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	 For safety reasons, it is desirable to measure radiation as remotely as possible.  For remote 
measurement of gamma radiation, the fiber-optic sensor (FOS) was developed in this study by 
combining a plastic optical fiber and an inorganic scintillator.  To identify the best shape of the 
sensing probe of the FOS in terms of its detection efficiency, three different shapes of probe were 
fabricated using an inorganic scintillator: a cylinder and two bundles of different lengths (30 and 10 
mm).  To identify the best reflector for the sensing probe, the side of each probe was wrapped with 
one of three different reflectors: Teflon tape, TYVEK 1056D, and aluminum foil.  In this study, a 
total of twelve different sensing probes were prepared: three different shapes of sensing probes with 
three different reflectors, and three different shapes of the sensing probes without reflectors.  To 
measure gamma radiation, a cesium-137 source (1 μCi) in a disk shape, 26 mm in diameter, was 
attached to the end of the sensing probes.  The measurements showed that bundle shape II (a bundle 
of 26 inorganic scintialltors, 1 mm in diameter and 10 mm in length) was the best shape for the 
sensing probe, and aluminum foil was the best reflector.

1.	 Introduction

	 Fiber-optic sensors (FOSs) have many advantages for measuring physical quantities.  Because 
an FOS does not include a conductor of electricity, it is not interfered with electromagnetic waves 
generated by surrounding electronic devices, and it is free from risks of electrical short circuits 
and electric shock.  It is easy to fabricate and light to carry.  It can measure almost every type of 
physical quantity.   In particular, it has good sensitivity because it uses short-wavelength light to 
measure physical quantities.(1)  It can also make remote measurements kilometers away because the 
signals are minimally attenuated in the optical fiber.
	 The most important feature of the FOS is that it could be used under harsh conditions such 
as those of high electromagnetic waves, high temperature, or high humidity, where conventional 
electronic devices cannot be operated.(2–5)   For nuclear power plants, the FOS could be used to 
measure radiation in conditions of high temperature and high humidity during accidents.
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	 For remote measurement of gamma radiation, an FOS was developed in this study by combining 
a plastic optical fiber and an inorganic scintillator.  Three different shapes of FOS sensing probes 
were fabricated using an inorganic scintillator.  The side of each sensing probe was wrapped with 
one of three different reflectors: Teflon tape, TYVEK 1056D, and aluminum foil.  For measurement 
of gamma radiation, a total of twelve different sensing probes were prepared: three different shapes 
of sensing probes with three different reflectors, and three different shapes of sensing probes 
without reflectors.  A cesium-137 source (1 μCi) in a disk shape, 26 mm in diameter, was attached 
to the end of the sensing probes.  Measurements were analyzed to identify the best shape of the 
sensing probe and the best reflector of the FOS in terms of detection efficiency.   

2.	 Materials and Methods

	 In this study, the three different shapes of FOS sensing probe were fabricated using an inorganic 
scintillator (Lu,Y)2SiO5:Ce (LYSO:Ce, Advanced Microwave Technologies Solution Co., Ltd, 
Korea);(6) a cylinder 26 mm in diameter and 30 mm in length (Cylinder shape); a bundle of 26 
inorganic scintillators 1 mm in diameter and 30 mm in length (Bundle shape I); and a bundle of 26 
inorganic scintillators 1 mm in diameter and 10 mm in length (Bundle shape II), as shown in Fig. 1.  
The main characteristics of the inorganic scintillator LYSO:Ce are listed in Table 1.
	 The two bundle-shaped sensing probes were fabricated by putting together 26 inorganic 
scintillators, 1 mm in diameter, using epoxy resin.  The tapered optical fiber (Edmund Optics) was 
attached to the end of each bundle-shaped sensing probe to make it easier to collect light generated 
in the probe.  All the sensing probes were connected to a plastic optical fiber with a SMA 905 
connector (Thorlabs Co.).   To increase the FOS’s detection efficiency, the side of each sensing 
probe was wrapped with one of three different reflectors: Teflon tape (DuPont Co.), TYVEK 1056D 

Fig. 1.	 (Color online) Three different shapes of FOS sensing probes.

Table 1
Main characteristics of the inorganic scintillator LYSO:Ce.

