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In this paper, we report the prediction of thermoluminescence responses of Neodymium-doped SiO2 optical fibre

with various dose ranges from 0.5Gy to 4.0Gy by 6MeV - electron irradiations without requirement for experimental

measurements. A technique has been developed to calculate prediction of 6MeV - electron response of Neodymium-

doped SiO2 optical fibre by observing the measured TL response of 6MV - photon and the ratio of known measured

photon/electron yield ratio distribution for Ge-doped, Al-doped optical fibre and standard TLD 100 dosimeter. The

samples were kept in gelatin capsule an irradiated with 6MV - photon at the dose range from 0.5Gy to 4.0Gy. Siemens

model Primus 3368 linear accelerator located at Hospital Sultan Ismail, Johor Bahru has been used to deliver the

photon beam to the samples. We found the average response ratio of 6MV - photon and 6MeV - electron in Ge-doped,

Al-doped optical fibre and standard TLD−100 dosimeter are 0.83(3). Observing the measured value of 6MV - photon

irradiation this average ratio is useful to find the prediction of thermoluminescence responses by 6MeV - electron

irradiation of Neodymium-doped SiO2 optical fibre by the requirement for experimental measurements with various

dose ranges from 0.5Gy to 4.0Gy by 6MV - photon irradiations.

PACS: 03.65.Pm, 03.65.Ge, 61.80.Mk

1. INTRODUCTION

The study of the thermoluminescence (TL) response
of optical fibres to ionizing photon and electron ra-
diation is of great practical importance for dosimet-
ric applications [1, 2] because it has TLD phosphor
whose atomic properties are almost equal to atomic
properties of the human tissues. In regard to the
TL response of doped SiO2 optical fibres, such ma-
terials have attracted attention due to their possible
application as radiation dosimeters, as they offer a
higher chemical stability and a relatively lower effec-
tive atomic number than for instance films. The pres-
ence of impurities or the addition of dopants to SiO2

can greatly enhance the sensitivity of the medium to
ionizing radiation and indeed even to ultraviolet ra-
diation by providing an increased number of traps.
In addition, new defects and absorption bands are
formed [3].

Recently, we have started to use doped SiO2 opti-
cal fibers as a radiation dosimeter in order to measure
absorbed doses in radiotherapy patients, seeking to
overcome a number of limitations of existing dosime-
try system [1, 4-7]. These TLDs are also impervious

to water to the extent that in some instances it be-
comes possible to locate the fiber dosimeter within
a particular tissue of interest [8-10]. These optical
fibers are also able to maintain a consistent TL re-
sponse after repeated exposures. The SiO2 commer-
cial optical fiber demonstrates useful TL properties
and is an excellent candidate for use in TL dosimetry
of ionizing radiation. Based on the previous studies,
this study is very important to find the prediction of
TL response of commercially Nd − 107 doped silica
fiber by 6MeV electron irradiations. This material is
irradiated at doses from (0.5...4.0)Gy using photons
of 6MV energy to measure the TL response.

2. MATERIAL AND METHODS

2.1. Nd-doped SiO2 optical fibres

Silicon dioxide, also known as silica, is an amorphous
material, devoid of long-range periodic order. In the
current research, we focus on the TL response of
doped SiO2 commercially available optical fibre. The
doped SiO2 optical fibres have an outer diameter of
124.7 ± 0.1µm and a doped core diameter of 9µm.
In fibre optics, doping with selected atoms permits
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the creation of a refractive index radial profile that
leads to total internal reflection. This is essential for
an optical guide [1]. In this study, neodymium has
been chosen due to their high sensitivity exhibition
to irradiations and has low attenuation. We cut the
fibres into individual lengths of 5mm and accommo-
dated the variations in actual length by normalizing
the TL response to unit mass of the TL medium.
The details of Ge-doped and Al-doped optical fibre
and TLD − 100 were presented [1].

