
Novel applications in 

3DED with direct hybrid 

pixel detectors 
Clemens Schulze-Briese
2025-11-03 – NYSBC microED short course 2025

dectris.com



0

10

20

30

40

50

60

70

80

90

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

S
h

a
re

 [
%

] 

Year

DECTRIS detectors transforming protein crystallography

DECTRIS detectors for Protein Crystallography
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DECTRIS accelerates modern drug development
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Hybrid Pixel Counting



HPC – Hybrid Pixel Counting Detectors
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HPC 

=

Hybrid pixel 
technology

+

single 
photon/electron 

counting

Technology leap 2: Noise-free photon counting detectors 

Sensor 
CdTe or Silicon 

Readout chip

(CMOS ASIC)

X-rays/electrons

Indium bump 18 μm

Hybrid after bumpbonding



Single-electron counting

Direct electron absorption and energy deposition
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Single-electron counting

Amplification
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• Electrons absorbed in sensor pixel

• Charge sensitive amplifier (CSA) and 

shaper: signal proportional to 

deposited energy
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Single-event counting

Comparator and energy threshold
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• Photons absorbed in sensor pixel

• Charge sensitive amplifier (CSA) 

and shaper: signal proportional to 

photon energy

• Comparator:

Adjustable energy threshold
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Single-electron counting

Comparator and energy threshold
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• Photons absorbed in sensor pixel

• Charge sensitive amplifier (CSA) 

and shaper: signal proportional to 

photon energy

• Comparator:

Adjustable energy threshold

• Signals above threshold are 

countedp
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Single-electron counting

Comparator and energy threshold
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• Photons absorbed in sensor pixel

• Charge sensitive amplifier (CSA) 

and shaper: signal proportional to 

photon energy

• Comparator:

Adjustable energy threshold

• Signals above threshold are 

counted

• Suppression of dark signal

• Suppression of fluorescence

p
h
o
to

n
 e

n
e
rg

y
e
le

c
tr

ic
a
l 
s
ig

n
a
l

th
re

s
h
o
ld

c
o
u
n
ts

CSA Shaper Comparator

Counter

Readout

X-ray

E
le

c
tr

o
n

 



Single-electron counting

Digital counting and readout
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• Photons absorbed in sensor pixel

• Charge sensitive amplifier (CSA) 

and shaper: signal proportional to 

photon energy

• Comparator:

Adjustable energy threshold

• Signals above threshold are 

counted

• Suppression of dark signal

• Suppression of fluorescence

• On-the-fly digitization and digital 

readout

• No readout noise

• Fast readout

• High dynamic range
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• High count-rate capability 

• Noise-free counting

• High dynamic range 

• Excellent Point-Spread-Function 

• High-frame rates  

• Optimise MTF, DQE and rate capability, depending on 

the application needs. 

• Stability

• Radiation hardness (nA)

• Room-temperature operation

Hybrid Pixel Counting detectors for electron detection  

Key benefits

Erice Electron Crystallography School 2026-06-03

X-rays: M. Bochenek, et al., IEEE Trans. Nucl. Sci. 65 (2018) 1285

Electrons: S. Fernandez-Perez et al (2021) JINST 16 P10034 



Why a fast, noise-free detector? 

12POLLUX - Designed for XRD 04.11.2025

Johan Hattne et al., MicroED with the Falcon III IUCrJ (2019). 

For successful data collection, the dose (exposure) needs to be calibrated and properly selected. For protein data collection , it is 

recommended to use less than 1 e-/Å2 total dose during data collection.

        Unge et al. Standards for MicroED, Acta Cryst. (2025) 

Vlahakis et al. EBEC for small-molecule structure determination , Acta Cryst. (2025).



Background 15-20 counts, peak ~ 30 counts 

High dynamic range 

Weak, diffuse reflections 

200 kV, 0.02508 Å, D: 483 mm, 
0.5 ° oscillation

CuPd alloy diffracting to 0.4 Å 

Maximal count: 380’476 

Intense low resolution reflections 

Erice Electron Crystallography School 2026-06-03

By courtesy of Prof. Klaus Richter, Dr. Juan Chen and Dr. Tim Grüne

Department of Functional Materials and Catalysis
University of Vienna 



Fine φ-slicing improves data quality

2024-11-04Erice Electron Crystallography School

High background in 3DED

Δφ < mosaicity improves

overall statistics

highest-shell statistics

number of overlaps

higher I/sig(I)

Start with 0.1°/frame
Müller (2011) Acta D

Elastic + Inelastic Elastic

By courtesy of Lothar Houben, WIS, IL

https://doi.org/10.1107/S0907444911049833


Integration & Applications 
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Octagon

Spacious and versatile chamber.

