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Abstract

In recent years, zirconium dioxide (ZrO,) has been used as a
material for electrochemical devices because of its stable material, good
electrochemical performance, nontoxicity, and low price. Therefore, this
study completed the RF magnetron sputtering method of sputtering
tantalum pentoxide, and the cathode arc method to prepare zirconium
dioxide, with the commonly used tungsten oxide as the electrochromic
layer, to find the tantalum pentoxide (Ta,Os) sputtering good oxygen
argon flow ratio (control the same thickness), film thickness (controlled
by deposition time ), optimal plating pressure of zirconium dioxide.
From experimental results that ZrO, is at 45 mTorr when the coating
pressure is 45 mTorr. When the ratio of oxygen to argon is 0.27, the
prepared ZrO, is looser through the refractive index and the microscopic
morphology, and the maximum change in the electrochromic property,
the change in the fading transmittance is (AT=55.43%) and the cycle.
The volt-Amperance analysis and AC impedance analysis have the
largest hysteresis area (Q=23.5mC) and the lowest resistance value of
19.37 kQ. The 1onic conductivity under this parameter can be calculated
by the formula to be 0.344x10°S/cm. Zirconium dioxide is expected to

replace tantalum pentoxide as the ion conducting layer material.

Keyword: RF magnetron sputtering, cathodic arc method, tantalum

pentoxide(Ta,Os), zirconium dioxide(ZrO,), solid electrolyte layer
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Electrochromic and nanostructure performances of
Tantalum Pentoxide and Zirconium Dioxide films deposited with

sputtering and cathodic arc for the ion-conduction layer
Hsi-Chao Chena, b,*, Der-Jun Jan ¢, Jyun-Huei Lin a, and Min-Chuan Wangc

aGraduate School of Electronic Engineering, National Yunlin University of Science and
Technology, Yunlin 64002, Taiwan
bDepartment of Electronic Engineering, National Yunlin University of Science and
Technology, Yunlin 64002, Taiwan
cPhysics Division, the Institute of Nuclear Energy Research , Taoyuan County 32546, Taiwan

* Corresponding author: hcchen@yuntech.edu.tw
Abstract:
This research investigated the electrochromic and nanostructure performances of
Tantalum Pentoxide (Ta205) and Zirconium Dioxide (ZrO2) films as the ion
conduction layer for an all-solid-state electrochromic device (ECD). The Ta205
film was commonly prepared by radio frequency (RF) magnetron sputtering with
different oxygen/argon ratio while the ZrO2 film was prepared by a cathodic arc
with different deposition pressure. The deposition rate, scanning electron
microscopy (SEM), optical property, optical density (OD) variation, coloration
efficiency (CE), and cyclic voltammetry (CV) were examined. The results
exhibited the Ta205 film deposited with an oxygen/argon ration of 0.1 had the
maximum colored/bleached variation of AT=52.9%@550nm and the maximum
CV cladding area of Q=37.64mC, and this film had the resistance of 14.3kQ and
the ionic conducting rate of 3x10-7 S/cm. On the other hand, the ZrO2 film
deposited with the deposition pressure of 45 mTorr had the maximum
colored/bleached variation of AT=55.43%@550nm and maximum CV cladding
area of Q=23.5mC, and this film had the resistance of 19.37 kQ and ion
conducting rate of 3.44x10-6 S/cm. However, the economic ZrO2 film deposited
with the cathodic arc method has the potential to replace the traditional Ta205
film deposited with sputtering for the all-solid-state ECD.
Key words : Tantalum Pentoxide (Ta205), Zirconium Dioxide (ZrO2),
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electrochromic device (ECD), sputtering deposition, cathodic arc deposition,
electrochromic property.
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The Electrochromic and Optical Properties of
Zirconium Oxide Film Deposited by Cathode Arc
Method

Yi Ren Chenl, Jyun-Huei Linl, Der-Jun Jan3, Hsi-Chao Chen1,2*

1. Graduate School of Electronic Engineering, National Yunlin University of Science and Technology, Douliu, Taiwan
2. Department of Electronic Engineering, National Yunlin University of Science and Technology, Douliu, Taiwan
3.Physics Division, the Institute of Nuclear Energy Research , Taoyuan County 32546, Taiwan
*Author e-mail address: M10713305@yuntech.edu.tw , hcchen@yuntech.edu.tw

Abstract: Zirconium oxide (ZrO2) was deposited by cathode arc as the
ion-transmission layer for the tungsten oxide electrochromic (WO3) film. The
ZrO2 thin film deposited with different chamber pressure from 15 to 65 mTorr for
the Glass/ITO/WO3/ZrO2 films. The chamber pressure of 45 mTorr has the

maximum transmission variation of 55.43%.

