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What i1s a MPPC?

Parallel array of p-cells on the same substrate
* each p-cell: GM-APD in series with R,
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MPPC detectors

Advantages:

e High gain (10° - 108) with low voltage (<100V)

e Low power consumption (<50puW/mm?)

 Fast (timing resolution ~50 ps RMS for single photon)
 Insensitive to magnetic field (testedup to 7 T)

» High photon detection efficiency (30-40% blue-green)
» Compact and light

Possible drawbacks:

» High dark count rate (DCR) at room temperature
e 10kHz/mm2- 1MHz/mm?
» thermal carriers, crosstalk , afterpulses

» Temperature dependence
* Gain, Vgp, signal shape, R, DCR, PDE

Work motivation:
Temperature:
 affects the characteristics of the MPPC detectors
- breakdown voltage, signal shape, noise, gain, photon detection efficiency etc
» |eads to a variation of the final detection characteristics
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Experimental set-up
"4 L*.l . . Q "W Oscilloscope for
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Measurements performed at SiDet, Fermilab

Measurements conditions
- T from -175°C to 55°C in step of 10°C (24 T values)

-ateach T:
*12 V,;,c Values for each detector (the same overvoltage independent of T)
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Automatic procedure for calculation of MPPC parameters

Huge amount of experimental data

o 24 valuesof T

e 12 values of V,;,  foreach T

« 5000 waveforms per V.

 leading to 1.44-10° waveforms per detector

Main steps of automatic procedure based on ROOT analysis framework:

1. Baseline restauration
* Restore the zero baseline

2. Template creation
. MPPC signal shape is independent of V;,,
. Calculate typical MPPC signal shape at a given T

3. Pulse finding procedure
. Separate MPPC pulses from high frequency electronic noise

4. Template subtraction
. Reconstruct MPPC pulses in a train of pulses

5. Pulse characteristics
. Calculate MPPC pulse characteristics
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1. Baseline restoration: _ o
Read-out chain used for data acquisition

MPPC! oo . i |
|< I '|C— Reag-out chain ' differentiates the signal with the time
: I Oscilloscope i constant «
_Em:’: i R : l
1 | it leads to baseline shift:
= i—f i * Pulses are siting on shifted baseline

| e * Pulse shapes are modified (Amplitude,
Charge, Trailing edge...)

Waveform, Voltage : 72.08 V. Temperature : 55 C°
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Using such method MPPC charge (Gain) calculation was improved
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2. Template creation

» Calculate a typical normalized MPPC signal shape ata given T

Template, T = -45°C

Normalized Amplitude
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3. Pulse finding procedure

*  Comparing the template with all pulses we can choose for the analysis only the pulses having the same shape
(real MPPC shape)

Single signal: Electronic noise:
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4. Template subtraction procedure

*  Reconstruct MPPC pulses within a train of pulses

Waveform, Voltage : 72.28 V. Temperature : 55 C°
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5. Pulse analysis

All calculated parameters saved in Ntuple files (one file at a given T and V)

* B?lse“r_]e Waveform, \Voltage : 65.40 V. Temperature: -45C°
* Risertime > 0.02—
- D —
» Decay time S o
e Charge =

* Local minimum (time, amplitude)

Decay time

Rise time Trecovery ~ F\)q' cD

-0.08
-0.1 Local minimum
(time, amplitude)

-0.12

1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1

2100 2120 2140 2160 2180 2200 2220 2240
time ns

01/10/2014 Andrii Nagai, LAL 10




MPPC characteristics

Gain
- number of charges created in one avalanche

Gain = ch" = Cce" X (Vbias _VBD) _ Con XAV
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Breakdown voltage

- Linear fit of G vs V,;,, intercepts of x axis
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- slope of linear fit

Charge, Voltage : 65.40 V. Temperature; -45C°

o
£400— Al
di C
350 (\
300 1 pcell fired
250
200 -
150" 2 ucell fired |
100; / 3 pcell fired
0_ . IIII|I 111 |I 11 |l-| l_lllx10712
0.1 0.15 0.2 025 0.3 035 0.4 045
Charge, C
<10° Gain vs. V., Temperature: -45C°
2000 /
1500: Cuce” //
1000 &
- A
500// \
0545 "85 655 66 665
Bias Voltage, V
11

Andrii Nagai, LAL
01/07/2014




Gainvs V,,,cand T
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Gainvs4aVand T
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Signal shapesvs T
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Dark count ratevs T
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summary

MPPC detectors of 1x1 and 3x3 mm? 50x50um cell size
 Trange-17/5°Cto +55°C
» overvoltage range: 0.5 to 2.5V

Automatic procedure for calculation of the MPPC parameters

 baseline restoration
 pulses characteristics analysis

T dependence of MPPC parameters
» breakdown voltage
e gain
 dark count rate
e guenching resistance
* micro-cell capacitance
* recovery time

