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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 humber of pixels 105 yp.Ta=257L)

10*

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

10°

<~ Time constant of emission of scintillation light
(few ns) is not negligible compared to recovery

Number of excited pixels (Ndet)

time of MPPC cell (dozens ns) 10° ?fiﬁ:m4x
<~ QOur idea is to measure the MPPC saturation
with scintillation light excited by UV pulse laser 10°
- The measured saturation curve can directly B
be used for saturation correction 100 10 102  10° 10 105  10°

Number of incident photons (Nseed)

Hamamatsu Photonics K.K,,
Opto-semiconductor Handbook
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Study on saturation for AHCAL (reminder)

Saturation curve with UV laser for S13360-1325PE

4000

~ SIPM saturation study with UV pulse laser

3500 | Ol

for AHCAL was reported by L. Liu at pr
CALICE@Utrecht. ) - —
© 30 x 30 mm? scintillator tile readout 82500 | '._.,‘-' | g o 0c8
by Hamamatsu MPPC S13360-1325P £ 4 e
(active area : 1.3 x 1.3 mm?2, pixel pitct ™ ,’ s
: 25 ,um) 1000 | .'.. .
~ Some uncertainties such as unstable 500/
laser intensity and monitoring 0 L

* Nseed

o Improved laser stability

o What's new
o~ Saturation measured by injecting 470 nm pulse laser for comparison

o Same measurements with Sc-ECAL setup

This talk focus on the measurements for Sc-ECAL
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| $14160-1315PS/-3015PS |

Typ. Ta=25 °C
(Typ ) &b

6.0 x 10°
MPPCs for Sc-ECAL P
5.0 x 10° 50 ~
Gain\.. / &;’
~ Hamamatsu MPPC S12571 series IR ¢
‘% ) / \PDE (460 nm =
© Small pixel size: 10/ 15 um g Y2
_ 2.0 x 10° { 20 *Ef
o Active area : 1 x T mm? g
Lo Crosstalk probability o ©
o Breakdown voltage : 65 V i
_ _ Crosstalk : IR photons from s 5 ¢ 7 &
o No Trench isolation avalanche in fired pixel can orervotane (v
_ trigger adjacent pixels oo el
- Hamamatsu MPPC S14160 series

Typ. Ta=25 °C
50 (Typ. Ta )

o Small pixel size: 10/ 15 um

g 40 |-
o Active area: 1.3 x 1.3 / 3 x 3 mm?2 % $12571-015C
g
o Breakdown voltage : 38 V 5 //
. : g 2 :
o 0.5 um trench isolation — low crosstalk 2 SI257L000C, /
© Ll 7 //
>/

- Bl - Trench : Separation "o

between adjacent pixels in

Breakdown voltage 65V 38V order to reduce crosstalk Hamamagzws:giév%m K K. PD18
Trench isolation none Yes Cross-section of micro-cells
Trench width - ~ 0.5 um
: 10pm: 33% 10pum: 31%
Fill factor 15um:53%  15pm: 49% -

4 /17



“Study on SIPM saturation with UV laser”, CALICE Collaboration Meeting at CERN

Naoki Tsuji, The University of Tokyo

Trench techniqgue of new MPPC

- MPPC S14160 series
employ trench technique

o Low crosstalk | ),
o Low operation voltage

~ No reduction of fill
factor

o Longer tail due to larger cell
capacitance

o Longer recovery time

© Saturation is improved for
new MPPC?

o Low crosstalk
— saturation |

o Longer recovery
— saturation 1

output (a.u.)
(=)
(=)}

Old design (w/o trench)
® Fill factor: 53%

Hamamatsu Photonics K. K., PD18
New design (w/ trench)

® Fill factor: 49%

T —

trench

$12572-015
e ~ Provided by

| .
i Hamamatsu Photonics
125720015

\ | ~——514160-3015
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Experimental setup

