
⎯ Introduction



nm



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Step into the nanoworld.flv


What is Nanotechnology ?

One definition: 

Engineering of materials and devices at scales that 

allow access to new length-dependent phenomena 

In reality: 

A collection of research areas with a common, 

unifying theme: 

The control of matter and structures at the 

nanometer scale 

The objective of this class: 

To provide a broad and wide-ranging overview of 

such fields

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanotechnology for Students.flv




Macro world



60~120m



http://www.naturalpro.net/plg/plog-content/images/facts/dust-mites/dust_mites_pin.jpg


人蚤的头部

一只狗蚤

61岁的退休科学摄影

师克施迈斯内尔用一
架扫描电子显微镜
（SEM）把昆虫的形
象放大一百万倍。

蚊子



This micro-instrument was made from silicon. Each of its strings measures

about 50 nm, while the thickness is 100 atoms. Despite its tiny size, it was

manufactured using the top-down technique. Physicists at Cornell University

have used a laser beam to pluck the strings of the smallest guitar in the world

and managed to produce a particularly high-pitched sound of 40 MHz.

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/nano-guitares.flv


SEM image of a grain 

of sand

It is infinite in the 
tiny world!



宏观？微观？
相对而言！

其大无外，
其小无内！

人类的认知能力永远都是有限的！



Contents of Nanotechnology

I. Nanofabrication and Characterization 

II. Nanomaterials and Nanostructures 

III.Nanoscale and Molecular Electronics

IV. Nanotechnology in Integrative System

V. Nanoscale Optoelectronics

VI. Nanobiotechnology (time permitting)

VII. Nano-electronic-mechanical system (NEMS)
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纳米戒指

纳米世界中的小尺寸效应

熔点问题

金:1064.43 C

纳米金的熔点却仅为330℃
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表面效应(Effect of Surface Area)

http://www.google.com.hk/url?sa=i&rct=j&q=%E8%A1%A8%E9%9D%A2%E6%95%88%E5%BA%94&source=images&cd=&cad=rja&docid=Gly3hwpOh2kh_M&tbnid=5ddmM9YY-q-uUM:&ved=0CAUQjRw&url=http://blog.csdn.net/yuanmeng001/article/details/7654586&ei=1asvUcKnEKqZiAKL8YEo&psig=AFQjCNH_kFcPNU9LmkdYWOp3MF3-MRPdPw&ust=1362165063289592


量子尺寸效应

颗粒表面效应

表面效应与量子尺寸效应的关联





量子隧穿效应



I. Nanofabrication/Characterization

Nanophotolithography Self-Assembly Probe Microscopy

Will provide an overview 

of technologies that enable 

nanoscale research 



Laser sterolithography
E-beam lithography

Atomic force 

microscope



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/STM.flv


ant

Micro-gear

microsurgery 

tool

Dragon pattern milled on human hair with 

diameter of 60 micron by FIB technology

Gear with 26.71m

pitch diameter

Focused ion 
beam 
technology







II. Nanomaterials and Nanostructures

Will provide an overview 

of nanomaterials and 

nanoscale synthesis 

techniques 

Quantum DotsFullerenes and Nanotubes





IBM Carbon nanotube-based 

nanoelectronic circuits

Carbon nanotube-based 

nanoprobe (“nanotubetip”)

Nanotube movies



用纳米碳管建
成的地月载人
电梯构想图



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/nanofactory.flv


III. Nanoscale Molecular Electronics

Challenges in electronic devices 

Sustained need of smaller and faster 
electronics may require revolutionary 
approaches to device manufacturing 

Molecular ElectronicsSingle-Electron DeviceNanoscale CMOS



IV. Nanotechnology in Integrative Systems

Challenges in microsystems

- complex architectures 
- reduction of system size 
- lower power consumption 
- requires new "success" stories 

Introduction to MEMS Micromechanical SensorsNanoelectromechanical 
Systems（NEMS）



微加速度计的经典应
用之一：

汽车安全气囊



V. Nanoscale Optoelectronics

Challenges in optoelectronics 

- device efficiency 
- device tunability 
- device integration 
- novel materials for new applications 

