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Diamond-lI Cell Layout

Diamond Il
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« High photon flux

* Higher energy

« Scheduled build 27-28

Diamond Light Source
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—:: ENRICH 4" Generation Synchrotrons

A, Ropert, J.M. Filhol, P, Elleaume, L. Farvacque, L. Hardy, J. Jacob, U,
Weinrich, "Towards the Ultimate Storage Ring-Based Light Source",
Proc. EPAC 2000, Vienna.

0RO T T T T T T S —— -
ESRF-EBS 4nm.rac 100pm rad : === |
I r 4 A \ \l\.\ ]
. "E 10% L > ‘\__
¢ O t > I T =
peration Now s ~
: F N\ e e S Fuaes
Pulsed mode k= [ \I\l\ \\
(time resolved) = qovlL
L 2 E k|
. . = F —— U22 Present Lattice .
176 ns = —— U14.5 Present Lattice T
. . @ — U14.5 New Lattice ‘\
10" d
* 16-bunch mode E : I:
o . 5 7 s émkev B s Tt v v ;;mkev
. . Photon Energy (keV)

. =]
i
The European Synchrotron | ESRF

Detectors have to
have beam stops
over the Bragg
peaks to cope with
the flux

Environment
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ICH  Detector Requirements

Hard X-ray Detector Material

~108 ph/pix/s

10 keV 100 keV

Photon
Counting

Integrating Detector
and High Frame Rates

...and ~100um pixels...
and Mpixel scale with
minimal dead space
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Could Silicon still be ¢
used for higher

i—
48 (5 i
energies? b A i

\w
ﬁ - — Segmented ASIC

v' Charge Transport

v Supply Availability The $20B medical
Historic Challenges of Silicon as GE HealthCare Overcomes the

Waler Size iImaging market think a Semi-Conductor Material Challenge with Patented Novel
/ COSt it iS WO rth a try. .. The main challenge has been that it has a relatively low “Edge on” POSItioning

atomic number such that when placed in a “face on”

. e
x Stoppl ng Power position, it is too thin to stop and collect a sufficient Our approach puts silicon sensors edge on so the detector

number of x-ray photons is deep enough to absorb high energy photons and fast
enough to count and quantify energies of hundreds of
millions of CT photons per second.
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? Charge Transport
? Cr compensation
? Supply Availability
X Tomsk Development
v' European commercial
? Wafer Size
v Area
? Thickness
v' Cost
v’ Stopping Power

NDVAFAB Credit: Juha Kalliopuska, IWORID 2024

Semiconductor solutions

* Process flow: Cr sputtering, Annealing, Polishing, Passivation, Lithography,
Contact metal, Lithography, UBM sputtering, Dicing and Flip-chip bonding

Fine pitch photon
counting
demonstrated
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Photon counting | 4 Ohmic — PUAU —
ASIC can be CdTe - Pt/Au
:lezi/r:l; fhigh Schottky — Pt/Au
leakage currents _— CdTe — In/Al
V
EIGER2 XE CdTe 16M

? Charge Transport
? e- okay, h+ poor
? Supply Availability _ - ; :
7 Acrorad — 50% Siemens Schottky CdT olarlsatlon undee b'as
? Wafer Size i
? Area
? Thickness (Ohmic vs Schottky)

v' Cost
v' Stopping Power Time — Leakage current trapped by Schottky barrier and

collapse of E Field

uuuuuuuuuuuuuuuuuuu
EEEEEEEEEEEEEEEEEEEE


mailto:Matt.Wilson@stfc.ac.uk

—::(E:ENRK:H - High-Z Detectors - CdTe

Credit: Fajardo — IWORID 2023
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Trapping and E field stability

can compromise stability
and time response
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Schottky CdTe — Polarisation under bias

| 4 Ohmic — Pt/Au —
CdTe — Pt/Au
Schottky — Pt/Au
— CdTe — In/Al
>
Vv

Image_E

Time — Leakage current trapped by Schottky barrier and
collapse of E Field
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CdTe @ 1082 Qcm CZT @ 10°19Qcm
o,
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Proc. of SPIE Vol. 9213 921311-1  ? Charge Transport
? e- okay, h+ poor

i ~100 ? Supply Availability T
Typlca”y 10% 2Zn ? Redlen, Kromek... _ .
added 2 Wafer Size Credit Redlen Technologies
Increase bandgap ? Area
v" Thickness