~ Laser

<~ 190 nm laser : Scintillation excitation, invisible to MPPC

o 470 nm laser : No scintillation excitation, directly detected by MPPC
- Setup for Sc-ECAL

o b x 45 x 2 mm3 scintillator strip (EJ-212) with center dimple

o MPPC w/o trench : S12571-015P

o Active area: 1.0 x 1.0 mm?2

o Pixel pitch: 15 um
o 4489 pixels
o MPPC w/ trench:S14160-1315PS

o Active area: 1.3 x 1.3 mm?2

Injection hole

o Pixel pitch : 15 um VPP

o 1296 pixels
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Experimental setup

~ Excite scintillation light with fast fsec UV pulse laser
o Laser light is split using half mirror (to scintillator, to photodiode)
< Incident light intensity is monitored with photodiode

o MPPC S12571-015P with over voltage of +4 V (Recommended voltage by
Hamamatsu)

o MPPC S14160-1315PS with over voltage of +4 V ( /77 )

< Signal attenuations (10 - 40 dB) used to avoid saturation of electronics

=alejieleilele =M (S12689-02)

Variable ND filters

Prism s
Half mirror MPPC

Scintillator

Attenuator

Al mirror

Trigger signal

digitizer 7 N7
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Experiment setup Seintilaor

Incident light intensity controlled with three ND filters

Cut off contamination
of other wavelength light

il Laser Light is |
split using
half mirror

Variable ND filters

Prism _ MPPC

Half mirror

Scintillator

Attenuator

Al mirror

Trigger signal Waveform

digitizer
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Signhal waveform

- Waveform is compared among 190 nm laser, 470 nm laser, and Sr90
< 190 nm laser, Sr90 — MPPC detects scintillation light
o 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 !

S12571-015P (MPPC w/o trench) S14160-1315PS (MPPC w/ trench)

— — 0.7
3 - 3 E
S, 14— “ — 190 nm laser LA —— 190 nm laser
L —— 470 nm laser s —— 470 nm laser
- —— Sro0 =3 Sro0
- 0.5
= — ¢
- 0.4[—
08— - |
- 03
06— :
- ol
0.4 == @ -
02 BIE f
L O [ —
0 ] (T (e ol | M W x10°® T L+ 1x10°®
0.36 0.38 0.4 0.3 0.4
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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.

o Single photoelectron charge is obtained from dark noise signal found in off-time

region

S1 2571 -01 5P(I\/IPPC w/o trench)

Signal of scintillation light

IO SN R R — L Wavetorm: 000 |\ =
Ry S SO S S S ( N ST S—— =
000 o S S =
S WS SN S S A W A W 3

0 . TR NS OO
=500 500 260 300 E— =T “Theedd

S14160-1315PS (MPPC w/ trenCh)

Integration range (100 ns)

Signal of scintillation light

'—'3'00 e e o T T T o L
—'250 ;— ..... . ....................................... - ...................................... . ....................................... . ..........................................................................................................
200 E i e re— A—
Y S — A— S———— A——
1) I S S A— H—
Y SN S — A A A
-50 _.._6.00,,,,_5.00 ............................... : 4.00 ................................... Beeeeeapeesieequeneeeeqersennngennnans feeeeeegeeeeann g goneaopeeeesaahesennsapsennnngennessaguanasas

Integration range (100 ns)

Event number

Event number

3500

3000

2500

2000

1500

1000

500

MPPC charge

chargeH

Entries 44629
Mean 0.2499
Std Dev_ 0.04832

Co L | | o
00 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 O 45 0.5
Single charge [1070e]
Charge value
MPPC charge
h2
10* = Entries 42862
= Mean  0.0002862
C P Std Dev  0.003065
10°
107 =
i Single p.e.
10 &
1 =
E 1 1 I 1 1 1 1
-0.02 0.03 0.04

Single charge [1070e]
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Laser intensity

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

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

o (Nseed : number of photoelectrons when assuming no saturation)

