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u  Photon crossing silicon slice can transfer its energy to a valence electron generating an 
electron-hole pair

u  The photon absorption length is function of the photon wavelength (or energy)
u  Silicon is a good photo detector material for 400 nm < λ < 800 nm (above 1000 nm the 

silicon detector would be too bulky, below 350 nm the silicon would be too thin)

Introduction to the SPM
TECHNICAL NOTE
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An Introduction to the Silicon Photomultiplier

The Silicon Photomultiplier (SPM) addresses the challenge of 
detecting, timing and quantifying low-light signals down to the 
single-photon level. Traditionally the province of the Photomultiplier Tube (PMT), Avalanche Photodiode 
(APD), or PIN photodiode with high-gain amplifier, the Silicon Photomultiplier now offers a highly attractive 
alternative that closely mimics the low light detection capabilities of the PMT while offering all the benefits 
of a solid-state device. The SPM offers low voltage operation, insensitivity to magnetic fields, mechanical 
robustness and excellent uniformity of response. Due to these traits, the SPM has rapidly gained a proven 
performance in the fields of medical imaging, hazard and threat detection, biophotonics, high energy 
physics and LiDAR.

This document provides an introduction to SPM, explaining how the device works and the primary 
performance parameters. It concludes with a brief comparison of the SPM with legacy low-light detectors 

(PMT, APD, PIN).

Photon Detection with Silicon Photomultipliers

When a photon travels through silicon, it can transfer its energy to a bound state (valence) electron, thereby transporting it 
into the conduction band, creating an electron-hole pair. The absorption length of a photon in silicon depends on its energy 
(or wavelength) and is shown in Figure 1. This illustrates that silicon is a good photo detector material in the spectral range 
form 350nm up to 800nm. Above 1000nm the absorption length 
becomes so large that a silicon based detector becomes too 
bulky, and below 350nm, too thin.

Photon Absorption in Silicon

In an SPM photodiode this effect is exploited to detect incident 
light. Applying a reverse bias to a diode will counteract the diffusive 
force that draws negative and positive charge carriers (electrons 
and holes respectively) to the depletion region situated around the 
p-n junction. Under application of the reverse bias, an absorbed 
photon will result in a net current electrons through the n-type and 
holes through the p-type sides of the device. 

The Geiger Mode in Silicon

When a sufficiently high electric field (> 5 x 105 V/cm) is generated within the depletion region of the silicon, a charge carrier 
created in this region will be accelerated to a point where it carries sufficient kinetic energy to create secondary charge pairs 
through a process called impact ionization. In this way, a single photoelectron can trigger an self-perpetuating ionization cascade 
that will spread throughout the silicon volume subjected to the field. The silicon will break down and become conductive, 
effectively amplifying the original photoelectron into a macroscopic current flow. This process is called Geiger discharge, in 
analogy to the ionization discharge observed in a Geiger-Müller tube. This process is illustrated in Figure 2.

A photodiode operated in Geiger mode employs this mechanism of breakdown to achieve a high gain. The p-n junction region 
is designed in such a way that it can sustain a reverse bias beyond its nominal breakdown voltage, creating the necessary high 
field gradients across the junction. Once a current is flowing it should then be stopped or ‘quenched’. Using passive quenching 

Figure 1  Photon Absorption Length in Silicon
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u  Diode reverse biased à depletion region
u  Electrons-holes generated by absorbed photons results in a current (electrons à n-

type, holes à p-type)
u  Different behavior according to the doping profile and applied voltage

AX-PET 

SiPM
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(Si) – Photodiodes (PIN diode) 
y P(I)N type 

y p layer very thin (<1 m), as visible light is 
rapidly absorbed by silicon 

y High QE (80% @   700nm) 

y Gain = 1 

Avalanche photodiode (APD) 
y High reverse bias voltage: typ. few 100 V 

y Special doping profile Æ high internal field 
(>105 V/cm) Æ avalanche multiplication 

y Avalanche stops due to statistical fluctuations. 

y Gain: typ. O(100) 

y Rel. high gain fluctuations (excess noise from 
the avalanche). CMS ECAL APD: ENF = 2 @G=50. 

y Very high sensitivity on temp. and bias voltage 
G = 3.1%/V  and  -2.4 %/K  

Solid-state photon detectors 
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Hamamatsu S8148. 
(140.000 pieces used 
in CMS barrel ECAL). 

