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| PART: PREMISE

Study of performances and characterization of SiPMs for the
next generation of telescopes in balloon-borne & space-based
experiments

|| PART: APPLICATION to PBR case

The test and calibration system for the SiPM tiles of the
Cherenkov Camera for the PBR Mission



The italian ASI/INFN EUSO-SPB2 Project

The development of detectors based on SiPM photosensors for acquisition of fast signals
coming from Cherenkov and fluorescence emission started by astroparticle showers in the
atmosphere, is the main goal of the current ASI/INFN Agreement n. 2021-8-HH.2-2022, named
“EUSO-SPB2 (Extreme Universe Space Observatory — Super Pressure Balloon 2)” (P.l.

G.Osteria) useful for the next generation of telescopes in balloon-borne and space-based
experiments.

PARTNERS:
* ASI
* INFN :BACT, NA,ROMA2, TO

INFN

Agenzia Spaziale Italiana Istituto Nazionale di Fisica Nucleare

SUB-PARTNERS:
* University of CATANIA
* University of TORINO

NIVERSITA
| TORINO

e started in 2021 and extented until May 2025
e just prolonged for other 9 months (February 2026)




The ASI/INFN EUSO-SPB2 WP#4400

WP4400: “Selection, characterization and test of SiPMs”

Unit: Catania University & INFN - Catania Division
P.l.: Rossella CARUSO

The main item of this Working Package is the definition of a procedure for characterising
and selecting the SiPMs that best fit the experimental requirements.

The study of performances of different SiPMs available on the market has been
performed to identify the best sensors for space applications.

The protocol foresees to measure several parameters: breakdown voltage (Vbd) ,
guenching resistance (Rq), gain (G), dark count rate (DCR), probability of cross-talk
(pCT) as function of temperature.
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R&D on SiPMs for space-based missions (2021-2023)

Involved members: Caruso R., Petta C., Lombardo C., Persiani R., Tortorici F.
Sacca G. & Guardone N.

Measurements on SiPMs basic properties at controlled T conditions:

« R&D on SiPMs with several prototypes from Hamamatsu, SensL,
AdvanSid (FBK), Kernell, Ketek manufactures;
«  visual inspection (scratches, bubbles...): in clean room using a
mIicroscope,
« measurements at temperature variations (- 40 °C + 150 °C) in a climate
chamber: Dark Current Ratio (DCR); Gain (G); Photon Detection
Efficiency (PDE); Cross-Talk; After-Pulse; |-V (Current-Voltage) curve.

» KETEK PM 3335-WL-AO
» 3x3 mm?
» 35 um dimensione delia cella
> Vo =285-3025V




Vg (V)

Hamamatsu S14160-1315PS 2 41,77 to sold 1
$14160-4050HS 2 37,9 40,6 to sold 1
$14160-1310PS 2 42,4 to sold 1
$14160-3010PS 2 42,66 to sold 1
$14160-3015PS 2 42 to sold 1
$13360-6050CS 2 50,97 53,97 PIN A-K 1
$13360-1325CS 2 52,65 57,65 PIN A-K 1
$13360-6025C 2 51,87 56,87 PIN A-K 1
$13360-1350CS 2 49,49 54,49 PIN A-K 1

SenSL ARRAYJ 30035 16P PCB 1 CONN 4Xa
ARRAYC 60035 64P PCB 1 CONN 8X8 Arrayx BOB6 64S GEVK
MICROFC 10010 SMT TR1 6 to sold 1
MICROFC SMA 30035 GEVB 1 SIPM ON BORD
MICROFC SMTPA 60035 GEVB 1 PIN A-K 1
MICROFC 30035 SMT TR1 to sold
MICROFC 60035 SMT TR1 to sold
NO NOME PIN A-K
MICROFC SMA 60035 GEVB SIPM ON BORD
MICROFC SMTPA 10010 GEVB 1 PIN A-K 1
MICROFC SMA 10010 GEVB 1 SIPM ON BORD
Arrayx BOB6 64S GEVK Eval board
Arrayx BOB6 64p GEVK Eval board

