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Properties of large SiPM at room

temperature

the SST-1M camera
= Evaluation of main working parameters

= EXxperienced acquired operating large area sensors of

= Effect of continuous light illumination on working
parameters '

Thanks to A. Nagai, M. Heller




A SiPM camera for gamma-ray astronomy gE"(\;/EEéI\T,E

Entrance window:

« 3.3 mm Borofloat

AR coating

« Cut-off filter at 540 nm for NSB
rejection

Photo detection plane:
|+ 1296 pixels
* 0.24° angular size
* Power consumption 500 W

operating at room temperat el - Analogue signals over CATS5/
RJ45

28 Digital electronics (DigiCam):

- 12 bits FADC @ 250 MS/s

— * Fully digital trigger, decision every 4 ns

& - Trigger path with reconfigurable

a algorithms and signal preprocessing

- Serial architecture based on multi-Gigabit
links (both trigger and ADC data)

25 « Power consumption 1200 W ’
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The photo-sensing plane

~

Sensor:

+ 1296 hexagonal
Hamamatsu MPPC -
same technology of 50
um microcells

* 4 anodes per pixel with
one common cathode

* Embedded NTC
temperature sensor

Hollow light guides:

* Plastic substrate (2592 halves
glued) - injection molding

- dichroic coating

- Cut-off at 24°

«2.32 cm linear size

- Compression factor of ~6

Preamplifier board:

+ 108 /camera

* discrete components

* Trans-impedance
topology

« 2 operational amplifiers
per sensor to reduce
pulse length

Slow control board:

- 108/camera

« Temperature compensation
loop (2 Hz)

* HV generation

- Differential output to DigiCam

* DC coupling
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The sensor <)

No capacitor => DC coupled readout of SIPM

RF
—ANA
Reias e /\‘
AT e ||
HV O Tc“““ i =
- | ®»—blri‘)
L
—a—
L AMN—
RF
Nr. of channels 4 i )
Cell size | 50 x 50 um * Hamamatsu MPPC S10943-2832(X) :
Nr of cells (per channel) 9210 * Low Crosstalk Technology 2 (LCT2)
Fill Factor 61.5% * 4 anodes per pixel with one common
T cathode
DCR (@V,, per channel) | 2.8-5.6 MHz - Embedded NTC temperature sensor
Cycen (@ V,, per channel) 85 fF - PDE (@ 2.8V, 472nm) = 35.5 %
Cross-talk (@V,,, per channel) 10%
Vep Temp. Coeff. 54 mV/C" L J
Gain (@V,,, per channel) 1.49 x 10° 4




DC coupling motivation

A DC couped camera is NSB monitor!

The Digicam can measure the BL before each pulse.

Useful for correcting for changes of SIPM parameters
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Static Characterisation of sensors (DC) @) oM etnae

Reading constant current

(static or DC)
SiPM Ad\_/antages:
« Simple;
[ ] e Fast;
H
| Disadvantages:
[ FabVIEW ] * Limited information (only

Vep, Rq, working range)
 Limited precision

http://arxiv.org/pdf/1810.02275.pdf accepted by NIM
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Forward IV: Rq calculation Y DE GENEVE
D R Forward IV characteristic
- - —— Ivéjata
_I >|_ 0.08 70.08
= Linear fit =
0.075 ¢ o {0.07
0.06 - 0.06
I | Y] R e ——— £ ~{0.05 s
| I < £ . "o
—  0.04- H0.04_| £
- - Tl|>
0.03 & / H0.03 T
For a pcell (deal Shockley law): 0.02 S ___// {002
0.01- o / 0.1
Id = I;i exp ’7_‘; -1 ] — Vbias — AR o 0.005 ; /
! E 0 Slope b # Canst

