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Introduction

SiPMs are a valuable option for the Dual
Rich optical readout:
e Cheap
Low voltage operation
Excellent time resolution
Single photon detection

Insensitive to magnetic field i
High spatial resolution In this first phase of the detector R&D we needed to

But: test_th_e capabilities of the SiPMs to withstand
High number of channels radiation damage:.
e High Dark Count Rate ° Sens:or_ selection (Vgndor and Model)
e Irradiation & Annealing campaigns
The test setup must mimic the operative condition
in a multichannel configuration.

e Prone to radiation damage.

3 - Luigi Pio Rignanese


mailto:LuigiPio.Rignanese@bo.infn.it

Irradiation & Annealing campaign

Several SiPMs sensors (> 120) from different vendors were tested. Different irradiation levels with 148 MeV
protons @ TIFPA (TN).

2021 campaign 10%-10"" n

2022 campaign 4 x10° n_ cycles

HAMAMATSU

Edge connector
(no plastic)
ucell v, PDE = DCR "
board | sensor (=S| b | (G ey | Window | notes

513360 i p——
s 50 53 40 55 silicone | g ;

g | Hawa iz
513360 " oy | X
pheis 2 53 | 25 44 sifcone | 7255 | =

B ?é:;:g 50 38 50 silicone | "Gy B %

HAMA2 -

S14160 ‘smaler SPADs 5

E Shicoe 15 38 32 78 silicone | adaon ‘e =

=2 NUV-HD-RH
MCROF) [ oo | oas | 28 | s0 | omss | oo
gk 3 | 245 38 50 glass | gt
e '

MICROFJ o
pekint 20 245 30 50 glass | i o .
Y= R RSV N R I [e—

” BCOM | qoascos | 30 | 27 | 43 m 9ass | 5o | eenoavcon

2 .
3x3 mm= SiPM sensors Temperature sensor for

operation with Peltier cooling

4x8 “matrix” (carrier board)

4 - Luigi Pio Rignanese
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Irradiation & Annealing campaign 2022

Test reproducibility of repeated irradiation-annealing cycles simulate a realistic experimental situation

Characterization

Bo

]
Irradiation Annealing
4x
TIFPA-TN Fe

Characterization

Bo

Irradiation fluence/cycle of 10° n_

q 150 °C 150 hours annealing

Interleaved with full characterisation

) - Luigi Pio Rignanese
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Irradiation & Annealing campaign 2022

Test reproducibility of repeated irradiation-annealing cycles simulate a realistic experimental situation

Characterization

iSEEER
Bo

]
Irradiation Annealing
4x
TIFPA-TN Fe

Irradiation
2x108 n,,

Characterization
Bo
Irradiation fluence/cycle of 10° Neq
Interleaved with full characterisation online annealing

6 - Luigi Pio Rignanese



mailto:LuigiPio.Rignanese@bo.infn.it

Characterization setup

Automatic measurement of 4x SiPM boards (128 channels)

e climatic chamber
low-temperature operation (T = -30 C)

e multiplexed source meter

e ALCOR-based front-end chain
FPGA (Xilinx) readout

e LED pulser

e Power supplies
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Characterization setup

measurement
- E i
= E 3
2107 1
E" | |
S & 4
10k 4
E ]
10°F i
E 1
107} 1
E {
10 12;, FBK NUV-HD-CHK 1
' 30 35 40 45 '
bias voltage (V)

IV setup: Dark Current -V,

current (A)
3 3 3

3

3

3 > & -
e

S SRR

30

35

Keithley 2450 SMU (up to 10 fA resolution)
Keithley 7702 40 ch Mux
32 channels (2 carrier boards) fully automated

FBK NUV-HD-RH

1
1
!
i
1

40 a5
bias voltage (V)
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Characterization setup

DCR

Full dressed redout:

e ALCOR v1 with TDCs in LET mode

e Bias distribution to fine tune the HV through
precision DAC (Fe)

e Xilinx FPGA connected through high speed
links (Samtec FIREFLY cables) for the
acquisition

TDC threshold scan computed automatically to
find the baseline and measure the DCR

= ¥ F ¥ 3 s i
L0 HPK $13360-3050VS L 10'- § 107 ! +
o o : sl |
S 1o S p .jﬁ*‘" - S 551”.*’ 1‘
iy o
10° 10y } ' 10° i [y 1
;i " e e ] of P =5
10° L “{ ‘;’;,ff | 10) By p ;.}"qb‘ J‘
SRS ¥ 7 3 Wi A

> 10 p 10°
o ; E H
10 10 10°} )
{
1oL 10 105 . . |
- FBK NUV-HD-CHK - e ¥is7 § FBK NUV-HD-RH i
g A L4 s e
- bias voltage (V) bias voltage (V)

1 delta threshold
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Characterization setup

