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摘 要 

本次出國目的為參加 2022 年全球百大科技獎頒獎典禮，蒐集第一手本屆各國獲獎參賽作

品及分析各作品相關技術發展之趨勢，並能提供本所未來參與競賽之依據及提高來年獲獎之

機會。藉此次赴美出席頒獎典禮，另安排參訪與國際知名專家學者進行學術交流，瞭解先進

國家量子相關技術發展趨勢。與國際頂尖研究單位將建立長期交流及合作溝通管道，掌握世

界先進研究機構之研發方向，作為本所未來政策擬訂之研議參考。 

本所 111(本)年參加全球百大科技研發獎(2022 R&D 100 Awards)競賽，以「低碳生產、低

成本之創新電致變色玻璃量產技術」(英文參賽名稱為 Innovative, low-cost and low-carbon 

technology for mass-producing electrochromic glass)為題，本所提報一項作品參賽，依據主辦單

位於 111 年 8 月 15 日公布入圍決選(R&D 100 Finalists)名單，並於 8 月 22 日公布最終獲獎名

單(R&D 100 Award Winners)，本項作品榮獲本屆百大獲獎名單之一。主辦單位公告於 11 月 17

日在聖地牙哥 Coronado Island Marriott Resort & Spa 所舉辦頒獎典禮，本所受邀參加頒獎典禮

並奉派物理組陳柏聞副研究員代表出席及現場上台領獎。同時，進行現場蒐集各國得獎作品

最新資訊，提供本所後續規畫參賽策略之依據。 

為強化研發成果與國際專家學者進行學術交流，於 11 月 15 日及 18 日參訪 UCLA(加州洛

杉磯大學)電機系 Prof. Kang-Lung Wang及UCSD(加州聖地牙哥大學)電機系 Prof. Tse Nga Ng，

瞭解先進國家於量子與綠色能源領域相關發展與應用趨勢。強化本所本所在原子能衍生應用

之量子科技整體研發進展，與國際知名大學進行技術交流與意見分享，並掌握國際上最新技

術發展趨勢。 

 

 

關鍵字: 全球百大科技研發獎、低成本之創新電致變色玻璃量產技術、量子科技發展  
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一、 目 的  

 核能研究所(以下簡稱:本所)受政府挹注經費下賦予相關研發任務，自民國 57 年成立以

來，為國內原子能與輻射應用的專責研究機構，已累積多項技術研發能量，包含核能安全、

放射性廢料處理、核醫藥物及生醫技術、太陽電池、生質酒精、環保電漿應用、燃料電池、

風力發電與能源管理及微電網等技術。本所近年來致力於獨特創新研發，搭配既有之系統整

合能量，已累積多件可交易專利與技術，透過簽訂技術授權案、技術服務案、協助國內企業

進行產品開發與創新製程，輔導國內業者技術轉型及升級。 

未來配合行政院組織改造，本所將轉型為行政法人「國家原子能科技研究院」，本所刻面

對法人組織轉型過程，將聚焦原子能民生應用、以及 2050 淨零碳排等議題上，並以發展成為

世界一流研究機構為目標，持續邁進及實現低碳社會及增進民生福祉。爰為本所積極參與國

外競賽，以利提升本所國際知名度。本次出國目的除應邀參加全球百大科技研發獎頒獎典禮，

取得最新資訊，提供本所日後參賽依據之方針。藉由此次出國之機會與國際專家學者進行學

術交流，於 11 月 15 日及 18 日安排參訪行程，瞭解先進國家於量子科技與綠色能源領域相關

發展與應用趨勢。 

故包含兩項予以說明: 

(一) 出席 2022 年全球百大科技研發獎(R&D 100 Awards) 頒獎典禮: 

蒞臨典禮現場取得第一手最新發展之趨勢，提供本所未來參與競賽佐證資料，提高  

未來參與競賽之獲獎機會。 

(二) 參訪國際知名學術單位與專家學者進行學術交流:  

建立與世界頂尖研究者之溝通管道，掌握世界各先進研究機構研發方向，作為本所

未來政策擬訂之研議參考。 
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二、 過 程 

本次公差時間含去程及回程共計 8 天，其目的係出席 2022 全球百大科技研發獎(R&D 100 

Awards)頒獎典禮及參訪國際知名學術單位與專家學者進行學術交流，其行程表詳如表 1 所

示。 

表 1 出國期程表 

當地日期 地點 工作內容 

11 月 14 日(一) 台灣桃園往美國加州洛杉磯 去程 

11 月 15 日(二)~ 

11 月 16 日(三)~ 

加州洛杉磯大學 參訪加州洛杉磯大學進行

量子材料/元件及量子科技

學術交流與資料匯整 

11 月 17 日(四) 加州聖地牙哥 Coronado Island 

Marriott Resort & Spa 

參加全球百大頒獎典禮及

蒐集現場最新資料 

11 月 18 日(五)~ 

 

加州聖地牙哥大學 參訪加州聖地牙哥大學進

行綠色能源技術交流 

11 月 19 日(六)~ 

11 月 21 日(一) 

美國加州洛杉磯往台北 回程 
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(一) 出席 2022 年全球百大科技研發獎(R&D 100 Awards) 頒獎典禮 

2022 年全球百大科技研發獎(R&D 100 Awards)頒獎典禮係假聖地牙城市內哥科羅納多

島-萬豪度假酒店(Coronado Island Marriott Resort & Spa hotel)舉辦，其中頒獎典禮於當地時

間 17 日晚間正式舉行，主辦單位規定須著正式服裝出席。為完整了解全球百大科技研發獎

獲獎機制及其運作流程暨推廣本所研發成果，本次不僅參加現場頒獎典禮流程，如表 2，

俾利了解整體頒獎運作機制並獲得得獎作品相關新知，作為來年申請報名技術篩選、撰寫

內容修正及推廣說明參考。 

表 2  2022 年全球百大科技研發獎頒獎典禮流程 

Thursday, NOVEMBER 17, 2022 

 2:00PM–10:00PM Broad Room Open Time  

5:30PM–7:00PM Poolside Lawn R&D 100 Awards Registration 

7:00PM – 7:45PM 

Coronado 

Ballroom Foyer 

R&D 100 Awards Plated dinner 

7:40PM – 10:30PM 

Floridian 

Ballroom G-L 

Awards presentation hosted by the R&D 

World editorial staff 

 

  

報到處 主辦單位當天頒獎典禮會場 

  
外圍會場餐飲地點 全球百大科技研發獎海報文宣 

圖 1 2022 年全球百大科技研發獎報到地點及頒獎典禮周遭環境 
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    此次頒獎程序，延續過往幾屆模式，參賽作品二階段方式公布，第一階段公布入圍

