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Sylabus

¥ | ecture 1: Anatomy of the electron microscope

¥ | ecture 2: Electron microscopy in biological applications,
sample preparation for electron microscopy

B | ecture 3: Principles of image formation, contrast transfer
function, image alignment in 2D
¥ | ecture 4: 3D reconstruction methods in TEM

¥ | ecture 5: Interpretation and optimization of cryo-EM maps
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Resources

Literature:

— J. Frank, Three-dimensional electron microscopy of macromolecular assembliesvisualization
of biological molecules in their native state.

— J. Frank, Electron Tomography: Methods for Three-Dimensional Visualization of Structures in
the Cell

— Williams et al., Transmission electron microscopy

Video courses (youtube):

— Grant Jensen
— NRAMM SEMC
— Cryo-EM14 (LMB)

—  Cryo-EM17 (LMB)
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Lecture 1: Electron Microscope




Electron

rest mass: | 9.109 e-31 kg

‘ charge: -1.61e-19C

spin: 1/2

Electron in electric and magnetic field

F = q(E 4+ v X B) (Lorentz force)

» M, M X electron
N

maanetic field

X
X
X
X

electron n ALK 8 : [\
X X X\ X .
X X X X

helical motion
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Dual character of electron

h h h h-c
)., L AdeBmglie — — —
p muv = \/(e-V&)E—FE-e-V&-mE-cE
Acceleration Voltage [kV] | Non-relativistic wavelength [pm] | Relativistic wavelength [pm]
2 27.35 27.32
20 8.65 8.57
100 3.87 3.69
200 2.73 2.50
300 2.23 1.96
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Scales In electron microscopy

1 mm 1 um 1 nm

c.’v.‘\Spot Mag )E|
20 b V20 ,1000%)( SE

Bacteria (SEM) RNA polymerase (TEM)

Virus (TEM)

1000 A

Plant (SEM
ant (SEM) Bacteriophage (TEM)
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Electron microscopes
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Electron microscopes
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Electron microscopes
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Interaction of electrons with matter

|
Coherent
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Incoherent

elastic
backscattered SEs from
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4 electrons elastic

Direct forward
beam scattered

electrons

Williams et al. 2009
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Interaction of electrons with matter
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Optical vs. TEM microscope
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Optical vs. TEM microscope
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Electron source

- thungsten filament \ ‘ / 3
”~
- LaB6 crystal B,
- - - ’ ‘
- Field Emission (4
Gun A
~
4
W hament Laf, FEG
ia) (D) ch
Units Tungsten LaBe Schottky FEG Cold FEG

Work function, ® eV 4.5 24 3.0 4.5
Richardson’s constant A/m?K? 6 x 10° 4 x 10°
Operating temperature K 2700 1700 1700 300
Current density (at 100 kV) A/m? 5 10° 10° 10°
Crossover size nm > 10° 10* 15 3
Brightness (at 100 kV) A/mPsr 10" 5x 10" 5 x 10'2 10"
Energy spread (at 100 kV) eV 3 1.5 0.7 0.3
Emission current stability Y%/hr <1 <1 <1 5
Vacuum Pa 1072 104 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
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Electromagnetic lenses

Lorentz
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Electromagnetic lenses

Water-cooled surface Electron ray paths
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Electromagnetic lenses
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apetture

phosphor screen

Apperture size: ~100um
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Lens assembly - stigmators




Lens aberrations - chromatic
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Lens aberrations - spherical
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Detectors

LT <= Fiber optics

LR
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 L] L] ] L]
K2 Summit (super-resolution)
K2 Summit (counting) —
DE-12 —
0.8 Falcon Il —
Falcon| —
_ F416
0.6 " US4000 —
Ly .
o
a
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 (102 - 10°
pPa)

- ion getter pump (up to 10°Pa)

Outlet Exhaust Inlet
Gos IE T N iy 2 port

ballast

valveZ

Chamber
case

DPCEITEC



Vacuum system

- roughing pump (10° - 10* Pa)

- turbo molecular pump (102 - 10°

pPa)

- ion getter pump (up to 10°Pa)

Chamber

Turbine
Blades

Stator
Blades

L™

¥

90.000
rpm
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Vacuum system i
- roughing pump (10° - 10™ Pa) IONIZED H2

oD
CATHODE +‘

~=—. BURIED HIGH

- turbo molecular pump (102 - 10°
ENERGY NEUTRAL

*Pa) ANODE

N

- ion getter pump (up to 10°Pa) REFLECTED

NEUTRAL
SURFACE DIFFUSION IN
DISSOCIATION CATHODES ON

DISSOCIATION

PLAT
MAGNET TiTa PLATES

Principle of .
Operation External View
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Vacuum system

VYacuum Overview

[IGP*: 1 Log)»
[PIRa: 7 Log)
[FIRm: 33 Log)»
[IGPa 44  Llog »
[PPct 1 Log)
[PIRI: 33 Log»
[IGPco: 27__Log>
[IGPek 44 Log»
[CCGp: 19 Llog )y

[FIRBF 4 Log»

[FiRpv: 8 Log)

Process information:  Column valves closed
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TEM

Example TEM

schematic
One of many types of TEMs
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TEM

Differential pumping apperture
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TEM
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SEM
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Dual beam FIB/SEM

Suppressor and liquid
metal ion source (LMIS

Extractor cap
Beam acceptance
apertura (BAA)

Lens 1

Automatically vanable
aperiure (AVA) strip

T

l
E
\\':'\er Lens 2
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Octupole

Sampie plane
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- Everhart-Thornley Detector (ETD)

- lon Convertion to Electron Detector (ICE)

Converter -4kV A0
Scintillator +10kV Gnd -600V
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SEM - detection

- Concentric Backscatter detector

Composition and material contrast

7

% j"' ;

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

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