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ZEA-2 - SYSTEM HOUSE FOR SCIENCE

FACTS & FIGURES

« Employees: approx. 100
e approx. 65 scientists, engineers und technicians %

,
» approx. 15 doctoral researchers (PhD students)

» approx. 10 students (Bachelor/Master) p.a.

e 2 administrative staff members

e approx. 12 apprentices (SW Eng., IT, administration):

 Funding
* 85% base funding (PoF in cooperation with 12 institutes)
* 15% third-party funding (desire to increase)
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ZEA-2 - SYSTEM HOUSE FOR SCIENCE

FACTS & FIGURES

 Project Management Requirements

o Application
e Validation
Specification Tests
e ISO 9001:2015
Implementation Verificati Verification

o Top down approach Specification il Tests
e Review process —yEam Test benches Sysiem

esign Tests

» Verification

Component Component

Test benches Tosts

Synthesis,
Place & Route

Management HE
System E E.., £
1S0 9001:2015  * :
|| tuv.com
ID 9108620948
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ZEA-2 - SYSTEM HOUSE FOR SCIENCE

FACTS & FIGURES

o System Solutions taking full Potential of Integrated Circuits

e Detector Systems

» Geo-Science

R&D Competences

e Quantum Computing

eeeeee

- : 8. van Waasen B Integration
: act A. Zambanini M. Schidsser
L] L] elected mem- H
P Neuromorphlc ( Omputlng ber {1'year . van Waasen e O et e :
- LK :

e R& D Teams
e System Modelling

 |C Development

Application Areas

e Software

e Integration / Verification
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ZEA-2 - SYSTEM HOUSE FOR SCIENCE

FACTS & FIGURES

e System Solutions taking full Potential of Integrated Circuits

e Detector Systems

» Geo-Science

R&D Competences

e Quantum Computing

eeeeee

: H evelop
- : 8. van Waasen B Integration
: act A zambanint M. Schidsser
- - elected mem- H
° Neuromorph|c ( :Ompu“ng ber (1 yoar van Wassen s ST COTSSS S :
. LK :

e R& D Teams
« System Modelling

 |C Development

Application Areas

e Software

e Integration / Verification
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

DETECTOR SYSTEMS: PARTNERS

Hon D & 5 & o
SHiP |

Search for Hidden Particles

{:"
=]
m
=] T ] ! i
2
-

EBERHARD KARLS N o
UNIVERSITAT N

: itat —~

TUBIN GEN JOHANGEQR/L%LESI?IT%ETAENZ DER FORSCHUNGnIIVDeEI:SLIEHiE | D?R'TB‘II.DI:J:Ig gE

\

~ Fraunhofer

IMS
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Member of the Helmholtz Association 5 June 2022 Page 6




ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

DETECTOR SYSTEMS: A FEW SELECTED PROJECTS

RWTH/PMI

Inside MRI

: Work-package 2

19" rack chassis

|
|
| |
| |
|
| |
8 | Power supply V1 Power supply V4 |
i a2 |
e i—
§

Module PCB

Module PCB
with 4 DPCs

i sonair 8 g -,
PhenoPET(finished) TREFF neutron detector (finished) brainPET (finished) il
- PET for transport in plants - Neutron beam monitoring - UHF PET MRI pre clinical
- Task: a complete system - Task: a complete system - Task: DAQ/PS
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

DETECTOR SYSTEMS: A FEW SELECTED PROJECTS

Inside MRI

RWTH/PMI |l
[ I

PhenoPET(finished) TREFF neutron detector (finished)  PrainPET (finished) -
- PET for transport in plants - Neutron beam monitoring - UHF PET MRI pre clinical
- Task: a complete system - Task: a complete system - Task: DAQ/PS

- 2D-PET (ongoing)
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

DETECTOR SYSTEMS: A FEW SELECTED PROJECTS

" (finished)

PhenoPET(finished)
- PET for plant roots - Neutron beam monitoring - UHF PET MRI pre clinical
- Task: a complete system - Task: a complete system - Task: DAQ/PS

