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Measuring SiPMs response

1. Characterise the sensors as
brand new devices to have a
baseline reference
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Measuring SiPMs response

1. Characterise the sensors as
brand new devices to have a
baseline reference
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2. Mimic expected radiation in
the experiment to test the
sensor response after a given
dose
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Measuring SiPMs response (Nl

1. Characterise the sensors as
brand new devices to have a
baseline reference

2. Mimic expected radiation in
the experiment to test the
sensor response after a given
dose

3. Testthe annealing recovery
capabilities to understand
the possible life extension for
the sensors
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Board scan procedures

A reference board
1. Characterise the 3 g " - R
pulser light on We start with a brand new matrix | O :
reference Al =
5 o
o BB
2.  Scan first row of L} - (0
0 BE
sensors (C) T = . s
. " L :
3. ReturntoA1lto : . i BE
. o0 k (.
C[]‘ﬁd( sy§tfm£s : = 7 [ - | g !; =i | a8 (
still consisten w I, et
Hooonll .
I o B oo Il i
4. Scansecond row 0 g ) E!,‘ , i E <zt
T | : - I
of sensors (E) == A2 [fA1 oy <Zt i
- = -l 2 8
5. Repeat for all rows = = U § %)
0,00 +— g X
>
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Board scan: check on consistency

HAMAMATSU
13360 - HAMA1

-30°C

ALMA M. ORUM
UNIVERSITA DI BOLOGNA

pulser voltage : 1000 mV, V threshold + 3 ) )
Characterise the pulser light on reference A1

T 012
8 L e 1 2 ' Return to Al to check system is still consistent
% 0.1 ™4 3 BT ) . .
S - .. g We can evaluate the dispersion of repeated
§ 0.08 2 measurements by comparing them with their mean
A [ ? *
Z ¢ _
0.06/—* We are currently using
N the LED as a light source,
- which is sensitive to Voltage
0.04— Repeated measurements on Al and Temperature changes
SO we cross check with the
0.02
+25/02 =26/02 +27/02 - 01/03 -+ 03/03 reference sensor to evaluate
the repetition stability of the
0 measurement
50 51 52 53 54 55 56
Bias Voltage (V)
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Board scan: check on consistency

pulser voltage : 1000 mV, V threshold + 3

=~ 12r
§ - Repeated measurements on Al
%1.155—
§ 1.1
[} -
= = +
§1_05:—i++1*+++ +i++
3 C $
§ F ; ; |
%:Ii*ii?+ii‘+§._
T 0.95—
0.9:
0.85|=-25/02 = 26/02 —27/02 01/03 —+03/03
0855 51 52 53 54 55 56
Bias Voltage (V)

HAMAMATSU
13360 - HAMA1
NO IRRAD
-30°C

Characterise the pulser light on reference A1
Return to Al to check system is still consistent

We can evaluate the dispersion of repeated
measurements by comparing them with their mean
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Board scan: check on consistency

pulser voltage : 1000 mV, V threshold + 3

HAMAMATSU
13360 - HAMA1
NO IRRAD
-30°C

Characterise the pulser light on reference A1

— 12
g - Repeated measurements on Al
E. sk P Return to Al to check system is still consistent
= -
° [
§ 11p We can evaluate the dispersion of repeated
§ s ; ‘ po4 measurements by comparing them with their mean
B 1.05_—1 t i t ' ' t 1
s I ! ok dw S of
1 C
551**%**?1*1?” g
g 0.951— + ' B + L ‘E’ °
- L C
0.9 6:‘
i
0.85/+-25/02 = 26/02 —+27/02 01/03 —+03/03 C
&
00— 51 52 53 54 55 56 r
Bias Voltage (V) old PR IS LY PI WP ON (PSS NI P | PRCSi IR
-0.2 0.15 -0.1 0.05 0 0.05 0.1 0.15 _ 0,?
measurement/mean -1
Nicola Rubini, University and INFN Bologna 10 EIC_NET National Meeting



Board scan: check on consistency

pulser voltage : 1000 mV, V threshold + 3

=~ 1.2r
§ - Repeated measurements on Al
%, 1.155—
§ 1.1
2 . ;
if'; 1.05'—1 t oy . 4 ¢ i t @
£ ¢ $
§ F ; ; |
5 C I i ! § ¢ & ! i R B B B
T 0.95—
0.9
0.85|-25/02 = 26/02 —+27/02 01/08 —+03/03

0.8 50 51 52 53 54 55 56

Bias Voltage (V)

