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|. Introduction

A Collaboration: University of Barcelona (ICCUB) and CERN (EP-ESE-ME)

A Develop a scalable FE electronics for photosensors with intrinsic gain
(PMTs, MCPs, SIPMs) to perform precise measurement of

I Time: approach intrinsic single photon time resolution of the sensor: 10 - 100 ps

I Energy: linear (< 3%) for 1000s p.e. range
A Allows for precise time-walk correction
AOpti mal solution would be waveform sampling

A What does scalable mean?
I System on chip: input stage, comparators, TDC/ADC, digital back-end, serializer

i Low power (<1 mW/mm?) including everything
i Compact<lmm?’per readout channel (or fApixe

i Fabrication cost < 1 $/ch for volume production
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Il. FastIC

2D

AGeneric: wide range Cdet (MCP/PMT to large SiPMs)
ALarge linear dynamic range (1000s of pe)

AAnalog to binary: used with external TDC

ANot radiation hard

AStandard multichannel chip: readout of 2D sensor matrices
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ll. FastIC architecture

A FASTIC current mode ASIC.
i 8 Inputs: 8 Single Ended (POS/NEG), 4 differential and

Inpup dtdge “sirhdifiee’ < 8 mWiphl

I Fast current mode

summation (POS/NEG) in 2 clusters of 4 channels. input stage
I 3 Output modes: (1) SLVS; (2) CMOS; and (3) Analog. i Current mode
I Active analog summation of up to 4 SE channels to improve comparator for
time resolution
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Il. FastIC: Linearity of the Energy measurement

A FastIC provides a measurement of the time and A Linearity error is below 3%
energy per channel in two consecutive pulses i Saturation is reached at 25 mA of input current.

i Based on HRFlexToT ASIC [1] i Other operating modes (negative, differential and

i Linear energy by pulse width encoding summation) behaves similarly with a low linearity error.

A fAWil kindorkeADC@onversion 1000.00 - 5.00%
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A This makes FastIC suitable to different detectors:
LYSO/LSO, BGO, Cherenkov, Monolithic, etc

A Different trigger modes, including cluster trigger for
+__ Energy monolithic

[1]: Sanchez, D., Gomez, S., et. al. HRFlexToT: A High Dynamic Range ASIC for Time-of-Flight Positron C\ER/\W %3 ICCU B EEEEEEEEEE
30 May 2023 Emission Tomography, 2021, IEEE TRPMS, https://doi.org/10.1109/TRPMS.2021.3066426 <7~
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ll. FastlC evaluation system

Evaluation system

Aims of the evaluation system:

Basic operational test & debug ASIC functionalities

Initial electrical characterization and linearity analysis.

Initial benchmark i.e. evaluate the FastIC chip by
comparison

With respect previous designs (NINO, HRFlexTOT)
Using reference SiPM sensor:

Hamamatsu $13360-3050CS

FBK NUV-HD

Interface with other sensor based on adaptor board

* Signal acquisition:
FPGA-based TDC (45ps time bin)

Differential sLVS link to external system
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Custom sensor board

FastICgeneric board

2 FastICs on QFN64 (16 channels)
Reference SiPM sensorsincluded
The board can be used stand alone

FPGA board

FPGA board for slow control,
acquisition and additional biasing.
Multichannel TDCis implementedin
the FPGA (45ps time bin)

) &1CCUB ¢
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ll. FastIC: SPTR measurements with SIPM and blue laser light

A FASTIC and HRFlexToT used for
comparison.

A The setup is as follows:

I Advanced Laser Diode Systems A.L.S.
GmbH (PiL040X) at 405 nm and a
tuned intensity level of 50%, jitter < 3 ps
and < 45 ps pulse width .

I Sensor: S13360-3050CS (Hamamatsu)

I Agilent MSO 9404A 4 GHz oscilloscope
(20 GSI/s).

I Several measurements are performed
to identify the optimal threshold.
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. Performance: SPTR measurements with SIPM and blue laser light

A Sensor: HPK S13360-3050CS

A Results are obtained by performing
a Gaussian plus an exponential fit
of the delay histogram.

I Best SPTR FASTIC: 176,03 ps
I Best SPTR HRFlexToT: 202,05 ps
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ll. FastIC performance: CTR with scintillation light.

ASensor: HPK S13360-3050PE 3x3i | , 50t I pixel pitch.
ACrystal: LSO:Ce Ca 0.2% of 2x2x3 mmg.

ACoupling: Melmount Glue
APositive Readouit.

FWHM = 94 ps

AMeasurements using HPK S13360-3050VE
and S14160-3050HS both of 3x3l | and
501 | pixel pitch gives similar results

AMeasurements using HPK S14160-3050HS
3x3l I , 50t | pixel pitch and the negative input
polarity gives similar results

Aor 1 sigma around 19 K events are selected. FastIC Bias voltage 60.0 V (~7 V of Over-voltage)
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