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創新不必鼓勵，只要不去阻礙就會自然發生
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序言

在SRI三天研習中，大家踴躍的發言與討論，課餘時彼此的分享及與講師的溝通，而在第一個參訪對象Dr. Meyyappan簡報nanostructure完畢後，激發更多的舉手發問，得知這是一個優秀的團隊，一個自動自發、勇於負責的團隊。這份報告就是大家共同努力下的成果。感謝技術處凌副處長放下身段，在研習過程中與大家相處愉快，並不時地照顧與指導團員，讓我們在課堂之外收穫更多。
NABC (或工研院的NSDB)於各項科專計畫主持人與同仁大致上都能朗朗上口，但關鍵處在於是否有真正落實於創新文化中。當然，如同SRI自己也承認，並非每個SRI同仁都已經認同NABC的手法，即使已推行10年之久，到現在也仍有阻礙，不過SRI仍會持續推行下去，畢竟各計畫倡導人champion就是應該具有熱情passion。在創新五法則中，Needs必須是important customer pain，而非研究者自己覺得interesting的事，換句話說，不能因為研究者想做或會做，就去做這個研究，這點在課餘大家互動時普遍認為是本院目前最特別需要加強處。而Approach也必須是unique的approach，否則將不具競爭力(competition)。對所謂的Benefit則應考量”per cost”，而非”- cost”。透過這樣的努力，最終是由顧客來決定與評估value，而非自己。
在課餘討論時，講師將SRI的資訊管理系統show給大家，其基本架構就在於運用IT技術減少溝通的阻礙，並使相關資訊得與團隊成員共享。也很好奇SRI如何運作NABC於研發計畫中，原來SRI有一群人固定會去注意整個產業與科技發展，透過這群人主動運用NABC手法及watering hole的群體貢獻，初步擬出相關議題重點，然後公告於SRI網站上，任何一個人，只要有興趣就可自告奮勇要求擔任該提案的倡導人champion (champion應是有熱誠的自願，而非指派)，然後於內部網路上，主動公告將於哪些日子進行watering hole。然後SRI內部同仁，無論是否為研究人員，只要有興趣，都可自動報名去參加該watering hole，甚至可以邀請customer一起參與。當討論變成proposal時，通過審查後，便可形成計畫予以執行，但那些參與watering hole者並不一定要參加該計畫，這種過程少則5次，最多更曾至10多次。這種無私的奉獻與群體力量的結合，值得考慮如何引入本院文化中。
假如要問我此行最大的收穫為何? 那我會說是參訪Applied Materials的那個下午，也藉機推動促請其來台設PECVD研發中心事誼。而Google對如何鼓勵員工創新的答案是「創新不必鼓勵，只要不去阻礙就會自然發生」令人印象深刻，真正有被落實的創新文化。Google做的是提供一個可以支持創新的平台，然後就由員工自由發揮，難怪戰鬥力會如此旺盛。因此，即使上班時間，園區內處處可看到聊天者、用餐者、遊玩者，這並不代表他們沒在工作，相反地，他們是隨時都在思考如何挑戰自己。於是，在這樣充滿挑戰創新的工作環境中，員工目標設定與績效表現也將由自己要求。績效由員工自己及同仁以technical skill、contribution、leadership互相評估，且這些資訊是公開的，透過彼此間相互的尊重與鼓勵，創造出良性的互動。而主管績效評估則以leadership、協助employee 生涯規劃及才能發展、組織運作障礙排解為績效評估準則。企業文化中，員工將是最重要的資產之一，員工若沒有熱情，將失去創新的研發能力，也就更不用論其經濟效益了。Google 是一個很好的例子。
本次參訪學習是工研院北美公司的安排，本報告是團員的集體心血。

一、行程表

Meet the Best Minds
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	1st Wk
	5/26 Monday
	5/27 Tuesday
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	5/30 Friday

	AM
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	NASA Ames Research Center 

Dr. Meyya Meyyappan

	PM
	
	
	Google, Inc.

Dr. Peter Norvig 

Mr. Chris Bisciglia
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	AM
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	PM
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Dr. Huei Pei Kuo
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	UC Berkeley 
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Prof.Van Carey
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Dr. Tad Simons 


	SISU

Prof. Tai-Ran Hsu


二、參訪/受訓心得

A-1. 5/27 (Tuesday): SRI (Day 1) 

地點：SRI International 

333 Ravenswood Av, Menlo Park, CA 94025    

講師：William Wilmot、Allan King                     

紀錄：凌家裕、黃新鉗
本日重點: Five Disciplines of Innovation – (a) Important Customer and Market Needs、(b) Value Creation (Value Proposition)。N(Need、pain)、A (Approach、a unique、compelling approach)、B (Benefit per cost)、C(Competition and / or alternatives)。Elevator Pitches。只有customer才能決定value。
1. 開宗明義
創新的基本含意是指經濟成長、社會繁榮、生活品質提昇。今日世界創新充斥於市場經濟體系，惟極端競爭。
研發人員必須具備技巧才能找出創新，SRI對此技巧解釋為〈創新最佳範例〉也就是創新五法則。
創新人員首要任務是對客戶提供最佳價值創造(to creating compelling value for their customers)，一個成功的創新不是憑運氣，也不是天縱英才，而是恪守法則，努力不懈朝為創造客戶最大價值不斷精進。
2. 創新五法則介紹
(1) 共通語言與文化建立的重要性
William Wilmot首先提出Gary Hamel所提的一段話來說明一般企業體在Innovation System的匱乏: “Every CEO will at least give lip service to the idea that the world is moving faster and that we need to do a better job at innovation. But if you go into the organization and ask people to describe their innovation system, you get blank looks. They have none”。接著William要大家思考自己的公司或服務單位是否有innovation system及如何描述這個innovation system。透過大家的發言，可以發現即使同樣是工研院員工，大家對有無innovation system的解讀都不相同，其原因可能在於員工之間對innovation的定義並無共通語言及文化。
(2) Creativity、Invention、及innovation的差異
這是一個idea由萌芽至成熟的演化三階段：
· Creativity: an idea for a new product or service

· Invention: a new product or service that is prototyped

· Innovation: creating and delivery new customer value in the market (亦即 create value for the customer)

然而在invention至innovation之間卻常常存在死亡之谷(the valley of death)，關鍵在於是否有create value for the customer，或者對value的誤解，真正的value僅能由客戶來決定，而非研究者。
(3) 創新五法則(Five Disciplines of Innovation) 

創新成功的條件在於必須同時具備五項法則(disciplines)，包含：important customer and market trends、value creation (& proposition)、innovation champion (no champion, no project)、innovation teams (from multi-discipline area)、organization alignment (point to the same direction)。而創新的成功(success)則等於這五者的相乘，因此若有一項為0，則成功的機會將為0。
以下分述各項disciplines：
(a) Important Customer and Market Needs

value的產生必須是important，而非interesting。一般人很容易投入於自己interesting的事務，而忽略真正應該是投入對客戶有重大影響的important研究。創新的第一步必須先了解哪些事情對客戶是important，而且應該盡量予以量化。至於如何衡量important needs，則可以下一句話作為代表: “Important needs are ones customer really want addressed, thus they are willing to pay a premium for solution” (客戶真得需要，而且願意付費)。因此如何選擇/決定何為important customer needs可由以下項目判斷：
· Customer cares (pains!)

· Larger market opportunity (lots of customer care, often impact on a large number of people)

· A sense of urgency exists

· Won’t be overwhelmed by other exponential developments

· Sufficient internal / external supports

· If it is possible, all the parts can be assembled

· Alignment with organization strategy

對於研究或投資計畫，若未曾與客戶討論，並了解客戶真正的needs前不應該投入過多的經費。
同時William要我們思考以下三件事情以真正能面對選擇important而非interesting:

· What would be desirable criteria for selecting important vs. interesting projects?

· For external customer-focused projects?

· For internal projects?

(b) Value Creation (Value Proposition)

每個企業都都有五種類型的stakeholders，包含organization value、shareholder value、employee value、public value，及customer value，這五個value必須同時存在，否則企業的經營將面臨經營的危機。
傳統由財務的觀點來看value，通常會定義為 value = benefits – costs。其中benefits可以是有形或無形的產品或服務。如同之前所述，benefits (或value)必須由客戶決定，而非你自己。
SRI對value則有更深層的定義， value = benefits / costs，因此對上述五種stakeholder的value可分別定義如下：
Customer value – benefits / costs

Organization (enterprise) value – revenue growth、new product / market expansion

Shareholder value – dividends、share price appreciation

Employee value – job satisfaction、job expansion

Public value – social contribution、environmental improvement

在討論value proposition，SRI透過以往的經驗，衍譯出在工研院已耳熟能詳的NABC。 

N(Need) : 特別強調是important customer and market need (pain)

A (Approach) : 則是指a unique、compelling approach

B (Benefit per cost) : 即customer value (別忘了，只有customer才能決定value)

C(Competition and / or alternatives): those threatening you today or in the future。 

NABC不可能第一次就想清楚，要反覆思考iterative、所有的描述要盡量予以量化、要將之write down下來 (SRI特別強調 Write it down ! If it is not write down, it is not real.)。
電梯推銷術 (Elevator Pitches)

除了反覆的NABC討論外，SRI另特別強調電梯推銷術(elevator pitches)的重要性，並要所有參與者假設一議題，進行elevator pitches的演練。Elevator pitches如同one-page summary一樣，通常只有1~2分鐘的接觸時間，為使討論有效益，因此，其結構須有the hook (產生吸引力，以引起聽眾的注意，因此須有明確的標地，通常為N、B、C、非A)，使用single statement且常為疑問句。第二部分則為core，此處即為NABC，這之間必須包含必要的量化數據指標。最後則是close，必須是未來能夠繼續跟進的結尾，藉以導引出下一步或至少測試聽眾的興趣及意願。整體而言，於elevator pitches時應多用影像圖案、易懂的比喻、可引起共鳴的背景故事，使聽眾can’t forget it and want to learn more! 在大家的演練中，仔細觀察可以發現一件有趣的事，雖然都有打草稿，因此，大部分的人對Approach、Benefit、或甚至Need尚能清楚描述，但由於僅有1~2分鐘，且被演練者Allan有時會故意岔開話題，結果大家好像在competition的分析都比較沒有描述出來。這其中是否有特別的涵義或文化素養可以在進一步討論。
A-2. 5/28 (Wednesday): SRI (Day 2) 

地點：SRI International 

333 Ravenswood Av, Menlo Park, CA 94025    

講師：William Wilmot、Allan King                     

紀錄：丁仲麟
本日重點: Five Disciplines of Innovation – (c) Innovation Champion。Watering Hole。Value Creation Process、Golden Nugget。
(b) Value Creation (continued)

Watering Holes

Goals

· Advance and enhance the value of your ideas

· Practice giving Value Proposition

· Experience giving and receiving 

Roles

· Innovative champions

· Teammates

· Attendants

· Innovation Champion speaks loudly, clearly on the team’s Value Proposition

· Innovation Team should take notes

DOI Value creation process: Innovation Plan – an extended NABC

· Need

· Overall market size

· Specific market segment and benchhead

· Your important customer need (where either the pain or joy is)

· Approach

· Golden Nugget: an unique technology or business plan

· Benefit

· Customer benefits per costs

· Investor benefits per costs

· Competition or alternatives

· Competition now and in the future

· Barriers to entry

· Risk management

Golden Nugget

Defining the essence of your value proposition

A Golden Nugget is a unique enabling technology, that meets an important customer need, performs significantly better than the competition, and that you own and can protecting in order to create a barrier entry.

Business Model Examples

· Disposable business model

· HP Printers

· Gillette razor

Auction business model

· eBay

An innovation Plan is an extended NABC that incorporated:
* The Golden Nugget
*A business model that eventually accounts for all partners from the all ecosystem.
    Customers
    Organization
    Employees
    Shareholders
    Public

Risk Management needs to be considered while forming the Innovation Plan, includes


Technical risk


People risk


Financial risk


Business-model risk

For each innovation plan, you must have the “opening” (purpose and executive summary) and the close (summary and next steps)

(c)Innovation Champions

Champion:

· A champion is to keep the team working together

· You can have multiple champions, ex. finance people can take numbers champion

· A champion can be a management, a technical person, or others. It depends

· No champion, no project, no exception

Roles of the Champion

· A person takes actions, and provide insight

· A champion must have passion for somebody who need to be the leader of the project

· Somebody has to step up, and say I will do it (Mindset of the champion)

Comparing Roles: Leading the project vs. Championing the cause

	Project Lead
	Champion

	Assigned
	Self-selected

	Does the Job
	Make a difference

	Duty
	Passion

	Positional Authority
	Conceptual authority

	Appointed team
	Enrolls teammates (You go and collect people)

	Within unit
	Cross-discipline

	Presented problems
	Important problems

	Driven b y Project plan
	Driven by Value Proposition


Tips for Champions

· Fail often to succeed sooner

· Ask for ideas before asking resources

· Listen and Learn

· Surround yourself with enthusiastic volunteers

· Recruit for passion as well as talent

· Creating a compelling pitch for your idea

· Build financial models early 

A-3. 5/29 (Thursday): SRI (Day 3) 

地點：SRI International 

333 Ravenswood Av, Menlo Park, CA 94025    

講師：William Wilmot、Allan King                     

紀錄：陳百宏、鄭功龍、施冰如、黃慶堂
本日重點：Five Disciplines of Innovation – (d) Innovation Team。(e) Organization Alignment。
藉由團隊的才智與力量才能成功：個人能力有限，一群各自有能力、而專長互補的人組成『創新團隊』。『目標相同，成果共享』，創新團隊組成，往往可以得到體制內，甚至是體制外的資源，達到 1+1=N

(d) Innovation Teams

Can you do it alone?

