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Abstract This paper reports thermoluminescence (TL) properties of Ce®" doped
yttrium silicate phosphor. The phosphor is synthesized by a solid state reaction
method which is suitable for large scale production. Starting materials used for
sample preparation were Y,03, SiO,, CeO, and a fixed concentration of boric acid
used as a flux. The prepared phosphors for different concentrations of Ce®™ were
examined by observing their TL glow curves for UV irradiation (254-nm source).
The samples show a well resolved broad peak covering a temperature range of
50-375 °C. The kinetic parameters such as activation energy, order of kinetics and
frequency factor were calculated by the peak shape method. Most of the peaks show
general order kinetics. The effect of UV exposure on TL was also examined and a
linear response to dose was shown, indicating the sample may be useful for a TL
dosimeter. The kinetic parameters were calculated using a computerized glow curve
de-convolution (CGCD) technique.
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Introduction

Thermoluminescence (TL) is the thermally stimulated emission of light following
the previous absorption of energy from radiation like o, f3, y, X-rays or ultraviolet
(UV) rays. There are three essential conditions necessary for production of TL.
Firstly, the material must be an insulator or semiconductor; metals do not exhibit
luminescent properties. Secondly, the material must have at some time absorbed
energy during exposure to radiation. Thirdly, the luminescence emission is triggered
by heating the material. It is the characteristics of TL that, once heated to excite the
light emission, the material cannot be made to emit TL again by simply cooling the
material and reheating. In order to re-exhibit the luminescence, the material has to
be re-exposed to radiation. The normal way of displaying TL data is to plot
luminescence intensity as a function of temperature, known as a ‘glow curve’ [1].
The relationship between irradiation dose and TL intensity enables potential
application of the sample in dosimetry [2, 3]. TL dosimetry has been an active field
for environmental and personal radiation monitoring. It has been found that the
intensity and area of TL glow peaks are proportional to the received dose and this
has been the basis for dosimetry of ionizing radiations by TL phosphors. The
intensity of light emitted during heating by a sample gives an idea about the
radiation dose given to it and the concentration of defect centers caused by the
interaction of ionizing radiation with the matter comprising the sample [4—6]. TL is
used in diverse fields such as dosimetry, geology, biology, archaeology, biochem-
istry, space science, forensic science, TSL photography, radiation physics and so on.

The TL glow curve is related to the trap levels lying at different depths in the
band gap between the conduction and the valence bands of a solid. These trap levels
are characterized by different trapping parameters such as trap depth, order of
kinetics, and frequency factor [7]. The loss of dosimetry information stored in the
materials after irradiation is strongly dependent on the position of trapping levels
within the forbidden gap, which is known as trap depth or activation energy (E). The
mechanism of recombining de-trapped charge carriers with their counterparts is
known as the order of kinetics (b). The frequency factor (s) represents the product of
the number of times an electron hits the wall and the wall reflection coefficient,
treating the trap as a potential well. Thus, a reliable dosimetry study of
thermoluminescent material is based on its trapping parameters [8].

Y,SiOs is a well known luminescent material. It is used in positron emission
tomography (PET). TL studies of Y,SiOssingle-crystal and single-crystal film after
o and f irradiation [9], and Y,SiO5 phosphor (YSO) crystal after X-ray irradiation
[10, 11] have been done by many researchers.

The present study shows the effect of Ce®" concentration on the TL properties of
Y,SiOs phosphor (YSO) synthesized by solid state reaction method. The TL glow
curves show a single peak for UV radiation. The effect of different UV exposure
times for different Ce** concentration Y,SiOs was interpreted. The effect of heating
rate on TL was studied and trapping parameter calculations were interpreted by the
peak shape method. Manuscript gives the important factor for UV dosimetric
applications in silicate-based phosphor. The effect of cerium ion concentration and
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the calculation of kinetic parameters provides information about dosimetric loss in
the prepared phosphor.

