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表面物理實驗室 

* 主流(傳統)的表面物理：研究固體表面
或介面的物理現象及其應用。 

* 非典型(另類)的表面物理：善用表面或介面的
物理知識，以開發新穎的科技領域。 



低成本 

無需貴重儀器設備 

可量產化 

環保 (少化學污染) 

多才多藝 

….. 

「電泳」和「介電泳」的技術為奈微米尺度
的研究和應用提供了以下的優勢： 

一、電泳現象在微奈米尺度的原理及應用 



何謂『電泳』？  
(electrophoresis)  

 http://www.geocities.com 

       /bioelectrochemistry 

       /tiselius.htm  

1948 諾貝爾化學獎  
瑞典籍的生化學家 

Arne Tiselius (1937) 



何謂『介電泳』？  
(dielectrophoresis)  

物理化學家 

H. A. Pohl  (1978) 

Herbert A. Pohl,  

Dielectrophoresis,  

Cambridge University Press,  

Cambridge, UK, 1978.  







原子操控術 

Title: Atom  

 

Media: Iron on Copper (111)  

 

 

[Lutz & Eigler] 

以原子為顏料的奈米風情畫 

http://www.almaden.ibm.com/vis/stm/atomo.html#stm11 



其他的碳管研究和應用 

碳管場發射平面顯示器 

四探針式碳管電性測量 

碳管氣體偵測器 

碳管場效電晶體 

碳管電路網絡 

碳管導電性篩選 



Simultaneous Deposition of Metallic Bundles of  

Single-walled Carbon Nanotubes  

Using Ac-dielectrophoresis 

R. Krupke, F. Hennrich, H. 

B. Weber, M. M. Kappes, 

and H. v. Lo1hneysen| 



Assembly of 1D Nanostructures into Sub-micrometer Diameter 

Fibrils with Controlled and Variable Length by Dielectrophoresis 
 

Jie Tang, Bao Gao, Huaizhi Geng, Orlin D. Velev, Lu-Chang Qin, and Otto Zhou 
 

Adv. Mater. 2003, 15, p.1352. 

Efficient Fabrication of Carbon Nanotube 

Point Electron Sources by 

Dielectrophoresis 
 

 Jian Zhang, Jie Tang, Guang Yang, Qi Qiu, Lu-

Chang Qin, and Otto Zhou 
 

Adv. Mater. 2004, 16, p. 1219. 

Our own results 



50 um 

10 um 

50 um 
10 um 

500 um 

CNT-bundle / W-tip  (by DEP) 



二、另類綠能科技的研發 
 

(1)   新型的(超級)電容器  有效的電能儲存裝置 

 

(2)   非電磁感應式的發電機制  有效汲取各種再生能源 

 

(3)   箔式(非典型)的平價光電池  普及太陽能的接收利用 

 

(4)   表面張力仲介的光能汲取裝置  開發新型的太陽能利用 

 

(5)   地震的預測及其能量的採集  善用天然災害的可能性 
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A. K. Geim and K. S. Novoselov, Nature Materials, 6 (2007) p. 183 



馬振基等人，台灣奈米會刊第23期(99年12月)第47-59頁 

Single-walled carbon nanotubes (SWNTs) vs. Graphene 



奈米碳管 石墨烯 
 

機械 

極尖探針 
(儲氫) Supercapacitors 

抗應力複合材料 同左 

機電 奈米秤、微鑷夾 超高頻電致振盪器 
奈米機電致動器 

 
電 

場效電晶體、偵測器 同左 
場效型記憶體 
量子化電阻器 室溫量子霍爾元件 
平面顯示器 

 
光電 

可攜式X光機 
場效微發光器 透明導電超薄膜 
微形光敏電阻 

Capacitors 
(1)  superb chemical stability,  

(2)  high conductivity,  

(3)  light mass, 

(4)  large surface area. 



