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(57) ABSTRACT 

The instant invention teaches a method of preparing a 
luminescent detecting material for use in UV dosimetry 
which utilizes phototransferred luminescence. The detecting 
material has a set of shallow dosimetry traps for trapping 
electronic charge carriers, which are thermally released upon 
heating to a first temperature, and a set of deep traps for 
trapping electronic charge carriers, which charge carriers are 
released upon heating to a second temperature. The detect
ing material is prepared by irradiating the detecting material 
to fill the shallow and deep traps with charge carriers, 
heating the material to release charge carriers from the 
shallow traps, and then cooling the material. When the 
detecting material is subsequently exposed to ultraviolet 
light a proportion of charge carriers will be released from the 
deep traps to be retrapped in the shallow traps, thereby 
allowing for the measurement of phototransferred lumines
cence by thermal or optical stimulation. 

14 Claims, 5 Drawing Sheets 
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METHOD OF PREPARING DETECTION 
MATERIALS FOR USE IN UV DETECTION 

USING PHOTOTRANSFERRED 
THERMOLUMINESCENCE 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/085,418 filed May 13, 1998, the disclo
sure of which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

This instant invention was partially supported through 
grants from the State of Oklahoma and the National Science 
Foundation Oklahoma EPSCoR (contract number EPS 
9550478). The U.S. government may have rights in this 
invention. 

TECHNICAL FIELD 

This invention relates to the general subject of ultraviolet 
radiation detection and, more specifically, to methods and 
devices for detection and measurement of exposure to 
ultraviolet-B radiation, wherein the amount of exposure is 
measured using either thermoluminescence or optically 
stimulated luminescence from a-Al2 O3 :C. 

BACKGROUND OF INVENTION 

Atmospheric ozone is generally considered to absorb all 
but approximately 1 % of wavelengths below about 320 nm. 
Recent evidence of ozone depletion in the stratosphere, 
however, has generated interest in the biological impact on 
plants and animals resulting from increased exposure to 
wavelengths below 320 nm. This has created the need for 
ultraviolet (UV) radiation dosimetry for wavelengths in the 
UVB region of the electromagnetic spectrum, namely from 
320 nm to 280 nm. Specifically, in order to search for 
possible links between enhanced UVB exposure and poten
tial DNA damage in plants and/or animals the need for a 
small, portable, integrating UVB dosimeter has arisen. 
Additionally, the ideal device should also be unaffected by 
variations in ambient temperatures and by humidity and 
should be a passive-as opposed to an electronic or active
device, i.e., a device that does not require electrical power 
while it is operating. 

One example of the current state-of-the-art in passive 
UVB dosimeters is one based on biological indicators such 
as Bacillus subtilis, pre-Vitamin D and bacteriophage 77. 
(See, for example, Quintern, L. E., Puskeppeleitm M., 
Rainer, P., Weber, S., El Naggar, S., Escweiler, U., and 
Horneck, G. Continuous Dosimetry of the Biologically 
Harmful UV-Radiation in Antarctica with the Biofilm 
Technique, in Photochem. Photobiol. B, 22, 59-66 (1994), 
the disclosure of which is incorporated herein by reference). 
These sorts of dosimeters are small in size, portable, do not 
need a power source, and have a linear response to increas
ing radiation. 

2 
signal which is related to the dose of absorbed UV radiation. 
The alternative approach is to pre-treat the sample by 
irradiating it with ionizing radiation (such as gamma or beta 
radiation) which places electronic charge into metastable 

5 charge centers ( or "defects") within the phosphor's crystal 
lattice. After the pre-treatment, the sample is exposed to UV 
radiation, which transfers the electronic charge into defect 
centers that can be directly stimulated by subsequently 
heating the sample. During heating, a phototransferred TL 

10 (or PTTL) signal is recorded, the intensity of which-for a 
given gamma or beta radiation dose-is proportional to the 
UV exposure. Whether the TL or PTTL approach is used, the 
sensitivity of the detector to the different wavelengths of UV 
depends critically upon the material chosen as the phosphor. 

