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SUMMARY

Combined technologies of display (display) and input devices widely
employed a touch screen technologies in the second half of the 20th century.
Due to the rapid development and the miniaturization of communication
equipments, the touch screen and its importance is growing up. Various types
of touch screen panels (TSP), such as pressure type, resistive type and
capacitive type using a transparent electrode has been developed. Capacitive
type TSP can be largely divided into two groups: surface capacitive type and

the projected capacitive type.

Recently, among wide-bandgap oxide semiconductors ITO is widely used
due to its relatively low resistance (resistivity) and high visible light
transmittance. I'TO thin film exhibits the lowest resistivity among the ceramic
conductors due to the increased carrier electrons by a non-stoichiometric
doping configuration (nonstoichiometry) with Sn. And the high transmittance
in the visible region, the low absorption rate in the blue wavelength that is
good for the implementation of colors. based on its outstanding electrical and
optical properties ITO thin film has a wide range of applications in many

fields.

However, current ITO based touch screen technology with glass-ITO film
G1F(glass-ITO film) method has a failure rate of 10 to 20%, and for glass
only G2(glass only) method about 30%. It means that 240 millions of
spartphones are bing discarded as defective out of total 800 million
smartphone produced in worldwide considering the 30% failure rate of the G2
ITO based touch screens. If the defects of ITO touch screens, such as

disconnections/cross-linking could be repaired, it would provide a big

,iV,



economical benefits.

The objective of this study is to develop a technique for repairing an ITO
based electrode by partial deposition through a slit with DC magnetron
spattering technique. By controlling the process parameters (DC Power,
introducing oxygen flow rate, substrate temperature control) a large area and
uniform ITO film could be deposited on glass substrate by using a DC
magnetron sputtering method. Moreover, electrical and optical properties of as

prepared ITO thin film were characterized and discussed.
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<Table. 1> Formed film to reactive gas

WA Tk s

Oxides (oxygen) AlOs, InyOs, Sn0,y, Si0y, TasOs
Nitrides (nitrogen, ammonia) TaN, TiN, AIN, Si3Ny
Carbides (methane, acetylene, propane) TiC, WC, SiC

Sulfides (HsS) CdS, CuS, ZnS

Oxycarbides and oxynitrides of Ti, Ta, Al, Si

A 29 EE gl A Bhebe w3 Tk AL Aoy n8A e e
shetE 18 o] B9 E3E FHE FA T Westwoodv BHEFo] g & 3

HS AASF T Fig. 5014 Holx whgA 7t~
of FdF W F2 ¢¥ 3 cathode A4l hysteresis7t YEFHTE Qro] wH3-A4
71AS] &, Q7 224 Zhzelth #B38 S£X7F dAEH Qo] Q)M Sk
o FARSHE S PoE "ol |THA AH). o= whEA Thxrt &3 whEsto

otk A Qo] deofe AR QuE HA HY FFAUHO
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=

Plo=z Weltth of7]A Q0] At SRS wbEA 7hae] f7Fol uhEl A
o8 ZHastty Py @ohB AAE). o] A9 hysteresis7t EA8HE o+ A ZHI 9
B JEl7} @435 th27] wolth. A AEelA v TtTt B S| o] &

N
£

ol Qo Z7hell meb Bbeh wheA 7bae] 4x FrbeTh A AHEA B
AR ol uhak Ao ALEE 3 W2 WkEA 77t targetd WHEE SHES
e 7] W&ottt Target o] 38 EE =X HH T targeto] olye}t 3HE
target O 2 WEE o] whggrh o]® Qlaf WA Tl T o4 ubr FAbe] AR

HA Fe AW el ZFshr] wiEel Qo] fastd, SHAHE oy e
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SYSTEM PRESSURE (P)

CATHODE VOLTAGE
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Q,(0) e v
REACTIVE GAS FLOW (Q,)
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METAL
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>
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[Fig. 5] Hysteresis curve in reactive sputtering

(a) pressure vs reactive gas flow rate,
(b) cathode voltage vs reactive gas flow rate
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1. Magnetron sputtering system®| T4

