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AbstractÐThis paper reports the experimental results of studying the thermoluminescence (TL) of ZrO2

doped with Eu exposed to light of wavelength in the range of 200±900 nm. The photoluminescence
spectrum induced by 275 nm UV light exhibited three maxima at 588, 612 and 650 nm with the major
emission at 612 nm. Among 210, 260 and 320 nm UV light for the same exposures, the 260 nm UV
radiation induced the highest TL response. Its glow curve exhibited two peaks at 120 and 2908C for all
the wavelengths studied. The 1208C peak faded completely within the ®rst 24 h after exposure. Mean-
while, the 2908C peak shows great stability for a long time. The TL response of Eu-doped ZrO2

exposed to 260 nm as well as to 320 nm UV light was linear for a wide range of exposure times. The
results showed that ZrO2:Eu ®lms deposited on glass substrates have the potential to be used as UV
dosimeters in personal or environmental dosimetry. # 1998 Published by Elsevier Science Ltd. All
rights reserved

1. INTRODUCTION

The monitoring of UV light has become more im-

portant in recent years as people become aware of
the biological e�ects of UV radiation either from
sunlight or from arti®cial sources. The use of ther-

moluminescence (TL) dosimeters of di�erent ma-
terials to monitor UV radiation has been reported
by many authors (Bassi et al., 1976; Dhar et al.,
1976; Nagpal, 1979; Marwaha et al., 1980; AzorõÂ n

et al., 1993).
Thermoluminescence induced in ZrO2 irradiated by

UV, X-rays or gamma radiation has been also

reported by several authors (Iacconi et al., 1978;
Bettinali et al., 1969). Some of them have proposed
that the impurity Ti could play a major role in the TL

emission of ZrO2. However; other impurities inten-
tionally introducedmay also change the TL properties
of this material as has been studied by some authors

for rare earth oxide impurities used as dopants in
single crystals of ZrO2 (Hsieh and Su, 1994).
This paper reports the experimental results of

studying the TL properties of ZrO2 thin ®lms

doped with Eu exposed to light of wavelength in
the range of 200±900 nm. Excitation spectra were
also obtained.

2. EXPERIMENTAL PROCEDURE

Materials were constituted by 5�5� 1 mm3 chips

of glass substrate on which a thin ®lm (0.005 mm
thickness) of ZrO2 doped with Eu was coated. The

®lms were made using the ultrasonic spray pyrolysis

technique. By this process a solution containing the
material to be deposited is sprayed through a spray-

ing nozzle over a hot substrate. The solvents in the

solution are vaporized when the mist of the solution

touches the hot substrate leaving a solid coating on

the substrate. In this case, the spraying solution

consisted of a 0.05 M solution of zirconium oxy-

chloride (ZrOCl2�8H2O, Merck) in deionized water.

Doping with Eu was achieved by adding EuCl3 to

the spraying solution in the range of 1±50 atomic

percentage in relation to the Zr content in the sol-

ution. The substrate temperature during deposition

(coating temperature) used was varied in the range

of 250±5508C. The thickness of the ®lms were

measured by a Sloan Dektak IIA pro®lometer.

Selected samples of the deposited ®lms were

investigated with an X-ray di�ractometer Siemmens

D-5000 with wavelength radiation of 0.15406 nm, to

determine their crystalline structure, by X-ray ¯uor-

escence (energy dispersive spectroscopy) (EDS) and

neutron activation analysis to determine impurities.

Before exposure of the samples to the UV/vis

light they were annealed at 3008C for 10 min in

order to erase all previous information.