Increase resistivity v Stopping Power

v’ Cost ($59$)
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Maximum flux depends on drift
Nature of polarization in wide-:::l::: ii:?:oz:m[::::::;m under high-flux irradiation: ti m eS a n d | e n gth S Of h O | eS

Application to semi-insulating Cd,_.Zn Te

Derek S. Bale™® and Csaba Szeles
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HMh Th
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https://doi.org/10.1088/1748-0221/12/12/C12045
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Comparison of the charge transport properties of low and
high flux grade redlen CdZnTe crystals

M. Bishop ©,%"* M.C. Veale ©,” S.L. Bugby ©,“ F.K. Dejene (2, M. Bettelli >°
and S. Zanettini &7

Sample Year HeTe e Te M Th i Th
Fabricated | (1077 em?V-1) | (em®V-1s~1 | (ps) [ (10~Pem?V-1) | (em?V-'s71) | (ps)

A-HF 2018 59 990 6.0 24 38 6.2

B-LF 2018 12 840 144 0.4 - L1

C-HF 2023 34 98D 35 1.3 44 29

D-HF 2023 39 790 5.0 1.2 32 38
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“Excess Leakage

Current” and
“afterglow”

O. Baussens et al 2022 JINST 17 C11008
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Kjell A. L. Koch-Mehrin, Leicester - Thesis SR Eor
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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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Correcting Charge Sharing Distortions @A
in Photon Counting Detectors Utilising

® a Spatial-Temporal CNN

JOURNAL OF Dual-polarity pulse processing and analysis for Conference paper | First Online: 04 February 2023
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Article
Charge Sharing and Charge Loss in High-Flux Capable
Pixelated CdZnTe Detectors

Ideal case: no charge loss
0 10 20 30 40 50 60

Pixel 2: Energy (keV)

Kjell A. L. Koch-Mehrin **, Sarah L. Bugby ), John E. Lees ', Matthew C. Veale > and Matthew D. Wilson *
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https://www.ideals.illinois.edu/items/123380

MAPbCI,

Adv. Funct. Mater. 2026, 36, e13676

IN SCIENCE & TECHNOLOGY

MAPbBr,

Perovskites ionic crystal
structure

* CsPbBr,
* FAPbBr;
* MAPbBr,

Solution grown at relatively
low temperature

ACTINIA

N\ Sensors

to provide perovskite semiconductor materials
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Many applications, detector types and markets = challenge of single photon resolving to high flux

Sample 2: FAPbBr3
Method -spectrum T £
— gL x (mm)
s = 5 104 0.5 1.0 15 2.0
< T (V] - : * L
FAPbBY, Solution EB
grown ' )
: S £05-
o
i ; 0.0 T T T '
FAPbBr, s°:;;'l‘;“ " ¢ 0 100 200 300 [
= v %, & Elapsed Time (s)
s e Sample 3: FAPbBr;
. 2= 350V
L J -
FAPbBT, Solution - 5
grown o 8 o
= =10
T 3 FAPbBr; -
Melt € 0.5 (|
2 <
Sl grown § 0 0 1000 2000 B 0.0 Peak Centroid (mV) 33 0.00 Peak Centroid (mV) 175
Channel Number 0.0 ] ‘ ‘ | ad
=10 0 10 20 30 40
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v’ Single photon resolved ? High flux and stable ? Scale, uniformity and lifetimes
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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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Photons

Single Photon
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PuBLISHED BY IOP PUBLISHING FOR S1SSA MEDIALAB

