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A brief history of hardware
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A brief history of hardware

Ernst Ruskas erste Elektronen-Mikroskope
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1939, 30 000-fache VergroBerung,
Auflésung 3 nm, 1. Serie von Siemens,
Spulen mit Wasserkihlung

1933, 12 000-fache
VergréBerung,
TH Berlin

Ernst August Friedrich Ruska (1906 —1988)
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A brief history of hardware

TEM: Transmissions-Elektronenmikroskope
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~ Siemens UM 100d, Siemens Elmiskop, Zeiss EM9, 1964 Tecnai, G20 S-Twin, 200 kv, Fei Titan 80-300, 300
100 kV, 1949 100 kV, Auflosg. bis 40000-fach, Auflésg. 0,24 nm, heute kV, Aufigsg. 0,1 nm,
0,8 nm, 1960 Auflésg. 1,2 nm TEM+STEM, heute
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The microscope

Example TEM
schematic
One of many types of TEMs
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The electron source

TIP RADIUS
* 2 types of sources w=a | L/
* Thermionic electron Gun K L°f>5>:m<
* Lab6 crystal . /_| (CROSSOVER) |_\
* Tungsten (W) — wire ANODE

Cheap (hardly ever used anymore)

* Field Emission Gun (FEG) VAl "N\
» Single tungsten crystal suppressor 0% EXTRACTOR
combined with a ZrO — 750 um ———
material

Can create a smaller spot and high
current densities, highly
monochromatic

—{
100 um
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Sources

* Electrons leave guns with energy spread
* Cathode type dependend

* Tungsten wire guns (energy spread 1.5-2.5eV)
* FEG energy spread (energy spread 0.3-0.8 eV)

* IMPORTANT because lens focus varies with energy
* Chromatic aberration
* Hurts when trying to get high resolution images
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lllumination lens system

Example TEM

schematic
One of many types of TEMs
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Viewing screen
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The projection lens system

Electron source

Condenser lens 1 [
First crossover

Condenser lens 2 [
Condenser lens aperture

Specimen
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Image plane <ir
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The role of apertures

Condensor : Example TEM
schematic
One of many types of TEMs
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Role: 5 hcries
* reduce the CCD camera Gk aging by
with parall ' Beam e ectrons
* minimize l¢ hin
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Different operation modes and
their apertures
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Special lenses

° C3 Iens ' Example TEM

schematic
One of many types of TEMs

* Stigmators - Fiament
e Cs correctors
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Special lenses —C3 lens

Without C3 lens

specimen

( C2 aperture

Titan condensor manual



Special lenses —C3 lens

With C3 lens

Titan condensor manual



Special lenses — Stigmators

e Condensor
* Objective
e Diffration

Astigmatism: Non-spherical electron beam

Octupoles
- Objective Iens\A

Stigmator

Objective aperture

Astigmatism: Beam
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Special lenses — Cs-corrector

With C3 lens, corrects spherical abberation

Uncorrected Spherical Aberration
Aberration Corrected

Electrons
farthest from
the optic axis

Electrons
focused to one
focal point

Electrons
nearest the
optic axis
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Energy filtering in TEM

} To projector lens crossover
object plane of spectrometer

Viewing screen

Entrance apertures

Alignment coils

CCD

. . S
Magnetic prism Quadrupole detector

Slit SI\ 72;3/54/&96

Sextupoles

CCD camera
Omega Filter Gatan Imaging Filter (GIF)

From Williams and Carter, 77ansmission Electron Microscopy, Springer, 1996




Sample holders

* Multi-grid
e Automated (Titan)
 Manual (Polara)

* Single-tilt

' CRYO HOLDER

m Keep specimen below -160 °C to prevent the formation of either
cubic- or hexagonal ice
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Detectors

* Fluor screen

* CCD camera
» Diffraction & imaging

* Direct detection camera’s
= |mag|ng X displacement (um)
. . =200 -150 -100 -50 0 100 150 200
 Gatan K2 & Fei Falcon series ¢ -- -
* High energy electrons needed

E
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* Quantum counting detectors
* Diffraction
* Very radition hard
* Big pixels
* Forimaging low energy is better
* Medipix and Eiger (Dectris)
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Direct Electron Detectors

(a few um thick)

Electronics and ™\ “\R:«diulion N
interconnect \

Solder bump

Sensitive volume
(2 - 20 pm thick)

Substrate
(300 - 300 pm
thick)

Monolithic direct electron detector:
- damage prone

- Small point spread

- Low dynamic range

Analogue
amplificatio

Digital

Hybrid pixel detector:
- radiation hard

- Larger point spread

- High dynamicrange



Detectors —a new era

—\ N —

N 7 yjl ‘ ‘ ‘,“:‘”l ) ]
Y 3 | oy

CCcD

Direct detection 0.1-10 fps

Quantum detection 100-1000 fps

Amsterdam Scientific Instruments



Questions




