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A glow curve measurement apparatus of TLDs with a constant heating
rate and a wide measurable range has been develcped to study the
characteristics of TLDs and to apply them te synchrotronm radiation
dosimetry, The heating rates of 0.5, 1, 2, 3, and 5 °C/s are controlled
within an accuracy of + 2 % from room temperature up to 450 °C and the
TL output corresponding to the photomultiplier current from 0.0l nA to
100 A can be measured as digital values per every 1l msec through a
current digitizer, in which the linearity of the current digitizer is
guaranteed with an accuracy less than 0.1 Z.

The glow curve and the dese respomse of LiF, L123407(Mn), and
L12B407(Cu) TLDs have been measured for 60Co gagma—rays and synchrotron
radiations of 10 to 40 keV up to a couple of 10 Gy using the present
system. Apparent differences among the glow curves and the dose
responses have been observed with respect to the pheton energy and the
exposure. Consequently, the high performance of the present measuring

gystem has been demomstrated.

Keyﬁords : TLD Reader, TLD, LiF, LiZBAOT’ Glow Curve,

Supralinearity, Synchrotren Radiation, 6000.
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1. Introduction

Thermoluminescence dosimeters(TLDs} have been used for personal
dosimetry of gamma-rays above several tenth keV, and it also has
been expected to be a promising one for synchrotron radiations which
are very intense X-rays having energies less than several tenth keV,
because TLDs have great flexibility in the choice of materials and
size. Detail information of glow curves, dose responses, and energy
responses are cssential for the use of TLDs as new dosimeters.

Thus, a system has been developed to measure precisely the glow
curves and to investigate the characteristics of TLDs in detail.

The performance of the system has been investigated by measuring the
glow curves and the dose responses of LiF, LigBsO+{Mn), and
LizB40-{Cu) TLDs irradiated with ®°Co gamma-rays and synchrotron
radiations of 10 to 40 keV up to a couple of 10® Gy.

In this report, the characteristics of the glow curve measuring
system are presented with the measured results of glow curves and

dose responses.

2. Glow Curve Measuring System of TLDs

The glow curve measuring system is composed of three
instruments; a TLD reader unit, a cooling water unit, and an output
recording unit, as shown in Fig. 1. A TLD sample in a Pt planchet
is heated at a constant rate controlled using the cooling water unit
which is equipped with a semiconductor electronic cooling
controller. Thermoluminescence(TL} from TLDs is incident to a
photomultiplier tube (Hamamatsu R-1288) through two kinds of light
filters, resulting photocurrent proportional to the TL intensity.
The photocurrent and the TLD temperature monitored by a CA
thermocouple on the Pt planchet are digitized with a current
digitizer and finally the TL output are sent to an analyzing
recorder{Yokogawa 3655E), where a time constant of 1 msec is
selected to obtain an optimum S/N ratio of the photocurrent. A
infrared filter{llA-30} is generally equipped to remove

thermoelectrons emitted from heated components around the TLD, and
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another ultraviolet filter(CS-500 or B-390) pertinent to the wave
length of TL is used to make the background current of the
photomultiplier tube decreased. Optical transmission curves of the
three filters are shown in Fig. 2. The Pt planchet is a cup of 13
mm diameter and 5 mm depth so that the various types of TLDs  of
ribbons, pellets, powder and liquid are applicable. Ambient air
around the TLD is replaced with N, gas to prevent nonradiation
induced signals.®’> This effect was confirmed by measurements as
shown in Figs. 3.1 and 3.2. Photo. 1 shows the front panel of the
TLD reader unit and the cooling water unit. _

The glow curve is represented by the TL intensity vs. the TLD
temperature, and the shape is dependent on the temperature rising
rate.2>+3>.4> In the present system, the temperature rising rate of
TLDs, actually that of the Pt planchet, is controlled by feeding the
temperature of the Pt planchet back to the cooling unit from room
temperature up to 450 ‘C, and five different rates; 0.5, 1, 2, 3,
and 5 'C/s, are available. The rising rates are rather smaller than
those of conventional TLD readers to make the difference of the
temperatures between the TLD and the planchet minimized. The
profiles of temperature rising at each rate are demonstrated in
Figs. 4.1 to 4.5 with the background output of the photomultiplier
tube, respectively. The fluctuation of the rising rate becomes
maximum for 3 "C/s, but is controlled within an error of almost 22
%.