- 2D-PET (ongoing)
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

DETECTOR SYSTEMS: A FEW SELECTED PROJECTS

availability A unknown

we need another digital

SPAD image sensor or a

signal receiver ASIC for
aSiPMs

w

MREFF ITEUTTONT UETeCTOT (IMISTTeu) == (finished)

- Neutron beam monitoring - UHF PET MRI pre clinical
- Task: a complete system - Task: a complete system - Task: DAQ/PS

Module PCB

Module PCB
with 4 DPCs

PhenoPET(finished)
- PET for plant roots

- 2D-PET (ongoing)
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

ANNIE EXPERIMENT: A LOW COST DETECTOR SOLUTION (PROPOSAL)  — = v

44+
ey ++++
S 44+

Smart optical guides and

concentrators to reduce coverage
Isolation medium (ZEA-2) area

NAVAY/SE

Additional challenge: thermal
separation of the Tank and detector

Large PMTs Liquid Scintillator Tank (ANNIE)

ANNIE WDLS tank
surrounded by
photodetectors

Temp. gradient

A generic proposal for liquid scintillators in preparation. Aim: propose low-cost solution for LS applications

IJ JULICH
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JULICH

SHiP SBT EXPERIMENT: YET ANOTHER LS DETECTOR

S ~ background — bad!
2 — remove using SBT

11m

"
£14160-3050H8
.........
al NJi ¢ HV.
H %l
Lo ll 1
o2
S14160-3050HS 2| 100N g
pmemimimy 2
ab N e
Wi 1 1
I&Am o 1 - _L
$14160-206048 2] 100N
o P . 9
B8 A1 g
] P R m N
L Y ’ N 1.
5 s D4 —L
B - s o g
SW.DIL-Switch-Spol KD R _Rr . 3
-
-1 ‘[c‘
yos 2| 100M 9
WHAINIHE %
abNJi e
L7 1| s
2| 100M -
&
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Photo Sensor
PMT/SiPMs)

Adiabatic
Light Guide

Wavelength-
Shifted Photon

\ UV-Photon

A~ 360 nm

N\ WOM Tube

Wavelength-
I Shifting Paint
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ZEA-2. SYSTEFM HOUISE. FOR RESEARCH_IN JULICH

| Work-package 1

Server

I UTCA chassis

FPGA FPGA FPGA
card card card

SHiP SBT EXPERI

Data g Data Data g Data Data j Data
& & & & & &
Clk Clk Clk Clk Clk Clk

|
|
|
|
| SFP | SFP SFp | SFP | | SFP W SFP
|
|
|
|

Inside MRI

11m

Adiabatic
Light Guide

Wavelength-
Shifted Photon
A ~420 nm

power lines

INO

\ UV-Photon

A~ 360 nm

N\ WOM Tube

N\

Wavelength-
I Shifting Paint

& zf1on g
314160-3050H3 &

abNJi e
L1 Aos

2] 100N

SW.DIL Switch-5poliKD ‘

[=]

1
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ZEA-2. SYSTEFM HOUISE. FOR RESEARCH_IN JULICH

SHiP SBT EXPERI
S

3.
?‘/

em

11m

| Work-package 1

—

I UTCA chassis "

FPGA FPGA FPGA

card card card

Data g Data Data g Data Data j Data
& & & & & &
Clk Clk Clk Clk Clk Clk

|
|
|
|
| SFP I SFP SFP I SFP SFp | SFP
|
|
|
|

INO

Member of the Helmholtz Association

Server

Three FPGA ASICs in

’ ﬂ series between PDPC and a |

server

|

|

|

|
power lines

N\

5 June 2022

[ 4

A—

Light Guide

v"". -
14.)"
S ) g
T
/ \-
Adiabatic

Wavelength-
Shifted Photon
A ~420 nm

\ UV-Photon

A~ 360 nm

N\ WOM Tube

Wavelength-
Shifting Paint
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NEXT STEP I: GEROLD IS SIGNAL FEATURE EXTRACTION (SFE) ASIC