3. EXPERIMENTAL PROCEDURE

For this experiment, the TL materials were kept in
a suitable container to avoid the places of high tem-
perature and ultraviolet radiation. The Nd − 107
doped fiber and TLD−100 were placed in the gelatin
capsule for routine storage, handling, and for irradi-
ations. Each capsule contained 5 pieces of Nd− 107
doped fiber, each capsule contained 1 chip. The ex-
perimental details was presented [4, 5]. In annealing,
the TL materials were put in a furnace. The furnace
was connected to a computer and Thermosoft soft-
ware was used to control the process in the furnace.
Before starting the annealing process, Time Temper-
ature Profile (TTP ) for Nd− 107 doped silica fibers
were set at the computer and fibers were placed in a
planchet which was placed inside the annealing oven.

Samples were exposed to 6MV - photon by
using Siemens model Primus 3368 linear acceler-
ator located in the Department of Radiotherapy
and Oncology, Hospital Sultan Ismail, Johor Bahru,
Malaysia. The dose delivered by the LINAC machine
was 20...400MU (monitor unit) with a field size of
10 cm×10 cm. By using TLD Reader and WinREMS
software, readings were obtained after irradiation. In
this research, Harshaw 3500TLD Reader with hot
nitrogen gas as a heat transfer medium was used.
Pre-heat temperature was 50◦C and the maximum
temperature during data acquisition was 300◦C. To
acquire temperature, the rate was 10◦C per second.

4. RESULTS AND DISCUSSION

Thermoluminescence sensitivity is a measure of the
amount of TL signal per unit mass produced by a
given material after exposure to a radiation dose.
The effects of TL light yield proportionality to dose
and by establishing the ability to accurately calcu-
late electron response, the experimental implications
of dosimeter TL yield proportionality to dose can
be studied without the requirement for experimental
measurements. This technique also provides a more
detailed characterization of electron response than
experimental techniques that rely on the use of multi-
ple radiation sources. To demonstrate this technique,
we have calculated the ratio of measured response of
Ge-doped, Al-doped optical fibre and TLD− 100 by
6MV - photon and 6MeV - electron irradiation [4].

Fig.1 shows comparative studies of TL response
of Ge-doped, Al-doped optical fibre and TLD − 100
with various dose ranges from 0.2Gy to 4.0Gy by

6MV - photon and 6MeV - electron irradiation.
The TL yield as a function of dose is linear; the
response for electron irradiations in each case is
greater than that for photon irradiations. The re-
sponse of Al-doped optical fibre is negligible to
TLD − 100 and distribution of photon and elec-
tron response as a function of dose is overlap to each
other for Al-doped fibre. We have calculated aver-
age ratios of response of 6MV - photon and 6MeV
- electron irradiation numerically and were found
0.81(3), 0.85(2) and 0.84(3) for TLD − 100, Ge-
doped and Al-doped optical fibre respectively. There-
fore the average of response ratios of 6MV photon
and 6MeV - electron for any dosimeter is 0.83(3).
We found that the Nd − 107 doped optical fibre
have a significant linear dose to signal relationship.
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Fig.1. TL-response (nC/mg) of Ge-and Al-doped
optical fibres, and TLD − 100 rods for 6MV -
photon and 6MeV - electron irradiation

Fig.2 shows comparative studies of TL re-
sponse (arbitrary unit) of Neodymium-doped
SiO2 optical fibre with various dose ranges from
0.5Gy to 4.0Gy predicted by 6MeV - electrons
and measured by 6MV - photon irradiations.
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Fig.2. Relative response of Nd-doped optical fibre
by 6MV - photon (measured) and 6MeV - electrons
(predicted) irradiation

By comparing previous results of TLD − 100, Ge-
doped and Al-doped optical fibre to both measured
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photon and electron responses and measured value
of Nd-doped optical fibre by photon responses, this
technique has been validated for 6MeV - electron
irradiation.

