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THERMOLUMINESCENCE OF Ge- AND AI-DOPED SiO, OPTICAL FIBERS
SUBJECTED TO 0.2-4.0 Gy EXTERNAL PHOTON RADIOTHERAPEUTIC DOSE

I. Hossain,™" H. Wagiran,” and N. H. Yaakob” UDC 535.377

In this work, we studied the thermoluminescence response of Ge- and Al-doped optical fibers, its linearity, energy
dependence, and sensitivity. The Ge-doped optical fibers demonstrate useful TL properties and represent an excellent
candidate for use in TL dosimetry of ionizing radiation. The TL response increases monotonically over a wide
photon dose range, from 0.2 Gy to 4.0 Gy. The TL results for these fibers have been compared with similar TL data
for phosphor TLD-100. Commercially available Al- and Ge-doped optical fibers have both been found to yield a
linear dose-TL signal relationship, although the Al-doped fiber provides only 5 % of the sensitivity of the Ge-doped
fibers. The TL characteristics of Ge-doped optical fiber, plus its small size (125 um diameter), high flexibility, ease of
handling, and low cost compared with other TL materials, make this commercial optical fiber a very promising TL
material for use in medicine, industry, reactor operation, and a variety of other areas.
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Introduction. Thermoluminescence dosimetry (TLD) has been widely applied in such areas as clinical radiation
medicine and personal and environmental monitoring of ionizing radiation. TLD has the advantage of providing a very
sensitive small-size dosimeter equivalent to human tissues when correctly chosen [1]. Present studies of doped SiO, optical
fibers are of interest because of their high sensitivity, low cost, and easy preparation. Some research groups have reported
favorable radiation effects in such media, the development of optically stimulated luminescence methodology for use with
doped optical fiber material, the measurement in situ of radiation-induced optical absorption in silica core fibers exposed
to fission nuclear reactors, the measurement in vivo of the absorbed dose in patients treated by radiation therapy, and the
diagnostics and use of optical fiber material directly as a nuclear track detector for fission fragments [2, 3].

Radiotherapy is one of the primary modalities used in the treatment of malignant diseases. In regard to external
photon beam radiotherapy, this is usually carried out with more than one radiation beam in order to achieve a uniform dose
distribution within the target volume and a dose as low as possible in healthy tissues surrounding the target. X-rays are used
in radiotherapy for treatment of different types of diseases or cancers [4, 5].

We have studied SiO, optical fibers as radiation dosimeters to measure the absorbed dose to patients for
in vivo dosimetry in order to overcome spatial resolution limitations of existing dosimetry systems [6-9]. The
thermoluminescence response of Ge- and Al-doped optical fibers subjected to photon and electron irradiation has been
investigated because they are also impervious to water to the extent that in some instances it then becomes possible to locate
the fiber dosimeter within a particular tissue of interest [10—14]. These optical fibers are also able to maintain a consistent
TL response after repeated exposures. The SiO, commercial optical fiber studied demonstrates useful TL properties and
is an excellent candidate for use in TL dosimetry of ionizing radiation. A response of the Ge- and Al-doped SiO, optical
fibers to the low-dose photon irradiation ranging from 0.02 to 0.24 Gy was reported in [6—8]. The present work investigates
the response of the above fibers to 0.2—4.0 Gy photon doses with the aim to use them for in-vivo dosimetry (IVD) during
radiation therapy (RT) in medical treatments.

Materials and Methods. Material preparation. The commercially available Al- and Ge-doped optical fibers chosen
for this work are from INOCORP (Canada); they have an external diameter of 124.7 = 0.1 um and a doped core diameter
of 9 um. They were selected based on their availability, homogeneity, and low cost. First, the protective polymer layer was
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Fig. 1. The TL response of the Ge- (1) and Al-doped (2) optical fibers and TLD-100 (3)
for 6 (a) and 10 MV (b) photon irradiation.

removed from the optical fiber, and then the core was cleaned of chemical and resin residues using a moist cotton cloth and
subsequently cut into 0.5 £ 0.1 cm long pieces. The mass of each fiber was measured using an electronic balance (PAG,
Switzerland). This allowed the TL yield to be normalized to unit mass of the fiber. The optical fibers were handled using
vacuum tweezers (Dymax 30 — Charles Austen Pumps Ltd). The details of material preparation are presented in [6—8].

