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Luminescence Properties of AIN Ceramics and
Its Potential Application for
Solid State Dosimetry

Laima Trinkler and Baiba Berzina
Institute of Solid State Physics, University of Latvia
Latvia

1. Introduction

Aluminum nitride (AIN) is a wide band material (Eg = 6.2 eV) with a wurtzite structure. It
has already found practical application in microelectronics as substrate, insulator and
packaging material due to combination of the uppermost qualities, such as high thermal
conductivity, good dielectric properties and thermal expansion coefficient comparable with
that of silicon. There are different modifications of the material used for application and
investigation purposes: single crystal, powder, nanostructures, thin films and so on. AIN
ceramics is one of them, it is easy to produce and to handle, thereat in the form of ceramics
AIN maintains the main properties of the material.

The objective of the study is investigation of luminescence properties of AIN ceramics
including elucidation of luminescence centers and mechanisms as well as estimation of
potential application of the material in the field of solid state dosimetry. This chapter is
based on our papers devoted to luminescent and dosimetric properties of AIN ceramics
published in 1998-2009 and quite recent measurements performed at low temperatures.

2. Experimental details

2.1 Samples of AIN ceramics

Samples of high-density AIN ceramics were obtained in Institute of Inorganic Chemistry,
Riga Technical University, Latvia (Palcevskis et al., 1997; 1999). AIN powder with specific
surface area in the range 20-40 m2/g and Y203 powder (30 m2/g), both produced by plasma
synthesis, were used for production of ceramics. Directly after synthesis AIN powders were
kept in organic solvent. AIN and Y>Os3 powders (2-9 wt.%) were mixed in organic media.
Then powder mixtures were dried and pressed in cylinders (12 mm in diameter) at 200 MPa.
After burning out organic components in vacuum at 500 °C cylinders were embedded into
alumina crucibles and placed in a tungsten resistance furnace. The sintering was carried out
in nitrogen atmosphere (0.12 MPa) at temperature 1600-1800 °C during 300-900 min. The
produced polycrystalline ceramic cylinders were sliced into 1 mm thick tablets, suitable for
optical measurements.

Sintered samples were characterized by the producers as follows (Palcevskis et al., 1999).
Size of polycrystalline grains is around 4 pm. Depending on sintering conditions

www.intechopen.com



Advances in Ceramics - Characterization,
60 Raw Materials, Processing, Properties, Degradation and Healing

(temperature and time) density varies from 3.2 to 3.4 g/cm?3 and thermal conductivity -
from 80 to 260 W/mK. AIN grains constitute more than 90% of the volume of the sintered
samples; the rest volume belongs to secondary phases: Y4Al,Oo, AIYO; and Y3Al5012.
Though nominally pure, AIN always contains oxygen impurity as a natural dopant, which
substitutes nitrogen in regular lattice sites and forms oxygen-related defects of various
types. The total oxygen content in the studied AIN ceramic samples determined by the
neutral activation analysis is from 0.1 to 0.7 wt.%. Alongside with oxygen impurity
aluminum vacancies are generating for maintenance of charge balance. Besides there are
detected other uncontrolled impurities of small concentration (< 1000 ppb) such as Fe, Cr, Ni
and Zr. The further spectral measurements have proved the presence of Mn impurity, too.
Oxigen and other impurities contribute to luminescence properties of the material.

In some of experiments we used AIN ceramics samples subjected to oxygen ion implantation.
This procedure was done in Taiwan National University with doses 1014 and 105 ion/cm?2.

2.2 Methods of photoluminescence, thermoluminescence and optically stimulated
luminescence

Luminescence properties of AIN ceramics were studied wusing methods of
photoluminescence (PL), thermoluminescence (TL) and optically stimulated luminescence
(OSL). Photoluminescence is luminescence of material revealed under irradiation with
ultraviolet (UV) or visible light. We have used such characteristics of PL as emission spectra
obtained under irradiation with a fixed wavelength from UV region and excitation spectra -
dependence of luminescence intensity at a fixed emission wavelength upon the varied
wavelength of excitation light.

Irradiation of wide band gap materials with UV light and ionizing radiation results not only
in immediate response in the form of luminescence but also in ionization - transfer of
previously bound charge carriers (electrons and holes) into the conduction band. After
relaxation charge carriers can be trapped on trapping centers. Trapping levels remain
occupied until supply of additional stimulation energy in the form of heat or light (visible or
infrared) releases charge carriers, which can participate in further retrapping or
recombination processes with light emission. Such light emission is called TL or OSL
depending on type of stimulation energy supplied.

Optically stimulated luminescence is characterized with OSL emission spectra - dependence
of emission intensity versus emission wavelength at fixed irradiation wavelength (energy)
and dose, OSL excitation spectra - dependence of emission intensity of irradiation
wavelength or energy at fixed emission and stimulation wavelength and OSL stimulation
spectra - dependence of emission intensity on wavelength of stimulation light at fixed
emission and irradiation wavelength. TL is characterized with TL glow curves -
dependence of TL emission intensity on heating temperature, TL emission spectra -
dependence of emission intensity versus emission wavelength at fixed irradiation
wavelength (energy) and dose, TL excitation spectra - dependence of emission intensity of
irradiation wavelength or energy at fixed emission wavelength.