Flanges to add CRYO, EDX or other 
modules.

State of the art Goniometer

Higher rotation speed up to 4°/sec

Maximum precision and stability allowing 200° 
rotation

Cryo cooled

Minimum number of Lenses

No calibration needed after setup. 

High depth of STEM image sharpness when sample is 
tilted.

DECTRIS Detector

Hybrid-pixel (readout in real time) detector: Low-
noise and high dynamic range.

Easy transfer sample compartment with 
CRYO and inert transfer capabilities 
directly from glove-box. 

Drift Tube

Freely and undisturbed flying electrons for reduced distortion and highly accurate unit cells. 

Electron beam source 

LaB6 source operating at 160 keV.

ELDICO ED-1  Dedicated Electron Diffractometer

03 – ELDICO ED-1



Gatan – 17

MicroED of acetaminophen – A small molecule
• High-SNR, low noise, and fast frame rate allow Stela to solve high-resolution structures of 

small molecules

• Electron counting maximizes the SNR to detect the weakest diffraction reflections

1.2 Å

3D reconstruction courtesy of Dr. dos Reis, Northwestern University.

3D visualization of the reciprocal spaceDiffraction movie
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Tescan TENSOR

✓ Increased Productivity

✓ Unprecedented Usability

✓ Enhanced Performance

✓ Multimodal Versatility 

✓ Perfect Synchronization

✓ Full Integration

Boosting STEM ProductivityI

Technology Behind

1 0 0 k V  S c h o t t k y
F i e l d  E m i s s i o n  G u n

H y b r i d  p i x e l
D i r e c t  D e t e c t o r

W i n d o w l e s s  
S y m m e t r i c a l
D u a l  E D S  S y s t e m

C o l u m n  D e s i g n  
O p t i m i z e d  f o r  
B e a m  P r e c e s s i o n

E L E C T R O S T AT I C  
B E A M  B L A N K E R

7 2 , 0 0 0  H z

U p  t o  1 . 0  M H z

U p  t o  4 , 5 0 0  f p s

S o l i d  a n g l e  2 . 0  s r

D e d i c a t e d
S T E M  d e t e c t o r s  

B F / D F / H A A D F

U p  t o  1 0  n A  ( @ 1 n m )

3 - L E N S  C O N D E N S E R

S t a b i l i t y  a n d  F l e x i b i l i t y

N e a r - U H V
V a c u u m  S y s t e m

S a m p l e  ~ 1 0 - 6  P a
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02 Precession Assisted
3D ED Workflows

Boosting STEM ProductivityI
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Tescan TENSOR

✓ Increased Productivity

✓ Unprecedented Usability

✓ Enhanced Performance

✓ Multimodal Versatility 

✓ Perfect Synchronization

✓ Full Integration

Precession Assisted Electron Diffraction Tomography (PEDT)

Stepwise 3D ED Acquisition

▪ Integrated Bragg reflection intensities

▪ Decreased dynamical scattering effects

▪ Longer acquisition time (~30 mins/series)

▪ Data processing using PETS Enhanced

Nano-EDT (5D-STEM)

▪ Distribution of electron dose during scanning

▪ Selection of pixels with good diffraction data

▪ Tracking of different nanodomains (grains)

M. Gallagher-Jones, et al., IUCrJ (2020). 7, 490–499
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Tescan TENSOR

✓ Increased Productivity

✓ Unprecedented Usability

✓ Enhanced Performance

✓ Multimodal Versatility 

✓ Perfect Synchronization

✓ Full Integration

Boosting STEM ProductivityI

Determining Unknown Phases in Polycrystalline Thin Film

200 nm500 nm

▪ Cu-rich sulfide ceramics (Cu2.3Mn0.7GeS4)

▪ Known structure of the stannite phase 
▪ Unknown structure of the enargite phase

Collaboration with Prof. Phillipe Boullay, University of Caen, FR 

▪ 4D-STEM phase mapping

▪ 4D-STEM orientation mapping

enargite phase stannite phase
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Tescan TENSOR

✓ Increased Productivity

✓ Unprecedented Usability

✓ Enhanced Performance

✓ Multimodal Versatility 

✓ Perfect Synchronization

✓ Full Integration

Boosting STEM ProductivityI

SerialPED for Structure Determination and Accurate Dynamical Refinement

200 nm
▪ Baryte (BaSO4) ED pattern without and with 

precession (0.92 °)
▪ Averages out non-systematic dynamical effects 

(Kikuchi lines, double diffraction, diffuse 
scattering). Less partial intensities. 

