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ESRF - Extremely Brilliant Source (EBS)
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Detector R&D needed to target time-resolved
scattering and diffraction experiments

XIDer detector objectives:
1. High dynamic range for single photon 

resolution at ≤ 109 ph/pixel/s
2. Fast front-end to detect near continuous and 

pulsed beams ≤ 5.7 MHz
3. Wide energy range for efficient detection of 

up to 100 keV photons

First high-energy 4th generation synchrotron, 
providing a highly brilliant and coherent beam.

 Challenging task for pixelated detectors to 
measure high fluxes at energies of up to 100 keV



The XIDer collaboration

Hybrid pixel
X-ray detector

ESRF

Heidelberg

The XIDer collaboration: 5-year detector R&D plan (2019-2023) between ESRF and Heidelberg University

• Heidelberg University: design and fabrication of readout ASIC (application-specific integrated circuit)
• ESRF: system specification and evaluation, sensor design and procurement
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Digital integration concept

Novel digital integration readout concept 
developed for the front-end of 2D pixelated 
detectors with per-pixel digital data.

• Below threshold subframes discarded: 
noise-free single photon sensitivity at 
low flux

• Subframes summed into final recorded 
signal: functionally equivalent to charge 
integrating system at high flux 

 Achieving desired high dynamic range 
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Reference for detail: P. Fajardo, et al., “Digital integration: a novel readout concept for XIDER, an X-ray detector for the next generation of synchrotron radiation sources,” in iWoRiD, Greece, 2019
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Implementation in XIDer prototypes
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Coarse stage Fine stage

References for detail: D. Schimansky et. al., “Concepts for the XIDer readout ASIC incorporating a pipelined ADC with very low dead time,” JINST vol. 16, Mar 2021;
M. Collonge et. al., “Monte Carlo simulations for XIDer, a novel digital integration X-ray detector for the next generation of synchrotron radiation sources,” JINST vol. 17, Jan 2022.

Custom 65nm ASIC designed by Heidelberg University, ZITI.
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Implementation in XIDer prototypes
First implementation of digital integration readout
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Coarse stage
Charge pump = 8 ph

Fine stage
Charge pump = 1 ph

Each readout stage has 3 main steps: 

• Charge-sensitive amplifier 

• Comparator threshold

• Charge pump

Custom 65nm ASIC designed by Heidelberg University, ZITI.

Two stages operate in a pipeline mode for dead 
time-free readout linked to ESRF beam structure.

7/8 + 1

16 bunch
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References for detail: D. Schimansky et. al., “Concepts for the XIDer readout ASIC incorporating a pipelined ADC with very low dead time,” JINST vol. 16, Mar 2021;
M. Collonge et. al., “Monte Carlo simulations for XIDer, a novel digital integration X-ray detector for the next generation of synchrotron radiation sources,” JINST vol. 17, Jan 2022.



First XIDer prototype assemblies

ASIC/sensor bonding procedure:

• Low-temperature flip-chip solution:
adhesive bonding with conductive epoxy

• First performed in 2020 by Christian Kreidl at ZITI

• Commercial solution by Polymer Assembly 
Technology (PAT)

Sensor layout:

• CdTe 4 × 4 mm2

• 16-pixel structures with 100 µm and 200 µm pitch

• Grounded guard plane
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1-mm thick
CdTe
(Acrorad)

ASIC

Total sensor:

4 × 4 mm²

(minimum size)
100 µm

200 µm
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Bonding procedure
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Assembly procedure:
1. Epoxy mounting of ASIC on ULTEM carrier
2. Double gold stud bumping on ASIC pads
3. Application of conductive epoxy on sensor pads

(stencil printing technique)
4. Flip chip of sensor on gold studs of ASIC
5. Underfill with non-conductive epoxy for rigidity

100 µm 200 µm 



Building a detector: XIDer iterations
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Timeline of XIDer prototypes
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February 2021:  2 × 100 µm
2 × 200 µm

July 2021:  6 × 100 µm
4 × 200 µm

February 2022: 8 × 100 µm
8 × 200 µm

September 2022:     5 × 200 µm

ASIC T2 + 1 mm CdTe (Acrorad)

ASIC T4 + 1 mm CdTe (Acrorad)

ASIC T4 + 2 mm HF-CdZnTe(Redlenand Due2Lab)

Observed yield over 16 pixels
100 µm pitch: ~ 6/16 in early phases, ~ 16/16 now
200 µm pitch: ~ 16/16

