Chapter 2 Electron Optics

Electron gun (Chap 5 in text book)
- thermionic source
- Field emission source
- Brightness of source
- Coherence of source

Magnetic lenes (Chap 6 in text book)
- Spherical aberration
- Chromatic aberration
- Astigmatism
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Electron Source

Filament is heated

Electrons are emitted from the tip
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F...Filament

l I W...Wehnelt electrode
C...Ceramic high voltage insulator

Rb...Autobias resistor
le...Electron emission current
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Space Charge/ Boersch Effect
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‘Thermionic Source vs. Field Emission Source
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Single atom spectroscopy

EDX

STEM

ntansty
)
§
&

F Is5 (V) Energy band gap, phonon
scattering, electronic
structure

-
e B 8w - L]
e Rl SRS Ee

- .

B 3 ] i e T




B tH+ % X e 2 EE(Energy Spread)

EAHEHTMENR S RER
a) KR Z L B A FEF 14 (Temporal Coherency)#
b) “SEERIR " Z=EAIHET 1% (Spatial Coherency)

Incoherent radiation

o

N

_ i(ur,-
I."\"electrms - 10 2 €
J=

IR

I,N

Examples:
Black body radiation, synchrotron radiation (magnets, undulators), etc.
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N. is @a number of electrons sitting within the “cooperation” length
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Diffraction spot from a nano-MgQO particle
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Condenser lens 1 and fixed apertures

Condenser lens 1

Changing the current of the condenser lens 1

...defines the amount of electrons passing the fixed aperture
and entering condenser lens system 2

" Fixed apertures

..................




Condenser lens 2

Condenser lens 2 and condenser aperture

Changing the current of the condenser lens 2 determines
the size of the beam spot on the specimen and therefore
the brightness

The size of the condenser aperture determines the total
amount of electrons reaching the specimen.
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Characteristics of the Three Principal Sources

Operating at 100kV

Units Tungsten| LaB, Field Emission
Work function, 9 eV 4.5 2.4 4.5
Richardson’s constant A/mK?*| 6x10° | 4x10°
Operating temperature K 27700 1700 300
Current density A/m? 5x10* | 10° 10"
Crossover size Wm 50 10 <0.01
Bringhtness A/m?*/sr | 10 5x10° | 10"
Energy spread EV 3 1.5 0.3
Emission current stability | %/hr <] <] 5
Vacuum Pa 10~ 10 10°®
Lifetime hr 100 500 >1000
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Mag netic Lens Light optical analogue
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Lens problems: A
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Image plane -

Lens equation: 1/u + 1/v=1/f
Magnification M = v/u
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Established Technologies

- Electron Optics design

- E-gun: Thermionic/ FEG gun

- Lenses: Condenser/ Objective lenses
- Multipole: Deflector/ Stigmator

- control electronic boards/ software

- image acquizition

- BSED Detectors
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'— = == === = = —IL -1 lst
l 1 L - > condenser
o o= lens
T L _ > condenser
| = = = lens
— - s I e . ﬂ
| | L _ _ 5 Objective __|f
' | I lens '
—_ ——

Ray Tracin g

Table Top SEM

-15kV

| 400um
. 1" Anode
11kV

4, i
. | \

. 2 Anode

( ground = 0V

> Deflector
stigmater

FEG gun



Established Technologies

Control Electronlcs Boards

Voltage (gun) stigmatism (stigmators)
vacuum (pump) image acquizition (processing)
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) Control Software Panel

Voltage: 7, 15, 30keV
magnification: 30x-10,000x
resolution: 20nm

image size: 1280x960
scan time: 2.5sec
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