(R&D 100 Finalists)以及第二階段公告最終優勝獎(R&D 100 Award Winners)。其中，入圍名

單援例於當年 8 月至 10 月中旬公佈於官方網頁上，惟最終得獎名單依慣例於當年 11 月中

旬擇美國特定地點進行現場舉辦頒獎典禮。觀察上屆獲獎情形，因疫情關係，最終優勝獎

頒獎典禮僅進行線上視訊頒獎，並無舉辦現場儀式。因今年疫情舒緩，於 8 月 24 日公告最

終優勝獎得獎作品之研發單位，主辦單位邀請得獎人參加 11 月 17 日假聖地牙;哥科羅納多

島-萬豪度假酒店(Coronado Island Marriott Resort & Spa hotel)舉辦頒獎典禮現場上台領獎，

如圖 1。 

(二) 參訪國際知名學術單位與專家學者進行學術交流 

為強化本所研發成果推廣及參與國際專家學者進行學術交流，建立與世界頂尖研究者

之溝通管道，作為本所未來政策擬訂之研議參考。於 11 月 15 日及 18 日受邀至 UCLA(加

州洛杉磯大學)電機系 Prof. Kang-Lung Wang 及 UCSD(加州聖地牙哥大學)電機系 Prof. Tse 

Nga Ng，瞭解先進國家於量子科技技術與綠能發展之趨勢。 

於 11 月 15 日於拜訪王康隆院士，現為美國加州大學洛杉磯分校電機系雷神講座教授。

大學畢業後赴美國麻省理工學院深造，之後在美國投身於學術界與業界，專長為自旋電子、

半導體電子學以及奈米技術，其相關的研究對於促成積體電路製程持續微縮貢獻卓著。從

事自旋電子的研究，引領自旋電子學的研究方向。也曾領導美國主要奈米材料聯盟（FENA）

的半導體電子研究中心，證實了量子反常霍爾效應與拓樸絕緣體，為拓樸量子電腦發展推

進一大步。並於 2017 年與加州大學爾灣分校夏晶教授領導的研究團隊，在反常霍爾效應平

台系統中，首次發現並以實驗證明馬約拉納費米子的存在。王康隆院士在 40 年的教學生涯

中桃李滿天下，學生遍及產學研界，都相當傑出。從過去傳統電腦到量子電腦，量子電腦

的技術發展備受重視，如圖 2，其強大的運算潛能，成為科學界與產業界關注焦點。 

本次參訪過程中與王院士討論中: 量子電腦（Quantum Computer）到底這個運算架構是

否會取代傳統電腦? 王院士認為，以目前技術發展來看，其實並不會，而是各有各的任務，

他舉例就如同手機沒辦法取代電腦，記憶體沒有取代硬碟的情況，而量子電腦特色，主要

是針對解決特定的古典電腦之問題具有優勢，並非無所不能。發展到現在，所謂量子霸權

（Quantum Supremacy）的階段，如圖 3，也就是證明可真正運用量子電腦來進行一個運算

任務是指用量子電腦解決古典電腦難以解決的問題，問題本身未必需要有實際應用。不過，

現階段的量子電腦運算力其實還非常小，Google 在 Nature 期刊發表研究成果，宣布他們打

造了 54 量子位元（qubit）的處理器 Sycamore，引發全球關注。 

具體而言，具有 53 個量子位元的量子電腦，因為有 1 個量子位元是壞掉的，在 Google

特定實驗設計下，讓電腦進行 20 次指定的量子操作，實驗重複一百萬次，僅耗時 200 秒就

能完成。對於這樣的成果，量子電腦發展來看，現在已經可以實際運用量子電腦進行一個

運算任務，這展示了古典電腦做不到的事情，是科學發展上非常重要的里程碑。量子電腦

的下一個里程碑，是要實現有用的運算任務，來達到真正具價值的量子霸權階段，目前科

學家還在尋找短期內能實現的量子電腦實際應用。 
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圖 2 量子電腦與量子資訊的發展歷史 



6 

 

 

圖 3 Google 打造的 53 量子位元處理器；宣稱量子霸權(量子優勢) Sycamore 古典電腦無法達

到境界 

      於在與王院士討論中，有提到拓樸絕緣體(topological insulator)銻化鉍(BiSb)可以用來做為

SOT MRAM 的磁化翻轉機制導線材料，數量級的大幅降低所需電流與功耗、提昇寫入速度。

拓樸絕緣體 (Topological insulator) 因為具有許多獨特的性質因此在近幾年引起大家的關注。

拓樸絕緣體的主要特性是它的內部具有絕緣體的性質，但它的表面態卻是呈現金屬的特性的

特性。拓樸絕緣體材料對於電子傳輸的能力具有去相位長 (phase coherent length )等優勢，如

圖 4。 

 

圖 4 自旋轉移矩(Spin-transfer torque)是一種利用自旋極化電流來改變磁性隧道磁阻值 
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圖 5 拓樸量子位元在量子能量傳輸的應用 

   王康隆院士領軍的 UCLA 研究團隊，以 Molecular beam epitaxy, MBE 製程，偵測到

了馬約拉納費米子（Majorana  Fermion）。利用 Dirac formula 成功解釋了費米子的性質，

並預測有反物質的存在，如圖 5。在宇宙之中物質—反物質會一對對存在且物質和反物質

的特性是一模一樣唯一的差別只有電荷是相反的。比如說：電子是物質，帶有一個負電荷；

那麼它的反物質就帶一個正電荷。 

   以分子束磊晶系統成長磁性拓樸絕緣體三層(Trilayer)異質結構，希望利用本實驗室先

前最好的參數來得到晶向與結構良好的樣品，並進行磁電性的分析。拓樸絕緣體特殊的能

帶結構導致此種材料在內部絕緣而在邊緣或表面導電，若是將磁性摻雜於拓樸絕緣體，則

會破壞時間反衍對稱性 (time reversal symmetry)，此時便會出現量子異常霍爾效應

(Quantum Anomalous Hall Effect, QAHE)、拓樸軸子態(topological axion states)和馬約拉納

費米子(Majonara fermion)這些特殊的量子態，因此磁性拓樸絕緣體為日後研究量子拓樸、

電子自旋學以及其應用的重要載體，成長反鐵磁性拓樸絕緣體薄膜，調整成長樣品時的參

數得到結構晶向良好的樣品。 

   另一參訪行程，於 11 月 18 日於拜訪加州聖地牙哥電機系 Prof. Tse Nga Ng。在此次會

談中，主要針對兩個議題進行交流，(1)中寬帶紅外光偵測器研究，由於在異質材料界面中，

存在特殊 P-N Junction，對於中寬帶紅外響應貢獻，以及(2)具有超級電容器之電致變色元

件等議題進行交流。 

   Prof. Tse Nga Ng 表示加入異質小分子材料，可大幅提升元件的外部量子效率，最大可

從 50%提升至 60%，有利於近紅外光的感光物質於光偵測器靈敏度。透過摻雜技術之進

展，摻雜物後提高低能階亞激態躍遷之特性，可提高光偵測器元件在加上負向偏壓時，暗

電流會明顯的增加，如圖 6，而我們團隊研究加入一層電荷阻擋層後，可有效地降低漏電

流。並且增加 mobility 特性，因此提升靈敏度功能及提高長波長應用反應範圍。 
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圖 6 在不同有機分子、氧化物及二維材料上的軟性光偵測器應用 

 

 