2.3 Equipment

Experiments on PL and OSL as well as some TL experiments in the 0-300 °C temperature
range were carried out in Institute of Solid State Physics, University of Latvia, Latvia, using
an experimental setup for spectroscopic measurements. The setup was equipped with a
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deuterium lamp LDD-400 as a source of UV light and a grating monochromator MDR-2
(LOMO) in the excitation channel. The luminescence signal was analyzed either with a
prism monochromator SPM-2 (Carl Zeiss Jena) and detected with photo multiplier tubes
H7468-03, H7468-20 (Hamamatsu) and FEU-100 (earlier experiments), or with a grating
monochromator SR-303i-B (Shamrock) equipped with a CCD camera DV420-BU2. For low
temperature measurements samples were inserted into a closed cycle helium refrigerator
(Janis) providing stable temperatures in the 8-325 K range. TL measurements were done
using a small home-made oven with linear heating up to 300 °C, used as a sample holder in
the experimental setup for spectral measurements.

Beta, gamma, X-ray and UV light induced TL and partly OSL measurements were fulfilled
in Riso National Laboratory, Denmark, using the available equipment: Riso model TL/OSL
readers with linear planchet heating and Alnor Dosacus TLD reader, operating with hot
nitrogen heating. For most of irradiations a 20Y /%Sr beta source build in the Riso TL reader
and a ®Co standard gamma calibration facility were used. UV irradiation was performed
with a metal halide lamp Sol-2 (K.Honley Gmbh), which simulates a solar spectrum at
ground level from 300 nm upwards.

Some of TL measurements were done in University of Nice-Sophia Antipolis, LPES-CRESA,
France, using a home-made TL reader with linear heating and an optical multichannel
analyzer (Princeton Instruments). UV irradiation was carried out with a deuterium lamp
(50W) with attached interference filters.

3. Photoluminescence properties of AIN ceramics

Luminescence spectra of AIN were studied using different excitation types; however,
excitation with UV light, producing photoluminescence, appeared to be the most
informative. PL emission of AIN ceramics was observed in the 300-1100 nm region, which is
spectral area of luminescence of defect centers. It contains several emission bands, and for
each of them excitation spectrum was measured. Excitation spectra were measured
beginning from the fundamental absorption edge (in other words band-to-band transition
area) at 200 nm and up to 600 nm. The luminescence region of exciton emission (below 250
nm) is not available with the equipment used and will not be discussed here.

The general view of PL emission spectrum could be illustrated by our recent results on PL
measurements of AIN ceramics fulfilled in the 8-300 K temperature range. The following
emission bands can be distinguished in the PL spectra at 300 K in Fig.1, a.: a broad UV-blue
band in the 300-500 nm region, a narrower band at 600 nm and minor bands at 700 nm and
1000 nm. At low temperature the composition of PL spectrum remains the same, except for
emergence of an additional minor band at 500 nm, while relative intensity of emission bands
under different excitation wavelengths changes, see Fig.1, b. Contribution of individual
bands varies from sample to sample and depends on composition and sintering conditions
of ceramics. Let us discuss properties and origin of individual bands.

3.1 Oxygen-related emission

The main attention should be devoted to the broad complex UV-blue band. It is composed
of two subbands - those at 400 and 480 nm each of them having its own excitation spectrum.
As it is seen from Fig.2. taken from (Berzina et al., 2009), 400 nm emission band has
excitation band at 240-250 nm, while 480 nm emission band has excitation band centered at
280-290 nm; both of them are excited also in the fundamental absorption edge at 200-220 nm.
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Fig. 1. PL spectra of AIN ceramics at 300 and 8 K, excitation wavelengths shown on the graph
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Fig. 2. Excitation spectra of 400 nm (1) and 480 nm (2) emission bands of AIN ceramics at 300 K
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Fig. 3. Time dependence of intensity of the UV-blue emission at start and stop of UV
irradiation at 300 K

It was observed in (Berzina et al., 2001) that intensity of the UV-blue emission band depends
upon duration of the continuous UV irradiation. As seen from Fig.3, at the beginning of the
UV irradiation with 245 nm it is low, and then gradually increases until reaching saturation
level after approximately 30 min. After ceasing of UV irradiation the gradually decreasing
afterglow emission is observed for several minutes. In the same time position of the
maximum of emission band shifts to the longer wavelengths.