13360 - HAMA1
NO IRRAD
-30°C

HAMAMATSU

Characterise the pulser light on reference A1

Return to Al to check system is still consistent

We can evaluate the dispersion of repeated
measurements by comparing them with their mean

We evaluate the statistical
contribution to the dispersion
by averaging the single point

statistical errors

Nicola Rubini, University and INFN Bologna

11

EIC_NET National Meeting



Board scan: check on consistency

13360 - HAMA1
NO IRRAD
-30°C

HAMAMATSU

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

We can now breakdown

V threshold +3 (A1) V threshold +5 (A1) the dispersion in:
1. Systematic
0.045 :_ - Total dispersion 0.045 :_ Total dispersion ﬂ u Ctu atio ns d ue tO
N = Systematic dispersion I = Systematic dispersion . .
0.04 :— Statistical error 0.04 E_ — Statistical error u ncerta I nty in the
- || - : ] measurement
0035:_ ....... r : ROy ey 00355_ 1 : reproducibility
0.03}- - 0.03
" 0255 " 0255 = 2. Statistical
E T contribution due to
0.02} e e e e ma the measurement
0_015:_ “““““““ 0‘015:_ ““““““““““““““““““““““ Uncertalnty
0.01 [ HER 0.01}-
(0070 E—— e Ie—— 0.005 -
0 : 1 l 111 l 11 1 l 111 I 11 1 l 111 [ 11 1 l 1 0 : 1 l 1 1 I L1l l 111 I L1 1 l L1 1 | 111 l 1
50 960 970 980 990 1000 1010 960 970 980 990 1000 1010
Pulse voltage (mV) Pulse voltage (mV)
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Board scan: check on consistency

13360 - HAMA1
NO IRRAD
-30°C

HAMAMATSU

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

We can now breakdown

V threshold +3 (A1) V threshold +5 (A1) the dispersion in:
1. Systematic
0.045} - Total dispersion 0.045 :_ Total dispersion / ﬂ uctu atio ns d ue to
N = Systematic dispersion I = Systematic dispersion . .
004 [} Sttistoat emor 0.08F Smtsical e uncertainty in the
: = 3.4% - : 309% | [ / measurement
0.03}- - 0.03 :
" 0255 " 0255 = 2. Statistical
E T / contribution due to
0.02}~ e e e e ma ‘ the measurement
e e e i B 0016 il uncertainty
0.01} 0.011
0.005 0.005 |
0 : 1 l 111 l 11 1 l 111 I 11 1 l 111 I 11 1 l 1 : 1 l L1 1 I L1l l 111 I L1 1 l L1 1 I 111 l 1
950 960 970 980 990 1000 1010 950 960 970 980 990 1000 1010
Pulse voltage (mV) Pulse voltage (mV)
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Board scan: sensor homogeneity

Rate on-off/ 100kHz

0.12

0.1

0.08

0.06

0.04

0.02

pulser voltage : 1000 mV, V threshold + 3

@ chip0-C2 -e-chip0-C4 -« chip0-E2

. s
L . 3 % % g
=3
i . ! 3
s
i .
L ! [ ]
i 'y !
i S |
o |
- Measurements on all sensors
-o- chip0-C1 -e-chip0-C3 chip0-E1 chip0-E3 -e-chip0-G1 -e-chip0-G3

o chip0-E4 -e-chip0-G2 -e-chip0-G4

50

51

52

53 55 56
Bias Voltage (V)

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

HAMAMATSU
13360 - HAMA1
NO IRRAD
-30°C

Scan first row of sensors (C)
Scan second row of sensors (E) and so on

We can evaluate the dispersion for different sensors
response by comparing them with their mean

Nicola Rubini, University and INFN Bologna
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Board scan: sensor homogeneity

1.4

1.3

1.2

pulser voltage : 1000 mV, V threshold + 3

Measurements on all sensors

1.1

Rate on-off/ 100kHz
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~@- chip0-C1/mean

@ chip0-C2/mean

~@- chip0-C3/mean chip0-E1/mean chip0-E3/mean  -@- chip0-Gi/mean —@- chip0-G3/mean

~@- chip0-C4/mean ©- chip0-E2/mean ©- chip0-E4/mean -@- chip0-G2/mean —@- chip0-G4/mean

50

51

52 53 54 55 56
Bias Voltage (V)

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

HAMAMATSU
13360 - HAMA1
NO IRRAD
-30°C

Scan first row of sensors (C)
Scan second row of sensors (E) and so on

We can evaluate the dispersion for different sensors
response by comparing them with their mean
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Board scan: sensor homogeneity