圖 7 有機光偵測器元件在可見光及短波長紅外線波段之簡易成像示意圖 
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   Prof. Tse Nga Ng 表示由於紅外線偵測器的進步發展，使得紅外線應用得以實現並在近二

十年迅速發展。例如:軍事夜視系統、醫學醫療儀器、通訊系統、天文觀測、民生保全系統、

氣象、太空遙測系統等領域，其重要性不言可喻。其中，短波長紅外線 (SWIR, IR-B DIN)：

1.4 ~ 3 微米，水的吸收在 1,450 奈米顯著的增加。1,530 至 1,560 奈米是主導遠距離通信的

主要光譜區域，如圖 6。 

   Prof. Tse Nga Ng 也介紹光偵測器可吸收光能轉並轉換成電訊號，利用電訊號即可偵測

光源訊號的強弱。傳統的半導體光偵測器多數使用矽或化合物無機半導體為主動材料。而

近來已有越來越多的研究投入於有機光偵測器。相較於無機材料，多數有機材料有較低的

折射率(refraction index)，因此容易導入(coupling)光子於元件之中；有機材料也有可撓性，

且其重量輕、容易攜帶，並且製程溫度低，如圖 7，可製作於可撓性塑膠基板上，因此易

於與其它的有機電子光電元件整合，例如有機光學積體電路(organic photonic integrated 

circuit)等。 
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三、 心 得  

本次出國目的為參加 2022 年全球百大科技獎頒獎典禮，全球百大科技研發獎素有研發

界奧斯卡之稱的 R&D 100 Awards，今年邁入 60 周年。是研發領域極為推崇的科技研發國際

大獎，每年從全球上千件創新技術中，挑選出 100 項年度具重大創新意義及對人類生活影響

深遠的商品化技術，已成為市場上鑑定新技術革命性地位之重要指標，如圖 8。 

 

圖 8 全球百大科技研發獎簡介 

迄 2022 年已賡續辦理 60 屆，惟自 2015 年起變更作品評選機制，改採 2 階段進行評

選，於當年度 8 月間公布第 1 階段入圍名單，並於 11 月間進行第 2 階段頒獎典禮以公布獲獎

作品名稱，且將申請類別區分成 5 大類，分別為 Analytical/Test(分析/測試)、IT/Electrical(資訊

/電子 )、Mechanical Devices/Materials(機械裝置 /材料 )、Process/Prototyping(程序 /原型 )及

Software/Services(軟體/服務)，至 2017 年更增列第 6 類 other Innovations(其他革新獎)，詳如

表 3。另主辦單位同年度亦新增 Special Recognition Awards(特別獎項)，該獎項係由主辦單位

特別頒發，而非由參獎者自行申請之類別。 

 

表 3 全球百大科技研發獎申請類別之分類 

類別 細項 舉例 

Analytical/Test 

(分析/測試) 

Analytical Instrumentation 

(分析儀器) 

chromatography, spectroscopy, analyzers, etc.  

(層析計、光譜儀及量熱器等) 

Electronic Instrumentation 

(電子測試裝備) 

oscilloscopes, VOMs, spectrum analyzers, 

digital multimeters, probes, etc. 

(示波器、頻譜分析儀、數位萬用電表、探

頭等) 

Imaging Systems/Devices 

(影像系統/裝置) 

microscopes, cameras, telescopes, binoculars, 

optics, etc. 
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(顯微鏡、照相機、筒式光學放大鏡、雙筒

望遠鏡、光學儀器之各組成部分等) 

Testing Systems 

(測試系統) 

hardness, materials, tensile, physical, etc. 

(硬度、材料、張力、物質等) 

Laboratory Equipment 

(實驗室設備) 

fume hoods, cabinets, casework, lab animals, 

lab automation, balances/scales, centrifuges, 

tubing/valves, mixers, etc. 

(通風櫥、陳列櫥、台柜、實驗室動物、實

驗室自動化、天秤/磅秤、離心機、管道系

統/閥門、混合機等) 

Life Sciences 

(生命科學) 

biopharmaceuticals, DNA/RNA systems, 

food & beverage, genomics, proteomics, 

GMO, medical devices, medicine, medical 

implants, etc. 

(生物製藥、去氧核糖核酸/核糖核酸系

統、食物&飲料、基因組學、蛋白組學、

基因改良生物、醫療設備、醫學、醫療植

入物等) 

IT/Electrical 

(資訊/電子) Electrical Devices 

(電力裝置) 

motors, switches, lighting systems, power 

systems and components, etc. 

(馬達、開關、照明系統、電力系統及元件

等) 

Information Technologies 

(資訊技術) 

computers, cell phones, printers, storage 

systems, supercomputers, computer 

hardware, operating systems, cloud 

computing, big data, data mining, data 

security, etc. 

(電腦、手機、列表機、儲存系統、超級電

腦、電腦硬體、作業系統、雲端運算、大

數據、資料探勘、資料保全等) 

Communication 

Systems/Devices 

(通訊系統/裝置) 

wireless, broadband, networking systems, 

routers, wearables, lidar/radar, space 

communications, etc. 

(無線電、寬頻、網路系統、路由器、穿戴

式設備、雷達、太空通訊等) 

Safety & Security 

(安全性及保密性) 

sensing, detecting, monitoring, alarm 

systems, access point/portals, isolation 

systems, barriers, etc. 

(測知、偵測、監控、警報系統、切入點/

入口、隔離系統、屏障等) 

Beam Instrumentation 

(電磁儀器) 

x-ray, neutron, proton, gamma ray, etc. 

 (X 光線機、中子產生器、質子產生器、

伽馬射線產生器) 

Lasers & Photonics 

(雷射及光子學) 

CO2 lasers, solid-state lasers, LEDs, 

synchrotron items, etc. 

(二氧化碳雷射、固態雷射、發光二極體、

同步項目等) 

Mechanical Mechanical Systems pumps, gears, transmissions, robotics, 
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Devices/Materials 

(機械裝置/材料) 

(機械系統) structural components, air-handling systems, 

thermal devices, heating and cooling 

systems, etc. 

(幫浦、齒輪、變速器、機器人、結構元

件、空氣調節系統、過熱保護設備、加熱

及冷卻系統等) 

Chemical & Gases 

(化學及氣體材料) 

chemicals, reagents, powders, rare gases, etc. 

(化學製品、試劑、粉末、稀有氣體等) 

Materials 

(材料) 

metals, alloys, polymers, plastics, paints, 

ceramics , composites, adhesives 

(金屬、合金、聚合物、塑膠、油漆、陶

瓷、複合材料、粘合劑) 

Thin Film & Vacuum 

(薄膜以及真空技術) 

deposition systems, vacuum 

pumps/chambers, vacuum valves, 

lithography, semiconductor processing, etc. 

(沉積系統、真空幫浦/室、真空閥、微影

製程、半導體處理等) 

Energy 

Systems/Components 

(能源系統/零組件) 

PV, fuel cells, nuclear, IC engines, hybrid 

systems, energy modeling software, etc. 