Many publications are devoted to elucidating the origin of luminescence centers responsible
for the UV-blue band. In (Slack, 1973; Youngman & Harris, 1990 and Harris at al., 1990) it
was shown that this band is connected with emission of oxygen-related defects. Later our
works (Trinkler et al, 1998, 2001a, 2003, 2005, 2007a, 2007b) have shown that this band is
revealed also in TL and OSL emission spectra. Presence of the emission band in PL, TL and
OSL as well as afterglow emission and time characteristics of its intensity speak in favor in
its recombination character. The nature of the 400 nm subband was determined by the EPR
and ENDOR studies (Schweizer et al, 2000) as recombination luminescence of two defect
centers: a donor - (On-vai) - a complex defect center formed by an oxygen ion substituting
for nitrogen ion Oy in a regular site and a neighboring aluminum vacancy vai and an
acceptor - another closely situated oxygen ion On.

The luminescence mechanism responsible for the 400 nm emission band in AIN ceramics,
was formulated in papers (Berzina et al.,, 2002, 2009). The corresponding energy band
diagram is shown in Fig. 5. According to it the (vai-On) center forms its energy level within
the band gap above the valence band (level 5). Irradiation of AIN with 245 nm light from the
own absorption band (hvay results in its excitation (level 6). The excited state is situated
close to the bottom of the conduction band resulting in ionization of the (va-On) center and
an electron transfer into the conduction band. An electron from the conduction band can be
captured by one of numerous electron traps (levels from 7 up to 11). One of them is an Ox
defect (level 7) - a close neighbour of the ionized (va-Ox) center . Recombination of the (vai-
On)* and (On)- centers with emission of a light quantum (hvy.,) results in appearance of the
400 nm emission band.
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Fig. 5. Energy band diagram of AIN (Berzina et al., 2009). Explanation is given in the text

An electron from the conduction band can be repeatedly recaptured and released by
trapping centers, before finally being trapped by On defect, thus causing delay of emission
rise under continuous excitation with 245 nm, shown in Fig.3.

The similar recombination process can occur under irradiation with light from the
fundamental absorption edge region, corresponding to electron-hole pair (hvsung) or exciton
(hvex) generation. In this case energy is transferred from host lattice to oxygen-related
defects resulting in formation of (va-On)* and (On)- centers and 400 nm emission.

The 480 nm subband is also connected with oxygen impurity, which most probably is a part
of a complex defect. Tentatively 480 nm emission is ascribed to recombination luminescence
with participation of (va-20n) center (Nappe et al., 2009 and references therein). Such
centers are comprised of two close oxygen ions substituting for nitride ion and an aluminum
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vacancy. In the energy band diagram the corresponding level is not shown, though it is clear
that it should be located a little higher than that of (va-On) center and participate in similar
processes. Our studies of nanostructured AIN (Berzina et al., 2009 and references therein)
have shown that contribution of the 480 nm into the total UV-blue emission increases when
size of AIN grains diminishes, and hence, specific surface area expands. It allows supposing
that these oxygen-related defects responsible for the 480 nm emission band are located
mainly on surface. Besides, the relative increase of the 480 nm band was observed in the
samples of AIN ceramics after implantation of oxygen ions (Trinkler et al. 2007a, 2007b). Ion
implantation causes damage of the surface layers of AIN and increases oxygen concentration,
thus making generation of (va-20n) center more probable compared to untreated samples.

3.2 Manganese-related emission

The 600 nm band was observed in PL, afterglow and TL emission spectra of all studied
samples of AIN ceramics. Our high resolution measurements, illustrated by Fig. 6 show the
presence of fine structure, which can be distinguished at room temperature (RT) and
becomes more clearly seen at low temperature. This fine structure is characterized with
equidistant peaks with separation energy around 20 meV. This emission band usually is
interpreted as luminescence of tetravalent manganese ion Mn#* substituting for Al ion, and
equidistant peaks are ascribed to phonon replicas. For the first time this band was observed
and interpreted in (Karel et al., 1966) and later studied in other works (Benabdesselam et al.,
1995). However, some authors (Miyajima at al.,, 2006) basing on the results of X-ray
absorption fine structure measurements, state that this band is caused by Mn ion having
charge between +2 and +3. Other interpretations of the band ascribed to intrinsic defects of
AIN are also found in literature, for example, defects formed from nitrogen vacancies (V)
and excess Al (Sarua et al., 2003).
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Fig. 6. 600 nm emission band of AIN ceramics measured under excitation wavelength 243
nm at temperature 300 K (1) and 8 K (2)
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Excitation spectrum of this emission band is shown in Fig. 7. together with that of 400 nm
band. Besides the fundamental absorption edge at 200 nm two excitation bands at 255 and
400 nm are observed. The latter excitation band covers the spectral region of the UV-blue
emission band; this results in reabsorption and conversion of UV light into red light.
Presence of the 600 nm band in afterglow and TL emission spectra confirms that the
corresponding luminescence centre also participates in recombination process.
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Fig. 7. Excitation spectra of 600 nm band (1) and 400 nm band (2) of AIN ceramics at 300 K

3.3 Other minor PL bands

Other PL luminescence bands observed in AIN ceramics are connected with other
uncontrolled impurities. They are the following: a minor band at 700 nm, excited at 280 and
400 nm excitation bands and tentatively ascribed to chromium impurity (Nappe et al., 2011
and references therein) and an infrared band around 1000 nm, connected with iron
impurity. At low temperatures the 1000 nm emission band reveals fine structure seen at
Fig.1, which is explained as 3d-3d transition 4T1(G)—°A1(S) of Fe3* ion substituting for Al in
a regular site and its phonon replicas (Baur et al., 1994).