Quantum devices Organic Assemblies Photonic Crystals



Organic Optoelectronics

◼聚合物的合成在现代生活中很普及，如

塑料容器、化纤布料等。

◼1970末共轭聚合物的发现使其在电子活

性层、光学、光电子材料等应用上超过

金属。

◼OLEDs用共轭有机分子构成，用于显

示器单元的制作，如汽车音响、手机、

数码相机等。





基于石墨烯材料的柔性显示屏

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Cellphones of the Future.mp4


华为折叠手机新款

售价：17500元



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/iPhone8概念机视频.mp4


有光就能上网：比Wi-Fi牛的Li-Fi

Li-Fi (Light Fidelity)是一种新型无线网络连

接技术，它是主要通过可见光频谱来实现无

线数据的传播。这项激动人心的技术最早出

现在 Harold Hass 教授 2011 年的一次演讲中。

在2015年的西班牙巴塞罗那 MWC 世界移动

通信大会，PureLi-Fi 公司向我们展示了 Li-

Fi 的实际产品。





工作原理：

通过 LED 灯来传播无线信号，它有点类似于

Wi-Fi，但是我们使用的是 LED 灯等照明介质

来完成无线数据通信。设置有用于传输无线数

据的兼容 Li-Fi 的 LED 灯和发射器。



Optical tweezers

Movies

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/optical tweeer.avi


VI. Nanobiotechnology

Challenges in biotechnology 

- understanding of natural nanosystems 

- replication of nanosystems for novel device design

Biomimetic Nanostructures NanofluidicsMolecular Motors

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/ATP Synthesis.flv
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobiotechnology-Enzyme Immobilization.flv
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/DNA-Transistor-Animation.flv


Future dreams



Nanorobots may treat conditions like 

arteriosclerosis by physically chipping away 

the plaque along artery walls.





Tiny nanorobots the size of cells are programmed to travel through the 

bloodstream, finding and repairing defects in the body’s organs and tissues. 



vedios/drug delivery.avi
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/drug delivery.avi


file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobots Flowing Through a Blood Vessel.flv




Powering nano-robotics

http://www.sciencephoto.com/images/download_wm_image.html/T395199-Medical_nanorobots-SPL.jpg?id=843950199
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Powering nanorobots.mp4


Nanorobot replacing nerons

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobots replacing neurons.flv




Nanorobots can be 

injected into human body 

by this way!!



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/DNA repair nanorobot.flv


Biochip

file:///C:/FuYQ20/Lecture-亚波长光学/Videos/ID, Wallet, Keys All In Your Hand Sweden Moves Into The Future With Microchipping.mp4
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Microchips Implanted Into Employees Of Wisconsin Business.mp4


file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Stem Cells.flv
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Stem cell utilization: regenereation

+ cloning technique



Body market 



克隆技术



Future technology



素材来源





在这幅灵感来源于H. 