To investigate the TL response of ZrO2 doped

with Eu, samples were individually exposed to a

beam of UV/vis light from a Xe lamp coupled with

a monochromator to select di�erent wavelengths

between 200 and 900 nm. Samples containing var-

ious concentrations of the dopant, produced at

di�erent coating temperatures, were compared
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using the UV induced TL response to test the

dependence of this response on di�erent crystalline
structures and di�erent dopant concentrations.
The photoluminescence spectrum induced by

275 nm UV light was measured with a Perkin±
Elmer 650-10 S ¯uorescence spectrophotometer.
Thermoluminescence readings were made in a

Harshaw 4000 TL analyzer connected to a PC to
obtain and analyze the glow curves, digitizing both
TL and temperature signals by means of two chan-
nels of an RS 232C interface. All TL measurements

were made in nitrogen atmosphere in order to
reduce the thermal noise from the heating planchet
of the TL reader. Glow curves were registered from

room temperature to 3008C at a heating rate of
108C/s.

3. RESULTS

Optimum concentration of Eu in ZrO2 deter-
mined on the basis of the maximum TL response

was 5% in the spraying solution (see Fig. 1). This
sample was also measured using DES and found to
be 1.8 atomic %. All results were then reported for

this concentration.

Figure 2 is representative of the structural charac-

teristics of the Eu doped ZrO2 ®lms studied. X-ray
di�raction patterns of undoped and Eu-doped ZrO2

were very similar and demonstrate metastable tetra-

gonal crystalline structure for coating temperatures
higher than 4008C. These X-ray spectra obtained

for di�erent coating temperatures showed similar
shapes too, and it was found that all di�raction
peaks appeared with higher peak heights and nar-

rower peak widths as the coating temperature
became higher.

The results of the experimental tests on TL re-
sponse of Eu doped ZrO2 ®lms coated at di�erent
temperatures showed that a close relation exists

between the TL phenomenon and the coating tem-
perature. Thus, combining the results of X-ray dif-
fraction and TL response of Eu doped ZrO2 ®lms

coated at di�erent temperatures, it was found that
the optimum coating temperature was 5508C.
The photoluminescence spectrum induced by

275 nm UV light, shown in Fig. 3, exhibited three
maxima at 588, 612 and 650 nm with the major

emission at 612 nm. These correspond to 5D04
7F0,

5D04
7F2 and 5D04

5F3 transitions respectively,

Fig. 1. TL response of Eu doped ZrO2 ®lms coated on
glass substrates exposed to UV light as a function of

dopant concentration.

Fig. 2. X-ray di�raction patterns of Eu doped ZrO2 coat-
ings obtained for di�erent coating temperatures.

Fig. 3. Photoluminescence spectrum of UV irradiated
ZrO2:Eu ®lms coated on glass substrates excited with

275 nm UV light.

Fig. 4. TL response of Eu doped ZrO2 ®lms coated on
glass substrates exposed to UV light as a function of the

wavelength of the light.
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which are characteristics of the f±f luminescence of
the Eu3+ ion.
Figure 4 shows the TL response of Eu doped

ZrO2 exposed to UV light as a function of wave-
length. Among 210, 260 and 320 nm UV light for
the same exposures, the 260 nm UV radiation

induced the highest TL response. Its glow curve,
shown in Fig. 5, exhibited two peaks at 120 and
2908C for all the wavelengths studied. The intensity

of the low temperature (1208C) glow peak was
almost the same that of an undoped sample. For
the 2908C peak the doped sample had an intensity

®ve times higher than the undoped one. The 1208C
peak faded completely within the ®rst 24 h after ex-

posure. Meanwhile, the 2908C peak shows great
stability for a long time, exhibiting a fading of 7%
in 6 months.

The TL response of Eu-doped ZrO2 exposed to
260 nm as well as to 320 nm UV light was linear
from 70±3�103 mJ�cmÿ2 of spectral irradiance as is

shown in Fig. 6.

4. CONCLUSIONS

The coating temperature of ZrO2 ®lms plays an
important role in the TL response. Then, using the
appropriate temperature during the coating process

we can conclude that ZrO2-:Eu ®lms deposited on
glass substrates have the potential to be used as UV
dosimeters in personal or environmental dosimetry.
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Fig. 5. Glow curve of UV irradiated ZrO2:Eu ®lms coated
on glass substrates.

Fig. 6. TL response of Eu doped ZrO2 ®lms coated on
glass substrates as a function of spectral irradiance of UV

light.
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