Solid state synthesis of Y,SiOs:Ce** phosphor

For synthesis of samples via solid state reaction method, Y,03, SiO, and CeO, were
mixed in a stoichiometric ratio by dry grinding in mortar and pestle for nearly
45 min. The mixture was taken in alumina crucible and fired in air at 1000 °C for
1 h, followed by dry grinding and further heated at 1400 °C for 3 h in a muffle
furnace in the presence of boric acid (H3BOs) as a flux. The concentration of Ce’™
ions were 0.1-2.5 mol% [12].

Crystalline phases and sizes of prepared phosphors were characterized by X-ray
powder diffraction (XRD) carried out using a Bruker D8 Advance X-ray diffractometer.
The X-rays were produced by a sealed tube and the wavelength of X-ray was 0.154 nm
(Cu K-o). The X-rays were detected using a fast-counting. detector based on silicon strip
technology. Fourier transform infrared (FTIR) analysis was carried out at room
temperature in the wave number range of 4000-400 cm ™' on a Bruker spectrophotometer
(Germany). For measurement of FTIR spectra, the sample was mixed with a mulling
agent, like mineral oil, and pressed between plates of potassium bromide because it is
transparent to 400 cm ™', The size of the crystallite was calculated by using Scherer’s
formula. The obtained phosphor under the TL examination is given UV radiation using a
254-nm UV source TL glow curves were recorded at room temperature using a TLD
reader 11009 supplied by Nucleonix Sys. Pvt. Ltd. Hyderabad [13-16].

Characterization of prepared phosphor
XRD of Y,SiOs:Ce®* phosphor

Figure 1 shows the XRD pattern of Y,SiOs:Ce®" phosphor for variable concen-
trations of Ce>™ (0.1, 1, 1.5, 2 and 2.5 mol%). From the XRD pattern, there is no
considerable change in the peak position with the doping concentration of Ce** and
in the final crystallite size of the phosphor, the peak index revealed the monoclinic
phase of Y,SiOs. They are in good accordance with JCPDS card no. 36-1476. It is
indicated that there is no other impurity phase that can be observed in the phosphor
sample. From these experimental results, we can conclude that Ce®" ions have been
introduced into the Y,SiOs lattice, and do not cause any change in the monoclinic
structure. Any effect of flux (H;BO3) was not found in the XRD patterns. The size
of the crystal was computed from the full width half maximum (FWHM) of every
peak using Scherer’s formula [17]. The crystallite size calculated by Scherer’s
formula is presented in Table 1. It confirms the formation of nano-crystallites in
phosphor Y,Si0s:Ce**.

Additional details regarding the particle size distribution and morphology of the
prepared phosphor were provided by scanning electron microscopy (SEM) and field
emission gun scanning electron microscopy (FEGSEM).
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Fig. 1 XRD pattern of Y,SiOs:Ce*"

Table 1 Crystallite size

calculation of S. No 20 FWHM hkl D crystallite size (nm)

:;s;?ns:CeHusmg its XRD | 2201 018 " -
2 24.99 0.20 112 40
3 29.11 0.25 013 34
4 30.66 0.32 402 23
5 33.56 0.12 312 50
6 35.08 0.23 411 38
7 39.37 0.15 420 445
8 41.17 0.31 031 24.6
9 48.64 0.40 314 20
10 50.16 0.34 431 22
11 52.78 0.34 622 22
12 57.34 0.32 042 23

Prepared phosphor was characterized by SEM and FEGSEM images, and it was
found that the particle sizes were distributed between nanometers to a few microns,
with a compact distribution and a clustered-like structure (Fig. 2a, b).

FTIR analysis of Y,Si0s:Ce>*

Figure 3 shows FTIR spectra of the sample. In the spectrum, the absorption band of
silicate groups are clearly evident. The intense broad band from 909 to 1100 cm™"
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Fig. 3 FTIR spectra of Y,Si0s:Ce"

is assigned to the presence of a Si0427 group. The bands at 408, 420, 427, 444, 458,
478, 483 and 489 cm ™' are assigned to the Si—O-Si vibrational mode of bending.
The band at 552 cm™ ' is due to bending vibration of Y-O bonds. The peaks at 687
and 718 cm™" are assigned to Ce—O vibration. Two small peaks originated at 2365
and 2924 cm™" are due to filter contamination of the FTIR instrument.