~0.0054
0

0.5 1 1.5 2 2.5
\ ias’ \
SiPM = array of Nycelis G-APDs connected in parallel, each is in series with a ctiuenching

resistor Rq N

_ pcell
i (R, +R) Ryt Ry = IR>>R|| &
VbiaS=I7VT In T"‘l +IN— 1 ’
s pcell Rq=182.9+0.3 (stat.) + 31 (sys.) kQ

Since b is not constant Rq measurement has a systematic bias of about 17%
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Vep determination in DC: Reverse IV methods DE GENEVE

Logarithmic derivative Inverse log derivative:
107% 1 1073 —30
4 —*— IVdata . 3 —¢— IVdata h
4l e 1 Ioi;arithmiccerivative | 1 o Invertied logarithmic derivative N
10 4? —~—— Landau fit s |08 10_4? ———Linear fit =125
10754 ot 5] E
E S os & g s
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T _— - 1 € < 1074 15 €
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_02 E . £ i + . 004 ] L
_0-3 : ILIIILLIO?I 1O EXUIdC 9 0.02 =.o.‘.
040 peak value & 0 S Vgp extrapolatior
~ "4 56 58 60 62 64 ‘g-gi ] s of linear fit to 0
Vi V ' 54 56 58 60 62 64
V Vv

bias’
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DC (static) methods: Reverse IV

-12
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- —0.06 ~ yumot _ 54 65 v 3 = IV Model fit
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Vbias’ \ Vbias’ \ Vbias’ \
2nd log derivative: Third derivative method: IV model

2 separate breakdown voltages
are assumed.

The turn-on is determined by
the avalanche triggering
probability Pc and the turn-off
by the voltage at which
quenching starts.

Fit with 4 regions identified and
fit functions physically motivated
(exponential for Geiger
probability + increase of
correlated noise)

Commonly used: seek for max of
second derivative but the
Gaussian fit is not perfect
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AC (dynamic) measurement: Vep

Pulsed light

Photodiode

_,| Pico Ampere
meter ND Filter &

Diffuser amppc

-
[l
[l
[l

Ampl. >
Integration @
sphere

il '“""Théérma‘l“pul‘S"e'S“Yﬂr” After-pulses
- --vv&‘vcr(;)ss-talk‘(-promlg)tv&del-ayed) -----

(Puke ) 0008 T e S .
geneftor . 0,008 Fm Darkinterval ... LEDinterval . 1. o
Read 10’000 x 10 ys WFs with an
oscilloscope sampled at 500 MHz
Trigger at 5 ys adjusted to have ‘dark’
interval before and LED interval after
ND filters
(81.3% + 0.01%) Advantages:
LED's - - in dark it is possible to measure Vap,
280, 340, 375, 405, work range, G, DCR, Cycell, PxT, Pap

420, 455, 470, 505,

- in light: PDE
525, 530, 565 &

i Disadvantages:
» Relatively complicated set up
Photodiode 10x10 mm?2 « Lots of data and DAQ time

(S1337-1010BQ)
10
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Each ucell detects photons identically and independently => the sum of the photocurrents from each

ucell combines to form an output providing the magnitude of photon flux Parasitic

capacitance

G _ 2 _ (CIJ(-(,” + Ct/) 5 (Vbius _ vgl())

Ptactically, G can be measured from the time
integration of the pulse in time subtracting the BL

G = Q = : : V BL)d ’
T e T Gamp - e R . (V1) = BL)at. Q=Nfireq-G-e

e

x10° |
Charge spectrum 3000 —e— Gainvs. Vy,,
é400§ _ ‘ 2500_5 Linear m (Gaini vs. Vbiags)
o || Tweellffired 1 25g0Fr e e R e —
"'350- | Vep extrapolation of o/~
300: c 2000— ImearﬂttoO """"""""""""" -
a G is defined by the S 1500 ------------------------------------------------------------------------------
250 number of charges create . :
C j . 1000_ .................. .................... ................ ..................
- I by one avalanche in a ucell : ; \Cecell + Cq
OO N
et > Loy N
100- e
- 9 001 ] . @ ® °
50; | T 0‘ """""""""""" """""""""""" o g,
0:\\ [ I jﬂ‘izzzﬂ Ll | \\X1O-12 _001 ; * .