15 Previous work by the instant inventors and others (see, for 
example, Colyott, L. E., Akselrod, M. S. and McKeever, S. 
W. S., Phototransferred Thermoluminescence a-Al2O3 :C_ 
Radiat. Prat. Dosim 65, 263-266 (1996), the disclosure of 
which is incorporated herein by reference) has shown that 

20 a-Al2 O3 :C offers many of the favorable properties that one 
would desire in a UV dosimeter. For example, this material 
is a sensitive TL radiation detector and it displays a PTTL 
sensitivity to wavelengths in the UVB range that, along with 
other desirable properties, make it potentially a versatile 

25 base upon which to construct a UVB dosimeter with the 
desired basic characteristics outlined above. 

In addition to its favorable TL and PTTL properties, 
however, it has been demonstrated in the literature that this 
material is a sensitive optically stimulated luminescence 

30 (OSL) radiation detector (see, for example, B1Zltter-Jensen, L. 
and McKeever, S. W. S., Optically Stimulated Luminescence 
Dosimetry Using Natural and Synthetic Materials, Radiat. 
Prat. Dosim. 65, 273-280 (1996), the disclosure of which is 
incorporated herein by reference). In the OSL mode of 

35 operation, a sample previously irradiated with gamma or 
beta radiation will luminesce when illuminated with light in 
the visible range of wavelengths. The luminescence signal is 
termed OSL and several illumination methods are available, 
including continuous or steady-state illumination ( cw-OSL), 

40 pulsed illumination (POSL), and linearly modulated illumi
nation (LM-OSL). Among the many advantages of using an 
optical stimulation method rather than a thermal stimulation 
method are that the need for heating the sample is removed. 
Therefore, the devices that read the luminescence emission 

45 require less electrical power to operate; and, most 
importantly, by stimulating the luminescence emission at 
low temperature (specifically, ambient temperature) the 
problem of thermal quenching of the luminescence is 
avoided. Thermal quenching in a-Al2 O3 :C is an effect in 

50 which the luminescence efficiency decreases as the tempera
ture increases (see, Akselrod, M. S., Whitley, V., Agersnap 
Larsen, N., and McKeever, S. W. S., Thermal Quenching of 
Luminescence from Aluminum Oxide, J. Appl. Phys. 84, 
3364-3372 (1998), the disclosure of which is incorporated 

55 herein by reference). Thus, not only is a-Al2 O3 :C known to 
be one of the most sensitive TL phosphors currently 
available, but it is even more sensitive, in terms of lumi
nescence output per unit absorbed radiation dose, when used 
as an OSL phosphor. 

Thus, it should be clear to those familiar with the UV 
dosimetry arts that there is, and has been for some time, a 
need to develop a small, portable, integrating dosimeter 
capable of sensitively measuring doses of absorbed UVB 
radiation. Additionally, the resulting dosimeter should be 

Another approach to UV dosimetry measurement 
involves the use of thermoluminescence (TL). Thermolumi- 60 

nescence is the luminescence emitted from a suitable phos
phor when the phosphor is heated following exposure to 
radiation. The intensity of the TL emitted is a measure of the 
dose of the absorbed radiation. For UV dosimetry, two 
approaches are generally used. The first approach is to 
expose the material directly to UV and then to heat the 
phosphor immediately after this exposure, yielding a TL 

65 capable of measuring integrated UVB exposures of dura
tions ranging from a few minutes to several days of total 
exposure with a near-linear response to the total UV expo-
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465 K is now observed, the intensity of which is propor
tional to the dose of the UV exposure. This TL signal is 
referred to as the phototransferred thermoluminescence, 
PTTL. For a given UV exposure, the intensity of the 465 K 

sure. Further, the dosimeter should be capable of measuring 
UVB exposure in either air or water. Still further, the UV 
radiation to which the dosimeter has been exposed should be 
determinable via either a TL technique or an OSL technique. 
Even further, the dosimeter should exploit the many advan
tages of using a-Al2 O3 :C as a UV detecting material. 
Accordingly, it should be recognized, as was recognized by 
the present inventors, that there exists, and has existed for 
some time, a very real need for a device that exhibits the 
various characteristics described above. 

5 PTTL signal can be controlled by varying the initial 
absorbed gamma or beta dose. The efficiency of the 
UV-induced phototransfer is dependent upon the wavelength 
of the UV light. This efficiency has been shown to peak in 

10 

Before proceeding to a detailed description of the present 
invention, however, it should be noted and remembered that 
the description of the invention which follows, together with 
the accompanying drawings, should not be construed as 
limiting the invention to the examples ( or preferred 15 

embodiments) shown and described. This is so because 
those skilled in the art to which the invention pertains will 
be able to devise other forms of this invention within the 
ambit of the appended claims. 

the UVB wavelength range. 

