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PETIROC 2A

SiPM read-out for time-of-flight PET
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Number of Channels 32
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Sensitivity Trigger on first photo-electron

Timing Resolution

~ 35 ps FWHM in analogue mode (2pe injected) - ~ 100 ps FWHM with internal TDC

Dynamic Range

3000 photo-electrons (106 SIPM gain), Integral Non Linearity: 1% up to 2500 ph-e

Packaging & Dimension

TQFP160 - TFBGA353




Photon Counting

No system clock in the chip
Fast preamplifier

& fast discriminator
Programmable threshold
32 trigger outputs

Photon counting on each
channel on trigger rising
edge

Time-Over-Threshold

possible
120 MHz max rate

Petiroc 2A Operation Modes

Analogue Read-out

No system clock in the chip
Asynchronous

32 triggers outputs
analogue multiplexed
output

Trigger OR, two thresholds
External TDC and ADC
required

Count rate 500 kCPS

Digital Read-out

All conversion inside Petiroc
One wire serial data out
Two trigger level

No zero suppression
Backend controlled by DAQ

Count rate 40kCPS




Petiroc 2A — Analogue & photon counting
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Petiroc 2A operation mode : full digital W
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Petiroc 2A operation mode : full digital

Digital conversion & data outing on user request
Analog data of charge and time are converted in a row with a 64ch. Wilkinson ADC
Digital data are streamed out upon conversion completion
Maximum event rate : 40kE/s

Wilkinson ADC

Digital memory and data outting
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radioactive
source

> QAN *y

Na22
Co60
Co57
Ce137

SiPM LSO cristal

Petiroc2A

ENERGY MEASUREMENT

Petiroc in digital mode

Measurement made at CERN
Thanks to Stefan Gundacker @ CERN for kind help and support



Petiroc 2A energy resolution

Scintillator : 3x3x20mm LS0:Ce codoped Ca (TBC)
SiPM : Hamamatsu MPPC S13360 3050PE 3x3 mm 50um

QDC Readout
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CTR MEASUREMENT - ANALOG OUTPUTS

Petiroc in analogue mode

Measurement made at CERN
Thanks to Stefan Gundacker @ CERN for kind help and support
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Petiroc 2A — CTR measurement, analog mode W

Ch20 & CH31 Coincidence
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State of the art timing in TOF-PET detectors with LuAG, GAGG and
L(Y)SO scintillators of various sizes coupled to FBK-SiPMs
S. Gundacker & Al, CERN
JINST - 10.1088/1748-0221/11/08/P08008 13



radioactive
source

SiPM LSO cristal (’\/\/\)@/\/\/\)

Na22

Petiroc2A

Digital data

LSO cristal

SiPM

CTR MEASUREMENT - DIGITAL OUTPUTS

Petiroc in digital mode

Measurement made at CERN

Thanks to Stefan Gundacker @ CERN for kind help and support
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Petiroc 2A — CTR measurement, digital mode W
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SiPM M/\/ Picosecond
Laser

Laser Trigger

Trigger

Petiroc2A
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SPTR MEASUREMENT

Petiroc in analogue mode

Measurement made at CERN
Thanks to Stefan Gundacker @ CERN for kind help and support



SPTR measurement

SPTR Energy Spectrum
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SPTR - state of the art W
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Single photon time resolution of state of the art SiPMs
JINST, published: October 21, 2016

M.V. Nemallapudi, S. Gundacker, P. Lecoq and E. Auffray
doi:10.1088/1748-0221/11/10/P10016



PETIROC 2A EVALUATION SYSTEMS
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valuation board

32 channel - 1 Petiroc 2A evaluation system
Open source firmware and software
Reprogrammable 1/0s
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Automatic calibration
Direct plot & Roof, csv, xml export of data
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Gammacam

WWWWEET0C.Com GammaCam User Interface v0.9.0.1

© comec I 64-channel - 2 Petiroc 2A compact evaluation system
Slow Control Open source firmware and software

BEEEEEEE BEEEEEEE
Probes 15 DEDE Under debug - new release summer 2017

S-curves

Modular evaluation system:
R |- 5 ) [ [ [ [ ] y :

61

) L iniecti
etector board : SI.PM or injection
- ASIC board : 2 Petiroc2A
Export to LV Import LY Save SC Load SC Send SC

- FPGA board : Altera Cyclone 5
- COM board : FTDI USB2
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DT 5550A from CAEN W

128-channel - 4 Petiroc 2A Hi performance evaluation system
Open source firmware and software
Released summer 2017
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Conclusion W

* PetirocZA is a front-end chip for time-of-flight SiPM read-out

* Programmable ASIC, three main operation mode :
— Photon counting
— Analogue read-out

— Digital read-out

* Several evaluation system
— Evaluation board = 32 channels, open source firmware & software

— Compact evaluation board — 64 channels, modular, open source firmware &
software — available soon

— CAEN DT5550A - 128 channels, high performance DAQ, easy DAQ
programming — available soon
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Thanks for your attention

PETIROC@WEEROC.COM
Thanks for your attention

Thanks for your attention
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