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Saturation of SiPMs

MPPC saturation 
When a large number of photons are injected 
to MPPC, output of MPPC can be saturated 
due to limited number of pixels 

Saturation curve is usually measured by direct 
injecting fast laser pulse (~400 nm) to MPPC 

Time constant of emission of scintillation light 
(few ns) is not negligible compared to recovery 
time of MPPC cell (dozens ns) 

Our idea is to measure the MPPC saturation 
with scintillation light excited by UV pulse laser 
The measured saturation curve can directly 
be used for saturation correction
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SiPM saturation study with UV pulse laser 
for AHCAL was reported by L. Liu at 
CALICE@Utrecht. 

30 × 30 mm2 scintillator tile readout 
by Hamamatsu MPPC S13360-1325PE 
(active area : 1.3 × 1.3 mm2, pixel pitch 
: 25 μm) 
Some uncertainties such as unstable 
laser intensity and monitoring

Study on saturation for AHCAL (reminder)

What’s new 
Improved laser stability 
Saturation measured by injecting 470 nm pulse laser for comparison 
Same measurements with Sc-ECAL setup 

➡This talk focus on the measurements for Sc-ECAL

 3

Saturation curve with UV laser for S13360-1325PE
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MPPCs for Sc-ECAL

Hamamatsu MPPC S12571 series 
Small pixel size : 10 / 15 μm 
Active area : 1 × 1 mm2 
Breakdown voltage : 65 V 
No Trench isolation 

Hamamatsu MPPC S14160 series 
Small pixel size : 10 / 15 μm 
Active area : 1.3 × 1.3 / 3 × 3 mm2 
Breakdown voltage : 38 V 
0.5 μm trench isolation → low crosstalk
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Trench technique of new MPPC

MPPC S14160 series 
employ trench technique 

Low crosstalk 
Low operation voltage 
No reduction of fill 
factor 

Longer tail due to larger cell 
capacitance 

Longer recovery time 

Saturation is improved for 
new MPPC? 

Low crosstalk                
→ saturation ↓ 
Longer recovery            
→ saturation ↑
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Experimental setup

Laser 
190 nm laser : Scintillation excitation, invisible to MPPC 
470 nm laser : No scintillation excitation, directly detected by MPPC 

Setup for Sc-ECAL 
5 × 45 × 2 mm3 scintillator strip (EJ-212) with center dimple 
MPPC w/o trench : S12571-015P 

Active area : 1.0 × 1.0 mm2 
Pixel pitch : 15 μm 
4489 pixels 

MPPC w/   trench : S14160-1315PS 
Active area : 1.3 × 1.3 mm2 
Pixel pitch : 15 μm 
7296 pixels
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Experimental setup

Excite scintillation light with fast fsec UV pulse laser 
Laser light is split using half mirror (to scintillator, to photodiode) 
Incident light intensity is monitored with photodiode 
MPPC S12571-015P with over voltage of +4 V (Recommended voltage by 
Hamamatsu) 
MPPC S14160-1315PS with over voltage of +4 V (   〃   ) 
Signal attenuations (10 - 40 dB) used to avoid saturation of electronics
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Experiment setup
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Signal waveform

Waveform is compared among 190 nm laser, 470 nm laser, and Sr90 
190 nm laser, Sr90 → MPPC detects scintillation light 
470 nm laser → MPPC detects laser light directly 

Almost the same waveform b/w 190 nm abd Sr90 
Faster signal for direct injection of 470 nm laser 
➡Suggesting that injected UV laser really excites scintillation light !
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Analysis

Digitized waveform is integrated to estimate charge. 
The charge is then converted into number of photoelectrons being divided by single 
photoelectron charge. 

Single photoelectron charge is obtained from dark noise signal found in off-time 
region
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Laser intensity

Incident light intensity is monitored with photodiode 
Laser light is split using half mirror 

Photodiode current is converted to Nseed using calibration constant obtained at low 
light intensity where no saturation is anticipated 

(Nseed : number of photoelectrons when assuming no saturation) 
Effect of crosstalk and after-pulse is not corrected yet
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Linear region of S12571-015P (MPPC w/o trench) Linear region of S14160-1315PS (MPPC w/ trench)
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Saturation curve with 190 nm laser

Over-saturation is observed for both MPPCs 

N.B. still some uncertainties in estimation for signal attenuation factors 
We observed that the attenuation factor depends on light intensity 
Probably due to change in signal shape caused by MPPC saturation
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Saturation curve with 470 nm laser

Over-saturation is still observed for both MPPCs 
Due to after pulse and delayed crosstalk? 

