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Purpose : An investigation has been carried out on the factors which affect the response reading of
thermoluminescent dosimeters (TLD-100) loaded with thin material in high energy photon. The aim of
the study was to assess the energy response of TLD-100 to the therapeutic ranges of photon beam.
Materials and Methods : In this technique, TLD-100 (abbreviated as TLD) chips and three different
thin material (Tin, Gold, and Tissue equivalent plastic plate) which mounted on the TLD chip were
used in the clinical photon beam. The thickness of each metal plates was 0.1 mm and TE plastic
plate was 1 mm thick. These compared with the photon energy dependence of the sensttivities of
TLD (normal chip), TLD loaded with Tin or Gold plate, for the photon energy range 6 MV to 15 MV,
which was of interest in radiotherapy.

Results : The enhancement of surface dose in the TLD with metal plate was clearly detected. The
TLD chips with a Gold plate was found to larger response by a factor of 1.83 in 10 MV photon
beam with respect to normal chip. The sensitivity of TLD loaded with Tin was less than that for
normal TLD and TLD loaded with Gold. The relative sensitivity of TLD loaded with metal has little
energy dependence.

Conclusion : The good stability and linearity with respect to monitor units of TLD loaded with metal
were demonstrated by relative measurements in high energy photon (6 15 MV) beams. The TLD
laminated with metals embedded system in solid water phantom is a suitable detector for relative
dose measurements in a small beam size and surface dose.
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INTRODUCTION

Thermoluminescent  dosimeters are  extensively used for
dose determinations in industrid as wdl a in medical
applications. In paticular, LiF:Mg, Ti (TLD-100) has been
commonly used in the medical environment because it is a
nearly tissue equivdent materia (effective atomic number of
82 compared to 74 for tissue). The thermoluninescent (TL)
reponse of TLD-100 is not linear for large doses and its
efficiency depends on the radigion energy. Sudies of the
thermoluminescent  properties of TLD dosmeters exposed
with x- or y +ays have shown a dependence of the send-
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tivity of TLD and the suprdinearity as function of the
photon energy. It has been established that the degree of
suprélinearity increases when the photon energy increasss.”
There is necessity for meking a detector which is not
only sndler in sze but dso has more regponse for absorbed
dose in gmal fidd sizes. One of the fundamental principles
on which this sudy is based the relative importance of the
Compton scattering and pair production process that depends
on both the photon quantum energy and the atomic number
Z of the asorbing medium. The probability of par pro-
duction resulting from interaction of the photon with the
medium is more dominant for highe photon energy and
higher Z media than lower Z ones. When the energy of the
photon is greater than 102 MV, for 6, and 15 MV photon
beams, the photon interacts with matter of high atomic
number (Z) such as a metd plae (0.1 mm; Tin, Gold) on
the TLD-100 chips through the mechanism of Compton
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scattering and pair production process. The physicd density
of metd is over ten times larger than the physcal density
of LiF. Teking into account the dectron densties of Gold
(19.29x 10°° kg/m®) and LiF (2.789x 10°° kg/m), this results
in aout 4.7 times more dectrons per unit volume in Gold
than in LiF. In the range of thergpeutic megavoltage x-rays
where the Comton effect dominaes the interaction between
x+ays and matter, this leads aso to aout 4.7 times higher
attenuation per unit linear thickness for Gold than for LiF.
From the higher number of electrons per volume in Gold,
one can ds expect that the scattered eectrons would
incresse. Therefore, it could be expected tha the med
loaded on TLD influences TLD's response readings?

The am of sudy was to assess the use of metal loaded
TLD chips for the skin dose recdved for supeficia
treatments. An important prerequisite was the assessment of
the energy reponse of TLD chips to the thergpeutic en-
ergies. One of the two different metds (Tin or Gold) was
mounted on a TLD chip for higher response in photon beam
energies from 6 MV to 15 MV. Regponses of the TLD over
the dose range from 10 to 500 cGy was studied using TLD
reader. In this work, a comparison was made of the photon
energy dependence of the regponses for TLD (hormal chip),
TLD loaded with Tin plate and TLD loaded with Gold
plates”

