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Improvement of Optical and Electrical Properties of ITO/Ag/ITO Thin Films for
Transparent Conducting Electrode
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Abstract: Herein we studied the electrical and optical properties of indium tin oxide ITO/Ag/ITO multilayer thin films
for application in transparent conducting electrodes. The ITO and Ag thin films were deposited onto soda lime glass
(SLG) using radiofrequency and DC-sputtering methods, respectively. The as-synthesized ITO/Ag/ITO multilayer thin
films were analyzed using 4-point probe, UV-Visible spectroscopy, and Hall measurement. We observed a rapid increase
in electron concentration with increasing Ag thickness. However, electron mobility decreased with increasing Ag
thickness. Finaly, ITO/Ag/ITO multilayer thin films showed a characteristic low sheet resistance of 18 Q/sq and high
optical transmittance value (80%) with variation of Ag thickness (5~10 nm).

Keywords: Transparent conducting electrodes, Thin films, 1TO, ITO/Ag/ITO, Mobhility, Electron concentration

1. M E

Ed Me A A= (transparent conducting oxide:
TCO) Mok 71A1% AoHe] 2 Y F2h&(~90%)
2 e A EH~10 ! Q- cm) EA 02 Qs EHE A
= AFoR P aZo] Fulg TAN WAL
o, afah ERAIAE, EfFARNA d] AREE L Q)
[1.2] 2=2jy B9 Ae/d Aeksg A52 2d 104 =2l
2 %ol 34 M3 Hls) PriHoR e Fx
L £ JIA1 glo] We uREFS 2RI}
7Vttt [3]. ol2igt AlE siZst7] s

a. Corresponding author; kang@cju.ac.kr
b. Corresponding author; jeha@cju.ac.kr

Copyright ©2017 KIEEME. All rights reserved.

This is an OpentAccess atide digtributed under the terms of the Cregtive Commons
Attribution  Non-Commercid  License  (http://creativecommons.org/licenses’by-nc/3.0)
which permits unrestricted non-commercid use, distribution, and reproduction in any
medium, provided the origind work is properly cited.

>
>
)

AFISte] TCO/metal/TCO 25 Tre
[4]. QIEARQ] o2 3.4 eV 0]}

EOR ll‘l>\,_19

= ot ot fE e ofn
O

mAo|t} [5-7]. ITO/Ag/ITO Tt} vt
2 ARR3H7] 98l Bret Ao

CERHEES:

L
e
EI‘IEI
ro 4
re
4
N
N
r
oo
M
:‘o
>
&
i)
12

2 AoAE= DC/RF AmH
ITO/Ag/ITO ©F 9ota A
o @2 A7A - F5A 545 55 Hall
S &9l o5 were] Adst ols et AR sEE =
AetRth AgZt AAE oS SEolM Atete A=

a)
ol
-

=



A7 RA 2 stel=EA], AI30E A11< pp. 740-744, 20173 11

10°Q'em™

10" L

-

o
N
o

T T ,
1 10 100
Electron Mobility, «# (cm?V's™)

e
-

Fig. 1. Boltzmann relation of electron density, mobility and
hence, conductivity [8].
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Table 1. Deposition parameters of RF and DC sputtering.

Target ITO Ag
Power (W) RF 100 DC 100
Power density (W/cm2) 123
Substrate temp. Room temp.
Target to subs. distance (mm) 70
Ar gas flow rate (sccm) 30
Base pressure (Torr) < 12x10 °
Working pressure (Torr) 8x10” 3
Ag
ITO
ITO

SLG substrate

Fig. 2. Schematic of ITO/Ag/ITO multilayer structure.
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Fig. 3. Optical transmittance spectra of Ag thin films with
thickness; Ag(1)=4.5 nm, Ag(2)=9.0 nm, Ag(3)=13.5 nm.

6
20{ =
= P
S 18- o La @
() <
(&) =3
[} <
2 <
L 1.6+ =
g 0 F2 Cih
E /D u ©
o 14] o
2 1
» 3
. . 0
5 10 15

Ag thickness (nm)

Fig. 4. Sheet resistance, A5 and resistivity, p of the Ag thin
films with thickness.
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Fig. 5. Comparison of transmittance spectra of 1TO(t)/Ag(n)/
ITO(t) thin films on SLG deposited; Ag(0)=0 nm, Ag(1)=4.5
nm, Ag(2)=9.0 nm, Ag(3)=135 nm. (@ t=30 nm and (b) t
=50 nm.
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Fig. 6. Average optical transmittance, Tag(400~1,000 nm) and
sheet resistance, A7 of ITO/AQINTO multilayer thin films with
Ag thickness.
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Fig. 7. Carrier mobility of ITO/Ag/ITO multiayer thin films
with Ag thickness.
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Fig. 8. Electron density(n) of ITO/Ag/ITO multiayer thin films
with Ag thickness.
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