Summarising the data on PL of AIN ceramics, a conclusion can be drawn that the observed
spectral properties of this material are determined by presence of uncontrolled impurities -
oxygen, manganese, iron and probably chromium, which form luminescence centres taking
part in inter-center and recombination luminescence.

4. AIN ceramics as potential material for solid state dosimetry

There is a number of materials widely used for TL dosimetry as thermoluminescence
detectors (TLD) of ionizing radiation, such as LiF:Mg,Ti; LiF:Mg,Cu,P and Al,03:C. Al,O3:C
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is used also as an effective OSL dosimeter of UV light. Nevertheless a search for new
prospective dosimetric materials continues. One of such new dosimetric materials could
become AIN ceramics due to its properties revealed under exposure to ionizing radiation
and UV light.

As it has been already mentioned irradiation of AIN ceramics causes not only the immediate
response to irradiation in luminescence form, but also provides the delayed response in the
form of optically and thermally stimulated luminescence. Both TL and OSL processes may
be applied in dosimetry for recovering the received radiation dose. Processes of stimulated
luminescence in AIN have been studied already before our works (Tale et al., 1982;
Benabdesselam et al., 1995). Our studies of the processes of storage and release of radiation
induced luminescence signal in AIN ceramics began in 90th and continues up to now. We
have found that AIN ceramics is sensitive both to ionizing radiation and UV light,
producing TL and OSL response in each case. Properties revealed by AIN ceramics after
preliminary irradiation with ionizing radiation (X, B, y rays) and UV light are similar, but
they have also some differences. They will be discussed individually according to
irradiation type.

4.1 Stimulated luminescence processes induced by ionizing radiation

4.1.1 Thermoluminescence induced by ionizing radiation

There are several important TL characteristics of material, which determine possibility of its
practical application in the area of solid state dosimetry: intensity of TL signal (or in other
words sensitivity of material to irradiation), characteristics of TL glow curve, TL emission
spectrum, need for additional treatment for use and reuse of a sample, linearity of the dose
response, stability of the stored signal and others.

TL properties of AIN ceramics induced by ionizing radiation were studied in comparison
with other widely known TLD using the same experimental conditions and irradiation
doses (Trinkler et al., 1998). Particularly, it was found that AIN ceramics exhibits amazingly
high TL sensitivity. Thus, after irradiation with beta rays (Sr/Y beta source) for a typical
routine read out procedure with the Riso TL reader using a heating rate 10 °C/s the ratio of
the TL lightsum (sum of recorded electronic counts) per unit detector mass and radiation
dose constitutes 54:27:7:1 for AIN ceramic sample, LiF:Mg,Cu,P, AlO3:C and LiF:Mg,Ti,
respectively, see Fig.8.

The TL glow curve of AIN ceramics is characterized with one intensive broad peak
extending up to 500 °C, see Fig.8, curve 1. The thermal position of the peak maximum varies
from 200 to 300 °C depending on heating rate. No difference in glow curve was observed
whether beta particles, y-rays or X-rays were used for irradiation. The TL signal is
completely erased during a single reading using a heating temperature up to 500 °C. Thus
no additional annealing or other procedure is necessary for re-use of the sample. A
repeatability test showed that reduction of sensitivity after 10 successive irradiation-TL
reading cycles was less than 1 %.

Dose response curve of AIN ceramics was measured in dose range 5102 - 5102 mGy
(irradiation with ¢©0Co source) in comparison with other mentioned TLD. The curves shown
in Fig.9 were obtained by Alnor TL reader using a nitrogen temperature of 300 °C for all
samples except for LiF:Mg,Cu,P, which was heated up to 260 °C. AIN ceramics sample
revealed linear dose response in the range of five orders of magnitude, like other
acknowledged TLD materials, which must be confessed as a very good result.
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Fig. 8. Glow curves of different types of TL dosimeters irradiated with 28 mGy beta
radiation: 1 — AIN ceramics; 2 - ALOs:C; 3 - LiF:Mg,Ti, 4 - LiF:Mg,Cu,P (Trinkler et al, 1998)
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TL emission detection region was limited by spectral region of 300-500 nm, in order to
discriminate thermal glow emission of the heater, which is observed at high temperatures in
the red region. In the same time it is an optimal spectral region for detection with usual
photoelectron tubes and other light detectors. In this spectral range AIN emission was
observed with a maximum position around 400 nm, which shifted to longer wavelengths
with rise of heating temperature. The observed emission corresponds to UV-blue
luminescence band of AIN, which is ascribed to oxygen-related defects. Other luminescence
bands of AIN ceramics can not be observed in these experimental conditions.