N.B. still some uncertainties in estimation for signal attenuation factors 
Unstable readout of photodiode current at small Npe region
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Comparison of 190 nm and 470 nm laser

Significant difference between saturation curves with 190 nm and 470 nm laser 
The effect of time constant of scintillation light emission is observed 

Can be a big impact on saturation correction
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Comparison of MPPCs with 190 nm laserComparison of MPPCs with 190 nm laser

Comparison of two MPPCs with 190 nm laser

Normalized by sensor area, PDE and crosstalk probability to compare saturation cure 
between two MPPCs 
S14160-1315PS (w/ trench) is less saturated compared to S12571-015P (w/o 
trench) 

Few plots above the linear function (because of wrong attenuation factor?) 
(Lower crosstalk → saturation ↓) ＞ (Longer recovery time → saturation ↑) 

Effect of longer recovery time is small because of scintillation emission time

 15

S14160-1315PS (w/ trench)

S12571-015P (w/o trench)

Preliminary

Nphoton[p.e.] = Nseed/area/PDE/(1+PCT)

N
no

r_
de

t =
 N

de
t/a

re
a/
PD

E/
(1
+P

CT
) [
p.
e.
]

Comparison with two types of MPPCs (S14160-1315PS and 12571‒015P)



/17

Naoki Tsuji, The University of Tokyo“Study on SiPM saturation with UV laser”, CALICE Collaboration Meeting at CERN

0 10 20 30 40 50 60 70 80 90 100
310×

N_seed[p.e.]/area/PDE/(1+CT)
0

5000

10000

15000

20000

25000

30000

N
_d

et
ec

te
d[

p.
e.

]/a
re

a/
(1

+C
T)

Comparison of MPPCs with 470 nm laserComparison of MPPCs with 470 nm laser

Comparison of two MPPCs with 470 nm laser

S12571-015P (w/o trench) is less saturated compared to S14160-1315PS (w/ 
trench) 
(Lower crosstalk → saturation ↓) ＜ (Longer recovery time → saturation ↑) 

Effect of longer recovery time is large because of short duration of laser pulse
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Summary & To do

Saturation curves for MPPCs are measured using scintillation light excited by fast 
UV-laser with improved setup 
Saturation recovery with scintillation light is observed. 

It should be taken into account for for saturation correction 
The measured saturation curves can directly be used for correction 

Saturation curves are measured for two types of MPPCs for Sc-ECAL (w/ and w/o 
trench) 
The effect of longer recovery time of S14160 (MPPC w/o trench) is found 
small for scintillation light 

Longer-tail effect is observed when the measurement of fast pulse 

To do 
Analysis for improved measurements with AHCAL setup in progress 
Investigate light intensity dependence of attenuation factor 
Compare with theoretical model of saturation
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Comparison of two types of MPPCs

These plots contain the difference of active area, crosstalk 
probability and PDE between two types of MPPCs 
Nseed and Ndet are divided by each active area, crosstalk 
probability, PDE for comparison purpose 

Nseed is converted into number of inserted photon 
(Nphoton) 
Ndet is converted into normalized number of detected 
photons (Nnor_det) 

Then, we can see directly saturation tendency of each 
MPPC
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Waveforms with 10dB attenuator Waveforms with 30dB attenuator

Waveforms with 40dB attenuator Waveform transition with 0 - 40dB attenuator
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Waveforms with 10dB attenuator Waveforms with 30dB attenuator

Waveforms with 40dB attenuator Waveform transition with 0 - 40dB attenuator
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UV comparison of MPPCsUV comparison of MPPCs

Comparison with two types of MPPCs

The difference of two plots should be consistent with the difference of PDE 
However, S14160-1315PS is less saturated compared with S12571-015P even 
after correction 

Need further verification 
We plan to do the same measurement with fast 400 nm laser
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Waveform comparison with similar charge
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Comparison with previous study

Comparing the measured saturation of S12571-015P with the previous study where 
fast laser is directly injected to MPPC 
Saturation recovery observed
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