TL studies

Kinetic parameters such as trap depth (E) which is the loss of dosimetry information
stored in the materials after irradiation, order of kinetics (b), which is the
mechanism of recombination of detrapped charge carriers with their counter parts,
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Fig. 4 a Representation of shape factors 7, d, and w [1]. b Graph between the kinetic order (b) and the
geometrical factor [1]

and the frequency factor (s), which represents the product of the number of times an
electron hits the wall and the wall reflection coefficient, treating the trap as a
potential well for the glow curves, which were obtained after UV excitation. The
estimation of trap depth (E) was done by applying Chen’s peak shape method with

Eq. ().
E, = cy(kTy /o) — by(2kTy) (1)

where k = Boltzmann constant. o = t, 6, . The values of ¢, and b, are summa-
rized as below:

co= 1510 4 3.0(u — 042) b, = 1.58 + 42(u — 0.42)
cs = 0976 + 7.3 (u—0.42) bs=0

Co= 252+ 102(u — 042) b, =1

The relationship between the frequency factor (s) and the trap depth (E) is given by
the following equation:
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BE/KT? = sexp(—E/kTy) [l + (b — 1)(2kTy /E)] (2)

In Fig. 4a, Ty, T, = temperatures on either side of T, corresponding to half
intensity

1=Ty—T10=T—Ty,w =T, —Tiand pp = 5/ w.

The value of order of kinetics (b) may be estimated by the value of the shape factor
(1) using the following graph (Fig. 4b) [18].

TL studies for different UV exposure time

Figure 5 shows the TL glow curve of Y,SiOs doped with 0.1 mol% Ce*" for
different UV exposure times at a constant heating rate (i.e., 5 °C s~ '). The sample
show peaks at 159.2, 154.8, 159.2, 156.5, 159.2 and 159.2 °C for 5, 10, 15, 20, 25
and 30-min UV exposure time, respectively, and shows general order kinetics. The
TL intensity increases up to 20 min of UV dose, then it decreases. Table 2 shows
the effect of different UV exposure times on the peak temperature of the phosphor.
To estimate the order of kinetics, the shape factor was calculated by the peak shape
method [8, 15, 16]. For Y,SiO5 doped with 0.1 mol% Ce3+, the frequency factor
found between 1.8 x 10°and 6.5 x 10®. Trap depth was also calculated, which was
found to be in the range from 0.67-0.80 eV.

Figure 6 shows the TL glow curve of Y,SiOs doped with 0.2 mol% Ce** with
different UV exposure times at a constant heating rate (i.e. 5 °C s~'). The sample
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Fig. 5 TL glow curve of Y,Si05:Ce*" (0.1 %) for different UV exposure times with a heating rate of
5°Cs™!
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Table 2 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:
Ce(0.1 %) phosphor

UV exposure T T T, T 0 0] U= 0/ Activation Frequency
(min) energy (E)  factor (s)
5 126.7 159.2 187.2 32,5 28.0 605 0.46 0.70 3.3 x 107
10 123.1 1548 1827 317 279 59.6 047 0.72 7.9 x 107
15 1284 159.2 1873 30.8 28.1 589 048 0.77 2.8 x 10°
20 1239 1565 183.6 326 27.1 59.7 045 0.67 1.8 x 107
25 124.8 159.2 184.6 344 254 59.8 042 0.60 1.8 x 10°
30 1294 159.2 1863 298 27.1 569 048 0.80 6.5 x 10°
550 - 153.8°C
500 N
] 8%ac
450
. 400 +
S 350 —a—5min
o 1 °C —e— 10 min
= 300 .
% { —Aa— 15 min
£ 250 —v— 20 min
S 1 —&— 25 min
2 200 .
£ 1 —<—30 min
150
1007 250°C
50
0 T T T T T T T T
0 50 100 150 200 250 300 350
Temperature(“C)

Fig. 6 TL glow curve of Y,Si0s:Ce*" (0.2 %) for different UV exposure times with a heating rate of
5°Cs™!

shows peaks at 158.4, 153.8, 153.8, 157.4, 157.4 and 155.6 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
TL intensity increases up to 10 min of UV dose, then it decreases. Table 3 shows
the effects of different UV exposures time on peak temperature of the phosphor. For
Y,SiOs doped with 0.2 mol% Ce*", the frequency factor lies between 2.5 x 10°
and 2.8 x 10”. Trap depth was also calculated and was found to be in the range of
0.61-0.69 eV.

