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Outline

e SEM
e Limits of Optical Microscopy
 SEM: The Big Picture
e Electron Emission
e Electromagnetic Lenses
* Apertures
» Raster Coils
* Noise Reduction
e Stage
e Beam Sample Interaction
* Beam Detection
e Charging
* Image Enhancement

 EDS/EDX
* EPMA
 EBSD

'3 PennState



Limits of Optical Microscopy
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Limits of Optical Microscopy
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Limits of Optical Microscopy

* Anything and everything has a wavlength
.)\ = h / P mf.?”)(w'a

* A\ is the particles wavelength

* his Plank’s constant
e P is the relativistic momentum of the particle

PHOTON SELF-IDENTITY PROBLEMS 1

* The electrons wavelength is also inversely related
to a field acting on it (U), like an acceleration
voltage

©S0...10 kV gets A 12.3 pm...200 kV gets A 2.5 pm! __
*~50 million electrons hit the sample every secondd¥

'3 PennState
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Limits of Optical Microscopy
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Limits of Optical Microscopy
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SEM: The Big Picture




Operation:
 Electrons are generated by the “tip”

 Electromagnets demagnify, focus, and

e Electrons and other radiation are

SEM: The Big Picture

Acceleratio

and acceleration down the “column”

raster e-beam across the sample

produced when e-beam hits sample
nvestigative modes (detectors):
 Topography (Secondary electrons)

e Composition (Backscattered
electrons)

 Chemical (Energy Dispersive
Spectroscopy—X-rays)
Details:

Samples are placed in vacuum—cells
POP!

Non-conductive samples are coated
with gold, or like
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Electron Emission

e Goal is to produce the greatest number of electrons with a
consistent energy in the smallest diameter beam
e Two emission methods

e Thermionic: Large current flows through wire inducing
resistive heating to the point of incandescence with the
emission of electrons

e Electrons are ‘pushed’ off tip

 Field Effect: Large electric potential (5-10kV)
concentrates upon small tip geometry enables
electrons to surpass tip material work function and emit
into free space

e Electrons are ‘pulled’ off tip
e Intrinsically smaller beam = gives better resolution

'3 PennState
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NACK

Electron Emission

Anode 1

I I D E S

Wehnelt

Cylinder LaBE or CEBB

Crystal Tungsten
Tip

Tungsten ~

Filament

Thermionic emission source Field emission source

@ PennState
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NACK

Electron Emission
+—— Filament for heating
«———Zr0, reservoir
4——— Etched W single crystal
""""" Filament
/ Suppressor
Tip
Schottky Emitter
< 100> Tungsten
crystal facet on tip Extractor
||\ 1
Electron beam |:l E—Ancde
I I
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Electron Emission

_/,.._.—. (weak E) x
N Thermionic emission

Schottky — Emission

FE - Emission

Tunnel effect

7777777,

Metal

@ (strong E)

Adapté de L.Reimer,

Vﬂc uum Image formation in
low-voltage SEM
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Electron Emission

N
Life (hr)

Flashing

Apparent size. (nm)
Operating Temp.
Energy Spread (eV)
Vacuum (Torr)

Brightness (A/cm?
Strand)

Optimal Mag.

Cost

W Hair pin
50-100
N/A--Replace
25,000-100,000
2,700 °C

1-3

10°

10°

<50 kX

Lowest $100’s

Thermionic
LaBg
200-1000
N/A--Replace
500-50,000
~2,000 °C
1-2
107

106

50-100 kX

Low ~$1,000

NACK

Field Effect (FEG)
Cold Schottky (ZrO)
>1000 >1000
Daily Weekly-Monthly
<100 100-500
25 °C 1500 °C
<1 1
< 10—11 10—11
108 gy
>>100 kX >100 kX
High ~$5,000 Highest ~$7,000

ra PennState
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Electron Emission

Al,

Beam
current
Ib

Convergence
angle

Spot
Diameter o
d

e e
Nl: EWNTER

e Brightness is defined as current per unit area per
solid angle, with unit amp/cm?2/steradian.

