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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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Test-Setup at Kirchhoff-Institute for Physics, University of Heidelberg

•Photon-Detection-Efficiency

•Uniformity-Scans (Sensitivity, Gain, Crosstalk-Maps)
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PDE Measurement Setup

• 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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Xe-Lamp

Port 1
NIST Calibrated Sensor (pin-diode)

Port 2
SiPM

(small aperture ∅0.6mm, ∅0.8mm)

Monochromator

Integrating
 Sphere Power-ratio:

R =
Pport1

Pport2
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Measurement Principle
PDE without crosstalk and after-pulses

Photons, that arrive at the SiPM 
are Poisson-distributed: 

N*Ped is not influenced by 
optical crosstalk and after-
pulses, but needs to be 
corrected for dark-rate:

P(n, λ) =
λn · e−λ

n!
⇒ P(0, λ) = e−λ

⇒ λ = Npe = −ln
�

NPed.

NTot.

�
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Dark-rate Correction
The pedestal events N*Ped. need 
to be corrected for the dark-rate.
 ➔ Acquire dark-rate spectrum at 
each voltage value. Correction 
factor: 

f =
Ndark

>ped.

Ndark
tot

= 1−
Ndark

ped

Ndark
tot

NPed. =
N∗

Ped.

1− f
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Gain Measurement
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Ubreak = −p0/p1

• PDE as a function of Uover = Ubias - Ubreak

➡ Calculate Ubreak  (from linear fit results)
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Automated Measurement 
(LABVIEW)

1) Record photoelectron spectrum

2) Switch off light and record dark-
rate spectrum

3) Calculate gain and number of 
photoelectrons

4) Apply dark-rate correction ➔ PDE

5) Set new voltage

6) Start over at 1
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Npe = Number of Photoelectrons/Pulse

R = Power Ratio

T = Period (30 · 10−6
s)

Popt = Optical Power [W ]

PDE =
npe

nph
=

Npe · R/T

Popt/(h · c
λ )
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Example: PDE MPPC 1600pix.

Preliminary
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Relative Measurement
(350nm-1000nm)
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Light-Power Port1
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Light-Power Port2

A

B

A/B=R

Setup Calibration (350-1000nm)
(∅=0.8mm aperture)

Power-ratio R0.8mm
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Monochromator

Xe-Lamp

Port 1
Calibrated Sensor

Port 2
Calibrated Sensor

Integrating
 Sphere

A

B

R =
Pport1

Pport2
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PDE Measurement (Relative)
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PDE Curve
Scaling

• 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 Curve SensL 
SPMMICRO1020X13

• Scaled to max. PDE 
value at 633nm.

• Highest PDE at 
~500nm

• steep curve below 
500nm
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KETEK 3x3mm2

(first look)
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Uniformity 
Measurements



Alexander Tadday, 22.02.2010, SiPM Workshop DESY Hamburg

Setup for Uniformity-Scans

y

Micro positioning Table

Pulsed LD

Photodiode
(Monitoring)

Beamsplitter 
50:50

Spatial Filter
5 μm Pinhole

x

QDC

Accuracy: 1μm

Gate from 
LED-Pulser

O(200ns)
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Histogramm 
with 10,000 
entries per 

Measurement 
PointGain

Crosstalk

Npe = −ln
�

NPed.

NTot.

�Nped

Scan Sensor with pulsed lightspot 
(10,000 pulses per meas. point)

Versatile Analysis:

• Sensitivity Map Npe(x,y)

• Gain Map G(x,y)

• Crosstalk Map C(x,y)

Sensitivity:
Charge [QDC-Channels]

0 50 100 150 200

Ev
en

ts

100

200

300

400

500

600

700

800 Pedestal
(0 pe)

1 pe

Crosstalk events

Figure 17: Sample charge histogram recorded for the uniformity scan measure-
ment. The shaded area indicates the number of cross-talk events.

above the pedestal:416

Ppx
c =

Nc − N1pe · (Ndark
tot /N

dark
ped − 1)

