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1、 目的
1、 計畫目標

方得華教授團隊參加在美國亞利桑那州鳳凰城舉辦第228屆國際電化學會議（228th ECS 2015）。並針對新世代的科學發展潛能進行國際學術交流與討論，並籌畫未來之學術研究導向，規劃與納入創新思維與多元化技術為標竿進而培訓國內優秀團隊與技術人才。
2、 主題

2015年第228屆國際電化學會議（228th ECS 2015），會議主題包含固態科學與電化學技術等相關領域。國際研討會提供來自世界各地科學家、工程師和專業研究團隊一個國際會議平台並涵蓋了不同領域的交流與會議，可藉由會議溝通、新的思想交流和應用經驗分享建立研究與學術關係。會議期間匯集各國的工程與科學研究人才藉由發表、討論對自己有興趣之論文進行分享與交流。
3、 緣起

本研究團隊以奈米材料科學與電化學技術為根基，並以發展創新技術與學術研究為目標。積極參與國際研討會與發表國際期刊，今年將其中一篇論文發表於2015年第228屆電化學協會會議（228th ECS 2015），標題為: Metal oxide conductivity and nanomechanical properties of ZnO/Mo/ZnO multilayer thin films deposited by RF magnetron sputtering相關的研究成果。
4、 預期效益與預達成事項

本研究團隊發表其中一篇論文發表於2015年第228屆電化學協會會議，標題為: Metal oxide conductivity and nanomechanical properties of ZnO/Mo/ZnO multilayer thin films deposited by RF magnetron sputtering相關的研究成果。參加本次議程可以增進本校研究生與教授國際學術交流的機會，並增進學校的知名度。

2、 過程

10月10-11日
10月10日搭乘長榮航空至11日期間抵達位於鳳凰城市中心的Hyatt Regency飯店會議中心完成註冊程序，並參加會議餐敘與拜訪各國相關領域的學者和科技人才。10月11日報到後開始學術活動。 
10月12日
Title:  A New Cathode Additive to Compensate the Irreversible Lithium Loss at the Anode for a Lithium-Ion Battery
Author: K. Park, B. C. Yu, and J. B. Goodenough
矽基電極材料已被認定為下一世代鋰離子電池的高能量密度電極。它表現出嚴重的鋰損耗是歸咎於SEI形成與機械降解。為了在陽極側和幾個陰極添加劑中補償鋰損失可送進額外鋰到陽極，已經被提出與證明。然而，Li2NiO2 (a)不具有足夠的容量用於此目的：最大充電容量在文獻中為約400 mAh/g，(b) 表示在充電期間顯著氧析出，並(c)降低元見的熱穩定性。Li2MoO3 (a) 用於目的不具足夠的容量:在文獻中最大的衝電容量約為250 mAh/g，(b) 呈現出液體電解質嚴重的鉬分解問題。
10月13日
Title:  Towards the 3D Thin-Film Li-Ion Battery: A Novel Solution-Based Process for the Deposition of (Multi-)Metal Oxide Coatings on High Aspect Ratio Features
Author: S. Gielis, N. Peys, S. Moitzheim, P. M. Vereecken, A. Hardy, and M. K. Van Bael
在鋰離子化學市場中許多類型的可充電式電池佔領主要攜帶式電子設備的部份。傳統的鋰離子電池技術通常使用漿體(基於粉末)，用於在搭配於活性電極組件與電解液。為了克服短路和熱擊穿或爆炸的相對較高風險，由於電解質的高易燃性，膜分離器和一個厚實的外殼是必要的。在市售的元件中使用簡潔的薄膜裝置具有安全性上的優點，特別是涉及電解質的部份。 此外，它們的特徵在於對(電)化學降解一個較高的電阻率，從而導致更長的循環壽命。相對於液體電解質，典型固態電解質的較低導電性是由薄膜的薄度補償。
10月14日