*Why innovation Teams?
*Innovation teams have
  - Unique, complementary skills
  - Shared vision and rewards
*Innovation Teams leverage resources:
  -Access to the full resources of enterprise.

Innovation Team

*重要的計劃的進行離不開創新團隊
*展現價值：有系統的滿足來自客戶與市場的needs
*需要計劃管理式經營: watering hole可以找出合適組員，培訓/支援他們並提供成長機會
High performance team組成
*TRUST
*Collaboration 
*Motivation Mantra
*…….

Innovation Team的效率來自:

*Trust
*Collaboration基於
  -共同信念
  -各有專長，彼此互補
  -獲利共享的機制
*三要: 要彼此尊重、要絕對誠實、要”獲利共享”
*激勵: 心理層面很重要!!!

Collaboration:

*Shared vision
*Unique, complementary Skills
*Shared Rewards

The motivation mantra:

*Achievement
*Empowerment
*Involvement

約1/5的稱職人員離職是『為了錢』!!!

Collaboration provides the idea, skills, and energy to power High Performance Team

Innovation Teams don’t just happen: they take work to form and hold together.

跨越悲觀、負面與舉棋不定的負面情緒
DNA of Change:  D: Desire, N: New vision, A: Action plan

FUD factor: Fear, Uncertainty, Doubt

Listen and then transform FUD

Complaint                                Reframe
*I’m too busy                          I’m out of energy, give me some help.
*This won’t work                       I can visualize it
*Why do we have to work in teams?        Show me how to collaborate

Change = Desire  x  New Vision  x  Action Plan  (DNA)

杜絕『冷嘲熱諷』：『冷嘲熱諷』有害團隊，應及早除去!!!

Champion 可以協助創新團隊組員成長
*找出組員強項
*賦予新的視野
*一起欣賞各人成長
All change brings resistance, even when everyone agrees that change is necessary.

Innovation Team:

· 1 + 1 = N

· Respect x Integrity x Sharing = “Innovation Teams”

· Common Vision x Unique Skill x Shared Reward = “Three-Legged Stool ”, which are -satisfied by an innovation teams.

· DAN of Change: Desire, New Vision, Action Plan

· Resistance of Change: Skepticism, FUD (Fear, Uncertainty, Doubt)

· Motivation Mantra: Achievement, Empowerment, Involvement

(e) Organization Alignment 

Organizational Alignment

· Continuous Value Creation throughout the enterprise

· Top down, bottom up management of innovation. Both are required.

· Top Down -> Strategic Direction & Major Initiatives-> Collaborative Decision-making-> High Value Innovations -> Bottom Up 

Watering Hole:
Watering Hole means not only “brain storming”, but also value proposition and production. The value is exponentially proportional to the interconnecting number of Watering Holes.

SRI has currently 9 on-going Watering Holes, such as aging issue, which may extend from 6 months to 2 years at most.

SRI’s process for creating new ventures:
venture concept  ( SRI’s Commercialization Boards(nVention Advisory Board(New venture 

『Alignment』means:
The enterprise’s overall strategy and processes facilitate the creation and delivery of highest customer’s value.

Top down, bottom up management of innovation : Both are required.
-----Collaborative Decision-making

Your opportunity?

What changes are needed in your team and organization to align strategy fully with making the continuous creation of high-value innovation inevitable?
Where are we now?
(Where do we need to be?
(What do we need to do to get there?

Bill Wilmot mentioned that SRI has nearly 60% successful ratio of startups, which is much higher than others in Silicon Valley with 5- 10% in average. This is all attributed to Watering Holes processes, which contain Idea -> Elevator -> Value Proposition -> Business Plan.

Watering Hole Exercise

各組演練watering hole及如何精進之詳細過程與心得報告列於附件。
Team 1: Title: Access Internet Almost Everywhere

組員: 林玉娟、陳百宏、賴麗慧、丁仲麟
小組練習心得:

價值是由客戶決定，了解客戶的痛並提供最佳的解決之道，為客戶創造最大的價值，是計畫的目標。
選定一個好的主題，邀請對該主題有興趣各種background如技術、市場、財務、法務等人員參與watering holes活動，經歷giving and receiving 的雙向交流，朝向提供客戶最大價值方向努力，一次再一次的批評、指教、修正，價值一次比一次提升直到innovation順利推上市。(通常watering holes process 要經過5次以上，value creation 才比較明顯，大計畫可能要經歷15次以上的watering hole process)，在SRI  No champion, no project, on exception。
想要學SRI的5個 Disciplines of Innovation

第一步: 將自己準備好
必須先將自己prepare 當champion應有的元素都準備好- 有想要成功的渴望┼熱情┼承諾對project 負責┼將自己的心打開，接納各種聲音，並願意進行修正┼look insight & take action……

第二步: 根據上述DOI 1, 2, 3,…的指示，重複技巧演練，朝創造客戶最大價值方向努力。將它變成習慣的一部分，相信一定會受用無窮。
Team 2:  Eco-Algae® – turn your carbon debt into money

組員: 李宏台，施冰如，凌家裕，聞勛琪，傅如彬
小組練習心得:

· 技術研發人員因為最擅長技術，因此常常沒有從客戶的Need出發去思考，這點本次訓練感受到最大不同。
· 對於champion和project leader的差異，是本次訓練得到的新觀念，對本院現在許多計畫的champion，其實可扮演的仍是project leader，要有觀念上的改變，其實可能是ITRI的文化issue。
· 不同背景人員進行watering hole，確實展現出不同角度的insight，因此，未來本院計畫成形，確實應該create這種多專長人員參與的機制。
· ITRI許多主管已熟悉應用NABC作為規劃的工具，但Watering Hole是重要的過程，要落實這種做法，組織上須有機制，因為文化不會自己產生，須有機制來創造文化。
· Watering pool最重要是藉由討論找到最佳解，這點在此次本小組的練習中得到了充份驗証，使得在最短時間得到理想的結果。
Team 3:  Adventure of MARS
組員: 張景嵐，鄭功龍，羅麗珠，羅豐祥，許鴻基
小組練習心得:

Watering hole確實是很有效率的一種討論過程，透過三次的watering hole，將本組原本發散的創意點子，漸漸聚焦為目標明確的business plan，每一次green hat、red hat和customer所提出的問題及建議，都激盪出組員們的創意思考，更使組員們產生更密切的討論，以NABCs的思維漸漸引導整個project的進行，完成符合顧客心中所要的business plan。這樣的討論方式，所有組員應該都有種全新且不同以往的體驗，未來回到各自的工作崗位後，NABCs和watering hole的思維將會持續在工作上擴散及分享，以使同仁們一同體驗NABCs和watering hole在創意思考上的實際效益。
Team 4: Temporary Lift-Off (Air/Ground) Vehicles 

組員: 洪翊軒，陳建文，黃慶堂，黃新鉗
小組練習心得:

(1) NABC+ Elevator Pitch可有效訓練組員有系統性的分析整個Business Model，並在短時間內將計畫重點掌握與修正。
(2) Watering Hole可讓計畫小組快速得到正反雙方與各利益團體間的寶貴意見，並在下一次Watering Hole得到方向與模式的更改。
(3) 要如何讓Customer與其他VC、Partner與組織本身的Need得到滿足，這在以技術為主的團隊中，是前所未有的挑戰。經過這次SRI訓練，可增加規劃與管理計畫時的深度及廣度。從利益角度出發，的確會導致不同計劃走向。
(4) CHAMPION在計畫中可學到:依個人專長有效率分配工作，掌握與組員討論重點事項；最重要的是要對計劃有熱情及主導性。
(5) NABC雖可有效應用”商業+技術”的快速整合，但在目前於工研院內主要的計畫型態(科專、能專等)上，較難實施；原因是計畫書是在去年度完成，且由政府主導計畫方向；可實際應用此法應該為構想前瞻、創意10%等較小規模的計劃。
(6) 這次Watering Hole我想未來在部門會議中可以加以移植。把能專以正反雙方、政府想法、一般民眾受益等面向加以討論；Elevator Pitch的技巧可以讓部門同仁在報告進度時運用。
B. 5/30 AM (Friday): NASA

參訪對象：Dr. M. Meyyappan / email: m.meyyappan@nasa.gov

地點：NASA Ames Research Center Moffett Field, CA  94035

主題：One Dimensional Nanostructures and Their Applications
紀錄人：陳百宏、林玉娟
Dr. Meyya Meyyappan的簡報內容如下
1. Brief Introduction to Inorganic Nanowires：
他簡單介紹CNT/NW的VLS Growth (Vapor-Liquid-Solid)、Vertical Transistors以及Phase Change Memory。
在Catalyst Metal Selection中，Dr. Meyya Meyyappan他們為了避免污染半導體製程/設備，所以他們不用gold nano-particle as catalyst，而是採用其它的如Fe/Co/Ni/Ag等過渡金屬當catalysts。不過我們知道，這些過渡金屬仍然會在如gate oxide中產生traps，所以是被半導體廠或是玩silicon based半導體的人列為頭號要犯，不准進無塵室。但是，Dr. Meyya Meyyappan並沒有正面回答此問題，只是說他們仍然在try其它的金屬當catalyst。
在Vertical Surround-Gate Field Effect Transistor中，元件架構如下:


[image: image1]
其實這個元件和下列的傳統平面元件(以NMOS為例)是一模一樣的concept:
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Why vertical transistor?

基本上，因為電晶體卻不能無限制縮小下去。為了跟上摩爾定律的預測，科學家找到了提高微電路運算效能的辦法：那就是，讓電路往「垂直方向」伸展。使得channel length不會被傳統平面元件的channel length一般，被黃光製程所限制。不過，vertical transistor立意雖好，但是Dr. Meyya Meyyappan並沒有正面回答：1. 如何將NW放到對的地方 2. 如何將Source/Drain蝕刻開，讓METAL與其contact等問題。
在memory的介紹中，Dr. Meyya Meyyappan提到Ovonic Unified Memory (after Ovshinsky who proposed this in 1968) or Phase-change Random Access Memory (PRAM)是Combine the best of :


-  High speed of the Static Random Access Memory (SRAM)


-  Nonvolatile nature of flash memory


-  Density of DRAM

    -  Low Cost

    -  Scalability

PCM（相變化記憶體）主要是利用某些材料在特定的電流脈波之下，具有快速且可逆的相變化效應，導致材料在某些特性上產生變化。目前以硫族金屬化合物（Ge、Sb、Te）的相變化薄膜材料最為普遍。這類的技術已經被普遍的應用在光學儲存方面，利用熱能的攜手所產生的非晶系與多晶系兩種結構可反轉式相態的改變，使其擁有不同的電阻特性，並藉此達到儲存資料的目的。
如果需要形成晶體，則加長電流通過的時間，使薄膜長時間處於高溫的狀態下，讓原子有時間重新排列為晶體狀態，若要成為非晶體狀態，則是以短時間通電方式，使其產生瞬間高溫急速冷卻的效應，讓原子來不及移動，而產生非晶體。由於只需局部改變薄膜結構，因此加熱的面積小，資料寫入的週期速度可高達10ns左右。在記憶晶格架構主要是由上下電極（top/bottom electrode）夾住相變化材料，其中下電極兼具導電與加熱相變化材料之用。目前的研發重點，除了擺在元件與製程的整合上，在相變薄膜層的材料選擇上，除了必須降低融點、加強局部加熱效果以及增進加熱效率以外，結晶速度也是選擇相變材料的考量之一。至於在加熱電極方面，如何更加節省功率消耗，並改進加熱的效率以及可靠度，也都是相變記憶體技術的改進方向。
Dr. Meyya Meyyappan強調以NW來做PCM，不僅可以使melting point降低，而且如In2Se3 Nanowire Memory Switching Behavior也不錯。
不過，我仍然challenge如何在定點上成長NW來做PCM，以及是否有heat cross-talk的問題，他說沒有cross-talk的問題，但是仍然沒有說明如何在定點上成長NW。
在CNT特性介紹中，Dr. Meyya Meyyappan強調奈米碳管有許多獨特的特性與優異的性質。例如，質量非常輕，卻有非常高的拉伸強度及彈性模數，被預測為最強的纖維；適合做場發射電極、場發射電晶體、顯微探針等應用；SWNT之直徑約0.33～1.8 奈米，而電子束蝕刻線寬卻只能達到約50 奈米；且SWNT 可大角度彎曲又重新拉直後無缺陷。在電性上，SWNT 之電流承載估計值約109 安培／公分2，遠遠超出目前積體電路上應用之銅導線（106 安培／公分2）；此外，SWNT 之熱傳導性預測在室溫下約6,000 瓦特／ 公尺-K，亦遠優於高純度鑽石（3,320 瓦特／公尺-K）。
奈米碳管在全世界研究人員的努力下，在化學與基因探針、機械式記憶體、奈米鑷子、超敏感性感測器(Chemical Sensors、Biosensors)、掃描式顯微鏡(AFM Probes)、Interconnects、等等多方面用途上已經有一些實際的應用成果。而奈米碳管卓越的力學性能也促成奈米碳管成為複合材料的明日之星，做為結構複合材料的增強劑。此外，奈米碳管還可做為功能增強劑，提高複合材料的導電性、散熱能力(Chip Cooling)等。
舉例而言，Dr. Meyya Meyyappan在他的” Interdigitated Chemiresistor” Interdigitated Chemiresistor”介紹中，此元件其實是將CNT丟到DMF中，在以spray on在已經事先pattern好的電極上。
在CNT對於sensors的用途上，茲將內容整理如下：
· Carbon nanotube sensors for gas detection
A nanosensor technology has been developed using nanostructures: single walled carbon nanotubes (SWNTs), combined with a silicon-based microfabrication and micromachining process. This technology provides a sensor array that can accommodate different nanostructures for specific applications with the advantages of high sensitivity, low power consumption, compactness, high yield and low cost. 

