ISSN 2288-8403(Online)

{Research Article)

—

"SAISE HEAKIZIR, CERUATASIN, °2

St HHI SIS

J. Surf. Sci. Eng.

Vol.56, No.6, 2023.
https://doi.org/10.5695/JSSE.2023.56.6.451

The emissivity and opto—electrical properties of ZnO/Cu/Zn0 thin films
for the vehicle applications

Yeon-Hak Lee®, Sun-Kyung Kim®, Tae—Yong Eom®, Yong—Ha Jeong®, Sang-Woo So°,

Young—Gil Son®, Dong-Il Son®,

Daeil Kim*

School of materials science and engineering, University of Ulsan, Korea
°KBI Dongkook Ind. Co., Ltd, Ulsan, Korea
°Automotive Parts Institute Center, Ulsan Technopark, Ulsan, Korea
Nara Mold & Die Co., Changwon, Korea

(Received 11 December, 2023 ; revised 19 December, 2023 ; accepted 21 December, 2023)

Abstract

Transparent conducting films having a three layered structure of ZnO/Cu/ZnO (ZCZ) were deposited
onto the glass substrates by using RF and DC magnetron sputtering at room temperature. The
emissivity and opto-electrical properties of the films were investigated with a varying thickness(5, 10,
15 nm) of the Cu interlayer. With increasing the Cu thickness to 15 nm, the films showed a enhanced
electrical properties. Although ZnO 30/Cu 15/ZnO 30 nm film shows a lower resistivity of 5.2x107
Q cm, it’s visible transmittance is deteriorated by increased optical absorbtion of the films. In addition,
X-ray diffraction patterns indicated that the insertion of Cu interlayer improve the grain size of ZnO
films, which is favor for the electrical and optical properties of transparent conducting films. From the
observed low emissivity of the films, it is concluded that the ZCZ thin films with optimal thickness of
Cu interlayer can be applied effectively for the car’s window coating materials.
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Table 2. Compared grain size of ZnO and ZCZ thin films.

. Grain
Table 1. Experimental conditions of ZnO and ZnO/Cu/ Thickness ZnO 20 FWHM " O
Zn0 (ZCZ) thin films. (nm) orientation (Deg.) (Deg.) (nm)
Parameters Condition Zn0O (70) 46.25 0.49 17.64
Base pressure (Torr) 7.0 x 107
Deposition pressure (Tors) 15 %107 ZCZ (30/5/30) (102 46.18  0.67  12.90
Zn0O RF Power (W/cm?) 3.5 ZCZ (30/10/30) 46.17  0.64 13.50
Cu DC Power (W/cr?) 2.0 7C7 (30/15/30) 4617 063 1372
Ar gas flow rate (sccm) 10
Deposition rate (nm/Min.) ZnO: 4 ,Cu: 2.5 ZnO (70) 67.30 0.74 12.91
Film thickness (am) 2260550 o 6118 095 10.26
. 70
7Zn0 Single laye ZCZ (30/10/30) 67.16 0.90 10.60
g 30/5/30, 30/10/30.,
A 30/15/30 7CZ (30/15/30) 67.16 0.88  10.84
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Fig. 1. The XPS spectra of ZnO 30/Cu 10/ZnO 30 nm
thin film.

Table 3. Electrical properties of ZnO and ZCZ thin films.

: arrier
Thickness Snsity

(nm) (em™)

Mobility
(cm?/Vs)

Resistivity
(Q2cm)

1.1x10°
1.7x1073
5.0x10*
2.5%10%

ZnO (70)
ZCZ (30/5/30)
7CZ (30/10/30)
ZCZ (30/15/30)

3.1x10" 0.1
3.2x10% 1.1
6.1x10% 2.0
1.0x10% 2.8
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Fig. 2. The XRD pattern of ZnO and ZCZ thin films. (a)
Zn0 70 nm, (b) ZnO 30/Cu 5/Zn0 30 nm, (c) ZnO 30/Cu
10/Zn0 30 nm, (d) ZnO 30/Cu 15 /ZnO 30 nm.
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Fig. 3. The visible transmittance(a) and optical absorption(b) of ZnO and ZCZ thin films. (a) ZnO 70 nm,
(b) ZnO 30 nm/Cu 5 nm/Zn0O 30 nm, (c) ZnO 30 nm/Cu 10 nm/ZnO 30 nm, (d) ZnO 30 nm/Cu 15 nm/
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Fig. 4. The optical transmittance of ZnO and ZCZ thin
films in the near— infrared wavelength range. (a) ZnO
70 nm, (b) ZnO 30 nm/Cu 5 nm/ZnO 30 nm, (c) ZnO 30
nm/Cu 10 nm/ZnO 30 nm, (d) ZnO 30 nm/Cu 15 nm/
Zn0 30 nm.
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Fig. 5. Surface roughness of ZnO and ZCZ thin films. (a) ZnO 70 nm, (b) ZnO 30 nm/Cu 5
nm/ZnO 30 nm, (c) ZnO 30 nm/Cu 10 nm/ZnO 30 nm, (d) ZnO 30 nm/Cu 15 nm/ZnO 30

nm.
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Table 4. Compared figure of merit of ZnO and ZCZ thin films.

Thickness Sheet resistance Transmittance Figure of merit
(nm) (2/8q.) (%) Q7
ZnO (70) 1.8x101% 87.5 1.45x10™M
2C7 (30/5/30) 250.7 78.0 3.3x10
ZCZ (30/10/30) 70.3 77.9 1.2x103
ZCZ (30/15/30) 34.1 71.6 1.0x107
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