As an alternative to thermal stimulation, a luminescence 
signal can also be induced by optical stimulation. Instead of 
heating the sample to record the PTTL signal as was 
described previously, the sample is illuminated with visible 
light that includes wavelengths that optically stimulate the 
charge out of the dosimetry traps, thereby creating a lumi
nescence signal which can be measured and correlated with 
the amount of UV exposure experienced by the detecting 
material. Experiments have shown that if the illuminating 
light is centered on wavelengths in the green-blue region of 

SUMMARY OF THE INVENTION 

According to a first aspect of the instant invention, there 

20 the spectrum, efficient optical stimulation of charge from the 
dosimetry traps occurs without significant stimulation of 
charge from the deep traps. Thus, one can measure a 
phototransferred OSL signal. Since the preferred mode of 
operation uses continuous visible light illumination, the 

is provided a dosimeter which measures absorbed 
ultraviolet-B radiation dose for light wavelengths centered at 
307 nm and which is based on the phenomenon of the 
phototransferred luminescence properties ( either PTTL, or 
PT cw-OSL) of a-Al2 O3 :C. In the preferred embodiment 
a-Al2 O3 :C detectors ( either in the form of single crystals, 
thin powder layers on a suitable substrate, polycrystalline 
chips, or any other form of a-Al2 O3 :C, including amorphous 30 

a-Al2 O3 :C) are used as the UVB detector. The dosimeter 
formed therefrom can be used in air or water, and will have 

25 induced phototransferred luminescence signal is referred as 
PT cw-OSL. As a result of these considerations the instant 
design is based upon either DVB-induced PTTL or PT 
cw-OSL from a-Al2 O3 :C (although POSL or LM-OSL 

a near-linear response with a dynamic range of approxi
mately four decades ( over an energy fluence range from 
about 102 µJ/cm 2 to about 106 µJ/cm 2

). Further, this device 35 

exhibits very little temperature dependence in the region of 
most interest to biological studies (273 K-323 K). The 
preferred design of the instant dosimeter incorporates a 
narrow band optical filter, such as an interference filter, to 
limit the wavelengths of light that reach the dectector. The 40 

inherent angular dependence of these sorts of filters is 
partially offset through the use of diffusers and by the 
wavelength dependence of the phototransferred lumines
cence efficiency in the UVB wavelength range and the shift 
in the transmission wavelength of the filter as a function of 45 

incident angle. 

readout modes could also be employed). 

Thus, this aspect of the present invention utilizes the 
properties of materials such as a-Al2 O3 :C to create a UVB 
dosimeter that can be read via PTTL or PT cw-OSL-which 
will be collectively described as "phototransferred lumines-
cence" hereinafter. It should be noted, however, that the OSL 
readout mode need not be limited to cw-OSL, but rather 
pulsing (POSL) or linear modulation of the stimulating light 
(LM-OSL) may also be used, Further, since the underlying 
physical phenomenon employed is that of measuring the 
amount of charge that is trapped in the acceptor traps (i.e., 
how much UV exposure the dosimeter has experienced), any 
method that provides a measure of this quantity would be 
acceptable for use with the instant invention. 

The foregoing has outlined in broad terms the more 
important features of the invention so that the detailed 
description that follows may be more easily understood, and 
so that the contribution to the art may be better appreciated. 
The instant invention is not to be limited in its application to 
the details of the construction and to the arrangements of the 
components set forth in the following description or illus
trated in the drawings. Rather, the invention is capable of 
other embodiments and of being practiced and carried out in 
various other ways not specifically enumerated herein. 
Finally, it should be understood that the phraseology and 

According to a second aspect of the instant invention, 
there is provided a method of preparing detector materials 
for use in UV detection. By way of general background, 
operation of the instant device can be explained by reference 50 

to the TL properties of a-Al2 O3 :C. When heated after 
gamma or beta irradiation, TL is emitted from this material, 
with a peak of luminescence intensity at temperatures of 
about 465 K. This effect is due to the thermal release of 
trapped charge at defects descriptively termed the shallow or 
"dosimetry traps". The intensity of the -465 K TL peak is 
proportional to the dose of absorbed radiation. More stable 
traps also exist, which release their trapped electronic charge 