Benefit 

Nanotechnology based chemical sensors can provide high sensitivity, low power and low cost portable tools for in-situ chemical analysis in space and terrestrial applications. Our generic nanosensor platform is suitable for detection of gases and volatile organic compounds. This platform can be used for chemical analysis in gas phases, and can also be extended for use in liquid phases. 

 1. SWNT sensor response to NO2 

Nano chemical sensors will greatly increase science measurement capability for earth science, space science, life support systems in long duration missions, and planetary exploration. For example, this carbon nanotube sensor has demonstrated higher sensitivity and lower power consumption than the state-of-the-art systems. Combined with MEMS technology, light weight and compact size sensors can be made in wafer scale with low cost. This nanosensor technology can extend its application in civilian areas such as explosives detection, 

2. SWNT sensor response to NH3 
Monitoring filter bed breakthroughs, personnel badge detectors, embedded suit hermiticity sensors, and other applications. Additionally, a wireless capability with the sensor chip can be used for networked mobile and fixed-site detection and warning systems for military bases, facilities and battlefield areas.

· Carbon nanotube AFM probe tip 
An innovative approach has been developed that combines nanopatterning and nanomaterials synthesis with traditional silicon micromachining technologies for large-scale fabrication of carbon nanotube (CNT) probe tips. The CNT probes are strong, wear-resistant, and capable of high resolution and critical dimension imaging and sensing which are vital to space exploration. 

Benefit 

Carbon nanotube (CNT) AFM probing tips provide a new class of high performance nanoprobes. Innovative ultra-small probing and sensing systems are vital to future space explorations and missions. Carbon nanotube AFM probing tips provide a new class of high performance nanoprobes for in-space in-situ imaging and sensing applications. After being developed for more than two years at Ames, this technology has been brought to very high maturity, has very low risk, and is close to commercialization. 

· Carbon Nanotube (CNT) field emitte 

 NASA are developing Carbon Nanotube (CNT) field emitters to improve their efficiency and durability. Current densities of ~1A/cm2 have been measured from these emitters. X-ray tubes, built with these CNT bases cathodes, have shown improved efficiency and robustness. Increase in electrical conservation and thermal management can be realized from CNT field emitters. 

Benefit 

Nanotechnology allows for the production of advanced materials that are critical for the development of many instrument components. These components, designed with advanced concepts, provide energy conservation due to those advanced materials and concepts, and will make feasible many instruments that would not otherwise have been possible. Two applications include the use of the CNT field emitter as the ionization source for a mass spectrometer, and the CNT field emitter as part of the miniature X-ray tube used in a XRD/XRF instrument. Both of these instruments are being developed for flight missions. Additionally, habitat purification can be achieved with low levels of field emission to remove the organic and biological contamination from the air. 

The growth process includes the deposition of an aluminum/iron catalyst onto the substrate material. Molybdenum and silicon are the most common substrate materials used. Then the CNTs are grown in either the thermal or plasma reactor. The design of the catalyst system provides for CNTs that are well attached to the substrate and will not detach during the field emission process, a common failure point for CNT emitters that are created from pre-grown CNTs that are later fabricated into emitters. 

結論：
以奈米碳管(CNT)與奈米線(NW)製作奈米電子元件/Biosensors是現今熱門的研究題目，而目前已有許多各式元件已被製作並驗證，但由於奈米碳管與奈米線的定位一直是一個很大的問題，所以現在全世界相關的研究單位都是隨機取樣少數能夠工作的元件，或是只能做小面積元件，包括NASA今天的報告在內都是如此。研判NASA的定位成長的技術也尚不成熟，所以今天Dr. Meyya Meyyappan的報告中，關於biosensors的製作，他也坦承是用將CNTs spray on事先pattern好的電極之上。因此，良率的問題嚴重侷限了奈米碳管與奈米線元件實際應用的價值。不過假以時日，大面積定位成長奈米碳管與奈米線的方法若日件成熟，將使元件的良率大幅提昇，並具備在大尺寸晶圓上製作的能力，使該奈米元件所衍生的產品具商業化價值，讓我們拭目以待!!!

C. 5/30 PM (Friday) Google 

參訪對象：Google SVP - Alan Eustace(研發部門資深副總裁)
紀錄人：凌家裕、許鴻基
一進到Google，就發現這個地方好像是一個蠻自由自在的空間，蠻像一個大學校園。在三十多棟建築物中，有著八千多名員工在此”享樂”工作(全球已達1萬九千人)，產出一個個網際網路上令人讚嘆的服務。接下來的Campus Tour讓我們進一步瞭解到Google。
1. 首先進入Google，看到的是一個大投影幕，顯示目前在全球利用各種語言透過Google search 的Keyword，除了顯示搜尋龍頭的地位外，Google 在全球化的腳步中，未曾停過，在大廳中另一個展示則是全球各地人類壽命與年度的關連性，也有關於人口出生率的相關聯資訊。這一個展示的另一個面貌則是Google 將網路上的Data變成有用的 Information，透過這樣的基礎，創造出更多的加值應用。
2. Google最重要資產是「員工的腦袋」，因此提供一個自由舒適、開放空間，具備有免費運動休閒、餐飲、洗衣間、按摩等等服務，鼓勵同仁分享書籍、玩具等文化。這些訊息已經廣為報導，例如幾十公尺內一定有食物存在，實際見識到了這樣的福利，且不吝與訪客分享同樣的福利。這點的思考在於如何創造一個Engineer良好的工作環境，讓工程師花兩個小時去找美食，不如公司花錢讓小錢餵飽工程師，讓這兩個小時變成生產的時間。在參觀的過程中，雖然看到許多員工悠閒的在健身房運動或在餐廳用餐，但是有更多的人心無旁騖的在四個螢幕目前進行程式設計等工作。這應該就是良性循環與正面思考的典範！
3. 在Google 內鼓勵各式各樣的點子，乃員工主動提出的，因在Google內有Phone Interview之制度，為了避免講電話時影響周遭同仁，因此在建築物內有廣建Phone Interview之電話亭，作為此用。公司尊重員工的創意，並予以落實實踐。另一個例子為游泳池，很難想像一個像大浴缸的池子，透過水的流動，達到游泳的目的，好像是水中的跑步機，原來在Google 總部這邊不准往地下挖（據說底下原本是垃圾場），因此只能在平面空間，且在有限的空間下，創造出這麼一個特色的游泳池。Google的思考邏輯方式果真與眾不同。
4. 在Campus中可以看到一堆人於草皮花園中喝著咖啡，用Notebook上網找尋資料，透過模擬實際的人類上網需求，來測試自家產品與客戶間的需求落差，公司也鼓勵員工參與各式各樣的活動，並且從中發掘消費者的需求，如數千人同遊Disney，不去者還得請假，就是一個好的例子。
5. Google採用彈性的Matrix組織架構，R&D人員及marketing人員會因執行不同的專案而結合，並且向project leader負責，大部分的專案小組約4~5人，最多也只有20人。靈活的組織架構讓google內所有的創意在短時間內就能看到初步成果。
6. 在此工作環境中，員工績效表現由自己要求，績效評估包含自己評估及同仁互評，評估標準有三：
a. Technical skill 
b. Contribution 
c. Leadership 
若績效不好，可以有六個月的改善時間，且這些資訊是公開的，每個人可以看到別人設定的目標，透過彼此間相互的尊重與鼓勵，可以創造出良性的互動。這對目前的企業管理，應該是一個很好的典範，是否亦能適用於企業呢？
7. Google新進員工的衡量要求，並不在於曾經做過多少事情，而在於如何解決問題，如何做事及做事的方法，也透過一般員工來interview，找到最佳的團隊。
8. 主管績效評估以
a. Leadership 
b. 協助employee 生涯規劃及才能發展 
c. 組織運作障礙排解
為績效的評估準則，這顯示主管的績效乃在於創造一個和諧的團隊，是否有將產出貢獻或營收的參數納入？比例多少？不得而知。不過已經超脫目前一般企業的思考模式與行為準則。
9. Google新進員工盡量不去雇用manager，而是雇用一般員工。一般員工會經由績效評估及升遷管道而成為管理階層。如此設計激發了員工力爭上游的心態，只要對組織有貢獻，就能獲得相對的收益及職位。
10. Google內的創新想法：員工可以利用20%時間去發展，而且公司內提供開放的討論平台，可以號召志同道合的員工一起參與，透過自由的腦力激盪，先激發出prototype時，再評估這樣的idea如何落實與後端business model，甚至投入更多的資源與管理。由此員工可以發揮無限的想像空間，創造出真正想做的東西，這成就感應該是軟體工程師無限創意的來源。一般公司常在推動創意，在Google內，我們看到是”只要不去阻礙發展，創意自然就會發芽開花”。 不去阻礙的意思在Google 內看到的提供發展的平台與空間，並沒有太多的投資，但眾多的應用就此產生。
11. Google 提供的服務已經從搜尋引擎到各式各樣的服務，包含news, patent search, Gmail, Picasa, Scholar,…目前已經有42種服務，且每天都有可能在增加。透過資料搜尋、處理的核心技術，Google 一再的將data變成有用的information，再進一步將好用的information轉換成knowledge。但對於Language Translation部分，Alan也承認仍有進步的空間，可能要5~10年的時間。另外像Google Book Search，Google 花了很大的功夫去設計一套機器可以將圖書館中的典藏絕版書掃瞄成電子書，花了很多經費，目的是為了讓知識的流通更為方便，這個用心應該不是以經濟效益為唯一的考量點。
12. Google如何達到這麼強大的運算與搜尋能力呢？原來只有透過簡單的PC系統，只有透過主機板、硬碟與風扇就可以達成，核心的分散式處理與資料儲存、收集，這技術已經被研究了數十年，Google將其精神發揮得淋漓盡致。要求的是Lowest cost & high reliability 

13. Google如何創造公司的文化來optimize for innovation? 有幾點值得深思
a. Patterned after universities
b. emphasize innovation and fast prototype
c. smart people in research and development
d. small, cross-disciplinary, fast-moving teams
e. flat management hierarchy 
f. open communication
g. best hardware
在創新的計畫中，仍然有失敗的計畫，但在公司內還是提供這樣的機會，這應該是工程師心中很深的期待，但因為有機會，所以會全力的投入希望自己的創意能夠落實成真
14. Google visitor tour 看似奇怪的服務，因為有哪家公司會希望參訪團體在辦公室或會議室旁參觀呢？但是細想後發現，Goole的客戶就是一般的消費者，這些參訪者除了參觀之外，藉由訪客與內部員工的對話，有時也會讓員工發現消費者的新需求或是激發出新創意。因此與其說是Google接待參觀者，倒不如說是接待客戶來得恰當。
參訪過Google，再回頭再一次看Google 網站上的哲學宣言「永不滿足現狀」，及十大信條：
1. 關注使用者，則一切將水到渠成。
2. 盡力將一件事做到最好。
3. 快比慢好。
4. 網路的民主效應。
5. 您不一定要在桌子前找答案。
6. 不做壞事也能賺錢。
7. 「資訊」也無涯。
8. 對資訊的需求沒有國界。
9. 不用穿西裝也可以很正經。
10.精益求精。
感覺到夢想與信念之重要性！企業文化中，員工將是最重要的資產之一，尤其對於軟體產業來說，員工若沒有熱情，將失去創新的研發能力，也就更不用論其經濟效益了。Google 是一個很好的例子，尤其對於國內推動軟體產業，方向、策略、方法應該是很重要的一個參考。
D. 6/2 AM (Monday): Stanford University

參訪對象：Ph.D. Richard B. Dasher

主題：National Innovation System: University-Industry Relations in PRC, Japan, and the United States