. GEROD * Internal Clock Generation
Two Configurable ADC: | P | meamom] | = > ADC 1 Sl ASIC
Sgnal Feature Extraction TR ® In Ing e

e Obit/ 12 hit
e 250MS/s/ 1GS/s

« Variable to Combine for Higher Clock or ENOB

A le | I <10-1 h
. 50 Ohm Input Impedance rogrammable Input Impedance <10 — 1000hm

* Programable Bias

- Differential [V] or Single Ended [I] Input

* Built-in Self Test
 LVDS Interface to Link Up \w Other 10 and ICs

« Internal Memory and Trigger / Trigger Input
A 2nd ES in Q4 2022

« Data Ordered by Timestamp and

— = DIG PCU
, A Al DIg Zerosuppression
|> "[5Ar]] [saacTR] g System Modelling » _ _
- = — ) & Simulation » High-speed Interface to Optical Converter
I> \ ADc:ADC é % T . T ;
SAR SARCTRD — Established Detector Models ° Built-in SRAM Memory to Lower Bandwidth
.
- CLKTREE——» MEM| « Noise Spectra RGQUlrement o Average
"| [conme] . Modelling of Triggering, SFE « Calculation of TOA, Feature Extraction: Wavelet,
| :
TN ) « Easy to Convert to HDL (i.e. Silicon) TOT, Number of Hits,...
Time (1) TSTMPOUT
> P(SignalN - DigtaloUT PIN < TDC
eehm S Valid (2 ) TSMTPVLD .
ecnno Ogy - nm Low Pass Filter Comparator Time-to-Digital Converter ‘
Cut-Off Frequency: 500MHz Threshold: 5mV Cut-Off Frequency: 500MHz J U L I C H
Member of the Helmholtz Association 5 June 2022 Page 15 Forschungszentrum




NEXT STEP I: GEROLD IS SIGNAL FEATURE EXTRACTION (SFE) ASIC

GHROLD

Member of the Helmholtz Association

PLL TRGGERCIRL HAL
TIMESTAMP
Sgnal Feature Extraction
RX| DS
RX| DSP DATA
~x| D REDUCTION
RX| DSP
RX| DS B
RX| DS [ O
RX| DS B
RO | RAM
RX| D CONTROL |
RX| DSP B
RX| DS B
DP||| 17
|| FAM
Low Pass Filter Comparator Time-to-Digital Converter
Cut-Off Frequency: 500MHz Threshold: 5mV Cut-Off Frequency: 500MHz

5 June 2022
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NEXT STEP I: GEROLD IS A HUB

Central trigger over fast control

Detector
> OO

Up to 32

channels

Detector
oo

3 3 s 3 3
B1BI[%1E 2] (BI[%)\%](B |\ |G]%)%]B|B) |&|1%|%) B |B] (5|7 || 8
I S ' “?“‘?‘Q S i A A S i A I A . A
O O O+ —~O —O——é——é—_’_’—d)——é——d)——é——d)— O 1O 1O ~Oq O O 7O 7O 7O
HEIE dEEE) AR I EEaHIENEE SHlEIEEIE
T NG 1 [ | |

Poger |

Cbirol |{,‘7§|

Sow Control Povigr Data Fast gontrol

Concentrator
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5 Gk

* 5 'GEROLD

o
oo “GEROLD

Front-ends can be linked together to send information over one high speed data line

Feature extraction like Energy Estimation for all Front-ends in the link trigger data download

-+ “GEROLD

e SERDES

\

S

N 'GEROLD)

Intermediate
concentrator

'
=
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NEXT STEP II:

dSiPM using 3D Integration

1 o o
o o o o

digital

Read Out

Linear Amplifier Geiger Mode

|

000000004
I o o o o

o o o o
Oo0ooooooo

Il I
000000000

[ |OO00000000

Read Out Electronics

Digital Signal Processing

oV,

Digital, not analog! Each pixel connected!

ngnn Lol or o Sacn e conrs

3D integration:

analog

[']

* more space for functionality
« Each layer — dedicated technology
« Mixing otherwise unmixed functionalities

