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4th generation

Motivation

» Diamond Il upgrade to
diffraction limit storage ring

* Many beamlines going to
>20keV

= X100 increase In flux

= Up to 1012 ph/mm?/s reaching
the detector
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4. Next Steps

e Full ASIC scale-up
* Collaboration
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Detector Material
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11™ InTERNATIONAL CONFERENCE ON PosiTion SENsITIVE DETECTORS
3-8 SEPTEMBER 2017
THe Open UniversiTy, WALTON HALL, MiLton Keynes, UK.

Characterisation of Redlen high-flux CdZnTe

B. Thomas,"' M.C. Veale,” M.D. Wilson,” P. Seller,” A. Schneider” and K. Iniewski‘
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REDLEN

TECHMNOQLOGIES

IEEE TRANSACTIONS ON NUCLEAR SCIENCE. VOL. 54, NO. 4, AUGUST 2007

Characterization of Traveling Heater Method (THM)
Grown Cd( ¢Zn( ; Te Crystals

Henry Chen, Member, IEEE, Salah A. Awadalla, Jason Mackenzie, Robert Redden. Glenn Bindley.
A. E. Bolotnikov, Member, IEEE, G. S. Camarda, G. Carini, Member, IEEE, and R. B. James, Fellow, [EEE
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Table 1. A summary of the measured charge transport properties of three “high-flux” Redlen CdZnTe
detectors [14, 16].
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",

2mm thick HF-CZT

* 9x12mm to 28x28mm
Redlen improved hole lifetimes to be
delay polarization with flux
110um pitch detectors in assembly
with MPW ASIC
Have more CZT in hand and
interested in collaborating to test
further



pixel i
input

High Flux >10* ph/mm?/s

Adaptive Gain
Like AGIPD, CoRDIA, Jungfrau, ePix...
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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. Johnson,” J. Jungmann,® D. Maliakal,” D. Mezza,” C. Ruder,” L. Schaedler,®
B. Schmitt,” X. Shi* and G. Tinti*<

]l‘nst Pusuisuep By [OP PusLisuiNG For Sissa MEDIALAB

Receiven: April 8 2020
Acceeren: May 18, 2020
PusLisuen: June 23, 2020

High dynamic range CdTe mixed-mode pixel array
detector (MM-PAD) for kilohertz imaging of hard x-rays

H.T. Philipp®-! M.W. Tate® K.S. Shanks” P. Purohit and S.M. Gruner®-"

“Laboratory of Atomic and Selid State Physics,
Cornell Universite. Ithaca NY 14853 1784

Ligita :.I:T

aq| Vref—

|-1 counter / SR

Vih Logic

Charge cancellation and counting

Like MMPad...
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DynamiX Design Choices

Coarse Stage Fine Stage

Cr

Rst1 _"—_T
CoarseVout
‘_"T. Rst2
P ¢ ——
V|n-\/ - _ %mpZSampb f2 Vin2

I A ——— :

Charge VrefAmp1l * J AmpZA”‘g“fV I - 1 .
removal I Charge VrefAmp2
VrefAmp2 s S

pulsel

Counterl Counter2
Clock Rst2

Nbits Clock Conv

Shift reg Shift reg

Coarse counter Fine counter

65nm process
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~
fineVout

Tl Charge removal

vref | To Vin/2

Pixel Size

Count/Frame

Frame Rate

Dynamic
Range

Energy

Noise Level

110pum

0.25 to 6400
@25keV

533 kHz

>1011
ph/mm?/s

25keV Typical

Single photon

Charge cancellation = compact
design to fit in the pixel.

Go as fast as possible to get
the flux — 1 turn of Diamond
(or other synchrotrons)

Test the HF-CZT and see raw
data — how will it work?