Influence of heating rate on TL signal for AIN ceramics was measured for heating rates from
0.5 to 20 °C/s in comparison with TLD AlO;:C, whose response is critically sensitive to
heating rate, hampering routine reading measurements of this TLD and resulting in
uncertainty in the dose measurements if significant fluctuations of heating rate occur.
Contrary to Al:O3:C, TL response of AIN sample shows only a small influence on heating
rate, as it is illustrated in Fig.10.
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Fig. 10. Influence of heating rate on the TL response of AIN ceramics (1) and AlLO;:C (2)
irradiated with 28 mGy beta radiation

Considerable fading of the TL signal was observed for AIN ceramics sample on storage at
RT. Change of TL glow curve on storage at RT during 114 hours is illustrated in Fig.10. The
TL signal is decreasing mainly due to disappearance of the low temperature part of the glow
curve, but the high temperature part is also decreasing considerably. Different pre-heat
procedures were tried varying preheat temperature and duration: as a result the fading rate

www.intechopen.com



Advances in Ceramics - Characterization,
70 Raw Materials, Processing, Properties, Degradation and Healing

was decreased but not eliminated. However, at the same time the TL yield was essentially
reduced by this procedure.
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Fig. 11. TL glow curves of AIN samples recorded for different storage periods at RT after
irradiation with 42 mGy beta radiation: just after irradiation (1); after a storage period of 0.17
(2); 1 (3); 24 (4); 72 (5) and 114 (6) hours

Neither the pre-irradiation with high dose (1 kGy of ®Co gamma irradiation) with
subsequent annealing nor a special procedure of very slow annealing (1 °C/min) resulted in
improvement of fading characteristics of AIN ceramics. The pronounced fading of the TL
signal in AIN ceramics is a serious obstacle for its application as TLD material.

Sample Sintering Sintering TL response TL response Fading TL peak
No time (min) temperature after irradiation after 17 h (%) position
(°C) {counts.mg ") (counts.mg ') (°C)
612 210 [ 643 1334 920 32 380
92 210 17035 13053 7820 40 310
572 210 1745 27673 14639 47 260
552 210 1780 36163 18160 50 250
541 120 1780 32252 15240 33 250
311 40 1 780 12601 3238 74 210

Table 1. Influence of sintering conditions of AIN ceramics on TL properties. The TL response
is measured immediately after and 17 h after irradiation with 1.7 R X-rays
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An attempt was made to study the effect of ceramics sintering conditions on the fading rate
(Trinkler et al., 1999). Samples under investigation were produced from the same initial
material varying sintering temperature and time. The results of the study are summarized in
Table 1. It was found that rise of the sintering temperature leads to the strong increase of the
TL yield and also to a shift of the TL peak position to lower temperature with increasing
fading rate. An increase of sintering time at constant sintering temperature also causes a
rise of the TL yield, but in this case the thermal peak shifts to higher temperature, and
hence, the fading rate decreases. The reasons why the TL peak shifts may be explained by
generation of oxygen-related defects of different types, whose balance depends on sintering
conditions. The optimal sintering conditions are found using the lowest sintering
temperature and the longest sintering time, but even this procedure does not eliminate
completely fading of the TL signal.

4.1.2 Optically stimulated luminescence induced by ionizing radiation

Optically stimulated luminescence is detected as a pulse of luminescence light decaying in
time under continuous exposure of stimulation light. An OSL signal bleaches because
stimulation light empties trapping levels. Typical OSL decay curve of AIN contains an
intensive fast component and a weak slow component. Each of them has its own specific
fading rate, fast component fades faster. Intensity of OSL is characterized with a lightsum -
integral of electronic counts detected during a pulse up to its complete depletion. The
following characteristics of OSL are important for characterization of material and
estimation of its potential application as an OSL dosimeter: OSL emission spectrum, OSL
stimulation spectrum; linearity of dose response, fading of the stored signal and others.

OSL induced by ionizing radiation in AIN ceramics (Trinkler et al., 1999) was studied using
Riso TL/OSL reader, which is not designed for spectral measurements, but at the same time
allows comparison of TL and OSL properties of material under the same conditions.
Irradiation was performed with beta source, while stimulation was done by infrared and
blue light sources, all sources integrated in the reader. Luminescence was recorded in the
300-500 nm range, corresponding to oxygen-related luminescence of AIN.

It was found that OSL sensitivity to ionizing radiation is approximately 40 times lower than
TL sensitivity after the same beta dose. Not all the light yield produced by the irradiation
can be released by optical stimulation: after the complete optical bleaching a residual TL
signal was observed in the 300-500 °C temperature region. Study of the preheat influence
showed that OSL is much more sensitive to preheat treatments than TL: after a preheat up to
150 °C during 300 s only 10% of OSL yield is left compared to 65% of TL yield in the same
conditions.