Proposal of a scalable dSiPM SPAD array
with SPAD level TDC is ongoing (Together
w/ RWTH Aachen)

Member of the Helmholtz Association 5 June 2022 Page 18

SPAD IMAGE SENSOR

’-—wﬂog - wrgo L—-‘

DATA
TRANSMISSION

# piGITAL

0000000000000 O0OO0O0OOOOOO00

Chip Boundary

bump bonds to PCB

array of
three dimensional
pixels

single pixel
consisting of 3 layers
(functionality separation)

example figure of 3D sensor

b Toc o

Read Out Circuitry

and Control Electronics

0000000000000 000000000

Chip Boundary

e e
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NEXT STEP II: SPAD IMAGE SENSOR

with SPAD level TDC using 3D Integration

Goal: implement TDC to be used with SPAD pixels L

SPAD SignalJ\

STOP

TDC information encoded in time-domain: interval (At) between 2
voltage values ~ signal amplitude

Charges generated in SPADs - similar A signal shapes similar
CMOQOS shrinking + Vcc downscaling A design of analog circuits
complicated + thermal noise floor goes up. Not very beneficial for
high-res ADCs

TDC information (time-over-threshold measurement) often used in
HEP for particle detection

Less power wrt. ADC

wrpg - wr

START ___ | | a{ >—00utqn“
COEGCXG < [>—oou.

L L

Ll

~yY

l‘lj >
TDC principle > June 2022

Vernier RO proposed as TDC

TRANSMISSION <+— TDC Iayer

B4 DIGITAL

(:__..
1

/

(func

<«— Analog layer is

missing in this
approach

<+om— SPAD layer (not

part of this project)

Proposed 3D concept for dSiPM

b tor Ty

Read Out Circuitry
and Control Electronics

S35

/.
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NEXT STEP II: SPAD IMAGE SENSOR

with SPAD level TDC using 3D Integration TRANSMISSION <+— TDC layer

(,/ DIGITAL
1

Goal: implement TDC to be used with SPAD pixels L

wrpg - wr

<«— Analog layer is
missing in this

/  approach

- <+om— SPAD layer (not

« TDC information encoded in timg— — e — T (e part of this project)
voltage values ~ signal amplitudd Already submitted project |onosed 3D concept for dSiPM

« Charges generated in SPADs - s proposal for TDC

« CMOS shrinking + Vcc downsca

complicated + thermal noise floo : :
high-res ADCs Includes engineering runs

« TDC information (time-over-threshold measurement) often used In
HEP for particle detection
* Less power wrt. ADC

SPAD SignalJ\

START | |
STOP []
TDC (1 X2 X3X14Xs

t: t

1 12
TDC principle

b tor Ty

Read Out Circuitry
and Control Electronics

S35

o{ >—o Ot

JULICH

Forschungszentrum

~yY

5 June 2022 J
Vernier RO proposed as TDC



STEP O: PET ELECTRONIC WORKSHOP

- When,Where: Q2 2023Julich/ Duisburg

- European Groups:
- major players in the field PET and PET/MRI R&Dlication)
- Representatives from funding bodies aindustry funding)

- SPAD / SIPM expergevelopers tfechnology enablerk
- Topics:
- What is the vision for the next8 years for your group?
-What are the parameters you would | i ke to | mpr
- What new technology, methodology is important to develop / improve to achieve your goals?
- What would you need to enable your ideas?
- Building networking, collaborations and writing common proposals

- Brainstorming regarding funding with funding body representatives.

9 JULICH
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STEP O: PET ELECTRONIC WORKSHOP

- When,Where: Q2 2023Julich/ Duisburg

—raraimann vy s~
MINUTES =
Zi Fraunhofer
er I R&D
IStry
Fraunhofer IMS Workshop on CMOS Silicon |
Photomultiplier Technology —§2015
- NOVEMBER, 25-26, DUISBURG . 630
D. ARUTINOV, FRAUNHOFER IMS, DUISBURG ‘\0‘ \
1. Participants: ‘(0\ lour groupr)
See the PARTICIPANT LIST 9\

2. Programme:
See the AGENDA
Workshop materials can be accessed from -
site. The access to the area is passwor” 6‘\

Q 4 on Fraunhofer IMS web
atact D. Arutinov)

ters

ortant to de

-~ VWhat would yf\“o‘ 4 f0 enaple your ideas?

