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Large Scale Noble Liguid Experiments and Neutron Imaging wepc 2024

Large Scale Noble Liquid Experiments Neutron imaging

A Neutrinoless double beta decay and dark A Large pixelated sensitive area

matter search L
A Portability (compact and low-power)

A 4.6 m2of detectors

A 200 W max.

Charge
collectiontiles

Photon
detection system

1.3 m

High voltage field
cage

Cathode

/—\n_ ORNL Portable Pixelated Fast-Neutron Imaging Panel [2]
- [1] nNEXO Collaboration et al, 2018

Need : Large area, low-power and good timing precision photon counting system.
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DIGITAL SOLUTION: SDPDOUECONTROLLER WNPPC 2024

Photon-to-Digital Converters
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DIGITAL SOLUTION: SDPDO@ECONTROLLER WNPPC 2024

Photon-to-Digital Converters
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SINGLE PHOTON AVALANCHE DIODE (SPAD)  wneec 2022

SPAD cross-section Schematic circuit SPAD I-V curve
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ANALOGIPMWS DIGITARIPM WNPPC 2022

SiPM Silicon Photo Multiplier
AnalogSiPM Photon to Digital Converter (aka D@tlaM

£\ SPAD /N Response of the SPAD is bmary I\ spap N

""""" Quench Quench Digital
[ Ampiifier, | _Swgnal |
r Shaper, ADC Processing .
| e § e 3

Analog current sum \ SiPMcapacitande electronic noise

The amplifier transforms
charge into voltage and then
BACK to digital.
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Individual SPAD readout,
no D/A+A/D conversion.
Everything stays digital.



PHOTONODIGITAL CONVERTER: ARCHITECTURE  wpec 202
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PHOTONODIGITAL CONVERTER: ARCHITECTURE  prc 2020

3D SPAD
A 4096 SPAD V /(’PI‘I n d3€ 5A 30 d=
A 3D pads R 1
A HV at the anode ot m o)
e
CMOS readout pads > S b
A 3D pads (X 4096) veyh
A Individual quenching circuit ' S ———
for each SPAD x 64 PDCs/Controller
2D CMOS SPAD Quenching circuit
A 64 SPAD on CMOS readout A Read the SPAD from the cathode
A Individually quenched A Send the flag

A Hold-off et recharge the SPAD
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PHOTONGODIGITAL CONVERTER: AF CHITECTURE e 202

~ ~ Z I B e
Flag output | | 5 / ahwS I R2 dzi 1
A Pulsed output (adjustable from e ; I
few ns to tens of ns). ennadl |V /EN N be [
A From an OR-tree. O > v e I
A Timing jitter better than 100 ps | N | |
7 e st e il |
Digital Sum ES 1 R
A Digital count of triggered SPADs ; i
inside a bin (dynamic range of x 64PDC#Controller

4096 photons).

A i in Wi Controller (1 for 64 PDCs)
A A | hf 1 < o
USJ:JOSL? © bin width from 10ns A Start PDC acquisition, based on the number

; : f flag received to discriminate dark count.
A Internal FIFO of 128 bins. 0 oIS
A Bank of TDCs for timing measurements on

. flags.
Analog Monitor . . :
A Current proportional to triggered A Receives data from PDCs and includes post-

SPADS processing.
' A Communicate with an external computer.
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PDC FABRICATEOMOS READOUT WNPPC 2022

64x 2D CMOS SPADs Key Specifications

A TSMC 180 nm BCD
CMQOS process.

64x 64 quench circuits A 78 tA

. . um SPAD-to-SPAD
ready for 3D integration pitch for a 5X5 mm active
area

A Every SPAD is controlled
iIndividually.

A Noisy/defective SPADs
can be disabled.

5.85 mm

A Dynamic range of 0 to

PDC CMOS READOUT 4096 photons.
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2X 2PHOTODETECTIMODULE | WNPPC 202/
, 2% 2‘PDCs Top

Tile Controller: Commercial Xilinx
Zynq UltraScale+ Board (ARM + FPGA) "~
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2x 2PHOTODETECTIMNDULEVITREEDITESTING WNPPC 2024

to trigger the SPADs

l'\l\ A Driven by a waveform generator

I—— Analog Monitor
A Amplitude proportional to the number o

SPADs triggered

Digital Sum Acquisition
A Based on a 100 MHz readout clock
A Generated by the FPGA (Tile Controllet

U | P S | ) | o .
‘ 5 ~ Current in the LED
3__\ L | | & 1 ! !
C1: DC50 Q [€275C50Q™ ca:pcs50Q Timebase: -20.0 ps
10 mV/div 500 mV/div 500 mV/div 5.00 ps/div
-35 mV offset -830 mV offset  -1.00 V offset 250kS, 5.0 G/s
Using embedded CMOS test SPADs of the PDC
—>
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WAFER RUN OF THE PDC WNPPC 2024

Tile Controller: Commercial Xilinx
Zynq UltraScale+ Board (ARM + FPGA) ">~

200 mm wafer of PDCs
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TEST BENCH FOR WAEEREIME

Dedicated probe card
A Active probe card with FPGA

A Passive probe card

Probe station with probe card attach to it
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WNPPC 2024

Needles of the probe card
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TEST BENCH FOR WAEEREL MEASUREMENT WNPPC 2024

Automated movement for wafer-level Adjusting the height of contact

measurement (over 600 PDC) according to water topology

Movement of the chuck in relation to the wafer

Wafer topology
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CONCLUSION | WNPPC 2024

A Photon-to-Digital Converters keep the information digital all along the
acquisition chain.