V threshold +3 (C, E, G)

V threshold +5 (C, E, G)

HAMAMATSU
13360 - HAMA1
NO IRRAD
-30°C

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

We can now breakdown

0.07 0.07 the dispersionin:
C - s Total dispersion C Total dispersion 1 S t t.
B Systematic dispersion(A1) r Systematic dispersion(A1) ° yS € rn a I.C
0.06- Sensors dispersion 0.06[~ — Sensors dispersion contri b ution fr'O m
C Statistical error C Statistical error i n ho mo ge n eit i es i n
s i ™ BiBE: sensor-to-sensor
: _ : ] behaviour
0-04 __ ‘‘‘‘‘ 0'04 —_
7, A S— ] 003f 2. Systemat}c.o.n
- - — reproducibility
0‘02:_ phipYipets — ....... 0.02:_ ...............
§ i _— 3. Statistical
0.01 0.01 =
: 1 l 11l I el 1 L1l I L1l I L1 I Ll I 1 : 1 l 111 I Ll l L1 | Ll I Ll I Ll I L
950 960 970 980 990 1000 1010 950 960 970 980 990 1000 1010
Pulse voltage (mV) Pulse voltage (mV)
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Measuring SiPMs response (Nl

1. Characterise the sensors as
brand new devices to have a “
baseline reference

2. Mimic expected radiation in
the experiment to test the
sensor response after a given
dose
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Measuring SiPMs response (Nl

1. Ch terise th
Aracterse .e SEreors A The climatic chamber has broken
brand new devices to have a
down due to a power shortage

baseline reference . .
on the grid. We are working on
2. Mimic expected radiationin gettingiit repaired but this put on

-
the experiment to test the x hold the scan measurements for “;

: the present. i
sensor response after a given
dose
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Measuring SiPMs response (Nl

brand new devices to have a
. down due to a power shortage
baseline reference ) i
on the grid. We are working on
getting it repaired but this puton
hold the scan measurements for |
the present. 7

1. Ch terise th
ATACLENSE e SENs0Ts 45 « The climatic chamber has broken

2. Mimic expected radiationin
the experiment to test the
sensor response after a given
dose

3. Testthe annealing recovery
capabilities to understand

the possible life extension for
the sensors

Can we start working on this?
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Annealing as a recovery tool for SiPMs INFN

le-04
. . le-02
Recent developments in SiPMs (a) reverse I{V room temperature
. _— le-05 ne¢utron A
suggested that a recovery in 1e-03 S Z e- e "
: S // -
performance was possible by the o (o] 16-06 e
means of annealing the sensors. - N e / 3 . X
. 1 g L It
The recovery was estimated after 5 1e0s < e g Wi -t T o
.. . . / W / = i thermal —-‘ e=t
aradiationdamage wasinducedin 5, i 5 1e-08 =
the sensors. 5 / / % diati 3 annealed. +” & -~ before
£ 1007 B clorejirradiation = 1e-09 o = ST
= / = e
1e-08 le-10 - < 250°C
1e-09 /// le-11 9 2
Hamamatsu 10°n/cm* @14MeV
1e-10 +——— A le-12 4+———— . .
-50 -55 -60 -65 100 150 200 250 300
reverse bias (volt) temperature (K)

https://iopscience.iop.org/article/10.1088/1748-0221/11/12/P12002/meta
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Annealing as a recovery tool for SiPMs INFN

le-04
. . le-02
Recent developments in SiPMs ) (a) reverse I{V room temperature Bitron
. A
suggested that a recovery in 1e-03 e le-05 . T
. s irradiated _ | m-
performance was possible by the o R 16-06 1
. e- 03 R
means of annealing the sensors. - <> e / 3 . e
. Y i - 2 It
The recovery was estimated after  § 1e0s T— = SRS Ca RS -1
. . . . - ‘ — ¥ E
aradiation damage was induced in B 1e0s / M/ 5 1e-08 the“?a; 4 =&
the sensors. 3 / / % diati 3 annegiec .+ &~ before
Our Lab campaign used the E 1e-07 }//r clorejirradiation E 1e-09 —oe o a—— P
. . e =
climatic chamber to heat the 1e.08 le-10 = 250°C
sensors up to 150°C for up to one // et
. .. . - e-
week time. This is difficult to = Hamamatsu 10°n/cm? @14MeV
reproduce in a detector setting... te10 I —— le-12 4 : :
-50 -55 -60 -65 100 150 200 250 300
reverse bias (volt) temperature (K)