Title: Carbon-Coated Mesoporous SiOx Using an Oil Templating As a High Capacity Anode Material for Lithium-Ion Battery
Author: E. Park, J. Lee, D. S. Kim, G. Jeong, M. S. Park, Y. J. Kim and H. Kim
矽基陽極材料在鋰離子電池方面因為它的高理論容量(3,580 mAhg-1)已獲得許多關注。矽陽極材料具有重要的商業用途限制，循環性能上因為循環性能差與嚴重的體積變化相關。為了解決這個問題，已經提出了各種方法。具體上，為改善循環性能多孔結構的矽材料將會有所幫助。疏水油、成孔劑均勻地分佈於前體。在還原氣氛下熱處理後，殘留油狀物貢獻以形成碳層，這將協助改善活性材料的導電性，SiOx的表面上。
10月15日

Title:  Aluminium Rods As Current Collectors and Electrodes for 3D Li-Ion Micro-Batteries
Author: G. Oltean, L. Nyholm, and K. Edström
先進的微電子工業擁有在過去十年以急遽的速度成長。進一步的發展受到缺乏版上能源元件的阻礙。雖然鋰離子電池是儲能的主要選擇，他們無法降低功率容量存儲足夠能量於每英尺印刷面積上。三維鋰離子電池可以通過使用所有三個維度為有效的能量儲存在一個相對較小的印刷面積上提供解決方案
10月16-17日

會議結束後由美國亞利桑那州鳳凰城直飛抵達桃園。
3、 心得及建議

本屆的會議中，世界各地的學術先進與工程人才提出優秀的研究成果，值得我國學術與教育單位仿效與學習。藉由國際會議交流可刺激研究發展與先進國家同步，並藉由學術交流並建立國際學術之友誼關係。

此次發現世界各地研究人才具有優秀的專業研究能力與創新的思維，此方面我國的研究生或研究團隊對於各自研究領域之專業學識與學術發展應繼續努力邁進與全世界齊步成長，強化專業學識、工程應用與開發科學潛能。未來，亦可將科學研究導向融入更多的工程開發與開創新穎的學術與工程價值，建議學校應該可以多多培訓人才與積極媒合業界參與學術相關活動與研究。

除了建議：建立了初步良好的國際研究交流模式，科學與工程項目以外，亦包括了研究人才、教育成員與工程技師等多方人員互訪與交流。並期許未來可邀聘國外優秀學者或優秀工程技師到國內演講與做跨國學術與工程研究，以及導入國際水準之新興科技與專業技術。
最後，本次出國参加國際研討會能夠獲得本校補助，在此特別致謝。
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2. 會議海報:
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The structural, optical, electrical, and nanomechanical properties of zinc oxide (ZnO)/Mo/ZnO trilayer films are investigated using X-ray diffraction, atomic
force microscopy, ultraviolet-visible spectroscopy, sheet resistance measurements, and nanoindentation techniques. The ZnO/Mo/ZnO trilayer films were
deposited on glass using Zno and metal Mo targets in a radio-frequency magnetron sputter deposition system. It is found that the transparency, sheet resistance,
and nanoindentation of the trilayer films depend on the Mo layer thickness. The maximum hardness was 6.46 GPa for a Mo layer thickness of 15 nm.

Keywords: Zinc oxide (ZnO)/Mo/ZnO, Multilayer film, X-ray diffraction (XRD), Atomic force microscopy (AFM), Nanoindentation, Hardness

1. Intorduction

Transparent conductive material has been developed by
three methods [1]. The first method is a thin metal film (about
10 nm). It is a discontinuous island structure. Therefore, it has
a low electrical conductivity and high transparency. In order to
improve the conductivity, the film must have a large thickness.
It must have a continuous structure. The second method is
heavily doped semiconductor oxide, also known as a
transparent conductive oxide (TCO). TCO films need to have
low sheet resistance, high transparency, and a wide direct band
gap energy [2]. Such as Sn-doped In203 (ITO) have high
transparency, low resistivity, and a high work function [3]. The
conductivity is improved by increasing the thickness of the
TCO film. The third method is a multilayer structure, where a
metallic film is embedded between two semiconductor oxide
layers. The structure is better durability than a single metallic
film and lower thickness than a single TCO film [4].