PHOTODIODE (PIN DIODE)
•  P(I)N type
•  P layer < 1μ
•  High QE (80% @ λ= 700 nm)
•  Gain=1

Avalanche Photodiode (APD): Idea

! Basic Function

• pn-diode in reverse bias (partially or fully depleted)

• Photons are absorbed (efficiency depends on wavelength and 
layer thickness).

• One electron-hole pair per photon is created

• Carriers are separated and drift to outside

• SPECIAL: A very high field accelerates carriers so much that 
they create secondary carriersthey create secondary carriers

• An avalanche develops → Amplification, large signal

© P. Fischer, ziti, Uni Heidelberg, Seite 10Silicon Detectors – Photo DetectorsAVALANCHE PHOTODIODE (APD)
•  High reverse bias voltage (few hundred of volt)
•  Special doping profile à high internal Field (> 105 V/cm) 

à avalanche multiplication
•  Typical gain ≈100
•  Gain fluctuations due to avalanche process
•  High sensitivity on temp and bias voltage (ΔG ≈ 3%/V – 

ΔG ≈ 2.5%/K)
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u  High electric field (> 5 x 105 V/cm) in the depletion region accelerates charge carriers
u  Charge carriers acquire enough kinetic energy to create secondary charge pairs (impact 

ionization process)
u  Single photoelectron can generate self-sustaining cascade through the silicon
u  The original photoelectron is amplified into a current flow
u  Because the analogy of ionization discharge in gases (Geiger Muller Tube) the process is called 

Geiger discharge

Introduction to the SPM
TECHNICAL NOTE
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(i.e. no active circuitry), this is achieved through the means of a series resistor R
Q
 which limits the current drawn by the diode 

during break down, and hence lowers the reverse voltage seen by the diode to a value below its breakdown voltage. This cycle 

of breakdown, avalanche, quench and subsequent reset of the bias to a value above the breakdown voltage is illustrated in 
Figure 3a.

In this way, a single photodiode device operated in Geiger-mode functions as a photon-triggered switch, in either an ‘on’ or ‘off’ 
state, and therefore cannot provide proportional information regarding the magnitude of an instantaneous photon flux. A ‘binary’ 
output such as that in Figure 3b would be the result. Regardless of the number of photons interacting within a diode at the same 

time, it will produce a signal of ‘1’ photon.

The Silicon Photomultiplier

To overcome this lack of proportionality, the Silicon Photomultiplier 

integrates a dense array of small, electrically and optically isolated Geiger-
mode photodiodes. Each photodiode element in the array is referred to as 

a “microcell”. Typically numbering between 100 and 1000 per mm2, each 

microcell has its own quenching resistor. The signals of all microcells are then 
summed to form the output of the SPM. A simplified electric circuit to illustrate 
the concept is shown in Figure 4. Each microcell detects photons identically 

and independently. The sum of the discharge currents from each of these 

individual binary detectors combines to form a quasi-anlog output, and is thus 
capable of giving information on the magnitude of an incident photon flux. The 
response to low-level light pulses is shown in Figure 5, and a spectrum of the 

same pulse is shown in Figure 6.

Figure 6  Photoelectron spectrum of the 
SPM, achieved using brief, low-level light 

pulses

Figure 5  Oscilloscope shot showing the discrete 
nature of the SPM output when illuminated by 

brief pulses of low-level light.

Figure 2  schematic of the Geiger 
mode as used in SPM operation

Figure 4   An array of microcells (photodiode 
plus quench resistor) with summed output

Figure 3b) “digital” pulse output from a 
photodiode working in the Geiger mode

Figure 3a) Breakdown, quench and reset cycle 
of a photodiode working in the Geiger mode.
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PIN Æ APD Æ Geiger mode Avalanche Photodiode (GM-APD) 

How to obtain higher gain (= single photon 

detection) without suffering from excessive noise ? 
 