Figure 7 shows the TL glow curve of Y,SiOs doped with 0.5 mol% Ce** with
different UV exposure times at a constant heating rate (i.e. 5 °C s~ '). The sample
shows peaks at 156.0, 156.0, 156.0, 156.0, 154.4 and 154.0 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
TL intensity increases up to 20 min of UV dose, then it decreases. Table 4 shows
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Table 3 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:

Ce(0.2 %) phosphor
UV exposure T T T T 0 0] U= 0/ Activation Frequency
(min) energy (E)  factor (s)
5 1248 1584 187.2 336 288 624 046 0.67 1.6 x 107
10 119.5 1538 1809 343 271 614 044 0.62 43 x 10°
15 119.5 1538 180.0 343 262 605 043 0.60 2.7 x 10°
20 124.8 1574 1855 326 281 60.7 0.46 0.69 2.8 x 107
25 124.8 1574 1855 326 281 60.7 0.46 0.69 2.8 x 107
30 120.3 1556 186.6 353 28.0 633 044 0.61 2.5 x 10°
600
B 0,
550 - 44°C
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_ 450—_ ’/ \<o 7-75m|r!
= 400 <4 6 C 7.710 min
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Fig. 7 TL glow curve of Y,Si0s:Ce*" (0.5 %) for different UV exposure times with a heating rate of

5°Cs!

Table 4 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:

Ce(0.5 %) phosphor

UV exposure T T, T, T 0 o) u=0lw Activation  Frequency
(min) energy (E)  factor (s)

5 1239 1560 183.6 32.1 27.6 59.7 046 0.70 3.5 x 107
10 126.7 1560 1819 293 259 552 047 0.79 45 x 108
15 125.8 156.0 1809 30.2 249 551 045 0.73 8.4 x 107
20 127.5 156.0 186.0 285 300 585 0.51 0.85 24 x 10°
25 1239 1544 1809 305 265 57.0 046 0.73 9.0 x 107
30 121.2 1544 1819 332 275 60.7 045 0.65 1.1 x 107
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Fig. 8 TL glow curve of Y,SiOs:Ce*" (1 %) for different UV exposure times with a heating rate of
5°Cs™!

Table 5 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:
Ce(1 %) phosphor

UV exposure T T T, T 4 w 1= 0dlow Activation Frequency
(min) energy (E) factor (s)

5 1214 1484 1773 2720 2890 56.10 0.52 0.89 8.9 x 10°
10 126.7 156.0 1827 29.30 2670 56.00 0.48 0.81 8.0 x 10°
15 124.8 1528 1809 28.0 28.10 56.10 0.52 091 1.5 x 10"
20 1222 1505 1783 28.30 27.80 56.10 0.50 0.87 5.9 x 10°
25 123.1 1537 1819 30.60 2820 58.80 0.48 0.76 2.1 x 10
30 124.8 156.0 1809 31.20 2490 56.10 0.44 0.69 3.1 x 107

the effect of different UV exposures on the peak temperature of the phosphor TL
glow curve. For Y,SiOs doped with 0.5 mol% Ce**, the frequency factor found
between 1.1 x 107 and 2.4 x 10°. Trap depth was also calculated and it is in the
range of 0.65-0.85 eV.