5. CONCLUSIONS

We have demonstrated TL linearity and TL response
ratio of 6MV - photon/ 6MeV - electron irradiation
for Ge-and Al-doped optical fibres, and TLD − 100.
The average response ratio is 0.83(3). The sensitivi-
ties of electron response are larger than those of pho-
ton irradiation. We have predicted the TL response
of Nd − 107 doped silica fibers by 6MeV - electron
comparer to measured value by 6MV - photon irra-
diated with dose range from 0.5Gy to 4.0Gy.
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ÒÅÐÌÎËÞÌÈÍÅÑÖÅÍÒÍÛÉ ÎÒÊËÈÊ ÎÏÒÈ×ÅÑÊÎÃÎ ÂÎËÎÊÍÀ Ñ
ÄÎÁÀÂËÅÍÈÅÌ Ge-, Al- È Nd ÍÀ ÎÁËÓ×ÅÍÈÅ 6ÌýÂ - ÝËÅÊÒÐÎÍÀÌÈ È

6ÌÂ - ÔÎÒÎÍÀÌÈ

I.Hossain, M.A.Saeed, H.Wagiran, N.Hida, N.H.Yaakob, A.A.Moburak

Ìû äîêëàäûâàåì ïðåäñêàçàíèÿ òåðìîëþìèíåñöåíòíîãî îòêëèêà SiO2 îïòè÷åñêîãî âîëîêíà ñ äîáàâëå-
íèåì Íåîäèìà ïðè ðàçíûõ äîçàõ îáëó÷åíèÿ 6ÌýÂ - ýëåêòðîíàìè â èíòåðâàëå äîç îò 0.5Gy äî 4.0Gy
áåç íåîáõîäèìîñòè ýêñïåðèìåíòàëüíîé ïðîâåðêè. Áûëà ðàçâèòà òåõíèêà ðàñ÷åòà ïðåäñêàçàíèÿ òåðìî-
ëþìèíåñöåíòíîãî îòêëèêà SiO2 îïòè÷åñêîãî âîëîêíà íà 6ÌýÂ - ýëåêòðîíû ïóòåì íàáëþäåíèÿ òåð-
ìîëþìèíåñöåíòíîãî îòêëèêà íà 6ÌÂ - ôîòîíû è èçâåñòíîãî èçìåðåííîãî îòíîøåíèÿ photon/electron
âûõîäîâ îïòè÷åñêîãî âîëîêíà ñ äîáàâëåíèåì Ge è Al è ñòàíäàðòíîãî TLD − 100 äîçèìåòðà. Îáðàçöû
áûëè çàêëþ÷åíû â æåëàòèíîâûå êàïñóëû è îáëó÷åíû 6MB ôîòîíàìè â äèàïàçîíå äîç îò 0.5Gy äî
4.0Gy. Ëèíåéíûé óñêîðèòåëü ìîäåëè Siemens Primus 3368, ðàñïîëîæåííûé â Hospital Sultan Ismail,
Johor Bahru, áûë èñïîëüçîâàí äëÿ îáëó÷åíèÿ îáðàçöîâ ôîòîíàìè. Ìû íàøëè ñðåäíåå îòíîøåíèå îò-
êëèêîâ äëÿ 6ÌÂ - ôîòîíîâ è 6ÌýÂ - ýëåêòðîíîâ â îïòè÷åñêîì âîëîêíå ñ äîáàâëåíèåì Ge è Al è ñòàí-
äàðòíûì äîçèìåòðîì TLD−100, ðàâíûì 0.83(3). Èçìåðåííàÿ âåëè÷èíà ýòîãî óñðåäíåííîãî îòíîøåíèÿ
ïðè îáëó÷åíèè 6ÌÂ ôîòîíàìè ÿâëÿåòñÿ ïîëåçíîé äëÿ íàõîæäåíèÿ îæèäàåìîãî òåðìîëþìèíåñöåíò-
íîãî îòêëèêà SiO2 îïòè÷åñêîãî âîëîêíà ñ äîáàâëåíèåì Íåîäèìà òðåáóåìûõ äëÿ ýêñïåðèìåíòàëüíûõ
èçìåðåíèé äîç â èíòåðâàëå îò 0.5Gy äî 4.0Gy ïðè îáëó÷åíèè 6ÌýÂ - ýëåêòðîíàìè.
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ÒÅÐÌÎËÞÌIÍÅÑÖÅÍÒÍÈÉ ÂIÄÃÓÊ ÎÏÒÈ×ÍÎÃÎ ÂÎËÎÊÍÀ Ç ÄÎÁÀÂÊÀÌÈ
Ge-, Al- I Nd ÍÀ ÎÏÐÎÌIÍÅÍÍß 6ÌåÂ - ÅËÅÊÒÐÎÍÀÌÈ I 6ÌÂ - ÔÎÒÎÍÀÌÈ