02 025 03 035 04 045 54 55 56 57 58 50 60 61
Charge, C \Y,

ol

\Y 11



Comparison of Vep methods
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Breakdown Voltage, V

54.6

In the IV model and the Inverse log
derivative we see the breakdown
defined as the voltage at which the
avalanche process starts.

In AC Vgp corresponds to the value
when G = 0.

These values are close to the value
close of the turn-off voltage of the
3rd derivative

when still the gain is 0, though the

AC value is commonly used with the
meaning of break down voltage.

12
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0.001

Vbias =59.2 \/, T=25 OC

e

Yoy v Threshold:....... ..
> = :
DU X1 [0 ot ) SRR (RIS ST S— |
© -
§ ~0.003 P W DU = S S,
g- -—1 : > : 105 =
< —0.004 o Time intery@l L s RN I B
0.004 - Time rntegval L ' - j\
—0.005 v G R .
= N 107 S
~0.006 [ o o £ | \
2 4
Us % 103 % \\
Count all pulses which cross given T
threshold within given time interval L: g 10°
o
DOR — Nses(Thr.) 10 §
This is affected by afterpulses. o 1 2 3 4 5 6 7

Threshold, p.e.,



DCR: Poisson method
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0.001

-0.001

Amplitude, V
S ©
o o
& S

Vbias =59.2 \/, T=250C

-4 35 -3 25 -2 <156 -1 05 0

A i P-€.

L
— 4 >
S
;— """ Viias = 38V, T=25°C g ———,——— =nn;=p;—-— e
—- 1 pse. R
= 25000(— piaucg ] EEUNNTINI—GG P—
S : LY B Y S o
- 8 20000} P : i . . . i . . . x107°
Z : 1 8 time go
LIJ N ]
‘S 15000} Poisson statistics is used to estimate purely
o ! uncorrelated noise
e | Noark(total) WF wo SiPM pulse in L
S 10000~
3 - S
_ In (P, (0) 1 N, (0
i DCRPoisson = - ( dart ) =——lIn ddi’k( )
5000:_ 2 p.e. : : L L Ndark(tOICll
w\ 11111 gl Prob. Not to have

any SiPM pulse
14



Poisson method caveat:

\
%{ «(K/'\u %

UNIVE RSITE
DE GENEVE

1

DCR,,..... i_-ilz/mm2

50

50

o Emx10

Enhanced by after pulse of
the prewous pulse e Diiiid

e ......:.-..(.-.(...]..).[..;.-.............]........].....(....(.--(...]..).[..;......-........i........i..... .....

. DCRestimats

10° 10°
Window length, ns

Window length L should be
long enough to include all
after pulses corresponding

to primary pulse, otherwise
DCRPoisson W|” be
overestimated.

Can correspond only to 0.5
p.e threshold

15



DCR, Hz/mm?

Ratio

AC measurements: Uncorrelated Noisé
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—A
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Ll
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o
o

& DCRO.S p.e. — fito.s p.e.
¥ DCRPoisson o htPois;:’.on
= DCR _ﬁtts,p. Pt

Err. x10

1.5 p.¢e.

N
,{/./l‘
l/./'. |
e
> -
/ Fit DCRpisson Parameters:
1/ Negr = (1.6110.93)x10°
ot b = (5.83+0.89)x1074
o PPCR  =10.367 + 0.07 .
, siope

— DCR b.Vias
DCR = N,,, - PPCR . ¢V

Increase of DCR
with VBias

Geiger prob. Of
DCR

Counting method from WF:
= Commonly used;

= Affected by correlated
noise (eg after pulses)

Poisson statistics:

= Unaffected by correlated
noise

=  Should be used with

precaution (see previous
slide)