P. 洛夫克拉夫特的插

图中，乳腺癌细胞看

起很像触须一样的外

星生物。一种用来对

抗乳腺癌的抗体——

TRA-8漂浮在前景画

面中。



金属叶片上纳米级悬崖



黄瓜皮上的芒刺



碳纳米管



细胞分裂



埃波拉病毒



庆典礼花:用物理气相沉积(PVD)法制备的ZnO纳米棒的SEM图象



2007年最佳纳米级显微图像揭晓：量子森林
托斯藤-兹欧姆巴在德国实验室中捕获，它展示了锗硅量子点：

高15nm，直径70nm。



宇宙其大无
外其小无内

http://www.google.com/imgres?imgurl=http://www.heartofwisdom.com/images/blog/ants.jpg&imgrefurl=http://www.heartofwisdom.com/heartathome/2009/04/03/17-ridiculously-useful-tips-to-make-life-easier/&h=273&w=369&sz=13&tbnid=-v9tEehZNJ1KKM:&tbnh=90&tbnw=122&prev=/images?q%3Dants&hl=en&usg=__k8wUj_a1OMWPpUf6YHDOSMZ1CBA=&ei=quPPS43DIpGgkQXclcWCCg&sa=X&oi=image_result&resnum=5&ct=image&ved=0CBoQ9QEwBA
http://images.google.com/imgres?imgurl=http://news.bbc.co.uk/furniture/in_depth/sci_tech/2000/human_genome/dna_infograph1.gif&imgrefurl=http://news.bbc.co.uk/hi/english/static/in_depth/sci_tech/2000/human_genome/default.stm&usg=__j12hJchGdyugcVf_ox1sv6U0ck8=&h=335&w=350&sz=16&hl=en&start=19&um=1&itbs=1&tbnid=5LM79UCZN7OpbM:&tbnh=115&tbnw=120&prev=/images?q%3Dhuman%2Bbeing%26um%3D1%26hl%3Den%26newwindow%3D1%26sa%3DN%26rlz%3D1R2RNWN_en%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://www.spaceandmotion.com/Images/cosmology/human-space-universe-cosmos.jpg&imgrefurl=http://www.spaceandmotion.com/cosmos-society-human-cosmology.htm&usg=__bYdwsRrOk3V1pxRgt3fzQl3ixx4=&h=350&w=533&sz=15&hl=en&start=17&um=1&itbs=1&tbnid=RR7uRQO_Gi6zyM:&tbnh=87&tbnw=132&prev=/images?q%3Duniverse%26um%3D1%26hl%3Den%26newwindow%3D1%26rlz%3D1R2RNWN_en%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://www.astronomy-pictures.net/beyond-the-stars.jpg&imgrefurl=http://lifeboat.com/ex/life.the.universe.and.everything&usg=__ecZEpOqIQ623iH4eixlDGgTm3pg=&h=1566&w=1300&sz=404&hl=en&start=19&um=1&itbs=1&tbnid=d9SRug362pkwDM:&tbnh=150&tbnw=125&prev=/images?q%3Duniverse%26um%3D1%26hl%3Den%26newwindow%3D1%26rlz%3D1R2RNWN_en%26tbs%3Disch:1


Nano-optics



What is Nano-Optics?

An example definition

光与纳米结构及物质之间的相互作用 (特征尺寸

<200 nm)

研究具有以下三个特征：

1. 将光定域在纳米尺度；

2. 将物质定域在纳米尺度；

3. 在纳米尺度内控制光子的

过程。

300nm

300nm 200nm



Example:



光子晶体（photonic crystal）

是一种介电常数随空间周期性变化

的新型光学微结构材料。

从晶体结构来说，晶体内部的原子

是周期性有序排列的，正是这种周期势

场的存在，使得运动的电子受到周期势

场的布拉格散射，从而形成能带结构，

带与带之间可能存在带隙。









Any special with negative refraction?



Metamaterials for invisible effect
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The Lycurgus Cup (glass; British 

Museum; 4th century A. D.)  

When illuminated from

outside, it appears green.

However, when

illuminated from within

the cup, it glows red.

Red color is due to very

small amounts of gold

powder (about 40 parts

per million).

Roman Nanotechnology



The Lycurgus Cup (glass; British 

Museum; 4th century A. D.)  

含有少量的金 ( 40 ppm ) 與銀 ( 300 ppm )，
粒徑約為70nm，金、銀比例約為3：7。



88
The cup was "perhaps made in Alexandria" or Rome in about 290-325 

AD. 

莱格拉斯：古希腊人名，他制定了古斯巴达律法。

http://en.wikipedia.org/wiki/Alexandria
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“Labors of the Months” (Norwich, England, ca. 1480).

(The ruby color is probably due to embedded gold nanoparticles.)
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颜色来自于何处?  

答案: “表面等离激元’’ 

• 表面等离激元是金纳米颗粒表面电子云的自
然震荡；

• 振荡频率取决于介电常数和纳米颗粒的形状
及尺寸

电子云以SP的震荡频率共振; 离子提供
所需的震荡的恢复力。

electron 
sphere

Ionic 

background



Concept of structure design in nano-optics  






