Giresun University
Engineering Faculty
Electrical & Electronics Engineering
Department

FCC Physics, Detector and
Accelerator Workshop @ Istanbul

March 11- 12 2016

CHARACTERIZATION STUDY OF SILICON PHOTOMULTIPLIER

Ali YILMAZ*, Haluk DENIZLI** and Maurizio IORI***

*Giresun University, Engineering Faculty Electrical & Electronics Engineering Department, Giresun - TURKEY
was done @

“*Abant |zzet Baysal University, Science & Arts Faculty, Department of Physics, Bolu - TURKEY
“**University of Rome “La Sapienza” Department of Physics, Rome - ITALY

supported by
INFN
MY DIMATIMENTO DRI
e SAPTENZA

Istituto Nazionale di Fisica Nucleare

J&ﬂommm. \\bh\ﬂ/
DHPARTIMENTO D1 FISICA \:‘ ’;
TUBITAK SAPIENZA 5 \&Ys
-BIDEB-2214 g
March 12, 2016 Gnresun Umver3|ty Electncal & Electromcs Englneermg Department




CHARACTERIZATION STUDY OF SILICON ee
PHOTOMULTIPLIER

FCC Physics, Detector and
Accelerator Workshop @ Istanbul
March 11-12_,_ 2016

Outline

Introduction to SiPMs

SiPM Characterization Tests (forward I-V, noise parameters and gain dependence

on temperature)

Summary & Conclusion

I\//Ich»12,1 6 Gir.esnni\;e,riy Electricl Electronics Engineering Department o




CHARACTERIZATION STUDY OF SILICON
PHOTOMULTIPLIER

FCC Physics, Detector and
Accelerator Workshop @ Istanbul

March 11 12, 2016

{ %- a single photon can trigger an avalahchﬁ deelop
! i‘[ and produces an amplified current signal—

i hearly dependent on
# of detected |
phoTons“W

12V

gener'aTe eh- | &
| palr's {

ifi“r'ev—VBias increasing, Gain also increases |
w BUT & noise gets WORSE cond.

' not acceptable for low | ‘ v‘“s<rngly depen |
’ m’rensu’ry pho‘ron flux exp ) |
— e ~ o | Temp and ‘rhe Vop




CHARACTERIZATION STUDY OF SILICON
PHOTOMULTIPLIER

FCC Physics, Detector and
Accelerator Workshop @ Istanbul
March 11-12, 2016

char'ac‘rer'lzed by a Vias above ’rhe ngk of The APD 11

,‘ # of char'ge carrier increases exponen‘rlally wu’rh ‘rlme il
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(no gain) ! 5 : :

APD (Geiger mode)

| Gain theoretically infinite ”
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Introduction: SiPMs |

:: new type of PMTs widely used in many fields;

| * experimental particle

| * high energy physics
|

* astroparticle

* medical physics
L pny s

| advantages of SiPM, compared to traditional PMT; I
“ 1
| \
| * higher quantum efficiency over a wide range of wavelength )'

I i < I
| + insensitive to the magnetic field ‘ a large (due to temperature dependance) noise

disadvantages of the devices

-
+ so compact allow to build | dark current

{ + high timing performances, |
| |

|
| + low cost, |
|

| + hardness to radiation damage and
|

+ are sensitive to detect a single p.e. {~

[ I

| + order of 109
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MSiIS:Pbpere of SiPMs
% Gain: * Afterpulsmg

G _ Qout _ sz’xel X (‘/bias - ‘/break)

€ €

~ Cpimel X Vov

€

i Thermal N0|se

* e-h pairs also created by thermal excitation Afterpulses

* not possible to distinguish the output signal generated by a photon or o/
thermally one '

¢ measurements have to be done at the same temperature & |

operating condition to remove this effect

.‘v ; ‘Commonlv ~ feW kHZ @ room femb g— g

1‘* DarkrN0|se Rate — \
‘i‘ ® is one of the most important disadvantages of SiPMs §

Sketch from Cova et al.
NIST 2003

Workshop on single
photon detectors

® restricts the sensitivity of low photon flux

® starts unplanned Geiger-discharge @ dark cond.
C 2 processes generates \
band p g Coand ‘

i GRcenter

‘* called op‘rlcal cr'oss‘ralk
‘n + artificial increase in signal

+ Excess Noise Factor of SiPM

+ can be quite significant problem in
applications

r penetrate trough

‘ ) The band gap__ | gap’runnelmg effe s At "’—~~»
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&0 : - pulser
measurements @8 g TJ l