紀錄人：張景嵐、羅豐祥、陳建文
今天主講人報告的重點是以史丹佛大學的經驗，探討學界與產業界在創新過程中的相互關係，主要的綱要為：
1、 學界和產業界在創新系統(Innovation System)中所扮演的角色。
2、 產學創新(University-Industry Innovation)的三種模式。
3、 產學合作(University-Industry Cooperation)的成功條件。
企業往往為了永續經營，必須投入大量的R&D資源。其指出在美國、日本及中國，68%以上的R&D資源為產業界所投注，其比例顯著高於高等教育、非營利及政府機構。
然而企業在R&D的資源投入中，特別著重於D(Development)的部分，即應用研究，更是其創新的來源。而企業的創新主要可分為六種型式：
1. 在既有產品中加入新的技術：Nintendo把實體感受的技術加入既有的電玩主機中，打造出不同於以往的遊戲主機─Wii。
2. 以既有產品打入新的市場：Wii主要訴求為實體感受，故可利用其作為體能訓練的平台。
3. 整合既有技術為新產品：Apple將其i-pod完整的mp3 player功能與手機通訊做整合，推出的多元功能的i-phone。
4. 改變既有的企業流程：部分業務以外包方式取代企業內部自行運作。
5. 全新的商業模式：電信業者提供月租費率取代通話按時計費。
6. 全新的產品：個人電腦的發明。
現今由於科技及市場需求的快速變動、網際網路及科技的產業性進化及服務全球化，企業面臨了更多與R&D相關的挑戰，因此企業必須投入更多研究、更具彈性與創新的人力、更多極小化成本與風險的方法，並多方與大學合作，才能具體顯現其在R&D或創新上的優勢。
而企業創新是一種流程，不同角色在不同時期中投入，而最終目標即是達到產品或服務商業化，因此構成了所謂的創新系統，其說明如下：
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	· 政府提供資源或學界引導進行基礎研究；而業界則專注於產品開發。
· 政府、業界與學界皆投入資源在進行應用研究。
· 業界的研發部門與大學的實驗室共同合作，進而衍生出一種知識轉讓(Knowledge Transfer)的機制。


由上述可知，學界在創新系統中扮演著重要角色。然而在史丹佛大學中，教授必須自行對外爭取資金，以提供團隊進行研究；以工程學院為例，有45%的資金來自於對外合作對象，其中更有75%來自政府機構。史丹佛大學對外合作可分為兩種管道，一是契約研究，即為合作對象的專案計畫，其大部分為政府機構，通常資金較為龐大；另一為Unrestricted Funding，通常教授會利用這類型的資金在其他較大的政府計畫中做為matching funds，而教授與業界的合作關係則不同於契約研究，其中包括成立industry affiliate programs及授權金制度，對於業界來說，需要投入的資源較少，即較具經濟效益。
創新系統包含產官學界的投入、資助與轉讓機制的共生，以及主要政策的方向才算是一個完整的創新系統。比較美國與日本在產學合作上的差異說明如下：
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	· 美國業界隨時都在注意學術方面的研究。
· 研究在美國為長期合作關係，並且知識可相互交流。
· 美國業界期望可以投入資金共同參與學界研究。


另外更指出日本對於學界在科技方面的資助大多來自於MEXT(Ministry of Education, Culture, Sports, Science & Technology)，而美國對於學界在R&D方面的資助則多來自於NIH(National Institutes of Health)。而中國在R&D方面的資助，由於在高等教育及高科技企業等背景的差異，而與美國及日本有所不同。早在1949年，中國大學的研究主題都是由政府所指派，且都有各自獨一無二的專精領域；在1964年後中國政府開始派學生到美國取經，吸取西方成功經驗；而在1998年開始對外招聘國外師資，整併區域大學成為重點大學，政府亦開始釋出預算供學界做R&D研究，慢慢的把焦點聚焦於創新上。在高科技企業方面，業界越來越趨於成本導向，並亦僱用美國籍員工，學習其管理方法，且與美國大學有小部分的直接合作。因此，美國、日本及中國在創新系統上各有不同的差異如下：
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	· 政府資助方面：美國講求產學界共生，日本及中國則各自求生。
· 業界需求方面：美國產學界為即時夥伴關係，日本及中國則是將研究外包出去。
· 國家實驗室方面：美國的國家實驗室有各自特別的主旨，日本是均等化業界的R&D資源，中國則為傳承歷史的支配。
· 創新目標方面：三者皆講求持續的競爭，但隨著國家經濟政策而改變其獨特性。


在現今產學界互相合作的情況下，業界無外乎想藉由學界中獲得最好的畢業生、瞭解現今研究的重點科技、降低探勘性研究的成本風險。而美國業界與學界合作由原本單純的畢業生到業界工作的模式，轉變為技術共享的模式。技術共享不同於技術授權，其是一種即時雙向的知識交換機制，美國業界開始派人到大學當visiting researchers，而大學裡的博士班學生也到企業中擔任產業導師(industry mentors)，大學裡亦組成了industry affiliate programs，提供業界與學界更密集的互動機會。然而，對於全球的大學現今依舊面臨著下列挑戰：
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	· 均等發展各領域研究：業界有許多不同的需求，大學本身需多方發展。
· 均等控制各領域研究的品質：各領域皆存在現實的問題，必須隨時注意該領域研究的變化，並且快速地更新資訊。
· 不專注於明星研究，探勘別人尚未發現的研究主題，以此發展基礎研究架構。


最後，主講人更提供史丹佛大學的創新的商業模式(business model)給大家作為參考，茲將之彙整如下：
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E. 6/2 PM (Monday): HP Labs

參訪對象：Dr. Duncan Stewart、Dr. William Tong、Dr. Huei Pei Kuo 

主題：Information & Quantum Systems Lab

紀錄者：羅豐祥、許鴻基、李宏台、陳建文
-------------------------------------------------------------------------------------------------------------------------

HP Laboratories參訪主要由其中的Information & Quantum Systems Lab.負責引導介紹並簡報該實驗室最近的研發成果。HP Lab. 目前約有近600位Ph.D.，在Information & Quantum Systems Lab.更是含括各領域專家，組成如下圖所示:
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Information & Quantum Systems Lab. (QSR)

HP Lab.主要任務有兩項:

a. Discover the ultimate physical limits of computing system

b. Invent devices and system that operate at these limits

由此可見，HP投入相當多的資源在基礎研究(Basic Research)上，最大的效益除了可以開發世界領先的技術外；另外一個更重要的功能是提供HP企業相當可靠及第一手的研究分析，這對公司未來產品開發的決策及方向上提供一個相當重要的依據。
關於研究成果簡報主題相當多包含: a. Memristor、b. SNIC(Semiconductor nanowire interconnects)、c. Optical interconnect、d. Optical Negative Index Material、及e. III-V Nanowire Solar Cell，其中又以Memristor為近期(May 2008)較為重大的發表，簡介記錄如下:

Memristor

Memristor，又名記憶電阻，是一種被動電子元件。Memristor被認為是電路的第四種基本元件，僅次於電阻器、電容器及電感元件，如下圖所示：
[image: image8.png]—\\\—e

Resistor
av=Rdl

Inductor
dp=Ld

T

Gapacitor

Memristor
dp = Mg

Menmristive systems





Memristor可以在關掉電源後，仍能「記憶」通過的電荷。兩組的Memristor更能產生與電晶體相同的功能，但更為細小。最初於1971年，柏克萊加州大學的Leon Chua(蔡少堂)預測Memristor的出現，直至37年後的2008年4月，HP成功研製Memristor，並發表於Nature期刋(May 2008)，成果如下圖所示：
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The coupled variable-resistor model for a memristor.
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Experimental I–V plot of a Pt–TiO2-X–Pt device

在Memristor中，磁通量（ΦB）受到累積的電荷（q）所影響。磁通量按電荷的改變率稱之為「memristance」：
M(q) = dΦB /dq

故此memristance可以與其餘三種基本的電子元件作出比較：
電阻：R(I) = dV/dI 

電感：L(I) = dΦB /dI 

電容：1/(C(q) = dV/dq 

當中q是電荷；I是電流；V是電壓；而ΦB則是磁通量。
根據法拉第電磁感應定律及複合函數求導法則，Memristor的電壓V與電流I及memristance的積有關：
V(t) = M(q(t))I(t) 

由此可見，Memristor可以成為一個電阻器。但是「電阻」的M(q)會隨累積的電荷而改變。Memristance可以說是隨流經Memristor的電流歷史所改變，彷如在電容器的電壓一般。
在應用上，Memristor可應用到Non-volatile Solid State Memory，除了在記錄密度有優於硬碟機的優勢外，讀寫速度更可媲美DRAM；關於此議題，我也特別向HP請教Memristor應用在Memory上是否也會有Endurance的問題需要克服？HP表示，的確也會遇到Endurance的問題，目前雖尚未進行此項目的測試，但預估絕對會比NAND Flash還好。另外Memristor也可應用在programmable logic，signal processing，neural networks，及control systems等場合。
補充說明 (資料來源：工研院企研處News Alert 2008/5/5)

“記憶電阻”（memristor），是繼電容器、電阻器和inductor之後積體電路的第四元件。memristor是一種具有記憶功能的非線性電阻，可通過電流的變化控制其阻值的變化，將memristor的高阻值和低阻值分別定義為1和0，就可以通過二進制的方式來存儲資料。memristor具有記憶及省電特色，可提升記憶體性能、縮小晶片體積。未來HP將利用此技術，開發與當代電腦不同邏輯的新一代產品。此外，memristor可記憶過去的資料收集方式，並用於未來的指令判斷，例如未來的微波爐可以自行依過去經驗，判斷不同食物的微波時間長短，這種模仿生物智慧的電腦，不但能夠提升運作效能，也可用於臉部辨識等。目前，memristor記憶晶片還在學術原型機階段，HP預計五年內會有商業化產品面市。研究論文發表在4月30日之《Nature.》。
Patterning the SNIC Nanowire by nano imprint

W. Tong 介紹有關 Nano Imprinting 的技術及其在HP-IQS Lab的發展應用，主要是應用Nano Imprinting 的技術來取代下一代的微影製程。首先簡介傳統光學微影蝕刻的限制，由Rayleigh Criterion來看，為影製程主要受到繞射極限的限制，以曝光方式製作半導體的線寬，能分辨的最小解析度為，
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根據Moore’s Law，指出半導體製程每兩年在現寬尺寸上降低0.7倍，隨著元件尺寸持續縮小，微影製程已成為半導體製程的最大瓶頸，若是無法加以突破，半導體工業的發展勢將受到阻礙。以目前製程上要提高解析度，可改變Lithography製程裡
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等，分別可以使用更短波長的光源，如DUV、X-Ray等，或者改變光學系統NA值，但改變光源波長或NA值卻會影響到曝光聚焦的深度(和
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成正比，和
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成反比)，特別是是改變NA值，此將為影響到製程的產能，但是改變光源卻會牽動到製程設備的修改及光阻劑的配方調整，花費更大的成本，因此，以半導體廠而言，多半會先改變其NA值，非到必要才會改變光源，另外，則是設法降低K值，
· Shorter Wave Length: EUV(Extreme Ultraviolet Lithography,
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· Increase NA: 浸潤式微影技術(Emersion Lithgraphy)

· Reduced 
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· Improved Mask: CD Control by OPC(Optical Proximity Correction), PSM (Phase Shift Mask)

· Improved Lens: 像差修正(Aberrations Correction)

· Better photoresist

Emersion Lithgraphy:

利用液體填充於Wafer及光學系統之間，改變光學系統的NA值，以達到更高的解晰度，以不改變製程設備的過渡製程，也是TSMC提倡下一代微影製程的主要方式，主要考量是提高目前就有設備的使用率。
OPC:

當線寬尺寸逼近光波長時，光線穿過光罩後會產生繞射，這些繞射光疊加的結果會與光罩上的圖形相去甚遠，曝光後的圖形因而嚴重失真。POC便是將繞射的效應考慮進去，為了補償曝光後圖形的失真，藉由修改光罩上的圖形 (Fig. 1)，使產生的繞射光在疊加後能得到符合實際要求的圖形與線寬，如圖所示，欲在晶圓上製造長方形圖案，光罩上對應的圖形不再是相同的長方形，而必需在稜角處做一些變化，以消除繞射造成稜角鈍化的現象，OPC將大幅增加光罩製作的困難度及其成本。
PSM:

其概念很簡單，就是在傳統光罩的圖形上，選擇性地在透光區加上透明但能使光束相位反轉180∘的反向層，用此光罩來進行微影製程，可使曝光系統之解析能力大增，主要原因是根據繞射原理，行經不同相鄰透光區之光線，其影像會因繞射效應而互相干涉，當兩個影像重疊超過一定程度時，觀察者就無法解析，由於光是電磁波的一種，我們觀察到的光強度變化，其實是電場的平方。當圖形線寬過小時，若使用傳統光罩，則強度變化將弱至無法解析。若能利用結構讓光的相位改變180度，將它選擇性置於透光區中，疊加後的電場在正負號變化處為零，這些零電場點亦為零強度點，如此強度的相對變化加大，解析度因而提高，但因為需要以LIGA製程蝕刻玻璃層，要控制到一定的精度，成本也相對的高。
HP為何會發展nano-imprint 的技術，主要原因 1.對奈米技術的應用而言，急需一個低成本，且具高產能的奈米元件製作技術，2. HP的產品中，如印表機噴射頭及使用到微影製程，發展此技術將可以降低生產成本，3. HP感到興趣的並不是奈米壓因設備的開發，而是在應用此技術到更多奈米元件的製作上。
HP並展示其利用奈米壓印製作分子記憶體的應用，Fig. 2展示NIL的製程程序，HP將Ti 及Pt等NW材料的長到基板上，使用的設備為HP 2002年發展的第三代奈米壓印機(Nanoimprinter Generation III)，配合使用UV 光源固化的光阻材料Nanonex NXR 2010，製作出Cross-Bar Molecular Memory，如Fig. 3所示，為30-nm half-pitch的製程所製作的結構，其結構在單位平方公分上可以達到28GBits的記憶量，Fig. 4為利用NIL所製作的中間連結上下電極的孔結構，而對NIL技術而言，溫度的穩定控制是非常關鍵的。HP提到目前NIL母模的技術主要是利用E-Beam Lithography 來製作的，且其基材為Si基材料，以目前半導體成熟的技術，開發這些母模相當容易的，也是NIL有機會成為新一代奈米元件量產的技術。                  

Optical Negative Index Material 

Artificial materials fabricated with nanoimprint lithography that demonstrate a negative infraction of light. Achievements include:

(1). Demonstrated superlensing with a resolution more than 10 times that of conventional lenses. 