The dark current of the photomultiplier tube increases with the
temperature and depends on the light filter as given in Figs. 3.2,
5.1 and 5.2. The results suggested that the use of a B-390 filter
was effective to reduce the dark current due to thermoclectrens with
long wavelength which increased greatly at the temperature above 300
*Cc, although TL signals were absorbed partly by the filter, as well.
Two kinds of filters of HA-30 and B-390 usually have been installed.

The selection of a photomultiplier tube is important to realize
a TLD reader with low noise and wide measurable range. The
llamamatsu R-1288 photomultiplier tube is sensitive to light with
wavelength of 300 to 600 nm covering most TL emission spectra as
illustrated in Fig. 6. Optimal high voltage of -1500 volts is
recommended to the photomultiplier, but the photomultiplier gain is
proportional to the supplied voltage down to -1100 volis as shown in
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Fig. 7. Thus, lower high voltage is useful, if the TL output
exceeds 100 gA. On the other hand, the background of the present
system is less than 0.01 nA as shown in Fig. 3.2 when the two
filters of HA-30 and B-390 are used. Consequently, the present

system is applicable for wide range covering 7 fo 8 orders.

3, Application to TLD material research

Glow curves and dose responses for ®°Co gamma-rays and
synchrotron radiations have been measured using the present TLD
reader system. TLDs used were LiF(TLD-100), LigB.0+:Mn{TLD-8001},
and LiaB40,{(Cu). The former two were manufactured by Harshaw
Chemical Company and the latter by Matsushita Electric Industrial
Company. Specification of the TLDs is summarized in Table.l. The
chips of LiF and Li,B,0;{Cu) were annealed at 400°C for one hour and
Li2B40s(Mn) chips annealed at 350°C for 15 minutes in air before

irradiation.
3.1 %9 o gamma-ray experiments

Irradiation with ®°Co gamma-rays were carried out using the
8%Co facility in the Japan Atomic Energy Research Institute (JAERL}.
TLD chips were irradiated between Teflon sheets of imm thickness to
achieve an electronic equilibrium conditions. The irradiation has
been made from 8.7x107® Gy to 1130 Gy with dose rates from 1.46x10°*
Gy/s to 5.33 Gy/s in air where the dose rates were determined with
Fricke dosimeters with an accuracy of 10 %. Glow curves of Lil' TLDs
obtained with heating rates of 1, 2, 3, and 5 "C/s are presented in
Figs. 8.1 to 8.4. The results demonstrate that the slower heating
rates give the better peak resolution and the peak temperatures
shift to the lower side. The temperature shifts are also given in
Table 2. Glow curves of LIiF, LigB.0-(Mn), and Li.B.0-(Cu) for
different dose are represented in Figs. 9.1-9.6, 10.1-10.2 and 11.1-
.11.3, respectively, where the measurements have been made more than
one day later after the irradiation.

Tt has been reported that a glow curve of LiF i{s composed of

10%% or 11 peaks.®” All of the peaks, however, have never been
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Fig. 7. Thus, lower high voltage is useful, if the TL output
exceeds 100 puA. On the other hand, the backeground of the present
system is less than 0.01 nA as shown in Fig. 3.2 when the two
filters of 1IA-30 and B-390 are used. Consequently, the present

system is applicable for wide range covering 7 to 8 orders.