Preheating. Preheating of the fibers retained in an alumina container was performed at 400°C for a period of 1 hour.
To avoid thermal stress following the annealing cycle, the fibers were left inside the furnace for 18 hours to finally equilibrate
at a temperature of 40°C [6]. The TLD-100 rods were placed on a stainless steel plate and annealed for 1 hour at 400°C and
subsequently for 2 hours at 100°C. After cooling, the fibers were placed into an opaque plastic container in order to minimize
exposure to potentially high ambient light levels.

Exposure to radiation. The Al- and Ge-doped optical fibers and TLD-100 rods were irradiated using 6 and 10 MV
photon beams at a 200 MU (monitor units)/min nominal dose rate from a Primus MLC 3339 linear accelerator located at the
Department of Radiotherapy and Oncology, Hospital Sultan Ismail, JB, Malaysia. The dose, arranged to be from 0.2 to 4.0
Gy, was received by a field 10 x 10 cm in size at a source-to-skin distance (SSD) of 100 cm.

Instrumentation. The optical fiber TL yield was read out using a Harshaw 4500 TL reader. A nitrogen atmosphere
was used both to suppress spurious light signals from triboluminesence and to reduce oxidation of the heating element. The
following parameters were used during the readout: preheat temperature of 50°C for 10 s; readout temperature of 300°C for
33 s, and a heating rate of 10°C/s. Finally, an annealing temperature of 300°C was applied for 10 s to sweep out any residual
signal [7].

Results and Discussion. Photon dose dependence of the TL material. The results of the experiments are presented
for a luminescence temperature of 300°C and a heating rate of 10°C/s. However, an increase in the heating rate from 1.7 to
17°C/s is known to result in a decrease of the TL main peak height for the TDL-100 by 1.7 times. There are data that optical
Ge-doped fibers show a similar trend, causing a rise in temperature that corresponds to the TL response maximum. The
experimental dependence of the TL response on dose in the 0.2—4.0 Gy range for the doped fibers and TLD-100 under 6 MV
photon irradiation is presented in Fig. 1a. Each data point was obtained by taking an average of three individual fiber readings.
The error bars represent the standard error of the mean. It is shown that the TL response varies linearly with the dose. The
change in the TL yield per unit of absorbed dose for the Ge-doped optical fiber was found to be 74 nCi-mgfl-Gy*1 against
3.5 nCi'ng ‘Gy71 for the Al-doped sample. Thus, the sensitivity of the former is =20 times higher than that of the latter. The
response of the Al-doped optical fiber is as low as ~3% of the TLD-100 medium signal.

Figure 1b shows the TL responses (nCi/mg) of the optical fibers to 10 MV photon irradiation. For the Ge-doped
optical fiber, the slope is 80 nCi-mg_l-Gy_l, while that for the Al-doped sample is 3.5 nCi-mg_l'Gy_l. So, the Ge-doped fiber
sensitivity is ~20 times higher than that of the Al-doped fibers. Moreover, the TL/photon response for TLD-100 is a factor of
1.5 higher than that of the Ge-doped fibers, while the Al-doped fibers showed practically no response.

Energy dependence of the TL response. If a TL material is to be used for radiation dosimetry, one of the main
characteristics that must be known is its energy-dependent response. The TL response is estimated with respect to the LINAC
nominal energy. Figure 2 shows the TL responses of the Ge- and Al-doped optical fibers and TLD-100 media for a 2 Gy
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Fig. 2. The TL response of the Ge- and Al-doped optical fibers and TLD-100 media for 2
Gy irradiation dose with photon energy of 6 and 10 MV.

TABLE 1. The TL Sensitivity (nCi~mg71'Gy71) for TLD-100 and Ge- and Al-Doped Optical Fibres after 6 and 10 MV Photon
Irradiations

6 MV photon
TL material 10 MV photon, present work
Present work Experiment [9]
TLD-100 138.46 121.90 3.0x 107
Ge-doped fiber 79.72 73.72 3.0x10°
Al-doped fiber 3.29 3.16 3.0x 10

irradiation dose with photons of 6 and 10 MV energies, which are, respectively, 146.06 +3.33 and 157.68 £ 10.63, 6.30 + 0.82
and 6.46 £ 0.12, and 233.07 = 1.34 and 277.93 + 6.07 nCi/mg. From the figures, a relative energy dependence can be seen.
The spectrum for these energies is very wide and the dominant effect is Compton scattering (or even pair production), which
depends on Z.¢. It is shown that the dosimeter response magnitude at higher energy is slightly larger than that at lower-energy
photon irradiation.