Broadcom AFBR S4E001 1 Eval board

AFBR S4N44P163 1 a4X4a

Ketek PA3347-WL-A0-A0-0808 1 Samtec 8x8
PM3347-WL-AOQ PIN 2 PIN A-K 1
PM3325-WB-DO PIN 1 PIN A-K
PM3315-WL-AO0 2 PIN A-K
PM3335-WL-A0 2 PIN A-K
PM3315-WL-AOQ PIN 2 PIN A-K
PM3335-WL-A0 PIN 2 PIN A-K




SiPM characteristics o
INEIEIC S 3347'% . Hamamatsy: S13360-6050CS’

S13361-3050-A5-08

Series Series «— / '/ \‘\‘Matrix

Dimensions Pitch Dimensions  Pitch / connector
Operating temperature: -40 °C /60 °C Operating temperature: -20 °C /60 °C
Spectral response range: 320-900 nm (270 — 900 nm for HPK with CS option)
Peak sensitivity wavelength: 450 nm
pixels Factor (%) R-index Area (mm?)
PM3335-WL-A0 7396 80 1.52 3.0x3.0
PM3347-WL-A0 4096 80 1.52 3.0x3.0
PM3347-WL-A0-0808 4096 80 1.52 3.0x3.0
S13360-1350CS 667 74 1.41 1.3x1.3
S13360-6050CS 14400 74 1.41 6.0x6.0

S13361-3050-AE-08 3584 74 1.55 3.0x3.0



First set-up for R&D on different SiPMs:

(I phase: 2021-2022)

e Acquisition System (Front End Board):

CAEN DT5550W (with piggyback 2 Citiroc1A)

* PCB: designed and made by INFN-CT Elettronica
* Power Supply: Keysight 0-100 V, CAEN A7585

* Climate chamber (fig 2): ESPEC-SH242

(-40°C + + 180°C) (300 x 250 x 300) mm3

e 3LEDs + Driver (fig3): CAEN SP5601 (400 nm)

* LASER (fig 4): Picoquant PDL 800-D with
LDH P-C 405B head (402 nm, <80 ps)

ES?!C
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2" PHASE (2022-2023)
(I-V) set-up or different SiPMs

USB

Anode Power Supply

Cathode

Picoammeter PC
usB

ed for I-V measurements.

ESPEC SH-242
Environmental chamber

Masurements of:

Vg, = break-down voltage;

* R, =quenching Resistance

Keysight 36106 B

(eithley 6487 DC power supply

icoammeter

PC - LabView



Il Phase (2022-2023) r——
Set-up for
Hamamatsu SiPMs

Optical Fiber | | Ep DRIVER

Trigger

Flat cable —
DT5202 PC
Ethernet

cable

Multiphoton & staircase setup

ESPEC SH-242 .
Environmental chamber Masurements of:

CAEN SP 5601 SiPM

LED driver

e @G =Gain,
* DCR = Dark Count Rate,
* pCT = probability of Cross-Talk

trigger

/ /

Optical Fiber CAEN FERS
DT 5202




SiPM parameters

Breakdown Voltage: V, > the most important parameter
\/
Gain(V.) Best specified
> versus the V =V +V

Breakdown voltages have been measured at several temperatures ranging
from -40 °C up to 25 °C



SiPM parameters

All measurements repeated

All measurements were performed at fixed V____ in the temperature range:
-40°C/25°C
reverse-bias —— Breakdown Voltage V., V. ,(T)
I-V curve <
forward-bias — Quenching Resistance R, R,(T)
Multi-photon spectrum—— Gain G G(T)
|—> @ different overvoltages G(V ) |<+— @ 25 °C (fixed)
Dark Counts Rate —> DCR DCR(T)
staircase L » @ different overvoltages ~ DCR(V, ) [«+— @ 25 °C (fixed)
Probability of Cross Talkk —» pCT pCT(T)

