EE213. Microscopic Nanocharacterization of Materials

Spring 2016
Lecture 3
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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Inelastic mean free path
for electron scattering

10 102 3
ENERGY (in eV

From Seah and Dench, 1979. Surf. and Interface Anal.1.36
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Total elastic cro-~ section (in Xz)
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SCATTERING MECHANISMS FOR CHARACTERIZATION
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From M.Isaacson.
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In “Principles and techniques of Electron 'MicFoscopy. Vol.7.(ed. M.A.Hayat) Van Nostrand, NY. 1-78 (1976)
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Electron Inelastic scattering cross-sections in solids (experimental)

Table 2. Experimental total inelastic cross-sections together with theoretical data: W, eqn. (5),
HS, eqn. (7), FE, eqn. (4) and 1, eqn. (6). The cross-sections are in units of 10cm?

Total |
Atomic cross-section / Slmple MSI
number (this work) W HS FE I
6 1-114003 250 232 124 135
13 2:034:005 296 611 149 1-82
26 205+015 343 676 171 236
29 2-50+ 007 350 485 140 246
47 328402 385 2-54 293
79 366402 425 345 353
Fig. 3

In(2)

Plot of R=In[a/In(2/8,)] against In Z; the gradient of the line of best fit is 0-57.

From, P. Crozier, Phil. Mag.(1990). 61(3).95.
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K shell cross section (in 10°A%)
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Calculations of K shell excitation by electrons
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K shell excitation cross-sections
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Ionization, Excitation and Emission

o
step VACUUM ionization
1 Energy you need at least Ey energy
L transferred to atom,
IiI
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Ionization, Excitation and Emission

step VACUUM ionization
1 Energy you need at least Ey energy
L transferred to atom.
LEE
i
LI
K

With a hole in the inner shell the atom is energetically unstable. Relaxa-
tion occurs by a more outer shell electron filling the hole; e.g., an Ly
electron depicted below

step VACUUM = = = = = = = =
2
—-0o0o—
Lrme

LII)
L
I
/} E, ELII
K

In this step Ek—EL energy is released. This can be given up either by

L
releasing a photon (X-ray emission) or given to another electron (either im the
same level or one with lower binding energy). If the 2nd electron has suffici-
ent excess kinetic energy it will be ejected into the vacuum where we can
measure its energy. [Auger emission.]

relaxation

e~ energy [EK--(EL ) - EL ]

TS EEE
step VACUUM
3
LIII < Ludroppmg to K
bt
=
k — e In the end, we are left with
a doubly ionized atom. This
is called Auger emission.
If a photon is released, we call
step VACUUM it X-ray emission.
4
——C——O—
i
LII
s

hv released with energy Ek-EL
L
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2. ELECTRON BINDING ENERGIES FOR AES
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Electron Scattering from Solid Sample (“reflection”)
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Inelastic mean free path
for electron scattering

10 102 3
ENERGY (in eV

From Seah and Dench, 1979. Surf. and Interface Anal.1.36
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Electron Beam Induced Secondary Electron Emission
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