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Motivation
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Belle I

Belle IT ARICH

Aerogel radiator

420 Hybrid Avalanche
Photodetectors (HAPD)

R and D

* Search for new technologies
* Photodetectors with sufficient performance during a few years

Belle III ARICH ~ 2035 of data-taking, despite the accumulation of radiation damage.

* Proposal: Increase the luminosity
* Higher backgrounds

* HAPD will not be able to operate e Candidates: MCP-PMT & SiPMs

neutron radiation hardness (3 x 10'> neq/cm?by detector end-of-life)

[M.Fiorini. The upgrade of the LHCb RICH detectors, NIMA 2020]
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Objectives

* Develop a setup for SiPM characterization at SeeiFe (i
room temperature and at different controlled p
temperature steps down to liquid nitrogen before Fondazione Bruno Kessler
an d aft er irra diati On. Custom SiPM technology roadmap
- Current-voltage characteristics (I-V curve) =>< e
- Threshold scan (Dark count rate e Nove
( ) NU\II| HD

- Waveform analysis

|
- 5312‘ VUV-HD NUV-HD-cryo| | NUV-HD-lowCT | RGB-UHD NIR-HD

Very small cell pitch

- Slgnal Shape - . . -/,:* cryogenic applications
- Pulse height distribution -
- Charge distribution B 1ol i o VUV Radetion harsh o

- Single photon timing resolution (SPTR)

* Carry out preliminary annealing studies after

irradiation.

=€

Characterization of 6 Samples (NUV-HD-RH) developed by FBK
TOTAL: 18 SiPMs (Presenting results for 6 UHD-DE SiPMs)

VUV-HD-C[yﬁDJ ‘ NUV-HD-RH ‘ NUV-HD-MT ‘ NIR-UHD NIR-HD-BSI
ation harsh env. ‘Nove! Siructures for Nil

Crosstalk reduction uctures for NiR detection

UHD-DE
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Temperature stabilization

How to stabilize the SiPM temperature ?

\ Schematic temperature stabilization

POWER

KEITHLEY

0-30V 0-30V 0-5V

0 0+

LabWindows DAQ
TEMPERATURE

RF Shielding Box

Temperature
Sensors:
Picolog Sensor
PT 100 Sensor 1

PT 100 Sensor 2

PT 100 Sensor 1

-20
B 0 \ ——  PT 100 Sensor 2
o \
— -60
RF Shielding Box (Inside) | o \
: 3 -8
Pad of Thermal Grease ——» | ] \
~ @ -100
> o \
aE> -120
Al surface in which the FBK sample is attached — _140 \
RF Shielding Box (Back) \
e . . -160
Cylindrical Plastic Container Liquid Nitrogen Container
N -180 \\
@ The temperature can be stabilized between 25 °C and -187 °C. ~200 1y L L 1 —— :
. 10000 20000 30000 40000 50000 60000
@ Temperature stabilization inside better than = 5 °C of the set temperature. Measurement time [s]
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Overview of the setup Measurement protocol
ALPHALAS (Picosecond Laser Diode Driver PLDD — 20 M)

M: manual
Laser shutter M || FBK NUV-HD-RH Sample X °

Laser shutter controller (Melles Girot electronic shutter controller)

GOPHER power supply for the laser shutter controller

( .
M || UHD-DE * [-V scan ~ 20 min
(s ov
50V 23 mi
* Threshold scan < 79V ~ 4o mimn
(Laser OFF) ?]OOVV
RT << 3oV
-~
30V
50V .
* Timing - DRS4 < 70V ~ 36 min
(Laser ON) ?IOOVV
3oV
M ~1h 20 min
Temperature controller /- Stabilize the temp (~1h)
Fi _ZOOC{~1h20min
Picolog (USB TC-08 Thermocouple data logger) Stabilize the temp (~1h)
-60 OC{I h 20 min
Stabilize the temp (~1h)
LN < - 100 0Q-{~1 h 20 min
Stabilize the temp (~1h)
0 ~ .
. o . . KEITHLEY 6517B 1. Philips Quand rotary Attenuator Model 804 -140°C 1h 20 min
Optical fiber | Liquid Nitrogen Container \ ELECTROMETER § 8];:1155 v?ggl Fast Timing Amplifier Model FTA820 Stabilize the temp (~1h)
HAMEG power supply for the pre-amp 4. Phillips Scientific 16 Channel discriminator latch CAMAC Model 7106 LN {~ 1 h 20 min
of the custom electronics board 5.C.A.EN 16 Ch ECL Scaler MOD C 257 . N
6. C.A.E.N: 16 Ch Universal Programmable I/O register MOD C 219
KEITHLEY power supply for the heaters 7. Lecroy PC interface ~ 14 h of RAW data per SiPM
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Current-voltage characteristics (I-V curve)