Figure 8 shows the TL glow curve of Y,SiOs doped with 1 mol% Ce®" with
different UV exposure times at a constant heating rate (i.e. 5 °C s~'). The sample
shows peaks at 148.4, 156.0, 152.8, 150.5, 153.7 and 156.0 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
TL intensity increases up to 10 min of UV dose, then it decreases. Table 5 shows
the effect of varying UV exposure on the peak temperature of the phosphor. For
Y,SiOs doped with 1 mol% Ce**, the frequency factor is between 3.1 x 107 and
1.5 x 10", Trap depth was also calculated and it is in the range of 0.69-0.91 eV.
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Fig. 9 TL glow curve of Y,Si0s:Ce*" (1.5 %) for different UV exposure times with a heating rate of
5°Cs™!

Table 6 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:
Ce(1.5 %) phosphor

UV exposure T T, T, T 0 w 1= 0lw Activation  Frequency
(min) energy (E)  factor (s)

5 1239 154.1 1803 302 262 564 0.46 0.74 12 x 108
10 1293 1587 184.6 294 259 553 047 0.80 52 x 108
15 1269 1575 1869 30.6 294 60.0 0.49 0.78 3.1 x 108
20 1259 1532 1835 273 303 576 053 0.91 1.5 x 10
25 127.1 1553 179.1 282 238 520 046 0.81 8.4 x 10°
30 1259 1541 1803 282 262 544 048 0.82 1.1 x 10°

Figure 9 shows the TL glow curve of Y,SiOs doped with 1.5 mol% Ce** with
different UV exposure times at a constant heating rate (i.e. 5 °C s~"). The sample
shows peaks at 154.1, 158.7, 157.5, 153.2, 155.3 and 154.1 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
TL intensity increases up to 10 min of UV dose, then it decreases. Table 6 shows
the effect of different UV exposures on the peak temperature of phosphor. For
Y,SiOs doped with 1.5 mol% Ce*", the frequency factor ranges from 1.2 x 108 to
1.5 x 10'°. Trap depth was also calculated and was found to be in the range
0.74-0.91 eV.

Figure 10 shows the TL glow curve of Y,SiOs doped with 2 mol% Ce** with
different UV exposure times at a constant heating rate (i.e. 5 °C s~'). The sample
shows peaks at 145.2, 152.8, 152.8, 154.5, 154.5 and 157.0 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
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Fig. 10 TL glow curve of Y,SiOs:Ce*" (2 %) for different UV exposure times with a heating rate of
5°Cs™!

Table 7 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:
Ce(2 %) phosphor

UV exposure T T, T, T [ w u=0lw Activation  Frequency
(min) energy (E)  factor (s)
5 1149 1452 1714 303 262 565 046 0.74 1.9 x 10°
10 124.1 1528 179 28.7 262 549 048 0.83 1.6 x 10°
15 124.1 1528 179 28.7 262 549 048 0.83 1.6 x 10°
20 1259 1545 1815 28.6 27 55.6 049 0.83 1.5 x 10°
25 124.1 1545 1815 304 27 574 047 0.75 1.5 x 10°
30 1266 157.0 1883 304 313 61.7 0.51 0.81 1.3 x 10°

TL intensity increases up to 10 min of UV dose, then it decreases. Table 7 shows
the effect of different UV exposure time on the peak temperature of the phosphor.
For Y,SiOs doped with 1.5 mol% Ce®", the frequency factor ranges between
1.3 x 10” and 1.9 x 10°. Trap depth was also calculated and was found to be in the
range 0.74-0.83 eV.

Figure 11 shows the TL glow curve of Y,SiOs doped with 2.5 mol% Ce®" with
different UV exposure times at a constant heating rate (i.e. 5 °C s~'). The sample
shows peaks at 149.4, 152.8, 153.7, 157.9, 151.2 and 153.7 °C for 5, 10, 15, 20, 25
and 30-min UV exposure times, respectively, and shows general order kinetics. The
TL intensity increases up to 15 min of UV dose, then it decreases. Table 8 shows
the effect of different UV exposure time on the peak temperature of the phosphor.
For Y,SiOs doped with 1.5 mol% Ce®", the frequency factor ranges between
1.0 x 10* and 5.2 x 10°. Trap depth was also calculated and was found to be in the
range 0.74-0.87 eV.
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Fig. 11 TL glow curve of Y,SiOs:Ce*T (2.5 %) for different UV exposure times with a heating rate of
5°Cs™!