55 
terminology employed herein are for the purpose of descrip
tion and should not be regarded as limiting, unless the 
specification specifically so limits the invention. 

at temperatures of about 900 K and about 1200 K: the 
so-called "deep traps". If a gamma or beta irradiated sample 60 

is heated to just beyond the 465 K TL peak, the dosimetry 
traps are thermally emptied, but the charge in the deep traps 
is still present. If, after cooling back to room temperature, 
the sample is now exposed once again to ultraviolet light, 
charge from the deep traps is optically stimulated from those 65 

traps and a proportion of the charge is re trapped at the empty 
dosimetry traps. Thus, on second heating a new TL signal at 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 contains a schematic diagram of the preferred 
dosimeter, which consists of a Teflon®-type cap 1; an 
interference filter 2 with a pass band centered at 307 nm; an 
a-Al2 O3 :C detector 3; a plastic base 4; a bayonet fitting 5; 
and, O-rings 6. 

FIG. 2 illustrates the normalized PT cw-OSL response of 
the instant UVB dosimeter as a function of exposure to 
natural sunlight. Each datum point is the mean of three PT 
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cw-OSL readings from three dosimeter/detector 
combinations, all exposed to the same conditions. 

FIG. 3 contains a plot of UVB interference filter central 
wavelength shift versus incident angle of illumination. 

6 
this sort of filter is that it can be made to transmit a very 
narrow band of wavelengths and, thus, can be used as a 
monochromator when it is desired to examine, say, a radia-

FIG. 4 contains two curves representing the UVB inter- 5 

ference filter response versus incident angle of illumination. 
The filled circles correspond to absorption at 307 nm and the 
filled squares represent absorption at the central wavelength. 

tion source at the wavelength of a single spectrum line. It 
should be noted, though, that although an interference-type 
filter is the preferred choice for use with the instant 
invention, any narrow pass-band optical filter would be 
suitable for use with the instant invention, where "filter" 
should be understood to include individual optical filters as 
well as combinations of filter elements that yield a narrow 
pass band. Thus, in the text that follows the term "interfer-

FIG. 5 illustrates the normalized PT cw-OSL response for 
h 

10 
t e UVB dosimeter as a function of incident angle of 
illumination. Each datum point is the result of a single 
exposure to a deuterium lamp, using a single dosimeter/ 
detector combination. The solid line shows the 'ideal' cosine 
response for incident light. 

FIG. 6 contains a plot of the efficiency of the PTTL 
response versus sample temperature during illumination. 

DETAILED DESCRIPTION 

Dosimeter Construction 

Turning to FIG. 1, wherein is contained a cross-sectional 
view of a preferred embodiment of the instant invention 
preferred dosimeter 100 consists of a machined Teflon®_'. 
like cap 1 and a black Delrin® (or similar) base 4. An 
interference filter 2 with an optical passband centered at 307 
nm is inserted into the cap 1. The base 4 holds the detector 
3, which is preferably a-Al2 O3 :C in the form of a single 
crystal chip or a thin powder layer on a suitable substrate. 
The dosimeter 100 is preferably closed by first pressing the 
cap 1 onto the base 4 and twisting to secure with a bayonet 
fitting 5. The closed dosimeter 100 is thus water tight and 
light tight, allowing UVB radiation to fall onto the detector 
only after passing through the cap 1 and the interference 
filter 2. The detector 3 can be formed of single crystal chips 
of a-Al2 O3 :C, of typical dimensions 5 mm diameter and 1 
mm thick, or may consist of a thin layer of a-Al2 O3 :C 
powder (for example, 7-9 mg/cm2

, grain size 38-53 µm 
prior to pressing) pressed onto an aluminum substrate with
out binding material. 