Focus of 
today



Calibration procedure
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Parameters to be calibrated:
• Threshold ×2
• Charge pump packet size ×2
• All trimmable with 10-bit DACs
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First level of calibration:
• Relies on internal injection
• Assumes resistor & capacitor 

take their nominal value

 In practice, a deviation of 10-20% is expected
 Should be completed with second-level calibration with known source



Threshold calibration
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Coarse stage

Fine stage
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Procedure:
• Provide desired injection level
• Perform threshold sweep
• Fit with S-curve
• Take the 50% level

Injection level:
• ṃ8 eq. photon in coarse stage
• 0.5 - 1 eq. photon in fine stage

~ 425 e-



Charge Packet calibration
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Coarse stage

Fine stage
Injection level:
• 64 eq. photon in coarse stage
• 8 eq. photon in fine stage

Procedure:
• Provide injection level of multiple 

(e.g. 8) of desired charge packet size
• Perform charge packet size sweep
• Take max value where front-end 

counts injected level



Characterisation set-up
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Results presented: data taken at BM05 of ESRF-EBS

Many thanks to P. Cook and BM05 scientists

Beam parameters: ~1 mm2 beam size, approximately uniform flux 
over area, monochromatic 30 keV photons.

Characterisation aim = investigate prototype properties 
linked to XIDer project objectives:

1. High dynamic range for single photon resolution 
at ≤ 109 ph/pixel/s

2. Fast front-end to detect near continuous and 
pulsed beams ≤ 5.7 MHz

3. Wide energy range for efficient detection of up to 
100 keV photons Diode in 

beam for flux 
measurement

XIDer 
assembly

Similar set-up discussed in M.Williamset. al., “XIDER: First Prototypes and Results with the Digital Integration Readout 
Scheme,” in IEEE NSS/MIC Proceedings 2021); M.Williamset. al., ” XIDER: a novel X-ray detector for the next 
generation of high-energy synchrotron radiation sources,” in SRI2021, TBP in Journal of Physics: Conference Series
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0. How is the calibration?
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Source:
• 30 keV monochromatic X-rays
• ~ 108 ph/s/mm2  flux
• Spatially uniform
• Poisson distribution

Charge Packet sizes scan:
• 2D-scan of CP0/CP1
• Around their calibrated value

Periodic structures arise from 
miscalibration

Non optimal calibration



1. Dynamic range of XIDer

Increasing fluxes probed on 100 µm pitch assembly
Al filters are used to attenuate the beam (2 min per filter)

Data is corrected then analysed:

• Mean value taken from 10-90% of 
plateau for each identified flux

• Mean values are compared to 
reference diode current
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Pattern zoomed-in

120 s

5 s
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1. Dynamic range of XIDer

Fine stage is 
saturating
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Linearity plot
XIDer output vs. reference diode current 

Increasing fluxes probed on 100 µm pitch assembly
Al filters are used to attenuate the beam (2 min per filter)
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1. Dynamic range of XIDer
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Fine stage is 
saturating

CdTe charge trapping 
complex behaviour



1. Dynamic range limitations

Here: ASIC channel starts saturating at 130 ph per 
2-µs subframe.
With 100-µm pixels, max flux of 6.5 Gph mm-2 s-1

• Early saturation of the fine stage when bunch 
arrives during transfer time
 Synchronisation with beam structure will 

prevent that

• Design of ASIC permits 200 MHz charge pumping
31 MHz here (hardware limitations in PCB)
88 MHz today (i.e. flux of 18.5 Gph mm-2 s-1)

Next: Push charge pump frequency to 200 MHz
+ optimise transfer/reset times

Filling Mode: 7/8 + 1

2.46 μs 176 ns 176 ns

2.82 μs

868 bunches 1 bunch

Filling Mode: 7/8 + 1

2.46 μs 176 ns 176 ns

2.82 μs

868 bunches 1 bunch

ṉ

ṍ
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Filling Mode: 7/8 + 1

Active subframe

Transfer

Reset
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2. Time-resolved capabilities

Oscilloscope trace of a XIDer assembly
Charge-pump disabled to see voltage steps from incident photons

Bunch integration rise-time in ~ 30 ns
Will also handle more demanding ESRF 16-bunch mode

20

Filling Mode: 4 bunch
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3. Wide energy range: high-Z effects

Efficient detection ≤ 100 keV photons achieved 
by using high-Z sensors: CdTe / CdZnTe

CdTe introduces multiple issues related to its 
charge trapping properties:

• Slow afterglow (s – min) affects dynamic range

• Fast afterglow (µs - ms) affects timing capabilities

main limitation is the sensor material

 afterglow study needed to implement 
leakage compensation
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3. Afterglow in CdTe: flux dependency