Future work

e automatic procedure

> to be used for the analysis of new detectors from different producers

> select detectors with best characteristics (noise, T stability) for intra-operative beta probes
 continue the analysis of MPPC characteristics vs T

> PDE
» afterpulses and cross-talk
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M P PC Characte r|St| CS: pulses triggered by non-photo-generated

carriers (thermal/tunneling generation in the

bulk or in the surface depleted region around
the junction)

carriers can be trapped during an avalanche

and then released triggering another

] avalanche

NoIse : - afterpulse photo-generation during the avalanche
optical cross-talk ——___ discharge. Some of the photons can be

absorbed in the adjacent cell possibly

triggering new discharges

the number of charges created

Gain :—. .
in one avalanche in one pcell

dark count

Rise time: T, ~ Rp* Cp (read-out chain should be taken into account)

Signal shape :

Recovery time: Tocovery ~ Rq- Cp (influence the dead time and dynamic range)

Photon Detection Efficiency, Dynamic Range, Timing resolution

Motivation:

* The temperature and bias voltage represent two parameters affecting the
characteristics of the MPPC detectors (breakdown voltage, signal shape, noise, gain
etc) and consequently leading to a variation of the final detection characteristics

» Use the properties of MPPC for the understanding of fundamental physics:
temperature dependence of thermal generated carriers; life time of afterpulses etc.
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Set-up for new SIPM’s measurements as a function of temperature :
Voltage source

Source meter
Pulse generator

Oscilloscope
(500Mhz)

Climatic chamb
Pt100 & multimeter matic chamber

for T monitoring

File Edit Vertical Horizjacg Trig Display Cursars Measure Math Litilities Hel




Board for SIPM measurements:

Single SiPM AC
measurements

Temperature sensor
(Pt 100)

Single SiPM DC
measurements

Main characteristics of the board:

SIPMED matrix AC measurements

-_—

Flllllll '1 uii?nT,
, Y @ -

P

P lillll!l

AMPLT SIPMs
1319
T.ALT IMANDO

CNRS LAL ORSAY
NOV 2013
J-L SOCHA

Switches to
choose
interesting
SiPM’s in
SIPMED
matrix

Out after 2
amplifier
stages

Out after 3
amplifier
stages

Board design: N. Dinu, T. Imando, A. Nagai,

- Gali amplifier (G=20dB, BW=2GHz) D. Breton
- DC and AC measurements of single SiPM Routing: Jean-Luc Socha
- AC measurements of arrays of SiPM from Mechanics: JF. Vagnucci

SIPMED modules

Cabling: P. Favre, B. Debennerot, F. Campos




Silicon detectors
p-n junction working in reverse bias mode
|
(] /
Absolute reverse voltage
g 'i Geiger mode
Linear mode _._;'u';-a_lanche_
avalanche
Standard photodiode
; -
Varp Veo  Absolute reverse voltage
Photodiode APD GM-APD
* 0 <Vpias < Vapp *  Vapp < Vpias < Vip *  Viias> Vip
e G=1 e G=50-500 e Gow
» Operate at high light level | « Linear-mode operating » Geiger-mode operation
(few hundreds of photon) | ¢ Operate at medium light level | « Can operate at single photon level
(tens of photon)
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Vg /Vg4(300°K) Vs. Temperature

Dx Hamamatsu_MPCC_S10931-050P ‘ /
© 1.02 . .
8 Vy, from Pulse Charge calculation /_\/}_’/
s 1 Vgp from Pulse Amplitude calculation y /
3098 a
>
0.96
0.94—
0.92—
0.9-
— /./
| o
088— ~ Hamamatsu_MPCC_S10362-11-050U
0.86 Vp, from Pulse Charge calculation
084— . | ' Vyp from Pulse Amplitude calculation

250 300

Temperature, K

390

Si ABRUPT JUNCTIONS
_ Ge ABRUPT JUNCTIONS
______ LINEARLY — GRADED JUNCTIONS
T
2 BACKGROUND DOPING (cm— 21 10" rd
§ po's /
= i1
= 10
“a 50—
=
-—— =- e
—
— Geloxip!® =mk
=== Sii6x 108 cm—4
o5 =
-
1 i | i
o 100 Z00 300 Q00 500
Ti*K)




Amplitude V
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Waveform, Voltage : 72.28 V. Temperature : 55 C°
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Pulse analysis

All calculated parameters saved in Ntuple files (one file at a given T and Vg;,)

Baseline

Riser time

Decay time

Charge

Local minimum (time, amplitude)

Waveform, \Voltage : 65.40 V. Temperature: -45C°

O
o
N
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/ \ Decay time

L | ////7:

_0.06 ‘Rise time Trecovery ~ Rq' Co
-0.08—
0 1__ Local minimum
Ve (time, amplitude)
-0.121 ——
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time ns
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