Operate APD cell in Geiger mode (= full discharge),  

however with (passive/active) quenching.  
 

Photon conversion + avalanche short circuit the 

diode. A single photon (or anything else) is sufficient! 
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A single-cell GM-APD is just a binary device (=switch). 

Info on N  is lost by the Geiger avalanche. 

It will become more interesting when we combine 

many cells in one device … 
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N

HIGH ELECTRIC FIELD 	
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u  p-n region designed to sustain reverse bias besides his nominal breakdown voltage
u  Flowing current is stopped through a passive quencing circuit (resistors)Introduction to the SPM

TECHNICAL NOTE
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(i.e. no active circuitry), this is achieved through the means of a series resistor R
Q
 which limits the current drawn by the diode 

during break down, and hence lowers the reverse voltage seen by the diode to a value below its breakdown voltage. This cycle 

of breakdown, avalanche, quench and subsequent reset of the bias to a value above the breakdown voltage is illustrated in 
Figure 3a.

In this way, a single photodiode device operated in Geiger-mode functions as a photon-triggered switch, in either an ‘on’ or ‘off’ 
state, and therefore cannot provide proportional information regarding the magnitude of an instantaneous photon flux. A ‘binary’ 
output such as that in Figure 3b would be the result. Regardless of the number of photons interacting within a diode at the same 

time, it will produce a signal of ‘1’ photon.

The Silicon Photomultiplier

To overcome this lack of proportionality, the Silicon Photomultiplier 

integrates a dense array of small, electrically and optically isolated Geiger-
mode photodiodes. Each photodiode element in the array is referred to as 

a “microcell”. Typically numbering between 100 and 1000 per mm2, each 

microcell has its own quenching resistor. The signals of all microcells are then 
summed to form the output of the SPM. A simplified electric circuit to illustrate 
the concept is shown in Figure 4. Each microcell detects photons identically 

and independently. The sum of the discharge currents from each of these 

individual binary detectors combines to form a quasi-anlog output, and is thus 
capable of giving information on the magnitude of an incident photon flux. The 
response to low-level light pulses is shown in Figure 5, and a spectrum of the 

same pulse is shown in Figure 6.

Figure 6  Photoelectron spectrum of the 
SPM, achieved using brief, low-level light 

pulses

Figure 5  Oscilloscope shot showing the discrete 
nature of the SPM output when illuminated by 

brief pulses of low-level light.

Figure 2  schematic of the Geiger 
mode as used in SPM operation

Figure 4   An array of microcells (photodiode 
plus quench resistor) with summed output

Figure 3b) “digital” pulse output from a 
photodiode working in the Geiger mode

Figure 3a) Breakdown, quench and reset cycle 
of a photodiode working in the Geiger mode.
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(i.e. no active circuitry), this is achieved through the means of a series resistor R
Q
 which limits the current drawn by the diode 

during break down, and hence lowers the reverse voltage seen by the diode to a value below its breakdown voltage. This cycle 

of breakdown, avalanche, quench and subsequent reset of the bias to a value above the breakdown voltage is illustrated in 
Figure 3a.

In this way, a single photodiode device operated in Geiger-mode functions as a photon-triggered switch, in either an ‘on’ or ‘off’ 
state, and therefore cannot provide proportional information regarding the magnitude of an instantaneous photon flux. A ‘binary’ 
output such as that in Figure 3b would be the result. Regardless of the number of photons interacting within a diode at the same 

time, it will produce a signal of ‘1’ photon.