20 min 
illumination per 

filter

35 min stop 
between filters

CdTe 200 µm assembly
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Probed flux pattern Overlap of aftersignals for different fluxes

Increasing flux

CdTe 200 µm assembly
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3. Afterglow in XIDer: 100 µm vs 200 µm pitch
Aftersignal of 100 µm is much smaller in magnitude than for 200 µm
 largely due to x4 area difference + digitisation

Flux range = 1500 – 12000 ph mm-2 subf-1
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CdTe 100 µm assembly CdTe 200 µm assembly

Flux range = 200 – 5000 ph mm-2 subf-1
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3. Afterglow in CdZnTe
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• High-flux CdZnTe XIDer assembly

• Strong 30 keV illumination

• No slow afterglow recorded
 Using a time resolution of ~ 1 s

High-flux CdZnTe XIDer assembly under 30 keV
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3. Fast afterglow in CdZnTe: with LED
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• High-flux CdZnTe XIDer assembly

• Visible 730 nm LED light pulse

• Afterglow is recorded!
 Time resolution of 1 subframe ~ 2 µs

High-flux CdZnTe XIDer assembly under LED
Assembly calibrated for 1 ph = 10 keV

2 µs LED 
pulses
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And with X-rays?



3. Fast afterglow at 30 keV – CdTe
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200 µm CdTe XIDer assembly under 30 keV
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• 30 keV illumination

• Single command triggers both:
• Fall of thick Al filter to stop beam

• XIDer acquisition of few seconds



3. Fast afterglow at 30 keV – CdZnTe
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• CdZnTe afterglow is much faster

200 µm CdZnTe XIDer assembly under 30 keV
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• 30 keV illumination

• Single command triggers both:
• Fall of thick Al filter to stop beam

• XIDer acquisition of few milliseconds



3. Fast afterglow at 30 keV – CdZnTe
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• CdZnTe afterglow is too fast for 
mechanical filters!

What is afterglow / what is due 
to filter?

200 µm CdZnTe XIDer assembly under 30 keV
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• Fast X-ray shutter not available
 But we can use the synchrotron 
built-in shutter!

Convolution with 
filter fall time

Filter bounce



3. Post-bunch afterglow
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• Photons are emitted in bunches

 704 ns gap between each bunch
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Filling Mode: 4 bunch



3. Post-bunch afterglow
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• Photons are emitted in bunches

 704 ns gap between each bunch

• Scan with ~ 100 ns active subframe 
to probe the photon induced signal 
in time after each bunch

• Requires:

 Trigger & synchronisation

 704 ns subframe

 Continuous readout of each 
subframe at 1.4 MHz
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Filling Mode: 4 bunch

ṉ

ṉ

ṍ



3. Post-bunch afterglow
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• Photons are emitted in bunches

 704 ns gap between each bunch

• Scan with ~ 100 ns active subframe 
to probe the photon induced signal 
in time after each second bunch

• Requires:

 Trigger & synchronisation

 1408 ns subframe

 Continuous readout of each 
subframe at 0.7 MHz
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Filling Mode: 4 bunch

ṉ

ṉ

ṉ



3. Post-bunch afterglow
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3. Input switch complications…
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• Switch S3 is open on every second bunch
• When the incident flux is too high, S3

becomes closed!

flux1

flux2>flux1



Conclusion
• Working XIDer prototypes produced with 1-mm thick CdTe & 2-mm thick CdZnTe sensors

- Implements digital integration: per-pixel digital data

- 100 µm and 200 µm pixel pitch prototypes

• Characterisation of XIDer assemblies in 30 keV X-ray beam:

- Dynamic range of 18.5 Gph mm-2 s-1 with current ASIC design

- Bunch isolation with ~ 30 ns rise time

- Strong afterglow limitations of CdTe material vs. much better situation in CdZnTe

• Iterative process: design optimisations aim to push the dynamic range to 100 Gph mm-2 s-1

• Towards new larger scale prototype with ASIC T6: engineering phase starting in 2024
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Back-up
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Calibration of the injection
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Procedure:
• Perform threshold sweep for 

different injection levels

• Assume 1 ADUCOMP0 = 1 mV

• Assume Cf = 50 fF

• Use slope and formula to convert 
photons to ADUINJ1
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Front-end linearity: results presented by D. Schimansky
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3. Afterglow in XIDer: 100 µm vs 200 µm
Aftersignal of 100 µm is much smaller in magnitude than for 200 µm
 largely due to x4 area difference + digitisation

ph mm-2 subf-1 ph mm-2 subf-1
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CdTe 100 µm assembly CdTe 200 µm assembly
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