The OSL decay curve induced by ionizing radiation has a dominating fast component, and
its fading rate is high. It was found that OSL fading characteristics are worse than those of
TL: after 150 hours of storage at room temperature only 10% of the initial OSL response is
left compared with 45% of the TL response.

All the above mentioned results show that only a part of the light yield produced by
ionizing radiation can be released by optical stimulation. The light-sensitive part of the
stored signal can be ascribed to the trapping of the charge carriers in the shallowest trap
levels located in the band gap of AIN, while the rest part of the stored signal is more stable
due to trapping of charge carriers on deeper levels, which can be emptied only by heating
up to sufficiently high temperatures.
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It may be concluded that AIN can not be recommended for use as OSL detector of ionizing
radiation because a typical OSL response is much weaker and more unstable than the TL
response for the same dose.

4.2 Stimulated processes induced by UV light

Detection of UV radiation doses is an important area of dosimetry. UV radiation usually is
divided into three spectral regions namely: UV-C (shorter than 280 nm), UV-B (280-315 nm)
and UV-A (315-400 nm). Radiation of UV-C region is used in industry for characterization of
materials and products and in disinfection procedures due to its bactericidal effect. UV-B
region corresponds to the part of the spectral distribution of the Sun’s rays reaching ground
level and which is potentially harmful to human beings and other organisms. Uncontrolled
exposure of naked human bodies to Sun rays from UV-A region also can cause some
problems. Monitoring of UV light intensity and measuring of UV doses is important in all of
these regions.

A number of our works is devoted to UV light induced stimulated processes in AIN
ceramics (Trinkler et al., 2000, 2001b, 2002). It was found that this material is extremely
sensitive to UV radiation producing high response both in TL and OSL. Some experiments
were done in comparison with dosimetric material Al,O3:C, commonly used for UV dose
measurements (Akselrod et al., 1990). We have measured full spectral characteristics of
UV light induced TL and OSL processes: excitation spectra, emission spectra and
stimulation spectra (for OSL), as well as TL glow curves, including 8-300 K temperature
region.

4.2.1 Properties of UV light induced TL and OSL compared to those induced by
ionizing radiation

A study was done when TL and OSL measurements were performed with AIN ceramics and
Al,O3:C dosimeter in the same conditions after exposition to ionizing radiation and UV
light, simultaneously comparing sensitivity of materials to radiation exposure and effects of
different type of radiation on both materials (Trinkler et al., 2000). For this study the Sol-2
lamp in combination with interference filters was used as a UV light source, while TL and
OSL response was measured with Riso TL/OSL reader.

The most attractive feature of AIN ceramics is the very high sensitivity to UV radiation,
which is demonstrated by Fig.12. The TL response from AIN ceramics irradiated by beta
particles is about 20 times higher than that of Al;O3:C (curves 1 and 3) and about 6000 times
higher in the case of UV irradiation with wavelength 350 nm (curves 2 and 4). On this
figure for the used TL yield scale the curve 4 is undistinguishable from the temperature axis.
TL signal from the UV dosed AIN ceramics is characterized with a very broad and
structureless glow curve (curve 2) with a maximum around 320 °C, which is significantly
higher than that for beta irradiated AIN, corresponding to 230 °C (curve 1). A lower fading
rate of the integrated TL signal was observed for AIN samples exposed to UV light (40 %
fading over 24 h storage) than for samples exposed to beta radiation (66 % fading). This is
explained by the shift of the TL curve to the higher temperature.

The TL response of AIN ceramics to UV radiant exposure was obtained by varying both the
irradiation time and the irradiance, changing the distance between the sample and the
excitation lamp and using sieve filters of different density. Figure 13 shows a linear
relationship between the TL yield and UV radiant exposure over at least five decades. The
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deviation from the linear slope observed at the highest UV doses is explained by fading
effects, due to the relatively long irradiation times required.
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Fig. 12. TL curves obtained from AIN ceramics and Al,O3:C after irradiation with 100 mGy
beta dose (1 and 3) and 1 min exposure to UV light produced by the lamp Sol 2 and using an
interference filter with peak transmission at 350 nm
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Fig. 13. UV light dose dependence of AIN
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The OSL decay curves obtained from AIN and Al,Os:C after both beta and UV radiation are
shown in Fig.14. In contrast to Al;O3:C showing the same shape of decay curves for both
type of irradiation (curves 3 and 4), AIN ceramics has two different decay curves: an
intensive fast component that dominates in beta-induced OSL (curve 1) and a slow
component, which dominates in UV-induced OSL (curve 2). Although the initial OSL
intensity of the AIN sample is significantly higher than that of Al,O3:C when exposed to
beta radiation, this very fast AIN component yields less signal. Alternatively, when
irradiating AIN with UV light of 350 nm, its OSL signal is about 60 times higher than that of
AlO;:C. Ratio of the UV light induced TL and OSL signals from AIN and AlOs:C depends
on the wavelength of UV irradiation, because each of the materials has its own spectral
sensitivity, revealed by TL and OSL excitation spectrum. Thus at irradiation 200-230 nm
corresponding to the highest sensitivity of AlO;:C is the OSL response of this material is
higher than that from AIN, at other wavelength it is lower.