What they had back then:

- Wafer bonding technology
- SPAD structure
- First SPAD / SIPM prototypes

NP r

- Building networking, collaborations and writing common proposals

- Brainstorming regarding funding with funding body representatives.

Member of the Helmholtz Association

5 June 2022
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STEP O: PET ELECTRONIC WORKSHOP

- When,Where: Q2 2023Julich/ Duisburg

I ravrarmanms L v i

current product list

MINUTES Z Fraunhofer

IMS

Fraunhofer IMS Workshop on CMOS Silicon

Photomultiplier Technology —§2015

- NOVEMBER, 25-26, DUISBURG
D. ARUTINOV, FRAUNHOFER IMS, DUISBURG

1. Participants:
See the PARTICIPANT LIST

2. Programme:

&

See the AGENDA
Workshop materials can be accessed from - Q 4 on Fraunhofer IMS web
site. The access to the area is passwor” ‘\ atact D. Arutinov)

Rl H

ISt

orta

-~ What would yf\“o‘ « fo"enable your ideas?
- Building networking, collaborations and writing

- Brainstorming regarding funding with funding body representatives.

5 June 2022
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LIDAR

Fraunhofer IMS develops and manufactures
3D image sensors for flash LIDAR camera

systems and researches methods for embed-

ded signal evaluation

LIDAR

ToF-Sensors

Fraunhofer IMS develops special hish-
resolution sensors for indirect time-of-flight
applications

TOF-SENSORS

CSPAD alpha

The CSPAD alpha enables new forms of in-
tegration of SPADs in CMOS.

CSPAD-ALPHA

Backside lllumination
Sensor

Fraunhofer IMS develops and uses processes
and newest bonding technologies on chip
and wafer level for the production of back-
side illuminated optical sensors.

BACKSIDE ILLUMINATION SENSOR

Line Sensors

Fraunhofer IMS develops customer-specific
line sensors with high sensitivity and gating
and short-pulse ability for applications in the
field of spectroscopy.

LINE SENSORS

Wide-Angle LIDAR

Sensor systems with a wide field of view
help make the environment detection of au-
tomated vehicles safer

WIDE-ANGLE LIDAR [

CMOS-CCD

Fraunhofer IMS develops customer-specific
CMOS-CCD structures and sensor with ex-
tremely high dynimc range for TDI applica-
tions

CMOS5-CCD

Silicon Photomultiplier
(SIPM)

Fraunhofer IMS develops and produces both
analog and digital silicon photomultipliers

for the detection of photons in various appli-

cations (e.g. PET)

SILICON PHOTOMULTIPLIER ‘

Page 23
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SUMMARY

We would like to scrutinize two concepts with certain synergy:
« ASIC for analog SIPMs, and
« smart SPAD based 3D integrated image sensor (we are

interested in CMOS development), need partner(s) for the rest, | . wwme D FRONTAL IRRADIATION
but we will gladly share CMOS part as well I S s o | I:I PoSTONS.
=
 Input is required from technology pow, as well as application I ==
(workshopA requirements) ez avmmprsone | 15

* You are very welcome to attend the workshop! We will reach you, ATERAL IRRADIATION
In case you are interested, as soon as the dates are fixed. T |:|
E E==

Linear

 We are preparing also a test bench to measure various sensors T e ona \ya[SPMArey

. . Detector  source, o E:é?
and concepts for TOF application T I = A
 |deally: (after the workshop, we might need more iteration) make

Osci/ PANDA STT crate

X
SPV.

trigger

Fig. 2 Schemes of the acquisition set-up for the frontal irradiation (top), and for the lateral irradiation (bottom) of
the detector (not to scale). The reference axes and the irradiation position are reported in the two configurations

| rray [
a consortium and submit larger scale proposal for either ASIC or

sensor development. l' JULICH
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