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SiPMs: Main Features

High Gain

High Photon number resolution
High speed ( T, ~ 50 ns))

Low dead time

Array of parallel diodes
Common output
Avalanche Mode

Producer Area (mm?) [Pixel size (um)| No. cells V working DCR GAIN I()pDeEéof;
SensL 3x3 20 x 20 8640 30 ~4 MHz 106 10
Hamamatsu 1x1 100 x 100 100 77 | ~04MHz | 2x 108 65
CPTA 1x1 30 x 30 500 24 ~3 MHz 106 30
% = O5ph

High Dark Count Rate (DCR): 100 kHz — 5 MHz |
High optical cross-talk (X_): up to 40% L
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Need for Characterization

Within RAPSODI -

3000/ = 18°C
[l =« -10°c
£ F 1%

-I-V measurements (leakage current, quenching resistor, breakdown voltagee.| * -

I | —— global fit

. r
2000—

-Noise measurements (vs over voltage and vs temperature):
«dark counting rate (DCR) vs bias voltage

soptical cross-talk (DCR vs threshold)

. SO0 g g g (e fpp o a6 iy
1 1.5 2 25 3 3.5 4 4.5
over voltage (Volt)

1500

x%ndf= 5.8/ 43
PO -6.253e+04 + 1.642e+04
p1 6.505e+05 + 6.613e+03

1000

-linearity & dynamic range

-Spectral response (PDE vs A, PDE vs temperature)

-timing properties and time resolution (not relevant for RAPSODI but in progress)

-Analysis of (Poissonian photon) spectrum (vs temperature) :Zn:
sresolution power (how many photons can | distinguish?) & gain e
sworking point optimization (at low and large flux) 50_ ”
~optical cross-talk (deviations from the Poissonian distribution) oo M
DY LA

. Bondani, A. Allevi, A. Agliati, A. Andreoni “Self-consistent characterization of light statistics”, J. Mod. Opt. 56, 226-231 (2009)
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Experimental Setup

Poissonian Light Setup

SiPM
@ ﬁ. Charge Acquisition
Nd:YLF —I— digitizer [ | board

variable
filter

Thermal-like Light Setup

lens [V _ SiPM
NAYLF | —- <t 1
difiser |l variable charge
filter digitizer
acquisition
board

Nd:YLF mode-locked laser amplified at 500
Hz - pulse duration 5.4 ps second-
harmonics (523 nm)

Hamamatsu MPPC S10362 11 100C
General Purpose Amplifier (GPA)

USB-VME Bridge CAEN
V171816ch QDC CAEN V792N
Pulse Generator Agilent 33250A [50 MHZ]
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The Model

What we Measure: What we Want:
Geiger — Muller Avalanches Light Field Statistics

generated by:

A

Detection of impinging photons

Thermally Generated (DCR) — Model t;laer:rc:‘r;ttreill?sutions

Optical Cross-Talk
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Modeling the response: Detection

P - probability distribution of the light field

n,p

Pm - distribution of avalanches triggered by impinging photons

P’m.,el — Z Bﬂ‘l,?’l (H)Rz,ph :

n key parameter!

Brn(n) = T]Tn(iwm/
m

n - PDE m_ expect. value of triggerd cells
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Modeling the response: DCR

DCR modeled as a poissonian event during the integration time

Ty TIL ru—

Ppge = —de e Mde Mae = Ve X tgate

key parameter!

The distribution of the avalanches is now given by the convolution

mel—l—dc_ E Pkdc m—k,el
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Modeling the response: Cross-talk

Avalanche triggering in neighbour cells by other avalanches
had been modeled with a bernoullian-like process:

m
Chile) = (1 — ¢2m—*
E—m

and the distribution of avalanches becomes
key parameter!

k
Pk,cro&:s—; — E Ck,m.(ﬁ) pm.,el—l—dc
m=0

X_ a cascade phenomenon: more than one stage
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Data Analysis Outlook

1) Multi-peak fit of spectrum -
2) Fit of curve of P,__

Peak Areas

ross > Parameters

Pros

e cross NO need to be explicit analytic expression

Cons
Limited to peak resolving spectra
Resolved peaks greater than free parameters of P .

roSS
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Multi-fit procedure

Total area of spectrum normalized
Multi-peak fit performed

Each peak described by a Gauss-Hermite Function

GH = Ne /2 (1+ ShHs(w) + flh.Hd(w))

Peak areas A calculated from fit parameters

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Entries 19996
Mean 2227
RMS 54.81
%2 | ndf 366.5 / 270