The cap 1 forms the upper portion of the dosimeter 100. 
A first purpose of this member is to protect the interior of the 
dosimeter 100----and its filter 2 and detector 3-from con
taminants originating in the external environment, e.g., from 
invasion by water, dirt, etc. However, the cap 1 must be thin 
enough on its upper surface to permit transmission of some 
amount of light therethrough, otherwise radiation would not 
be able to reach the enclosed detector 3. In the preferred 
embodiment, the cap 1 will be constructed of a thermoplastic 
resin such as Teflon®, although other variations are certain 
possible and within the skill of those of ordinary skill in the 
art. In the text that follows, the term "plastic" will be used 
in its broadest sense to include the family of plastics and 
other moldable materials that are at least translucent and can 
be shaped into the requisite form. As discussed more fully 
hereinafter, a second broad purpose of the cap 1 is to diffuse 

15 

ence" filter will be used to describe, not only conventional 
interference filters, but more generally any narrow band 
optical filter. 

The detector 3 preferably consists of a thin layer of 
luminescent material that is deposited on a suitable 
substrate, or sandwiched between thin films of (say) trans
parent or translucent plastic. The role of the luminescent 
material is described more fully below, but in general this 

20 material must respond to-and be sensitive to----exposure to 
at least the particular radiation wavelength that is being 
investigated. Further, the magnitude of this response and, 
hence, the degree of exposure, must be determinable after
the-fact. In the preferred embodiment, the luminescent mate-

25 rial is a-Al2 O3 :C, a material that is in many ways the best 
choice for the instant detector 3. Among the properties that 
make a-Al2 O3 :C particularity suitable for use in the instant 
invention are that its shallow traps are stable at ambient 
temperatures and can be "read" using either thermal stimu-

3o lation (at temperatures between about 100° C. and 500° C.) 
or optical stimulation (with light in the wavelength range of 
about 350 nm to 900 nm). 

35 

40 

45 

The previous paragraphs have described only one pre
ferred embodiment, other arrangements may be devised by 
those skilled in the art and, in fact, the precise details of the 
construction of the a-Al2 O3 :C detector 3 are not a part of the 
instant invention. It should also be mentioned that it is not 
the intent of the instant inventors to limit the invention to the 
use of a-Al2 O3 :C as the detector material: any material with 
similar phototransferred luminescence sensitivity when 
exposed to wavelengths in the UV region could be used 
within the instant dosimeter 100. Thus, when the chemical 
compound a-Al2 O3 :C is written herein, it should be under
stood that that usage stands for, not only the specific 
compound, but also any material with similar phototrans-
ferred luminescence sensitivity within the UV band. 

Further, the response of the dosimeter should not be 
considered as being limited to 307 nm, or even to UVB 

50 
wavelengths. By choice of a different interference filter 2 the 
dosimeter could be used to provide a UVB response at a 
different wavelength or wavelengths, subject to the effi
ciency of the phototransfer process over the chosen wave
length range. (See, for example, the previously cited work 

55 
by the instant inventors, i.e., Colyott, Akselrod, and 
McKeever, 1996). 

or scatter ambient radiation passing therethrough. This, as 
discussed below, can help reduce the dependence of the 
recorded signal to the angle at which light falls on the 
detector 3. Needless to say, the upper surface of the cap 1 60 
should be chosen to be relatively transparent with respect to 
the wavelength of UV radiation which it is desired to 
measure. 

Detector Preparation 

According to another aspect of the instant invention, there 
is provided a method of detector 3 preparation which 
preferably begins with a period of pre-irradiation, preferably 
at room temperature, to a dose, D (typically 1-100 Gy) using 
either a 60Co gamma source or a 90Sr beta source. The 
detector 3 is then preheated in order to remove the charge The interference filter 2 is well known to those skilled in 

the art as an optical filter in which the light wavelengths that 
are not transmitted are removed by interference phenomena 
rather than by absorption or scattering. One advantage of 

65 trapped at the dosimetry traps. A typical prescription for the 
preheat phase is to heat it to 625 K at 20 K/s for 1 hour and 
then to continue to heat at 10 K/s to 675 K for 12 mi;utes. 
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Of course, other preheat schedules may be devised by those 
skilled in the art and the one given here was selected for 
purposes of illustration only. 

