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Geiger discharge in a SiPM cell
Scope SiPM pulse

1. voltage on 
pn-junction

2. Current 
through 
contacts
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inside pn-
junction

Example ISE TCAD simulation 
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Geiger discharge
SPAD Geiger discharge development
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Photon  absorption 

longitudinal build-up of avalanche process

transversal spreading of avalanche 

Similar approach can be 
applied to SiPM cell
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Spice model of avalanche development in a SiPM cell 
(transversal propagation)

Transversal avalanche propagation & 
Avalanche current selfquenching

Corsi model

Dolgoshein-Pleshko model

Scope
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Double Peltier element 
cooled low-noise CCD 
camera “CLARA” from 
ANDOR

Integration time 600 s

laser 70 ps 405nm
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Geiger discharge light
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Dolgoshein-Pleshko SPICE model
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SiPM cell study with digital oscilloscope LeCroy WaveRunner 620Zi 2GHz

34 36 38 40 42 44 46
0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

T=+25 0C
U

bd
 = 33,35V

Stand alone SiPM cell 100 m

 

 

P
ul

se
 F

W
H

M
, n

s

Bias voltage U, V

0,0 0,5 1,0 1,5 2,0
-70

-60

-50

-40

-30

-20

-10

0

 U=35
 U=36
 U=37
 U=38
 U=39
 U=40
 U=41
 U=42
 U=43
 U=44
 U=45

 

 

Am
pl

itu
de

, m
V

time, ns

SiPM cell pulse width decreases with increasing of 
overvoltage

Charge Q from cell is proportional to applied 
overvoltage

Amplitude grows faster then linear

Average cell pulse for voltage range
From U=35V to U=45V (UBreakdown =33.35V)

Width of the SiPM stand alone cell signals for different voltages
Focused laser beam into center of SiPM cell (pulse duration 40ps, 660nm)
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experimental waveforms

Simulation 1 photon

Simulation 2 photon

Simulation 3 photon

35V

Signals from stand alone cell
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Even for very low light intensity we have “2-photons” amplitudes from cell -> it maybe an evidence 
of photon assisted discharge propagation
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Iload = 8mV/50=160A

Current inside 
cell 

SiPM SPICE model with 
Transversal current expansion

With increasing total number of cells
inside SiPM we decrease amplitude 
of single cell signal and obtain more slower
pulse front

Voltage on 50 load

For single cell

Iload=[Cfast/(Cfast+Cpixel)]*Iinside

Dolgoshein-
Pleshko
model

Different number of cells N inside SiPM
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Waveforms:
1. Single pixel
2. One pixel from 1x1mm2 

SiPM the same topology

1
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SUMMARY

 Geiger discharge inside the SiPM cell has a limited spot size at the level of 8-10 microns (Light 
Emission Microscope studies)

 Spot size of Geiger discharge doesn’t depend on overvoltage

 Single SiPM cell pulse width decreases with overvoltage

 Spice model of transversal avalanche propagation & Geiger discharge self quenching in SiPM cell has 
been developed (Dolgoshein – Pleshko) on the basis of Light Emission Microscope studies and cell 
waveform analysis

 SPICE model nicely predict waveform of SiPM signals and can be useful for SiPM itself or FE 
electronics engineering. 
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