The Silicon Photomultiplier

To overcome this lack of proportionality, the Silicon Photomultiplier 

integrates a dense array of small, electrically and optically isolated Geiger-
mode photodiodes. Each photodiode element in the array is referred to as 

a “microcell”. Typically numbering between 100 and 1000 per mm2, each 

microcell has its own quenching resistor. The signals of all microcells are then 
summed to form the output of the SPM. A simplified electric circuit to illustrate 
the concept is shown in Figure 4. Each microcell detects photons identically 

and independently. The sum of the discharge currents from each of these 

individual binary detectors combines to form a quasi-anlog output, and is thus 
capable of giving information on the magnitude of an incident photon flux. The 
response to low-level light pulses is shown in Figure 5, and a spectrum of the 

same pulse is shown in Figure 6.

Figure 6  Photoelectron spectrum of the 
SPM, achieved using brief, low-level light 

pulses

Figure 5  Oscilloscope shot showing the discrete 
nature of the SPM output when illuminated by 

brief pulses of low-level light.

Figure 2  schematic of the Geiger 
mode as used in SPM operation

Figure 4   An array of microcells (photodiode 
plus quench resistor) with summed output

Figure 3b) “digital” pulse output from a 
photodiode working in the Geiger mode

Figure 3a) Breakdown, quench and reset cycle 
of a photodiode working in the Geiger mode.
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photoelectron, to the efficiency for creating an avalanche εaval, and to the geometric 
acceptance εgeom determined by the fill factor of the SiPM array. Typical PDEs for 
SiPMs reach about 20% for blue light. 

The gain of the SiPM is given as the charge created per primary photoelectron: 

G=Q/e=(VBIAS-VBD)*CD/e.         (2) 

Typical gain values are in the range from 105 to 106. Both gain and breakdown 
voltage change with temperature. An increased temperature leads to increased 
thermal vibrations in the silicon lattice, reducing the free path length of the 
accelerated charges. The breakdown voltage therefore increases with increasing 
temperature (few tens of mV/K), while the gain for a given overvoltage decreases 
(few %/K). 

! !
Figure'1:'Photograph'of'a'SiPM'with'400'APDs' ' ' ' 'Figure'2:'APD'schematic'

!!!!!!!!!!! !!
Figure'3:'SiPM'schematic'(left)'and'current'pulse'initiated'by'an'avalanche'in'an'APD'(right) 

Besides photons or other particles traversing the APDs, also thermal/tunneling 
charge carrier generation can trigger an avalanche. The signal of such noise pulses 
is identical to the one created by a single photoelectron. The rate of noise pulses can 
reach a few MHz and increases with temperature.  

Optical cross talk occurs when photons created in the avalanche initiate another 
avalanche in a neighboring cell, leading to an observed pulse corresponding to two 
or more photoelectrons. Cross talk occurs typically for about 10% of all pulses. 

After pulses occur when ionization charges trapped in impurities of the silicon lattice 
get released with a delay of up to several hundreds of nanoseconds, initiating 
another avalanche. Depending on the delay they either lead to distorted pulses or 
additional pulses. Typically a few percent of all avalanches lead to after pulses. 

20 x 20 pix 

+Vbias 

 …!
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Many%GM'APDs%

γ! γ!
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2Q 
Quench 
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readout 

ID 

τf =#RQCD#
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Imax~(VBIAS-VBD)/RQ 

t 

u  A single photodiode acts as a photon-triggered switch
u  The photodiode can not provide proportional magnitude information (i.e. if 1 or more 

photons hit the same cell produce the same signal)
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u  To mitigate the lack of proportionality an array of optical isolated Geiger-mode photodiodes 
has been built each one with his own quencing resistor

u  The number of photodiodes range from 100 and 1000 per mm2

u  The signals of all photodiodes are then summed 
16 

 

  

the applied voltage bias, and the capacitance and breakdown voltage of the 

microcells [22] [32]. 

 

 
Figure 10. Illustration of SSPM electrical schematic. Each resistor-diode pair 
represents one microcell. The dots on either side indicate that additional 
microcells beyond the number shown in the figure may be present. Based on 
Introduction to the SPM, SensL [32]. 
 