L > @ different overvoltages ~ PCT(V,) '<«— @ 25 °C (fixed)
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¢ |-V curves at different temperature
¢ Automated fit procedure to extract V,

¢ Measurement of single curve: 1 hour
¢ Temperature dependance of Vbd:

¢ HPK: 55 mV/°C

v Ketek: 29 mV/°C




Current [nA]

Quenching Reslistance (2]

|-V curve: forward bias

w10°

=1 N A LA L N | T L
8000; + KETEK 3335 ?
7w0; * KETEX 37 __:
6000— + k130 -
e «— Linearfit —  Quenching Resistance
4000— —
e | PRELIMINARY E
2000:— —::
1000} 3 ¢ Recovery time of the SiPM microcell

oFy C i e PR B depends on the R

0 0.2 0.4 06 0.8 1 q
Forward-bias [V]

a0, S I ¢ Foundamental to check that Rq deos
=" - i 3 not depend on temperature
soof--
asof- To- - on - ¢ All ketek devices show an R,
3 ™ o= .E independent on temperature
g~ -
H0E- == e o ¢ HPK devise show a linear dependence
moE- - - . -4 on temperature, but not for HPK matrix
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Counts

Multiphoton spectrum
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Gain [ADC]
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DCR [Hz]
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DCR [Hz]

DCR [H2]

10’

10°

10°

10°

10°

10°

10°

10°

10*

O
A

||1|I'm| ||||m1] |l|||11'|| IlllII'I'I_I'l'I'l'lTIE

* KETEX 335
. KETEX 3T

KETEX 8s8

* HPK 1350

HPK (050

« HPK Bd

llllm‘, ll|luul ll‘lmll llllu,u,l lllllml Lo s |||||

3
@
>

l

T T TTTTI

l

i

T T TTTTh

L |Ill|l|

—

I H

tHd

* KETEK 3335
+ KETEK 3347

KETEK 8x8

= HPK 130

HPK 080

« HPKEx8

PR

-

I” ! 11'1|11:1|l

.
L L1l

Lol

|

I
o

10

Tra

v Staircases are well defined for

matrices

¢ Automatic fit to extract the step

height

¢ DCR=N_,

¢ DCR decreases with
decreasing temperature

¢ Both matrices has the lowest
DCR

¢ The decreas is important for
both matrices
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i / Characterisation of Hamamatsu S13161-3050A E-08 \
& METHODS SiPM (8 x 8) array
Suvescs at different temperatures with CAEN DT5202
‘::..::“_g..:“: R. Persiani®®, C. Lombardo®®*, S. Millesoli*®, F. Tortorici*®, S. Albergo™®,
- F. Cappuzzello®®, R. Caruso®®, C. M. A. Petta®®, C. Tuve®"
SO 2 Department of Physics and Astronomy "E.Majorana”, University of Catania, Via S. Sofia
64, Catania, 95125, Italy,
BINFN section of Catania, Via 8. Sofia 6§, Catania, 95125, Italy,

\ ¢INFN Laboratori Nazionali del Sud, Via 8. Sofia 62, Catania, 95125, Italy, /

NIM A, Vol. 1057, December 2023, 168732
doi: 10.1016/j.nima.2023.168732 Abstract

Silicon PhotoMultipliers, SiPMs, constitute the enabling technology for a di-
verse and rapidly growing range of applications: medical imaging, experimental

physics, and commercial applications are only a few examples. In this work,

:F Introduction a characterisation protocol for SiPM qualification has been applied to Hama-
:F SiPM: operation principles and characteristics matsu S13161-3050AE-08 SiPM (8 x 8) array in the (-40 + +30)°C temperature

’ :F Experimen tal s t-up range. The protocol foresees to measure several parameters: breakdown voltage,

quenching resistance, gain, dark count rate and probability of cross-talk. Meth-

’ :P Measurements and results ods to extract them and their dependence on temperature at fixed overvoltage
:F Conclusions are shown and the results are discussed.
Keywords: SiPM characterisation, breakdown voltage, quenching resistance,

gain, dark count rate, probability of Cross-Talk.