RECEIVED: December 13. 2013
ACCEPTED: March 28, 2014
PUBLISHED: May 9. 2014

15% INTERNATIONAL WORKSHOP ON RADIATION IMAGING DETECTORS
23-27 JuNE 2013,

PaRIS, FRANCE

Prototype characterization of the JUNGFRAU pixel

detector for SwissFEL

A. Mozzanica,”' A. Bergamaschi,” S. Cartier,”” R. Dinapoli,” D. Greiffenberg,”
I. Johnsen,” J. Jungmann,® D. Maliakal,” D. Mezza,” C. Ruder,” L. Schaedler,”

B. Schmitt,” X. Shi’ and G. Tinti*<

16000

14000

12000

10000

8000

6000 -

4000

2000

- O

g
Cells (x16)

A-column
bus

D-column
us

Digital
memory
(x16)

Non-linearity
(RMS) 0.26 % - (MAX) 0.4 x12.4 keV @ 46 x12.4keV -
~ (RMS) 0.30 % - (MAX) 10.5 x12.4 keV @ 1105 x12.4keV .f
(RMS) 0.44 % - (MAX) 48.9 x12.4 keV @ 4632 x12.4keV P
b— ..
I Vth,co mp s
: ‘)!
I /I
— ",‘
- LOW gain range
I N— (x12.4 keV):
I g in ronge 5000 (+500
— HIGH gain range (x12.4 keV): 50 (x12.4 kev): 1200 ( (?
- V. Y, V_V
T_ 1 1 Lol ! | )Llltll 1 IIVIHI ! ] >1III|| 1 1I1H|
2 3 4
o’ 1 10 10° 10 0
x12.4 ](eV

High

Medium

Low

104 ph/pixel/pulse * ~kHz - 1078 ph/pixel/pulse

Great for pulsed sources but not sustained rates
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14th International Conference on Synchrotron Radiation Instrumentation (SRI 2021) IOP Publishing
2380(2022) 012093 doi:10.1088/1742-6596/2380/1/012003

Journal of Physics: Conference Series

Development of CoRDIA: an Imaging Detector for next-
generation Synchrotron Rings and Free Electron Lasers

A Marras', A Klujev', S Lange', T Laurus', D Pennicard', U Trunk', CB
Wunderer', M L Hafiane?, T Hemperek?®, T Kamilaris®, H Krueger?, T Wang® and
H Graafsma'

1) Center for Free-Electron Laser Science CFEL, Deutsches Elektronen-Synchrotron
DESY, Germany
2) University of Bonn, Bonn, Germany

superpixel (16 "pixels™— 1CD5 — 1ADC)
L
: ] (]
analog Front End (even _-:_ H
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4 > Bl .
! I
ADC >
jodd Hi_H
image) / = o
1/ HH/
r ol .
T ! L-/
digital bus

.':uighize: .

10% ph/pixel/pulse * ~100kHz = 10°10 ph/pixel/pulse
Addition of embedded ADC and high speed outputs

——
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Receiven: December I, 2021
Revisen: February 2, 2022
Accerren: February 14, 2022
PusLisuen: March 7, 2022

Characterization of 128 x 128 MM-PAD-2.1 ASIC: a fast
framing hard x-ray detector with high dynamic range

D. Gadkari,” K.S. Shanks, H. Hu,"* H.T. Philipp,” M.W. Tate,” J. Thom-Levy”"*
and S.M. Gruner®-“-¢

_____
s
Dual _ -
b 'a:; ?gru ;;?-:sbn -O.
I
Iy
Medium
= N photons

High
SYDE&R

TECHNOLOGIES
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Empty the bucket
when its full Count N
photons Every
J empty

Lo

Measure what is
left at the end

XIDyn

* 192x144 Pixel with 2-stage charge cancellation - 110um

* 16bit value per pixel

* ~133kHz frame rate using 6*14.1Gbps CML
transceivers

* ~6x10° ph/pix/s (energy and LSB)

* In pixel RAM for high rate burst mode

* Test ASICs demonstrated and full scale about to be

submitted

IN SCIENCE & TECHNOLOGY
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Summary

« 4% 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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