3. Application to TLD material research

Glow curves and dose responses for ®°Co gamma-rays and
synchrotron radiations have been measured using the present TLD
reader system. TLDs used were LiF(TLD-100), LizB 0-:Mn{TLD-800),
and LiaBa0-{(Cu). The former two were manufactured by Harshaw
Chemical Company and the latter by Matsushita Electric Industrial
Company. Specification of the TLDs is summarized in Table.l. The
chips of LilF and Li,B,0-{Cu) were annealed at 400°C for one hour and
Li2B40s(Mn) chips annealed at 350°C for 15 minutes in air before

irradiation.
4.1 ®°Co gamma-ray experiments

Irradiation with ®°Co gamma-rays were carried out using the
€9Co facility in the Japan Atomic Energy Research Institute {JAERI}.
TLD chips were irradiated between Teflon sheets of imm thickness to
achieve an electronic equilibrium conditions. The irradiation has
been made from 8.7x10°% Gy to 1130 Gy with dose rates from 1.46x107%
Gv/s to 5.33 Gy/s in air where the dose rates were determined with
Fricke dosimeters with an accuracy of 10 %. Glow curves of LiI' TLDs
obtained with heating rates of 1, 2, 3, and 5 'C/s are presented in
Figs. 8.1 to &.4. The results demonstrate that the slower heating
rates give the better peak resolution and the peak temperatures
shift to the lower side. The temperature shifts are also given in
Table 2. Glow curves of LiF, LizB.07(Mn), and LizB,0-{Cu) for
different dose are represented in Figs. 9.1-9.6, 10.1-10.2 and 11.1~
.11.3, respectively, where the measurements have been made more than
one day later after the irradiation.

It has been reported that a glow curve of LiF is composecd of

105 or 11 peaks.®? All of the peaks, however, have never becen
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observed explicitly by any experiments. In the present

" measurements, only five peaks have been distingulshed clearly as
shown in Figs. 8.1 to 8.6, in which the most dominant peak was
corresponding to the peak-5 identified by the previous work and the
peak-3 and -4 were located at the left side of the peak-5. Lower
temperature peak-1 and -2 observed just after the irradiations fade
shortly within a day, while higher temperature peak-6 to -10 or -11
classified previously have never been separated apparently despite
of the superior resolution of the present glow curve measuring
system. The temperatures of the peak-3, -4, and -5 are given in
Table 2. The glow curves of Figs. 8.1 to 8.6 also suggest that the
high temperature peaks above the main peak become larger with
increasing dose.

For Li.B407(Mn) and LizB40-{Cu) TLDs, only one peak was
observed and no difference was remarked among the glow curves
irradiated with different doses. The peak temperatures obscrved are
summarized in Table 2. The peak temperature of LizB4O+{Cu) TLD
shifted to higher one with the heating rates as similar to that of
LiF TLD.

Figures 12, 13 and 14 represent the dose responses of each TLD
for ®°Co gamma-rays. The TL intensity denotes the integration of
the glow curves. The dose responses are linear up to about 1 Gy for
LiF TLD and 120 Gy for Li2B40-7{(Mn) TLD, and become supralinear above
the doses. While, the response of LigB.0-(Cu) TLD shows a
linearity up to 650 Gy, and pecomes sublinear without any
supralinearity. The errors assigned to each data represent the
fiuctuation of the measured values with plural number of TLDs. The
error is within about *10 % for every TLD which is almost equal fo

the proper fluctuation in the sensitivity of the TLDs.
3.2 Experiments with synchrotron radiations

As similar to the ®°Co gamma-ray experiments, the glow curves
and dose responses of the TLDs were measured with respect to
monoenergetic 10 keV Lo 40 keV X-rays taken out from synchrotron
radiations of the Photon Factory in the National Laboratory for lligh
Energy Physics (KEK). The experimental configuration is illustrated
in Fig. 15. Monoenergetic X-rays are produced with a double crystal
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monochromator of Si(1,1,1), and incident to the TLD samples. Two
detectors were placed in front of the TLD samples to monitor the
absolute intensity of the X-rays and to control higher harmonic X-
rays. The absolute intensity wmonitor is a parallel plate free-air
ionization chamber™” calibrated with an accuracy of a few % with a
total absorption calorimeter.®” Monoenergetic X-rays through the
monochromator are contaminated inevitably with higher harmonic X-
rays carrying an error in the experiments. Thus, the contribution
of the higher harmonic X-rays were monitored by measuring a coherent
scattered photon spectrum-with a IIP-Ge detector. A typical
scaltered photon spectrum for 10 keV X-ravs is shown in Fig. 16, in
which the higher harmonic X-rays is contributing less than 4x107%,
although it becomes larger with decreasing the X-ray energy of
Interest. ©Subsequently, the dose contamination due to the higher
energy X-rays was neglected in the present TLD experiments.