 Brightness is the most useful measure of gun
performance.

e Brightness depends on energy, so one must
compare different guns at the same beam energy
(acceleration voltage).

* High brightness is not the same as high current.

E.g. thermionic emission can have very high beam
current, but low brightness (due to large d). Most

current will then be blocked by a small aperture (tog;
limit o) in order to have an acceptable small bearil
spot onto the specimen for high resolution imag

'3 PennState
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Electron Emission




Electron Emission

Tungsten

Suppressor (Wehnelt cup)
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Electron Emission
SEM FESEM

e Thermionic emission  Field emission gun (FEG)
¢ $ ~5,000-10,000’s * $ 50,000-100,000’s

e Mag. 10 kX to 100 kX * Zeiss 55 ~$500,000

e Gun vac. <10° Torr * Spot size <2 nm
e Gun vac. <1028Torr

100
50
B - Different electron guns
LaB, Cathode allow for different spatial
0 resolutions.
B Tungsten Cathode _ o _
P Far high resolution imaging

(spatial resolution of some
nm) FE cathodes are
absolutely recessary !

FE Cathode \\_

’ Llaaal | | i - '*“* PennState
0.5 1 2 5 10 20 30

Accelerating Voltage [kV]




Electromagnetic Lens
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Electromagnetic Lens

- current through coils (Cu)
generates magnetic field

» Mag. field deflects electrons to
focus beam, etc.
* Intensity of filed determines degree
of change
» Solid state (no moving parts)

- Much “weaker” than optical
lenses

- Very poor quality (compared

to optical) Mag. Field weakening
towards center 1o

@
'3 PennState




<

2

Electromagnetic Lens

Beam trajectory
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Electromagnetic Lens

Object point

spherical

Lens ™~

Image plane

NACK

Object point

Electrostatic
lenses suffer more

chromatic

Lens --

Eo- 3E
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e Spherical Aberration (A. K. A. Angular)

» Electrons of different lateral points forced through
the lens by different incident angles converge at
separate axial focal points

e Recall: apparent size

e Chromatic Aberration (A. K. A. Temporal)

e Electrons emitted with different energies are
deflected dissimilarly by mag. field

e Aberrations lead to a Disc of Minimal
Confusion (d,)

* Minimal lateral spread electrons can be focused to - b
by lens

e Essentially is probe diameter
'3 PennState
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NACK

Electromagnetic Lens

lens

L

l
]
|
|

Weak condanser lens Strong condenser lens

(a) (b

/.

Larger beam probe, smaller magnification Smaller beam probe, higher magnification
High current passes through=> High signals  Low current passes through=> Lower signals
but low resolution but higher resolution
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NACK
Electromagnetic Lens

ASTIGMATISM (d 4= C pa)

{al (b} (c) (d)
Astigmation: Beam shape at different planes
focal points for x- and y-directions are different

e Every time one switch on or adjust an electron lens (magnetic, not electrostatic
lens), the magnetization of the metal in the lens changes.

» Because of hysteresis, the lens never quite goes back to where it was.

e The lens will then have non-round features due to different magnetization around
the pole-piece, which is the focusing part of the electron lens.

e Stigmators eliminate/compensate astigmation by adding a small quadrupole
distortion to the lens => Focus in one direction, defocus in the other.