MATERIAL AND METHODS

1 TLD Readout and Evaluation

In this study TLD-100 Harshaw chips (homind dimensions
of 3.16x 3.16x 0.89 mmY) for norma TLD chips and severd
thin materid plaes (Tin, Gold and TE plastic plate) were
used. All the thin maerid plates have the same aea as
TLD. One of two diffeeent meta plate with thickness 0.1
mm and TE plastic plate of 1 mm thickness was Smply
loaded on TLD-100. TL dosmeter without any thin maeria
plate (abbreviated as ncnorma  chips) and TL dosimeter
loaded with one of the metd plaes (ebbrevided as mc;
TLD chip with one of metal plates, tc; TLD chip with Tin
plate, gc; TLD chip with Gold plate) were invedtigaed as
dosimeter for evduations of photon absorbed dose. TLD
with TE (tissue equivdent) plagtic plate was cdled pc. TLD
was embedded in 1 mm depth and 32x32 mm’ square
hoe of solid wae phantom which just accommodate one
chip. Then, One of the thin maerid was simply mounted on

the TLD with vacuum tweezer.

The TL dosimeters were read in a TLD reader (Harshaw
TLD reader 5500) in a two-step readout cycle after preread
aneding a 100 for 10 mins (PTWO anneding oven).
The readout cycle conssted of a linear heating rate of 11
/sec (40 240 ), followed by and isothermd plateau for 25
. 0, the dosimeters were read in a two-step process, the
fird being a 10 sec preread aned and the second the
readout step. The integrd over dl channels (channd width
0.1 se¢) in the second step was used as the TLD reading. It
was recorded as charge collected by the photomultiplier in
nanocoulomb (NC). A Perna Computer, on line, alowed the
gow-curve andysis” The background dose during the
investigation period of one year from aout 04 nc to 0.6
nc. All chips were aneded (1h 400 followed by 2h 10
0 ) in a dedicaied TLD ameding oven (PTW, TLDO)
after each readout. Especially for this sudy al chips were
annedled in a dean PYREX dish. It was noted that contact
with any metd contain may damage TLD chips crysd
during anneding cyde according to the TLD manual of
Harshav/Flitrol Chemical company in 1990. In genera TL
phogphors give the best peaformance as dosimeters if they
receive uniform, reproducible, and optimal (depending on the
phogphor) heat trestment before and after use. Cleaning of
the TLD chips was not found to be necessry between
irrediations.

The response of individua chips was corrected for dif-
ferences in their relative senstivity, usng a chip factor
determined by previous messurements of the response of all
chips to a common dose. Experimentd and calibrating mea
urements ae made using a total of 10 TLD chips, where
each chip was individuadly calibrated for dose regponse.

2. TLD Surface Dose

All radiation was delivered by SIMENS MEVATRON
accdeaaor. The accdeaor was cdibrated to give a dose of
delivered 100 cGy per 100 monitor units (MU) at the depth
of maximum dose (field size 10x 10 om’, SD 100 cm).
The nc and mc dosmeters were embedded in a square hole
on the aurface of solid water phantom to fit single TLD
chip. The Exposure of nc and mc chips were made in the
6, 10, and 15 MV photon beams on the surface of a 20 cm
thick solid water phantom a a field sze of 10x 10 an® and
100 cm SD. In each TLD exposure, five TLD-100 chips
were irradiated to reduce eror. Surface dose response of
TLD measurements of nc and mc chips were made fol-
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lowing exposure to photon beam a vaious dose levels
between 10 MU and 500 MU.”

RESULTS AND DISCUSSIONS

1 Surface dose response cuwes

The TLD dosimeters (nc and mc) being embedded in the
solid water phantom surface were given varied exposures in
photon beams of each type measured, and families of
rface dose reponse curves were plotted. The family of
aurface dose response of the nc, tc and gc for 6, 10, 15
MV photon beam is shown in Fg. 1, 2, and 3. All results
are the average of 5 TLD chips measurements. These curves
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Fg. 1. Relative surface dose response aurves for normal
TLD chip. Each curve is for one photon energy.

show the sendtivity of the nc and mc chips for doses
between 10 to 500 MU and their variation of dose response.
The degree of supralinearity incresses as beam energy in-
oeases, excegpt for tc which consgently shows a lower
wprdinearity than others. The sendtivities were caculated
from the dopes of surface dose response curves. Sengtivity
of TLD chip was taken as response pa dose (U C/MU) in
the goproximately linear region. The different dopes of the
aurves show, however, that the sengtivity depends on photon
energy, fdling off somewha as photon energy rises. It
means that the photon beam with lower energy (6 MV) has
the higher aurface dose than that of higha energy (15 MV)
naturally. The curves of tc in Fig. 2 have a good linearity
of dose in 6, 10, and 15 MV photon beam. In Fg. 1 and
Fg. 3, nc and gc show the damilaity of dopes & 10 MV
and 15 MV photon energies. However, mc signd intensity
was higher than nc chips. TLD chips with a Gold plae was
found to over reponse by a factor of 183 in 10 MV
photon beam with respect to norma chip without any
materid.

