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 Overview: ● What is cryoEM

● Why detectors are so important to CryoEM

● Differences between imaging: 

● 100 keV electrons

● 300 keV electrons

● Data handling problems

● Future detectors



CryoEM



Electron Microscope

JEOL
(cryoARM)

ThermoScientific
(Krios G4)

● 300 keV 

● 100 000 000 kr

● Service costs

● “White boxes”

● Better than needed?



Electron Microscope

Cheaper
7 000 000 kr

● Based on JEOL's cheapest 120 
keV electron microscope

● Need FEG (supplied by YPS – 
no SF6)

● Need excellent imaging detector 
(Dectris Singla)

● Really want 2k x 2k detector
● Current “lash-up” is good 
enough 2.6 Å resolution



Electron Microscope

Bright field phase 
contrast imaging

Field 
emission  
Source

High 
DQE 
detector



Only one electron in microscope 
at a time!

● Limited to ~20 electrons per square Å

● 2 Second exposure

● Image area ~ 20 x 106 pixels

● 1/(2Å) resolution (1Å  pixel)

● Have 200 x 106  electrons per second  

● Electrons moving at 200 x 106 m/s

● 1 m between electrons



Electron Microscope

Bright field phase 
contrast imaging

Low contrast noisy images



Match  
projections

Generate model

CryoEM data processing

Select particles
(1000 to 106)

Images



F

Match  
projections

Final Model

Generate model

CryoEM data processing

Select particles
(1000 to 106)

Images



Subramaniam IJCrJ 2020 Jul 2 5750576
100 keV results 

Covid19 results
7SVR PDB 

ENTRY
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Why direct  electron detectors have 
made such a difference

● Higher DQE
● Movies allowing motion 

correction
● Movies allowing 

radiation damage 
weighting

● Many more images 

● Better reconstruction 
programs

● Microscope automation
● More people in the field
● Higher expectations
● Success attracts Money



CryoEM: 
● Two tribes:

➔Tomography
➔Single particle:

● 300 keV
● 100 keV



Peet et al (2019)
Ultramicroscopy 

203, 125–131

Historical Theory 
by Bloch/Bethe

confirmed in new 
measurements 

Structural information in images for same amount 
of radiation damage, as a function of electron 
energy.

Cross section (megabarns)

Transmission = e−t/λ

Information   ≈ [Transmission * se / si ]

Optimal energy for 
a given thickness 

specimen



300 keV

35 µm

Difference in scattering of 100 and 300 
keV electrons in Silicon



MAPS 
Detector



MAPS 
Detector



Kuijper etal, JSB, 192 (2015) 179-187

  
Detector must 
be backthinned!

Detector must 
be mounted 
carefully

300 keV detectors



MAPS Electron Event Images 
(14 µm pixel – backthinned ~30μm)

128 pixels

20 pixels



“Landau” 
distribution

Distribution has 
a very long tail

Variable energy deposition:

Variable 
singal lowers 
DQE (~0.6)



Solution: use counting mode for high DQE



Commercial 300 keV Detectors

● Gatan (K2/K3)

● Direct Electron (DE20)

● ThermoScientific (Falcon)
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What about 100 keV?
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Hybrid Pixel Detector Approach

(a) (b) (c) (d)

(e) (f) (g) (h)

All possible responses to 100 keV 
electron with 75 μm pixel

● Threshold as low as 
possible to catch every 
electron

● Average  response  ~2/e-

● DQE(0)  reduced to ~0.8 



Improved Hybrid Pixel Detector

(1) (2a) (2b) (3a) (3b) (3c) (3d) (4)



Improved Hybrid Pixel Detector
(Smart pixel)

(a) (b) (c) (d)

Find events “on pixel” to 
avoid multiple events. 
(Not CSM of Medipix)

Or

Read out very fast using 
2 bits



Screen shot of software application using smart pixel 
approach with Dectris Singla detector showing super 
resolution. 

Super resolution image with Dectris Singla



What about the data
● 4 TB a day per microscope despite 
compression

● 365 Days per year

● MRC-LMB has 4 Krios + Glacios + others

● Storage is a major problem

● Data processing is a major problem 



Future detector improvements:

● 300 keV: (money runs out) 
6k x 6k
> 2000 fps

● 100 keV: (space runs out)
3k x 3k
5000 fps



Summary
● Introduction of direct electron detectors has 
made a huge difference to cryoEM

● 300 keV microscopes work very well but are 
expensive (380 + 200 currently in world)

● 100 keV microscopes can work well but only 
TFS Tundra commercially available

● All depends on large area high DQE  
imaging detectors (DQE(0) > 0.9 
DQE(Nyquist) > 0.4)



Thanks

And many more ...
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