'3 PennState
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NACK

Electromagnetic Lens

|

— Beam Limiting Aperture
(Virtual objective aperture)

Deflection/Scan Coils
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Beam Limiting Aperture
(Real objective aperture)

———E-T Detector

Specimen
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Electromagnetic Lens

Electron Beam
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NACK

Electromagnetic Lens

Strong Lens Weak Lens

‘ Electron

;H Gun

/ \ '\x ,fl | \

\

\

Condenser
Lens

Objective
Lens

[ M8x90 screw;
:;’ ---'-...-, d, SE-detector, HV,
Better resolution Ay 10 keV

Poorer depth of focus Poorer resolution

Better depth of focus

@ PennState
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S J':.'
Nl: EWNTER

Apertures

e Series of micron-scale (30 um)
holes in metal disk block stray
parts of beam

' Optical axis

e Reduces effects of lens
aberrations

Lens  Must be aligned to center of e-beam

(X & Y coordinates)
Blocked electrons

Aperture * |If misaligned will cause raster
pattern to shift when objective
lens (focus) is adjusted

— Monitor image show shifting

Disc of least confusion — Wobble: automating oscillation
of focus will make image

Gaussian focus ‘bounce’ in direction of
misaligned aperture

'3 PennState
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R
N: ERTER

Apertures

apetture

phosphor screen

Aperture Misalignment Problem

'3 PennState
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Raster Coils

 Rasters e-beam across
sample surface

— Follows discrete X & Y
coordinates

— Coordinates are time
“stamped”

Detectors register resulting

radiation

Software compiles
coordinate and intensity,
according to time, and the
2D image is formed

'3 PennState
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Raster Coils

e Raster coils dictate magnification in “scanning” electron
MIiCroscopes
 Mag. = Image pixel width / Raster width

Larger raster areas = Low mag. Smaller raster areas = Higher mag.

Raster on Sample Pixels on screenimage  Raster on Sample Pixels on screen image
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Raster Coils

monitor

Magnification=(L ) /(L

monitor specimen

specimen

>

Area on specimen

Image monitor

';ﬂy PennState
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Raster Coils

1st
Scan coils

& 2nd
' Scan coils

Final aperture at

NACK

H‘n / pivot point \
[ e

Final polepiece | . | Final polepiece | Final polepiece | | Final polepiece |

Small scan length Large scan length
High magnification Low magnification
(a)

(b)

'3 PennState
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Raster Coils

* Pixel overlap is when the Correct  Incorrect
spot size is larger than the |
raster patterns coordinate

e Results in erroneous intensity
data being read from
multiple spots

* Images appears blurry

e Corrected by operator
adjusting, focus, stigmation,
aperture alignment, etc. Mario’s Mustache

Correct = .

Incorrect =

'3 PennState
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Noise Reduction

The line and frame averaging options
for the framestore can greatly reduce
noise

This should not used as an excuse to
use beam currents that are too low!

Whenever possible take a single slow
speed scan rather than accumulating
multiple high speed scans

This eliminates blurring due to drift,
and distortions in the video amplifier
chain and usually produces a higher
signal to noise ratio and better
contrast

Higher pixel resolution images require
longer acquisition times compared to
low pixel resolution images - dwell
time should remain the same

NACK

Effect of the averaging on noisg

@ PennState
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NACK
Stage

e Electron beam (gun column)
are fixed in position—never
Moves

e Stage with sample move under
e-beam

 Allows operator to navigate
search samples

* Movement far less precise
than e-beam raster
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Beam Sample Interaction

e Contrast from (1) type of byproduct(s), (2) energy level of
byproduct, (3) and angle of takeoff/collection

* Incident beam transfers energy to the sample, generating and
ejecting different types of beam-specimen interaction species

e Scattering byproduct are collected by detectors to register an
intensity signal (brightness of image pixel)

* Types of byproducts
e Secondary electrons (SE) Electron beam
e Backscattered electrons (BSE) Cathadoluminescence
) x-ray G / Back ttered
« Auger electron / Sy
* Ete. ALgr Second
electrons alec:mn:w

Specimen
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NACK

Beam Sample Interaction

Incidant alectraons
(alactron probe)

7777777 777777777 =

Secondary Electrons Electrons

Auger electrons

N(E) 1

Back3caliered Electrons

Backscattered Electrons

Continuum X-rays

Charactaristic X-rays 5(:'15\; 2 k:e"u' E'LI
Electron Energy

Flunrascant X<ays

Electron Beam Interaction Diagram

@ PennState
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Beam Sample Interaction

Secondary Electrons

 Incident electron strikes the sample
ejecting an electron from the sample

e Several secondary electrons can be
produced from one incident electron

e Secondary electrons are low energy
e <60 eV (most ~10 eV)
e Shallow escape depth (5 nm)
* Highly influenced by the topography
of the sample

e Detectors may be biased (+ 1 kV) to
collect adequate signal

'3 PennState
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Intensity of Secondary Electron
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Beam Sample Interaction
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Beam Sample Interaction

1.4 71

1.2 .