(光電、燃料電池、核能、積體電路引擎、

混合系統、能源建模軟體等) 

Environmental 

Systems/Instruments 

(環境系統/儀器) 

pH meters, filtering systems, precipitators, 

carbon capture, mercury capture, etc. 

(酸鹼度計、過濾系統、除塵器、碳捕獲、

汞捕獲等) 

Process/Prototyping 

(程序/原型) 
Process Systems 

(程序系統) 

mixing, formulating, distilling, baking, 

coating, etc. 

(混合、制定、蒸餾、烘、塗層) 

Additive Manufacturing 

(積層製造) 

3-D printing, rapid prototyping 

(3-D 列印、快速成型) 

Supply Chain 

(供應鏈) 

management, operations, etc. 

(管理、操作等) 

Process Improvement 

(流程改善) 

design, production, distribution strategies 

(設計、生產、分配策略) 

Software/Services 

(軟體/服務) Software 

(軟體程序) 

reporting, simulation, visualization, process 

and analysis, and chemistry 

(報告、模擬、可視化、過程和分析、化

學) 

Safety & Security 

(安全性及保密性) 

sensing, detecting, monitoring, alarm 

systems, access point/portals, isolation 

systems, barriers, etc. 

(測知、偵測、監控、警報系統、切入點/

入口、隔離系統、屏障等) 

Military/Aerospace/Law 

Enforcement Devices 

(軍事/太空科學研究/執法

裝置) 

forensic tools, weapons, drones, de-icing 

solutions, flight simulators, air traffic control 

tech, etc. 

(法庭工具、武器、無人駕駛飛機、除冰解

決方案、飛行模擬、空中交通管制技術) 
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本次出席 2022 年百大科技研發獎之頒獎典禮，本所以「綠色製造」的觀點，創新匯流，

沿 2050 淨零碳排軌跡前進，打造可實際量產之低碳生產技術，引領台灣製造業作為淨零排

之先驅。參賽主題「低碳生產、低成本之創新電致變色玻璃量產技術」(英文參賽名稱為

Innovative, low-cost and low-carbon technology for mass-producing electrochromic glass)為題，

是台灣獲獎項目內唯一符合 2050 淨零碳排趨勢。 

為因應歐盟世界各國及我國「2050 年淨零排放」趨勢，本所落實能源轉型，以具有前

瞻且可量產之綠色製造低碳生產方式，研發「獨創全球之高密度電弧電漿源及其量產製程

設備」，開發出新穎奈米級多孔性薄膜，取代目前採用的濺鍍(sputtering)製程，並應用於快

速電致變色節能窗產品，如圖 9。就淨零排放路徑而言，在「製造端」此技術可大幅減少

設備能耗 75%；在「應用端」此產品符合綠建築規範具隔熱效果，可減少室內溫度 3 ̊ C 以

上，降低室內冷氣空調所需之能耗，引領我國製造業邁向淨零碳排先驅。為提升綠色循環

經濟價值，已成功技轉給全球市佔率第三大之力○興(LICON)製造商，授權生產。未來透

過雙方合作開發低碳生產、低成本之電致變色節能窗，更有利於企業、環境、與消費者創

造出「三贏局面」(Win-Win-Win situation)。 

 

圖 9 左上圖本次參賽作品角逐機械裝置/材料類;右上圖與力○興聯名參賽並歸納出核心技術; 

左下圖快速電致變色節能窗產品;右下圖本屆獲獎獎牌 

   發現台灣其他研究單位亦有榮獲該獎項，這次 2022 R&D 100 Awards 全球百大科技研發

獎，今年台灣創新科技囊括 12 個獎項，如表 4，高居全球第二亞洲第一，超越歐洲、日本。

本屆台灣獲獎包含工研院「高精密陣列之微型 Micro LED 全彩顯示模組」、「眼底病變 AI 輔

助診斷與偵測技術」以及與國際材料大廠杜邦微電路及元件材料(Microcircuit Materials；MCM)
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公司合作的「9KC GreenTape™ LTCC 於 5G 毫米波通訊技術」；資策會「乳攝品質 AI 輔助評

量系統」、「勒索軟體智能獵捕平台」；金屬中心「智慧骨科手術輔助系統-即時動態追跡手術輔

助系統」、「不銹鋼耐蝕暨表面硬化系統設備」、「4D(3D+異質)固相式積層製造」；紡織所「Digital 

M®變形功能樹脂」、「SILVTEA 導電銀墨水」。 

表 4  2022 年全球百大科技研發獎之台灣單位獲獎資料 

項次 單位 主題 

1 核研所 低碳生產、低成本之創新電致變色玻璃量產技術 

2 

工研院 

高精密陣列之微型 Micro LED 全彩顯示模組 

3 眼底病變 AI 輔助診斷與偵測技術 

4 9KC GreenTape™ LTCC 於 5G 毫米波通訊技術 

5 
資策會 

乳攝品質 AI 輔助評量系統 

6 勒索軟體智能獵捕平台 

7 

金屬中心 

智慧骨科手術輔助系統-即時動態追跡手術輔助系統 

8 不銹鋼耐蝕暨表面硬化系統設備 

9 4D（3D+異質）固相式積層製造 

10 
紡織所 

DigitalM®變形功能樹脂 

11 SILVTEA 導電銀墨水 

12 台科大 可用於同時產水-產電的黑色魔毯 

    透過這次全球百大科技研發獎之台灣單位獲獎，獲得各大國際獎項的肯定，更是台灣

產業轉型躍升的核心動能，甚至孵育出多家新創公司，是真正以創新科技解決產業問題，

帶動產業效益與價值。今年獲得台灣參賽獲得國際大獎外，更呼應全球世界潮流議題，如

元宇宙、淨零排放、智慧醫療技術。全球掀起元宇宙熱潮下，追求更快速、更舒適的沉浸

體驗，也相關創新科技因運而生。 

在通訊方面，5G 的普及讓傳輸技術逐漸從目前的主流頻段走向速度更快的毫米波頻

段，工研院與杜邦微電路及元件材料公司合作研發的「9KC GreenTape™ LTCC 於 5G 毫米

波通訊技術」，將耐高溫、低損耗的低溫共燒陶瓷(Low-Temperature Cofired Ceramics；LTCC)

打造出用於 5G 毫米波的通訊元件，幫助國內產業擴大無線通訊研發領域。在顯示技術方

面，Micro LED 市場商機無窮，除常見的 3C 產品與車用曲面顯示器，本次工研院參賽作品

以「高精密陣列之微型 Micro LED 全彩顯示模組」獲獎，作品具有超廣色域、高解析、高

亮度、高整合、低功耗等特點，更以聯盟的形式帶動台灣 Micro LED 產業。在資訊安全上，

資策會「勒索軟體智能獵捕平台」，透過 AI 技術主動分析駭客攻擊軌跡、病毒碼比對與威

脅行為軌跡推估，協助國內企業於資安上具有辨識駭客攻擊。 
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圖 10 國內工研院 2022 年獲獎資訊 

