A /i x18stqt.
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(@) (b)

(©)

Fig. 11. (a) The positive photolithography using thickness 500 nm ITO on PES
(b) The positive photolithography using thickness 1000 nm ITO on PES
(c) The positive photolithography using thickness 1500 nm ITO on PES

13 118 RFA&A $8S 98l positive photolithography 34-S o] &3t z}
zF ITOE 500, 1000, 1500 nmE FZHAIA ZE x5 3 ZS YEHIL 3
o B|ZE o A= Acetone, Methanal#} DI Waterg o] &3tdal, 19
1104 Hol= npe} o] ITO Hhete] AA o] 7jo| A AW ITOR o] A A& o
of & Fio] AAHA ¥ vz Foldt. 1¥ 11-(@E EH ITORY
T3 FHETE HoluAT, ITOH ] A S0 7oA A YetUddt. =
g 1% 11-0),(0+= ITO¥ ] 38, FrkolA "o x|ut [TORe] A

gol MoAAI A edal Fde] wiupe] S o= ]I A7F, Y3 A &

ot
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g Zoz AoAEnh AR 2911-(a), (b), (02 AFA & 4 A%o] RFA
Aol &gl o] maskE o]&3}e] positive photolithography &4 & PES7]
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198 129} o] ITO ®vute] FA 2 Q8 photoresist® A A FHojof & R
ITO wto] o} lojof RE9] Aol REs|xd wel ITO| Hheh s o]
AEAA A gFertal AgE n.

ok

ITO PR

E

PES Substrate

Fig. 12. The Schematic of grown ITO on PES

4.3 RFA&AF2] &8-S $13%F Reverse photoliithograpy &%
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A FE7EA s et itk w3, ITOW e A o] 7joj AR &
I o] wato] FaF o R Qe YA, F8d A 45T ZAoE dAdd
o meta FH O EF9AE RFAA &S 9% ITOPES A2 FAH7|HOo=
Reverse photolithographyE ©l&3F FA 7ol ¢33 AHE 74 & o=

BebE )

b}
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Fig. 13. The Reverse photolithography using thickness 1500 nm ITO on PES
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