1.0 j ﬂ

a o8

-

L

w 0.6 >
0.2
0.0 ——r— 5h G — i

Secondary Electrons Atomic Number Z

Variation of SE yield at 2keV with atomic number
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NACK

CENTER

rAewrecee ey = Folamia A48

Mege TEEN X

Edge Effect

SEne A = e

EHT = 300KkF
Fule Marow = Clancr: 5 8 200353 ar

Primary Electron

Beam Sample Interaction
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Beam Sample Interaction
Backscattered Electrons

Backscattered Electrons

Formed when an incident beam electron
strikes the sample and is redirected back out
of the sample

BSE'’s retain much of the e-beam’s original
energy

* 50 eV to >50% acceleration voltage
» Large (10’s nm) escape depth
Elements with higher atomic numbers

redirect more incident electrons allowing
more to be backscattered

This gives contrast to different materials in
the sample

* Higher Z or denser materials (more
atoms) appear brighter on image

@ PennState




Beam Sample Interaction

BSE coefficient ;

B0
Atomic number Z

\

Signal A = ESB

ESB Grid= 3261

Width = 3.868 pm
A . St~
100 nm ZEISS

EHT = 1.00 k¥
WD = 3.4 mm
Date :13 May 2010

ZEISS Gemini FE-SEM Signal A= InLens

I |—| Mag = 2956 K X Reference Mag = Polaroid 545
File Name = SEM_Tests_May_12_2010_19.tif




46

NACK

Beam Sample Interaction

Electron Beam Electron Beam Electron Beam

Backscattered Electrons
BSE Intensity (Length of arrow shows intensity)

Distribution

Specimen

) Tilting Specimen

Tilting

(a) (b) (c)

Polepiece

Annular Backscattered
Electron Detector

Specimen

Backscattered Electron
Angular Distribution @ PennState
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NACK
Beam Detection

Objective Lens
Pole Piece

Incident Beam

. Chamber
| Walls

Sample
—> Secondary Electrons (SE,, SE; & SE;)

—> |Incident & Backscattered Electrons

Incident Electrons
A: Mean free path of 2" electrons =

Scintiflator

SEL1: high resolution SE (generated with incident beam)  o...., = Solector
SEZ2: low resolution SE (generated due to BSES) |
SE3: indirect generation from the chamber

Light  Photomultiplier

Fife

Preamplifier

ETD
(Everhart-Thornley Detector)
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CENTER

Beam Detection

1.2k

R,
EsB detector
| Faradar Cage
I |DI | ' [P =~ alts
= / Suaskillae
o } ! '* | i+ ] 1] E
J b \". .r h . L™ :L_'-l ar

Ol.q:tr L g = [

Chracd s 4

i) warspuide < .
'B]-ll.ma "I"_ 8 . Hfeia e
Electus Maltislier N ‘:- - J W‘"._. H
mwl__{:{::. /
[0Wals)

Magnetic lens

Electrostatic lens

Dark-field STEM detector

! ! _Bright-field STEM detector
€ )

VPSE detector
for VP mode

Everhart-Thornley
detector SE imaging
in HV mode
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NACK

Beam Detection

SE,/SE, Only!