2. Energy dependence

Fig. 4 shows the rdative sendtivity of each TLD dos-
meter of nc as a function of the photon beam energy. The
energy response curve was determined usng the relative
sengtivities of each TLD chip of nc in Table 1 The sn-
gtivities of each chip wee cdaulated from the dopes of
aurface dose reponse aurves in Fig. 1, 2, and 3. The
verticd coordinate is relative sengtivity, and each curve is

1l tc chips

TLD response (pl)
L
L

nominal dose (ML)

18+
:f: g chips ]

612-.
S L~
g ] /
E 8- ’/"1.1' Pl
E an / A
——
i =

o

0 Wwo 20 0 400 |1
neminal dose (MU}

Fg. 2. Relative surface dose response curves for TLD with
Tin plate. Each curve is for one photon energy.

Fg. 3. Relative surface dose response curves for TLD with
Gold plate. Each curve is for one photon energy.
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Table 1 Chracteristics of TL Dosimeter with Thin Meterial

Type of TL dosmeter nc tc gc pc
Loaded thin material on TLD-100 None Tin Gold TE Pagtic
Thickness of loaded thin material (mm) None 01 01 1
Equivalent thickness of thin material to tissue (mm) None 053 14 1
Relative senstivity to nc for 6 MV photon beam 1 128 167 139
Relative senstivity to nc for 10 MV photon beam 1 15 183
Relative senstivity to nc for 15 MV photon beam 1 136 173
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Fg. 4. Energy dependence plotted as photon beam energy
againg relative sengtivity to normal TLD.

scaled to have a rdative sengtivity respect to that of nc a
each photon energy. In Fig. 4, the lower curve shows the
results from nc measurements and the upper curves show the
results of mc measurements, which gives a dearer depiction
of the higher rdative senstivity of mc chips of nc. Fg. 4
shows that the rdaive sengtivity changes in tc and gc
dosmeters are Smilar in magnitude as photon energy rises.
The rexlts shown in Fig. 4 suggest that the energy
independence of the mc chips to be presented a the higher
energy photons.

3. Equivalent thickness of metal plate

The reative reading of TLD chip with thin materid is
given as the charge collected in the photomultiplier during
readout in p C as digplayed in FHg. 1, 2, and 3. As the
measured dose increasses differently with the properties of
thin materid used, one can expect tha the relative dose
reponse (messured in a p C) should increase with the
amount of electron dendty or equivdent thickness of thin

Fig. 5. Surface dose measurements plotted as equivalent
thickness of thin material.

material. This can be seen in Fig. 5. where the TLD res
ponse is plotted againg the equivaent thickness of thin
material plate to tissue of the four TLD chips shown in
Teble 1L The TLD regponse vaies between the different
types of chips. For 6 MV photon beam as the hominal dose
was 100 MU, the incesse in signd with equivaent
thickness of thin materid plate is dmost linear. It is lowest
for the nc chip and the highest for the gc chip. The reaults
shown in FHg. 5 emphasize the role of Compton effect on
metd plae in this range of beam energy. However, this
may dso be due in pat the lower effective depth of mea
rement of nc (without any thin materid plate) and build
up effect for open fields”

CONCLUSION
In this paper to determine the metal loaded TLD regponse

& a function of the photon energy, we show that the
consderable increase in TLD response per unit dose & high
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photon energies by an ever-increasing relative contribution of
Compton scattering and pair production to the total dose of
clinical photon beam.” The response of gc is the most
sndtive to the presence of the higher energy photons. TLD
chip with a Gold plate was found to large regponse by a
factor of 183 in 10 MV photon beam with respect to
norma chip. The degree of supralinearity increases as beam
energy increeses, except for tc which consigently shows a
lower suprdinesrity than others. Having relatively energy
independence of regponse in the therapeutic x-ray range, mc
is auiteble for determination of dose distribution even when
the photon gpectrum varies somewhat with postion.

Conclusons regarding mc chips are tha energy depen-
dence is smdl enough to require only smal corrections for
energy dependent ectra and the linearity of dose response
is better with mc than with nc dosmeter. The results shdl
provide the background to the implementation of the techni-
que for in vivo patient dosmetry. Meta loaded TLD techni-
que has the potentiad to give the clinician a reading for the
skin dose.
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