   另外，因應新冠肺炎疫情及高齡化等因素讓全球智慧醫療應用加速普及。台灣工研院研

發「眼底病變 AI 輔助診斷與偵測技術」，整合眼科醫師專業知識與人工智慧技術，除可輔

助診斷與偵測視網膜與黃斑部病變，加快醫師看診判讀的速度與準確，以利遠端看診守護

偏鄉，如圖 10。 

 

圖 11 各參賽單位近年來各分類入圍及獲獎項數統計 
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接著對各類別進一步探討，可發現 2020 年之各類別之入圍數比起 2019 及 2021 年較

為平均，不像 2019 年 Analytical/Test 及 Mechanical Devices 入圍數明顯較高，主要係落於

Analytical/Test、IT/Electrical 及 Mechanical /Materials 等 3 類中。2021 年與跟過去分類做比

較，其 Software/Service 獲獎件數大幅成長(如圖 11)，遠勝過過去紀錄，已逐漸成為全球百

大科技研獎項重視之類別，極有可能與近年來之主流趨勢有關聯，例如人工智慧(深度學習)、

大數據、雲端平行運算、智慧家庭、智慧城市(包含自駕車)及物聯網等。 

 

圖 12 各國近年來獲獎項數統計 

     2021 年獲獎單位仍以美國境內單位為主，且多為知名機構，雖有其他國家獲獎，其名額

仍屬偏少(如圖 12)。2021 年總獲獎家數比起 2018 年增加，但仍比 2017 年減少，中國獲得獎

項逐年下降，係值得注意之趨勢(主要係以香港為主)，係近年來值得注意之趨勢。經現場觀察，

除參賽作品具有創新研發能力重要特質外，如何具體描述技術內容是一件相當重要之事項，

獲獎技術經歸納後，發現有些較為不同之特質，其相關結論如下: 

係將新技術與過去舊有技術相互比較，就其技術獨特性或突破性特別闡釋。 

(1)創新獨特性: 舉例而言，過去傳統製作方式，具有創新獨特性之技術，其申請內容應

強調技術質化方面之改變以及所克服之新困難點，至於改善效率高低，並非創新獨特性所重

視之點。具有創新獨特性之技術多屬跨領域發展過程中所產生之產物，不見得為發展過程中

之主要目標技術，亦有可能係額外產生之副產物。 

(2)科技突破性: 新技術係奠基於舊有觀念發展延伸，其技術本質上並未克服任何新困

難點，僅就原有技術基礎上，增進改善技術效率，故其申請內容應強調技術量化方面之變動。

全球百大科技研發獎對技術有關之科技突破程度，並不以得預測之進步幅度為滿足，例如 1

倍至 2 倍，具有科技突破性性質之技術多屬研發單位之核心技術，係為其重要發展之命脈。 

為提高研究單位之創新能力及競爭力，爰需積極發掘主流技術(新興科技)之走向，除經由

跨領域、跨單位等方式獲知新興科技外，透過參獎之良性循環圖獲知技術潮流趨勢亦是另一
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種管道，尤其係參與高水準之競賽，並適時淘汰落後或偏離市場方向之技術，以提高未來獲

獎機率(如圖 13)。 

 

圖 13 參獎之良性循環圖 

 

發展技術之最終目的係為了產生能獲得大眾願意購買之產品，即使新技術擁有創新獨

特性或是科技突破性，然最終卻無法符合使用者之需求，則會成為無實質應用效果之技術，

對人類福祉並無任何幫助，形成孤芳自賞之窘境。為證明具有市場應用價值，需要實際應用

例子，或有合作或技轉廠商開始生產之證明，屬於多面向廣泛應用，而非進入紅海市場中，

即可算初步具市場經濟性。 

 

 

 

 

 

 

 

 

 

 

 

 

參獎

獲知技
術主流

採用開
發式創
新思維

提高創
新能力

提高獲
獎可能



18 

 

四、建 議 事 項 

1.未來參賽作品，與過去舊有技術相互比較，就其技術獨特性或突破性特別闡釋。與過去

傳統製作方式進行比較，強調本次參賽作品的獨特性之處，為申請內容之技術亮點，此種申

請內容好處係能以新穎觀念克服新困難點(技術獨特性)並其技術改善指標能達到領先群程度

即可，即能有獲獎之實力。 

2.介紹係經由何種動機或想法導致新技術之產生，其思考邏輯脈絡為何。爰此，技術申請

文件應著重於動機、想法及原理，主要係考量申請文件是否能具體揭露研發動機或強項，亦

即所謂技術亮點之可能性。 

3.將新技術之市場經濟性特別點出，如何應用在現有產品上並具體表現出來。原則上提升

創新能力係獲獎之主要關鍵，可大幅提升獲獎機會，故依據本次出訪全球百大科技研發獎之

心得內容，分別從本所、內部單位提出創新能力改善建議，以提高本所未來得獎機會，其相

關事項整理如下。 

表 2 未來建議事項 

 

 (一) 本所方面 

1. 掌握市場主流趨勢: 

適當修正本所研發方向(例如納入雲端應用、平行運算、人工智慧、深度學習、大數

據、智慧家庭、智慧城市、物聯網等相關技術)。 

2. 跨單位合作(異業合作):  

推動內部單位或外單位，均是強化開創性思考，乃至增強創新能力之途徑之一。觀

察本屆獲獎技術，多為跨單位合作所產生之成果，俾利激盪更多新穎之技術亮點。 

單位方面

優先以具有量產能力之產品來推
動

培養同仁創新開放性思考的態度
訂立具多方面應用價值之研發方

向

本所方面

掌握市場主流趨勢
建議跨單位合作

(異業合作將創新技術最大化)
邀請獲獎單位分享經驗
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3. 邀請獲獎單位分享經驗:  

邀請獲獎單位分享經驗，將其他單位果去成功獲獎的研發或納入嶄新技術之相關項

目權重，有助提高未來獲獎之機率。 

(二) 單位方面 

1. 優先以具有量產能力之產品來推動:參獎技術之技術應有實體示範場域或是相關測

試紀錄，應屬具量產能量之實體產品，而非仍是原型產品或概念，應有現存之技術

移轉合作關係，並能確實了解市場上所遇到之真實問題。 

2. 優先以具有量產能力之產品來推動:培養定期關注國際新趨勢，建立同仁之創新態

度。 

3. 優先以具有量產能力之產品來推動:研發技術應用廣度應儘量極大化，勿僅侷限小

眾市場之應用。   
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五、 附 錄 

(一) 本次參賽資料申請書 

 

Page: 1) PRODUCT/SERVICE CATEGORIES 

1) PRODUCT/SERVICE CATEGORIES 

Title of your entry 

Innovative, low-cost and low-carbon technology for mass-producing electrochromic 

glass 

Category 

Mechanical/Materials ($550 Entry Fee) 

 

Page: 2) R&D 100 PRODUCT/SERVICE DETAILS 

2) R&D 100 PRODUCT/SERVICE DETAILS 

Name of the primary submitting organization 

Institute of Nuclear Energy Research (INER), Atomic Energy Council, Executive Yuan 

 

Name(s) of co-developing organization(s) - if applicable  

LICON Technologies Inc.  

http://www.alight.com.tw/index.php?lang=en 

 

Product/service brand name  

INER and LICON Distribution Low-Carbon Mass Production of Electrochromic 

Products (LCMPEP)  

 

Product Introduction 

 

Check here to certify that this product/service was introduced to the market between 

January 1, 2021 and March 31, 2022. 