If a-Al2 0 3 :C single crystal detectors are used in the 
dosimeters as the detecting material, then the detectors 3 can 5 

be reused repeatedly, provided they are annealed at a tem
perature of about 1200 K between exposures. This heating 
removes charge carriers from all known traps, it being well 
known that the deep traps are thermally stable up to about 
1200 K. Of course, using heat to remove the charge carriers 10 

from luminescent material deposited on thin-layer detectors 
can be somewhat problematic, as the substrate may have a 
melting point which is lower than the preferred annealing 
temperature. For example, consider a detector formed by 
depositing powdered a-Al2 0 3 :C on an aluminum substrate. 15 

Since aluminum has a melting point of 933 K, which is well 
below the preferred annealing temperature of powdered 
a-Al2 0 3 :C, this detector cannot be heated to the annealing 
temperature without destroying the it. However, if single 
crystals, polycrystals, or amorphous materials are used as 20 

the preferred eluminescent material, this problem can be 
largely avoided. 

8 
Each dosimeter 100 was calibrated by exposing it to 

natural sunlight for amounts of time ranging from 2 to 6000 
minutes. The detectors 3 were then removed from the 
dosimeter bodies 100 and the phototransferred luminescence 
was measured. In the preferred embodiment, the lumines
cence is detected using a photomultiplier tube using appro
priate optical filtration to remove undesired wavelengths. 
For example, if the material used is a-Al2 0 3 :C, one can use 
an optical filter ( or combination of filters) with a narrow 
transmission band centered at 420 nm to select only that 
luminescence which results from the de-excitation of excited 
F-centers within the a-Al2 0 3 :C lattice. In the event that 
some other material has been used, the previous arrangement 
would need to be modified to suit that material according to 
methods well known in the art. The phototransferred lumi
nescence measurements were then calibrated against the 
integrated UVB measurements recorded in the 305 nm 
channel of the GUV-511C ground-based UV radiometer. 
Normally, an average of three readings using three separate 
dosimeter/detector combinations was calculated. 

The sensitivity of the instant dosimeter to irradiation at 
non-normal angles of incidence was obtained by positioning 
the dosimeters 10 mm from a deuterium lamp and illumi
nating for 10 minutes. Individual luminescence measure-

25 ments were taken after each rotation of the dosimeter from 

However, if a thin-layer detector is desired, a different 
scheme is available. A "weak beam calibration" method was 
devised by the instant inventors which may be used to reset 
the thin-layer detectors if one wishes to reuse them. The 
preferred weak beam calibration procedure is as follows. 
Each sample is irradiated with a gamma or beta dose of, 
typically, 30 Gy, and is then heated to about 600 K for 2 
minutes, cooled to room temperature, and illuminated with 30 

a "weak beam" (0.250 µW·cm- 2
) of 307.0 nm light for 10 

minutes. This procedure phototransfers a small fraction of 
the charge from the deep traps and produces a relatively 
small phototransferred luminescence signal. During re-use 
of the dosimeters, each subsequent UVB measurement is 35 

then followed by a similar "weak beam calibration" in order 
to detect any change in the concentration of charge trapped 
in the deep traps (which act as the source of the charge 
transferred during UVB illumination). If the weak beam 
calibration signal indicates a depletion of charge in the 40 

source traps, a small "restoration dose" is applied to the 
detector to bring the calibration signal back to within 
tolerance ( e.g., to within one standard deviation). 

After the above-described pretreatment, the detector 3 is 
ready to be loaded into the dosimeter body 100 as shown in 45 

FIG. 1. Exposure to UV will then give rise to the phototrans
ferred luminescence signal (PTTL at -465 K if stimulated 
thermally, or PT cw-OSL if stimulated with a continuous 
beam of visible light). In the measurements of PT cw-OSL 
the visible light source used in the present experiments was 50 

an array of Nichia NSPG500S diodes, with a peak emission 
at 526 nm. Alternatively, other diodes emitting at different 
wavelengths may be used. 

0 to 75 degrees, in 15 degree increments. Following each 
UV exposure, the detector 3 was removed from the dosim
eter body and a photo transferred luminescence measurement 
was taken. After each measurement the detector 3 was 
heated to 675 K for 1 minute, before being returned to the 
dosimeter body ready for the next UV exposure. 

In making the angular dependence measurements it is 
important to be aware of any angular dependency introduced 
by use of the interference filter 2. These measurements were 
performed using a Varian Corporation CARY 5 UV-VIS
NIR spectrophotometer by varying the angle of the filter 
with respect to the incident beam in the spectrophotometer. 

