EE 213, Microscopic Nanocharacterization of Materials

Class website: https://ee213-winter16-01.courses.soe.ucsc.edu
Time/place: Tu/Th 10-11:45am. Baskin 156

Mike Isaacson, Baskin 237

Email: msi@soe.ucsc.edu

Tele: 831-459-3190

Admin. Asst. Rachel Cordero: rcordero@soe.ucsc.edu, 831-459-2921




Mow + Glpnldn Sigmala ?
W

Fr‘o\')a\m\d‘\rg wtecachon ) .
Pzandyn” et wcbonk) > ‘/ﬂ@’

VAT
X Ychen onac h—M'*'l
Px g e e =ndX

p—————————

4

.JD N= Batomp \rediated aea
J= 2 ot Pm’hcles /w\aa{w,,

How NTg = ¥ mivaitien e

deted Suwe procis AﬂAv&i\m( —Frmmmm -
hon (NTE)Y™ o84 ¥ Tk proves

v mkm%m,,a' F
o
SuYMQ MBI 10 -
S= NTAYF ‘s




S =NJoYF

S = signal in counts/sec
N = # atoms in volume probed
J = current density in probe (#/area/sec)
o = cross section for interaction (area)
Y = yield of process to be detected
F = efficiency of collection
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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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Monte Carlo Simulation: 10KeV electron scattering in Al
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Electron beam interactions
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*forward scattering

* backscattering

e secondary electrons

* other secondary “particles”



100 nm Aluminum Film Self-Supported on Silicon Fingers
secondary electron image

SE only

SE + SE(BSE)

M. Isaacson and K. Lin
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Total elastic cro-~ section (in Xz)
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Ionization, Excitation and Emission

step VACUUM ionization
1 Energy you need at least Ey energy
L transferred to atom.
L
e
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 VAehmt - a s s s
2
e e OO
Erns

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 ]

Y3 III
step VACUUM
3
LIII < LIIdropplng to K
bt
=
k —— 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
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o From MSI, Cornell AEP 661 notes

hv released with energy Ek-EL
Ik
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Xray and Auger Electron Yields
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2. ELECTRON BINDING ENERGIES FOR AES

(eV)
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K shell cross section (in 10°A%)
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SCATTERING MECHANISMS FOR CHARACTERIZATION
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Negative Staining in the Transmission Electron
Microscope
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Nanodevices Require Atomic Characterization

electron beam

uranium atoms /heavy atoms

& ®O

] «— carbon

- scattered clectrons

i «—  deteclor

Scanning Transmission
Electron Microscope
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ADF Signal of Individual High Z Atom on Thin Carbon Substrate, Energy =
40keV

M.Isaacson, M.Ohtsuki and M.Utlaut (1979)
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Demonstration of the Non-Localization of Inelastic Electron Scattering
( @ 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)



Au atoms deposited on 1 nm thick carbon substrate
Annular dark Field Signal, Beam Energy = 40keV

M. Ohtsuki, M.S.Isaacson and A.V.Crewe. SEM79.11.375-382 (SEM Inc.)



Single atom imaging by annular dark field (ADF) STEM

Chicago ST!EM ~1975 Nion UItraS:I'EM 2007 Nion UItraSTIOEM 2010
40 keV: 2.5 A Au atom 100 keV: 1 A Au atom 200 keV: 0.6 A Au atom

The resolution has improved, and so has the stability.

In ADF STEM, the potential well around the nucleus is imaged. ADF STEM can
thus potentially show atoms as only about 0.3 A large.

From Ondrej Krivanek



EELS of Nucleic Acid Bases obtained
Using 25keV Incident Electrons
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EELS from nucleic acid bases
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Energy Loss Spectra of Metal Fluorides
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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 Scattering from Solid Sample (“reflection”)

o :
elastic
™ “secondary” (1) scattering
i L peak at
SEM characteristic (3) || Primary
losses (ELS) incident
energy

Auger electrons
(2)} (QES) M.AJ

i 1

i i
O 200 400 600 800 1000
Energy (in eV)

How can we distinguish Auger peaks from ELS peaks?
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