Sensitivity of the doped SiO, optical fibers and TLD-100. The sensitivities of the Ge- and Al-doped optical fibers
and TLD-100 are presented in Table 1. It shows that TLD-100 has a higher TL sensitivity compared to the other two TL
dosimeters. A comparison of the TL sensitivity values observed in the present work and in previous experiments [9] showed
the consistency between the results for both doped optical fibers, although the data were obtained using different LINAC
machines and TL measurements.

Conclusions. The results of the experiments are presented for a luminescence temperature of 300°C and a heating rate
of 10°C/s. The silica based Ge-doped thermoluminescence dosimeter shows higher sensitivity and better TL characteristics
as compared with the Al-doped optical fiber. The doped optical fibers were compared with TLD-100 and found to show a
linear dose—TL signal ranging from 0.2 to 4.0 Gy. The TL response depends weakly on the energy of photon irradiation. The
Ge-doped optical fibers can provide better spatial resolution compared to the typical TLD-100. The large TL signal of the
Ge-doped optical fiber can be used in a new dosimeter for a wide range of applications in medical physics.

Acknowledgments. The authors would like to thank Mr. Hassan Ali, Department of Oncology and Radiotherapy,
Hospital Sultan Ismail, Johor Bahru for help in performing the irradiation experiments, the Ministry of Higher Education for
providing a research grant, and Universiti Teknologi Malaysia for supporting a research studentship. The authors would also
like to thank the King Abdulaziz University for assistance in completing this work.

622



REFERENCES

1.

10.
11.
12.
13.
14.

P. Mayes, A. Nahum, and J. C. Rosenwald, Handbook of Radiotherapy Physics Theory and Practice, France,
Taylor & Francis (2007).

B. L. Justus, S. Rychnovsky, A. L. Houston, C. D. Merritt, and K. J. Pawlovich, Radiat. Prot. Dosim., 74, 151-154
(1997).

B. L. Justus, K. J. Pawlovich, C. D. Merritt, and A. L. Houston, Radiat. Prot. Dosim., 81, 5-10 (1999).

A. L. Houston, B. L. Justus, P. L. Falkenstein, R. W. Miller, H. Ning, and R. Altemus. Radiat. Prot. Dosim., 101, 23-26
(2002).

G. Espinosa, J. I. Golzarri, C. Vazquez, and R. Fragoso, Radiat. Meas., 36, 175-178 (2003).

N. H. Yaakob, H. Wagiran, I. Hossain, A. T. Ramli, D. A. Bradley, S. Hashim, and H. Ali, Nucl. Instrum. Methods A, 637,
185 (2011).

N. H. Yaakob, H. Wagiran, I. Hossain, A. T. Ramli, D. A. Bradley, S. Hashim, and H. Ali, J. Nucl. Sci. Technol., 48, No.
7, 1-3 (2011).

N. H. Yaakob, H. Wagiran, I. Hossain, A. T. Ramli, D. A. Bradley, and H. Ali, Appl. Radiat. Isotop., 69, 1189-1192
(2011).

S. Hashim, The Thermoluminescence Response of Doped Silicon Dioxide Optical Fibers to lonizing Radiation, Universiti
Teknologi, Malaysia (2009).

Y. A. Abdulla, Y. M. Amin, and H. B. Khoo, J. Radiol. Prot., 22, No. 4, 417-421 (2002).

A. T.Ramli, D. A. Bradley, S. Hashim, and H. Wagiran, Appl. Radiat. Isot., 67, No. 3, 428-432 (2009).

A. L. Yusoff, R. P. Hugtenburg, and D. A. Bradley, Radiat. Phys. Chem., 74, 459—-481 (2005).

G. Espinosa, J. I. Golzarri, J. Bogard, and J. Garcia-Macedo, J. Radiat. Prot. Dosimetry, 18, 1-4 (2000).

H. Wagiran, 1. Hossain, D. Bradley, A. N. H. Yaakob, and T. Ramli, Chin. Phys. Lett., 29, No. 2, 027802 (2012).

623



	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	Acknowledgments
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