~ Effect of crosstalk and after-pulse is not corrected yet

Linear region of S12571-015P (MPPC w/o trench) Linear region of S14160-1315PS (MPPC w/ trench)
g - ; 180 —
2 140 3 n
§ B fQJ 160 [—
3 B 3 -
S 120 Z 140
100|— 120
80:— 100 :—
- 80—
60_— —
N 60—
40— — *
- 40—
201 20—
O_I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 )(10_S 0 : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 X10_9
0 02 04 06 08 1 12 14 16 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
current[A] current[A]
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Saturation curve with 190 nm laser

~ Qver-saturation is observed for both MPPCs

< NL.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

UV scan of S12571-015P (MPPC w/o trench) UV scan of S14160-1315PS (MPPC w/ trench)
— 9000 - Wy _
2 - L. & 18000[— .
3 8000 . - e0dB|g T r ® 0dB
8 - ® 10dB| g 16000— ® 10dB
3 7000 o ®20dB| 3 2000 ®20dB
i 6000 - ®30dB| ~ - ® 30dB
= ®40dB|  12000{— ® 40dB
5000 — - .
e 10000 —
4000 — Npixel = 4489 8000 :_ .
3000~ wob. . Noxel =729
2000~ ¢ -
- S Preliminary O o Preliminary
1000 " 2000
OillllllIII|IIII|IIII|IIII|IIII OZIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5000 10000 15000 20000 25000 30001 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
N_seed[p.e.] N_seed[p.e.]
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Saturation curve with 470 nm laser

-~ Qver-saturation is still observed for both MPPCs

o 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

470 nm scan of S12571-015P (MPPC w/o trench) 470 nm scan of S14160-1315PS (MPPC w/ trench)
— 9000 = -
S - ® OdB | g 18000 ® OdB
g 80001 ®10dB | § .. 00F ® 10dB
3 - 3 16000
3 7000 ®20dB | g = ® 20dB
z - ®30dB | Z 14000— @ 30dB
6000 — ® 40dB u ® 40dB
- 12000 —
5000 |— . _
o o« 10000 —
4mm§— .' Npixel = 4489 Smmif _________________________________________________________________________________________________
3000 — : 6000:_ < Npixel = 7296
2000 -
= ;’ Preliminary 000E Preliminary
1000~ 2000
Olllllllllllllll|IIII|IIII|IIII O%II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5000 10000 15000 20000 25000 3000 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

N_seed[p.e.] N_seed[p.e.]
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Comparison of 190 nm and 470 nm laser

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

~ Can be a big impact on saturation correction

Comparison of S12571-015P (MPPC w/o trench) Comparison of S14160-1315PS (MPPC w/ trench)
— 9000 - -
a - . g 18000
© 8000 .+ ® 190 nm laser| § -
S - . 3 16000—
2 - o u ® 190 nm laser
gl 7000 . ® 470 nm laser 8| -
z - " . . z 14000 — ® 470 nm laser
6000 — -
- 12000 —
5000 |— . o - .
- e 10000 —
- s Npixel = 4489 -
4000: - pixe 8000 — .
- v - ) o’ ixel =
3000~ . 6000 N Npixel = 7296
2000 — ',-' — a00= —
- Preliminary C . Preliminary
1000 2000?
Oillllllllllllll|IIII|III|||||| OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5000 10000 15000 20000 25000 3000! 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
N_seed[p.e.] N_seed[p.e.]
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Comparison of two MPPCs with 190 nm laser

~ Normalized by sensor area, PDE and crosstalk probability to compare saturation cure
between two MPPCs

- S514160-1315PS (w/ trench) is less saturated compared to S12571-015P (w/o
trench)

o Few plots above the linear function (because of wrong attenuation factor?)
o (Lower crosstalk — saturation |) > (Longer recovery time — saturation 1)

o Effect of longer recovery time is small because of scintillation emission time
Comparison with two types of MPPCs (S14160-1315PS and 12571-015P)

30000

25000

. e’ ® S14160-1315PS (w/ trench)

= Naet/area/PDE/(1+PcT) [p.e.]