The attenuation of X-rays in the 24 cm air path between the
center of the free air chamber and the TLDs was taken into account
in the evaluation ¢f the exposure of TLDs. Maximum correction was
0.864 for 10 keV X-rays.®’ Only X-ray beams with a small size are
avallable in the synchrotron radiations, and the intensity has a
gpatial distribution in the beam. Therefore, the TLD samnples were
scanned horizontally during the irradiation to irradiate
homogeneously.

bose responses of LiF TLDs have been measured for 10 and 30 keV
X-rays as shown in Fig. 12. The supralinearity for 10 KkeV X-rays is
reduced compared with those for 30 keV X-rays and ®°Co gamma-rays.
The maximum values of the supralinearity are 3.93 for ®°Co gamma-
rays and 2.20 for 10 keV X-rays at about 400 Gy. JLor 30 keV X-rays,
no waximum supralinearity was measured with the irradiation up to
261 Gy

Glow curves of LiF, LiaB.0-(Mn}, and LizB.0-(Cu} TLDs for 10 Lo
40 keV X-rays are represented in Figs. 17.1-17.10, 18.1-18.7, and
19.1-19.7. As for LIiTF TLDs, the contribution of higher temperature
peaks for low energy X-rays is relatively larger than that for €°Co
gamma-rays, and increases with the dose as similar to that Tor ®°Co

gamma-rays. 0Only one peak was observed for LigB.0-(NMn) TLD.



JAERI-M 92-023

4. Conclusion

A glow curve measuring system of TLD has been deveioped, and
the excellent properties were demonstrated with the measurenents of
glow curves and dose responses of LiF, Li2B.0-(Mn), and LizB,07{(Cu)}
TLDs for ®9Co gamma-rays and synchrotron radiations from 10 to 40
ke¥. The glow curves for various TLDs can be obtained with
different constant heating rates. Tn addition, the glow curve 1is
recorded as digital data to be analyzed easily and accurately with
aid of a computer which is very useful for the basic research of
TiDs including TL mechanism. Besides, it was demonstrated with the
dose response measurements of LiF, LigB,0;(Mn), and LigB40;(Cu} TLDs
that the present system was useful for wide range over 7 decades.
llence we have acqulréd a definite outlook that the present glow
curve measuring system will make the TLDs realized for synchrotron

radiation dosimetry.
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Table 1 Specification of TLDs

Material Dimensions Fumission spectra Filter used
{mm) {nm)
LiF 3.2x3.2x0.38 350-600(max. 400) TA-30 + B3-390

LiaBaO+(Mn)
LiaB40y(Cu)

3.2x3.2x0.89 530-630 (max.
39x0.065 310-440(max.

605) MA-30 + C5-500
368) TA-30 + B-390

(on a 80 pum-thick polyimid film)

Table 2 Peak tewmperatures of

irradiated with ®°Co

TLDs

gamma-rays

Materials eating rates { C/s)
1 2 3 5
LiF
peak-3 178 188 197 216
peak-4 213 226 234 250
peak-5 238 248 256 269
LizBq0+({Mn) 200
LiaB.0-(Cu) 250 265 290
{anit: "C)
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Fig. 3.2 Noise with N2 gas flow using HA-30 and B-3%0 filters at

a heating rate of 2°C/s.
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Fig. 4.1 A time-temperature profile for a heating rate of 0.5°C/s.