16
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AC measurements: Correlated Noise DE GENEVE
0.05
= Correlated noise: 0 PR
-0.05 | \
= Afterpulses; S W {Fh
| = .0.10 |} After pulses
= Optical cross-talk (OCT) 2 o5} kT
E -0.20 | ‘ exponential recovery
-0.25 | v | / | Vmu(l-exp(-ﬁ))
.0.30 | Primary dark Tt el
pulse
-0.35 - - -
-10 10 30 50 70
OCT : the avalanche process in a ucell emits secondary Time (ns)
IR photons that are then detected by the surrounding o
ucells with a certain probability (PxT). f'°
50 - /.’"&’\‘1-\;’
hv ln
11 40 \rf”r lm‘

<«
o
T

N | Y o

(Pagano, 2010)

Emission (Photons*electron *nm™)
~N
o

-
=)
(LY
4 '_,.—l

o
-

R. Mirzoyan et all

400 600 800 1000 1200 1400 1600 17
Wavelengthinm]
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AC measurements: Optical cross-talk ¢

orronge 1 —— Py .
Rt M W 035{ ..~ Geigerprobof
104 S e N . . 4. g.ﬁ.4.19.16..\1..;....3,7993.\/..é....339?5V :—23997\[ . P e h pa’r
= Q21 V. i 2203 V. i 1.8054 V. ©1.4061 V. 0.3
e [ - 1 Pyp=G-P PXT
E a1 | 0253 Fxr = By
N-‘O E— ----- I O S0 SOUOTR “re S e, -
T [, : o< 0.27| Photons emitted
C102 k| R N— 1 by a carrier can
(.)10 E : - g 0'15_: reach another
= N j 0.1-] ucell and creat R |
10 iy W . - 1 an e-h pair Fit g% parameters:
v 0.05 | Pji-=-(1:28-4-0:25)%10=7
% O—E P T = 0155+0048
L . J S B B ;'b'.' ‘."A PP PP B B
1O 7 A R -—
Threshold, p.e. Sl 17 = pgr = i L
I—qé_ O-: A - A : A S "W
b = A A
o —1- - AANA. :
DCR — R _2_E N SV WA S— H
pCorrected _ 1.5p.e. total o 1 2 3 4 5 6 7 8
XT
DCRO Sp.e. + Rtotal AV,V

The correction is due to the probability that 2 or more dark pulses pile up in the time interval of 10 ns
where afterpulses can be neglected

~ , ) 3 . 2'T'DCR§.5p.e.
Rioar =2-7-DCRys,, +2-77-DCRyy5,, + ... = Il —7-DCRys),,
Sp.e. 18



Amplitude, V
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Data acquisition:
« Measurements in dark;

o 20 us length;
« 0.5 p.e. amplitude trigger and no pulses 5 us before trigger @ 10 us

—-0.005

-0.01

-0.015
0

19



Amplitude, V

AC measurements: Afterpulses
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0.001

—-0.001

—-0.002

—-0.003

-0.004

—-0.005

—-0.006

recovery

!
Apap = Alpe. — Alpe " €XP

Tl'é'(‘.

Afterpulses before

- Expected arrfplitude | ,
4_5—'— After-pu-ls-e-s ---------------------------------- o ' ‘‘‘‘‘‘ R g
- — - After-pulses enhanced by P or/an DCR

llllllli llllllll

107° 1078 107”7 107°°
Time Delay, s

1 lllll_ll

Being 1 p.e. they should come from another cell
than the oe recovering, so they are most probably
cross-talk since the DCR probability at such short

delay is small 00



Amplitude, V

AC measurements: Afterpulses

5 UNIVERSITE
*/ DE GENEVE

%5
v Aq
(7]~

3

0.001

-0.001
-0.002
-0.003

|
o
o
o
=

-0.005
-0.006

Y gommmmororr S-SRI RPN e

..............................................................