SSPMs operate on the principle of Geiger discharges, similar to that of a Geiger-

Müller (GM) tube [15] [33]. When a photon incident on the SSPM successfully 

interacts and creates an electron-hole pair (EHP), the electron is accelerated 

across the electric field of the microcell, creating more EHPs to form a Geiger 

avalanche. Thus, the microcell will discharge with approximately the same 

current every time it is triggered. The Geiger avalanche is quenched when the 

current across the resistor in each microcell triggered increases, increasing the 

voltage across the resistor and decreasing the voltage across the diode. When 

the voltage is reduced below the breakdown threshold, the avalanche is 
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GM-APD 

Quench 
resistor 

1mm 
100 – several 1000 pix / mm2 

Bias bus  

Multi pixel GM-APD, called SiPM, G-APD, MPPC, … 

The operation of many binary devices in parallel leads to a quasi-analog detector with very  
nice properties (photon counting). 

20 x 20 pix 

Vbias 

Many GM-APDs Q Q 

2Q 

Quench 
resistor 

Sizes up to 6×6 mm2 now standard. 

10 

1 pixel fired 

2 pixels fired 

3 pixels fired 

GM-APD	
BIAS BUS	

QUENCH 
RESISTOR	
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(i.e. no active circuitry), this is achieved through the means of a series resistor R
Q
 which limits the current drawn by the diode 

during break down, and hence lowers the reverse voltage seen by the diode to a value below its breakdown voltage. This cycle 

of breakdown, avalanche, quench and subsequent reset of the bias to a value above the breakdown voltage is illustrated in 
Figure 3a.

In this way, a single photodiode device operated in Geiger-mode functions as a photon-triggered switch, in either an ‘on’ or ‘off’ 
state, and therefore cannot provide proportional information regarding the magnitude of an instantaneous photon flux. A ‘binary’ 
output such as that in Figure 3b would be the result. Regardless of the number of photons interacting within a diode at the same 

time, it will produce a signal of ‘1’ photon.

The Silicon Photomultiplier

To overcome this lack of proportionality, the Silicon Photomultiplier 

integrates a dense array of small, electrically and optically isolated Geiger-
mode photodiodes. Each photodiode element in the array is referred to as 

a “microcell”. Typically numbering between 100 and 1000 per mm2, each 

microcell has its own quenching resistor. The signals of all microcells are then 
summed to form the output of the SPM. A simplified electric circuit to illustrate 
the concept is shown in Figure 4. Each microcell detects photons identically 

and independently. The sum of the discharge currents from each of these 

individual binary detectors combines to form a quasi-anlog output, and is thus 
capable of giving information on the magnitude of an incident photon flux. The 
response to low-level light pulses is shown in Figure 5, and a spectrum of the 

same pulse is shown in Figure 6.

Figure 6  Photoelectron spectrum of the 
SPM, achieved using brief, low-level light 

pulses

Figure 5  Oscilloscope shot showing the discrete 
nature of the SPM output when illuminated by 

brief pulses of low-level light.

Figure 2  schematic of the Geiger 
mode as used in SPM operation

Figure 4   An array of microcells (photodiode 
plus quench resistor) with summed output

Figure 3b) “digital” pulse output from a 
photodiode working in the Geiger mode

Figure 3a) Breakdown, quench and reset cycle 
of a photodiode working in the Geiger mode.

OSCILLOSCOPE	

SPECTRUM	
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(i.e. no active circuitry), this is achieved through the means of a series resistor R
Q
 which limits the current drawn by the diode 

during break down, and hence lowers the reverse voltage seen by the diode to a value below its breakdown voltage. This cycle 

of breakdown, avalanche, quench and subsequent reset of the bias to a value above the breakdown voltage is illustrated in 
Figure 3a.

In this way, a single photodiode device operated in Geiger-mode functions as a photon-triggered switch, in either an ‘on’ or ‘off’ 
state, and therefore cannot provide proportional information regarding the magnitude of an instantaneous photon flux. A ‘binary’ 
output such as that in Figure 3b would be the result. Regardless of the number of photons interacting within a diode at the same 

time, it will produce a signal of ‘1’ photon.

