
Time	of	Flight	exercise
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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 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. More details and a comparison of different

photodetectors are below.

 

The basic element (one pixel) of an MPPC is a combination of the Geiger mode APD and quenching resistor, and a large number of these pixels are

electrically connected and arranged in two dimensions.

Structure

 

Image of MPPC's photon counting

Each pixel in the MPPC outputs a pulse at the same amplitude when it detects a photon. Pulses generated by multiple pixels are output while

superimposed onto each other. For example, if three photons are incident on different pixels and detected at the same time, then the MPPC

outputs a signal whose amplitude equals the height of the three superimposed pulses. Each pixel outputs only one pulse and this does not vary

with the number of incident photons. So the number of output pulses is always one regardless of whether one photon or two or more photons

enter a pixel at the same time. This means that MPPC output linearity gets worse as more photons are incident on the MPPC such as when two or

more photons enter one pixel. This makes it essential to select an MPPC having enough pixels to match the number of incident photons. The

following two methods are used to estimate the number of photons detected by the MPPC. 
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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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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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When light enters an MPPC at a particular timing, its output pulse

height varies depending on the number of photons detected. Figure

shows output pulses from the MPPC obtained when it was illuminated

with the pulsed light at photon counting levels and then amplified with

a linear amplifier and observed on an oscilloscope. As can be seen

from the figure, the pulses are separated from each other according to

the number of detected photons such as one, two, three photons and

so on. Measuring the height of each pulse allows estimating the

number of detected photons.

Pulse waveforms when using a linear amplifer

The distribution of the number of photons detected during a particular

period can be estimated by measuring the MPPC output charge using

a charge amplifier or similar device. Figure shows a distribution

obtained by discriminating the accumulated charge amount. Each

peak from the left corresponds to the pedestal, one photon, two

photons, three photons and so on. Since the MPPC gain is high

enough to produce a large amount of output charge, the distribution

can show discrete peaks according to the number of detected

photons.

 

Pulse height spectrum when using change amplifier

The MPPC characteristics greatly vary depending on the operating

voltage and ambient temperature. In general, raising the operating

voltage increases the electric field inside the MPPC and so improves

the gain, photon detection efficiency, and time resolution. On the other

hand, this also increases unwanted components such as dark count,

afterpulses, and crosstalk which lower the S/N. The operating voltage

must be carefully set in order to obtain the desired characteristics.

The MPPC can be used by various methods according to the

application. Here we introduce a typical method for observing light

pulses. Using a wide-band amplifier and oscilloscope makes this

measurement easy. Figure shows one example of a connection to a

wide-band amplifier. The 1 kΩ resistor and 0.1 μF capacitor on the

power supply portion serve as a low-pass filter that eliminates high-

frequency noise of the power supply. The 1 kΩ resistor is also a

protective resistor against excessive current.

The MPPC itself is a low-light-level detector, however, in cases where

a large amount of light enters the MPPC, for example, when it is

coupled to a scintillator to detect radiation, a large current flows into

the MPPC. This may cause a significant voltage drop across the

protective resistor, so the protective resistor value must be carefully

selected according to the application. The amplifier should be

connected as close to the MPPC as possible.

 

(2) Integrating the output charge

How to use

Characteristics

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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Change	bias	voltage	and	measure	relative	gain.
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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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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.
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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


