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Four types of electron gun

Tungsten Schottky Cold FEG
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Design of a simple electron gun

« Some assumptions for biologists
— Electrons move from lower potential to higher

potential

£ mmmm———— >
Lowel‘. H|gher
potential potential

— We can make electrons come out of metal by
heating It enough
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Design of a simple electron gun

« Cathode and extractor
electrode

« Heating causes electrons
to come out

* Not very efficient as heat
of cathode Is needed to
change the electric current

* Wehnelt (in 1903)
Introduced a third
electrode that is held a
negative potential with
respect to the cathode.
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Design of a simple electron gun
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Cathode and extractor
electrode

Heating causes electrons
to come out

Not very efficient as heat
of cathode Is needed to
change the electric current

Wehnelt (in 1903)
Introduced a third
electrode that is held a
negative potential with
respect to the cathode.

Hawkes (2018)
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Basic design of an EM gun

Cathode
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What’s happening in more detail

 Things have electrons in them

« Heating the material causes electrons to get some
thermal energy and leave
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What’s happening in more detail

 Things have electrons in them

« Heating the material causes electrons to get some
thermal energy and leave
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What’s happening in more detail

 Things have electrons in them

« Heating the material causes electrons to get some
thermal energy and leave
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Thermionic guns
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Short comparison

Tungsten
Units | Tungsten LaBg
Temperature K 2500-3000 | 1400-2000
Work function (®P) 4.5 eV 2.7 eV
Vacuum Pa 102 104
Stability %l/hr <1 <1
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Schottky guns
| A strong electric field

Schottky

can lower the work
function by A®

Now the electron has a
smaller barrier to

___ overcome
] » Heating is still needed

(\ to provide ?most? of
the energy
 Field assisted
thermionic guns
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Field Emission guns

Cold FEG
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* A very strong

electric field
causes a flattening
of the barrier and
electrons can just
tunnel through



Different ways to get electrons

— y 4
F A k\\/ Thermionic emission
A¢w|\

“F 77777777777

Metal

&2 CoLUMBIA UNIVERSITY Reimer & Kohl (2008)
IN THE CITY OF NEW YORK F|g 4 1



Short comparison

Tungsten LaBg Schottky Cold FEG
Units Tungsten LaBg Schottky | Cold FEG
Temperature K 2500-3000 | 1400-2000 1800 300 or 1500
Work function (®P) 4.5 eV 2.7 eV 2.7 eV 4.5 eV
Vacuum Pa 102 104 106 109
Stability %l/hr <1 <1 <1 5
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Thermionic guns

‘poisoned’ LaBj
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Cold FEG

Emission Current —

Tip turn on

Gas stringers form
Gas molecules causing instability

build up on tip \

/

Uniform gas layer on tip
produces stable plateau

e

Time after Tip Flash Told FEG
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Short comparison

Tungsten LaBg Schottky Cold FEG
Units Tungsten LaBg Schottky | Cold FEG
Temperature K 2500-3000 | 1400-2000 1800 300 or 1500
Work function (®P) 4.5 eV 2.7 eV 2.7 eV 4.5 eV
Vacuum Pa 102 104 106 109
Stability %l/hr <1 <1 <1 5
Energy spread eV 3 1.5 0.7 0.3
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Energy spread

» Caused by electrons from different ‘heights’ leaving the gun
« Different energy electrons are focused differently

* Low energy spread Is better
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Gun Brightness
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Summary

« FEG high energy coherence, and brightness

» Cold FEG has low stability

» FEG need high vacuum
Units Tungsten LaBg Schottky | Cold FEG
Temperature K 2500-3000 | 1400-2000 1800 300 or 1500
Work function 4.5 eV 2.7 eV 2.7 eV 4.5 eV
Current density 5 107 104 106
Brightness Alm?sr 1010 5x101 5x101? 1013
Energy spread eV 3 1.5 0.7 0.3
Diameter of source 20-50 um 10-20 um 15 nm 2.5 nm
Vacuum Pa 102 104 106 109
Stability %l/hr <1 <1 <1 5
Lifetime hr 100 1000 >5000 >5000
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Next topic

« Magnetic lenses (Williams and Carter, 2009)
« Sample interactions

« Camera
— CMOS
— DQE
— Electron counting
— Comparison (now K3)

e Grids
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