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俞大鹏团队实验室简介

准一维半导体纳米材料生长，表征 赵清等

石墨烯外延生长，热电势
低维物理

吴孝松等

廖志敏等纳米材料量子输运研究

DNA测序
纳米结构

廖志敏等

赵清等测序

表面等离激元 张家森（合作）



北京大学电子显微镜实验室简介 http://eml.pku.edu.cn/index.aspx

主任：俞大鹏 副主任：徐军

扫描电子显微镜组

主任：俞大鹏 副主任：徐军

Quanta 200F  环境扫描电子显微镜 负责人：陈莉
型 束系统 （ ） 负责人 徐军

扫描电子显微镜组

Strata DB 235型FIB双束系统 （Raith EBL） 负责人：徐军
Nano 430 扫描电子显微镜 负责人：张会珍

透射电 显微镜组

Technai T20    透射电子显微镜 负责人：李雪梅

透射电子显微镜组

H 9000 透射电子显微镜 负责人：陈晶
Technai F20   透射电子显微镜 负责人：张敬民
Technai F30   透射电子显微镜 负责人：尤力平
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Various fabrication method (traditional)

Focus Ion beam(FIB) milling
Electron Beam Lithography (EBL)

Nanosphere Lithography (NSL)

1. Nature, 453, 757; Nature Photonics, 2, 161.
2. J. Phys. Chem. B 107, 30; J. Am. Chem. Soc.  131, 1761.
3. J. Phys. Chem. B 105, 5599;  Small 2005, 1, No. 4, 439.



Our  method

ultrasmooth surface,
high aspect ratiohigh aspect ratio,
controllable shapes and sizes(complex)



Fabrication process:  PMMA-based template stripping method

Xinli Zhu et al., DOI: 10.1002/adma.201001313

Schematic diagram of the fabrication process
AFM measurement



Typical SEM images of  various silver nanostructures

300 
nmnm

SPPs: excite, guide, focuse,  confine
Xinli Zhu et al., DOI: 10.1002/adma.201001313



More…

300 
nmnm



Height: 60 and 700 nm

60 
nmnm

700 
nm

3D shape and size controllable3D shape and size controllable
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Surface plasmon polaritons (SPPs)

Strong local fieldBound to interface
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Nature, 424,824 (2003).



Optical excitations in electron microscopy

Rev. Mod. Phys., Vol. 82, No. 1, January–March 2010



Optical excitations in electron microscopy

Rev. Mod. Phys., Vol. 82, No. 1, January–March 2010



Mapping surface plasmons via cathodoluminescence spectroscopy

Gatan MonoCL3+ 
d t ti tdetection system  1

2

3

FEI Quanta 200 F
30keV

1) Optics Express,15, 11313;
2) Nano Lett.,  9 (11),3940;
3) Phys. Stat. Sol. (c) 0,1028.



Mapping surface plasmons via cathodoluminescence spectroscopy

What CL monochromatic images represent？
1) The intensity of each pixel represents the photon rate measured             

when the  electron beam is positioned at that spot of the sample. This 
imaging technique  is similar to SEM mapping, except that we use the 
light intensity collected by the ellipsoidal mirror rather than secondary g y y p y
electrons.

2) Mapping reveals the efficiency with which electron energy is coupled to 
far‐field radiation as a function of electron injection position and notfar field radiation as a function of electron injection position and not 
the distribution of light emission; i.e., while the electron‐beam 
excitation is confined to a nanoscale spot, the associated optical  
emission may come from any part of the structureemission may come from any part of the structure.

10/(1024×943)s ≈ 1μs >>Tspp

Without delay A B

C
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CL spectra and mode patterns of  the boxing ring-shaped cavities

Xinli Zhu et al., Physical Review Letters 105,127402 (2010)



Quality factor(Q-factor) and Modal volume

The Q-factor of a cavity is Resonant condition of the nanocavity:The Q factor of a cavity is 
determined by the energy loss 
per cycle versus the energy 
stored. 2 22 ( ) SPP

SPPL m n     

Resonant condition of the nanocavity: 

( )
2SPP

  1
Modal volume:

for (1 1) mode

   1
3 ' '
 SPP m mV 1 32    

for (1,1) mode

Experiment:      L=  320 nm    
 = 545 nm = 545 nm 

V = 0.0353
spp= 0.0049 m3

Xinli Zhu et al., Physical Review Letters 105,127402 (2010)



Q/V

namely, enabling enhanced strong light matter interactions.
High Q/ V ratio is important in increasing light-matter 
interactions in processes such as spontaneous emission,interactions in processes such as spontaneous emission, 
nonlinear optical processes and strong coupling.

284 2 7 106 Our case ~ 4000
Nature, 424,839.
Optics express, 16,17690.

284 2.7x106 Our case ~ 4000



CL spectra and mode patterns of  the boxing ring-shaped cavities
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Xinli Zhu et al., Physical Review Letters 105,127402 (2010)
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CL spectra and mode patterns of  the equilateral-triangle cavities

(1,3)

degeneration mode of 
(1,5) and (2,4) 

degeneration mode of
(1 7) d (3 5)(1,7) and (3,5) 

Xinli Zhu et al., DOI: 10.1002/adma.201001313



How to understand the resonant behavior of  the cavity? 

Maxwell equations

Wave vector K1 ; Wave function：

Wave vector K2 ; Wave function： The boundary conditions

nonvanishing solution：

Physical Review A  62, 013816 (2000)



CL spectra and mode patterns of  the equilateral-triangle cavities
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Xinli Zhu et al., DOI: 10.1002/adma.201001313



Comparison: Various fabrication method (tradition)

FIB milling EBL/reative ion etching/MD

EBL/metal deposition EBL/metal deposition/lift off 



Our technique: different height

H=80 nm H=160 nm

FDTD  simulation



Conclusion

• The TS method combined with PMMA as a template was 
successfully used to create extraordinarily smooth metalsuccessfully used to create extraordinarily smooth metal 
nanostructures with a desirable feature size.

• The advantages of this method, including the high resolution, 
precipitous top‐to‐bottom profile with a high aspect ratio, andprecipitous top to bottom profile with a high aspect ratio, and 
three‐dimensional characteristics.

• The ultrasmooth surface and the large height of the metal 
reflectors are two indispensable factors to obtain clear 
resonant modes in the nanocavities.



科研经历和科研心得

毕业要求 习惯实验失败毕业要求

选题 分分

习惯实验失败

早动手

文献阅读

分分
享享 早写paper

请教、讨论 好结果，好“作家”

周期，效率 宣传
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