A FPGA-based tile controller gives a lot of flexibility to implement multiple
features.

A Flag-based acquisition, dark count mitigation, pulse shape discrimination, and
SO on.

A Tile Controller ASIC in development to replace the FPGA boards.

A Wafer level measurement will accelerate the testing of multiple PDC for
larger system integration.
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Université de Sherbrooke ORNL Teledyne Dasla
Jean-Francois Pratte Nicolas Roy Lorenzo Fabris Samuel Parent
Serge Charlebois Philippe Arsenault Paul A. Hausladen Claude Jean (CEO)
Artur Turala Philippe Martel-Dion Stephane Martel
Catherine Pepin Raffaele Aaron Giampaolo René Martel
Fredéric Nolet Robin Scarpellini Robert Groulx
Frédéric Vachon Samuel Parent Maxime Coté
Gabriel Lessard Sean Prentice This material is based upon work supported by the U.S
Guillaume Théberge-Dupuis Simon Carrier Departmentof Energy,National Nuclear Security Administration,
- Defense Nuclear Non-Proliferation Researchand Development
J(?a,nne Morehead To-m.my Rossignol Office, and by the U.S Departmentof Energy,Office of Science,
Jéremy Chenard Olivier Lepage HighEnergyPhysicsundercontractnumber DEAM5-000R22725
Jérdme Deshaies Yves-Alexandre Beebe
Keven Deslandes A% TELEDYNE IMAGING
INNOVATIONCA “CPN™ Eihereyouiook
3 I r Fon?’s detrecherche )
=et  ¥OAKRIDGE RTRIUMF  &eimome oo @RESMIQ
i isciplinai N t al L b t Regroupement Stratégique
::mﬁ;%lvs:tlrolana"e aHon OGRS Y Quebec engl\-fﬁcrosystémis dugéuébec ”g Mg
eennense “ CANADA | AroGEE  M%BR Arthur B.McDonald o
. .. = = o~ FlRST CANADA Canadian Astroparticle Physics Research Institute INSTITUT
Université de RESEARCH FONDS I.] NSERC
Sherbrooke FUND o EN RECHERCHE Olivier.Lepage@USherbrooke.ca O UAN Tl O U E CRSNG 17




REFERENCES WNPPC 2024

A [1] nEXCCollaboratioret alE & b S-EchiceptudlBSS a A Iy  ax®/loig NJIi
13-Aug2018. [Online]Available https://arxiv.org/abs/1805.11142

A[1]M.R. HeatletalX a5S @St 2LIYSYyd 27F -Neutro@ NI I ¢
LYl 3AY3I t10.APITES20A .B136844

UD Université de %OAK RIDGE
Sherbrooke National Laboratory Olivier.Lepage@USherbrooke.ca 18


https://arxiv.org/abs/1805.11142
https://doi.org/10.1109/TNS.2021.3136344

BACKUP

Olivier.Lepage@USherbrooke.ca

19



TEST BENCH FOR WAEEREIMEASUR ——

Probe station

A Fully automatic chuck enabling
scripts for multiple measurement on
a wafer

A Program to adapt for the wafer

topology

Probe card
A Can act as the interface between
the PDC and the controller (FPGA)
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PORTABLE ABASED NEUTRON RADIOGRAPHY  weec 200

< ~30 cm

A PDC panel array of 42 modules of 8 x 8 PDC A
A 400-500 nm peak pixelated plastic scintillators
A 11E+6 SPADs over 30 x 30 cm?

A 40W PDC power consumption
A 10 ns binning for 3k events/s/PDC,
A 128 bins/event (1280 ns range/event)

~30 cm

A Simulated timing distribution PDC of 25 ps RMS

Université de %OAK RIDGE Bottom side Top side
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DIGITAL SOLUTIONDWARDA 3SDINTEGRATION WNPPC 2024

8InchCMOS 8inchto 6inch 3D Bonding ®ledyne
wafer coringlown DALSA (TDSI)

6inch
- - SPAD wafer

6inch
Alignmertie for 3D CMOS wafer

bonding
PDC CMO
readout *SPAD process & 3D bonding
Reticlef &« 4 dies processomplete@ TDSI
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8 SPHOTODETECTIMRNDULE WNPPC 2022

8x 8PDCs

Bottom
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