(2). Modulated optical data at speeds more than 20 times current fiber optic technology. 

(3). Converted near-infrared light at telecommunications wavelengths (those used by telecommunications systems and optical fibers) into visible light for more efficient detection. 

III-V Nanowire Solar Cell

Nano-Crystal Thin Film Solar Cells

(1). InP nanowires growth on micro-crystalline Si PV

(2). Direct connection across the gap

(3). Fusing of intersecting InP nano wires

(4). Multiple light bounce—perfect light angle and absorb diffusive light

F. 6/3 AM (Tuesday): Stanford University

參訪對象：Prof. William F. Miller

主題：Silicon Valley Transformed (again):Silicon Valley and Sustainable Growth

紀錄人：張景嵐、聞勛琪、傅如彬
William F. Miller為前Stanford universeity副校長、現任國際知名商業平台開發公司Borland Software Corp.以及Sentius Corporation的榮譽董事長。William F. Miller在80歲的時候還創立了Lumiette, Inc.公司進行nano technology方面的業務。
國際許多科技相關重要論壇、計畫或機構中也都擔任有相當影響力的職務，如：全球知名企業策略顧問Mckinsey、日本的Smart Valley、Wells Fargo Bank、PG&E等，而在他的眾多經歷當中，最受人矚目的是他曾經擔任SRI International院長與執行長以及Sarnoff Corporation執行長等職務。SRI International是非營利性的經濟與科技綜合諮詢研究機構，它擁有龐大的資料檢索中心，把經濟與技術緊密結合起來，藉著第一手可靠的資料提供分析建議，協助企業和政府解決科技問題，該機構在決策諮詢工作上享有盛譽，性質趨近於科技智庫，在美國的高科技領域(無論是政府或企業) ，均有一定的影響力。Sarnoff Corporation就是由SRI international所衍生出來的營利公司。
本次參訪William F. Miller分別針對Silicon Valley的生態變化、大學在科技研發中所扮演的角色、企業/企業家應有的態度及創新研發的要點進行演說，如下：
1. Silicon Valley近期的變化
(1).Silicon Valley在每一個階段時程所引領風騷的產業各有不同，我們可以簡單的定義如下，
· 1960-1980 Semiconductors（eg. Fairchild, Intel,  National Semiconductor, AMD）
· 1980-1990 PCs and Workstations（eg. Apple, Sun Microsystems, Silicon Graphics）
· 1990-2000 Network Computing（eg. 3Com, Cisco , Netscape, Yagoo!, eBay, Google）
· 2000- Mobile Computing, Biotech, Nanotech(eg. Salesforce,Nanostellar)

· 2004- CleanTech

(2).在1990-2000中，Network Computing產業雖然經過了一次泡沫化，但是整體發展依然不斷往上成長。William F. Miller建議IT產業應該做一些調整，包括：
· Consolidation in the mature parts of IT, such as HP–Compaq(2002),Oracle-    PeopleSoft(2004)-BEA Systems(2008), IBM–Rational(2004), Google–YouTube(2006), Microsoft attempt at Yahoo (2008)

· New application areas

· New geographical markets

· New patterns of collaboration:Global Linkages to India, Mainland China,Taiwan, Israel           

· New investment patterns

(3).2000年以後Biotech及Nanotech發展迅速，現況如下：
· 目前SF Bay area已經成為生技產業最大的聚落，排名第二為Boston，第三為San Diego。
· William F. Miller指出依據2007 Q4的資料，Investments in Medical Devices and Biotech(30.32%) Exceed Software and Semiconductors(29.47%)。
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(4).環保能源產業在2004年以後，逐漸成為產業主流，
· Investments：CleanTech investments in Silicon Valley rose 94%, 2006 to 2007 to reach $1,100,000,000. CleanTech investments in Silicon Valley amount to         62% of CleanTech investments in California and 21% of such investments in all of US.

· Employment：Since 2000 the number of “green” jobs has risen 41% in Silicon Valley, compared to 17% for the rest of California, 43% are in energy generation and 39% in energy efficiency.

(5). Changes in employment patterns
· Core design, engineering, scientific and business management talent contribution to economy.


[image: image19]
· Cluster Employment Growth as bellow,


[image: image20]
· Real per capita Income
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(6).The Valley is a gathering place for researchers, entrepreneurs, venture capitalists, and highly skilled workers who turn new ideas into the innovative products and services that fuel the economy of the region. 

Silicon Valley has multiple ecosystems interacting within a favorable habitat. This “habitat” and the multiple ecosystems it supports allows the region to adapt to waves of innovation and adjust to economic cycles. 
2. 大學在科技研發中所扮演的角色
As knowledge and innovation become more important components of regional development, the role of universities, and access to their resources, will become critical social issues. Worldwide, universities are in the midst of change in response to many new forces. To name a few:

· Need to contribute to the economic welfare of a region and/or country

-Researching social, economic, and environmental problems

-Commercializing  Academic Research

· To respond to academic competitive forces

· Drive for prestige

· To respond to increasing enrollments

· Respond to globalization of education

· Universities are key entities in today’s innovation networks 

3. 企業/企業家應有的態度
(1).企業必須依據市場進行轉型，如Hewlett-Packard transition form being an instrument company to being a computer company during 1968-70; Microsoft transition to being an Internet company at 1995; Apple Computer transition into the entertainment industry with Ipod at 2004.而從這些成功轉型的廠商來看，都存有以下特質：
· Slowing or declining revenues

· A vision and understanding of a big new market

· A transition plan

· Strong leadership

· (2).Today the two major challenges for businesses and for countries and local regions are:

· Responding to Globalism

· Fostering and managing innovation and entrepreneurship

These two challenges are inter-related.

(3).成功企業家應有的特質
· Knowledge Intensity

· Universities and research institutes that interact effectively with industry

· Favorable government policies

· Results-oriented meritocracy

· Flexible and Mobile work force(dense social networks)

· Climate that rewards risk-taking and tolerates failure

· Knowledgeable Venture Capital

· Open business environment

· Collaboration: business, government, and non-profits-local networks

· Specialized business service infrastructure: lawyers, accountants, etc. 

· High quality of life

· Global Linkages

4. 創新研發要點
The returns to innovation for industry have become so significant that managing innovation, especially managing technology, has become a major concern for companies. 

(1).Steps toward high tech development

· The high tech economy  is the growth part of the global economy.

· To participate effectively in the high tech economy a region must have the following:

-The fundamental resources for a high tech economy, i.e. Research and research trained scientists and engineers that create the innovations.

-Entrepreneurs who turn these innovations into business.

-A“habitat”, i.e. a business, social, and political environment that facilitates entrepreneurship and breeds entrepreneurs

(2). Managing Technology Development

· The old “linear model” of managing technology development is not longer sufficient today for several reasons. There is not a distinct boundary   between research(R) and development(D). 

· Technology transfer is not a good term to describe today’s innovation model. Co-evolution of R with D or systemic development of R with D better describes what is happening today.

(3). Factors that Erode the Closed Innovation Model

· Mobility of workforce

· Increased numbers of scientists and engineers with advanced research training

· Private Venture Capital

· Faster times to market

· More knowledgeable customers and suppliers   

(4). Factors favoring Open Innovation

· Useful knowledge is now widely diffused

-Evidence from research expenditures

-Evidence from patents granted

· Companies still make too little use of other’s ideas

· Companies need to organize to use R&D of others

· The value of an idea depends on it’s business model

· Companies can be active buyers and sellers

-Knowledge brokers

-Senders and receivers

(5). Open Innovation ecosystem

Open Innovation means looking outside your organization for partners, suppliers and customers for new and innovative ideas. Open innovation has also been stimulated by decreasing time frames during which companies can command premium prices from proprietary technologies. As activities that relate to innovation become increasingly global and open and so draw the public and private sectors into complex networks of partnerships, these activities also tend to concentrate where the ecosystem is most supportive.

G. 6/3 PM (Tuesday): Applied Materials

參訪對象: Senior Director, Chris Eberspacher、產品市場部Senior Manerger, Teresa Towbridge及韓國台灣區業務經理 Vincent H. Chang

主題：PV in Applied Materials

紀錄人：陳百宏、鄭功龍、李宏台、陳建文
Applied Materials 的參訪行程由Senior Director, Chris Eberspacher、產品市場部Senior Manerger, Teresa Towbridge及韓國台灣區業務經理 Vincent H. Chang等三位介紹Applied Materials在太陽光電的發展及市場策略，報告裡C. Eberspacher點出了太陽光電市場的分析，以及由過去Applied Materials在VLSI/DRAM與FPD市場的經驗，點出如何佈局光電產業成長的研發策略。
Dr. Eberspacher首先以IEA (International Energy Agency) 資料顯示全球各國在PV (Photovoltage) 發電量市場的成長來看(Fig.1)，是逐年在成長，並指出以市場的應用需求來區分(Fig. 2)，包括四大類型，分別為家用聯網型(On Grid)光電設備、家用離網型(Off Grid)、工業用離網型及結合消費性電子產品的太陽光電，以全球太陽光電應用分佈來講聯網型態陽光電設備架構約占了63%，離網型及消費型電子用太陽光電設備占約18%，到2006年為止，根據EPIA的調查全球太陽光電設備發電量約有每年40%的成長(Fig. 3)，而以過去幾年來在太陽光電模組每瓦發電量的成本來看(Fig. 4)，隨著太陽光電設備發電規模的成長，是逐年的降低，Applied Materials 預測未來此趨勢會繼續下去，並且提到以過去在半導體市場及FPD市場的經驗，提到從DRAM隨著製程記憶體容量的增加，每Bit單價會逐年的降低，以及在FPD市場隨著新一代大面積製程的開發，也使的單位面積的成本逐年的降低(Fig. 5)，以此經驗來看光電模組的發展，Applied Materials預測太陽光電模組的發展走向勢必為降低單位發電量的成本(cost/W)。
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Fig. 1 Annual PV Capacity Additions for IEA countries, 1996-2006

以降低單位發電量的成本而言，Applied Materials在單晶矽及非單晶系的PV模組各有不同的方式，以單晶系PV模組的製程而言，如Fig. 6所示，需從原材料經長晶、切割、Crystalline Wafer Cell製作、將Cell並聯成光電板以及到組成到應用系統。以wafer based的光電模組而言，與薄膜非晶系PV的製程比較，其成本在矽晶材料要高出許多，且在全世界矽晶材料缺貨下，材料的取得相對不易。以製程設備而言，wafer based其製程相對要來的容易，設備成本也較低，而Thin Film光電模組應為需要PECVD等製程設備，且走向大面積製程，設備建置成本相對高出許多。就組裝的成本而言，Thin Film PV模組可以製作大面積，而wafer based因為需要並聯多片Solar Cell，相對會提高安裝成本。當然就效率而言目前，以晶系PV來講是比較高(15-17%)，而Thin Film PV約在10%以下。
要降低單位發電量成本，Applied Materials 的在wafer based PV的策略是，
1. Thin Wafer Processing

2. High Productivity System

3. Cell Efficient Process

4. Low Manufacturing Cost

Fig. 7為c-Si的製程程序，Applied Materials提供Total Solution，在Si Ingots的製作上，配合PV模組多為長方形組合，Applied Materials在Ingot上提供方形的矽碇，減少廢料的產生，在Wafer Saw的技術上(Fig. 8)，提供更精密的設備來節省材料(High Silicon Saving)，提高產能(High Throughput ) 及承受更大的負載能力(Load Capacity)，能夠將矽晶材切割的更快、更薄及處裡更大面積的材料，如此，將可盡可能的減少昂貴的矽晶浪費。
在Passivation的製程Applied Materials 提供設備，可以有更高的產能，處理更大面積(Capacities to 100Mw)及使用無矽烷 (Silane Free)的製程，提高在Passivation/ARC的設備生產力，Applied Materials已有超過720套系統建置經驗。
在Metallization 與 Edge Isolation 及 Inspection/Test 的設備，Applied Material 提供客戶更高產能、高良率及更穩定，同時能夠處理更薄的Wafer，並利用Laser製作 Edge Isolation，得到更均勻及更細線寬的設備(Fig. 10)，目前Applied Materialy已經建立超過350套此設備。
除了在矽晶PV(Wafer Based PV)上的Solution外，Applied Materials 在2006年併購應用薄膜(Applied Film)以後，進入PV產業，開始展開在Thin Film PV的一場策略戰，提供從材料到製程設備的建置完整的服務，且預期在未來幾年內成為Thin Film PV市場的生產主流。以Thin Film PV來講，不同於矽晶PV需要多塊Cells組成並焊接導線組成大面積光電模組，直接以薄膜結構構裝成大型的PV板，以目前Thin Film PV的兩大類主流材料來看，為Amorphous Si (a-Si:H) 及 Micro-crystalline Si(μc-Si:H)，另外一類則為Compound Type由較稀有的材料化合物做成的Thin Film PV，包括GaAs type、CuInSe2、CuInGaSe2、CdS、CdTe…等，雖然可有較高的效率，但因材料的限制，以II-VI架構的CdTe來講Cd具由毒性且Te的蘊含量相當少，以CIS及CIGS而言，Se存量很有限且製造成本高，所以在特殊場合有應用，但在Thin Film PV未能成為主流。
薄膜型太陽電池製程部分，先以玻璃、不鏽鋼或聚合物等材料為基板，清洗後先用濺鍍機鍍上透明導電膜，如I T O或Z n O等高能隙材料，作為光線入射面。然後以濕製程或乾蝕刻製程蝕刻後，送進氣相化學沈積系統（P E C V D），沈積p / n型非晶矽（a - S i）薄膜，最後再以蒸鍍機蒸鍍金屬背面電極，此製程一般使用於非晶矽薄膜，以薄膜型太陽電池來看製程設備為主要的成本，Applied Materials由過去在半導體及LCD多年的經驗，移轉到 PV 模組來，由成本分析來看，如下面公式所表示，
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如果要降低單位發電量的成本，Applied Materials 以降低單位面積製作成本及提高單位面積發電量為策略，How to do it?