2. Experiments

The ZnO/Mo/ZnO multilayer films were deposited on
the glass using an ZnO ceramic target (99.9995 % purity, 20
cm diameter, 0.5 cm thickness) and metal Mo targets (99.9995
% purity, 20 cm diameter, 0.5 cm thickness) in a radio-
frequency (RF) magnetron sputter deposition system. The size
of the glass substrate is 20 x 20 mm2. The sputtering was
performed in argon atmosphere with a target to substrate
distance of 16 cm. The bottom ZnO layer (about 30 nm thick)
was sputtered on the glass substrate. Initially, the sputtering
chamber was evacuated to a base pressure of 8.5 x 10-5 Torr
with turbo molecular pump. The deposition of ZnO layers was
performed in argon (purity: 99.99%) atmosphere and the
deposition pressure was maintained at 10 mTorr and the RF
power was kept at 250 W and substrate temperature kept at 27
°C. Ar flow ratio of 40 sccm and working pressure of 4.3 x 10-
3 Torr. After the sputtering of the bottom ZnO layer, Mo layers
were deposited on the bottom ZnO layer with various
thicknesses. For Mo layers, the deposition pressure was
maintained at 10 mTorr and the RF power was kept at 100 W
and substrate temperature kept at 27 °‘C, Ar flow ratio of 40
sccm and working pressure of 3.1 x 10-3 Torr. After the
sputtering of the Mo layer, the top ZnO layers were deposited
on the Mo layer with 30 nm thick. Top and bottom layers have
the same sputtering parameters.

3. Results and discussion

Figure 1 shows a transmission electron microscopy
(TEM) cross-section image of ZnO/Mo/ZnO multilayer film
where the ZnO layers are 30 nm thick and the Mo film is 12
nm thick. The micrograph shows that the ZnO layers have a
dense, inhomogeneous, and crystalline in structure. It can be
observed that the Mo layer was contiguous and crystalline in
structure. These observations indicate that for Mo layers
thickness higher than 12 nm, the layer could be contiguous and
form a thin film. No heterogeneous nucleation sites existed in
the ZnO/Mo/ZnO multilayer films, which might have had
different initial states and structural properties.
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Figure 1. TEM cross-section image of ZnO/Mo/ZnO
multilayer films.

Figure 2 shows AFM images (area of 10 x 10 pm?2) of the
Zn0O/Mo/ZnO multilayer films with various Mo layer
thicknesses. The root-mean-square (rms) roughness, Rrms,

defined as the standard deviation of the surface height
within the given area, were used to quantify the surface
morphology, and the arithmetic roughness, Ra, defined as
the mean value of the surface height relative to the center
plane. The ZnO/Mo/ZnO multilayer films with Mo layer
thicknesses of 6, 9, 12, and 15 nm had surface Ra
roughness values of 6.42, 6.23, 5.85, and 5.59 nm,
respectively. The ZnO/Mo/ZnO multilayer film surface
roughness decreased with increasing Mo layer thickness
due to the Mo layer changing from distinct islands to a
continuous film. The ZnO/Mo/ZnO multilayer films
prepared in this study also show the similar results in
surface morphology with a previous Sahu’s report. Sahu
reported that ZnO film based multilayer films have
roughened surface due to the crystallization of metallic
interlayer [5].
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Figure 2. AFM topographic images of ZnO/Mo/ZnO

multilayer films with Mo layer thicknesses of (a) 6,
®) 9, (c) 12, and (d) 15 nm.

Figure 3 shows XRD patterns of ZnO/Mo/ZnO
multilayer films with various Mo layer thicknesses. For
the as deposited samples, the (002) and (103) peaks of
ZnO and a small (110) peak of Mo from ZnO/Mo/ZnO
multilayer film could be identified. A strong (002) peak at
34.5° along with a (103) peak were observed for the ZnO
thin films, indicating the polycrystalline nature of the thin
films. All of the ZnO/Mo/ZnO films exhibited strong
(002) diffraction peaks, with no obvious amorphous ZnO
characteristic peaks found. This indicates that they had a
c-axis preferred orientation due to a self-texturing
phenomenon. The intensity of the (002) peak of ZnO
remains almost unchanged because the top and bottom
ZnO layers were controlled to have a thickness of 30 nm.
A (110) peak at 48.5" of the Mo layer in the multilayer
films was observed. For the films with a Mo layer
thickness of 6 nm, the (110) peak was small. This
indicates that the Mo layer surface was non-continuous
and poor quality.
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Figure 3. XRD patterns of ZnO/Mo/ZnO multilayer
films with various Mo layer thicknesses.