The Silicon Photomultiplier

To overcome this lack of proportionality, the Silicon Photomultiplier 

integrates a dense array of small, electrically and optically isolated Geiger-
mode photodiodes. Each photodiode element in the array is referred to as 

a “microcell”. Typically numbering between 100 and 1000 per mm2, each 

microcell has its own quenching resistor. The signals of all microcells are then 
summed to form the output of the SPM. A simplified electric circuit to illustrate 
the concept is shown in Figure 4. Each microcell detects photons identically 

and independently. The sum of the discharge currents from each of these 

individual binary detectors combines to form a quasi-anlog output, and is thus 
capable of giving information on the magnitude of an incident photon flux. The 
response to low-level light pulses is shown in Figure 5, and a spectrum of the 

same pulse is shown in Figure 6.

Figure 6  Photoelectron spectrum of the 
SPM, achieved using brief, low-level light 

pulses

Figure 5  Oscilloscope shot showing the discrete 
nature of the SPM output when illuminated by 

brief pulses of low-level light.

Figure 2  schematic of the Geiger 
mode as used in SPM operation

Figure 4   An array of microcells (photodiode 
plus quench resistor) with summed output

Figure 3b) “digital” pulse output from a 
photodiode working in the Geiger mode

Figure 3a) Breakdown, quench and reset cycle 
of a photodiode working in the Geiger mode.
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u  Matrix of Nmicro-cells (“pixels”) in parallel, connected to a common output node 
u  Each micro-cell: GM-APD+RQUENCING
u  V.M. Golovin and A.Sadygov (Russian patents1996-2002) 

A single GM-APD do not produce information about the light intensity. In a SiPM the output 
charge  is proportional to the number of triggered cells or, assuming a CONVERSION 
EFFICIENCY =1, to the number of photons hitting different cells.

GAIN: number of carriers produced by an absorbed photon. Collected charge correspond 
to the area of the output signal and can be estimated according to the circuit element and 
bias
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Important  parameters in a SiPM

t

i
charge col lected per event is the area of  the exponential  
decay which is determined by ci rcui t elements and bias

exp(-t/τQ)

~(VBIAS-VBD)/RQ

GAIN

G = number of  carriers produced per photon absorbed

GAIN = 
( ) ( )

q
CVV

qR
VV

q
I DBDBIASQ

Q

BDBIASQ
MAX

⋅−
=⋅

−
=⋅

ττ

1) Primary dark count ⇒ current pulses triggered by non-photogenerated carriers
(main source of  dark carriers: thermal  generation in the depleted region)

2) Af terpulsing ⇒ secondary current pulse caused by a carrier trapped during the primary avalanche
and released af ter a certain time

3) Optical  cross-talk ⇒ exci tation of  neighboring cel ls due to photon emission during avalanche discharge

PDE = Npulses / Nphotons = QE · P01· FF

NOISE

PDE
• QE = device quantum eff iciency
• P01 = triggering probabi l i ty
• FF = Fi l l  Factor (geometric ef f iciency)

•  VBIAS = Supply voltage
•  VBD = Breakdown Voltage 
•  CD = Device Capacitance 
•  RQ = Quencing resistor 
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NOISE!
u  Primary dark count: current pulses triggered by non-photogenerated carriers (main source 

of dark carriers: thermal generation in the depleted region) 
u  After-pulsing: secondary current pulse caused by a carrier trapped during the primary 

avalanche and released after a certain time 
u  Optical cross-talk: excitation of neighboring cells due to photoemission during avalanche 

discharges!
PDE: NPULSES/NPHOTONS= QE x ATP x FF
• QE = Quantum Efficiency ≈	1 in the blue-green region
• ATP = Geiger-APD Avalanche Trigger Probability  > 0.95 when (VBIAS-VBD)/VBIAS > 0.15
• FF = Fill Factor = 0.2 - 0.8