以提高單位面積的發電量來看，Applied Materials 選用Multi-Junction Cell(a-Si/μc-Si:H)的製程(Fig. 11)來達成，串聯不同吸收波長的非晶矽(a-Si:H, 1.7-1.8eV)和微晶矽(μc-Si:H , 1.1eV-1.3eV)薄膜太陽電池，增加太陽光的使用率，以此結構較a-Si:H的薄膜PV結構而言，僅在薄膜結構高度上由 1μm 增加到 3μm，與傳統晶矽PV的厚度比較而言，材料厚度僅為其1/600到1/100，相當節省材料。
在降低單位面積製作成本來看，Applied Materials 運用LCD的經驗，快速建立太陽光電的大面積製程能力，預期降低設備開發的成本，以將低單位面積的生產成本，除此之外，大面積的Thin Film PV在PV Module/System的安裝上，因為省去固定Cells及串聯焊線等工序，可以大幅降低安裝成本。
從居家用電的費率不斷及藉由PV模組單位發電的成本降低來看(Fig. 12)，降低單位發電量的成本，勢必有商機，Applied Materials 抓緊進入市場的機會。並介紹目前所提供的SunFab系統(Fig. 13)，可製作5.7
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的Thin Film PV模組，並提供廠商更全面性的服務，從材料、設備提供到整場生產設備建置的服務。
從財務的角度來看，Applied Materials從成本角度切入來看研發，以提高PV的效率(10%)，增加製程設備的穩定性、生產量率及產能，降低安裝成本(10%)及到提供整線生產設備，並預計到2010年可降低每瓦發電量成本小於US$1.00，且預計可以提供每年發電量1GW的PV模組生產能力，以到完成系統安裝的整體效益來講，約可提高30%的生產率，及降低30%的安裝成本，Applied Materials更定下驚人的成長目標，預計從2008年市佔率18%，到2012年可以成長到60%，到2012年成為全世界的生產標準，市佔率達百分百。
從本次參訪的行程中，可以明顯感受到Applied Materials 在策略面的運作相當細膩，且不論其預測是否真的準確，但是以公司依策略運作的執行力，確實相當值得效法。但是在其PV市場中，確實有些是交代不清的地方，以其他系統的發展而言，目前在高單價的PV Cell模組上，有另一種聚焦型的光電系統，以系統建置的方式，晶矽PV雖然製作成本高，但是具有高耐熱及較高效率，利用此特性，從系統著手將更多的太陽光聚集到小面積的Cell上，也是另一種方法，當然其整體光電系統建置的成本也是需要考量，究竟何者單位面積發電成本較低，或許還需要進一步的研究。
[image: image25.jpg]



美商應材SunFab Line中的PECVD機臺，大傢伙，RIGHT?

太陽電池基本架構簡介：single junction, SJ/tandem junction, TJ

幾年前，曾經有大學同學找我投資某太陽能電池公司。個人想一想，因為他們的製程簡易到不行（用矽晶圓），entrance barrier不高，所以我就沒有投資。想不到，近兩年該公司鹹魚翻生，股票硬是標到千元大關，真是令人扼腕。
若是有早2年參加SRI，我就會仔細評估，然後買它一缸子股票。
若是當初有投資，恐怕6/2你們就看到我在pebble beach打GOLF囉。
Anyway，簡單的說，以矽晶圓組成的P-N junction太陽電池元件，是由Si substrate(矽基板)、抗反射層(ARC)、與經擴散製程所得P-N二極體接面、金屬電極所構成，而此種太陽電池經照射太陽光後，將所收集到的光電流（主要來自於P-N junction空乏區(depletion region)所產生極少數漂移電流）， 也就是drift current，以及P、N型矽半導體內的中性區吸收不同太陽光譜波段所產生大多數擴散電流的總和。
結構，真的超級簡單，但是Dr. Chris Eberspacher說到重點囉：晶圓太貴，成本太高。這也就是為什麼大家常常看到報紙說：
誰掌握原料（Silicon wafer），誰就贏了!

不同於以矽晶圓組成的P-N junction太陽電池元件，薄膜太陽電池則不限定一定要使用昂貴的silicon wafer，而是可以使用其它的基板，甚至有R2R的能力或是將薄膜直接成長在軟性基板上。
基本上，薄膜太陽電池（還是以silicon為主，來源為silane）則是由透明導電層(transparent conductive oxide，TCO) 、P型、N型、本質(intrinsic)半導體層與金屬電極，所構成P-i-N接面的元件結構。
其光電流的產生是由本質半導體層（un-doped intrinsic layer）吸收合適的光譜後，藉由光電轉換而產生electron-hole pair （電子-電洞對）。
而重掺雜的P型、N型半導體層與本質半導體層夾層堆疊所形成的內建電壓(built-in voltage)影響，使得電子與電洞分別往而P型、N型半導體層移動，經金屬極收集後即可得到電流。
這裏要特別提出，雖然P型、N型半導體層也會吸收太陽光且產生電子-電洞對，但卻無法產生光電流。
主要是因為P型、N型半導體層內部有許多缺陷，容易與吸收陽光所產生的自由電荷發生復合現象(recombination)，使得自由電荷生命週期(carrier lifetime)相當短，因此不足以擴散至金屬收集電極，而產生光電流。
這也就是為什麼薄膜太陽電池必需多一層本質(intrinsic)半導體層的原因。
今天美商應材也提出tandem junction, TJ概念，
基本上就是多加一道u-Si (micro-crystal silicon)的P-i-N架構，這樣，會使吸收陽光的效率變的更好!

不過，這個process的關鍵會在於中間的N-P junction要特別處理。有一點複雜，所以小弟在此按下不表。但是它的另一個現實問題是：勢必要增加CVD機台的建置數量，因而大幅增加了製造成本。
Remember：天下，真的沒有白吃的午餐!
總結: 目前的矽晶太陽電池的主要材料（矽晶圓）因近來需求激増，在上游的供應商擴產不足下，缺料問題將會持續到2010年，才會獲得紓緩。而薄膜太陽電池其主要是以矽甲烷(SiH4)氣體為原料，不受矽晶圓短缺的問題，利用PECVD，可於不同的基板上沉積薄膜太陽能電池。
因薄膜太陽電池具有大型面積製造優勢，故逐漸受到大家的重視（也獲得美商應材的重視）。
在我的經驗中，國內設備商已經具備製作PVD、Cleaner、Laser Scribing能力。但關鍵設備：PECVD，國內設備廠商尚無自製能力。若政府能政策性支持與資源投入，將使咱們台灣的太陽能產業聚落快速完整形成，讓我們在這個產業獨霸一方。
補充說明2: Outlines from 鄭功龍、李宏台
· Applied Materials is the top company of the manufacturing apparatus in terms of integrate circuits as well as flat panel display. Its expertise targets primarily on the thin film formation and vacuum process due to its crystalline silicon familiarity.

· Applied Materials also intends to apply nano-manufacturing technology to improve the way people live.

· The items which contains 19,000 units of integrate circuits production, 600 units of flat panel display production, and 500 units spin coaters, 720 wafer cutters, respectively, have been sold commercially. In the photolithography process, chemical vapor deposition, ion implantation and chemical mechanical planarization are mostly relied on Applied Materials’ machines globally. 

· Applied Materials focuses the solar cell business currently. How to design the solar photovoltaic system and integrate the entire device, such as wafer cutting, cell generation, module integration, etc, with the experience of semiconductor is the core competency nowadays. It even build up a “SunFab” production line to carry out the overall processes of photovoltaic. 

· Combination of amorphous and micro-silicon is the approach to cover the range of wavelength from visible light to infrared light.

· The goal of 2010 is 1US$/W with a full size of 5.7m2 and the module efficiency higher than 10%.

· The proposed 5.7m2 systems also decrease the installation cost significantly by using machinery.

· In terms of contracts announced, Applied Materials’s market shares are 0% in 2006, 55% in 2007, and 90% in 2008. 

· Green Energy Technology is the client in Taiwan and the project started in June 2007.

*Conclusion

· Applied Materials did a distinctive way to extend his PV technology by the acquisition with wafer cutting and passivation partners.

· Thin film PV is favor to the large scale applications due to thin thickness (1-3 um vs. 200 um of silicon), lower effective and cheaper.

· During the presentation, its business model is quite impressive due to well-organized and positive attitude of collaboration.

· We have to keep our eyes on a few Applied Materials’ ongoing but front-end programs, such as the flexible electronics and energy efficient glass.

H. 6/4 UC Berkeley

參訪對象：CITRIS : Center for Information Technology Research in the Internet of Society

地點：290 Hearst Memorial Mining Building, UC Berkeley campus

主題：
· Welcome and Overview of CITRIS: Gary Baldwin, Executive Director 

· Design of Technology for Education, Medicine and Health: John Canny, Professor of Electrical Engineering and Computer Sciences, UC Berkeley 

· Distance and Executive Education: Anthony St. George, Executive Director of Executive of the Dado and Maria Banatao GLOBE Center for Global Learning and Outreach, and Director of International Programs, CITRIS 

· Artificial Intelligence, Machine Learning, and Real-time Decision-Making: Stuart Russell, Professor and Chair of Computer Science, Michael H. Smith and Lotfi A. Zadeh Chair in Engineering, UC Berkeley 

· Video and Image Processing: Avideh Zakhor, Professor of Electrical Engineering and Computer Sciences, UC Berkeley 

· Energy Initiatives at CITRIS: Van Carey, Professor of Mechanical Engineering, UC Berkeley 

紀錄人：許鴻基、洪翊軒、李宏台、陳百宏、羅豐祥
Mission Statement of CITRIS

The Center for Information Technology Research in the Interest of Society — CITRIS — creates information technology solutions for many of our most pressing social, environmental, and health care problems. 

CITRIS facilitates partnerships and collaborations among more than 300 faculty members and thousands of students from numerous departments at four UC campuses (Berkeley, Davis, Merced and Santa Cruz) with industrial researchers from over 60 corporations. Together the groups are thinking about IT in ways that have not been thought of before. They see solutions to many of the concerns that face all of us today, from monitoring the environment and finding viable, sustainable energy alternatives to simplifying health care delivery and developing secure systems for electronic medical records and remote diagnosis, all of which will ultimately boost economic productivity. CITRIS represents a bold and exciting vision that leverages one of the top university systems in the world with highly successful corporate partners and government resources. 

Section I

Gary Baldwin, Executive Director 

1. California Institutes for Science and Innovation

· CITRIS is One of four Int. in UC Berkeley, launched in 2001

· Keep the technology pipeline full; “keep the pumps primed”

· Target for CITRIS: Tech. should be combined with public policy, and needs to be of commercialization

· Educate a savvy, well-trained workforce

· Create jobs: harvest the best tech and integrate them into economy

2. CITRIS is like an Umbrella: many members and affiliates  (具有跨組織整合資源能力)

· Industrial Partners > 60

· Academic Research Centers > 40

· State and National Agencies/Research Faculty  > 300

· Students

· Seed new, Multi-disciplinary, collaborative research centers

3. Founding and Platinum Corporate members

4. Technology for Society (6 Strategic directions) (具社會貢獻之技術導向)

· energy, water, and the environment (joint with LBNL)

· Intelligent Infrastructures (leveraging sensor networks)

· Delivery of Health Care (using IT)

· Services Science & Technology: help to train students to combine tech. and business

· Art, Technology and Culture

· Technology for emerging economies:  take developed world to undeveloped world especially in Africa (culture impact)

5. CITRIS Headquarters

· Update on Sutardja-Dai Hall and the Banatao Institute at Berkeley

6. State , National, and Global Outreach

· Seim-annual Research Reviews, on one of the CITRIS campuses

· Annual “CITRIS in Europe” Research Symposium
serving our major European partners

( Build the global community.