The lower curve shows the background output of the
photocurrent tube.
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Fig. 4.2 A time-temperature profile for a heating rate of 1°C/s.
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Fig. 4.3 A time-temperature profile for a heating rate of 2°C/s.
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Fig. 4.5 A time-temperature profile for a heating rate of 53°C/s.
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Fig. 5.1 Noise with a infrared filter (HA-30) at a heating rate of
2°C/s. '
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Fig. 5.2 Noise with the two filters of HA-30 and C$-500 at a
heating rate of 2°C/s.

)
> 10— —]
&
z -
&

ol ] I

100 200 300 500 700 1000
Wavelength (nm) |

Fig. 6 Relative sensitivity of the photomultiplier tube (Hamamatsu
R-1288) as a function of light wavelength.
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Fig. 7 Photocurrent dependence of supplied voltages. Tt shows that
voltage between -1100 V and -1500 V can be used for
measurements.
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Fig. 8.1 A typical glow curve of LiF to 6000 gamma-rays at a
heating rate of 1°C/s. The x-axis shows temperatures
with a conversion factor of 100°C/V. "SAMPLE" means
a sampling rate of the digital recorder and "IN2" a
integration value of the glow curve.
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Fig. 8.2 A typical glow curve of LiF to 6 Co gamma-rays at a
heating rate of 2°C/s.
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Fig. 8.3 A typical glow curve of LiF to Co gamma-rays at a
heating rate of 3°C/s.
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Fig. 8.4 A typical glow curve of LiF to 6000 gamma-rays at a
heating rate of 5°C/s. Peak-3 and -4 are not shown
clearly.

91/08/28 15144 SAMPLE:20.00 ms

" 0.05000V i
!

|

|

|

|

!

B 1

b

5:1.04E~3 . 5:0.00
Ei14.91E-3 : £:76.32
IN2:0.02356 i D:76.32

|

B |

|

|

|

|

|

|

- |

|

|

|

o.000 |~~~ "I~/ "~ ~"“~"~"~"“%“~ "~~~ "~"~"~""~""7°7°7
L1 |

|

|

I
¢.000 S:1.288 E:12.838 4.500V
60

Fig. 9.1 A typical glow curve of LiF at 8.73}(10_3 Gy of Co
gamma-rays. A heating rate of 2 °C/s was used.
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Fig. 9.2 A typical glow curve of LiF at 4.37x10 = Gy of = Co

gamma~-rays.
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Fig. 9.3 A typical glow curve of LiF at 8.73x10 Gv of Co
gamma-rays.
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Fig. 9.4 A typical glow curve of LiF at 8.47x101 Gy of 6OCO

gamma-rays.
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Fig. 9.5 A typical glow curve of LiF at 4.19x102 Gy of 6OCo
gamma—rays.
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Fig. 9.6 A typical glow curve of LiF at l.lelO3 Gy of 6OCO

gamma-rays. A heating rate of 2°C/s was used.
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Fig. 10.1 A-typical glow curve of L12B40 (Mn) at 5.24 Gy of 60Co

7
gamma-rays. A heating rate of 2°C/s was used.



JAERI-M 92-023

a1/908/13 15132 SAMPLE:20.00 ms

3.000V 1
I
I
i
|
1
|
" I
|
$:9.,40E-3 | $:0.00
£:0.03930 : E:156,34%
IN2:2.081 | D:156.34
[
i !
t
f
f
|
1
i
|
[
[
|
!
0.0CO0 i
|
L.000 S:1.014 E:4,246 4.500)
3

Fig. 10.2 A tyﬁical glow curve of L12B407(Mn) at 1.13x10" Gy

of 60Co gamma-rays.
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Fig. 11.1 A typical glow curve of LiZBAO7(Cu) at 4.37x10—2 Gy of

OCO gamma-rays. A heating rate of 5°C/s was used.
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Fig. 11.2 A tyﬁical glow curve of LiZBAO (Cu) at 3.14x102 Gy of

Fig. 11.3 A typical glow curve of Li

7

6000 gamma-rays. A heating rate of 2°C/s was used.
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3
2B407(Cu) at 1.13x107 .Gy of

Co gamma-rays.
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Fig. 12 TL dose responses of LiF to 6OCo gamma-rays, 30 keV, and
10 keV X-rays.
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Fig. 13 TL dose response of Li2B407(Mn) to 60Co gAmMmA-T VS .