The Electrochromic and Optical Properties of Zirconium
Oxide Film Deposited by Cathode Arc Method

Yi Ren Chen?, Jyun-Huei Lin®, Der-Jun Jan®, Hsi-Chao Chen’*"
1. Graduate School of Electronic Engineering, National Yuniin University of Science and Technology, Douliu, Taiwan
2. Department of Electronic Engineering, National Yunlin University af Science and Technology, Douliu, Taitwan

3.Physics Division, the Institute of Nuclear Energy Research , Tacyuan County 32346, Taiwan
*Author e-mail address: M10713205@yuntech edu tw , hechen(@yuntech. edu. tw

Abstract: Zirconium oxide (ZrOz) was deposited by cathode arc as the 1on-transmission layer for
the tungsten oxide electrochromic (WQOj3) film. The ZrO, thin film deposited with different
chamber pressure from 15 to 65 mTorr for the Glass/ITO/WO3/Zr0; films. The chamber
pressure of 45 mTorr has the maximum transmission variation of 55.43%.

Eeyword— Zirconium oxide, cathode arc deposition, electrochromic.

1. Introduction

The 1on-conducting layer m the electrochromic element has the problem of encapsulation leakage, and then
gradually the organic polymer is replaced with an inorganic oxide. The advantages of inorganic oxide can solve
the potential problem of encapsulation leakage and the bubbles formation to improve the life time and
environmental impact. Since, these inorganic oxides of TiO[1]. Ta,0s[2]. ZrP[3], LiNbO;[4] and ZrO; are used
for the 1on-conducting layer in the electrochromic element. Especially, the ZrO: also has the goods of hazelnut
conductivity. high dielectric constant, optical transmittance, and the economic price.

The economy Zr target was used to replace the expensive metal oxide target, and look for the deposition
parameter of the chamber pressure and oxide pressure to get the optimal ZrOz thin film for electrochromic element.
The SEM images of the ZrO, were verified the microstructures with different chamber pressure. The optical
property was checked by spectra-microscopy. Finally, the ZrO, was used to promote the electrochromic efficiency
and the transmittance variation to get the good 1onic conductivity to replace Ta:0s film.

-23-


mailto:M10713305@yuntech.edu.tw
mailto:hcchen@yuntech.edu.tw

c  EEER

[# B8] 7T pBRREBET 5 2 AL

1

il

PEIEBMBTFRETE
107 £ E I RHUR T R/

HrSAsE A RRGNBRcsFHERERRERE
ZHEBNE SNERREFATI07T FRIER M,

WHAMFIE rGEE, 82, HLEA.

THIS 15 TO CERTIFY THAT PROF. HSICHACQ CHEN,
PROFESSOR OF NATIOMAL YUNLIN UNNERSITY OF
SCIENCE AMD TECHNOLOGY, HAS BEEM GRANTED
THE 2018 AWARD OF STUDENT EMGINEERING
PAPERS COMPETITION OF THE CHINESE INSTITUTE
OF ENGINEERS FOR HIS INSTRUCTION TO
CING-LOMG YD AND YI-REM CHEN, OF MATIOMAL
YUMLIN UMIVERSITY OF SCIEMCE AND TECHNOLOGY.
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FRLAREFETEAF EELA
Dir. Fuh-Sheng Shieu

Chairman, Committee of Education
Chinese Instifute of Enginesrs

25 May, 2018
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LITE-ON AWARD 2018

By authority of LITE-ON Technology Corp.
hereby confers upon

FE#5%l Hsi-Chao Chen

Certificate

for the contribution to the creation of
Merit Award

Perovskite solar energy-saving
electrochromic windows with Fabry-
Perot color selection

August 301", 2018

Vet Srrs

Raymond Soong
Chairman
LITE-ON Technology Corp.
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