Section II

Design of Technology for Education, Medicine and Health 

John Canny, Professor of Electrical Engineering and Computer Sciences, UC Berkeley 

HCI Research at the Berkeley

1. BID Lab

· Formed in March 2002 around the theme of “human-centered design”

· Driven bye the migration of IT into the everyday: the home, mobile: highly personal

2. Projects:

- MILLEE: Language learning on cell phones

- SNAC: Natural speech interfaces for smart spaces

- Multiview: Next-generation video conferencing

- Berkeley Tricorder: Wireless vital signs monitoring 

3. MILLEE: English learning on cell phones (利用手機的低價、高流通性，易下載，讓印度兒童快速從遊戲學習英文)

· India have 50 million English spearkers 3rd largest English-speaking nation in the world

· Cell phone in India- hottest market, 2006 sales at 40 million units

· Why Learn English on a cell phone? - Anytime, anywhere access to English games

· Approach: PACE framework 

· Design Patterns capture pedagogy and enjoyment

· Activity is a student interactive template

· Significant post-test gains on two separate syllabi: p-vaule <0.001, effect size

· Current focus : Traditional Games


· 28 Traditional games identified, widespread across India

· Several being re-created electronically on the phone

· Spring 2007 study: Longitudinal study for 9 weeks in Northern India

· Future Plans: Under MacArthur foundation support we are exploring learning

· Q: Only use in specific phones? A: Try to apply to all types of cell phone, now is prototype, try to apply to the cell phone cost about 30 USD from 50 USD

· Q:What the people learn from phone? A:Vocabulary first (sentence(grammar

· Q: Pay or free to download? A: Now some origination want this tech, some organization in Mumbai want to buy it and for all free to Indian users.

· Q: Interaction issue? No need for school to learn English? A: Kids not really need to meet teachers. Even teachers in India not quite know English 

· Q: Cost of cell phone in India? A: $20 for normal, $50 used for cell phone with image, movie, games

4. SNAC: Environment control example:

目前應用於
· Kitchen TC, kitchen lights, kitchen speakers

· Dining room lights, dining room speakers

· Blinds

· Stereo system

· Approach: Textbed application

· Discover how users gives command

· Initial data collection: 10 users who sit in lab, 23 days of data, 230 changes to the light state, 306 messages

· Status:Currently running love w/Sphinx 3 recognizer

5. MultiView: Video conferencing 

· The Mona-Lisa Effect: eyes look at though the webcam since has eye contact to each one

· Multiviewvs std. Video & F2F

· Approach: 利用多組不同的CCD Camera照射對角，合成影像，讓人有面對面的感覺，利用此技術增加商談成功機會 

· Benefit for commercial success 成功機率:1.face to face(面對面)>Direct viewing tech(Multiview技術)> indirect tech(webcam)

· 目前可做到具有和面對面相同效果
· The importance of framing

· Gaze fidelity is part, but not all of the story

· Non-verbal cues are mostly below the neck –由於Multiview可照到Body，因此 body language is also helpful

· Rethinking video 

· No detectable difference between F2F and a video system

· they are the first studies which found no detectable difference between FF and a video system

· A literature study

6. Berkeley Tricorder Project-Wireless vital signs monitoring

· 利用監控系統觀察生理與心理反應，及早做出判斷與(治療)處理
· Motivation: for Elders improving quality of life

· A prototype: small chest worn (24h/day)

· Parameters monitored: 包含Vitals-PTT, blood pressure, Impedance

· Mental Health:利用生理回饋參數判斷是否心情低落或憂鬱
· How? Low-level vocal, and parameters to judge  

· 實驗: 目前具有大於>95% accuracy in classified impressed / unimpressed patient

· Q :Why machine to detect? Patients can know the status of themselves. 

· A:Before they get medical cure, can detect in advance. Especially for some teenagers

· A: $20 for normal, $50 used for cell phone with image, movie, games

Section III 

Distance and Executive Education

Anthony St. George, Executive Director of Executive of the Dado and Maria Banatao GLOBE Center for Global Learning and Outreach, and Director of International Programs, CITRIS

· Corporate Education with the UC Berkeley,

· Distance Education 

· Customized Executive Education
· Customized Executive education: formats

· On-campus programs : 1-5 day on-campus programs including visits to Silicon Valley companies

· Company on-site programs 1-3 day company on-site programs
· Global Technology Leaders – Center for Entrepreneurship & technology

· 5 differentiating skills 
· to know the problem worth solving 

· Opportunity recognition

· to have judgment 

· to know how to acquire resources
· to be able to communicate
· to know how to work within and build global virtual teams
· to be Leaders in a Global Economy”, not “commoditized contributors”
· product + process + financial
· opportunity recognition

· Disruption

· Human-

· Customized Executive Education: Materials + case studies + Government Policies + Practitioner Panels + Corporate visits

· Customized Executive Education – Target Industries

· Q: how long is the project? A: can be Several semesters or 3-5 days…it depends how complex they (company or student) need

· Q: Concerning the language used for the courses? A: Some volunteer translator, company decides how language important

Section IV 

Artificial Intelligence, Machine Learning, and Real-time Decision-Making

Stuart Russell, Professor and Chair of Computer Science, Michael H. Smith and Lotfi A. Zadeh Chair in Engineering, UC Berkeley 

· Brief description of 

· First-order open universe probability models

· Expressiveness matters

· Expressive language ( concise models ( fast learning, sometimes fast reasoning

· Rules of chess:1 pagr in forst-order logic, ~100000 pages in prepositional logic, ~10000000000000000000000000000000000 pages as atomic-state model [chess is a teeny problem]

· Expressiveness essential for general-purpose AI via learning (rather than constant reprogramming)

( define the real information not row data !

· BLOG (Bayesian LOGic)

· Fully expressive first-order open-universe language for defining probability models

· Allows for unknown objects as well as uncertain relations and properties

( handles vision, language

· Every well-formed BLOG model specifies a unique proper probability distribution

· BLOG inference algorithms answer any first-order question for any provably well-formed BLOG model

( relational DB, ( useful information, probability information is provided 

· Hierarchical RL: Scaling up

· Human life : ten trillion actions

· World : gazillions of state variables

· Solutions: hierarchically structured behavior

· research:

· structural constraint on behavior = partial program( Alisp partial programming language)

· RL algorithms find optimal completion of program

· scales to 10^6 steps, 10^100 branching factor

· New hierarchical lookahead planning algorithms based on angelic semantics; solves 30-year-old open problem of constructing provably correct abstract plans

· Computational Physiology for critical care

目的:利用人工智慧演算法，由sensor回來的資料，判斷病人的生理狀況，並排除醫護人員疏失、儀器失效、雜訊等的誤判因素
· Approach: large scale data repository for worldwide research use: currently 60GB, 16 ICU beds monitored 24/7

· Data mining for outcome prediction, early warning, etc.

· Real-time model-based estimation of patient state

· And systems physicology model-building

· Critical care state estimation

· Given ~140 initial presentation fields, ~40 real-time sensor streams, ~1500 asynchronous measure(blood, drug, etc.)

· Compute posterior probability distribution for 
~100 (patho) physiological state variables

· Method
Patient-adaptive dynamic Bayesian network(DBN): stochastic models of physiology and sensor dynamics 

· Brain, Neurotransmitters, Heart, Blood flow, Vasculature (architecture of body) body calculate system ( experience collection is important

· Q: how to provide information to the user? A: take Google Scholar as an example ( automatically find the paper on-line…not manual typing in the database , also when you check one book…might list 120 books while someone cites from different areas…need AI & probability to judge :exp: this book as the probability of 95%, that has 35%

Section V

Video and Image Processing 

Avideh Zakhor, Professor of Electrical Engineering and Computer Sciences, UC Berkeley 

· Overview of Signal, Video and Image Processing Research Activities at UC Berkeley Singal Processing Web page

· Video and image processing lab(VIP)

· BASiCS (Berkeley Audio-Visual Signal processing…)

· Video and Image Processing Lab: Prof. Zakhor

· Unique Challenges of Wireless Multimedia 

· Multimedia usually takes up a lot of bandwidth

· Multimedia often has stringent delay and jitter requirements

· Flow control: new model for wireless flow control E-MUL TCP

· Prof. Avideh Zakhor provide a new approach protocol “E-MUL TCP”, it will use to solve the collision and fading problem over WiFi network.

· It will be the problem which TCP protocol is popular and using for a long time, it is not easy to replace or update. The new approach will not be adapted except that IETF recognize it as a new IETF standard.
· Fast, automated, 3D modeling of Urban Environments

· It is a 3D modeling technology, the demonstration is showing an urban environment, user can see the 3D urban environment at any view point. It is an amazing result using popular PC as computing platform.

· 3D modeling technology must to process many pictures, how to accelerate the processing speed is a big problem. They seems have a good modeling mechanism to accelerate the processing speed. 

· 利用空拍圖或地面Laser Scanner加Camera側拍圖的方式來取得建築物外觀或地籍資訊以建立3D模型是大家習知的技術，以往最為大家所困擾的地方有兩點，第一是整個3D模型重建無法做到完全自動化，常需人工介入使能完成整個3D重建流程，例如手動標示特徵點；第二3D模型建立所需花費的計算時間太長，約是數十小時。Professor Avideh的團隊利用GPS資訊的協助，同時開發數個自動偵測演算法: (a) vanishing point detection、(b) 2D corner detection and correspondence between 3D model and 2D imagery、(c) Hough transform to prune possible matches、 (d) generalized RANSAC algorithm to find in-lier matches、(e) Lowe's algorithm to compute the 3D camera pose，建立一套完全自動化3D模型重建流程，且更可因為使用GPS精確度的差異將整體計算時間由數十小時縮短到數分鐘。3D模型重建流程如下圖所示:

· 工研院電光所在3D Modeling技術開發上也有相當的研究，開發重點主要著重在自動化特徵點辨識偵測流程的建立，目前應該尚未引入GPS資訊的輔助，以致重建時間應該還是要以小時為單位。工研院中興院區3D重建結果如下圖所示:

· 4D modeling of dynamic, time varying scenes

· They have a good method to choose the viewpoint for reference, so they construct the 2D image into 3D modeling in real-time. 
· 一張2D影像加上另一張具有深度(Depth)資訊的影像就可利用影像合成的方式合成出任意指定視角的影像，唯傳統在求得Depth資訊的影像皆是透過複雜的演算法由多張2D影像計算出來，也因為演算法過於複雜，目前尚無法做到即時的輸出。Professor Avideh的團隊利用IR line laser搭配影像處理技術可即時輸出Depth資訊，因此可藉由原有彩色Camera的2D影像+IR Line Laser所產生的Depth影像即時合成出任意指定視角的影像資訊。
[image: image26.png]Digital camcorder
with IR-filter

Sync a—%
electronic —.&

Reference
lobject for H-line

VIS-light camera
rotating mirroj
[/

PE —*
IR line laser

creen with vertical strips

L —

Halogen lamp with IR-filter




IR line laser取像示意圖

· 以節能為主要訴求，涵蓋技術包括
· Modeling

· Micro sensors (oxygen sensor, silicon carbide harsh environment sensors, etc.)

· Digital control

· System design & testing

· 以上技術也利用在提高能源生產與使用的效率（ Efficient Energy Production and Use ）方面。
· Sustainable, Efficient Processor/Server/Data Center Technologies

資訊設備使用電量越來越高，目前估計新設每座data center約需電力2 MW，許多新的data center設立時，原有電網未必能供應所需電力，而需要自己興建電力供應設施。美國EPRI (Electrical Power Research Institute)推估2004年Data Centers所使用電力高達14.8 TWh，Arthur D. Little公司也推估在2000年此部份電力使用為10.1 TWh。
因此這部份的節能也益受重視，CITRIS在此方面的研究包括
· Strategies for Data Center Efficiency/sustainability

· Numerically solve equations for air flow, energy transport, exergy transport and destruction

· Use Matlab GUI platform for design

· Tools and strategies to minimize life cycle energy consumption

· Exergy Modeling for Servers：以控制冷卻風扇轉速為主，模擬結果顯示 with scaled cooling比較without scaled cooling可節能許多。
· Green Manufacturing Phases of Production and Use

此方面研究是以Exergy的觀念，進行生命週期評估（Life Cycle Assessment），涵蓋的範圍由能源的生產（如mining, harvest, extraction）、轉換（conversion）、運儲到終端使用（如車輛）。Exergy是指可有效利用的能量，不包括損失的部份。
· Solar Thermal Power Generation

· key basic research challenges : to collect concentrated solar energy as high temperature thermal energy

· 目前研究的項目包括
· Optimal working fluid (for organic Rankin cycle)

· Efficient storage and delivery of high temperature heat to power generation

· Optimal design for mid-size applications (e.g., data center-20 MW)

· Performance of Hydrogen-Rich Alternative Fuels & Smart Engine Development

並未說明富氫替代燃料的研究項目，在Engine部份只說明針對新燃料的特性，改變燃油與空氣混合比等方面的研究。
· Small-Footprint Nuclear Reactors

Small Footprint” refers to three major reactor attributes:

· enhanced safety and environmental protection, to facilitate flexible siting of small footprint reactors close to process heat loads; 

· Optimal reactor size, to match local process heat needs; and 

· advanced structural design and modular construction, to reduce construction costs and schedules and to facilitate deployment in remote locations. 

· Applications: tar sands oil production, carbon free nuclear process heat, produce low-carbon transportation fuels ( adding hydrogen).