Incident Beam
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Nﬂ,, TISH
Beam Detection

VPSE detector
for VP mode

Magnetic lens

I / Electrostatic lens
. _ BSE delectnr

‘ Dark-field STEM detector

! ! Bright-field STEM detector SR | 7
0 — T e

Figure 8: Schematic of angular separation of BSE detection and
detector layout

Everhart-Thornley
detector SE imaging
in HV mode
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Beam Detection

Inner Rings: High Angle BSE, mostly atomic contrast information
Outer Rings: Low Angle BSE, topographical contrast

Electrode
N-type t t t
semiconductor © electron G
Intrinsic
semiconductor QEF) (9(‘9
@
i

BSEs are less affected by Charging Effect
-» Charge artefact free image

P-type :
semiconductor (? l GlBth

Backscattered electron

]
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Nﬂ“ J.é

Beam Detection

EsB detector

VPSE detector
for VP mode -

Everﬂart-Thornley
detector SE imaging
in HV mode

Energy Selective BS

! ! Bright-field STEM detector
L )

@ PennState
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Charging

l,— incident beam electrons

Iy
ol
'\l /' ’ Ol, — secondary electrons
nl, — backscattered electrons

lsc — specimen current

nlp

ISG

+ No charging » Charging

SC

@ PennState
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NACK

ERTER

Charging
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Image Enhancement

Operate where emitted electron current balances beam current
Isc = Ih_ TIIb o Slb = [b (1 —(T‘|+8)) =0

' Upper cross-over energy, E, for several materials
‘b Matenal E-(keV)
Kapton 04
Electron resist 0.55-0.70
Nylon .18
5% PB7/nylon 1.40
Acetal 1.65
Polyvinyl chlonde 1.65
: - Teflon 1.82
E, E, Glass passivation 2.0
GaAs 2.6
Beam Energy Quartz 3.0
Alumina 42

Total emitted electron coefficient n+6é as

a function of beam enetgy From Scanning Electron Microscopy and X-Ray
When n+6 =1, charge reaches balance Microanalysis, Joseph |. Goldstein et al. Plenum Press

@ PennState
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Image Enhancement

* Enables imaging at near atmospheric Carl Zeiss
conditions (5 to 10 Torr)

» Water behaves like water (“wet limit” O °C at
~4.5 Torr)

 Biological, etc., samples are studied in virtually
natural environment

e Gun aperture (valve) maintains high/ultra high
vacuum at tip

e Variable Pressure (Gaseous) SE Detector
 MFP too low in chamber for typical imaging

* Input gas depends on material typically water
vapor and nitrogen mixture

e Gas molecules undergo cathodoluminescence
when hit by SE emitted from the sample

» Detector registers photon intensity from
cascading gas molecule ionization
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Image Enhancement

10°Pa—p

Single
PLA

102 Pa—p

p10°Pa—p

PLA 2
102Pa —p
10Pa —p

PLA 1
10° Pa —p
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Image Enhancement

Chromatic aberration

* d. iIncreases with source
energy spread AE
- electron source

* d.increases when
electron energy E,drops
Disc of Least Confusion " accelerating vo'tage

FEG | & e o
|
Simulation of the first 250 electrons in s
the probe at the plane of the disc of ~4 PennState
least confusion ‘
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NACK
Image Enhancement

Mag= 3000K % EHT = 4.0 Ky Slgnal &= inLens  Ddbe 13 Dl 2000 a Hag = 0 ¥ EHT = S0 Ky Hignal &= inl
Ouput Ta = DisplayFre WD= Fmm  Image Piel Size =881 nm  Fle Name = &loy_ 12356 r 1 OuAput To SplEpFie WD= Grmrm mage Pixel Sizes 881 nm Fie Name =

Platinum Rhodium Alloy Crystals at 1kV (left) and at 20KV (right)

@ PennState
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Image Enhancement

200V o500 V 1kV 2 kV

S kV 10 kV 15 kV

@ PennState
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NACK

Image Enhancement
m| | » Ti
RS oBReV 15KeV 1pm 5keV
i e e . ) IMcmte:G-arlu Cal:ulahonsCAEIND ; i B i i
Beam Energy Decreases
Higher Accelerating Voltage Lower Accelerating Voltage
* Higher beam energy * Lower beam energy
— Larger interaction volume — Smaller interaction volume
+ SE, & BSE exit from a much larger region * SE, & BSE exit from a much smaller region
— Surface spatial resolution is reduced — Surface spatial resolution is enhanced

@ PennState
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N: ERTER

Image Enhancement

How would a low keV come handy?