:F Acknowledgements
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5. Conclusions

This work is mainly focused on the characterization of an (8x8) SiPM ma

trix (Hamamatsu model S13360-3050AE-08) over a wide range of temperatures] £, oo o v oL MAMATSU SiPM tile:

64 channels: (8x8) matrix, (3x3) mm?area

from 30 °C down to -40 °C. Two different configurations were adopted: th
from -40°C to + 30°C

first uses a picoammeter to measure accurately the leakage currents in order to

determine both Vy4 and Ry, and the second one adopts a CAEN DT5202 read-

out system to evaluate gain, DCR and pCT. V}; decreases as the temperature

r

decreases, while the R, seems almost independent * "¢ - Acknowledgements

of fixing the same bias voltage for all temperatu
Special thanks to R. Santoro from INFN section of Milan for the several

constant is more convenient. Consequently, the ga
Iy, Ll g »s  discussion on technical aspects. This work was possible thanks to the support

the DCR level decreases as the temperatures decre of the University of Catania, in particular with Finanziamento di Ateneo-Linea,
di intervento 2 Piaceri, progetto MODICO, Finanziamento di Ateneo-Linea, di

intervento 2 Piaceri, progetto MAYORANA. This work would not have been

possible without the financial support of the “A.S.I. (Italian Space Agency)”; in
particular, thanks to the "ACCORDO ATTUATIVO ASI-INFN n.2021-8-HH.0

e suo Addendum n.2021-8-HH.1-2021 Accordo Quadro ASI/INFN”, Research
Project “EUSO-SPB2 (Extreme Universe Space Observatory-Super Pressure

Thanks to dedicated funds by ASI, in
agreement with INFN in the framework of
Project “EUSO-SPB2”

Balloon)”, WP4400 ”Characterization, Selection & Test of SiPM tiles”. This




| PART CONCLUSION
WP4400: “Selection, characterization and test of SiPMs”

« Founded a Laboratory of “Photosensors for Astroparticle Physics” at the Department of
Physics and Astronomy - University of Catania & INFN-CT
Scientific Coordinator: R. CARUSO

« Specific experimental set-ups for SiPMs measurements in thermal excursions
« Sotware codes (LabView and Janus) developed

» Analysis tools (almost) automatized

* Inventory of SiPMs and many FE and DAQ devices acquired and usable for next tests
and measurements

« S13 Hamamatsu (8x8) SiPM tile with best performances as function of temperature
(-40° - + 30°) for future applications

» published paper: R.Persiani et al. NIM A, Vol. 1057, December 2023, 168732

 contribution presented at Conference ASAPP2025:

R.Caruso : “Study of performances and characterization of SiPMs (Hamamatsu
S13161-3050AE-08) for the next generation of telescopes in balloon-borne & space-
based experiments”
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| PART: PREMISE

Study of performances and characterization of SiPMs for the
next generation of telescopes in balloon-borne & space-based
experiments

|| PART: APPLICATION to PBR case

The test and calibration system of the Elementary Cell for the
PBR Cherenkov Camera



CHERENKOV CAMERA OVERVIEW

Requirements: (from simulations)
*20 cm

* Pixel size: 3 x 3 mm?2
*+ Pixel FoV: 0.2°
+ Total FoV: 12° x 6°

Implementation:

\

* CC-PDM

« SiPM arrays:

* 64 pixels (8 x 8)
*+ 4 x8=32SiPM arrays
« 2048 pixels

» four CC-PDMs (1x8 SiPM arrays, 512 pixels)

«—— =10 cm ———»/

G. Ostenia
36th JEM-EUSO Collaboration meeting, December 9-13, 2024 - Chicago




== Photon detection efficiency vs. wavelength (typical example)

(Ta=25 °C, Va=Vop)