▪ Completeness 62.1=> 99.1%  Rint 23.3 => 13.1% 

Sergi Plana-Ruiz et al. . Beam precession for serial electron crystallography J. Appl. Cryst. (2025). 58, 1249

▪ Refined structure models along b-axis with difference Fourier 
maps (yellow positive, light blue negative electrost. potential)

▪ Dynamical refinement
▪ Anisotropic ADP refinement

▪ Reduced noise of residual electrostatic potential  
▪ Significantly improved figures of merit (R, Rw, RMSD)  



Recent research highlights 

Erice Electron Crystallography School 2025-06-03

Mahmoudi et al., Nature, 645, 88  Arakcheeva  et al., Scientific Reports, 15, 31945 



Conclusions 

1. Hybrid pixel counting detectors are ideally suited for 3DED in terms of dynamic range, speed and 

radiation hardness

2. Key advantages: data quality, throughput, robustness => extend scope of method   

3. Automatic processing can build on MX automation efforts at synchrotrons during last 2 decades

4. SINGLA is currently the largest HPC detector for 3DED



DECTRIS Cloud 
https://www.dectris.cloud/ 
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DECTRIS CLOUD for EM

DECTRIS Cloud  

Science in Sync : Collaboration Simplified

Collaborate instantly across teams, institutions, and disciplines:

• Instant sharing of data, software environments & workflows

• Custom projects with shared data drive & logbook
• Real-time multi user access to same dataset

Instant Insight : Tools & Data Ready

Start processing and analysing within a click from your browser:

• Virtual machine sessions for interactive analysis and 3D visualization

• Community curated software packages preinstalled and ready to use
• Data always mounted via high speed connection

• Repository of automated workflows and processing jobs

Compute with Autonomy : Scale Your Way

Run compute, data and memory heavy tasks and workflows:

• On-demand access to hundreds of CPUs

• Elastic storage bursts to petabyte scale

• No queuing system or workflow language

• Upgrade your machine with a click of a button

• Auto-orchestration of complex compute jobs

Trust Your Science : Custom & Reproducible

Capture workflows, environment & data for future use:

• Interactively customizable environments with full isolation
• Custom jobs for automated processing and analysis
• Full admin rights for every user

• Automated versioning of environments and automated jobs
• Temporary data versioning for overwrite/delete protection



DECTRIS CLOUD for EM
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Environments

Interactive

Sessions

DECTRIS CLOUD Engine

Isolated Software 

containers

Automated

Jobs

Data

Elastic 

Storage

Compute

Elastic

Performance 

per task shareable

soon!

versioned



DECTRIS CLOUD for EM
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Environments

Interactive

Sessions

DECTRIS CLOUD Engine

Isolated Software 

containers

Automated

Jobs

soon!

versioned



DECTRIS CLOUD for EM

+ Full autonomy - no troubleshooting of permissions & rules.

+ A safe area to experiment and push science forward.

Trust your Science : Custom and Reproducible Power

Auto-versioning of 

data and software 

for reproducibility.

Admin rights for 

full customization 

of your workspace.

Isolated 

environments 

ensure stability.



DECTRIS CLOUD for EM

Highlights of the Ready-to-use Tools

IMOD

AreTomo3

>500 additional tools

Coming Soon!

XDS



DECTRIS CLOUD for EM

Want to explore more? 

Discovery
Free 1-month license

Contact : Oliver Harder

oliver.harder@dectris.com

app.dectris.cloud

for 1 month

Free license

Access to data and tools 

for Electron Diffraction and 

adjacent EM techniques



Thank you for your attention 

DECTRIS team in May 2023 

clemens.schulzebriese@dectris.com 

mailto:clemens.schulzebriese@dectris.com
mailto:clemens.schulzebriese@dectris.com
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