500

mml(At) = NDCR(At) + NAP(AI)

; Dzsinbutlon
AlData
Ortly Afterpulses

©
®

DCR = 1/7pcr 2000 7

e e (22)
( )P%WC

Tap : Afterpulses livetime

"pcRr — At

TDCR

— At At

Trec.

nap
Nyp=——"-exp

TAp

- 10°
Time Delay, s

)

Term due to decrease of PDE
due to cell recovery

TAp

21
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-9
016 :§10 = Afterpulse lifetime:
0.1 4_ o3 average time of
charge trapping in
0'12_ impurities
0.1- » " Afterpulse
D_%o_os— 5 probability increase
P

with over voltage
but lifetime is
constant

0.06-
0.04—3
0.02—3

0-

22



Optical measurements: set-ups

Pulsed light Light disuniformity < 2% @ontinuous light

_,| Pico Ampere Fictodiode Pico Ampere Photodiode
i meter ND Filter& === eter
! Diffuser pmppc

Ampl.

MPPC

Source
meter

Integration
sphere

Integration
sphere

R

[ Monochromator

¥ ]
Pulse E E Xe |
generator ! : € lamp
= s
_________ J_---__---__---__----__---__--;.-_----_-----_----_----_----l l-____------_---—-------------------T----------------------

Xe 75 W lamp: 250 + 1800 nm

Translation
ND filters : " stage
(81.3% + 0.01%) g . Photodiod
LED's : k= | =

280, 340, 375, 405, (8:8183(7)-)10

420, 455, 470, 505, y

525, 530, 565 & o : Integration =

572nm Calibrated Photodiode 10x10 mm?2 sphere Monochromator

(S1337-1010BQ) 5% precision

PDE = QE(A) X € X P(AV, A)
23



Pulsed light: absolute PDE from photon counting

‘\9
(5
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= Poisson distribution:
(k).

np.e. :

P(n X ek

p.e.) =

= Probability to have 0 p.e. on the SiPM:

_ N©O)
B N(total)

PQO)=¢e"

= Average number of detected photons:

k = — In(P(0), zp) + In(P(0)4,,)

Xf’QEPD‘e
IPD’R

PDE =

N, photons

Ratio of light intensity
on PD and SiPM x
transparency of ND
filter

umber of Entries

N
A
o
(@]

|

PDE

QO
1200}~
10005_ e

800}

_do0s

0.6

0.5

0.4

0.3

0.2

200}

Vbias =59.2 \l, T=25°C

6005‘“’ SRR S

O.p.e....
lp.e -

2 p.e. v

L | 1 1 1
—0.002 0

-0.004

0.1

[~ ®405nm
— ¥ 420nm  :
- ¥ 470nm  :

....................................

§PDE PDEmaxg exp(PlepexAV)]
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Continuous light: Relative PDE

Relative PDE normalised to absolute values:

L Continuous light :
1 |
_ i y - M PDE vs. Avs.AV |
0.8 :
L ® 1V Mode
s
= B .
0.6
309
g - e
: L
=204
fag
0.2
- 000000000‘
0

300 400 500 600 700 800 900 1000 1100 1200
Wavelength, nm

Ilig/’lt _ Igaprjl\} Ilight _ Igcg’]]fd
SiPM i SiPM i
PDE(AV, 1) = gt

X
exN_ x G, AV) )

Rate continuous light . G enhanced by correlated noise

25
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Comparison from different labs

LVR_3050CS
60 ;
; i 80
sof- UN|GE ; " LVR-3050CS, SN2 : f
- . : ! & Continuous Light - --©-- UNIGE |
- i : i i 70_ Nagoya i
401~ : ! $ ' 3o PulsedLoght [~ - Catania :
e [ 5 ! Catana - LVR-6050CS, S/N7 : L el
g 30— o Continuous Light 60+ :Na;oGi "__'j::
: %+ PuisedLight R -
. o # ; ; | ‘ ; ’ X F -+ |
C N i i i i % ; - 1 :
10..-_ ’»C- - B e u&:’u- m“40:-_ R, W—— 4
f 0080, ()] N & A ’—:—m
Y PPN PPN I EPUPP PP PP IR BPhta o - ot
» T T 30F S tJ;,. .
P - ." ,h6 i
g oF Average | . L SR '
gy F difference o0k /e |
o @AV =3V /%
g F 6.5% 107/~
'_-10_ a
é : Alllllllllllllllllllllllllllllllll
e 17 2 3 4 5 6 7
Wavelenath, nm
AV,V