LED optical bench - PDE

e Same Alcor readout as for the DCR
measurement

e Linear stage to scan different SiPMs

e LED driven by a fast RF pulser

e Coincidence computed in the FPGA

At the beginning of each line a reference sensor is
scanned to ensure the maximum repeatability.

reference board target board

1

e ——

HAMAMATSU
13360 - HAMA1

LuigiPio.Rignanese@bo.infn.it - Luigi Pio Rignanese
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First campaign results 2021

40 pm 50 ym 50 um 35um
— E = 8 [ [ I B
< < L AN
~ £ FBKNUV-HD-CHK Viver =4V = Visi=4V E
c F - —
F © 404 . s
D10+ £ 1075 Common behavior on all samples. =
F o | = -
3 L v l °© r E
i -6 ——=

10_6 E % | — 10 - —_— E:
c — R e .
= E — ——— =
E . b= |
F G e .
10"8 = 10 ':" - %
= r =
i ~ 100x current reduction e 2
c sensor functions as if it -~ :
10" received ~ 100x less 1077 " —— new E
c fluence - —o— 10” n,, (offline annealed, T = 150 °C) N
E @ hew +-10'° n, (offline annealed, T = 150 °C 3
£ —e— irradiated J0-12 o eq ( = R OC) 3
1072 & —e— oven annealed (200 hours @ T = 150 °C 0 =g neql (offline aﬂneal ed, T = | ) g

E | 1S S S )

new 9 10 1 o a0 050" a0
10°n,  10°n,  10'ng O I T
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First campaign results 2021

current (A)
2

107}

10°®

1071

10—12

S

40 ym 50 um 50 um 35 um

Vover =4V

MLLLLL BLRILL BRRLLL BRRL

tﬂ

l!lllul l\lIUlI llllllLI llllLL’] lllllll‘ 111

Ty T
®

I

|

—&— new

g 1 HIIIIII ! H!lllll 111

- —o— 10° n, (offline annealed, T = 150 °C)
+- 10" n, (offline annealed, T = 150 °C)
—e— 10"" n,, (offline annealed, T = 150 °C)

1
Ll L

ot
S\

a0sN°

|
S 03°
K 3()50 3.30
4380 ~ 09‘09

e

Dark current and DCR are essentially
the same measurement

12

DCR (Hz)

S
W 0

<R
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107
10°
10°
10
10°
10?

10

40 um 50 um 50 um 35 um

Vover =4V

W Il Imlmq m!nmv‘ TTT

HJ

|

|

1 llllllll 1 lllllll.‘ 1 HIlUIJ 111

H
|

|

—o— new

—eo— 10° n,, oven annealed (200 hours @ T = 150 °C)
~&— 10'% n,, oven annealed (200 hours @ T = 150 °C)
—e— 10'" n,, oven annealed (200 hours @ T = 150 °C)

LRALLLL R IR

lI]lLl] J\Hlll!.l I]lll]JI JlJllUI.I 11

WL |

sON©

o)
003
3360'30 -

‘\.
Sh oF
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First campaign results 2021

Dark current and DCR are essentially
the same measurement

ﬂ flul-| T IxIIHI{ T IHIIIII T IHIII1 T IIIIIHI T IHUI.I ] IxHhi T thl‘ 1 ”””.] T IIIHII] T It
T ., —= NUV-HD-CHK _ .
= 10"E o 513360-3050VS Vover =4V o
oc - —a— S14160-3050HS . 3
Q 108 —» MICROFJ-30035 " o
104 ;_. ¥ : ;
3 = 1
10°F ‘
- Perfect correlation between the two -
10 measures
10 : ;‘g;"neq E With the full ALCOR readout we are

" e 10° nqcurrent annealed (online @ T = 175 °C) 7| able to characterize irradiated SiPMs!
1 = —e— 10" n,, oven annealed (200 hours @ T = 150 °C) 3
—Illll:.’ 1 IIIIHI‘ 1 IIIIIII] 1 IIIIDI‘ 1 lIlIlllI 1 IlIHfll 1 llllll’ 1 XIHII‘ 1 IIIIJI." | IIHIII‘ [n

0% 10% 10* 10 107
current (A)
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First campaign results 2022

N
=5
o
O
a

10’
10°
10°
10*
10°
10?

10

1

IlIJIIIIl |I||||'|T| ||I|II|I| |I||IIII| TTT

HP}

l
< $13360-30

50VS yover =4V
J==r =

IlIIIII| I|II|||I| |||||III| TTTIT

Irradiation

| Illlllll Il

new

irradiated annealed irradiated annealed irradiated annealed

 cycle

2" cycle 3" cycle

Every 10° N of dose, we measure an increment of
500 kHz in DCR

Annealing helps to recover up to 97% of DCR and
after each annealing roughly an additional 15 kHz of
DCR is preset wrt new sensors.

Radiation damage remain additive even in this cycle
configuration.