Table 8 Shape factor (u), activation energy (E), and frequency factor (s) for UV-irradiated Y,SiOs:
Ce(2.5 %) phosphor

UV exposure T T T, T 3 10} u=0d/lw Activation  Frequency
(min) energy (E)  factor (s)
5 120.8 1494 1756 286 262 548 048 0.82 1.5 x 10°
10 1250 1528 1798 278 27 54.8 049 0.87 52 x 10°
15 124.1 1537 1781 296 244 54 0.45 0.75 1.6 x 108
20 1284 1579 1815 295 23.6 531 044 0.74 1.0 x 108
25 124.1 1512 1774 27.1 262 533 049 0.86 43 x 10°
30 124.1 1537 1781 296 244 54 0.45 0.86 43 x 10°

Concentration effect on TL glow curve

Figure 12 shows the TL glow curve of Y,SiO5 doped with variable concentrations
of Ce** (0.1-2.5 %) for fixed UV exposure times (i.e., 10 min at a constant heating
rate of 5 °C s™'). The sample shows general order kinetics. The TL intensity
increases up to 0.2 % cet concentration, then it decreases. Table 9 shows the
effect of different Ce®" concentrations on the peak temperature of the phosphor. For
Y,SiOs doped with variable Ce**, concentration frequency factor ranges between
43 x 10%and 5.2 x 10°. Trap depth was also calculated, and was found to be in the
range 0.62-0.87 eV.

The decrease in TL glow curve intensity is due to the Ce®™ jon increases; ion—
ion interaction between the host and dopant occurs and, due to this phenomenon, the
peak intensity of the TL glow curve decreases. This is known as concentration
quenching.
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Fig. 12 TL glow curve of Y,SiOs:Ce" for variable Ce>* concentrations (0.1-2.5 %) with a heating rate
of 5°Cs™"

Table 9 Shape factor (u), activation energy (E), and frequency factor (s) for 10 min UV-irradiated
Y,Si05:Ce*" phosphor with variable Ce** concentrations

Ce®* concentration T T T, T 0 w 1= dlw Activation Frequency
(%) energy (E) factor (s)
0.1 123.1 154.8 1827 31.7 279 59.6 047 0.72 7.9 x 107
0.2 119.5 153.8 1809 343 27.1 614 044 0.62 43 x 10°
0.5 126.7 156.0 1819 293 259 552 047 0.79 45 x 108
1.0 126.7 156.0 1827 293 267 56.0 048 0.81 8.0 x 10
1.5 1293 1587 184.6 294 259 553 047 0.80 52 x 108
2.0 124.1 1528 178.1 287 253 54.0 047 0.80 7.2 x 107
2.5 125.0 1528 179.8 27.8 27.0 54.8 0.49 0.87 52 x 10°

Heating rate effect

Figure 13 shows the TL glow curve of Y,SiOs doped with of Ce*t (0.2 %) for a
fixed UV exposure time (i.e. 10 min) at variable heating rates. The sample shows
general order kinetics. As the heating rate increases, the TL peak shift towards
higher temperature side and intensity decreases; it might be due to the thermal
quenching of TL due to an increase in heating rate [14]. Table 10 shows the effect
of different heating rates on peak temperature of the phosphor TL glow curve. For
Y,SiOs doped with 0.2 % Ce*", concentration frequency factor ranges between
3.3 x 10° and 4.5 x 10. Trap depth was also calculated and was found to be in the
range 0.54-0.71 eV.
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Fig. 13 TL glow curve of YzSiO_;:Cf:3Jr (0.2 %) for 10-min UV dose with variable heating rates

Table 10 Shape factor (u), activation energy (E), and frequency factor (s) for 10-min UV-irradiated
Y,Si05:Ce* (0.2 %) phosphor with variable heating rates