Al

400 450 500

QDC

Marco Ramilli marco.ramilli@uninisubria.it




Results: Poissonian Light

Entries 29978
P . . . E Mean 757.3
__ is poissonian o s a0
P |S pOISSOhIan 0_003; %2 I ndf 1552 /1266
m,dc 0.0025 |
0.002— i |
0.0015; i .
0.001 .| |
= 4 |-| 1
0.0005— Y AR
= ' L
. . . of- v m Ll
P IS poissonian too 700 400 600 800 1000 1200 1400 1600
k,el+dc QbcC
= x2ndf= 4.41/ 8.00
0.16 — Mean = 4.242 + 0.056
Three free parameters: onsb
— - Poisson
')m - m + m 0.12— ¥Indf= 81.77/ 9.00
el+dc el dc - \ Mean = 4.581+ 0.051
0.1— i
-)X i \\\£
T 0.08— N
- NN
*Prefactor 0.06 R
0.0aF '\'-‘.\_\\\{k\\
0.02/— \'~-\:f
- 6 8 — o
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Results: Thermal-like Light

Entries 49973
Mean 424.6
RMS 218.2
x2 I ndf 1114/ 753

—

Probability distribution of single
mode thermal light is described by 0.016

0.014

0.012
0.01

= e 0.008

P — Tn'{:i
m,eﬂ — {m{;g—kl)’"”"'I 0.006

0.004

0.002

- ] Illl\l\lllll T N 1
= 200 300 400 500 600 700 800 900 1000

QbDcC

Four free parameters:

0.18[ E\\ y2ndf= 3.80/ 7.00
- R Mean = 3.433+ 0.126
>Mm 0.16 DCR = 0.150 + 0.106
el B “m, Cross-Talk = 0.021 0.009
>m 0.14 E_ \b\fi\
dc 0.12[ "\
- N Thermal-like
.)X 0.1— RN X3ndf = 45.53/ 9.00
T C Mean = 4.647 -+ 0.098
> 0.08
Prefactor E _\
0.06— , .. b
004 E_ Thermal
= a Thermal + DCR + Xtalk
0.02[
= ‘ 1 | L 1 1 | 1 L 1
0 2 4
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Cui Prodest?

Example: Photon Counting Histogram tecqniques

Acquisition of spectra of stimulated fluorophore
emission

Biophysical parameter obtained from
measure of

deviation from poissonian distribution

knowledge of other sources of deviation
needed!!!

1 T 3 ' 1 '
o 10— v PCH
€ Ll .
g 10°F fit
r - - Poi
T 10%f Poisson
£ T
e 6F
= 107
b
; 2 _ T T T T T
g oy v 7 v.. Ty v v
g <t 1 i Y . 1 ) 1 .
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photon counts (k)
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residuals /o —~
o
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-|_ photon counts (k)

Image from an E. Gratton lecture
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Conclusions

> Provided a mathematical model for cross-talk and DCR effects;
> Developed a procedure to analyzed data taking these contributions into account;

> Tested the model
« Poissonian light
* Thermal-like light

> Full description of Self-Consistent Method in upcoming paper!

> Example of possible applications of the procedure
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Backup Slides
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Self-Consistent Approach

Several spectra at varying n
Final explicit analytic expression of

k,cross

Momenta from analytic expression

Fit of the “Fano Factor’” and
“Skewness’

Pros
Not limited by peak resolution
Self-Consistent

Cons
Several acquisitions
Explicit analytic expression to
calculate momenta
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Some Application

Real time dosimetry in mammography

Sensitivity
High dynamic range

lllicit radiocactive material detector

Low flux sensitivity
Stability vs Environmental Condition variations

Radon detector

Zero Dark Count
Stability vs Environmental Condition variations
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Temperature Dependence

© Pico Quant PDL 800 - light @ ~ 510 nm Gain vs bias voltage
0 Cooling Box + Temperature conftrol ‘ Gain vs temperature

| SensL 400 temperature vs gain ‘ : ‘ SensL 400 Gain |
<10° ¢ hias 29V «10° %2 [ ndf 0.772/8
2200~ %2 | ndf 0.2899/4 [ " bias29.5V E 0
R PO 1.838e+06+ 1.736e+04 || * bias 29.7 V g [ | -16°C P8 -1.7660+07:+ 4.107e+05
G000 p1 -1.551e+04 + 1056 || " bias 30 V Qo00— | = -10°C p1  6.478e+05+ 1.357e+04
- bias 30.5 VV - | s« #1°C
C B v +12°C
1800?{, - +21°C
X ; 2500 —
1600_*{ r
C = { i I :
1400— 2000—
C i ” . B
1200— i } B
- | 1500—
1000 ! L
- ; - %2 | ndf 0.06658 /5
800 = rar 0249174 1000— PO -1.796e+07 + 6.189e+05
L | p0  8.673e+05+ 1.631e+04 N p1  6.383e+05+ 2.085e+04
600 — p1 -1.503e+04 + 993.9 -
e | i/ O [ 500_1111111111{111||111111111{111111
-15 -10 -5 0 5 10 15 20 29 29.5 30 30.5 31 315 32
temperature (° C) bias voltage (Volt)

avi __ d(GG 1 fsensL9k: 232mV/°C +1.4mV/°C
dT’ AT dG Jsenst 04k: 23.6 mV/°C £0.9 mV/°C
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