Optical transmittance is important in evaluating the
optical performance of TCO thin films. Figure 4(a) shows
the optical transmittance spectra of the ZnO/Mo/ZnO

National Kaohsiung University of Applied Sciences

multilayer films with various Mo layer thicknesses. The
ZnO/Mo/ZnO multilayer films with Mo layer thicknesses
of 6, 9, 12, and 15 nm had transparencies of 85.0%,
81.7%, 79.2%, and 77.3%, respectively. In the short-
wavelength region, the transmittance is affected by light
absorption caused by inter-band electronic transitions.
Therefore, the transmittance decreases with increasing
Mo layer thickness, as more electrons are available for
inter-band transitions, resulting in more light absorption.
Figure 4(b) shows the conductivity and transmission of
the ZnO/Mo/ZnO multilayer films as a function of Mo
thickness. The ZnO/Mo/ZnO multilayer films with Mo
layer thicknesses of 6, 9, 12, and 15 nm had conductivity
of 2.83x102, 3.74x102, 5.44x102, and 8.49x102 S/cm,
respectively. The conductivity of the ZnO/Mo/ZnO
multilayer films increased with increasing Mo layer
thickness. In particular, the ZnO/Mo/ZnO multilayer
films with a Mo interlayer thickness of >9 nm exhibited a
large addition in conductivity. This is due to the Mo layer
injecting electrons into the ZnO layer, increasing the
conductivity of the ZnO/Mo/ZnO structure. We compared
the conductivity and transmission in fig 4(b). It was
found that 12 nm thin Mo film is the best. The
ZnO/Mo/ZnO multilayer films with Mo layer thicknesses
of 6,9, 12, and 15 nm had sheet resistances of 5.36x102,

3.98x102,2.55x102, and 1.57x102 Q/o , respectively.
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Figure 4. (a) Optical transmittance spectra for
ZnO/Mo/ZnO multilayer films as a function of Mo
thickness. (b) The conductivity and transmission of
the ZnO/Mo/ZnO multilayer films as a function of
Mo thickness.

4. Conclusion

The effects of Mo layer thickness on the
performance of ZnO/Mo/ZnO multilayer films were
investigated. The roughness and the transparency of the
multilayer films decreased with increasing Mo layer
thickness. The sheet resistance of the multilayer films
decreased with increasing Mo layer thickness. The
multilayer stack can be optimized to have sheet resistance
of 2.55x102 Q/z at a total transmittance of 79.2 % at
395 nm.
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圖2 會議海報






參加「2015 228th The Electrochemical Society (28th ECS 2015)」 2015年國際電化學會議（228th ECS 2015）」在美國亞利桑那州鳳凰城舉辦。本團隊發表一篇論文發表於228th ECS 2015，標題為: Metal oxide conductivity and nanomechanical properties of ZnO/Mo/ZnO multilayer thin films deposited by RF magnetron sputtering相關的研究成果。


在鳳凰城市中心的Hyatt Regency飯店會議中心展開一系列的學術與工程研討會交流。會議討論中藉由各國之優秀學者發表學術論文中的專業研究、技術研發、功能檢測、學理分析與計算、製程籌劃等值得我國學研單位學習與效仿。從發表成果中說明了未來科學導向與標竿，而各工程領域結合協同材料科學應用是未來功能元件與新興材料發展之重點。


對於各科學領域之專業技能與學術發展方面，我國研究單位應繼續努力與全世界齊步並繼續努力開發科研潛能，並藉由培訓優秀的科研人才、強化專業學識與工程開發。未來，亦可將科學研究導向融入更多的工程開發與開創新穎的學術與工程價值，建議學校應該可以多多培訓人才與積極媒合業界參與學術相關活動與研究。參加本次議程可以促進本校研究生與教授國際學術交流的機會，並增進學校的知名度。
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