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• Three	exercises	use	MPPC.	
• MPPC	is	short	for	Multi-Pixel	Photon	Counter,	and	this	detector	is	
also	known	as	silicon	photomultiplier	(SiPM).	It	is	a	solid	state	
photodetector	that	uses	multiple	avalanche	photodiode	(APD)	
pixels	operating	in	Geiger	mode.
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MPPC iV VhRUW fRU MXlWi-Pi[el PhRWRn CRXnWeU, and WhiV deWecWRU iV alVR knRZn aV VilicRn

ShRWRmXlWiSlieU (SiPM). IW iV a VRlid VWaWe ShRWRdeWecWRU WhaW XVeV mXlWiSle aYalanche ShRWRdiRde

(APD) Si[elV RSeUaWing in GeigeU mRde. MRUe deWailV and a cRmSaUiVRn Rf diffeUenW

ShRWRdeWecWRUV aUe belRZ.

 

The baVic elemenW (Rne Si[el) Rf an MPPC iV a cRmbinaWiRn Rf Whe GeigeU mRde APD and TXenching UeViVWRU, and a laUge nXmbeU Rf WheVe Si[elV aUe

elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.

SWUXcWXUe

 

Image Rf MPPC'V ShRWRQ cRXQWiQg

Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile

VXSeUimSRVed RnWR each RWheU. FRU e[amSle, if WhUee ShRWRnV aUe incidenW Rn diffeUenW Si[elV and deWecWed aW Whe Vame Wime, When Whe MPPC

RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  

https://www.hamamatsu-news.de/hamamatsu_optosemiconductor_handbook/

https://www.hamamatsu-news.de/hamamatsu_optosemiconductor_handbook/
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MPPC iV VhRUW fRU MXlWi-Pi[el PhRWRn CRXnWeU, and WhiV deWecWRU iV alVR knRZn aV VilicRn

ShRWRmXlWiSlieU (SiPM). IW iV a VRlid VWaWe ShRWRdeWecWRU WhaW XVeV mXlWiSle aYalanche ShRWRdiRde

(APD) Si[elV RSeUaWing in GeigeU mRde. MRUe deWailV and a cRmSaUiVRn Rf diffeUenW

ShRWRdeWecWRUV aUe belRZ.

 

The baVic elemenW (Rne Si[el) Rf an MPPC iV a cRmbinaWiRn Rf Whe GeigeU mRde APD and TXenching UeViVWRU, and a laUge nXmbeU Rf WheVe Si[elV aUe

elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.
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ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  

Each	pixel	is	a	photo	sensor	(Geiger	
mod).	
Geiger	mode	is	high	gain	but	cannot	
distinguish	the	number	of	photon.	
Just	ON	or	OFF.	
Since	each	pixel	is	small,	the	
probability	of	multi	photon	is	small.	
Increasing	the	number	of	incoming	
photon,	linearity	can	be	worse.
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https://www.hamamatsu.com/resources/pdf/ssd/s13360_series_kapd1052e.pdf
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MPPC (Multi-Pixel Photon Counter) S13360 series

Selection guide

Type no. Pixel pitch
(�m)

Effective photosensitive 
area
(mm)

Number of pixels Package Fill factor
(%)

S13360-1325CS

25

1.3 × 1.3 2668
Ceramic

47

S13360-1325PE Surface mount type
S13360-3025CS

3.0 × 3.0 14400
Ceramic

S13360-3025PE Surface mount type
S13360-6025CS

6.0 × 6.0 57600
Ceramic

S13360-6025PE Surface mount type
S13360-1350CS

50

1.3 × 1.3 667
Ceramic

74

S13360-1350PE Surface mount type
S13360-3050CS

3.0 × 3.0 3600
Ceramic

S13360-3050PE Surface mount type
S13360-6050CS

6.0 × 6.0 14400
Ceramic

S13360-6050PE Surface mount type
S13360-1375CS

75

1.3 × 1.3 285
Ceramic

82

S13360-1375PE Surface mount type
S13360-3075CS

3.0 × 3.0 1600
Ceramic

S13360-3075PE Surface mount type
S13360-6075CS

6.0 × 6.0 6400
Ceramic

S13360-6075PE Surface mount type

Structure / Absolute maximum ratings

Type no.
(package) Window material

Refractive 
index of 
window 
material

Absolute maximum ratings
Operating 

temperature1
Topr
(°C)

Storage 
temperature1

Tstg
(°C)

Soldering conditions
Reflow soldering

conditions2
Tsol

S13360-CS
(ceramic) Silicone resin 1.41

-20 to +60 -20 to +80

350 °C or less, once, 
within 3 seconds3 -

S13360-PE
(surface mount type) Epoxy resin 1.55 - Peak temperature: 240 °C,

twice (see P.11)