Nc + N1pe
. (8)417

The second term in the numerator is a correction which ac-418

counts for the cross-talk events caused by thermal noise (cf.419

equation 2 and Fig. 4), and N1pe represents the number of events420

in the 1 pe peak. Without optical cross-talk, only 1 pe events421

would be expected as only single pixels are illuminated and the422

width of the light pulses is kept much smaller than the pixel423

recovery time. The fact that also 2 pe, 3 pe etc. events are ob-424

served proves the existence of an optical cross-talk probability425

which is described by equation 8. For the measurement a short426

QDC gate of about 30 ns was chosen in order to keep the influ-427

ence of fast after-pulses small.428

5.2. Uniformity Scan Results429

The results of the uniformity scan measurement for two dif-430

ferent SiPM devices are shown in Figures 18-21; they show a431

high degree of homogeneity. Variations of about 10 % to 20 %432

are observed in gain and sensitivity.433

For the cross-talk probability a clear dependence on the geo-434

metrical position is observed; it is small for pixels at the edge of435

the active area and gets substantially larger when moving into436

the centre of the device. This is due to the different number of437

neighbouring pixels: the more neighbours the higher the prob-438

ability to induce an additional avalanche breakdown in one of439

them. For the devices with 50 and 100 µm pitch an additional440

variation on the single pixel scale is observed.441

For the gain and single pixel cross-talk measurement a cut442

on 50 % sensitivity has been applied in order two guarantee a443

well-defined position determination. For low sensitivities - as it444

is given between pixels - the actual position of the firing primary445

pixel is unknown, which would prevent a reliable measurement.446

6. Conclusion and Discussion447

An experimental test environment has been designed to de-448

termine the characteristics of Silicon Photomultipliers. The449

SiPM properties addressed here are the cross-talk and after-450

pulse corrected Photon Detection Efficiency in the spectral451

range between 350 and 1000 nm, the probability of cross-talk452

and after-pulse occurrence, and the spatial uniformity for sen-453

sitivity, gain and cross-talk. The presented measurement setups454

are and will be used to compare these properties for various455

SiPMs on the market in order to identify suitable sensors for456

applications in high-energy physics calorimetry, medical imag-457

ing and elsewhere.458

Characteristics of several SiPM sensors from459

HAMAMATSU and SensL with maximum sensitivity in460

the blue and the green spectral region are presented and461

compared. The measured wavelengths of maximal PDE are462

consistent with those quoted by the producer. Cross-talk and463

after-pulse probabilities increase with the applied bias voltage464

and pixel capacitance as expected. In addition, all devices465

tested show a good spatial uniformity of sensitivity and gain.466

The position dependent cross-talk probability was found to be467

higher in the centre of a device than at its edges, compatible468

with the number of neighbouring pixels.469
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MPPC 10362-11-100C
Uover = 1.1V

Sensitivity and gain quite 
uniform.
Cross-talk probability strongly 
depends on position!
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MPPC 10362-11-050C

• Similar behavior as -100C

Uover=1.3V
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MPPC S10362-11-025C

• Crosstalk probability is 
uniform

Uover=2.3V
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SensL SPMMICRO1020X13
Uover=1.6V
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Conclusion

21

• 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)



Backup Slides

22



Alexander Tadday, 22.02.2010, SiPM Workshop DESY Hamburg

• In the case of the MPPC 
with 1600 pixels the 
dark-rate correction is 
small (low dark-rate, 
short gate 50ns)

• In the following only 
corrected values are 
shown

PDE MPPC 1600 Pixels

23
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Measurement of Power-ratio R
(∅=0.6mm aperture)

Optometer

Laser 
Diode (λ)

Calibrated Sensor
NIST-Traceable

The Power-ratio R is 
measured by moving 
the calibrated sensor 
from port 1 to port 2 
and backwards.

Port 1
~1cm2

Port 2
∅=0.6mm

Type λ [nm] R0.6mm ΔR

Laserdiode 633 3852 18

Laserdiode 775 4328 7

LED 465* 4200 20

LED 870* 4625 55
24

R =
PPort1

PPort2

*Peak emission 
wavelength of LED
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SiPM Positioning

• All light should hit the 
active SiPM-Surface.

• ∅=0.6mm aperture was 
used for measurements 
with pulsed laserdiodes.

• Plateau on top allows  
reproducible positioning 
at maximum.

Place SiPM here
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Sipm
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Setup for Uniformity-Scans

y

Micro positioning Table

Pulsed LED

Photodiode
(Monitoring)

Beamsplitter 
50:50

Spatial Filter
5 μm Pinhole

x

QDC

Accuracy: 1μm

Gate from 
LED-Pulser

O(200ns)
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Histogramm 
with 10,000 
entries per 

Measurement 
PointGain

Crosstalk

Npe = −ln
�

NPed.

NTot.

�Nped

Scan Sensor with pulsed lightspot 
(10000 pulses per meas. point)

Versatile Analysis:

• Sensitivity Map Npe(x,y)

• Gain Map G(x,y)

• Crosstalk Map C(x,y)

Sensitivity:


