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The search for neutrinoless double beta decay with
GERDA: GERmanium Detectors Array
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Phase I of GERDA experiment has been successfully completed
One of the tasks for Phase II is:

Liquid Argon instrumentation:

LAr – from passive to active shielding

Detection of LAr scintillation

WLS + Cryogenic PMT:

•several designs under 
consideration
•MC in progress

WLS +Cryogenic SiPMs:

•under preparation for testing in LAr, 

•MC shows ~100 noise from 228Th 
suppression

Cryogenic SIPMs for direct LAr light 
redout:

•VUV sensitive (128 nm)

•Large area (1cm2)

•MC study just started

UV SiPMs from MEPhI/MPI 
can be the possible candidates
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UV SiPMs from MEPhI/MPI/Excelitas collaboration
(produced at Zelenograd, Russia)
100 micron pixel size (100B type), geometrical efficiency 80%
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•Dark rate at room temperature is 400-800 kHz/mm2

•Gain temperature stability is 0.5%/C
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GERDA requirements. Task 1: VUV sensitivity
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ARC transparency

ARC should be shifted to 128nm

•AR coating

•High internal quantum efficiency (abs. length for 128nm ≈5 nm)

actual MEPhI/MPI/Excelitas SiPMs
Internal QE 

internal QE aready is quite high
Task 1 seems to be possible to solve
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GERDA requirements. Task 2: Large area SiPMs

SiPM with area 10x10mm2 and more has  significant Ctot

 Electrical signal from SiPM
 Frond-end electronics

•yield

•electronics

Task 2 seems to be possible to solve too, however
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~ 7 Ohm
+shaper
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23-28 october 2007 VI Int.Workshop LIGHT2007 Cooled SiPM matrixes module

MEPhI/MPI already several years ago produced and 
tested SiPMs with area 5x5mm2 and FE electronics for 
astroparticle application

Requires SiPM electrical model 
and precise SPICE parameters 
extraction 
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Important image! 
To analyze SiPM waveform one needs to be sure that there are no external network influence

Fast component (geiger discharge) Slow component (pixel recovery)

where Ctot=N*[CqCd/(Cq+Cd)]+Cg

RL
for n pixels of Rq>>N*RL

N- total number
of cells in SiPM

RL
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Pulses from SiPMs with different topology and quench resistor value (50 Ohm load)

Qtotal = Qfast + Qslow

Qtotal = U *(Сq + Сd)
Qfast = U * Cq

Qslow = U * Cd

r = Rq*(Сq + Сd)
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•Some times we can’t see fast or slow part of pulse
•Or slow part maybe too slow for precise integration 
•Or even fast part is more longer then slow part
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BUT:

For these pulses 
Rq>>N*RL
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Useful relations:

One needs to be careful with waveform analysis
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SiPM electrical model
UV SiPMs from MEPhI/MPI/Excelitas collaboration (produced at Zelenograd, Russia)
100 micron pixel size (100A type), 1x1 mm2

Our goals:
•to predict SiPM pulses from 10x10mm2 and larger device
•to develop appropriate FE electronics

SPICE SiPM parameters

Needs to be noted –
Cq is very difficult for estimation
even for SiPM developers 
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UV SiPMs from MEPhI/MPI/Excelitas collaboration (produced at Zelenograd, Russia)
100 micron pixel size (100A type), 1x1 mm2
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SiPM waveform analysis

(785kOhm+2kOhm>20*100*50 Ohm)
r=Rq*(Cq+Cd)     slow component

Light of different intensity
From ¼ of total number of pixels fired
To total number (and even more)
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SiPM Restoration time for different light intensities
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Restoration time depends from light intensity
Possible explanation: for very high light intensities Cd is not only barrier capacity 
of pn-junction but additionally some diffusion capacity (Cd=Cpn+Ceh)
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tr 0.87725 ±0.00121

 LIGHT MAX 

Chi^2/DoF = 0.30513
R^2 =  0.99971
  
y0 153.60823 ±0.18718
A -154.82526 ±0.13935
tr 1.23323 ±0.0034

Charge integration 25 ns
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y = A*exp(-x/tr) + y0

SiPM restoration time. Double light pulse method.
Comparison of second pulse SiPM amplitude with first one in dependence from time interval 
inbetween the pulses  
Such method doesn’t demand strict requirements to SiPM waveform correctness   

However here we observe the similar behavior for restoration time vs light intensity

Light MAX                                                       r=1233±4ns
Smaller light (but still with SiPM saturation)          r=877±2ns
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Precise SiPM’s SPICE parameters extraction.

 Waveform analysis – too difficult in some cases (large 
number of cells, very low (very high) quenching 
resistivity, large Cq, large Cd, high noise…)

 Double pulses method in case of fast SiPM’s recovery 
time requires very short light pulses 

 Waveform analysis and double pulses method both are 
sensitive to light intensity

We are propose to use for SPICE parameters extraction 
method based on network analyzer data
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Precise SiPM’s SPICE parameters extraction 
RLC 4287A 
(network analyzer)
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Precise SiPM’s SPICE parameters extraction. 
SiPM 1x1mm2, 100 pixel type 100A Network analyzer
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SiPM W5N24 type 100A    U=30V
100 m 1x1mm2 (100 pixels)

In order to increase fitting accuracy R1 and C2 have been measured additionally.
These values have been fixed during the fitting procedure 

Cq=C1/100=190±40fF,
Cd=C2/100=750±10fF

Rq=R1*100=785 kOhm,
Rs=R2*100=2.2kOhm

Cg=C3≈0
Ls=L=6±1nH

r=740±40ns

In agreement with waveform analysis
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Summary:
 MEPhI/MPI/Excelitas UV SiPMs look like 

promising candidates for LAr
instrumentation usage in GERDA 
experiment

It requires developments of:
 VUV SiPM
 large area> 10mm2 SiPMs
 precise experimental methods for 

extraction of SiPM SPICE-parameters