1: No condensation
2: JEDEC level 5a
3: Separate by at least 1 mm from the lead root.
Note:  Exceeding the absolute maximum ratings even momentarily may cause a drop in product quality. Always be sure to use the 

product within the absolute maximum ratings.
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WheQ lighW eQWeUV aQ MPPC aW a SaUWicXlaU WiPiQg, iWV RXWSXW SXlVe

heighW YaUieV deSeQdiQg RQ Whe QXPbeU Rf ShRWRQV deWecWed. FigXUe

VhRZV RXWSXW SXlVeV fURP Whe MPPC RbWaiQed ZheQ iW ZaV illXPiQaWed

ZiWh Whe SXlVed lighW aW ShRWRQ cRXQWiQg leYelV aQd WheQ aPSlified ZiWh

a liQeaU aPSlifieU aQd RbVeUYed RQ aQ RVcillRVcRSe. AV caQ be VeeQ

fURP Whe figXUe, Whe SXlVeV aUe VeSaUaWed fURP each RWheU accRUdiQg WR

Whe QXPbeU Rf deWecWed ShRWRQV VXch aV RQe, WZR, WhUee ShRWRQV aQd

VR RQ. MeaVXUiQg Whe heighW Rf each SXlVe allRZV eVWiPaWiQg Whe

QXPbeU Rf deWecWed ShRWRQV.

PXlVe ZaYefRUPV ZheQ XViQg a liQeaU aPSlifeU

The diVWUibXWiRQ Rf Whe QXPbeU Rf ShRWRQV deWecWed dXUiQg a SaUWicXlaU

SeUiRd caQ be eVWiPaWed b\ PeaVXUiQg Whe MPPC RXWSXW chaUge XViQg

a chaUge aPSlifieU RU ViPilaU deYice. FigXUe VhRZV a diVWUibXWiRQ

RbWaiQed b\ diVcUiPiQaWiQg Whe accXPXlaWed chaUge aPRXQW. Each

Seak fURP Whe lefW cRUUeVSRQdV WR Whe SedeVWal, RQe ShRWRQ, WZR

ShRWRQV, WhUee ShRWRQV aQd VR RQ. SiQce Whe MPPC gaiQ iV high

eQRXgh WR SURdXce a laUge aPRXQW Rf RXWSXW chaUge, Whe diVWUibXWiRQ

caQ VhRZ diVcUeWe SeakV accRUdiQg WR Whe QXPbeU Rf deWecWed

ShRWRQV.

 

PXlVe heighW VSecWUXP ZheQ XViQg chaQge aPSlifieU

The MPPC chaUacWeUiVWicV gUeaWl\ YaU\ deSeQdiQg RQ Whe RSeUaWiQg

YRlWage aQd aPbieQW WePSeUaWXUe. IQ geQeUal, UaiViQg Whe RSeUaWiQg

YRlWage iQcUeaVeV Whe elecWUic field iQVide Whe MPPC aQd VR iPSURYeV

Whe gaiQ, ShRWRQ deWecWiRQ efficieQc\, aQd WiPe UeVRlXWiRQ. OQ Whe RWheU

haQd, WhiV alVR iQcUeaVeV XQZaQWed cRPSRQeQWV VXch aV daUk cRXQW,

afWeUSXlVeV, aQd cURVVWalk Zhich lRZeU Whe S/N. The RSeUaWiQg YRlWage

PXVW be caUefXll\ VeW iQ RUdeU WR RbWaiQ Whe deViUed chaUacWeUiVWicV.

The MPPC caQ be XVed b\ YaUiRXV PeWhRdV accRUdiQg WR Whe

aSSlicaWiRQ. HeUe Ze iQWURdXce a W\Sical PeWhRd fRU RbVeUYiQg lighW

SXlVeV. UViQg a Zide-baQd aPSlifieU aQd RVcillRVcRSe PakeV WhiV

PeaVXUePeQW eaV\. FigXUe VhRZV RQe e[aPSle Rf a cRQQecWiRQ WR a

Zide-baQd aPSlifieU. The 1 kÖ UeViVWRU aQd 0.1 ×F caSaciWRU RQ Whe

SRZeU VXSSl\ SRUWiRQ VeUYe aV a lRZ-SaVV filWeU WhaW eliPiQaWeV high-

fUeTXeQc\ QRiVe Rf Whe SRZeU VXSSl\. The 1 kÖ UeViVWRU iV alVR a

SURWecWiYe UeViVWRU agaiQVW e[ceVViYe cXUUeQW.