Yes 

 

If your submission is subject to regulatory approval, has this product been approved? 

Yes 

 

Price of product/service in U.S. dollars 

INER is a research unit under the Atomic Energy Council of the Executive Yuan of 

Taiwan, the Republic of China. INER does not commercially manufacture products 
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developed out of its research projects. INER instead licenses technologies to third 

parties. Price for such licensing, and technology transfer when engaged, depends on 

contract arrangements. 

 

 

Short description of the product 

Please supply a short description of your product/service. (Please limit your answer to 50 words 

or less.) 

The technology provides an innovative high-density arc plasma source and the machine, 

for mass production, adopting this arc plasma source. The electrochromic window 

manufactured by the technology can achieve energy saving and be fully in line with 

the standards of green building materials. The technology can replace the currently 

available sputtering processes for producing electrochromic products and the power 

consumption of the machines for mass production can be significantly reduced in order 

to achieve the objective of “Green Manufacturing (G.M.). Thus, the technology 

provides the world with an innovative and optimized solution for mass-producing 

electrochromic glass by low cost and low carbon emission.  

 

Please indicate the type of institution you represent 

Government or independent Lab/Institute 

 

Submitter’s relation to entered product/service 

Product Developer 

 

Photo(s) of the Product 

Our team has successfully authorizes LCMPEP, including the innovative high-density 

arc plasma source, the novel porous thin film and the machines for mass-producing the 

thin film, to LICON Technologies Inc (Taiwan) for manufacturing, producing and 

marketing electrochromic products. 
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Photo #1 (optional) 

 

 

Photo #2 (optional) 

LICON Technologies Inc (hereinafter “LICON”) is the only one Asian manufacturer 

capable of mass-producing electrochromic side mirrors and rearview mirrors. LICON 

has the third-highest market share of these products and their sales network covers the 

whole world. The energy-saving, low-cost and low-carbon electrochromic glass 

developed by the corporation of LICON and INER can solve the problem that the 

popularization of electrochromic products cannot be achieved because of high unit 

prices. 
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Page: 3)  

3) PRODUCT/SERVICE DESCRIPTION 

A.  What does the product or technology do? 

Describe the principal application(s) of this product.  

    This core technical feature of this technology is as shown in Fig. 1, which is a novel high-density 

arc plasma source and the machine, for mass production, adopting this arc plasma source. Currently, 

the arc plasma technology are mainly applied to producing coatings with high wear resistance, high 

corrosion resistance or for decorative purpose. Our team successfully overcomes the obstacle of 

applying the arc plasma plating technology to high-end products. In addition, our team further 

improves the arc plasma plating process to manufacture nanoscale thin films so as to develop a novel 

nanoscale porous material. Finally, our team successfully develops an energy-saving electrochromic 

thin film with fast electrochromic switching ability. 

    The mass-production type electrochromic thin film high-speed plating machine developed based 

on this technology has been successfully authorized to LICON for mass-producing electrochromic 

products. Compared with the currently available sputtering processes, the thin-film plating rate of this 

technology can be increased by 5-10 times and the power consumption of the plasma source can be 

reduced to 1/4 of the currently available sputtering processes. Thus, this technology can satisfy the 

low-carbon production, low energy consumption and low pollution requirements of the “Green 

Manufacturing (G.M.)”, which can dramatically decrease greenhouse gas emission, alleviate global 

warming and reduce environmental pollution with a view to promote the balance of production and 

environmental sustainability. Moreover, this technology can effectively lower the cost of the 

electrochromic products, which can enhance the competitiveness of the electrochromic product 

manufacturers in the market, such that the electrochromic products can be more accessible and 

affordable for most people. In this way, this technology can solve the problem that the popularization 

of energy-saving electrochromic windows cannot be realized due to their high unit prices. 

    LICON is the only one Asian manufacturer capable of mass-producing electrochromic side 

mirrors and rearview mirrors. LICON has the third-highest market share of these products and their 

sales network covers the whole world. Via the corporation of LICON and INER in the future, the 

energy-saving thin film with fast electrochromic switching ability developed by this technology will 

be integrated with the high electrical-conductivity solid electrolyte and the packaging technique 

developed by LICON in order to develop an energy-saving electrochromic window. This product can 

be manufactured by a low-carbon manufacturing process and conform to the commercial standards. 

Furthermore, this product is not only of low power consumption, but also achieves high heat isolation 

and meets the standards of green building materials. As a result, this product can definitely reduce 

the power consumption of air conditioners of various buildings and keep the indoor temperature being 

proper. Therefore, this product can be more environmentally-friendly with an aim of realizing the 

balance of production and environmental sustainability. 
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Fig.1. Core technical feature 

1. Technology: 

1.1Replacement: To Replace Existed Sputtering Process Comprehensively 

   This technology develops a novel arc plasma source, as the design shown in Fig. 2(a). Our team 

carefully designs the shading mask, the target and the positions of the magnets in order to optimize 

the arc plasma source, Via accurately adjusting and controlling the moving speeds and the sizes of 

the arc points, as shown in Fig. 2(b), the energy density and the ionization rate of the plasma can be 

further optimized with a view to achieve long-term and stable operation of the plating process. Our 

team further integrates the above arc plasma source with specially-designed and optimized process 

parameters: (1) precisely adjust and control the working current of the arc plasma; (2) adjust the 

working air pressure ratio according to different materials; (3) adjust the magnets to the best positions 

to effectively manufacture a porous structure applicable to energy-saving electrochromic glass 

products capable of achieving high transmittance, fast electrochromic switching ability and other 

excellent characteristics. The plating rate of the novel arc plasma source can be up to about 

10~100nm/min in performing the plating process for electrochromic thin films, which is much greater 

than the plating rate, about 1~10nm/min, of magnetron sputtering. Compared with the conventional 

magnetron sputtering process for electrochromic thin film, this technology can achieve greater 

manufacturing efficiency and higher production. 



26 

 

 

Fig. 2. (a) New Design of Arc Plasma Source (b) Arc Plasma Discharge 

   Regarding apply this technology to achieve energy saving and carbon reduction, saving energy 

can be achieved by decreasing the power consumption of the machines when the machines are used 

to mass-produce products, such that the overall energy consumption of the factories can be effectively 

decreased. In this way, not only is the expense in electricity reduced, but also the greenhouse gas 

emission and air pollutant emission, caused by power generation and energy consumption, are 

decreased. The energy-saving performance assessments and carbon emission assessments of applying 

this technology to manufacture electrochromic window products are as shown in Fig. 3. Fig. 3 shows 

the schematic view of the power consumption assessment and the assessment of the carbon emission 

caused by the power consumption according to the aspect of energy-saving and carbon reduction. In 

addition, Table 1 shows the assessments made according to 4 perspectives, including “Process”, 

“Product”, “Power” and “Produce”. 