· Biofuels

· 目前以Helios Project（http://www.lbl.gov/msd/helios_site/index_helios.html）為主，該計畫以將太陽能轉換為運輸燃料為主要研究標的，包括的科技範圍很廣，例如：
· the generation of biofuels from biomass

· the generation of biofuels by algae

· the direct conversion of water and carbon dioxide to fuels by the use of solar energy

· 與這個計畫相關的機構包括
· Energy Biosciences Institute (EBI, http://www.energybiosciencesinstitute.org/ )

· Helios Solar Energy Research Center (SERC)

· Joint BioEnergy Institute (JBEI, http://www.jbei.org/index.html)

· Q: As mentioning about the modeling/simulation, control, engine-( Hardware in the Loop for the engine controller-prototype?  A: Not really have HIL, but still can work by on-line testing

· Q:is there any methodology for optimizing total energy in the green manufacturing trade-off in different subsystems –Dynamics programming? A: Overall considering all subsystems with parameter tuning

· Q will Matlab occupy too much resource for calculation, especially for thermal fluid system? A: Lower-order model for Matlab, and takes advantage of GUI

· Q: for exergy system; consider the cooling and heating together or separate? A: Right now, one version to consider the overall system

· Q: what iss the area for 20 mW solar systems? A: 1kw for 1 sqrt meter 

· Q: Google use this tech? A: Have some companies like Siemens, Telecom to discuss in detail, all are interested in this tech.

· Q: Taiwan lacks energy, suitable for Nuclear power plants? A: No doubt, it can be built, but consider the policy, regulation, where to construct

· Q: what’s the main target of green manufacturing? A: When price goes up, many companies are interested in it.

· Q: What organization to push the green manufacturing? A: Some government organization like: PGD (Pacific … ) in CAL 

· Q: Also consider the toxics? A: Especially for CO2 to reduce the Global Warning

I. 6/5 AM (Thursday): Vivo Venture

參訪對象：Dr. Frank Kung

紀錄人：施冰如、黃慶堂
Evaluation of Life Science Investment

· Early days: Industrial application is the major stream
· Mid 80’s: 
· Healthcare applications became dominant

· Large market demand

· Orphan drug act added the incentives to the community

· Life Science Industry today:
· Agriculture:
· Commodity product

· Few companies

· Emergence Biofuel:
· an issue of Food v. Fuel remain to be debated

· IPO is the most promising exit for VC to capitalize. However, Wall Street, the capital market, has shown since Dec. 2000 to May 2008, P/E for pharma return has dropped dramatically from 32 to 13 times. The venture capitals become more conservative. Merger and Acquisition became active. Year 2005 to 2006 M&A bubbles, then 2007 had 36 deals done.

· HBM Partners M&A Survey: 

· Average age at M&A (’05-’07) is 6 years, the return to the VC was not that attractive. 

· Average age of life science company at IPO is 8 to 9 years.

	
	IPO
	

	2007
	28
	60% traded below IPO price

	2006
	21
	40% traded below IPO price

	2005
	16
	


· The Investment Bar was Rised:

· Maturity of the company

· Managing team of the company became more important

· NASDAQ: more inclined to provide “GROWTH” rather than “VENTURE” capital—low tolerance for development risk. Not an IPO “WINDOW’, a SCREEN “DOOR” rather.

· Healthcare Market facing Major Changes:

· -Key players: individuals, insurance companies (private v. government), drug companies.

· healthcare cost 7% increase annually, 2.0 trillion /2005, 3.6-4.0 trillion/2015.

· Pricing pressure from 3rd party payers

· Pharma Business Model in need of change.

· World wide pricing pressure

· Regulatory challenges

· Unfriendly legal environment

· Generics

· Declining R&D productivity

· Observations on Current Market

· First Mover targets: low-hanging fruit (IPO bound companies with rapidly increasing profitability)

· Predominately growth capital investment

· pricing primarily driven by P?E

· Competition heating up

· investors exerting limited influence on management, or contributing limited added value other than cash

· IPO the most preferred exit strategy

· Growth Capital rather than Start-up

· China: the fast growing market 28% annual.

· Healthcare Expenditures: hospital care 30%, physician/clinical service 21%, other professional service 10%

J. 6/5 PM (Thursday): IDEO

參訪對象：Dr. Tad Simons
紀錄人：賴麗惠、黃慶堂、施冰如、羅麗珠 

IDEO 是2008世界上最 innovative 排名第五的公司，原為 products design ，轉為 innovation consultant，Apple、Bank of America、Zyliss kitchen tools等國際知名品牌，都曾是它的客戶，目前更是全世界得過最多國際設計大獎的公司之一。員工人數約500人都是創新的設計思考者 (Design tinker)，來自不同領域，包括人類學、心理學、工程學、設計、商學等背景，在創新設計的思考上，很重要的一個概念就是讓使用者認同你的設計不只是好用，同時是一種前所未有的使用的過程經驗。因此，在IDEO的創新思考當中，也非常強調互動經驗設計 (Interactive Experience Design)，演變到後來成為互動設計 (Interaction Design)。是一個名副其實的跨領域設計研究單位。
建立開放性工作坊，有庭院作為工作區域的延伸，並且提供設計師實現Prototype的空間- 進入IDEO公司處處可以看到該公司同仁的創意，開放式的辦公空間內，天花板的兩側高掛著同仁來上班的交通工具-腳踏車，牆上貼著產品設計過程中討論出來的一些結果、prototype concept以及所製作出來的prototype。屋內的一個角落放的是蒐集來自各地方的小東西和新材質optical, thermal, electronic, amazing material等供設計師把玩，尋找設計靈感，並已將這些物品建成檔案資料庫供設計師參考；另一個空間置放的是蒐集自全球各地有關永續發展相關的產品，供設計師參考，同時為刺激設計，3-5年辦公室就重新裝潢一次。
瑞士Zyliss 公司請IDEO幫忙做的廚房用品的設計-讓Zyliss 產品的形狀、材質、質感一致，並站在使用者端解決使用上的不方便進行打蛋器、蔬菜水分濾乾工具(避免下油鍋，有水時，油會噴濺容易燙傷)等等
Western Design 委託IDEO公司進行外接式硬碟的造形設計，IDEO考量散熱、組裝、製造成本以及美觀，將外接式硬碟設計成書的的形狀-My Book，該款設計佔美國該產品的銷售量最高。
IDEO 透過下列四個過程進行創新產品開發，每個project 都有幾個中心人必須完整參與下列四個過程，其他人則依project 需要及個人專長參與某個階段的創新產品開發活動
1. 觀察了解人們的需求、行為和渴望，這個過程由human factor 的人來lead設計師、engineer等人參加
2. 腦力激盪提供新發明或新服務概念並將它視覺化，
3. 將prototype做出來，IDEO非常鼓勵員工動手做，IDEO內部有一個小工廠，員工只要經過training 並取得使用資格後，就可以自己進工廠，製作prototype。
4. 商業implementation 

IDEO 內部選擇project 的criteria 是
1. 要有明確的問題想要解決(IDEO不接只為了美觀設計的案子)

2. IDEO 本身是human-centered 公司，希望為客戶提供的服務是從使用端的痛來思考解決問題的方式並提供使用者更方便和更好用的功能設計
並提供客戶下列服務:

1. 觀察了解人們的需求、行為和渴望，釐清商機
2. 從市場端的需求提供新設計
3. 協助客戶進行transform their cultures and build the capabilities required to innovate routinely
IDEO員工的績效評估主要是透過員工自評
例如: 每個員工每年大約參加四個project，每個project 都有human factor, engineer, business man, designer 參加，每個參與的人都互相幫team member 打考績，之後再一起比較。
Human-centered 設計思考及multidisciplinary的工作團隊默契似乎是IDEO企業創新的厚實基礎，並且，在創新發明的過程中不斷修正，發現錯誤時即時改正，直到使用者滿意為止，達到真正讓人們生活更好的創新發明。
IDEO 與客戶的關係：
1. IDEO在每個客戶project花的時間可能是數星期到數個月。很多客戶成為「老主顧」，在幾年的時間中，多次和IDEO合作。客戶往往在合作過程中體認人因的重要性，而將IDEO的員工聘為公司主管。
2. 合作過程中產生的專利，IDEO的員工可能是發明人，但是專利所有權歸屬於客戶。
3. 如果合作案衍生new business，此business會從IDEO轉出，不會留在IDEO。IDEO也許會有1位員工加入此business

4. IDEO對客戶的收費同時考慮成本與該project的市場價值。
IDEO在health care project 的example：IOMAI 是一家疫苗技術開發公司。核心技術是Trans-cutaneous immunization (TCI)，也就是將疫苗敷在皮膚的表皮層，去刺激表皮中的Langerhans cell而建立免疫力。但是敷用疫苗前，必須先除掉表皮最外層（角質層）。IDEO協助IOMAI解決這個問題。IDEO設計了一個工具，可以讓recipient自己使用，在幾乎無痛覺的狀況下，簡單除掉一個皮膚區域的角質層，處理過的地方會有顏色標記，recipient接著就可以把疫苗敷上。用此方法接種疫苗的臨床試驗現在正在進行中。這個讓recipient可以自行接種疫苗、不需醫生與護士的方法，顯著提高了TCI的價值。
K. 6/6 AM (Friday): Corning

參訪對象：Dr. Waguih Ishak
紀錄人：黃慶堂
康寧的演講主要包含四大主題：
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What is innovation

在“What is innovation”上，基本上innovation的意涵在當前有新的定義，亦即：Innovation from getting it to getting it done。以往innovation的模式基本上如下所示，為technology-driven。
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

If I discover it, I will find a market?



If I discover it first, I will own it?



The important technologies I will need can be 

anticipated in advance



The best people in this field work for us


Model of innovation is changing. It won’t be true for the old model anymore. We should always realize the request of customers although they varied frequently.

Open innovation

Open innovation means that innovation equals invention plus complementation. We are supposed to plan several moves ahead. Meanwhile, you have to know you’ve got, what competitor has.

The logic of open innovation can be explained by playing chess and poker as following:
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

Playing chess



Plan several moves ahead



No new information needed



You know what you’ve got, what opponent has



Playing poker



Pay to play



Pay for new information



You discover what you’ve got, what other players 

have


In order to enhance the performance of innovation, there are four key elements:


[image: image30.emf]Industrial innovation ingredients



studying problems that matter



Be market driven



Learn how to play poker, and chess



Setting up a genuine research environment



People, people, people; hire broad scientist/engineer



Management support at all levels



Leveraging  synergies and establishing 

collaborations



Most innovations happen at technology interaction



Willing and enlightened leadership


The 15-point transfer –to-commercialization recipe

There are 15 points from R&D to commercialization,

1. Define the problem that matter

2. Generate solution for these problem by involving your market and R&D people

3. Select the field of play for your company

4. Identify the technologies that are needed for these solution

5. Review your core technologies and identify the technology gap

6. Put the best team to invent/develop these core technology

7. Identify the university/labs to  colabor with to fill in the gap

8. Form the joint teams

9. Mentor, motivate and lead the teams

10. Provide the needed infrastructure and set up the environment

11. Involve the business unite at the appropriate time

12. Transfer the technology to the manufacturing entities

13. Continue participation with manufacturing until the VIP visits

14. Don’t stop there. Think about bigger application than original expectation.

15. Initiate the next project right after the above 14-point done


Two examples were mentioned, including Wave guide and the cleanup of track ball.

Basically, coring get growth through innovation, and it culture of innovation is based on the foundation of research and development.

Q&A

1. The problem that matter? It might be Good health, good entertainment, and good communication.

2. Corning bridges the gap between communication and breakthrough silicon-enabled products. Via a unique manufacturing platform, Corning creates customized application-specific optical electronics solutions for its partners due to its crystalline silicon awareness. 

3. He comments that Corning is more R&D-intensified than HP with respect to his viewpoint. The innovation of HP is lack of implementation to some extent.

4. Corning proceeds intensively in innovation. Its current topic is “Create the future”, which contains people hunting with good vision, keeping everything and reading books as well. 

5. Think about the products in 30-50 years. Flexible display and electronics might have some opportunities but be cautious of the toxicity of the waste. He also mentioned any technology the human used is impossible to use plastics after 30 years 

L. 6/6 PM (Friday): San Jose State University

參訪對象：Prof. Tai-Ran Hsu

紀錄人：鄭功龍
--------------------------------------------------------------------------------------------------------

· Nanotech is the driving force of supporting major paradigm shift in term of green, biotech and renewable from now on.

· Design and manufacture of intelligent product and system are hybriding the mechanical and electronic functions.

· There are four elements to be successful, which are intelligent, robust, multifunctional, and low-cost, respectively.

· MEMS relies on top down and solid state physics. On the other hand, nanotech relies on bottom up and quantum physics as well as mechanics.

· Quantum dots, nanowire and carbon nanotube are three major applications of nanotech nowadays.

· Everything is on atomic scale concern, which leads to size-dependent properties. Scaling laws are new and crucial.

· Micro tools are not subjected to miniaturization with respect to Japanese conclusion, which is highly committed to the bottom up approach.

· How to study the van de Waals force with self-assembling is the key issue of nanotech?

· There will be four hot technologies to be conducted in the future, which are molecular electronics for transistor, biomedicine, mobile telecommunication, and green technology for sustainability, respectively.

· Q & A

· Mobile telecommunication will primarily impact on GPS, auto-piloting, and road safety.

· Reliability test has no standard rule in terms of nano-manufacture.

· People make use of 細胞自動分裂to proceed in nano-field.
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