\\\. Z)
Y
< *
X ) K
Nagai et al. Nucl.Instrum.Meth. A912 (2018) 182-185
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p+

OXT photons which are going out from
SiPM might be reflected by optics and
lead to increase of total optical crosstalk.
Also coating itself would do the same
(Bonanno et al, NIM A908 (2018) 117-12)

10000 - :\\,L\ SiPM
: A SiPM + mirror
AN .
Mo AN
1000 4 i\ VA
& ; 0 H
: JEEE pRER
[*] i 15’. 'fm
®) i B
100 444 : V%i
1 3. % LA
& P %_a'; =
0‘.: t ’ . o e
£ e "‘7'..,‘31:'# ;
10 :-“g - - E .o. -u.‘-“::‘ 'oo.o 3
i o= R.\Mirzoyanetall | == |o====
0 100 200 300 400 500 600 700 800 900 1000

QDC channel
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Optical crosstalk test
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-
~

N
~
<

25 3
Threshold, p.e.

35

30

25

)
<

— o SIPM + Cone + Window

IllllllllllllllIIII’IIIIIIIII!IIII

V[P0 STUANS WIS S S S—

sample

B S ensnnnssesnnnsnsed eenreereens g B @ e S s

Fit Function:

) - Y3 ) )
I.\'T = Gain - I hy * [(;t'i,g’('l




SIPM under continuous light
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5 UNIVERSITE

ENEVE

7 |
ok 10
- B 1 10° e = f
>_0.001 | aseline e fes  Se+0
g s & .| Mean -0.000198 i
= -0.002 |— B Std Dev 00003238 j
e
-0.003 |— 10? f
-Single pulses: 10 {
~0.004 |— , ) l
- 1 1 1 34 x]O'. 1 o - i
0 2 r 3 | 8 oo, 10 008 -005 004 -003 -002, -o01 =0
Continuous
- )
0.008 Baseline shift:
Baseline ~ -16.7m

-0.01
g

—oms AT Bl il lll. N el
TR TRRL R T LA B

~0.02

A I !L”

Np.e.

—0.025
'°'°°o_ B 4 3 § a3
N — BLshift x At .
“wo Q1p.e. integral of 1 p.e. pulse over time
Np.e. — Nph

(1+ Px7)(1 + Pap)

~ PDE
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Voltage drop
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— I‘» Readout chain

Figure 2: Typical schematics to bias SiPM device.

SiPM devices are usually biased through an RC filter to:

filter high frequency electronic noise coming from
the DC bias source

limit the current, therefore protect the sensor in case
of intense illumination.

Increase MTBF (mean time before failure) of sensor
(usually not provided by producer)

But this resistor also induces a voltage drop at the
sensor cathode in presence of continuous light,
which reduces the bias voltage and therefore
changes its operation point

8
3 NSB = ~12 GHz, i’y
6 T Roias = 0.1.Q
E = = Ryjas =10 KQ .
[& . NSB = ~5 GHz, in y
= 4—:' —— R =01 Q
< 3_:. = = Ry =10KQ

