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Characterisation of SiPMs

* Test-setup for SiPM-measurements at KIP (Heidelberg)
* Basic characterisation:
* Dark-Rate
* Crosstalk prob.
* After-pulse prob.
* Photon-Detection-Efficiency

* Uniformity-Scans (Sensitivity, Gain, Crosstalk-Maps)
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Port |
NIST Calibrated Sensor (pin-diode)

Integrating
re Sphere Power-ratio:
P
Monochromator T 1+ portl
ort P
SiPM port2

(small aperture ©0.6mm, ©0.8mm)

* Power-ratio R (partial compensation of different sensitivities SiPM/Cal. Sensor)

* XE-Lamp + Monochromator (350-1000nm)
Current-measurement (contains crosstalk and after-pulses)

= relative PDE

¢ Pulsed laserdiodes/LEDs (465nm,633nm, 775nm, 870nm)
QDC-readout (statistical analysis)

= PDE without crosstalk and after-pulses
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Photons, that arrive at the SiPM
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The pedestal events N*peq. need

to be corrected for the dark-rate. [Darkrate spectrumwPpc ozsc hi

. @ ar Entri 6138
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® PDE asS a funCtion Of Uover — Ubias - Ubreak
= (Calculate Ubreak (from linear fit results)

| Single Photoelectron Spectrum | h1
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|) Record photoelectron spectrum PDE Npe Npe : R/T
] . ) p— p— =
2) Switch off light and record dark Tph Popt/(h : X)

rate spectrum

3) Calculate gain and number of

photoelectrons Npe = Numberof Photoelectrons/Pulse
4) Apply dark-rate correction = PDE it = Power latio
T = Period(30-10°%s)
5) Set new voltage P,,+ = Optical Power [W]

6) Start over at |
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Relative Measurement
(350nm-1000nm)
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e Curves are scaled to max.
PDE value at 633nm

¢ Crosscheck: max. PDE-values
at 465nm, 775nm and 870nm
are shown.

= Good agreement
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PDE SensL SPMMICRO1020X13 | Uover=2.5V
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KETEK_3x3mm_UV_33_6V
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Uniformity
Measurements



Gate from

oDC LED-Pulser
Beamsplitter Ssia:qiallaiii:]t;; AY ©O(200ns)
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MPPC 10362-11-100C
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Setup for SiPM characterization established

Basic Characterisation

Crosstalk and after-pulse measurements

Temperature dependence

Uniformity Scans (sensitivity, gain and crosstalk maps)

PDE-measurement over wide spectral range (350-1000nm)
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PDE MPPC S10362-11-025C,A=633nm, 25.1degC

e In the case of the MPPC & 1o
. ] I.IQJ - . Dark-rate corrected I I I I
Wlth I6OO PIXGlS the a 11;_ ¢ Uncorrected (error not shown) I I I I I
dark-rate correction is 10} it t
small (low dark-rate, o 1 :
- §
short gate 50ns) o ¥ z Maximum possible
. 7E- i voltage
* In the following only : EE ;
6
corrected values are =,
5— &
Shown EI ' | I R R I |
1.5 2 2.5 3 3.5 4 4.5
Overvoltag Ubias-Ubreak(68.27V) [V]
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Optometer

The Power-ratio R is Calibrated Sensor
measured by moving NIST-Traceable
the calibrated sensor Port '2
from port | to port 2 ~lem
and backwards.

PPort 1 Laser
— Diode (A)

Type |A [nm]|Rosmm| AR

Laserdiode| 633 3852 |8

Laserdiode| 775 4328 /

*Peak emission

LED | 465% | 4200 | 20 | . elength of LED

LED | 870* | 4625 | 55
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PDE [%]
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Y-Profile

e All light should hit the

o oF
active SiPM-Surface. g i
2 | 1
e 2=0.6mm aperture was g T : :
d for measurements 5T
use - .
. . 3 | Place SiPM here
with pulsed laserdiodes. £ | i
S |
* Plateau on top allows j!
. o o . - I
reprodyuble positioning : :
at maximum. 05k
_ { I
: { I i
o— I I
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Position [mm]
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Gate from

oDC LED-Pulser
Beamsplitter Ssia:qiallaiii:]t;; A)’ ©(200ns)
50:50
Pulsed LED
= | / '
Micro positioning Table
Accuracy: | pm
‘#Photodiode !
(Monitoring)
- x1200_yneg24640 | x1200_yneg24640
Entries 1024
Mean 80.27
C V. RMS 56.68
600" Ped Gansitivity: i
Scan Sensor with pulsed lightspot R Npe = —1 (NPed >
(10000 pulses per meas. point) : ot
400}
Versatile Analysis: L
o 300 Gain
* Sensitivity Map Npe(X,y) -
200
- L Crosstalk
* Gain Map G(x,y) : ”
100
* Crosstalk Map C(x,y) : .'F”"/ | L
% 7200 400 600 800 1000
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