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Collected Signals in SEM

X-rays

Backscattered electrons
(BSE)

Atomic number and topographical information

Through thickness
Composition information

Cathodoluminescence
(CL)

Electrical information

Secondary electrons (SE)

Topographical information

Auger e-
Surface sensitive Absorbed
compositional information current

Specimen current
Electrical information

While all these signals are present in the SEM, not all of them are detected
and used for information. The signals most commonly used are the

Secondarv Electrons, the Backscattered Electrons and X-ravs
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Basic SEM Modes of Operation - Summary

Signal/Mode || Information| Material Resolution
Secondary  ||[Morphology All (%) ~1nm
electrons (SE)
Backscattered Atomic AL () ]0.1-0.5um(**)
electrons (BSE) | number
X-ray Atomic All (flat) ~lum
(EDS or WDS) composition
(CL)Cathodo- || Bandgap, Insulators ~ lum
luminescence [l impurities, | and semi-
lifetimes conductors

(*) usually sizes of 1cm, dependent on SEM configuration

(**) voltage and Z dependent



1.

Secondary Electrons

Secondar
Electrons Electraon
Beam
g
Electrons -4 Mucleus

Secondary electrons are predominantly produced by
the interactions between energetic beam electrons and
weakly bonded conduction-band electrons in metals or
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the valence electrons of insulators and semiconductors.

There is a great difference between the amount of
energy contained by beam electrons compared to the
specimen electrons and because of this, only a small
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secondary electrons.



Secondary Electrons and Detection

SE are specimen electrons that
obtain energy by inelastic
collisions with beam electrons.
They are defined as electrons
emitted from the specimen

A broken surface of a piece
of metal, formed using SE

imaging




Elastic Scattering — Backscattering

Electron
Beam

Backscattered
Electron

®
MNucleus

~#—Electrons

momentum. Since momentum, p=mv, and m doesn't change, the
direction of the velocity vector must change. The angle of scattering can
range from 0-180 degrees, with a typical value being about 5 degrees.

Elastic scattering occurs between the negative electron and the positive
nucleus. This is essentially Rutherford scattering. Sometimes the angle
is such that the electron comes back out of the sample. These are
backscattered electrons.



Backscattered Electron
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BSEs respond to composition (atomic number, compositional contrast),
local specimen surface inclination (topographic or shape contrast),

crystallography (electron channeling), and internal magnetic fields
(magnetic contrast)



Energy Distribution

n(E)
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Secondary Electrons
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Energy of Electron (eV)
(Incident beam energy : 10,000eV)

Energy spectrum of the electrons emitted from a specimen



MDetection

An electron detector is used with the SEM to convert the
radiation of interest into an electrical signal for manipulation
and display by signal processing electronics, which is much
like a television. Most SEM's are equipped with an Everhart-
Thornley (E-T) detector. It works in the following manner:

The scintillator material is struck by an energetic electron.
This collision produces photons which are conducted by total
internal reflection in a light guide to a photomultiplier. These
photons are now in the form of light so they can pass through
a vacuum environment and a quartz glass window. The
photon is then converted back into an electron current where
a positive bias can attract the electrons and collect them so
that they will be detected.



Electron Detector

EDS Detector

Eackscatter
Detector




SEM detectors (SE)

Specimen

Figure 4.18. Schematic diagram of the Everhart-Thornley detector: B, backscattered-
electron trajectories; SE, secondary-electron trajectories; F, Faraday cage (bias range
=50V to +250V); S, scintillator, with thin metallic coating; high bias (+12 kV) supply to
the scintillator coating; LG, light guide; PM, photomultiplier.



Image formation

Electron Beam

Secondary
Electrons (SE)

Collector Voltage

Backscattered +300V for SEs and BSEs
Electrons (BSE) -100V for BSEs only

+12 kV
PMT | Amp ||| CRT
Intensity
Scintillator
Collector . .
Light Pipe
---------------------- ~<—Signral Maximum
o o0 ® °
®©® @ |«—Y-Modulated Scan
o
®
Beam
Locations i8-8 {<—Beam Locations
on Display
Specimen Signal Zero

CRT




Collection efficiency
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AJulA ]l A ~ 10-30 mm?2

Detector in SEM
- SE detector
- BSE detector
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Energy distribution

N (E) (arbitrary units)
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Positive Bias

Beam

i

Polepiece

indirect
BSE SE

-« 250V

E-T
Detector

e s e

Direct BSE

Y

Chamber
Walls

Specimen

s
LR

Signal Source Percentage of total

SE, Beam-produced secondaries 9%
SE;, Backscatter-produced secondaries 289
SE i Remote backscatter-produced secondarnies 6l %
SEv Beam-produced secondaries from aperture 2%




Dedicated BSE detector

Scintillator Backscatter detector
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Negative Bias

Only BSE are detected(SE rejected)

BSEJ}F JH& & 0| collected

(0)

BSEJI Jt& &0l collected



SEM detectors (BSE)

Converter
Target




In-situ Lab JSM 6390 performance test

SE BSE

30kV  X2,500 10pm SNU IEML 30kV ~ X2,500 10pm SNU IEML



Compositional contrast

secondary electron coefficient= AHHS N 2 XtH0|12F HEl SiLH.
backscattered electron coefficient= AHS I 28 SOt

BSE modelllAd AlHZE 2H0l= X400l 2 contrastE 2= &= U2
RAXHSI 2 A0 O YA 2QILCH.

1 2

' .

72\ 72
T

(ngs) = (Ngslz
(nse)s = (nge)2

N
=
@
o
[
£
o

AR
A |

Zy

Z, > 21
2 (ngg)z > (ngsh
% {ngg)2 = (ngg),

Atomic Number (Z)

light heavy



Projection Distortion
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i
|
Scan }

Excursion on ':_’

Tilt Axis

Scan

——— e
-

e
Scan Excursion Ly

on Specimen

Comparison of Scan Excursions for 6 = 45°

j€—————>{ Parallel to Tilt Axis

e »| Perpendicular to
Tilt Axis




Theory of Scanning Electron Microscope

Scanning Electron Beam of CRT
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k Magnifying mechanism in the SEM /




Magnification

—— e —

Area Scanned |

on Specimen | ____ 1
e et
-1 Information e
XXX~
ﬁﬂ§ Transfer X X X
|—Q—t F(x,y,S)
| X X X X X
]
X X X X X

Area Scanned on Cathode Ray Tube



Image formation in the SEM

Scanning action
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Magnification

Area sampled as a function of magnification

Magnification Area on sample
10X (1 cm)?
100X (1 mm)*
1,000X (100 pm)?
10,000X (10 pm)?
100.,000X (1 ,'.un}2
1,000,000X (100 nm)*

" Assumes CRT screen measurces 10em %
10 em.
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Picture element(pixel) size
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Magnification Edge of picture element
10X 10 pgm
100X 1l um
1,000X 0.1 gm (100 nm)
10,000X 0.01 gm (10 nm)
100,000X 1 nm

“1000 x 1000 scan matrix; 10cm x 10cm display on
CRT.
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