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CONCEPTUAL DESIGN OF HIGH SPEED AND LOW 

NOISE RECEIVER ELECTRONIC SYSTEMS



ZEA-2 – SYSTEM HOUSE FOR SCIENCE

•Employees: approx. 100

•approx. 65 scientists, engineers und technicians

•approx. 15 doctoral researchers (PhD students)

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

•2 administrative staff members

•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
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FACTS & FIGURES

•Project Management

•ISO 9001:2015

•Top down approach

•Review process

•Verification
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ZEA-2 – SYSTEM HOUSE FOR SCIENCE

•System Solutions taking full Potential of Integrated Circuits

•Detector Systems

•Geo-Science

•Quantum Computing 

•Neuromorphic Computing

•R & D Teams

•System Modelling

•IC Development

•Software

•Integration / Verification
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JÜLICH
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DETECTOR SYSTEMS: PARTNERS
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ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JÜLICH
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DETECTOR SYSTEMS: A FEW SELECTED PROJECTS
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TREFF neutron detector (finished)

- Neutron beam monitoring

- Task: a complete system

brainPET (finished)

- UHF PET MRI pre clinical

- Task: DAQ / PS

O.5 

mm

1 mm

2 mm

PhenoPET(finished)

- PET for transport in plants

- Task: a complete system

ZEA-2

RWTH/PMI

ZEA-2
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RWTH/PMI
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TREFF neutron detector (finished)

- Neutron beam monitoring

- Task: a complete system

- 2D-PET (ongoing)

O.5 

mm

1 mm

2 mm

PhenoPET(finished)

- PET for plant roots

- Task: a complete system

brainPET (finished)

- UHF PET MRI pre clinical

- Task: DAQ / PS

Philips DPC

ZEA-2

ZEA-2
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TREFF neutron detector (finished)

- Neutron beam monitoring

- Task: a complete system

- 2D-PET (ongoing)

O.5 

mm

1 mm

2 mm

PhenoPET(finished)

- PET for plant roots

- Task: a complete system

brainPET (finished)

- UHF PET MRI pre clinical

- Task: DAQ / PS

Philips DPC

ZEA-2

RWTH/PMI

ZEA-2

availability Ą unknown

we need another digital 
SPAD image sensor or a 
signal receiver ASIC for 

aSiPMs
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Liquid Scintillator Tank (ANNIE)
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Isolation medium (ZEA-2)

Cooling (ZEA-2)ANNIE WbLS tank 
surrounded by 
photodetectors

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

Smart optical guides and 
concentrators to reduce coverage 
area

Philips DPC SiPMPhilips DPC SiPM

Large PMTs

Additional challenge: thermal 
separation of the Tank and detector

ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JÜLICH
ANNIE EXPERIMENT: A LOW COST DETECTOR SOLUTION (PROPOSAL)
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x-section

background – bad! 
remove using SBT

decay

SHiP SBT EXPERIMENT: YET ANOTHER LS DETECTOR
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x-section

background – bad! 
remove using SBT

decay

SHiP SBT EXPERIMENT: YET ANOTHER LS DETECTOR

ZEA-2: SYSTEM HOUSE FOR RESEARCH IN JÜLICH

Three FPGA ASICs in 
series between PDPC and a 

server



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

• 9bit / 12 bit

• 250MS/s / 1GS/s

• 50 Ohm Input Impedance

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

• Internal Memory and Trigger / Trigger Input

Ą 2nd ES in Q4 2022

• Internal Clock Generation

• 32 ADC in Single ASIC

• Variable to Combine for Higher Clock or ENOB

• Programmable Input Impedance <10 – 100Ohm

• Programable Bias 

• Built-in Self Test

• LVDS Interface to Link Up \w Other IO and ICs

• Data Ordered by Timestamp and 

Zerosuppression

• High-speed Interface to Optical Converter 

• Built-in SRAM Memory to Lower Bandwidth

Requirement to Average

• Calculation of TOA, Feature Extraction: Wavelet, 

TOT, Number of Hits,…
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System Modelling 
& Simulation

• Established Detector Models

• Noise Spectra

• Modelling of Triggering, SFE

• Easy to Convert to HDL (i.e. Silicon)

Page 155 June 2022

Technology – 28nm CMOS
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Technology – 28nm CMOS



NEXT STEP I: GEROLD IS A HUB
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Intermediate 
concentrator

• 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

• Central trigger over fast control
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dSiPM using 3D Integration

TSV

example figure of 3D sensor

SPAD pixel

d
ig

it
a
l

a
n
a

lo
g 3D integration:

• 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)

Digital, not analog! Each pixel connected!

NEXT STEP II: SPAD IMAGE SENSOR

5 June 2022



with SPAD level TDC using 3D Integration

NEXT STEP II: SPAD IMAGE SENSOR

SPAD layer (not 
part of this project)

TDC layer

Analog layer is 
missing in this 
approachGoal: implement TDC to be used with SPAD pixels

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

• Charges generated in SPADs - similar Ą signal shapes similar
• CMOS shrinking + Vcc downscaling Ą 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

TDC principle

Each SPAD has local TDC

Proposed 3D concept for dSiPM

Vernier RO proposed as TDC
5 June 2022



with SPAD level TDC using 3D Integration

NEXT STEP II: SPAD IMAGE SENSOR

SPAD layer (not 
part of this project)

TDC layer

Analog layer is 
missing in this 
approachGoal: implement TDC to be used with SPAD pixels

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

• Charges generated in SPADs - similar Ą signal shapes similar
• CMOS shrinking + Vcc downscaling Ą 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

TDC principle

Each SPAD has local TDC

Proposed 3D concept for dSiPM

Vernier RO proposed as TDC

Already submitted project 
proposal for TDC

Includes engineering runs
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STEP 0: PET ELECTRONIC WORKSHOP

5 June 2022 Page 21

- When, Where : Q2 2023, Jülich/ Duisburg

- European Groups: 

- major players in the field PET and PET/MRI R&D (application)

- Representatives from funding bodies and industry (funding)

- SPAD / SiPM experts –developers (technology enablers)

- Topics: 

- What is the vision for the next 3-5 years for your group? 

- What are the parameters you would like to improve, new concepts you’d like to realize? 

- 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. 
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What they had back then:

- Wafer bonding technology
- SPAD structure
- First SPAD / SiPM prototypes 
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current product list



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, 

but we will gladly share CMOS part as well

•Input is required from technology pow, as well as application 

(workshopĄrequirements)

•You are very welcome to attend the workshop! We will reach you, 

in case you are interested, as soon as the dates are fixed.

•We are preparing also a test bench to measure various sensors 

and concepts for TOF application

•Ideally: (after the workshop, we might need more iteration) make 

a consortium and submit larger scale proposal for either ASIC or 

sensor development.
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Osci/PANDA STT crate

64

64

8x8 
SiPM

Osci/PANDA STT crate

Samtec 
flat coax 

Samtec 
flat 
coax 

64

64

trigger
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