The MPPC iWVelf iV a lRZ-lighW-leYel deWecWRU, hRZeYeU, iQ caVeV ZheUe

a laUge aPRXQW Rf lighW eQWeUV Whe MPPC, fRU e[aPSle, ZheQ iW iV

cRXSled WR a VciQWillaWRU WR deWecW UadiaWiRQ, a laUge cXUUeQW flRZV iQWR

Whe MPPC. ThiV Pa\ caXVe a VigQificaQW YRlWage dURS acURVV Whe

SURWecWiYe UeViVWRU, VR Whe SURWecWiYe UeViVWRU YalXe PXVW be caUefXll\

VelecWed accRUdiQg WR Whe aSSlicaWiRQ. The aPSlifieU VhRXld be

cRQQecWed aV clRVe WR Whe MPPC aV SRVVible.

 

(2) IQWegUaWiQg Whe RXWSXW chaUge

HRZ WR XVe

ChaUacWeUiVWicV

MPPC	signal	has	a	rich	of	information	

1) Pulse	height	or	Charge	integration	tells	the	number	of	photon.	
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•Practice of MPPC bias control
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elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.

SWUXcWXUe

 

Image Rf MPPC'V ShRWRQ cRXQWiQg

Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile

VXSeUimSRVed RnWR each RWheU. FRU e[amSle, if WhUee ShRWRnV aUe incidenW Rn diffeUenW Si[elV and deWecWed aW Whe Vame Wime, When Whe MPPC

RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  

https://www.hamamatsu.com/jp/en/product/type/C12332-01/index.html

Change	bias	voltage	and	measure	relative	gain.

3

Driver circuit for MPPC C12332-01

 Procedure
Connect the following cables to the circuit board connectors.
Â Power cable
Â USB cable
Â Signal cable
Â Flexible fl at cable

Supply power from an external source.

Start the sample software, and set the operating voltage and other MPPC parameters.

From the sample software, apply the MPPC operating voltage.

From the sample software, disconnect the communication with the PC, remove the USB cable, and 
make measurements using an oscilloscope or other device.

Install the driver software on the supplied CD-ROM into your PC. Then install (copy) the sample 
software.

Connect

Supply power

Set parameters

Apply operating voltage

Measure

Install the driver software 
and sample software

 Connection example

Made In Japan

K29-F41167

HAMAMATSU

HAMAMATSU

K 2 9 - F 4 0 8 4 8 A

K 2 9 - F 4 0 8 4 8 A

L5L5

L4L4

HAMAMATSU

Oscilloscope

Analog signal cable 

Power cable
(accessory)

Flexible
flat cable

(accessory)

MPPC* with
flexible cable

Sensor circuit board*

* MPPC is sold separately.

Power supply circuit board

Power supply (±5 V)

 PC
(Install the sample software.)

USB cable
(accessory)
Note: Disconnect during measurement.

HAMAMATSU

HAMAMATSU

KACCC0788EA

https://www.hamamatsu.com/jp/en/product/type/C12332-01/index.html
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Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile
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RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  
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Driver circuit for MPPC C12332-01

 Sample software (included)
The sample software7 is designed to simplify the MPPC evalua-
tion. You can use the sample software to set the operating volt-
age and temperature compensation coeffi cient. The sample soft-
ware has been confi rmed to work with Microsoft .NET Framework 
2.0 and later. The sample software was created on Microsoft® 
Visual Basic® 2008 Express Edition SP1.

7: Compatible OS
Microsoft® Windows® 7 Professional SP1 (32-bit, 64-bit)

Note:  Microsoft, Windows, Visual Studio, and Visual Basic are registered trademarks of Microsoft Corporation in the United States and/
or other countries.
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6

MPPC (Multi-Pixel Photon Counter) S13360 series

MPPC characteristics vary with the operating voltage. Although increasing the operating voltage improves the photon detection effi -
ciency and time resolution, it also increases the dark count and crosstalk at the same time, so an optimum operating voltage must be 
selected to match the application.

KAPDB0326EA
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Exercise - Time Of Flight 
• Position	measurement	by	time	difference.		

– Propagation	time	is	proportional	to	the	distance	
– Position	is	measured	by	the	arrival	time	difference.	
– Propagation	speed	is	also	measured.	

 

 

Two sets for 4 students. Half day exercise (Can be one day). 
Setup for two group. 

1. DRS-4  2 from Osaka  
2. scintillator bar 2 from Osaka (20mm x 20mm x 600 mm)) 
3. MPPC module 4 from Osaka (HAMAMATSU,C12332-01) 
4. +5V,-5V power 2 from UM 
5. PC   2 form UM (Windows or Linux) 
6. USB Cables  2 from Osaka 
7. Coax. cable  4 from Osaka (SMA SMB) 
8. 90Sr   2 from UM 

Pl
as
tic
	B
ar

MPPC	(SiPM)

DRS-4

PC

USB

MPPC	
(SiPM)

+5V,-5V

90Sr

	1.	Time	of	Flight	measurement
• Position measurement by time difference.  

– Propagation time is proportional to the distance 
– Position is measured by the arrival time difference. 
– Propagation speed is also measured.
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TL TR

TL	<	TR

TL TR

TL	>	TR


