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Microstructure and Properties of ITO and ITO/Ag/ITO Multilayer
Thin Films Prepared by D.C. Magnetron Sputtering
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Abstract  ITO monolayer and ITO/AGTTO multilayer thin films are prepared by D.C. magnetron sputtering
method. Ag layer was inserted for applying ITO to a flexible substrate at low temperature. Carrier
concentration and carrier mobility of ITO and ITO/Ag/TTO thin films were measured, the transmittance of them
also was done. The amorphous phase was confirmed to be combined in addition to {100} and {440) peaks from
XRD result of ITO thin film As the substrate temperature increased, the preferred orientation of (400)
appeared. From the result of application of Ag layver at room termperature, the growth of columnar structure
was inhibited, and the amorphous phase formed mostly. The ITO/Ag/ITO thin film represented the
transmittance of above 80% when the thickness of Ag layer was 50 A, and the concentration of carrier
increased up to above 10 times than that of ITO thin film. Finally, since very low resistance of 3.9 was
observed, the effective application of low temperature process is expected to be possible for ITO thin film.

Key words ITO thin film, flexible display, multilayer, transmittance, sheet resistance.
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Table 1. Deposition conditions of ITO and ITO/AgITO thin
films.

Value
6510 torr

410% to TX 10 torr
ITO{10 wid% Sn0O;) and Ag

Deposition Parameter

Background Pressurs
Working Pressure
Target Materials

Substrate Corning 1737 glass
Substrate Temperature R.T. to 350°C
Oy-gaz Flow Rates 0 to 0.5 zcom
Argas Flow Rate 53 scom

D.C. Power 40 W(0.37 Wiem®)
Source to Substrate Distance 5cm

Sputtering Time 3 to 60 min

Pre-sputtering Ar 30 zeormn, 60W
10 min. at 7X107 torr

Substrate Rotation Spsed 8 rpm
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Fig. 1. XRD patterns of ITO thin films deposited at different

substrate temperatures.
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Fig. 2. Morphology and cross section image of ITO thin film.
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Fig. 3. The transmittance which was measured in 550 nm
wavelength and the sheet resistance properties of ITO thin
films deposited at different substrate temperature.
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Fig. 4. Carrier concentration and mobility properties of ITO
thin films deposited at different substrate temperatures.

2] Az 2Erh Aed Aol vrere] BE WEd
AR AEHAY obF wAg AGHol FAPE, o
st 2171 Faka vkl Aol
o] $FEE A TS TS AdERE 2
2A7A ok, 2y 20t STt wiet 4371 In
Aol +47te] Sno] X|¥hEE Fol Fvleta Al 7
AR olgrt Z7IE] witel] WAgoe] i Ao
2 Bzt

Fig. 45 2 $3 A 713 &5 7t o g
o] =9} olF=E Ve Zlolt}. 7 2Tt gl
A 350°CE F7kestaA Aelo] T e e B
o oF 2HH 71T Aol Eis v s
2l 7% 10 cm™/Vsec FE2] #H& \%EMJE} | )Be
7t 100°c opFes Frkshd olgwst w4
T @4E vehlisith oA XJ—Q-OM 2k}
-, hehfel] wgde] P He] 3
Hgde] SA0= slZjele] ofFo] Wl %}W} 7]
Bewrt S71gtel et wpgde] o] Haskal 44
el S7b 3 ARRe) 277 Sk Hef Aol of
TS Welshe 29lo] A wiEe® AT &
g ITO dhek A4 Al F8e Doy el o)t} gt
o] golaA Lo = oiA Snel AFo] gH o=
olFolA L Sltke Ag AT 5 stk

Z& Sn dopantE

] qe=g =y

HI F}O

fr o rir

3.3 &20IM M=El ITO/Ag/ITO Hiale| Faig A
ojM =%

£ AFellAE 1O et
ek o] 2458 T 3] Slayeno®E =
w508 QI AFzta 3’%# 7]ﬂ1“°‘}°3\‘”/‘r ]oﬂ uf

h=4
A7NAEE] Ald $9E 55 hidl AgEs A

NHEE I} % oo

Z
R

=
S

e
=N
=



494 g .
100
§ Corning 1737
90 4. 2 °r
80—~ Ag 1sec,|
& 70+
8 E
60
s 1 . AgTses
E 50+ Ag 9sec
€ 1 —
B 404 e I
: -
S 301
20 4
10 4
0 T T T T
400 500 600 700 800

Wavelength(nm)

Fig. 5. Transmittance properties of ITO/Ag/ITO thin films
deposited at R.T.
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Fig. 6. XRD patterns of ITO/Ag/ITO thin film deposited at
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Fig. 7. Morphology and cross section image of ITO/Ag/ITO thin film.



D.C. "EMEE AWEHHoRE Axd ITO € ITO/Ag/ITO ¥ute] w2z £1 d= 54 495

E-8aL Fig. 2(a)] A5-ETt TS wA|star AA7t
e 2o 548 Yepidn. o3 HjA A
A kel A3 7EA AAgsha vheto] 100 nm
Aol F2E Ageel FFOE AFS WelllA Hi, Ag
Z olFE ] 27IHE S AF8IGY] lEeE A
2}, o uAERA S AT FEEA] & v
A EAL #a lon, vk T ¢F 100 nm F-2o
PAE e AL FAT 5 AUk T3 Ag
o A o= <lsl] 1TO®) v EH7bA] F2dx2le] A

QA= B EE JAHASS F-E 5 )

do mot i

3.4 A200M M=E ITO/AQ/ITO gae] M |1H S

Fig. 8 ITO/AgITO Bt A=Al Ag S SHAIZF
of w2 WA MsE vehd Aolth Ag S gt
GAAQ HaE fel] o] Adoa HAe skad =
Aoz Malg MaEE 0.6%2 A" AHF, 4k
E5 1% sto] W] 58-S HYRE Fo|i, W
of H7AFE T ATE A7 Alzste] B
At AFAEE 0.6%4] AxH A|HAA Ag Fo
RS A-E oF 350009 HWALGE Yepflon), |
Z B¢ Ag FF F wAEgS 18QeR A i
sttt AR Fobel wel WA AL st
o] B8 80%2 FAIS HAY 5xolME 39000, 9
e 0920009 2AAEF ghe JeRiATH AHAE
& 1%2 AxE s 2 AATRHFoR 3
Z7] 190Q/01¢] w9 & AAgS JeEpsled, 12
Forel Ag A 77/ R F43 AasE YeR)
Q3L 5% 12Q0, 9FeIME 10QL] olake] e |
A k& YERIT) Fig. 98 ITO/AZITO HHeke] )
go] 7 9 olznE A Aolth ITO ¥ e

v rE A b

—

200 - —0—0,:1%
19 —0-o,08%
—~ 3
a 1
S 1504 | 10
e \ 9
3 | :
7
g 6
& 100- \ 5
o) 4
x A\ 3
— @) 24 T
8 N 1 T
c 0
o

Ag Coating Time(sec)
Fig. 8. Sheet resistance properties of ITO/Ag/ITO thin films.
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