Increase spatial resolution for both SE and BSE
- but only if chromatic aberration effect is not an issue

Minimize charging effect

Chromatic aberration

Low BSE yield
- Yield coefficient of heavy elements drops when the beam energy falls below a few keV

Detector detection sensitivity

— Solid state detectors lose sensitivity as the incoming electron energy falls below a few keV

Detector detection efficiency L -
*)
- Low angle BSEs tend to go uncollected
'3 PennState
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Image Enhancement

Column

0. Phifer®, L. Tumo, T. Virstovel, P Wondrol, and R.J. Youn
Microscopy Today, 40, 2009

Specithen

Beam Deceleration
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Image Enhancement

BD mode OFF BD mode ON
no sample bias maximum sample bias

Up to -4kV

Grounded

@ PennState
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

Characteristic X-Ray Bremsstrahlung
Emission Lines
o neutron
o proton
K . electron
B"Q O poms "
! position
nucleus i nucleus
incoming @
electron
o e, \\ K
L M L
g oy hv = E,- E,
Incoming

electron
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

e Energy Dispersive X-ray Spectroscopy (EDS)
 Chemical (elemental) analysis technique compatible with SEM/TEM tools
e Sometimes referred to as EDXA (energy dispersive x-
ray analysis)

 SEM gun electrons collide with the electrons within
the sample, causing some of them to be knocked
out of their orbits. These electron shell positions are
filled by higher energy electrons which emit x-rays in
the process.

'3 PennState







Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

Qluantitative results

[l ] 1 =
Ul ScaEle 179501 cts Cursor: 53,099 (652 ots)
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

A spectrum

J | i
0.0 0.5 L0 1.5 0 15 1.0 1.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 1.5 8.0 8.5 9.0 9.5 10.0

'l‘g’ PennState



Characteristic X-rays

Log scale

'l'n’ PennState
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

Net Counts Conc.(%)

485,330 32.2

36,561 2.4

224,445

637,778

123,245

'- , PennState



Energy Dispersive X-Ray Spectroscopy (EDS/EDX)

The A factar v sample: Fe,Si0y,
= Electrons typically mainfain energy above X-ray
excitation energies

Most X-rays are fluorescad a bit below the surface

. _________________________________________}
(LT um

Electron energy

13 kY

Bulk sample: Fe,
The A factor Ea
Electrons typically maintain energy above X-ray
excitation energies

+ Most X-rays are flucresced a bit below the surface

The X-rays must travel through the sample before

exiting and being detected.

Travels 0.1
pm through
the sample

0.7 pm

- =

(640 kel X itensity




0.9

O Ka

1000

2000

X-ray Transmission Through 0.1 pm of Fe,SiO,

000

4000

Fe Ko

000
X-ray Energy (eV)

G000
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)
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Energy Dispersive X-Ray Spectroscopy (EDS/EDX)
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Electron Probe Microanalysis (EPMA)

Electron source

Optical source and
CCD camera

Diffracting
crystals

(1 to 4) _ Beamn stabilizer

|

Airlock

Specimen
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Electron Probe Microanalysis (EPMA)

Schematic of a Energy
Dispersive Spectrometer

Analysis of characteristic
X-rays - 2 Types of data
collection
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Electron Probe Microanalysis (EPMA)

Electron probe

Analyzing’ :

——

Rowland Circle

Analyzing Crystal

2dsin @ =n A (Bragg equation)
n=1!2,3---

Analyzing Crystal

X-ray detection system (WDS)
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Electron Probe Microanalysis (EPMA)

cps/eV

1004
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Electron Probe Microanalysis (EPMA)
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Electron Probe Microanalysis (EPMA)