Electron collection for HF-CZT
Adjust cancellation and
threshold sizes for energy

Sets fine-stage charge
cancellation
See charge sharing <0.25 ph

MPW = Multi project wafer = test ASIC

11



DynamiX Pixel

VrefAmp2 removal

4 times gain
C
Rst1 —QH—_T
150fF CoarseVout ‘ SOfF
< | c ) Rst2
- f1 1 —
V|n—\/ _ ) %mpZSampb 4Gy, Vin2
T A — :
Charge \/refAmpl * J AmpzAﬂ‘gllfy I ——— : a \
S | Charge VrefAmp2 fineVout

166MHz

pulsel

Counterl

Clock R[tZ 25x25keV
/

Shift reg

Tl Charge removal

Counter2

Clock CjwO.2x25keV

N bits

Coarse counter

/

8bit counter = 25*256 =
6400 ph/frame
1 ADU = 25 photons
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Technology
Facilities Council

Shift reg

vref | To Vin/2

Pulsel/2

Fine counter

7bit counter = 0.2*128 =
25.6 ph/frame
1 ADU =0.2 photon

1 integration ~ 1.8us = 1 turn of Diamond
(but programmable for any synchrotron)

Pipelined between coarse and fine stage

_.30
EEJ ————————————————————————————
EED -
5| Coarse 1 Coarse 2
=10 conversion| conversion
0 1000 00 3000 ] 5000
Time (ns)
'E'25 _____ T — — — '_____'____t ______ -
g20f I .
=15 Fine 1 Fine 2 _
=) conversion  conversion |
0 1ooo 2000 3000 4000 5000
Time {ns)
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65nm IP Test Structure

Data Output """"'”"’7”% g

]' 30Ms/ SAR|

= CML serialiser with Aurora 64b66b

= Now In 65nm CMOS

= v1 Test structure 10Gbps
* Pushed to 14Gbps

= Work through the frame rate and 16Dbit per pixel
= 8 columns by 192 rows per serialiser = 13.2Gbps

Serialiser Eye Diagram

Auto Offset
Correction Buffer

» 192 x 192 pixels = 24 serialiser > 300Gbps/ASIC end in g5nm CMOS Technology o
= For full frame readout at 533kHz possible e st
Proc. TWEPP 2018

Science and
Technology
Facilities Council
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—— Bunch Structure = DynamiX Reset ——— DynamiX Integration

Control -

= SPI to set-up and control

* Driven by Synchrotron RF clock
(499.68MH2z)

" Integration and Reset registers =
number of bunches —]

= Default 936 for Diamond but
programmable

» Match integration to X-ray delivery

- Idea”y’ need a bunCh gap for Charge 1750 1800 1850 1900 1950 2000
transfer and reset -

Science and
Technology
Facilities Council

14



MPW Design

Power I/O

1| e.g. 192x192 pixels on 110pum
i] pitch —TBCin scale up design

MPW is 16x16

pixels that could

Control

Readback for

B I be scaled up

test modes

SPI

FIFO

499.68MHz RF

Aurora 64b66b

Drives clocks
Sync to align to
beam

acilities Lounci

CML

x24 14Gbps

2-stage cancellation per pixel

Coarse counter Fine counter m’z
8bit Coarse 7bit Fine + Overflow
. J
4 )
192 Rows
16bit per pixel
P 1536 pixels
=24,576 b
@533.8kHz
(1 turn)
= 13.2Gbps
FIFO Room for
Aurora encoding and
64b66b clock
compensations
CML packets
x2 per 8 columns
g v




MPW Design
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Standardised System: Please see
Matthew Hart’s poster tomorrow afternoon

DA Q Ben Cline’s HEXITEC-MHz talk tomorrow

Data Path /

LOKI — standardised control
board for ASIC and CMOS
sensors

Testing on the bench now
SPI for control and sample
short burst of 533kHz data

Data cutput from the front enc iCs & transported cptically to a
rack room or desktop system where the links are combinec into
Images, processed and saved.

This could be 100

es away from an expeniment where

Aurora encoded CML data to
optical via Samtec FireFly.

100G ethernet UDP for onward
processing and DPDK data
storage

ODIN Data and A
Control Software ‘

PC Architecture

Thw cvweall duta path concapt i sealabie in budlding
blocks of 100G lisks.