‘ Schematic I-V curve measurements \

KEITHLEY
6517B ELECTROMETER

VOLTAGE SOURCE

POWER

VOLTAGE
SOURCE
OPERATE
(]

A\

|
L |
POWER OUTPUT

PROGRAMMABLE POWER SUPPLY HM7044 HAMEG

Instruments

5V
0-32v 0-3A

oVe
+ -
e o
OUTPUT

480 steps (0.1 V per step)

LabWindows DAQ
PC

RF Shielding Box (Top)

‘._

-V SiPM

Signal

500 MHz Oscilloscope
LeCro
2 GSIs
.

—0 O

V,

Pre-Amplifier VBias

|

@ 6 NUV-HD-RH UHD-DE SiPMs were characterized.
@ The expected V, =32.5 V at RT was observed.

@ The I decreases with the decrease in temperature.

@ The V_ slowly shifts to lower values with the decrease in temperature.

Si1PM characterization before irradiation

-2

10_3 NUV-HD-RH UHD-DE (Sample 1)

" . ———— NUV-HD-RH UHD-DE (Sample 2) RT
10 . | NUV-HD-RH UHD-DE (Sample 3)

10 . | — NUV-HD-RH UHD-DE (Sample 4)

10 NUV-HD-RH UHD-DE (Sample 5)

107 ————— NUV-HD-RH UHD-DE (Sample 6)

10°° ;

10° I

107 3 X

.
[\e]

Bri

SiPM Bias voltage [V]

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

RT

20 °C Sample

W

[

o
9

-4 E
10 — -60 °C
10° — -100°C T ¢
emperature
10 — -140 °C emp i
107 - LN vV
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107° e ——

i : -~ 4
10" = M
10-1 [ anla | |
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

SiPM Bias voltage [V]
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Threshold scan (Dark count rate)

S1PM characterization before irradiation

10

10 ; .
. . Dir NUV-HD-RH UHD-DE (Sample 1)
\ Schematic Threshold scan measurements \ 10 Kt ——— NUV-HD-RH UHD-DE (Sample 2
10° ————— NUV-HD-RH UHD-DE (Sample 3) ||
LeCroy 00 M s 107 90OV NUV-HD-RH UHD-DE (Sample 4)
o . NUV-HD-RH UHD-DE (Sample 5)
RF Shielding Box (Top) - 10 NUV-HD-RH UHD.-DE (S o)
" —_— -HD- - ample
_' .— — % 10° B N R T ;
S S — f
IV SiPM., g o g
' ' 1 s per step 10°
200 steps (5 mV per step)
VPre-AmpIifier vBias ' ; l 1[]2
LabWindows DAQ
re 10
1UHH1UUHH200H ‘éOUH ‘AUU‘II‘SUUHII‘SUUH H7UUH HBUUHI"EJUU‘H{UUU
I Theshold (]
CAMAC CRATE . ;
10 = 10" g
E 30V E
| 8 10° ; 50V 10° ; N - RT
g E G £ wk RT  Sample 1 v b Sample 1 — -Eg 2
5 || 3 & £ N —110V g — 60°
& @ £ 10"g —130V 107 90OV — -100°C
< 4 8 — 106?- — 10°E -140 °C
EoRi ™ L b ™\ LN
5 = \ o UE
aQ 10t M T 8 Pyt e
E Ay < 10'E X ]
= . . 1075 10° = .
@ 6 NUV-HD-RH UHD-DE SiPMs were characterized. il LT
g 0°E | S
= . . . . 10e 10 =y AP
@ The DCR increases with the increase in the overvoltage (OV). .o ol des bl . T I A I
0 100 200 300 400 500 600 700 800 900 1000 o700 ""Z00 300 400 500 600 700 8OO 600 1000
_ . . Threshold [mV] Threshold [mV]
@ The DCR decreases with the decrease in temperature.
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Waveform analysis SiPM characterization before irradiation