SIPM ARRAY STATUS

50

Hamamatsu $13361-3050 series g « /\
. £ Ll
* S13361-3050-NE-08 (8x8ch), pixels 3mm? : / \\
== Absolute maximum ratings 5 ” \\

Parameter Symbol | S13361-3050NE-04 | S13361-3050AE-04 | S13361-3050NE-08 | S13361-3050AE-08 | Unit § i \
Operating temperature*? Topr -20 to +60 °C \
Storage temperature*? Tstg -20 to +80 L 0
Soldering temperature*® Tsol 240 (twice) | - | 240 (twice) | - °C 20300 403 00 600 70 B00 900 1000

Wavelength (nm)

== Electrical and optical characteristics (Typ. Ta=25 °C, Vover=3 V, unless otherwise noted)

Parometer Symbol Value Unit == Overvoltage specifications of gain, crosstalk probability, photon detection effic

Spectral response range A 320 to 900 nm
Peak sensitivity wavelength Ap 450 nm 6 x 100 (=25°0 . £
Photon detection efficiency (A=Ap)™* | PDE 40 Y% —Gan - ;;
ohome 2 = i | Lot .
: : effcency (=-450my | | < =
Terminal capacitance a 320 pF 1 .- ~ G
Gain M 1.7 x 10° - o x 108 . 0 £
Breakdown voltage VBR 53+ 5 v 5 g
Recommended operating voltage Vop Ver + 3 v - v e 0 T
Vop variation between Typ. 0.1 33x » g
channels in one product [ Max. 0.3 / 8
Temperature coefficient of ATVor 54 mv/°C 2 x 108 // 0 =
recommended operating voltage P / ]
1 x 10° ] - 10 é
o ,‘.4— =
S13361-3050-NE-08 0 —] o F
. . ) 0 2 4 6 8 o g

» 17 available for prototyping studies
Overvoltage (V)

» 50 ordered (delivery by the end of January)

G. Osteria
36th JEM-EUSO Collaboration meeting, December 9-13, 2024 - Chicago




THE ELEMENTARY CELL

| Custom PCB

S$13361-3050AE-08

(Samtec) 40 positions
LSHM-120-02-5-L-DV-A-S-TR

G. Osteria

36th JEM-EUSO Collaboration meeting, December 9-13, 2024 - Chicago

| M1 screws

Status:
* 13 prototypes manufacture

| 3D printed spacer

(Samtec) 40 positions 38 AWG coax
HLCD-20-12.00-TD-TH-1

M1 screw

(Samtec) 40 positions
LSHM-120-...

.

3D printed spacers

Custom PCB

| S13361-3050AE-08

Elementary cell (side view) (

e On April 17th, 2025, the shipment of one Elementary Cell arrived in Catania from Naples.
 We started with test and meaurements of basic parameters at different temperatures!



Environmental chamber

WO W '’ W N g
Charge HG (Board 0)

41, §334 5324420 1 9 8
4353513458552 3 1 10
A543 7EENa08 4 5 13% 12
47394538 A6 7 15% 14
49 56 ER2om 2228 11716
51 598 27 F2418% 19
524586075 *612826:8:220:81120 21
54 11162 78163:2428111°31411 30 - 23

SP5801 - Led Driver

ASZ51 with SiPM Matrix

trigger

Optical Fiber LED DRIVER
Trigger
Flat cable —
DT5202
Ethernet
cable

PC
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Mean

RS
Ch(S8) (G4): 470.459 19€.905 - T0 Runas——
CH[38] (83)¢ 371,158 173.389 - T1 Runas——
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Performed MEASUREMENTS:

Multiphoton & staircase setup

(-40° = +30°) temperature range; step AT = 10 C° ESPEC SH-242

Environmental chamber

CAEN SP 5601 SiPM

LED driver

N

Staircase curve (OFF LED) - dark count rate (DCR) / T )
cross-talk probability (pCT)| /=
Analysis in progress (conclusion: next week) prics e o

for each T, 9 diffent V

bias

Multi-peak spectrum (at low intensity LED) > G

MEASUREMENTS To BE DONE

* (-40° = +30°) temperature range; step AT=10C°

ESPEC SH-242
Environmental chamber

* (I-V) curve—> break-down Voltage (V;p)
quenchin Resistance (Rq)