A . blue led
* amplification factor, Jod driver outsignal | prs4 ——»{ PC

* (phe) separation,

* cross talk, Vamp Vbias

il

Ia .Y
%k i power pr Voltage iy .
afterpulsing, supply 25V pm Arduino

% gam dependence on Temp cooling dark box
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1.
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out signal T Q| , / 3 p.e.
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1. SIPMS Gain Dependence on Temperature
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1. SIPMS Gain Dependence on Temperature

keeping the gain constant while femp changing was done by Arduino micro controller

Temp
to pin 10
S81 S$S1
to pin 2 to pin 2
senal
comunication
to PC
» DATAIN

& v
Voltage

Controller Controller
Ch1 Ch2

b : Temperature
° Sensor 2
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3. Cherenkov nght Detectlon Cherenkov Telescope Array

CTA coll.

is the next generation ground-based y-ray instrument

CTA GOl

— Licht pool

Detection by
fast cameras
in telescopes

iKibhzer'enkov light cone, pr'g -;
a primary y ray from within a ‘

CTAzoll, cosmic ray source
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scintillator 1

3mm = X X cos(42)

3mm

radiator
n= 1.497

Cherenkov
Photon

muon cos@ = 1/nB
p=1;
6 =cos | (1/1.497)
0 = 48.09°

scintillator 2
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Chreko Ligt Detection : iw o

sipm p.e sep. signals

un 310 - event: 338-Wed Mar 5, 17:34:44 2014

chi
_________________________________________________________________________________________ chi
‘ ch3-smoothAcsplines -
0 - |" N I. / 4
by oAl oA Alau ‘ “'l'!“j \ PLOSUTY AL e 1A a2 ek bt 2sdes
5 OO 1l I~ =R G PP TR
il f l '
z 10 | '”' 't ' o
g il detected Ch photon in blue
3 as| i -
20 |- f Time Stamp:1394037284 R
1
25 | | :
.30 L L L A A 1
100 150 200 250
Time [ns)
red & green are PMT signal fo frigger
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3. beko Ligtietection : i B
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4. Cosmlc Ray Detectlon Studles @ Sphlnx TAUWER prolect

* is a ground based surface array designed to measure UHE

& 0oL Fluxes of Cosmic Rays (0.01-100 EeV) neutrinos using the Earth-skimming technique.
5
~ é_- .
‘f‘ 10 P e (1 particle per m*—second) GOG'S-
“ * is to establish high-energy T neutrino spectrum for energies
10 in the AGN range and above.
» * measure T neutrino spectrum above the ‘ankle’ to look for
10 . : :
[ X evidence of GZK effects on neutrinos.
-10[
10 F X Knee
. article per m’—yeor)
IJ'JF |
9 FThe "flux" of cosmic rays UMECT
the number of arriving ! ~joule
10 *Lparticles per unit area, per A
solid angle, per unit time) |
10
L |
| Ank o
|0'25rE (1 portici¢ per km'—year) /'v/
%; N ’ + X .
l(f”E | (or hadrqn shower)
167 10" 1" 10" 10" 10" 10'® 10" 10" 10" ‘o'E’ 102‘24")03' N - - e ————
ner { . . . b
= (n or p) | advantage of layout is maximize |

the 7 shower' accep‘rance

X is suppor"red by Ncmonal Science Founda’rlon (Nbl") USA
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4. Cosmic Ray Detection Studies @ Sphinx : Setup I
Amplifier
Scintillator 1| SiPM cables (120 cm)
Temp.Prb | a 7
‘ Controller Box
P} . PCB 2 Due
| |L“ Jocom \ N
160 cmi= 160 cm
Temp.Prb \
Scintillator AN SIPM =~
lifier signal cable (11 m)
N lemo cable (11 m)
Counter box : —
# Kuraray Organic Scintillator (20 x 20 x 1.4 cm3)

® SiPM SensL 30035FM series ; gain ~2.4*10°
@ read out by mini circuits low-noise amplifier
PSA5454+ - dissipation power ~ 390mW

'

o

——

HIRIIETY

i

!
_
»,

f - each having 1024 sampling capacitor

{ - Domino wave circuit generates a write pulse f.
¥ which opens analog switches at the sampling

Giresun

— - - — — - - -
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Summary & Conclusion:
In this studies;

v/ dealt with the study of two types of silicon photomultipliers (with same dimension)
/ the development of a complete readout system for light detection applications

v extensive characterizations studies of SiPMs were done

v dark noise rate and afterpulsing probability were found around 6 MHz and 1%

v first investigated problem was the dependence of the breakdown voltage, and accordingly the overvoltage on the
temperature constant of proportionality of 36 mV/°C

v/ an automatic implementation method of V., developed to monitor the temperature and requlate the bias voltage
accordingly via Arduino

v/ the application made on the components of the Cherenkov light detection camera module ( includes 1 SiPM for now)

v Cherenkov signals were detected by the developed setup

v The DAQ programs were written, working in automatically, in shell / per| C++ programming language with
implementation ROOT binary output
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