x 10°

3

OSL yield (counts)

0 100 200 300
Time (s)

Fig. 14. OSL decay curves obtained from AIN ceramics and AlbOs:C after irradiation with
100 mGy beta dose (1 and 3) and 1 min exposure to UV light produced by the lamp Sol 2
and using an interference filter with peak transmission at 350 nm. Stimulation was
performed with 470 nm light. Curve 4 is multiplied by a factor of 100

The initial part of the OSL pulse, which consists mainly of the fast component, fades faster
during the storage of the dosed sample than the tail of the pulse, consisting of the slow
component. That is why the fading effect is higher for the beta induced OSL, which has a
dominant fast component of the decay curve: only 10% of the initial response is left after 24
hours of storage. The effect of fading is less pronounced for UV induced OSL having a
dominant slow component: 45% of the initial response is left after 24 h.

The properties observed in the UV induced AIN samples such as the peaking of the TL glow
curve at a higher temperature, absence of an intensive fast component of the OSL decay
curve, lower fading rate of both the TL and OSL signals, assume that the UV radiation
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induced stimulated luminescence involves a larger part of deep traps compared to those
created by beta radiation. The deeper traps need higher energy for depopulation.

The OSL response dose dependence taken as OSL yield versus UV irradiation time up to 60
min deviates from a linear slope. This is explained by fading of the OSL signal during
irradiation and insufficient OSL readout time for the higher doses.

4.2.2 Spectral characteristics of UV induced TL and OSL

Spectral sensitivity of AIN ceramics was determined from excitation spectrum of TL and
OSL, which appeared to be similar and covering almost the whole UV region from 200 to
350 nm, with maximum effect at 240-270 nm, corresponding to absorption of oxygen-

related centers. This characteristic for OSL process is shown on Fig. 15, curve 1 (Trinkler
et al, 2002).
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Fig. 15. Spectral characteristics of UV light induced OSL of AIN ceramics: OSL excitation
spectrum (1), OSL emission spectrum (2), OSL stimulation spectrum (3)

It is remarkable that spectral sensitivity of AIN is similar with spectral sensitivity of human
skin in the 280-340 nm range (see Fig.16), which corresponds to UV-B region of Solar
emission potentially dangerous for human beings. This property makes AIN ceramics useful
for application as material for personal UV dosimeter.

OSL emission spectrum is presented with the same UV-blue band as PL band ascribed to
oxygen-related centers, as it is seen from Fig. 15, curve 2. In order to separate emission and
stimulation light the detection region is limited and nothing could be said about presence of
long wavelength bands in OSL emission. TL emission spectrum shown on Fig. 17. (Trinkler
et al., 2003) also has the same UV-blue band, whose intensity and position of maximum
shifts depending on excitation wavelength. Besides, it contains also 600 nm band. TL and
OSL emission spectra fall into the 300-600 nm range, which is suitable for detection with
common light detectors.
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Fig. 16. Comparison of OSL excitation spectrum of AIN ceramics (1) with action spectrum of
human erythema (2) (CIE Research Note, 1987)
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Fig. 17. 3D image of UV light induced (excitation 284 nm) TL emission from AIN ceramics

OSL is characterized also by stimulation spectrum, determined by energy levels of trapping
centres, emptied during optical stimulation. For AIN ceramics it extends from 400 up to 1000
nm with an expressed maximum at 500 nm, see Fig.15, curve 3. Large spectral interval and
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complex structure of the OSL emission spectrum means that numerous different trap levels
participate in the stimulated luminescence process. Most of halogen and incandescent lamps
with continuous distribution of emission in combination with glass filters as well as
monochromatic LEDs and lasers are suitable for use as stimulation sources of OSL from AIN
ceramics.

4.2.3 Use of 480 nm emission band for UV induced TL and OSL

It has been shown already that the oxygen-related UV-blue PL emission band contains two
subbands around 400 and 480 nm, each subband having its own excitation spectrum, as
shown in Fig.18, curves 1 and 2. The same emission bands at 400 and 480 nm can be
distinguished also in TL and OSL emission spectra. Similarly to PL case, each of these bands
is characterised with a distinct shape of TL or OSL excitation spectra. The case of TL
excitation spectra recording emission at 400 and 480 nm is shown in Fig. 18 (curves 3 and 4).
The results on TL and OSL experiments mentioned in previous sections were obtained
selecting either the 400 nm emission band or the whole UV-blue band. However, it appeared
that selection of the 480 nm for detection of stimulated emission results in better parameters
of the TL and OSL processes (Trinkler et al, 2007a, 2007b).
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Fig. 18. Excitation spectrum of PL (1, 2) and TL (3, 4) of AIN ceramics recording emission at
400 nm (1, 3) and 480 nm (2, 4)