 

Fig. 3. Schematic view of energy-saving and carbon reduction performance assessment of applying 

this technology in production  
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Table 1. Energy-saving and carbon reduction performance assessment of this technology 

Direction Assessment Cost-effective 

Energy 

Saving 

Process/Power 

The power consumption needed by 

the manufacturing process of this 

technology 

Saving 4 times power 
usage 

(Note 1) 

Product/Power 

The energy consumption, of the air 

conditioner, reduced by this product 

installed in a building  

Saving 10kWh/day of 
power consumption for 

each household. 

(Note 2) 

Carbon 

Reduction 

Process/Produce 

The carbon emission generated due 

to the manufacturing process of this 

technology 

Saving 57,000 ton CO2 
e/day. 

(Note 3) 

Product/Produce 

The carbon emission, of the air 

conditioner of a building, after this 

product installed in the building 

Saving 50,000 ton CO2 
e/day. 

(Note 4) 

Note 1: it is assumed that the default thickness of the thin film is 500nm. The power consumptions 
(watt) of two manufacturing processes for plating the thin film with the above thickness are 
assessed. The power of the machine for the sputtering process is 1500W and the 
manufacturing time is 2.5hr. The power of the machine for this technology is 3000W and 
the manufacturing time is 0.3hr. 

Note 2: it is assumed that the air conditioner is designed, by default, for a room whose size is 365 
square feet. Via this technology, the air condition of 8kW can reduce the indoor temperature 
by 3°C and the average usage time is 10hr, such that the power consumption of the air 
conditioner can be reduced (when the temperature increases by 1°C, the power consumption 
may increase by 6.7%). 

Note 3: it is assumed that a unit zone includes, by default, 10 million households and the house of 
each household is installed with four windows manufactured by this technology. The 
desired production capacity is 4 million windows per month (production capacity=quantity 
of household×quantity of windows needed by one household). The power consumption, of 
the sputtering process, for achieving the above production capacity is compared with that of 
this technology, and the corresponding CO2 emissions (CO2 e) are assessed based on 0.5 kg 
CO2 e/kWh.  

Note 4: the conditions are the same with those of Note 2; it is assumed that a unit zone includes, by 
default, 10 million households and the CO2 emissions (CO2 e) is assessed based on 0.5 kg 
CO2 e/kWh.  

Reference: 

1.Wang, N.; Ren, Y.; Zhu, T., Meng, F.;Wne, Z. ; Liu, GLife cycle carbon emission modelling of coal-fired 

power.Energy. 2018, 12, 841-852. 

2. Yao, J. ; Electricity Consumption and Temperature. IMF Working Paper. 2021. 
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   Fig. 4 shows a low-cost mass-production type electrochromic thin film high-speed plating 

machine developed based on this technology, which is a first larger high-density arc plasma system 

for mass production in Taiwan. The picture at the right side of Fig. 4 shows the arc plasma source in 

operating state. Currently, out team has mastered the conditions of the manufacturing process for 

electrochromic thin films and the stability conditions so as to develop the energy-saving 

electrochromic glass for the green building application. Our team will promote the localization of the 

production utilizing this technology and the popularization of this product, and further promote this 

product to the multi-billion dollar global market. 

 

Fig. 4. (a) Mass production machine with arc plasma 

   The energy-saving electrochromic window (the area of this window is about 400×300 mm2), 

manufactured by this technology and conforming to the commercial standards, is as shown in Fig. 5. 

This window has the excellent characteristics of 4H1L, including (1) High Transmittance Modulation 

(2) High heat Isolation (3) High Memory Effect (4) High Durability (5) Low power driving. Thus, it 

is obvious that the characteristics of this window is greater than those of the energy-saving 

electrochromic window manufactured by SAGE Electrochromic (world top company). In addition, 

the cost of the machines for this technology is relatively low, which can decrease the manufacturing 

cost and reduce the unit price of this product in order to achieve the popularization of this product in 

various applications. 
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Fig. 5. Performance of Energy-Saving Window (area: about 400× 300 mm2) 

     

   The novel arc plasma source developed by this technology focuses on “Green Manufacturing 

(G.M.)” That is to say, the manufacturers need to minimize carbon emission and decrease pollutants 

which may damage the environment during the manufacturing processes of their products. The only 

way to achieve the goal “Sustainable development” is to make sure that the environmental load never 

exceeds the environmental carrying capacity. In order to realize green manufacturing and promote 

green production, our team successfully develops an electrochromic thin film manufacturing 

technique via this technology, which can dramatically reduce power consumption and lower 

greenhouse gas emission. Therefore, this technology allows us to be closer to the goal of “Net Zero” 

with an aim of enhancing the value of green circular economy. In addition, this technology can 

effectively reduce the energy consumption of the manufacturing process, such that the manufacturing 

cost can be further decreased. As a result, the products manufactured by the manufacturing process 

can have higher commercial competitiveness and affordable prices for consumers. On the other hand, 

as the energy consumed in the manufacturing process decreases, the carbon emission can also 

decrease, which can create a “Win-Win-Win situation” for the environment, enterprises and 

consumers, as shown in Fig. 6.     
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Fig. 6 Win-Win-Win situation 

 

B.  How does the product operate? 

Describe the mechanism of action, theories, materials, composition or 

construction. 

   The core technical feature of this technology is the novel high-density arc plasma source, which 

can be divided into three major parts. First, our team precisely controls the size of the macro-particles 

of the plating material to be nanoscale so as to develop a novel arc plasma nanoscale thin film 

manufacturing process. Second, our team develops a nanoscale porous structure and applies this 

structure to the electrochromic thin film, which can realize fast electrochromic switching ability. 

Finally, our team develops a one-step packaging technique, as shown in Table 2. 

   The electrochromic window developed based on this technology can be manufactured by a low-

carbon manufacturing process and conform to the commercial standards. Further, this product has 

many brilliant characteristics, such as (1) energy-saving (low power driving, great memory effect, 

etc.); (2) high heat isolation (great infrared insolation ability, active SHGC adjustment, etc.). This 

product can achieve not only energy saving and carbon reduction, but also can conform to the 

standards of green building materials, as shown in Table 2.  
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Table 2. Core technical feature 

1. Innovative high-density arc plasma source 

☑ 

 

1-1 Precisely control particle size to be 

nanoscale 

☑ 

 

1-2 Electrochromic thin film with porous 

structure and fast electrochromic switching 

ability 

☑ 

 
1-3 One-stop packaging 

2. Low-carbon electrochromic window conforming to 
commercial standards 

☑ 
 

2-1 Low power driving 

☑ 

 
2-2 Excellent memory effect 

☑ 
 

2-3 High heat isolation 

☑ 
 

2-4 Adjustable SHGC 

1. Novel high-density arc plasma source  

1-1. Precisely control particle size to be nanoscale 

      This technology can increase the total current of the arc plasma to be at least 400A by reducing 

the size of the shading mask and properly designing the multi-gun discharge mechanism so as to 

provide a deposition technique with high production capacity. Our team further provides 3 specially-

designed process parameters optimized for the deposition technique: (1) precisely adjust and control 

the working current of the arc plasma; (2) adjust the working air pressure ratio according to different 

materials; (3) adjust the magnets to the best positions to accurately control the moving of the arc 

points, such that the sizes of the micro-particles can be controlled to be 100~200nm, as shown in Fig. 