= 2000 —F—F——F—F L
£

@ 1003 powertimit oo
S) 504

o

O:-»-‘.-.*.-.;---‘ ) — - —

0 2 4 6 8 10 12 14
time, s

Figure 3: SiPM temperature (upper) and Power consumption (bottom) at initial
AV = 2.8 V and under 12 x 10? y/s vs. time for Rp;,s = 0.1 Q (solid line) and
Rpias = 10 KQ (dashed line). The highest acceptable power consumption for a
sensor (provided by producer) is represented by red dashed line.
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Voltage drop: Toy MC model sch
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[ | Different light sources can be used:
o _Par(av) o Pw(@V) Favatanches
1-PxT(AV) 1-Pap(AV) s I NSB
t | 1 i 7 vega Star
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- Ch k
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Z
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Time dependent toy MC simulation was developed to account for these effects:

« Gain (Amplitude) & 04,

« PDE(N)

« Noise: Py, Pyp, DCR

« Baseline Shift & 0g_ e shift
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Voltage drop: Toy MC model

Simulation Example:

0.16—2 =3
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Voltage drop: Model Validation @ Cern/Unige

Photodiode

1.@ Unige/ldeasquare [FeoAmpere

meter
Voltage

Q ) ACLED iﬁ.
S
source

Pulse Trigger i
generator ) Oscilloscope

F A

Integration
sphere

5. With SST-1M camera and CTS CLabv:.Ew }

« DC LED (470 nm)/ch mimic NSB
« AC LED (470 nm)/ch mimic Shower
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AC/DC scan: Model Validation @ Cern/Unige

2 UNIVERSITE

= DC intensity scan:

- Vdrop VS. NSB,
= Baseline Shift vs. NSB

Vdrop7 v

x10°
0 1000 2000 3000 4000 5000

NSB, v/s

Signal
rel.

Ratio, %

= AC/DC scan: AC intensity

constant and DC intensity
changes

Amplitude vs. NSB

Arg =

AC Ampli.(NSB)

Amplitude vs. Baseline Shift

AC Ampli. (NSB = 0)

................................

\._\.

x10°

1000

2000

3000

42000 5000
NSB. v/s



The CTS as calibration tool and AC/DC scan

. . . 1296 Is, AC DAC 140, 320
+ Pulsed and continuous light for each pixel 11 grrraiaes A __[ 42 3201

(2 LEDs)

» Status (On/Off) controllable for each LED

« Calibration of SST-1M camera in 1 day
after calibrating the LEDs

* Fully autonomous (just requires 230 V),
can be operated on site for camera
recalibration (e.g. after module
replacement)

40 50

Baseline Shift
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104

103

102

101

100
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Results: SiPM under NSB
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Voltage drop: compensation loop
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Transition time (100 ns)  NSB=2 X 109y/s

T T— T

—
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T l |

N T ynnnnnrrTnnnonnonoomommTTIomooOhO I Iom

Voltage, V
e

O
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: = Vgop (Gor. = Ony

--------

N N S I I 2T
0 0.1 0.2 0.3 0.4

No voltage drop after transition time!
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Voltage drop: compensation

NSB, MHz (p.e.)
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By increasing Vuias constant AV can be achieved — Amplitude stability is + 1.5 %

> UNIVERSITE
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Calibration strategy for operation DE GENEVE

= Extraction of SiPM and readout parameters per pixel in
the laboratory

= gain, optical cross talk, dark count rate, noise, etc...
= Monitoring of these parameters during operations
= Dark count run

= Flasher runs

= |mage reconstruction accounts for up to date calibration
parameters
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Signal shape after preamplifier

Average SiPM pulse for all pixels in the camera
for a single photon equivalent (1 p.e.)
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Calibrations in the lab
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AC level 65 102 |- AC level 130
Pixel 0 Pixel 0
Fit: £ :2.32
1021 B:1.33 + 0.008
G :20.56 + 0.007
e :3.57 + 0.006
0,:2.15 £ 0.011
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Increasing light level

Smeared generalized Poisson evaluated for a given light level j:

)
00 2

(i + ks )< | -LekGoB?
PCimn = STl g L

e k

k! N T

f: sampling frequency
At: integration window

k=0

With o} = fAto? + kGo?