It was found that intensity and shape of TL curves measured in the same conditions depend
on the selected excitation and emission wavelength. Two peaks are distinguished in TL
curves: those at 80 and 220 °C (see Fig.19). The low temperature peak is better pronounced
selecting 400 nm emission under irradiation in its characteristic excitation band (curve 1),
while the high temperature peak appears for selection of 480 nm emission after excitation in
the long wavelength region (curve 4). Other curves (2 and 3) contain both peaks due to
overlapping of the emission bands. The higher temperature of the TL glow peak implies the
lower fading rate of the stored signal. Indeed, measurement of TL signal after one hour of
storage had shown 50 % of the initial yield of the TL response at 400 nm emission excited at
245 nm contrary to 80 % of that for 480 nm emission excited at 315 nm.
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Correlation of emission bands with the definite TL glow peaks speaks in favor of pair
distribution of trap centers and recombination centers, as it was approved already for (var-
On)* and (On)- centers, responsible for the 400 nm band. The trap centers responsible for the
480 nm emission evidently are more stable, than those participating in the 400 nm emission,
and the corresponding TL and OSL signal fades slower. Similar effect was observed for the
OSL process (Trinkler et al., 2007b): after one hour storage selection of the 480 nm band
provided 40% of the initial value of the OSL yield versus 18 % for selection of 400 nm band.
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Fig. 19. TL curves of AIN ceramics after UV light irradiation at 245 nm (1, 2) and 315 nm (3,
4) detecting emission at 400 nm (1, 3) and 480 nm (2, 4)

We have done a special study of stimulated processes in AIN ceramics subjected to ion
implantation with oxygen ions. It was found that after such treatment relative contribution
of the 480 nm band into the total emission spectrum increases. In the same time this
procedure provides very little improvement in the intensity and stability of the OSL signal,
but gives some improvements of the dosimetric characteristics for TL.

From the results obtained it follows that for UV dosimetry applications it is better to use the
480 nm emission band, since the response signal is more stable than that for the 400 nm
band and its excitation spectrum falls in the UV-B region, which is the detection range of
practical interest. Comparing different types of dosimetric applications of AIN ceramics it
should be recognized that OSL method is less suitable because of a higher rate of decrease of
the signal at room temperature.

4.24 TL in the low temperature region

Recently we have done experiments on TL measurements of AIN ceramics at low
temperature. The sample was irradiated with UV light of different wavelengths at 8 K. TL
signal was recorded during heating of the sample up to 300 K. Two glow curves
corresponding to the main oxygen-related bands are shown in Fig. 20.

The common feature of all glow peaks is a peak at 60 K, at further rise of temperature
behavior of glow curves is different until 270 K, when both curves begin to rise. This rise is
the beginning of the main TL peaks, whose maxima were observed at 80 °C (353 K) for 400
nm emission band and 220 °C (493 K) for 480 nm emission band. It means that room
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temperature 20 °C (293 K) is sufficiently high to start the spontaneous thermoluminescence
process without any external heating. This process will continue until complete depletion of
the trapped charge carriers. Storage of the dosed samples at room temperature will lead to
the fading of the stored TL and OSL signal.

Thermal region of the main peaks is determined by the set of trapping centrers present in
AIN ceramics. The fading problem could be solved if the dosed AIN samples are stored at
reduced temperature (around 250-260 K). Another way to eliminate fading is to introduce
impurities providing deep trapping levels in the energy band diagram of AIN, which are
stable at room temperatures. Further practical studies of this phenomenon are planned.
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Fig. 20. TL glow curves of AIN irradiated at 8K: (1) excitation 243 nm, emission 400 nm, (2)
excitation 298 nm, emission 500 nm

5. Conclusions

AIN ceramics is a wide-gap material whose spectral properties are determined by presence
of uncontrolled impurities and intrinsic defects, the main role played by oxygen-related
defects. The fulfilled investigations show that AIN ceramics is a material, highly sensitive to
irradiation with both ionizing radiation and UV light. The dose of the obtained irradiation
can be retrieved using TL and OSL method. In many aspects AIN ceramics outperforms
other actually used TL and OSL dosimeters. However, this material has an important
drawback, hampering its practical application in dosimetry area - it is high fading rate of
the signal during storage at room temperature.

Different measures have been tried to diminish the effect of TL or OSL signal fading, such as
optimization of ceramics sintering conditions, use of preheat procedure, detection of the
definite emission band (480 nm) and oxygen ion implantation. These measures helped to
slow down, but not to eliminate the fading process, which is determined by intrinsic
properties of AIN ceramics. That is why at present AIN is not offered for practical
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application in the area of solid state dosimetry. The further studies of this potentially
perspective material are planned.
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