Serialiser readout
of continuous
mode to follow

framework

Science and
Technology
Facilities Council
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Collaboration

Continuous Conversion with Two Buckets

gamgA

-) equal C?s

- o
rom sensor
g
Vth
En
full custom
e

10 bit CNT
oooooo E cell ShiftReg

*  foump ~ 100 MHz (for now)

- 1st stage: 8 - 108 1k
ixel-s

+ 1%tstage pumps 8 ph per spoon
+ 2nd stage pumps 1 ph per spoon

= \What we developed is a lot like XIDER

= University of Heidelberg and ESRF
developed 5 test devices

* Focus on the pixel optimisation

» Complimentary

23
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CO I I ab O rat| on Continuous Conversion Frontend with Two Stages

1 Charge gain should
coarse ! fine be equal to CP ratio

XlIDer Frontend

v'S4 to do reset in dark
v'In pixel logic to merge

the pipeline digitisation nair N |
from sensor_/ Al — = 1 A2 -
vRAM y >' 1. e

Caddl - (o Cadd2 roimo
v'Can store bursts of I 1 "Lﬂgicq: Vth1 I 1 Logic_@: Vth2
frames o [

full custom

v'Can sum frames

N synthesized
Sequencer
together
v'Histogram [Ccouter f——
ouT Digitized photon
‘/ + toin-channel storage
Veto count
RAM
March 13, 2023 ULITIMA David Schimansky
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MPW Collaboration

* MPW ASIC is actually

» DynamiX 16x16 pixel
= XIDer 16x16 + STFC serialiser

= Pitch 1S continuous

= One piece of CZT over the
MPW ASIC

= With support for overhang of
the CZT

Science and
Technology
Facilities Council
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Full reticle scale-up

» “STFC Detector Hub” funding scale up to full reticle

Pulsed mode

over next 18 months (time resolved)
* Add adjustable gains/cancellations to match ESRF > e
(75keV) and Diamond (25keV) ’ " 176 ns

» Performance optimisation and scale up

= Aim for adjustable number of serialisers
= 8 for high rate =2 ~133kHz = 4 turns of Diamond ® g

» Use RAM to sum frames or capture bursts with aim * ‘
of 16 bunch mode of ESRF - 5.7MHz Y

. . The European Synchrotron | Eﬁﬁﬁ
= Interested in other collaborators, requirements...
this version and future ones

Science and
Technology
Facilities Council

* 16-bunch mode =

22
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Summary

 DynamiX is a charge cancellation ASIC focussed on the
highest flux (102 ph/mm?/s @ 25keV) for Diamond |

e Use of HF-CdZnTe from Redlen for hard X-ray energies

* MPW test device manufactured with 16x16 DynamiX and
16x16 XIDER pixels and currently under test

* Plan to test HF-CZT out to 10'? ph/mm?/s at 533kHz
frame rate on Diamond
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* Full scale ASIC design underway

* Frame rate limited to ~133kHz to make DAQ and
ASIC I/O more manageable

 Merger of XIDER and DynamiX design with
adjustable gains for different energies

Full Scale ASIC back in 2025

Science and
Technology
Facilities Council
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Data Acquisition Framework

nd :
Power 2"? Level Processing

FPGA
Interlocks [l Control
[ Data
A ODIN Control 15t Level Receiver A\ ODIN Data
L Zynqg SoC EGPA ‘é‘
&= £Ynd
Facility Clocks p

2x 100G Optical
20x 4.1G Optical Network Protocol
Aurora (10m+)

= Direct to optical at the detector head

= Optimise for N x 12 lane FireFly and
number of AlphaData receivers

i .
signca Alveo board for processing on the fly

Facilities Council

and ——>

Synchronisation

Data output path schematic
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Tabile 2-18 : Bunch charge and current for different fill patterns. The values for a uniform fill are included for comparison.

Fill pattern Bunch charge [nC] Bunch current [mA]
Uniform fill (934 bunches) 0.60 032
Standard mode (900 bunches) 0.62 0.33

] =
D I am O n d I I FI I I P att er n Hybrid mode (685 bunches) 3.0 (camshaft), 0.82 (train) 1.6 (camshaft), 0.44 (train)

Bunch Structure = DynamiX Reset

DynamiX Integration

0 1000 2000 3000 4000 5000
Time [ns]

CHANGE OF DIAMOND Il FILL PATTERN

e Diamond Il Fill Pattern

1.2

Wy
"
..........
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.............
............
...........
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180 7 180 7 180 7 180 7 179 7clks

X-rays and gap at different
positions depending location
on and distance from ring

Science and Want resets in the dark
& Technology

Facilities Council

0 100 200 300 400 500 600 700 800 2800 1000



Detector Facilities — Bonding
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