Signal shape & Pulse height distribution

' Schematic Waveform measurements

Laser shutter

Laser shutter controller

A -
LESERON ALPHALAS
Picosecond Laser Diode Driver PLDD - 20 M 12V ‘

LASER
PRSI OUTPUT FREQUENCY copter @ @
POWER 2,000 Hz CPS-32050- 32V 0-5A

Bandwidth

100HHz

on T -« +
o . . . LeCroy 500 MHz osci“(;sé?splz between samples Probe
Optical fiber ———» LabWindows DAQ At

Next

[1]
1: 500mY 2:20. OmY' 3:50. Onv__ BW 4:50. Om¥ BW
/2

DCTHQ DC1MO DC MO DCH0Q
Emp ty Empty Empty hi
BLTO)

F —

RF Shielding Box (Inside)

1:1.98898kHz 1G5 100 points RTC:2023/08/28 09:40:41

CAMAC CRATE

e nteriace - /

RF Shielding Box (Top)
Thorlabs piece to attach the optical fiber 104
’ ' —@ o | = . E 30V
= (] [} B 50V
Plastic to protect the optical fiber RY; SiPMS. | % E E B RT Salnple ] — 70V
ignal = B
I £ o (77} — 90V
o 0 < 10°F —110V
VPre-AmpIifier VBias ..g = —13 0V
[ |
[}
Optical fiber ~ NUV-HD-RH UHD-DE SiPM  Custom electronic board @
e}
[S
S
=2
10
-0.1 0 — 0.1 -

Pulse height [V] (negative signals)
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Waveform analysis

SiPM characterization before irradiation

Charge distribution & Single photon timing resolution (SPTR)
[SPTR VS temperature]
5 ! Correlation plot
2500; iNUV-HD-R:::D-DE 2500; iNUV-HD-R:::D-DE i 10000 - 8 E - :l ‘“
%7 I RT 2 2ol I '20 C 9000 RT NUV-HD-RH UHD-DE 75 %‘E\L’d: . RT NUV-HD-RD UHD-DE
g [ 2 5 [E2e] auoog : — asvEO0Y R 7; '!I«RT .
S o S o L T0E - sP-out S N 415V (90V)
m; T m; T 5 soooi - 5-5;
R pa R R e 3 5000 | ov = o
B Time [ns] B Time [ns] g 000 | P E g
£ | RTNUV-HD-RH UHD-DE £ | RTNUV-HD-RH UHD-DE g E ] 1 M e' 5.5
sl i - sl i = Z 3000 2 p-e: F
S5 o | 5= 00| | / I
B G B G SN e asp
E E 4
so0f— T so0f— T qdc [a.u]
allURGE Al il = ade [a.u]
W Wi woor
E RT NUV-HD-RH UHD-DE E RT NUV-HD-RH UHD-DE = RT NUV'HD’RH UHDiDE
sl i - sl i 2500 [—
! m; : it 1 40 C ! E : LN R 415V (90V) RT
s g | @ 2000
TR i 5 1000 — FWHM=87ps
N 500 -
@ The SPTR [FWHM] values has no temperature dependence. :
04 — ‘4.5‘ = 5 = 55 — 6 = ‘8.5‘ — 7 ‘7.5 8
@ The shape of the timing distribution is not always symmetric. fime [ns]
Noise contribution could not be completely removed and it @ Single photon cut in the qdc distributions was always applied.
moves relative to the main eak randomly (in regards to @ An SPTR < 100 ps [FWHM] was measured.
temperature, Sample, and time).
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Irradiation of the Samples

Preparing the Samples

The Samples were protected, ——
avoiding contact between the SiPMs
structures and the plastic bag.

JSI TRIGA reactor

Irradiation 2/10/2023

Target [neq/cm?]  Sample

10° 6
10 5
10" 4
102 3
10" 2

1

Non-irradiated

While waiting for re-characterization after irradiation,
the Samples were placed inside a freezer (~ -25 °C).

Jozef Stefan Institute

Dania Consuegra Rodriguez
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Current-vo]tage characteristics (I_V Curve) SiPM characterization after irradiation

1072
5 non-irradiated
10 -
— 9 2 g
- 10 neg/cm ”;’—:’_,..—-
10" neg/cm?
10°

— 10" neg/cm?

