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Incident electron beam

(1.0 nm) Auger Electrons (AE) Secondary Electrons (SE) (100 nm)
surface atomic composition topographical information (SEM)

Backscattered Electrons (SE) (1.0 pm)

atomic number and phase differences

(10pm) Characteristic X-ray (EDX)
thickness atomic composition
Continuum X-ray (10pm)

(10pm) Cathodoluminescence (CL) (Bremsstrahlung)

electronic states information

Specimen surface
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Excitation volume

Sample current (SC)
Electron beam induced conductivity (EBIC)
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a) Thermionic gun (tungsten hairpin type)

\ at metal/vacuum boundary.

Tungsten is heated and energy is
applied to conduction electrons in
order to overcome the energy barrier
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b) LaBs gun
Lanthanum hexaboride (LaBg) having a

small work function (electrons are
readily emitted) is used instead of

tungsten.
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'L'Tp-M = 500—-1000 V =

SE: a positive collector voltage (ca. +200 to +400V) attracts SE toward
the detector, where a 10kV post acceleration gives them enough energy )
to create a bunch of photons for each SE. @

BSE: a negative collector polarisation (ca. -100V) repels SE and the only
(fast) BSE emitted in the narrow cone to the scintillator are detected )
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A photoelectron is an electron emitted from a substance due to the photoelectric effect. The photoelectric
effect occurs when a material that 1s usually metallic 1n nature absorbs enough light radiation so that this results
n the emission of electrons from its surface.

/i
/
(

To have a measurable effect, the initial electron needs to be converted to

between 104 and 10° electrons.

= Photomultiplier tubes contain a chain of dynodes.
dynodes } dynodes

§
¥

e,

Each dynode in the chain is held at a potential relative to the next, and is

coated with secondary emissive material. Secondary emission is the process

.

—— B Ry
S '-.
- T.._ : by which a electron strikes a metal, and ejects other electrons from the
FU_ metal by transferring some of its kinetic energy to them. These secondary
electrons are accelerated from dynode to dynode, and each secondary
electron causes the emission of several other electrons.
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Wavelength-Dispersive X-Ray Spectroscopy

electron
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The proportional counter is a type of gaseous ionization detector device. The key feature is its ability to measure
the energy of incident radiation, by producing a detector output pulse that is proportional to the radiation energy

absorbed by the detector due to an ionizing event;
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Silicon Crystal

e = 8- e

. e- e-

X-Ray ° 1 _
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. Y L e- hole pair 3.8
Ca ka Si 5_' b Si eV V
3.9 keV

Si Si Si
s - " s
Biased
~ 1000 e-/{} &

Total charge = 10 -18 Coulombs
= 5l chips will have inherent formation of e-hole pair

« Time is required to take a measurement > @ @
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area%
B REE-Ca-Si-Pgroup 0.21
B REE-Ca-F group 3.58
[] REE-F group 0.77
[ REE-Low-Mix group  4.16
[ REE-Nb-minerals 0.72

] Nb-minerals 0.34
B Apatite 0.26
B Fluorite 8.00
M Calcite 0.98
B Dolomite 1.29
] Quartz 36.25
I Feldspars 4.37
B Phyllosilicates 13.22
B Pyroxene-Amphibole 2.62
[0 Cu-Fe-sulfides 0.05

. ; B Fe-Ti-Ca-oxides 8.74
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