20000 R .
S e .* ® S12571-015P (w/o trench)
15000
_..
" S
£ 10000
5000 8° Preliminary
0|||||||||||||||||||||||||||||||||||||||||||||||||><103
0 10 20 30 40 50 60 70 80 90 100 15 /17

Nphoton[0.€.] = Nseeq/area/PDE/(1+PcT)
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Comparison of two MPPCs with 470 nm laser

- 312571-015P (w/o trench) is less saturated compared to S14160-1315PS (w/
trench)

o (Lower crosstalk — saturation |) < (Longer recovery time — saturation 1)

o Effect of longer recovery time is large because of short duration of laser pulse

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

® S14160-1315PS (w/ trench)

30000 ® S12571-015P (w/o trench)

25000
20000

15000

= Naet/area/PDE/(1+PcT) [p.e.]

S 10000
S e
=
5000 ". Preliminary
()ZIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII><‘|03
N RN N N an 1NN
0 10 20 30 40 5 7 16 /17

Nphoton[0.€.] = Nseeq/area/PDE/(1+PcT)
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Summary & To do

~ Saturation curves for MPPCs are measured using scintillation light excited by fast
UV-laser with improved setup

o Saturation recovery with scintillation light is observed.
<~ It should be taken into account for for saturation correction

o 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)

o The effect of longer recovery time of S14160 (MPPC w/o trench) is found
small for scintillation light

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

- To do
<~ Analysis for improved measurements with AHCAL setup in progress
o Investigate light intensity dependence of attenuation factor

o Compare with theoretical model of saturation
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Comparison of two types of MPPCs

S12571-015P
(Typ. Ta=25 °C, A=408 nm)

~ These plots contain the difference of active area, crosstalk

probability and PDE between two types of MPPCs o0
~ Nseed and Nget are divided by each active area, crosstalk 50
probability, PDE for comparison purpose ol | ;12571'0159\ ||
o Nseed Is converted into number of inserted photon s o //
(Nphoton) I /
. . . & o |
< Naet is converted into hormalized number of detected / //
phOtOﬂS (Nnor_det) 10 |/ //(
\S12571-010C
- Then, we can see directly saturation tendency of each ol /3 PR l |
MPPC

Overvolt_agc_e _(V)

$14160-1315PS/-3015PS

Typ. Ta=25 °C
50 (Typ )

Typ. Ta=25 °C
6.0 x 105 ( ¥P. 12 ) 60
<)
X
5.0 x 10° . P 50 ; 40
i ) O
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4.0 5 105 40 e CU ! | \‘\ <
% ‘ = O 30 /
- \PDE (460 nm) £ o
'LfTDJ 3.0 x 10° ! 30 E o
o — 20
vy @ $12571-010C
2.0 x 10S . 20 = -IJ’) B L Y
B 7]
g o)
5 LL) 10
S !
LoxI0 Crosstalk probability 10
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Waveforms with 10dB attenuator Waveforms with 30dB attenuator
5 07— — 08[
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Attenuation factor OdB vs. 10dB Waveforms with OdB attenuator
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Attenuation factor OdB vs. 10dB Attenuation factor 10dB vs. 20dB
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Comparison with two types of MPPCs

- The difference of two plots should be consistent with the difference of PDE

o However, S14160-1315PS is less saturated compared with S12571-015P even
after correction

- Need further verification
o We plan to do the same measurement with fast 400 nm laser

UV comparison of MPPCs
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Wavetorm comparison with similar charge

SPX Template Waveform 000 : 41821 pulses used SPX Template Waveform 000 : 43327 pulses used
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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

o Saturation recovery observed

UV scan of S12571-015P
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Dark count rate Crosstalk probability
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