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WHAT BROUGHT ABOUT THE RESOLUTION 
REVOLUTION

(~2012-2014)

Direct Detectors Computers

2012->2017
Cost reduced by 100x

Microscopes

H
ar
dw

ar
e





Aaron Klug and David DeRosier, LMB/MRC Cambridge

Pioneering work: 3D reconstruction of a
bacteriophage tail using the Fourier-Bessel

approach, 1968
Application of the Projection-Slice Theorem
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THREE-DIMENSIONAL RECONSTRUCTION:  
STRUCTURES  WITH HELICAL SYMMETRY.  1968
(sample prep: negative staining)



DIRECTIONAL INFORMATION LOSS



J. Frank, in Molecular Machines in Biology 2011

Iterative angular refinement
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Koning et al.  Ann. Anatomy 2018

NEW ERA (SINCE 2012): DIRECT ELECTRON DETECTING CAMERAS



DETECTORS Digital Cameras for TEM
Photon 
converted

Direct sensing

• CCD

• CMOS

phosphor
fiber optic plate

Direct Detectors

?
Complementary Metal 
Oxide Semiconductor

Charge Coupled Device

high dose rate



DETECTORS Detector Performance Characterization

MTF (Modulation Transfer Transform)
contribute to signal envelope

DQE (Detector Quantum Efficiency)
S/N over spatial frequency range
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DETECTORS Detector Performance Characterization

dectris.com Ruskin, et al JSB



K3 SPECS

https://www.gatan.com/K3



COUNTING MODE

Events reduced to 
highest charge pixels.

Charge collects in 
each pixel.

Electron signal is 
scattered.

Electron enters 
detector.

https://www.gatan.com/improving-dqe-counting-and-super-resolution

11,520 x 8,184 px

5,760 x 4,096 px



https://www.gatan.com/



CTF: WHY IS MONITORING THE CTF IMPORTANT IN OUR 
DATA COLLECTION?



CTF
The contrast transfer function (CTF) mathematically describes how 
aberrations in a transmission electron microscope (TEM) modify the image of 
a sample

https://www.globalsino.com/EM/page4236.html



FOCUS



Most cryo-EM data are acquired using defocus contrast

object imageobject image

• At high defocus, high-
resolution information in the 
image is strongly delocalized. 

• Image processing can re-
localize the signals, but at 
most only about half of the 
theoretical contrast is 
preserved by defocusing. 

• “Underfocus” means 
decreasing the strength of the 
objective lens, effectively 
focusing above the specimen.



Modeling an image

Deconvolution:
 ??Ã = X/C

A C CA

X = CA + N

, B=100Å2
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How to undo the CTF effects?

1.  Phase flipping 

Ã = sgn(C)X

, B=100Å2
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How to undo the CTF effects?

1.  Phase flipping 

 

2. Wiener filter 

 

Ã = sgn(C)X

Ã = CX
C2 + k

, B=100Å2
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How to undo the CTF effects in noisy images?

3. Wiener from multiple images 

 Ã =
∑N

i CiXi

k + ∑N
i C2

i

 k = 1/SNR

= |N |2

|A |2
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https://guide.cryosparc.com/processing-data/all-job-types-in-
cryosparc/ctf-estimation



ROUTINE USE OF SPA



TIPS AND TRICKS FOR



DATA COLLECTION 



WHAT FACTORS MATTER



IMPACT OF GRIDS