Effective Z 
number

Density 
(g/cm3)

Melting point 
(°C)

Refractive 
index

Wavelength  
peak (nm)

Light yield (%) 
* relative to NaI:Tl

Decay time 
(ns)

65 7.20 2100 1.82 420 73–75 42
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(DuPont Co.), and aluminum foil.(7,8)  In this study, a total of twelve different sensing probes were 
prepared: three different shapes of sensing probes with three different reflectors, and three different 
shapes of sensing probes without reflectors.  To measure gamma radiation, a cesium-137 source (1 
μCi) in a disk shape, 26 mm in diameter, was attached to the end of the probes.  
	 In this study, a plastic optical fiber (NY02, Edmund Optics) with a diameter of 3 mm and a 
length of 10 m was selected to transmit light generated in the sensing probe to the signal acquisition 
device.  The plastic optical fiber consists of a core made of polymethylmethacrylate (PMMA) and 
a cladding made of fluorinated polymethyl methacrylate (F-PMMA).  The properties of the plastic 
optical fiber chosen in this study are listed in Table 2.
	 The signal acquisition device used in this paper consisted of a photomultiplier tube (PMT, 
H5211A, Hamamatsu), a pre-amplifier (2006, Canberra), an amplifier (AMP, 2012, Canberra), and 
a power supply (C3830, Hamamatsu).  The multi-portⅡ of Canberra was used as the multi-channel 
analyzer.  Figure 2 shows the experimental setup.  The bending angle of three FOSs was set to be 
the same so that each optical fiber would have the same bending loss.

Table 2
Properties of the plastic optical fiber.
Outer diameter (mm) 3.0
Core diameter (mm) 2.95
Index of refraction nd-core 1.49
Index of refraction nd-cladding 1.402
Numerical aperture, NA 0.50
Attenuation (dB/km) 150–300 (at 650 nm)
Operating temperature (°C) −55 to +70
Minimum bend radius (mm) 75

Fig. 2.	 (Color online) Experimental setup.
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3.	 Results and Discussion

	 Figures 3 to 5 show the measurements made with the twelve different FOSs developed in this 
study.  Each figure also shows the differences in measurements according to the different shapes 
and reflectors of the sensing probes.  As shown in the figures, all the shapes of the pulse height 
spectra were similar, but their peak values were different.  The measurements with Bundle shape II 
of the sensing probe were higher by about 10% than those made by the two other shapes of probe 
in the case of “without reflector”, and were higher by 12 to 30% than those made by the two other 
shapes of probe in the case of “with reflector”.
	 Figure 6 shows the total counts collected by the FOSs with different shapes and reflectors of 
sensing probes, including the case of “without reflector”.  The total counts collected by Bundle 
shape II of the sensing probes were higher than those collected by the two other shapes of sensing 

Fig. 6.	 Total counts by the FOSs with/without 
reflectors.

Fig. 5.	 The pulse height spectra of the bundle-
shaped sensing probes 10 mm in length (Bundle 
shape II).

Fig. 3.	 The pulse height spectra of the cylinder-
shaped sensing probes.

Fig. 4.	 The pulse height spectra of the bundle-
shaped sensing probes 30 mm in length (Bundle 
shape I).



Sensors and Materials, Vol. 28, No. 6 (2016)	 679

probe.   Comparisons between measurements showed that the total counts collected by cylinder-
shaped sensing probes were lower by 25–50% than those collected by the two other shapes of 
probe.  The differences in measurements between Bundle shape I and Bundle shape II were about 
20%, except in the case of aluminum foil reflectors.  This implies that Bundle shape II was the 
best shape for a sensing probe, and that the aluminum foil was the best reflector in terms of FOS 
detection efficiency.
	 For remote measurement of gamma radiation, an FOS was developed in this study by combining 
a plastic optical fiber and an inorganic scintillator.  Using the inorganic scintillator, three different 
shapes of sensing probe were fabricated and evaluated to identify the best shape of sensing probe in 
terms of its detection efficiency: a cylinder and two bundles with different heights (30 and 10 mm).  
The side of each sensing probe was wrapped with one of the three different reflectors: Teflon tape, 
TYVEK 1056D, and aluminum foil.  For the measurements of gamma radiation from a cesium-137 
source in a disk shape, it was found that Bundle shape II (a bundle of 26 inorganic scintialltors, 
1 mm in diameter and 10 mm in length) was the best shape for the FOS sensing probe, and that 
aluminum foil was the best reflector.   
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