IICEITEC

Stredoevropsky technologicky institut
BRNO | CESKA REPUBLIKA

S1007 Doing structural biology
with the electron microscope

Lecture 3: Electron Microscope




Optical vs. TEM microscope
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Electron source

- thungsten filament \ \ / .
”~
- LaB6 crystal o
-— D
- Field Emission \ /
Gun -,
A 4
W fament LaBy FEG
a) (D) (=]
Units Tungsten LaBg Schottky FEG Cold FEG

Work function, ® eV 4.5 2.4 3.0 4.5
Richardson’s constant A/m?K? 6 x 10° 4 x10°
Operating temperature K 2700 1700 1700 300
Current density (at 100 kV) A/m? 5 102 10° 108
Crossover size nm >10° 10* 15 3
Brightness (at 100 kV) A/mZsr 10'° 5x 10" 5 x 10'2 10"
Energy spread (at 100 kV) eV 3 15 0.7 0.3
Emission current stability %/hr <1 <1 <1 5
Vacuum Pa 102 107* 10°° 10°°
Lifetime hr 100 1000 >5000 >5000
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Electron source - LaB6
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Electron source - FEG
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Electron source - accelerator

filament

U=300kV => A=1.97pm
U=200kV ??
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Electromagnetic lenses

Lorentz force: F = q{E + v X B)
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Electromagnetic lenses
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Power of the magnetic lens can be changed
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Electromagnetic lenses
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apetture

phosphor screen

Apperture size: ~100um
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Lens assembly - stigmators
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Lens aberrations - spherical
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Detectors

T == Fiber optics

LA
t Ei CCD chip

Separate vacuum Peltier cooler

CCD - charge coupled device

Scintillator

Passivation layer, interconnects
Active pixel

Active layer

Substrate

CMOS - complementary metal oxide semiconductor
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Detectors

DQE - detective quantum efficiency

1

K2 Summit (super-'resnlutidn}
K2 Summit (counting)

DE-12 —
0.8 Falcon Il — T
Falcon | —
F416
0.6 US4000 — +
L
C
0
0.4 B .

0 0.2 0.4 0.6 0.8 1
Fraction of Nyquist

- probability to detect an electron

- DQE ~ sin(x)/x
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Vacuum system

- roughing pump (10° - 10™ Pa)

- turbo molecular pump (10 - 10°Pa)

- ion getter pump ( up to 10°Pa)
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Vacuum system

- roughing pump (10° - 10 Pa)
- turbo molecular pump (102 - 10°Pa)

- ion getter pump ( up to 10°Pa)
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Blades
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90.000 rpm
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Vacuum system ‘ :
- roughing pump (10° - 10 Pa) IONIZED Hz2
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Vacuum system

Yacuum Overview

[IGPT: 1 Log»
[PIRa: 7  Log»
[PIRm: 33 Logy
IGPa: 44  Log »
I

[FPck 1 Log»
[FIRIE 93 Log »
[IGPco: 27__Log»
[IGPck 44 Log»
[CCGp: 19 Log »

[PIRbF: 4 Log»

[FiRpv: §_ Log)

Process information:  Column valves closed
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TEM

Example TEM
schematic
Cne of many types of TEMs
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TEM
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TEM
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""""""" TTTTTSSoSSooT specimen

:___f?_——_::, objective lens

back focal plane

tays for diffraction mode
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SEM
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SEM
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Dual beam FIB/SEM
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- Everhart-Thornley Detector (ETD)

- lon Convertion to Electron Detector (ICE)

Converter -4kV e
Scintillator +10kV Gnd -600V
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SEM - detection

- Concentric Backscatter detector

| contrast

21 Inner rings collect signal on-axis with the
primary beam which contains most
channeling or atomic contrast information.

Surface information and topographic contrast

0

Quter rings collect large angle BSE
signal, containing mostly topographic
information
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