Supralinearity was observed.
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Fig. 14 TL dose response of Li2B407(Cu) to 60Co gamma=~rays.

Supralinearity was not observed.
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Fig. 15 Experimental configuration of TLD irradiation. The TLD
holder was scanned horizontally during irradiation.
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Fig. 16 A 90° scattered spectrum of 10 keV X-ray beam and
higher harmonics
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Fig. 17.1 A typical glow curve of LiF to 10 keV X-rays at 5.14x10

Gy. A heating rate of 2°C/s was used.
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Fig. 17.2 A typical glow curve of LiF to 10 keV X-rays at 7.29X101 Gy.
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Fig. 17.3 A typical glow curve of LiF to 10 keV X-rays at 3.54x107 Gy.
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Fig. 17.4 A typical glow curve of LiF to 15 keV X-rays at 3.84}(10_l
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Fig. 17.5 A typical glow curve of LiF to 20 keV X-rays at 5.17’:»(10—1 Gy.

Gy.
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Fig. 17.6 A typical glow curve of LiF to 25 keV X-rays at 7.85xth2 Gy.
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Fig. 17.7 A typical glow curve of LiF to 30 keV X-rays at 4.65}(10_1 Gy.
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Fig. 17.8 A typical glow curve of LiF to 30 keV X-rays at 2.61x102 Gy.
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Fig. 17.9 A typical glow curve of LiF to 35 keV X-rays at 1.59 Gy.
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Fig. 17.10 A typical glow curve of LiF to 40 keV X-rays at 1.02x10-1 Gy.
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Fig. 18,1 A typical glow curve of LiZBAOY(Mn) to 10 keV X-rays at
5.14 Gy. A heating rate of 2°C/s was used.
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Fig. 18.2 A typical glow curve of Li

3407(Mn) to 15 keV X-rays at
4.37 Gy.
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Fig. 18.3 A typical glow curve of Li, B,0_(Mn) to 20 keV X-rays at
5.01 Gy. 2477
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Fig. 18.4 A typical glow curve of‘LizB40j(Mn) to 25 keV X-rays at’

3.75 Gy.
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Fig. 18.5 A typical glow curve of Li
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Fig. 18.6 A typical glow curve of L123407(Mn) to 35 keV X-rays at

5.55 Gy.
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Fig. 18.7 A typical glow curve of Li

B407(Mn) to 40 keV X-rays at
3.59 Gy.
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Fig. 19.1 A typical glow curve of L123407(Cu) to 10' keV X-rays at

4.88 Gy. A heating rate of 2°C/s was used.
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Fig. 19.2 A typical glow curve of Li,B,0_(Cu) to 15 keV X-rays at
4.17 Gy. | 27477 |
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Fig. 19.3 A typicél glow curve of Li,B,0,(Cu) to 20 keV X-rays at
5.16 Cy 247
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Fig. 19.4 A typical glow curve of Li,B,0,(Cu} to 25 keV X-rays at
27477
0.834 Gy,
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Fig. 19.5 A tybicél.glow curve of 1i.B,0_(Cu) to 30 KeV X-rays at
2.08 Gy. 2477 o
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Fig. 19.6 A typical glow curve of Li,B 0.(Cu) to 35 KeV X-rays at
6.03 Gy.. 2477 |
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Fig. 19.7 A typical glow curve of Li,B,0,(Cu) to 40 keV X-rays at
3.73 Gy. 247

Photo. 1 Front view of the TID reader system. Left is a TLD
reader unit, right is a cooling water unit.




