=] GA2E33]7], A130d A45(2017)
J. of the Korean Society for Heat Treatment.
https://doi.org/10.12656/jksht.2017.30.4.151

M

SEAX2I0| T ZTOIAQIZTO Hate| M|, Tats| SA

7H

HENS™ -

sosr -

S7
=21

spdm s - rfelr

SRSk R T
SYTAA DTN FIAG Y 7S 1R

Effect of Post-deposition Rapid Thermal Annealing on the Electrical
and Optical Properties of ZTO/Ag/ZTO Tri-layer Thin Films

Young-Hwan Song*, Tae-Young Eom*, Sung-Bo Heo**, Daeil Kim*'
*School of Materials Science and Engineering, University of Ulsan 44610, Korea
**Functional Components & Materials Group, KITECH, Yangsan 50635, Korea

Abstract The ZTO single layer and ZTO/Ag/ZTO tri-layer films were deposited on glass substrates by using the
radio frequency (RF) and direct current (DC) magnetron sputtering and then rapid thermal annealed (RTA) in a
low pressure condition for 10 minutes at 150 and 300°C, respectively. As deposited tri-layer films show the 81.7%
of visible transmittance and 4.88 x 107> Qcm of electrical resistivity, while the films annealed at 300°C show the
increased visible transmittance of 82.8%. The electrical resistivity also decreased as low as 3.64 x 107° Qcm.
From the observed results, it is concluded that rapid thermal annealing (RTA) is an attractive post-deposition pro-
cess to optimize the opto-elecrtical properties of ZTO/Ag/ZTO tri-layer films for the various display applications.
(Received May 8, 2017, Revised May 17, 2017, Accepted May 22, 2017)
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Table 1. Experimental condition of ZTO/Ag/ZTO thin film deposition

Parameters Condition
Base pressure (Torr) 5.0 x 107
Deposition pressure (Torr) 1.0x 107
Sputtering target (Dia. 2 Inch) 7TO (Zr?(% (Siu(i EYS?)QS%%))QQQ 5%
ZTO, RF Power (W/cm?) 2.5
Ag, DC Power (W/cm?2) 2.0
Ar gas flow rate (sccm) 10
Deposition rate (nm/Minute) ZTO 3.6, Ag 30
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Fig. 1. XRD pattern of ZTO and ZTO/Ag/ZTO (ZAZ) tri-
layer films. (a) As deposited ZTO film, (b) As deposited
ZAZ film, (c) Rapid annealed ZAZ film at 150°C, (d)
Rapid annealed ZAZ film at 300°C.
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Fig. 2. AFM image and RMS roughness of ZTO and ZTO/Ag/ZTO (ZAZ) films. (a) As deposited ZTO film 3.48 nm, (b)
As deposited ZAZ film 3.25 nm, (c) Rapid annealed ZAZ film at 150°C 3.03 nm, (d) Rapid annealed ZAZ film at 300°C

2.86 nm.

Table 2. The observed grain size of Ag interlayer films

Films FWHM  |Grain size (nm)
ZTO 100 nm - Amorphous
ZAZ (As deposition) 1.19 7.06
ZAZ, Annealed at 150°C 1.07 7.86
ZAZ, Annealed at 300°C 0.98 8.58

715 eIl Exjg]o)xe] ZTO Tt
ZTO/AgZTO ZZHtete] RMS AR 7<= 247
35nm¢} 3.2nm=zA A3 BuE . Parke] ITO/
NYITO ¥}t 297t} FARE AoEA St 55
gho] A B i AEr) Heksl a9E 391
T 5 ATHT). FEEAE o] o= Biete] 3
AR71E 2= vty Hesht JgEa,
300°C G2 A4 2.8nme] HA RMS AZ
717} =3

=S

Table 39 ZTO ©Zuleta} F&Exg w2
ZTO/Ag/ZTO HZuhte] A7) 54 Wels yet
WRlth ZTO BHte] HIA|3H8.82 Qem)yS Ag F4F
=5 A8l wEh HsPd= S0 23 343
HIAE 7H4(4.88 x 107° Qem)S Hom, F4:94]
2] 257} S718l wet ZTO/AgZTO #HZHtate
Z3PA%= (Carrier density)2} ©5%=Mobility)’} A
o2 vlEghe Holn ZrHIAElo] 3.64 x 10°
Qcm 714 243t o= Exjglel o8 A4E
gho] FaEal, Hekslrh ZeEo] Hahd=e} ofF
=7} Al SV Az AlgE)

Fig. 30| #&9x)8] €50 g 73 3
WH3ls JehAeh ZTO vhetat dxje] o]Ae)
ZTO/AgZTO ¥=te] 7hA134 3= 247} 81.5%
o} 81.7%9.2™, 300°C ExJg] o]F ZTO/Ag/ZTO
ko7 A BEales 82.8%% 78It ole

Table 3. The electrical properties of ZTO single layer and ZTO/Ag/ZTO (ZAZ) tri-layer films

Films Carrier density (cm™) Mobility (cm?V-'S™) Resistivity (Qcm)
ZT0 100 nm 2.0 x 10" 35 8.82
ZAZ (as deposition) 1.5 x 10% 8.0 4.88x 107
ZAZ, RTA at 150°C 1.7 x 10% 85 423 x107
ZAZ, RTA at 300°C 1.9 x 10% 9.6 3.64x107°
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Table 4. The figure of merit (FOM) of ZTO single layer and ZTO/Ag/ZTO (ZAZ) tri-layer films

535 - Jelod

A - Zd

Films Sheet resistance [Q/ [T ] Transmittance [%] FOM [Q7}]
ZTO (As deposition) 882000 81.5 1.46 x 1077
ZAZ (As deposition) 4.88 81.7 2.71 x1072
ZAZ, RTA at 150°C 423 82.1 3.28 x1072
ZAZ, RTA at 300°C 3.64 82.8 4.16 x 1072
100
S Glass
f'ﬂh .
e (Ir’ /”/""""“\.\ ‘,...-—._F-» :\ '.'_:1"#\ %
& sl T ~L.-u \ ':_E::z —_
@ | K \ H =
p f (@) :b} (c) (d) E]
b [ g
. | =
g 60 f ‘;‘
= [/ )
!
f
|
40 | . . . .
300 400 500 600 T00 800 !

Wavelength (nm)

Fig. 3. The optical transmittance of ZTO and ZTO/Ag/
ZTO (ZAZ) films. (a) As deposited ZTO film, (b) As
deposited ZAZ film, (c) Rapid annealed ZAZ film at
150°C, (d) Rapid annealed ZAZ film at 300°C.
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Fig. 4. The optical band gap of ZTO/Ag/ZTO (ZAZ)
films. (a) As deposited ZAZ film 3.92eV, (b) Rapid
annealed ZAZ film at 150°C 3.93 eV, (c) Rapid annealed
ZAZ film at 300°C 3.95 eV.
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