—— 102 neg/cm?

= 10"® neg/cm?

10—9 ——

vV, =325V

10-11E

1 0712

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

SiPM Bias voltage [V]

4 10° neg/cm? [I Vs temperature] 10 neq/em?

@ 5 NUV-HD-RH UHD-DE SiPMs were characterized.

@ The shape of the I-V curves depends on the irradiation level at any temperature step.

@ The V_at RT remained at 32.5 V.
@ The V__shifts to lower values with the decrease in temperature.
@ TheV_  inLNisat27.5V.

@ Cooling irradiated SiPMs can match the I before irradiation until 10'? neq/cm?.

1072 —
s non-irradiated
10~
10°%g 1072
10_4 - 109 neqfcm2 T /”’ s % RT non-irradiated s % RT non-irradiated
10" neg/cm? 4 /f / E— RT e RT
10’5 & Fi 107 é —_ -20 °C 1074 é -20 °C /'
—— 10" neg/cm? / / Fl— -s0°c T F 60 °C A
10°° 7 L] R o0 L 2 e 100 °C 4 //
— —— 10 neg/cm? / 4 / 10°H—  40°c ] - 10°E 140 °C Sy
A = - .
Z107 / r r = o pu N P Sl - N / /k{//
- —— 10" neg/cm? // v // / S07E F /'/’///"' S0 g # v
107 g /,/ T / 10° ; / /f’/ —— - ;}'/ 10° ;—— S ~
107 AR Ko Fer BV W4 / P // ............ 10° 2 el (_/"— 10 E i
Vi OV r / ' g T S
0 \ ﬂ A ‘ ’Jd 107" = P nd - 7 101 = _— f/
N LN : el o
10 P arian ) l 4 10 1 E
iy f s A, Ry 2 & o I 1050 22 24 26 26 30 32 54 36 36 40 42 44 46 48 020 22 24 26 26 90 32 04 36 38 40 42 44 46 48
-12 k . L LSkt i SRS R MR P : n A N
10"0 2 4 6 B 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 SiPM Bias voltage [V] SiPM Bias voltage [V]
SiPM Bias voltage [V]
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Threshold scan (Dark count rate)

10

10

SiPM characterization after irradiation

10 non-irradiated —— 10° neg/cm?
10" neg/cm® —— 10" neg/cm?
10° — 102 neg/cm?®* —— 10" neg/cm? _ . .
. @ 5 NUV-HD-RH UHD-DE SiPMs were characterized.
—. 10° T _‘\-_‘-—"“\' e _ ) : .
& o O @ The shape of the threshold scans in LN are fully dependent on the irradiation level.
— 10° —
s | S
@ Cooling irradiated SiPMs can match the DCR before irradiation until 10" neq/cm?.
103 R |
10°
" 9.0V
. , [DCR Vs temperature] s ,
10 == ‘100I ‘ H200I ‘ “:'1100‘ I Itli(]O‘ I II‘500‘ I I["300I = ‘TOOI ‘ HBOO‘ = IQOd I I1‘000 10 neq/cm 10 ’ neq/cm
Threshold [mV]
10" ; : : RT non-irradiated — RT 10" E RT non-irradiated JR— RT
. non-irradiated —— 10° neg/cm? — -20 °C —  -60°C 0| — -20°C —  60°C
10 10" neg/cm®* —— 10" neg/cm? 100 —— -100 °C — -140°C 100 — -100 °C —  -140°C
10° — 102 neg/cm® —— 10" neg/cm? wE LN wE T LN _
B T —
107 — 10 E e . 10 E e H
LN L ok — I ~ e
10° A o i o E —
T - T — 0 N\ 8 o = a 10%E T
o 7 A4 = = \
5 \ — 10° 2 10°E
[} \""—--.‘\_ — ] 102; LT vt S| 102;
— e ‘U; ~ W Y - P 10;
et Ty i o P MW% o] 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
A I S o O - Threshold (mV] Threshold [mV]
_ R
i Lddunal Lok Loddonl Lok, miiN Y WERI ARG 1LY O
100 200 300 400 500 600 700 800 900 1000
Threshold [mV]
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Threshold scan (Dark count rate)

@ DCR was measured at single photon level (0.5 p.e.).