« COMPARISON of results of two
HAMAMATSU S13 analysed in 2 different phases

Keysight 36106 B
DC power supply

Keithley 6487
picoammeter

« protocol of measurements & list of key PC - LabView

parameters to be fixed for massive calibrations




Procedure deep for EC massive calibration
and timing

« Testat 20 °C and -50 °C; 40 minutes from 20 °C to -50
°C, 35 minutes from -50 °C to 20 °C

For each EC:

« dark spectrum + light spectrum: 60-90 minutes for the
entire tile

— Multi-peak spectrum, Poissonian on first fingers:
— use PDE/spectrum to find broken pixel:

* IV-curve (at least 100 points), 10 minutes x each
2X 8 hours test!




N.2 Integrating Spheres & accessories
2P4M Thorlabs 50 mm

available at Laboratory of photosensors for Astroparticle Physics
for uniform illumination of the CC EC and/or PDE and/or FS
and photon detection efficiency (PDE) of the EC

Side Input Port Top Input Port
(Not Shown)

Front Input (Item 3 ?ﬁw&l)nom BiSmES SRS
rontinput — L petector ? Detector | Input
Pot  port Port Not Shown] Port Pt
Click to Enlarge Qlick to Enlarge ..
Layout of Ports on Integrating Sphere Housing Integrating Sphere Interior

POSSIBLE DEVELOPMENT in the set-up!




POSSIBLE DEVELOPMENT in the set-up!

STANDA XYZ translation system
426mm (X) x 426mm (Y) x 130 (2)

operation temperature range

(-50° + 85°)

possible to be procured

for regular precise moviments in illuminating
the CC PDM or FS

Alternatively:

Thorlabs XY Ztranslation stage
150 or 300 mm

not for lower temperatures

Travel range: 200 mm
Max speed: 5 mm/sec
Operation temp.: -50++85C

Weight: 3 kg




POSSIBLE DEVELOPMENT in the set-up!

Bigger and powerful Climate Chamber
600mm (L) x 801mm (W) x 694mm (H)

wider temperature range
(-75° + 180°)
available at INFN - CT

GENERALI
RAFFREDDAMENTO
Potenza frigorifera kw 37,2
Potenza assorbita totale kw 15,1
EER 2,47
SEER 6,01
Portata d'acqua I/s 2,01
Prevalenza utile pompa kPa 152,68
DIMENSIONI (mm)

A - Lunghezza B - Profondita C- Altezza

2255 1022 1788

PESI (Kg)
Peso netto kg 587
DATI ELETTRICI
F.L.A. CORRENTE ASSORBITA ALLE MASSIME CONDIZIONI AMMESSE
F.LA.-Totale A 39,7

E1 MASSIMA POTENZA ASSORBITA

E1 - Totale kW 19,2
L.R.A. MASSIMA CORRENTE ALLO SPUNTO DELL'UNITA'

LR.A. - Valore A 124,1




NEXT STEPS & CONCLUSIONS

 waiting for next stock of EC of the PBR CC
in Catania for testing and calibrating all them
step by step

WE ARE READY!

« next calibration of the each CC PDM or the
whole PBR Focal Surface?

« possible improvements in the set-ups

« (Catania SIPM Test Facility as Calibration Site
for the PBR Collaboration!

Multiphoton & staircase setup

ESPEC SH-242
Environmental chamber

CAEN SP 5601 SiPM

LED driver

SP5601 - Lad Driver

Jq :
Iy |’
Kigger

Dptical Fiber CAEN FERS e

DT 5202 PC - Janus

ESPEC SH-242
Environmental chamber

Keysight 36106 B

Keithley 6487 DC power supply

picoammeter

PC - LabView