Is there another way to this?

https://iopscience.iop.org/article/10.1088/1748-0221/11/12/P12002/meta
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Annealing in-situ for SiPMs: inverse curren@m
-exp(—t/12)

Ljark = N1 - exp(—t/71) + N, . —
a2t E 4 https:/arxiv.org/pdf/1804.09792.pdf
12 1 HAMA A Over-voltage=14V | 4 SENSL Ao Over-voltage =8 V E
i : 3 -

10 | N, 11+ 049 - 3 84+ 1036 3
T, 24+ 17 . 23+ 05 :

N, 0.96 = 0.48 92+ 012

7.4e+02+ 23 |

a

2 1.1e4+03 = 26+03

P ST SR | ST ST TN (NN SN THN TR (N SN TR M SN TR TR lA T e
0 200 400 600 800 1000
Exposure time [s]

|
I [mA] after exposure @ Vop, 20°C

—_ =2 NN
O 01 O 01O 01 OO0 O 01 O

I [mA] after exposure @ Vop, 20°C

i o~ e ——
T [ | | | | | |

0 50 100 150 200 250 300 350
Exposure time [s]

I, the current produced throughout the annealing I, the current produced throughout the annealing
procedure is about 186 mA that is equivalent of procedure is about 400 mA that is equivalent of
about 12 W for a T of about 150°C about 13 W for a T of about 150°C
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https://arxiv.org/pdf/1804.09792.pdf

Annealing in-situ for SiPMs: direct current @

& b AR ENRLEER LEEES REESD EERES EREEN EATEN WEEED EEERD
c:% HAMA |0 5.194 + 0.04299 I the current produced
- = 500.4 + 33.87 throughout the annealing

(o]
-
(&)

procedure is about 530mA that is
equivalent of about 5W

lIII|lllIIIIlI|IIll|IIII

| [mA] after exposure @ V
(0 0]
| I | nu w I T | | I |

https://arxiv.org/pdf/1804.09792.pdf

||||||||l||||l|||l||IIIIIIII|I|||l|||ll|||l|||1_ = - 1+ —-t ,
500200300400 500 600700 800 900" |dark = Iodark - (1 +exp(=t/7))

Exposure time [s]

OF
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- . - . . O
Annealing in-situ for SiPMs: direct current3 CNN.

Up to 200°C for 1 sensor
i

The single sensor needs 3W
to heat

“ Up to 200°C for 8 sensors

Bypass on R to give full
current on sensor

Not all sensors are

evenly heated

The octet of sensors needs

Much of the heat is lost
to heat the carrier

1W/sensor to heat

The difference in power
suggests the dissipation
dynamic of the carrier
should be carefully
studied to evenly heat all
sensors reducing heat
waste
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Annealing in-situ for SiPMs: direct current§ INFN_

We use A1:B4 to heat
the whole board

Measured sensors C1:H4

Measured with infra-cam

: |
200°C s 7E
o= c L
=L § = ns 8 osb DTS, T=27°C
= c2| 200°C g r X , DTS, T=26°C
= D2 180°C g 26.9 : ‘ DTS, T=25°C
HEl B 1600 = | A ” ;
26.85— - ' o '
= F2 140°C - ¢ I
- G2 120°C 26.8|—
H & & 100°C - Ve =26.85 . )
: 26.75
T —+ Column 1 —=- Column 2 —— Column 3 — Column 4 —o— Mean
max 26.7
a 100 120 140 160 180 200
T max (°C)
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Annealing in-situ for SiPMs: direct currentg CINFN_=

We use A1:B4 to heat
the whole board

Measured sensors A1:B4

Measured with infra-cam

- % -~ 273
= o Pt o
= 200°C a 27.25— .
= = mn > =
27.2—
- C3 200°C - VBD = 26.964 V s
= 27.15—
- D3 180°C - - DTS :26.936 V
o E 160° { . =
- SOE 27.05—
- F3 140°C 275_ .
= G3 | 120°C 26 955— ) .
= H3 | 100°C s ’
- =
26.85—
O T 268E
2 ' z g 3 & g 2 3
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Annealing in-situ for SiPMs: direct currentz CINFN.