SiPM characterization before irradiation

10" T T 7 7
. Sample 1 —— Sample 6
10
Sample 5 —— Sample 4
p p
10° —— Sample 3 —— Sample 2
p P
107
o 10°
I
— 5 gt
o 10
(&) ~
O o4
-
10°
,
- 9-OV
10
. i

1
-200 -180 -160 -140 -120 -100 -80 —60 —40 -20 0 20
Temperature [°C]

@ Before irradiation DCR of all 6 NUV-HD-RH UHD-DE SiPMs
decreases with temperature.

@ Plot of DCR vs temperature at different fluences shows how much
cooling is needed to get the same DCR as RT no-irradiated.

@ Plot of DCR vs fluences at different temperatures shows how is
the maximum fluence possible at certain cooling level.

SiPM characterization after irradiation

10" . . g g
. non-irradiated  —s— 10% neg/cm?
10
10" neg/cm? —— 10" neg/cm?
10° —e— 10" neg/cm? —— 10" neg/cm?
107
— 10% h /':’_—— ,__...
% 10° //é'/ : _4 | DCR non-irradiated at RT
8 10 '// ]
10? ‘ /lr’/
0 9OV
10
\ |

1
-200 -180 -180 -140 -120 -100 -80 —60 -40 -20 0 20
Temperature [°C]

10" : :
08 ] RT ——=  -20°C
—e— -60 °C — -100 °C

10° ——  -140°C —  -180°C

107
— 108 /,.__.—-——j____——g—— -
N
= 10°L /"/__._-/ / DCR non-irradiated at RT
« '-____...—-—"
8 10° V//I ///

10° / / / e

4 gl
o ;// 9 O“]
10

Non-irradiated 1 107 10" 10 107

Fluence [neg/cm?]
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Waveform analysis SiPM characterization after irradiation

[qdcs at 10" neq/cmZ}

@ Metrics for operation: we can resolve single photons. — Works at -140 °C
T-20 C, OV=3 V

T=20C, OV=5V T=20 C, OV=7 V _ T=20C, OV=9 V 5_ T=20C, OV=11V i T=20C, OV=13 V

" T-20C, OV-3V

"T-20C,OV-5V[ ¥  T-20C,0V-7V[E K T-20C,OV-9VE X T-20C,OV-11V[X  T-20C,OV-13V

T T-60C, OV-3V

T T-60C,OV-5V [ TT-60C.OV=7V [ J  T-60C,OV-9V | % T-80C,OV-11V[»  T-60C,OV-13V

T=-100C, OV=3 V|

“T2100C, OV=5 V[ TT-100C,OV=7VE ¥ T-100C,OV=9VE %  T-100C,OV=11VE 5  T—100C,OV=13 V

Temperature

T eRE e o s

I [ : 1
T-140C, OV=3 V T—140C, OV=5V T=-140C, OV=7V T=-140 C, OV=9 V¥ T=-140 C, OV=11 VF T=-140 C, OV=13 V

2 [ 5

W E
T=-180C, OV=3 VE

T=180C,OV=5VE T=-180C, OV=7 V[ T=180C, OV=9 VE T=180 C, QV=11V; T=180C, OV=13 V|

e S L e e o & B

Overvoltage
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Waveform analysis SiPM characterization after irradiation

[SPTRS at 10" neq/cmZ]

@ SPTRs at 10'> neq/cm?, if metric from previous slide is used.