εgeo  

7/3/12  G. Saracino  13 

Geometric efficiency = Sensi3ve area/ total area  

 Metal lines connec3ng the cells, poly‐silicon  resistor, trenches  and implanta3on 

profile reduce the sensi3ve area 

Fill factor increases with increasing  cell size, 

can reach  70‐80 % 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u  Metal lines connecting the cells,  poly-silicon resistors, thrences and implantation profile 
reduce the sensitive area

u  Fill Factor increase with increasing cell size (up to 70/80%)

εgeo  

7/3/12  G. Saracino  13 

Geometric efficiency = Sensi3ve area/ total area  

 Metal lines connec3ng the cells, poly‐silicon  resistor, trenches  and implanta3on 

profile reduce the sensi3ve area 

Fill factor increases with increasing  cell size, 

can reach  70‐80 % 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TYPE	 GAIN	 MIN	DETECT	SIGNAL	(PE)	 BANDWIDTH	(order	of)	 MAX	SIZE	
(order	of)	

PIN	 NO	 200-300	 100	kHz	 10	cm2	

APD	 LINEAR	(50-200)	 10-20	 100	MHz	 2.5	cm2	

SIPM	 GEIGER	(105-106)	 1	 100	MHz	 <	1	cm2	

SiPM PROS 
•  High photo  detection efficiency 
•  High gain (105-106) 
•  Single photo-detection sensitivity 
•  Fast (≈ 1 ns rise time) 
•  Good time resolution (< 100 ps) 
•  Lov bias voltages (< 100 V) 
•  B field insensitivity 

SiPM CONS 
•  Limited linearity  
•  Dark count 
•  Surface Area 
•  Temperature dependence 
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    ELJEN TECHNOLOGY  Tel: (325) 235-4276 or (888) 800-8771 
 1300 W. Broadway  Fax: (325) 235-0701 
 Sweetwater TX 79556 USA  Website: www.eljentechnology.com 

 

EJ-200 EMISSION SPECTRUM
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EJ-200 PLASTIC SCINTILLATOR 

 
This plastic scintillator combines the two important properties of long optical attenuation length and fast 
timing and is therefore particularly useful for time-of-flight systems using scintillators greater than one 
meter long.  Typical measurements of 4 meter optical attenuation length are achieved in strips of cast 
sheet in which a representative size is 2 cm x 20 cm x 300 cm. 
 
The combination of long attenuation length, high light output and an emission spectrum well matched to 
the common photomultipliers recommends EJ-200 as the detector of choice for many industrial 
applications such as gauging and environmental protection where high sensitivity of signal uniformity are 
critical operating requirements. 
 

Physical and Scintillation Constants: 
Light Output, % Anthracene ..................................... 64 
Scintillation Efficiency, photons/1 MeV e- ................. 10,000 
Wavelength of Max. Emission, nm .......................... 425 
Rise Time, ns ........................................................... 0.9 
Decay Time, ns ........................................................ 2.1 
Pulse Width, FWHM, ns ........................................... ~2.5 
No. of H Atoms per cm3, x 1022 ................................ 5.17 
No. of C Atoms per cm3, x 1022 ................................ 4.69 
No. of Electrons per cm3, x 1023 ............................... 3.33 
Density, g/cc: ........................................................... 1.023 

 
Polymer Base:     . Polyvinyltoluene Light Output vs. Temperature: 
Refractive Index:    .1.58 At +60oC, L.O. = 95% of that at +20oC 

Vapor Pressure:    .. Is vacuum-compatible No change from +20oC to -60oC 
Coefficient of Linear  
Expansion:        7.8 x 10-5 below +67°C  
 
Chemical Compatibility:  Is attacked by aromatic solvents, chlorinated solvents, ketones, solvent 
bonding cements, etc.  It is stable in water, dilute acids and alkalis, lower alcohols and silicone greases.  
It is safe to use most epoxies and “super glues” with EJ-200. 

 

S18825 PEAK SENSITIVITY 
WAVELENGTH !

SCINTILLATOR PEAK EMISSION AND 
SiPM PEAK SENSITIVITY DO NOT MATCH !

WLS REQUIRED!
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