As LI

|

The energy resolution of
WDS is so precise that
even minor lines appear

which can aid in qualitative

analysis.....
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NACK
Electron Probe Microanalysis (EPMA)

WDS - Compositional S . Mo
difference of elements
that overlap in EDS

spectra Mo S
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Electron Probe Microanalysis (EPMA)
Scan of B, Zr, Hf and C across a grain boundary

'3 PennState
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Electron Probe Microanalysis (EPMA)

Homogeneity in advanced materials

- Horizontal Direction | Vertical Direction

NA

CENTER

" 16.736 0.575
Mg 1.056 0.023
— —_— | o e
- Nb 13.046 0.209
In 4.432 0.086
v Pb 61.063 0.642

| Horzontal |20 | \Vertical | 20

In/Pb 0.1310 0.0029 0.1310 0.0031
Mg/Nb 0.3094 0.0104 0.3083 0.0070
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In bronze samples
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Phase ID

Electron Probe Microana
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Electron Probe Microanalysis (EPMA)

* Both qualitative and quantitative information can be obtained
« Sampling volume ~1 cubic micron

 Useful for:

* Non-destructive elemental analysis

* Determining exact stoichiometry
Detection and identification of contaminants down to the 10s or 100s of ppm
Mapping out phases precisely - even with only slight variation
Quality control to ensure uniform manufactured composition of materials over time
Separation of elements that overlap badly in EDS analysis
Higher precision, accuracy and repeatability over EDS

* Major limitations: no “wet” samples, micron volume not nano

'3 PennState
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Electron Backscatter Diffraction

The effect of scattering is to create a ‘point’
source of electrons, with all possible
trajectories, within the material.

KA LANN K
0 N/

\VAVAYAYAVAYS
\/\I\/\/\/\L\
v‘v‘v.vev \/ \
AR
: Pt

) SN 00/0,%
XRXXLCLN
NN N

Views of a small lump of crystal down [001], [111] & [110] crystal directions = looking stroight on o cube
face, down a cube diagonal and at a cube edge
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Electron Backscatter Diffraction

If the material is crystalline, electrons will be diffracted by
lattice planes where the Bragg condition is satisfied

R

N
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Electron Backscatter Diffraction

Kikuchi Lines

Iron “crystal” ~20A diameter & 80A deep, looking down a Add lots more atoms and look in @ more interesting direction

[110] direction {edge of a cube is horizontal)
@ PennState




Electron Backscatter Diffraction




Electron Backscatter Diffraction
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Electron Backscatter Diffraction
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Electron Backscatter Diffraction

Incident EBSD pattern
Electron
Beam

Pattern center

www.globalsino.com/EM/

i) pennsiate 74
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NACK

Electron Backscatter Diffraction

Blactron Beam

F beictren
Fieam

Silicon
Ut Cell
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Electron Backscatter Diffraction

Typical EBSD set-up

Incident electron beam
20kV, 10’s of nA

Phosphor screen positioning
usually constrained by
chamber geometry

Specimen:
surface normal
inclined to beam
70°

Detector distance set
to give ~90° angular
range in pattern

@ PennState
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Electron Backscatter Diffraction

Owentalion Relalionships

EBSD provides a wealth of sample information

Grains

Size, distribution, morphology, intermal deformation

crystallographic alignment, slip system analysis
- Grain boundaries
Boundary axis
Boundary angle
Special boundaries, e.g., Twins / CSL
»  Texture — macro & micro
Phases

Identification, discrimination and distribution

Interphase relationships, transformations

Texiugl relationships
Deformation

HR EBSD strain analysis - cross correlation

@ PennState
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Electron Backscatter Diffraction

il |
- BN
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Usually polished samples, much easier compared to TEM u-'

"ﬂr-.,} Austenlte




99

Electron Backscatter Diffraction
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