Heating rate T T, T, T 0 10} 1 =0dlw Activation  Frequency
©Cs™h energy (E) factor (s)
2 117.1 1466 1686 295 220 515 043 0.69 1.7 x 107
4 121.3 1525 1787 315 262 574 046 0.71 45 x 107
6 1254 160.1 190.5 347 304 651 047 0.67 1.4 x 107
8 1284 1709 2054 425 345 770 045 0.54 33 x 10°

Computerised glow curve deconvolution (CGCD) analysis

TLD phosphor generally exhibits one or more peaks when the charge carries (holes
or electrons) were released. The dosimetric properties of TL materials largely
depend on the kinetic parameters (E, b and s). These parameters will give valuable
information about the mechanism responsible for the emission in the phosphor. For
good TLD phosphor, a clear knowledge of its kinetic parameters is highly essential.
These parameters can be estimated using Chen’s set of empirical equations. For the
peak shape method, by deconvoluting the glow curve using glow curve deconvo-
lution (Fig. 14). The peak shape method was generally called Chen’s peak method
which was used to determine the kinetic parameters of the glow peak of the TL
materials (Table 11).

The estimated kinetic parameters for Y,SiOsCe’" phosphor is calculated by
curve fitting techniques applied to the CGCD curve of the experimental data and the
peak shape method proposed by Chen and others. Here, three distinct peaks were
found and the shoulder peak at 250 °C was easily determined by this technique.
Kinetic parameters were easily described for higher temperature peaks and all peaks
were fitted easily. Activation energy was found in the range 0.54-0.81 eV and order
of kinetics was found to be in the first order.

@ Springer



2282

Y. Parganiha et al.

700 - 431K
600
500 - ':E'gé'.
— |
3 T il
< 400 - A
2 —=— Experimetal glow curve
@ 1 Peak 1
2 300 —e— Peak 2
£ i —=— Peak 3
200
100
0+ T T T T T T 1
300 350 400 450 500 550 600 650 700 750
Temperature (K)
Fig. 14 CGCD curve of experimental TL glow peak
Table 11 Typical trapping parameters of the deconvoluted peaks
Peak T, T, T, T 0 w u=olw Activation Frequency
energy (E) factor (s)
Peak 1 129 158 179 29 21 50 042 0.81 5 x 10"
Peak 2 127 173 208 46 35 81 0.43 0.54 1 x 107
Peak 3 194 250 291 56 41 97 0.42 0.61 6 x 10°

Fig. 15 Trap model for UV-
irradiated Y,Si0s:Ce™*
phosphor
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Discussion and model for UV-irradiated phosphor

We present a model to explain the TL response of Y,SiOs:Ce®" phosphor to UV
radiation. In existing model, irradiation of a sample with an electron beam creates
two types of trap, one shallower and the other deeper, in the forbidden band gap of
the material (Fig. 15). When a sample is irradiated with UV, it forms shallower
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traps, as confirmed by the lower temperature peak of the glow curve. On heating of
the UV-irradiated material, the charge carriers trapped during irradiation were
released and transitioned to the conduction band. The electrons that transitioned
from the conduction band were either re-trapped at the trap level or defect centre or
at the hole trap or luminescence centre, where they recombine with holes, giving
rise to luminescence or the glow peak. Trapped charge carriers are found inside the
forbidden band gap, as confirmed by the calculated trap parameters [19, 20].

Conclusion

Ce*" doped YSO phosphors (Y»SiOs:Ce®™) were successfully synthesized by a
solid state diffusion reaction method. This method is suitable for large scale
production and is eco-friendly. The sample was characterized by XRD and TL
studies. From the XRD pattern, it was confirmed that the prepared phosphor had a
monoclinic structure, and the particle size determined by Scherer’s formula was
found to be in the 20 to 50 nm range. It was also observed that there were no
considerable changes in the peak position and intensity in the XRD pattern with
variation of Ce*™ doping concentration. In the TL study, maximums peak showed
general order kinetics. The general order kinetic shows formation of both deep and
shallow traps for the UV-irradiated phosphor. High temperature peaks represented
less fading and more stability in the present sample. Activation energy was also high
for the prepared sample, ranging in between 0.7 and 1.5 eV.
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