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Overview

e Complete test setup for SIPM measurements
has been established

e Dark-rate (T)

e Cross-talk probability (T)
o After-pulse probability (T)
e PDE measurement

e Uniformity scans

e Photon counting resolution
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Setup: Absolute PDE

Integrating
sphere ,
Pulsed

laser diode/LED
(465, 633,775,
870nm)
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Setup: Absolute PDE
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pin diode
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Setup: Absolute PDE
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Setup: Absolute PDE
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Setup: Absolute PDE
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Statistical Analysis
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Statistical Analysis

mean
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Statistical Analysis

Events
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Statistical Analysis

Poisson: POISSON Mean Npe
PO,npe) = e i
#3000 :
- Npe = —In (P(O, npe)) 5 -
Adark ) 52500
= —In ( ped) + In Eedk -
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500
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Nped, not influenced by Charge [QDC-Channels]
cross-talk and after-pulses
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Statistical Analysis

Poisson: POISSON Mean Npe
PO,npe) = e i
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PDE [%]
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MPPC 400 pixels
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Setup: Spectral Sensitivity

Xe-lamp + /
monochromator
A = 350 - —
|000nm



Setup: Spectral Sensitivity
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Setup: Spectral Sensitivity
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Setup: Spectral Sensitivity
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pin diode
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Spectral Sensitivity

SiPM current, Isipm A
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PDE Scaling
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Wavelength [nm]
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PDE Scaling
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PDE Scaling
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PDE Scaling
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PDE Scaling
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PDE Results: MPPC
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PDE Results: MPPC
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PDE Results: MPPC
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PDE Results: KETEK
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Uniformity Scans



Setup
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Single Pixel Spectrum
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Single Pixel Spectrum
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Single Pixel Spectrum
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Single Pixel Spectrum
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Photon Counting
Resolution

Combining the results of PDE, dark-rate, cross-talk
and after-pulse measurements



Results

MPPC 400 pixels—

MPPC 400 pixels

— Total
T N =1 After-pulses = = =10 After-pulses
- X — Cross-talk O\l,i 0.95 NY — Cross-talk
6 PDE 0.8 PDE
5F — Dark-rate 0.7E — Dark-rate
- 0.6
4r 0.50
3- 0.4
of 0.3
- T— 0.20
L3 0.1F
C - - ot T T by
0 006 08 1 12 14 16 18 2

L Tt P T A TR T NN N N S AN SR
o6 08 1 12 14 16 18 2
Over-voltage [V]

MPPC 1600 pixels

Over-voltage [V]

MPPC 1600 pixels

— Total — Total
10— N =1 After-pulses ‘;J-s B =1 After-pulses
- ! — Cross-talk D\Li 1= NY 0 — Cross-talk
- PDE - PDE
8 — Dark-rate 0 8: — Dark-rate
6 -
i 0.6F
21 0.2
I e e e s s SIS RN AR AT R I 1:.......|...|...|...|...|...|...|...1...
Q. 18 2 22 24 26 28 3 3.2 34 q 18 2 22 24 26 28 3 3.2 34
Over-voltage [V] 18 Over-voltage [V]
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Summary

Test stand for SIPM measurements has been established

Complete characterization

Dark-rate, cross-talk, after-pulse prob.

Temperature dependence

Photon detection efficiency (350 - 1000nm)

Photon counting resolution

Uniformity scans

19
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Backup



Photon Counting

PDE (binomial)

|

|
N,

' Bppe(NppE) = (N ! )PDENPDE (1 -

. PDE

(NppE) = Ny - PDE  0nppy = /Ny - PDE

Dark-rate (Poisson)

| |
| 2 2 2 2 |
’i; ONy  ONsignar \/UNPDE T ONor T ONap T ONpg

| N, N, -PDE N, - PDE

_— e — — = e — e L e
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Measurement of Power-ratio R

The Power-ratio R is
measured by moving
the calibrated sensor
from port | to port 2

and backwards.

L Laser
— PPort2 Diode (A)
Type |A [nm]| Roemm | AR
Laserdiode| 633 | 3852 |8
Laserdiode| /75 4328 7/
LED | 465* | 4200 | 20
LED | 870* | 4625 | 55

22

Port |
~ | cm?

*Peak emission
wavelength of LED

(2=0.6mm aperture)

Optometer

Calibrated Sensor
NIST-Traceable
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Dark-rate Correction

Correction factor :

The number of photoelectrons ~  [Barkrate spectrum WPPC 025 h1
2 F dark Entries 6138
needs to be corrected for the gl plVped Mean 33.82
- RMS 7.198
dark-rate. - Integral 6138
i 2| %2/ ndf 16.21/6
-> Acquire dark-rate spectrum at  onstant 1350 - 23.5
each voltage value. : Wean 3253 0.02
ol igma__ 1.659 = 0.019

. dark __ dark* ! dark 1 Hmm
. Nped — *'ped o Nt()t 20 0 60 'smo' HHH1H6J]J Hﬂuoﬁmj&ﬂygh ' :60
NtClOC-lt,’r'k T - anneils
= Q= Nda/rk
ped Mean + 30
dark
& - Nped Nped Nped
Npe = —In = —In T In dark
Ntot Ntot Nped
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SIPM Positioning

Y-Profile
e All light should hit the 0 oF
active SiPM-Surface. g | S
g N I
e 2=0.6mm aperture was 5 T : :
d for measurements 5T
use .
. . 3 | Place SiPM here
with pulsed laserdiodes. £ | i
S |
* Plateau on top allows j!
reproducible positioning Z | |
at maximum. 0.5
_ { I
: { I i
o— 1 I i
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

12.2 12.4 12.6 12.8 13 13.2 13.4 13.6 13.8 14 14.2
Position [mm]
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