T=20 C 3 = T=20C F T=20C £ T=20C
3 _ ovV=7 V - OV=9V L
—554 ps FWHM M —1586 ps FWHM (\ﬂm‘—m ps FWHM
- E - ; T= 20 c T T_ 20 C E T=20C F T=20C
E E . OV=7V L OV=9V 5 OV=11V { oV=13V
_—57? ps FWHM _—658 ps FWHM —224 ps FWHM —280 ps FWHM —267 ps FWHM —249 ps FWHM
3 : \MMW
L LA L 2 T 1 L R 2 0 ' ﬂmj‘ i W, i”L wJ .
o | =89C - T=-60C e T=60C  T=60C tE T=60C E T-60C
o |z ov=sv . QV=5V ; ovV=7 V ; ovV=9 V E - OvV=11V E OvV=13V
8 —464 ps FWHM _—268 ps FWHM —460 ps FWHM —443 ps FWHM _—490 ps FWHM _—678 ps FWHM
< | : 1 3 3
o 3 E £ E E
QH) NI . . Lo =l all oo ol Rl e ; . oyl AT . 2 “ (L] ﬂﬂ‘mﬂ
T=-100 C ®  T=-100C L, T=-100C = T=100C - T--100C i T—100C
o, ® ov=3V m  OV=5V e OV-7V P OV=9V = OV=11V b OV=13V
E _—135 ps FWHM —109 ps FWHM —108 ps FWHM _—124 ps FWHM —120 ps FWHM —356 ps FWHM
O ol 5 B - 3 E
F D D 3 L i ;.
I . . : E : ; H el S L cn i
X T--140C E T--140C v T--140C J, T--140C T=140 C B T—140 C
2 OV=3V M OV=5V ®  OV=7V (e OV=9 V OoV=11V R OV=13V
0 & E
—158 ps FWHM —100 ps FWHM — 94 ps FWHM — 88 ps FWHM —99 ps FWHM —116 ps FWHM
s E g 3 E
5 b > b 3 1
2 T-180C X T--180C P T--180C 0 T—180 C P T--180C T=-180 C
D 0 OV=5V B OV=7V % OV=9V B OV=11V OV=13 V
—328 ps FWHM —140 ps FWHM — 97 ps FWHM _—ss ps FWHM _—31 ps FWHM — 81 ps FWHM
: 1 E : g 4
2 11 o 0
0 E = E 0
Overvoltage
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Waveform ana]ysis SiPM characterization after irradiation

@ The temperature of stable operation for the SiPMs _ . L
after irradiation was defined to be when single @ SPTR [FWHM] of the SiPMs after irradiation.

photon cut is possible at 3 OV. @ Best SPTR [FWHM] at any OV or temperature is also shown.

20
120
- After irradiation H B
8 -20 O 100 L /.
[= o, -
g T w SPTR non-irradiated
o -8 @ -
o a L
o o L
g 5 o
@ _100 [ B
© 5 B
g o
5 2
ug_ -140 g I | —@—— SPTR at 9 OV and operational temperature
E o 20+
2 g B SPTR best at any OV or temperature
_180 Il 111 111 Il 1 11 1111 1 1 Il |_
] 10 1 12 3 1 1 III\II\l 1 \II\III‘ Il II\I\II‘ 1 11111
10 10 10 10 10 0 - - = “
Fluence [neg/em?] 1o 10 Fluence [r:gq - 1o 10
- 13 2 ; ; -
@ By 10" neq/cm’colling to LN is necessary. @ SPTR [FWHM] does not seem to be affected by

irradiation as long as single photon cut is possible, at
least until 10" neq/cm?.
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non-irradiated

Annealing studies after irradiation

10° neg/cm?
10° neg/cm?, after annealing

~
T
S s —|
non-irradiated 8
10° neg/cm? R
10® neg/cm?, after annealing K1
9 OV

100 200 300 400 500 600 700 800 900 1000
Threshold [mV]

10"
— 10° non-irradiated
V= 325V —a— 10° neg/cm?
10° —e— 10° neg/cm?, after annealing
107
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
SiPM Bias voltage [V] ) 10° =
c 1 /
Sample 6 was annealed at 2 L o
90V ras
RT for 1 month 10° /VA
- . . 102 e /
@ After annealing Sample 6 for 1 month at RT, very small improvement was observed. //
10
@ SPTR [FWHM] was not changed. i i
_ . . —120(] -180 -160 -140 -120 -100 -80 —60 —40 -20 0 20
@ Next step: Annealing at high temperature. Temperature [°C]
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Conclusions

/ ® 6 NUV-HD-RH UHD-DE SiPMs were characterized before and after irradiation up to 10" neq/cm}
@ DCR increased with irradiation level.
@ SPTR not degraded by irradiation, as long as single photons could be resolved.
@ Cooling to certain level allowed irradiated SiPMs to operate well again.
@® By 10" neq/cm?, cooling to + 180 °C needed.

