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4th Generation Synchrotrons

4th generation

Diamond Light Source
My office in STFC

Diamond II
• 6-bend achromat to reduce 

e- emittance

• High photon flux

• Higher energy

• Scheduled build 27-28
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ESRF-EBS
• Operation now

4th Generation Synchrotrons

Credit: V. Honkimäki ESRF

Detectors have to 

have beam stops 

over the Bragg 

peaks to cope with 

the flux
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4th Generation Synchrotrons
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Detector Requirements
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Hard X-ray Detector Material

~108 ph/pix/s

~1010 ph/pix/s

Photon 
Counting

Integrating Integrating Detector 

and High Frame Rates

…and ~100µm pixels… 

and Mpixel scale with 

minimal dead space
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High-Z Detectors - Silicon

✓ Charge Transport

✓ Supply Availability

✓ Wafer Size

✓ Cost

Stopping Power

Could Silicon still be 

used for higher 

energies?

The $20B medical 

imaging market think 

it is worth a try…
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High-Z Detectors - GaAs

Charge Transport

Cr compensation

Supply Availability

Tomsk Development

✓ European commercial 

Wafer Size

✓ Area

Thickness

✓ Cost

✓ Stopping Power

Credit: Juha Kalliopuska, IWORID 2024

Fine pitch photon 

counting 

demonstrated
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High-Z Detectors - CdTe

Charge Transport

e- okay, h+ poor

Supply Availability

✓ Acrorad – 50% Siemens

Wafer Size

Area

Thickness (Ohmic vs Schottky)

✓ Cost

✓ Stopping Power

Ohmic – Pt/Au – 

CdTe – Pt/Au

Schottky – Pt/Au 

– CdTe – In/Al

I

V

Photon counting 

ASIC can be 

tolerant of 

relatively high 

leakage currents

Schottky CdTe – Polarisation under bias

Time – Leakage current trapped by Schottky barrier and 

collapse of E Field
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High-Z Detectors - CdTe

Ohmic – Pt/Au – 

CdTe – Pt/Au

Schottky – Pt/Au 

– CdTe – In/Al

I

V

Schottky CdTe – Polarisation under bias

Time – Leakage current trapped by Schottky barrier and 

collapse of E Field

Credit: Fajardo – IWORID 2023

Trapping and E field stability 

can compromise stability 

and time response
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High-Z Detectors - CdZnTe

Typically ~10% Zn 

added

Increase bandgap

Increase resistivity

Proc. of SPIE Vol. 9213 92131L-1

CdTe @ 108-9 Ωcm CZT @ 109-10 Ωcm

Charge Transport

e- okay, h+ poor

Supply Availability

Redlen, Kromek…

Wafer Size

Area

✓ Thickness 

✓ Stopping Power

✓ Cost ($$$)

Credit Redlen Technologies
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High-Z Detectors - CdZnTe

Low Hole Lifetime = Flux induced Polarisation

Maximum flux depends on drift 

times and lengths of holes

Thickness, Bias, Energy

Hole mobility and 

lifetime is key
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High-Z Detectors - CdZnTe

https://doi.org/10.1088/1748-0221/12/12/C12045

O. Baussens et al 2022 JINST 17 C11008 

“Excess Leakage 

Current” and 

“afterglow”
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High-Z Detectors - CdZnTe

Kjell A. L. Koch-Mehrin, Leicester - Thesis

Raw
CSD (1 pixel)
CSA (2 pixels)
CSA (3 pixels)
CSA (4 pixels)

• 250µm pitch HEXITEC detectors

• 40-60% of events are spread over 

neighbouring pixels

• Have to reconstruct “charge 

sharing” for energy spectra

• Challenge for even finer pixels…

mailto:Matt.Wilson@stfc.ac.uk
https://figshare.le.ac.uk/articles/thesis/The_hard_X-ray_performance_of_pixelated_CdTe-based_detectors_using_Monte_Carlo_and_ab_initio_simulations/23579085?file=41362950
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High-Z Detectors - CdZnTe

Raw
CSD (1 pixel)
CSA (2 pixels)
CSA (3 pixels)
CSA (4 pixels)

• Compare shared 

fractions and 

correct for loss

https://www.ideals.illinois.edu/items/123380 
Can Yang, UIUC
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High-Z Detectors - Perovskites

Perovskites ionic crystal 
structure
• CsPbBr3

• FAPbBr3

• MAPbBr3
• …

Solution grown at relatively 
low temperature

mailto:Matt.Wilson@stfc.ac.uk


ENRICH

Matt.Wilson@stfc.ac.uk, ENRICH COST Annual Meeting, 15th of July 2026, Krakow

High-Z Detectors - Perovskites

Many applications, detector types and markets → challenge of single photon resolving to high flux

✓ Single photon resolved ? High flux and stable ? Scale, uniformity and lifetimes
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High-Z Detectors - Summary

• There are a range of semiconductor detectors

• No one is perfect for the extreme case of next 

generation light sources

• Interested in collaborating in 

• Characterising

• Instrumenting

• ASIC readout

• ...
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Detector Systems

• If you can photon 

count… then count

• But if your flux is too high

• Or all your photons arrive 

instantaneously (XFEL)

• Then you have to 

integrate

LPD at FXE 

@ EuXFEL

Parallel Circuits 

with ranges of gain 

– high dynamic 

range but takes up 

space 
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Integrating Detectors – Adaptive Gain

104 ph/pixel/pulse * ~kHz → 107-8 ph/pixel/pulse

Great for pulsed sources but not sustained rates 

104 ph/pixel/pulse * ~100kHz → 109-10 ph/pixel/pulse

Addition of embedded ADC and high speed outputs

High

Medium

Low

mailto:Matt.Wilson@stfc.ac.uk


ENRICH

Matt.Wilson@stfc.ac.uk, ENRICH COST Annual Meeting, 15th of July 2026, Krakow

Integrating Detectors – Charge Cancellation

High

Medium 
= N photons

Empty the bucket 
when its full Count N 

photons Every 
empty

Measure what is 
left at the end

XIDyn
• 192x144 Pixel with 2-stage charge cancellation - 110µm
• 16bit value per pixel
• ~133kHz frame rate using 6*14.1Gbps CML 

transceivers
• ~6x109 ph/pix/s (energy and LSB)
• In pixel RAM for high rate burst mode
• Test ASICs demonstrated and full scale about to be 

submitted
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Summary

Summary 
• 4th Generation Synchrotrons are pushing the boundaries of 

detectors materials, readout ASICs and data rates

• High-Z Sensors are a key requirement

• Limited suppliers, performance issues

• Workable but not perfect

• Developments ongoing 

• Directly transferable to medical, NDT and security applications

• Interested in characterising and instrumenting detector materials 

and collaborators to help test detector materials
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Addition funding was provided by 

the STFC Detector Hub and 

Centre for Instrumentation; UKRI 

ISPF – SPRINGS programme and 

EPSRC and BBSRC projects
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