7.  

 

Fig. 7. Control macro-particle size between100~200 nm 
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1.2 Electrochromic thin film with porous structure and fast electrochromic switching 

ability  

   Our team integrates this technology with special-designed process parameters, and successfully 

manufacture a porous structure applicable to energy-saving electrochromic glass products capable of 

achieving high transmittance, fast electrochromic switching ability and other excellent characteristics, 

as shown in Fig. 8. 

 

Step 1: utilize this technology to deposit an electrochromic film and an ion storage film in order to 

manufacture a large-area electrochromic device.    

Step 2: the electrochromic layer and the ion storage layer have porous structures in order to enhance 

their capacitances and coloring efficiencies. 

Step 3: the porous structure of the electrochromic film can shorten the moving paths of the ion and 

electrons, 

Step 4: the energy-saving electrochromic glass has fast and great electrochromic switching ability. 

 

Fig.8. Using nano-porous structure to enhance electrochromic performance. 

 

1.3 One-stop packaging 

Our team has successfully developed a large-area electrochromic glass packaging technique by 

utilizing this technology, as shown in Fig. 9, which includes an automatic glue dispensing device, a 

glass positioning device, a vacuum injection device, etc. The technique can effectively reduce the 

outsourcing conditions and expenses of commercializing this product with the purpose of further 

optimizing this product.  
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Fig. 9. One-stop packaging for electrochromic glass 

 

2. Low-carbon electrochromic window conforming to commercial standards  

2-1. Low Power Driving 

   This electrochromic product is of low energy consumption and can be driven by low voltage. The 

operating voltage of this product is less than ±2.5V. In addition, the current density of the 

charge/discharge current of this product is only 10-100 mA/cm2, so the maximal power of this product 

can be merely 2.5W, as shown in Fig. 10.  

 

Fig. 10. Product was applied low voltage of -2.5 V for colored state and 2.5 V bleached one. 
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2-2. Excellent memory effect 

  After this product is idle for 4 days without connecting to the driving power source and the 

transmittance spectrum is the wavelength of 633nm, its transmittance is only changed from 22% to 

28%. Thus, this product has brilliant memory effect, as shown in Fig. 11. Therefore, the power 

consumption of the energy-saving electrochromic glass system can be effectively reduced. 

 

Fig.11. Electrochromic glass with good memory effect 

 

2-3. High heat isolation 

  This product can effectively isolate the radiate heat and ultraviolet caused by sunlight, and can 

provide high heat isolation. Accordingly, this product can decrease the power consumption of the 

indoor air conditioning system. Fig. 12 shows the high heat isolation of this product. 

A. When this product is colored, the transmittance of this product is 8% and the heat isolation of this 

product is 99.1%. 

B. When this product is bleached, the transmittance of this product is 60% and the heat isolation of 

this product is 67.3%. 

C. The transmittance change, in the visible light band, of this product is 52% (≥ 50% required by the 

commercial standards).  
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IV. PRODUCT COMPARISON 

 

A.  Describe how your product/service improves upon competitive products or technologies. 

Currently, the most representative energy-saving electrochromic window manufacturer is SAGE 

Electrochromics (United States). This company manufactures electrochromic thin films by sputtering. 

However, this technology adopts a revolutionary method to manufacture electrochromic thin films by 

arc plasma sources. Compared with SAGE Electrochromics, this technology has many advantages, 

as shown in Table 2.   

Table 2. Specification comparison between the product of INER and the product of SAGE 

Electrochromics1  

    INER SAGE 

Plasma source 

Technique ARC Plasma Sputtering 

Plasma density 1016~1020      1014~1018 

Plasma ionization 

rate 65~90%  1~5 % 

Electrochromic 

thin film 

Plating rate 10~100 nm/min 1~10 nm/min 

Structure Porous structure Dense structure 

Electrochromic 

switching speed Fast Slow 

Electrochromic 

product 

Transmittance in 

colored state 8% 1% 

Transmittance in 

bleached state 60% 55% 

Transmittance 

change 52% 54% 

Memory effect Last for 4 days Last for 1 days 

Maximal power 2.5 W 3 W 

Reference 1: Smart Glass Market by Technology, Application, Control Mode and Geographic Analysis - Global Forecast to 2027 

B. Describe the limitations of your product/service. 

1. Exceed the service life of the product: 10000 cycles: 

    The major principle of the product developed by this technology is to activate the 

reduction/oxidation reactions via the intercalation and de-intercalation of the metal ions in the 

electrochromic thin film, such that this product can be switched between the colored state and the 

bleached state. If the number of cycles exceeds the service of this product, the variation between 

the colored state and the bleached state may gradually decay or ineffective. (e.g., the variation 

may be decreased to 93% when the number of cycles reaches 2,500; the variation may be 

decreased to 70% when the number of cycles reaches 10,000).  

2. Exceed the working temperature range of this product: -10°C ~ 120°C 

      When the user uses this product in a country at high latitudes and the temperature in winter 

reaches -30°C, this product may malfunction because the metal ions cannot pass through the original 

channels due to electrolytes.   
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C. Summary 

This technology focuses on developing a novel arc plasma source and our team successfully 

realizes the plating process for large-area electrochromic thin films. This thin film developed by this 

technology is integrated with the high electrical-conductivity solid electrolyte and the packaging 

technique developed by LICON in order to develop an energy-saving electrochromic window 

conforming to the commercial standards. Our team also successfully develops a mass-production type 

electrochromic thin film high-speed plating machine based on the integration of the above 

technologies and the technology authorization of the above machine is now in progress. 

The novel arc plasma have many competitive advantages, such as low carbon production, low 

energy consumption, low cost, etc. The energy-saving electrochromic glass developed based on this 

technology also has many marvelous characteristics, such as low power driving, high transmittance 

variation, great thermal isolation, great memory effect, high stability, etc. The high-quality 

electrochromic glass can be applicable to the windows of houses and moving carriers (such as car 

sunroofs, yacht windows, airplane windows, etc.) so as to balance daylighting and energy saving. 

Moreover, this unique technology can further significantly reduce the manufacturing cost and 

increase the production efficiency of the electrochromic glass. In this way, this product can be 

accessible and affordable for most people to use this product in their daily lives instead of being only 

applicable to a few high-end products, such as Boeing 787 Dreamliner. Therefore, people can not 

only enjoy great daylighting and beautiful view via this product, but also reduce the energy 

consumption of the air conditioners in order to achieve carbon reduction for the earth. This technology 

can be helpful, from the low-carbon manufacturing processes for manufacturers to the energy-saving 

applications for consumers, for the improvement of global warming, can create a “Win-Win-Win 

situation” for the environment, enterprises and consumers.     
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(二) 大會會議提供各參賽作品資料及各領域專題介紹 
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