2 AFdA e vtIHER 29HY S o] &g ITO e S35 913 Fig. 6.3
e AF Az="FS o] gt AE 30 cm, % 30 cme] YEF IHE &34
aL, sgopatFHIA(F)N A A FE mfaUER A¥Eo] A A $x|s it
(Fig. 7). AgAz=8 spdtol= AlAZ2 2 Al 7tds fla] AZ¥E heating
plate® FAsATH I EE A3 E79 DC power soureceZ+= HUE2 1000
W 7HA 7bsd @uo ~=Zek=uke] DC power supply(SDC1022A)E  AF-&3F3 o).
g Alzge] eHze= 550 L/min o w759 s 7H 282 ¥$ H Z(Rotary
vain pump; KODIVAC 550)¢} 345 L/s ¢ ®i7]58 S 714 EHE 22 HEZ(Turbo
molecular pump; TMP361)& AF&3}e] A8 base pressure’} 10° torr o|3t=2 7%
A stath e FAS st oA AE AREsEAT

ahupa] atoll = WA 71 ZIA R Ar, RESTFEE OpF ARESSITE AEAl 2"l &
A, ez &% o5 1Hste] Ar 7% 243 98 max flow 100 scem?]
mass flow controller?} ¥H§ 7k~ 0.9 WAl ZAEEo] 71538t %E5E max flow7} 10

sccm®l mass flow controllerE A}&3} it}

,1’77



DC power

Shutter

S

-

—

ITO target

Ion gauge

l

MFC (Ar, Oy)

e

N

TMP

Heating
system

[Fig. 6] DC Magnetron sputtering system

[Fig. 7]

Heating plate

<t

N

Substrate

Rotary
Pump

- 18

Magnetron sputter gun




2. TI0 92 Sz U AEEY

M

B AHfgME F74 2 inch, 77 1/4 inch 2719 % 9999 %2 ITO targets
DC powergs AH&3 vlIUER ~HHYPHoz vuks F2s13l )

A% A" base pressure’t 1 x 107 o]3t7}F W MFC(Mass Flow
Controller) & AF&3le] Ar, O, £ 7F25 40 scem FY3sA T 35 x 10-3 Torr
dEe] tHo] =W shutters o] &34 targete] S AAAL FA 24S LAA
7171 §3ste] 583t pre-spurtteringS A 33t Sputtering 52 W4EE DC
power?] Walo] W WA T2 Al Ardp 0,9] ERF7FOA 0,9 ke wWE W

<, Heating plate® ©|&3te] T2 A 7|9 o] w& WsE dAste] 43S 3

Ao =Z cover glassE o] &3kl tAA HAEPS WAL} cover glass AlH 9]

A7]= 20 x 20 mmo]H, AlA A H -2 acetone 5%, ethanol 5%, DI waterol] 5% A

2 50 T @3t A% F AHS A&t tHA SFolA Aozl HH H+E
&

o] &38te] printing ¥o% ITO T4

iy

Al

=)
ol
Ol
£
-
AC)
L,
o
o
>
o
ol
o
3R
ko

= 9l

.

,19,



3. slit2 O|=

ro
n
>
+
o

dAE ITO A= 9l slits

= )=
T T
Aol wet etchingS %3to] WA® sampled A ZFson, wdR 9o DC

magnetron sputter S o]&3le] & ST FESES 48 35 Torr, DC
power 180 W, &&7F2~ Ar(39 sccm), Os(1 sccm), 7192 &% 200 T2 Z71oA

FHAT. FETEH A ITOUAS] Abdhs WAsH7] fls) Alaa 22AA 213

sttt Fig. 8o F&5 2kl tiat /i =5 el it

ITO target

Sputtering ion

ITO disconnection sample it

j ~
[T T

[Fig. 8] Concept of the ITO disconnection repair

,20,



1) WA3 =47 ( 4-point probe, K-503RX100, Kyowariken)
AlAe S ITOY HATLS uotstr] 3l 4-point probeE A}F83F 3L, Fig. 8
of YERH AT 4-point probe= 470¢] wh=@E 9] A=S ol &8 FAHsH F A=

2Apolel 9 & we] Age

)

R=p— (5)

p= Bl A 8ko|t} Fig. 8.9 A YE o]
4709 mb=@Ee] Aol AA Sl HHaHow fASHA At AFS 467
A= 2709 9 ®RAbol et WA 270 'R 1 A S Eojof gt
o5 Fslo] SFAHAN Aol A7 FAS BAAF(Correction Factor: CF)E
st A4 v AYgS 3 4 9tk 4-point prober =4 A FAHo| weEEtal &
o]alo] 4-terminal I Zo] MR WIS FAA Folk Ho] v E&H o
tt.

2) UV-VIS Spectrophotometer (S-3100, sinco Inc.)
ITO =&t F4 AAel 83 74 FHES S48 98] UV-VIS-NIR
Spectrophotometers AH§3ato] shifo] wE ITO wtete] 7hA g Fiws Z455

th 200 - 800 nm HFF Aol FFEAEE SAsAT

Olr
2

,21,



[Fig. 9] 4-point probe methode
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[Fig. 17] Repair of the ITO electrode
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