Sustainable Energy 

(永續能源) 

Renewable Energy 

(再生能源) 

Smart-grid technology 

(智慧型供電網絡科技) 

Enabling technology  

(e.g., heat pump, storage) 

厭氧菌消化, 
(小型)水力發電,  
太陽能(熱、光), 
風能, 
地熱, 
生質(燃料、廢磚？), 
人造光合作用, 
潮汐, 
(特殊核能？) 

Green Energy  

(綠色能源) 

Energy Efficiency (能源效率) 

Based  on   http://en.wikipedia.org/wiki/Sustainable_energy 
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Parallel-Plate Capacitor 

small plate separation    ignored fringing fields ( fringe effects ) at the ends 

assume : uniform field 

E = σ/ε0 =  Q /ε0  A ( surface charge density : σ =  Q /  A  ) 

 V  =  E d 

C  ≡  Q / V = ε0   A / d permittivity  : ε0 =  8.85 x 10-12  ( F/m ) 

University Physics (revised edition) by Harris Benson  

(John Wiley & Sons, Inc.)  §26-1  



http://en.wikipedia.org/wiki/Supercapacitor 

 

Hierarchical classification of supercapacitors and related types. 

http://upload.wikimedia.org/wikipedia/commons/2/24/Supercapacitors-Short-Overview.png
http://en.wikipedia.org/wiki/Supercapacitor


http://en.wikipedia.org/wiki/Supercapacitor 

 

Principle construction of a supercapacitor; 1. power source, 2. 

collector, 3.polarized electrode, 4. Helmholtz double layer, 5. 

electrolyte having positive and negative ions, 6. Separator. 

http://en.wikipedia.org/wiki/Supercapacitor
http://upload.wikimedia.org/wikipedia/commons/f/f1/Electric_double-layer_capacitor_(2_models)_-1_NT.PNG


http://en.wikipedia.org/wiki/Supercapacitor 

 

Structure and function of an ideal double-layer capacitor. Applying a voltage to the 

capacitor at both electrodes a Helmholtz double-layer will be formed separating the 

ions in the electrolyte in a mirror charge distribution of opposite polarity. 

http://en.wikipedia.org/wiki/Supercapacitor


http://en.wikipedia.org/wiki/Supercapacitor 

 

Basic illustration of the functionality of a supercapacitor, the voltage 

distribution inside of the capacitor and its simplified equivalent DC circuit. 

http://en.wikipedia.org/wiki/Supercapacitor
http://upload.wikimedia.org/wikipedia/commons/d/da/EDLC-Voltage_distribution.png


http://en.wikipedia.org/wiki/Supercapacitor 

 

The voltage behavior of supercapacitors and batteries 

during charging/discharging differs clearly. 

http://en.wikipedia.org/wiki/Supercapacitor
http://upload.wikimedia.org/wikipedia/commons/e/ed/Charge-Discharge-Supercap-vs-Battery.png


http://en.wikipedia.org/wiki/Supercapacitor 

 

Ragone chart showing power density vs. energy density 

of various capacitors and batteries 

http://en.wikipedia.org/wiki/Supercapacitor
http://upload.wikimedia.org/wikipedia/commons/3/3b/Supercapacitors-vs-batteries-chart.png
http://en.wikipedia.org/wiki/Ragone_chart
http://en.wikipedia.org/wiki/Ragone_chart
http://en.wikipedia.org/wiki/Ragone_chart




Jung Joon Yoo, et. al.,  

Nano Letters 11 (2011) p. 1423 

Ultrathin Planar Graphene Supercapacitors 
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David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398  



David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398  
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Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011) 



Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011) 



Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011) 





C  ≡  Q / V = ε0   A / d 

permittivity  :  

ε0 =  8.85 x 10-12  ( F/m ) 

“breakdown” field strength ( dry air ) :   Ebd  ≈  3 x 106 V/m 

A  =  1 m2 

d  =  1 μm 
C  ≈  8.85 μF 

UE  =  Q2 / 2C  ==========  (1/2) Q V  =  (1/2) C V 2  
Q  =  C V 

 V  =  E d 

ε  =  1 V 

C  ≈  9 μF 
UE  ≈  4.5 μJ     

UE  =  (1/2) C V 2      

P  = dW/dt  ≈  9 μW     

T  ≈  1 sec 







A 



A 



A 



表面物理實驗室 

表面上看起來，
好像物理實驗室 

表面上看起來，
好像物理實驗室 