@ Anncaling at room temperature for 1 month only slightly improved performance (only sample
\ irradiated at 10° neq/cm? measured so far).

e 2
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SiPM characterization after irradiation

10° neq/cm?
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@ Cooling irradiated SiPMs can match the I and DCR before irradiation until 10'? neq/cm?.
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T-20C,OV=3V

SiPM characterization after irradiation

T=20C,0QV=5V

T=20C,OV=7V

@ Metrics for operation: we can resolve single photons (at 9 OV). — Works at RT
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Backup

SiPM characterization after irradiation

@ SPTRs for non-irradiated, if metric from previous slide is used.

[SPTR, non-irradiated}
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@ Metrics for operation: we can resolve single photons. — Works at -20 °C

Temperature
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SiPM characterization after irradiation
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BaCkllp SiPM characterization after irradiation

@ SPTRs at 10° neq/cm?, if metric from previous slide is used.

[ SPTR at 10° neq/cm? }
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T=20C, OV=3 V

SiPM characterization after irradiation

@ Metrics for operation: we can resolve single photons. — Works at -60 °C
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BaCKUp SiPM characterization after irradiation

@ SPTRs at 10" neq/cm?, if metric from previous slide is used.

[SPTR at 10"’ neq/cm? }
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SiPM characterization after irradiation

@ Metrics for operation: we can resolve single photons. — Works at -100 °C

[ qdcs at 10" neq/cm? }
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BaCKUp SiPM characterization after irradiation

@ SPTRs at 10" neq/cm?, if metric from previous slide is used.

[SPTR at 10" neq/cm? }
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Backu i izati irradiati
SiPM characterization after irradiation [ qdcs at 10° neq/cm? }

@ Metrics for operation: we can resolve single photons. — Works at -180 °C (7 OV)
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Backu i izati irradiati
S1PM characterization after irradiation [SPTR at 107 neq/cmz}

@ SPTRs at 10" neq/cm?, if metric from previous slide is used.
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Custom electronic board used for these measurements

CON1 .
Vhias
c2
1000 100n

FIN

o
=1
=

GND

DATA SHEET
BIPOLAR ANALOG INTEGRATED CIRCUIT

pPC2710TB

5V, SUPER MINIMOLD SILICON MMIC
MEDIUM OUTPUT POWER AMPLIFIER

and

The uPC2710TB is a silicon monolithic integrated circuit designed as PA driver for 800 MHz band cellular
pin to WPCZ710T of convertional minimeld
version. So, in the case of reducing your system size, uPC2710TB is suitable to replace from uPC2710T.

DESCRIPTION
telephone tuners. This IC is packaged ih super minimold package which Is smaller than conventional minimold.

The uPC2710TB has
nitride passivation fim and gold electrodes. These materlals can protect chip surface from external pollution and
uniformity and reliability.

Backup

prevent
: 6-pin super minimold package

fa=1.0 GHz TYP. @ 3 dB bandwidth
Pojat = +13.5 dBm TYP. @ f = 500 MHz with external inductor

This IC is manufactured using NEC's 20 GHz fr NESAT™ Ill silicon bipolar process. This process uses silicon

FEATURES
High-density surface mounting

+ Widebard response
Medium output power :
Ve =451055V

Ge=33dBTYP. @ = 500 MHz

SiPMs for Belle I ARICH

« Power gain
« Portimpedance

The pre-amplifier is on the board itself.
Phose2023

Dania Consuegra Rodriguez
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6 SiPMs before irradiation

Coupling Coupling Coupling Coupling Coupling Coupling
D500 D500
Bandwidth | Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth

= =
100Mz 100Mz

glens =
1001z 100MHz

= =
100z 100MHz

Probe Probe Probe Probe Probe Probe
Auto Auto Auto Auto Auto uto
Invert Invert Invert Invert Invert Invert

0] on 0] On

Zoimv (R TR ) 2000y |1t

200my (R RE [ ¢ ey

Coupling Coupling Goupling Goupling Coupling

Bandvidth Bandvidth Bandwidth Bandwidth Bandvidth
oo oo Tiou ok ok
[ probe | Probe Probe. Probe [ probe |
ito Auto Auto Auto nito

Invert Tnvert Tvert Tnvert Tnvert

0] on

0] on 0ff] n 0] on 0] on

-260nV Next. Next.

20001 et

2000V

oc10
mty

Wrong OV

Coupling,

Bandwidth

=
100MHz.
Probe

Auto

Invert
0] on

Next

2700V

JoZef Stefan Institute Dania Consuegra Rodriguez Phose2023 SiPMs for Belle I1 ARICH




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