Maximum log-likelihood . 1 Ny .
estimation per light level  [(6:C)) = = Zln L(0: Cij)
and per pixel: "=l

All fitting parameters are independent of the
light level (LL), aside from y;=> all light levels

are combined for the fitting (NL.+4 instead of
5 x N free parameters):

|
NWNAC

i(6;C) =

[LSB]

G: charge gain, i.e. pulse integral
B: residual charge

uxt. Cross talk fraction
oe : electronic noise

uj: average p.e. number

(5: fit parameters)

Nac Ny

Z Z In L(6; Ci))

j=1 i=1
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Verification of performance with prototype in the lab
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Verification of performance with prototype in the lab
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A vision of the future

= Apply the same pixel technology to larger cameras, e.g.
the LST camera for the CTA project

LST with PMTs 1855 pixels (0.1°) LST with SiPMs 7420 pixels (0.05°)

2m 130X
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A vision of the future

Apply the same pixel technology to larger cameras, e.g.

the LST camera for the CTA project

LST with SiPMs

7420 pixels

1855 pixels

™

LST with PMTs
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Application of ASICs: CITIROC

= Combine Front End Boards based on the CITIROC ASIC (Weeroc)
and developed at UniGe for the BabyMind experiment with the
optical modules developed for the SST-1M camera to build a 144
pixels camera for atmospheric showers detection

144 pixels camera  Readout system Telescope structure
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Application of ASICs: CI
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Combine Front End Boards based on the CITIROC ASIC (Weeroc)
and developed at UniGe for the BabyMind experiment with the
optical modules developed for the SST-1M camera to build a 144
pixels camera for atmospheric showers detection

Channel 31 |
Channel 0 Charge measuremen t
-
I
‘W-I % J = I_ read
y \—:tw p ., Low_gain
reamp low gain T o |T multiplexed multiplexed output
p= =y
I
JW\_I % J = |. read
P \—}'h L High_gain
Hi .
Preamp high gain L PD _J' mumpixegda multiplexed output
\ Trigge
_fsh jd
‘E'*‘ 1 Mask RS Com D—b Charge_trigger
DAC multiplexed
uuuuuu
x32
L o] | - [5—5Time_trigger
e |
| SSSSSS E H > OR32_charge
| 11111111 — © OR32_charge_OC
| l @ — OR32_time_0OC
Common to the 32 channels J :

CITIROC block diagram

Main advantages:

* Dual gain + ToT
= [arge dynamic range
Variable gain preamplifier per
channel
= Gain equalisation

Mam drawbacks:

Multiplexed amplitude readout

= Deadtime of 9.12 ps to read
one event

Different shaper for amplitude

and trigger

= Single channel calibration
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Application of ASICs: MUSIC
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= The MUSIC ASIC (ICC-UB) intends to tackle large SiPM surfaces by

offering a summation path

| __ SiPManode readout  _ _

Power Down

PZ Shaper

Current mode input stage for

Gain control

SE Driver 8

_ || p7 Shaper —I+ Hm\ Fast OR

SiPM o I/

Y Th —| : | 5 \ N\

(HG) Current .

———-—q—-——q-—-n Switch (HG, LG)

e T T T : |
| (LG) Current PZ Shaper -

X X Xn, Xn. X Switch Hs \Diff Dr@

Anode voltage control
Sensor switch off

MUSIC block diagram

Main advantages:
* Dual gain
= | arge dynamic range
Variable gain preamplifier per
channel
= Gain equalisation

Outeht Pole Zero Cancelation
= Shorter pulses
or Summation of channels
Trigger = [arger pixels readout,
Cu_rrent f°'f slow trigger output for group Of
integration pixels
(HG, LG) Main drawbacks:
SUM .
Diff output Current version has only 8

channels
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Application of ASICs: MUSIC

The MUSIC response has been be fully simulated by the ICC-UB
group and shows great agreement with measurements

Example with LVR3 6x6 mm?2 N. De Angelis CERN-THESIS-2019-084
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