I.Hossain, M.A.Saeed, H.Wagiran, N.Hida, N.H.Yaakob, A.A.Moburak

Ìè äîïîâiäàåìî ïåðåäáà÷åííÿ òåðìîëþìiíåñöåíòíîãî âiäãóêó SiO2 îïòè÷íîãî âîëîêíà ç äîáàâêàìè
íåîäèìó ïðè ðiçíèõ äîçàõ îïðîìiíåííÿ 6ÌåÂ - åëåêòðîíàìè â iíòåðâàëi äîç âiä 0.5Gy äî 4.0Gy áåç
íåîáõiäíîñòi åêñïåðèìåíòàëüíî¨ ïåðåâiðêè. Áóëà ðàçâèíóòà òåõíiêà ðîçðàõóíêó ïåðåäáà÷åííÿ òåðìîëþ-
ìiíåñöåíòíîãî âiäãóêó SiO2 îïòè÷íîãî âîëîêíà íà 6ÌåÂ - åëåêòðîíè øëÿõîì ñïîñòåðåæåííÿ òåðìî-
ëþìiíiñöåíòíãî âiäãóêó íà 6ÌÂ - ôîòîíè i âiäîìîãîãî âèìiðÿíîãî âiäíîøåííÿ photon/electron âèõîäiâ
îïòè÷íîãî âîëîêíà ç äîáàâêàìè Ge è Al i ñòàíäàðòíîãî TLD − 100 äîçèìåòðà. Çðàçêè áóëè ðîçìiùåíi
â æåëàòèíîâèõ êàïñóëàõ i îïðîìiíåíi 6ÌÂ - ôîòîíàìè â äiàïàçîíi äîç âiä 0.5Gy äî 4.0Gy. Ëiíiéíèé
ïðèñêîðþâà÷ ìîäåëi Siemens Primus 3368, ðîçìiùåíèé â Hospital Sultan Ismail, Johor Bahru, áóâ âè-
êîðèñòàíèé äëÿ îïðîìiíåííÿ çðàçêiâ ôîòîíàìè. Ìè çíàéøëè ñåðåäí¹ âiäíîøåííÿ âiäãóêiâ äëÿ 6ÌÂ
- ôîòîíiâ è 6ÌåÂ - åëåêòðîíiâ â îïòè÷íîìó âîëîêíi ç äîáàâêàìè Ge è Al i ñòàíäàðòíèì äîçèìåòðîì
TLD − 100, ÿêå äîðiâíþ¹ 0.83(3). Âèìiðÿíà âåëè÷èíà öüîãî óñåðåäíåíîãî âiäíîøåíèÿ ïðè îïðîìiíåííi
6ÌÂ - ôîòîíàìè ¹ êîðèñíîþ äëÿ çíàõîäæåííÿ î÷iêóâàíîãî òåðìîëþìiíåñöåíòíîãî âiäãóêó SiO2 îï-
òè÷íîãî âîëîêíà ç äîáàâêàìè íåîäèìó, ÿêi ïîòðiáíi äëÿ åêñïåðèìåíòàëüíèõ âèìiðþâàíü äîç â iíòåðâàëi
âiä 0.5Gy äî 4.0Gy ïðè îïðîìiíåííi 6ÌåÂ - åëåêòðîíàìè.
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