the whole board

We use A1:B4 to heat

Measured with infra-cam

We had some jumps over this 200°C during our tests

o |
o
(o]
- |l — & s =~ A31-Vcurve tu
- C3 ‘ ca| 200°C 3 —
= paffos]| 180°C = b
= eafles] 1600c : , e
: I R :" B 2
- F2lilfFafll Fa| 140°C i 'v 2 2 w TN
| T -
| (o} + ey 4, s+ Ry
- G2 Il 3 | 120°C S kR o
=| =il 2l Hefna] 100°C = *
T s 58
max 1 k"l*’wl 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1 I
/ 24 25 26 27 28 29
Voltage (V)
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Annealing in-situ for SiPMs: direct current (INFN,

We use A1:B4 to heat
the adjacent sensor

We can test the sensor response at
different temperatures

-3
o=
- —~
. = \Lﬁ&
m| " e 2. Hot SiPM
™18 ke =
: — S 200
-~ ) g
: o= e+~ . Cold SiPM
B E Rk -—
=k JIL o BB - "
o= 3 o =
m 08 120 —
- N 1 o o =
=y i = 0B 100 —
w '! 80— "
- - g o . . = °
=0 60—
Q QO =y K
— { ]
201 | | . |
/ 0 2 6

Power (W)
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Annealing in-situ for SiPMs: direct current (INFN,

We use A1:B4 to heat
the adjacent sensor

Veo (V)

29

m = om

28.5

28

275

¢ m=27.3+-0.6 (mV/°C)

|

-9
o
==
o
o=y
o=y
=9
oy
me
o
(-
mey
me |
-2 B
me

27

(=]
o
Ry

[ Y

=
N

]
o
o
-k
©

VRS
o .
NN
S
ol
S

b
o_.
IS

80 120

P Temperature °C
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Annealing in-situ for SiPMs: direct current (INFN,

We use A1:B4 to heat
the adjacent sensor

= m S o =

|

-9
o
==
o
o=y
o=y
=9
oy
me
o
(-
mey
[ 1B
-2 B
me

O

Vy (V)
o
(o2}

0.55

0.5

0.45

0.4

0.35

el
e

..

m = (-0.001871 +/- 0.000017) V/°C

IIIIlllllllllllIIIIIIIIII.,.:

—I 11 1 I | I l 11 1 l | I I 11 I | — I ] l

20 40 60 80 100 120 140
Temperature (°C)
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Annealing in-situ for SiPMs: direct current CINFN,

We use A1:B4 to heat
the adjacent sensor

0.6/

Vy (V)

'
e

=
=
-~

0.55

E_
_i

0.5

0.45

L=
=0
1T ] LI | T T 1 I 1T 11 I

Technique of In-situ Annealing and Temperature Monitoring for
ilicon Photomultipliers

( Publisher: IEEE Cite This PDF
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o
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Hongmin Liu ; Yu Peng; Jinyan Long ; Wenxing Lv; Kun Liang ; Ru Yang ; Dejun Han All Authors
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Annealing in-situ for SiPMs: direct current§ INFN

TN

(1]
— 10| Pre
< t
= — pos
(]
o i
| -
- B
O
=1 Cross-check on sensor 107
=1 integrity after direct current =
o= L
| i
- o i
- 3L et
= s g More accurate
- B - measurements are
= = gg W planned
- —
1 I 11 1 1 I ! - | 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 11 I 1 1 11 [ 1
O O 24 25 26 27 28 29 30
g Voltage (V)
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Annealing in-situ for SiPMs: direct current§ INFN

Cross-check on sensor
integrity after direct current

|

TN

Current Post/Pre

1‘4__0...; .............................................................................................................................................................................
-
L
12_ ...................................................................................................................................................................................
B - 8 U
08:_ ...............................................................................................................................................................................
0.
0.4 Preliminary! |
. More accurate
0,2:_ ........... measurements are planned | ...
C
1 1 1 1 l 1 1 1 1 l L L 1 1 l L 1 1 L
% 0.5 1 15 2

Over Voltage (V)
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Summary & prospects il
> Summary > > Prospects >

1. A =3%consistency in consecutive measurements 1. Cross-check the results starting with a brand-new
2. Thereis astrange behaviour in evaluating sensor sensor matrix, characterising the sensors before and
homogeneity systematics after annealing cycles.
3. Characterising behaviour of SiPMs at different 2. Testdifferent types of sensors.
temperatures, heating them with adjacent sensors 3. If procedure is deemed safe, move to irradiated
with direct current. sensors to evaluate recovery possibilities.

4. 3Wi s aconsistent heating power needed to bring a
single cell up to 200°C
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Thank you for your attention!
Any guestions?
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Board scan: sensor homogeneity @R‘
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https://iopscience.iop.org/article/10.35848/1882-0786/ab7168/pdf
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