150 °C 150 hours oven annealing

14 - Luigi Pio Rignanese
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First campaign results 2022

—~

[ [

L 75 T Em— i e ] Direct current annealing allows to reduce the DCR by a
= e ‘ oer =% ¥ = factor 10. Not as good as the oven but:
O g6l 7 e 100 times faster
10°E 500 kHz 10x DCR reducti E . .
0" E e T— ’1 T : e can be done in-situ
10° 55 kHz E e can be done more frequently
i z =
104 . : :
= Needs a clever electronic design to bypass power supply
T il filter and protect the front end
EE EE iEBBEE
105 .
E —e—10°neq 3
1‘_+on|ine@T=175°C : ]
E —e— 200 hours @ T = 150 °C E
F | | | :
“e\N . “ad\a\ed ‘“\ea\ed a“(\ea\ed
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First campaign results PDE

coincidences / triggers ratio

over voltage (V)

16

T T T I T T T [ T T T [ T T T | T T T .9 2 T Illlglll T T IIIIII| T T Illllll T T T
H et new - © - —e— 10" n,, oven annealed (200 hours @ T = 150 °C) y
|| —e-+ 10" n,, oven annealed (200 hours @ T = 150 °C) . ; r—e 10:‘:n«,oven annealed (200 hours @ T = 150 °C) 7
||~ 10" n,, oven annealed (200 hours @ T = 150 °C) T o [ —*— 107" n,q oven annealed (200 hours @ T = 150 °C) ]
| —+— 10" n,, oven annealed (200 hours @ T=150°C) D sl |
L =) O 1.5 T
i No loss in PDE up to 10"° Ngq NOT ] = I .
- annealing . Q@ [ i
) - - ] c L .Wl Soege, —|

‘: ' :— $ oot —2 | — - ! 2 - 8 1_ oy, " ]
,._77' ] S - -g I .I |
+ ) S L i N
. = (&) - o

l *

” s 05— $ —
'~ -— . ._ . . ]
*Loss in PDE at 10™ n__ compatible with ALCOR saturation due -
1 to high bkg [ |

HPK $13360-3050VS | T L S

TP [N P WS O HNSUY JN TN/ R 37 TN LI JA [N LY [ 105 106 107
2 4 6 8 10

background rate (Hz)
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First campaign results PDE

U) T T T T T ] T T T | T T
‘G—J = el
L _ e ' .
) LED light it
.g.’ = R — T T i Y / second peak — Ay = 3 ,:
P qro s E =
§2! & = S o8- 41 eSS
(= C =~ k=) - ]
> r 7 = 0 1 )
3 I i ; H .g second peak Ape=9
o - after pulse R ‘g’ @ — ;"r?n‘::y C,';s:kf to
or spurious hit 3 1 £
1073 = background B h 2
F  sampled before I o - —Ap=15 3
~ LED pulse = g 3
°
i 5 N
o g 3 —Ap =21 =
1074 — o - . 510. LA ler el - e
3 bt E =
o s & o ) = A 3
/' 5] o hitstriggertime (3:125n8) | BB —m——a———a——
background subtraction | \
| 1 | | | | 1 Il 1 1 | I |

~200 0 ik Multi-peak structure (detector dependent) moving with

the threshold level due to oscillations after the signal
peak. Probably due to peaking related to the coupling of
the RGC and the SiPM capacitance.

hit - trigger time (ns)
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dRich prototype box

Made in Ferrara

Working temperature -30°C

Peltier cooling for subzero
temperatures

Water cooled
All-included electronics (HOT)

Used for dRICH prototype in
Test Beam 2021 and 2022

ater cooling
on the back
side

18 - Nicola Rubini
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=

ePIC

dRich prototype box

Made in Ferrara

N
N
N g

RN

N/ T A
gz

Working temperature -30°C

Peltier cooling for subzero |

temperatures M v
— & heat

exchanger

Water cooled peltier supply
All-included electronics (HOT)

(e} ln"'.‘m'i--if\l-i Tl (
> e —~
) ’E‘;r“;rm 11.‘”;',

H-

Used for dRICH prototype in

Test Beam 2021 and 2022 B 1

19 - Nicola Rubini


mailto:nicola.rubini@bo.infn.it

All electronics

AirBOx™ (ALCOR) s
_ outside the box
Made in Bologna via this flex cable _A\

Working temperature -30°C

Peltier cooling for subzero
temperatures

Air cooled

Outside electronics (HOT) as in
the experiment
Peltier
module for
subzero
temperatures

Used for portable sensors or
electronics characterisation

- Nicola Rubini
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AirBOx™

Made in Bologna

Working temperature -30°C Pt - (ALCOR) is
— Peltier outside the box
module for ' via this flex cable

subzero
temperatures

Peltier cooling for subzero
temperatures

Air cooled

Outside electronics (HOT) as in
the experiment

Used for portable (providing dry
air) sensors or electronics
characterisation

Later in the lab...

- Nicola Rubini
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Thank you!



