EE213. Microscopic Nanocharacterization of Materials

Spring 2016
Lecture 3
i Tentative Outline ‘
Week 1: Introduction: What is Micro/Nano Characterization?
Week 2: Electron Beam Induced Excitation Methods

Reflection Scanning Electron Microscopy

Auger Electron Microscopy/Spectrosopy

Electron Beam Induced X-Ray Analysis

Electron Energy Loss Spectrosopy

Transmission Electron Microscopy
a. Scanning Transmission Electron Microscopy (STEM)
b. Conventional Transmission Electron Microscopy (TEM)
c. Energy Filtered Electron Microscopy
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Electron Beam Induced Secondary Electron Emission
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Angular Distribution of Backscattered Electrons

$-0°

From Reimer,
1985

iDe - /
~ i > &
i v Do~
S o °

L) .16 0,5 G
) Gf{ bockscottering -5%

P Fio 10



MNn lfB

Ve hhl owedaeg yalhr

-ml_

i e R e RS R
e pnd 1S —2.5 //

qymw Y,




Effect of Electron Backscattering on Secondary Electron Yield
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From Shimizu. J.Appl.Phys. 45(%).2107-2111 (1974)
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Contribution of Backscattered Electrons to Secondary Electron Image
In an SEM (fibroblast cell with Ag stained nucleus)

Secondary electron image (S) Backscattered electron image (B)

From Crewe and Lin.
Ultramicroscopy.1.(3-4).231-238(1976)



Effect of Electron Backscattering on Secondary Electron Yield
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Demonstration of the Non-Localization of Inelastic Electron Scattering
( a manifestation of the Heisenberg Uncertainty Principle)

Elastic Scattering Inelastic Scattering
Pt on Thin Carbon Substrate

Isaacson, Utlaut and Kopf, 1980 (in Springer Topics in Current Physics, Vol. 13, Chapter 7)



High Energy Loss, large momentum transfer secondaries

From Zhu, et.al. Nature:Materials.8.(2009).808-811.
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Electron Beam Induced Secondary Electron Emission
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Secondary electron emission

depends upon
work function
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Electron Backscattering Yield
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Electron Backscattering Yield Measurements
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Experimental Measurements of Electron Backscattering in Thin Films
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Electron Backscattering Yield Measurements
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