UVB Dosimeter Response 

A typical UVB response curve for the dosimeter is shown 
in FIG. 2. This particular data set shows the calibration data 
for PT cw-OSL using a-Al2 0 3 :C thin-layer detectors. The 
cw-OSL signal is measured using a 526 nm stimulation 
source (a diode array). The exposure axis is calibrated using 
the response of the 305 nm channel of the GUV-511C 
radiometer. The gamma dose applied was 100 Gy from a 
60Co source at room temperature, and the preheat conditions 
were 625 K at 20 K/s for 1 hour, and then 675 K for 12 
minutes. The figure shows a linear response over almost four 
orders of magnitude, representing typical sunlight exposures 
varying from a few minutes to several weeks. This UVB 
exposure sensitivity can be adjusted by reducing or increas
ing the initial absorbed gamma dose, or by attenuating the 

Detector Calibration Procedure 55 intensity of the incident light. 

The instant dosimeter 100 was calibrated using natural 
sunlight and a Biospherical Instruments model GUV-511C 
ground-based ultraviolet radiometer. The 305 nm channel 
was chosen for the calibration measurements and data were 
recorded every 30 seconds or 60 seconds. Each 30-second 60 

(or 60-second) record comprised an average of approxi
mately 100 ( or 200) scans of the 305 nm channel. Measure
ments of the UVB intensity with respect to time-of-day ( and, 
indirectly, the angle of the sun) were made using an Ultra
violet Products model UVX-31 radiometer. Intensity read- 65 

ings were made on the same day, recorded every 30 seconds 
for a total of about 30 minutes and then integrated. 

Angular Dependence 

The angular dependence of the dosimeter is an important 
design and performance consideration. Much of this depen
dence is dictated by the angular response of the interference 
filter 2. FIG. 3 shows how the center wavelength of the 
interference filter transmission curve shifts to lower wave
lengths as the incident angle increases. FIG. 4 shows the 
change in the transmission characteristics at the wavelength 
of 307 nm and at the center wavelength, as determined from 
FIG. 3. The angular dependence of the filter properties, as 
shown in FIGS. 3 and 4, contribute to the angular depen-
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used to measure the amount of charge transferred by the UV 
radiation, it is possible that conductivity ( either thermally 
stimulated conductivity or optically stimulated conductivity) 
or capacitance ( e.g., thermally stimulated capacitance) could 

5 be used. In brief, any method that that be used to determine 
how much charge is trapped in the acceptor traps (i.e., how 
much UV exposure the dosimeter has experienced) could be 
used. 

dence of the overall dosimeter, which is displayed in FIG. 5. 
For purposes of comparison, an "ideal" cosine response 
curve is shown on this same plot. This curve represents the 
maximum normal component of light possible at a given 
angle of incidence. Comparing FIG. 4 with FIG. 5 shows 
that the dosimeter angular response is broader than that of 
the interference filter 2. One explanation for this effect is that 
the cap 1 tends to act as a diffuser with respect to light 
passing through it. Because incident light is scattered (by the 
upper surface of the cap 1) before it reaches the interference 10 

filter 2, the angular "bandwidth" of the incident light is 
effectively increased. The net result is that the angular 
distribution of light rays falling upon the interference filter 
2 is increased. The composite response of the dosimeter 100 
may be represented by a summation of curves similar to 15 

those of FIG. 4, with each curve being displaced by some 
angular amount li.8. The angular dependence of the dosim
eter 100 is thereby flattened with respect to that of the 
interference filter 2. In addition, the efficiency of the pho
totransfer process changes as the wavelength decreases, with 20 

the maximum phototransferred luminescence efficiency 
occurring near 280 nm. Thus, as the central wavelength of 
the dosimeter 100 shifts from 307 nm ( at 0° with 20% 
transmission) to 268 nm (at 75° with <1 % transmission) the 
efficiency of charge carrier phototransfer increases. This 25 

effect also contributes to the flattening of the dosimeter's 
100 angular response. 

Temperature Dependence 

FIG. 6 represents the efficiency of the phototransfer 30 

process from the deep traps into the dosimetry traps, plotted 

While the inventive device has been described and illus
trated herein by reference to certain preferred embodiments 
in relation to the drawings hereto attached, various changes 
and further modifications, apart from those shown or sug
gested herein, may be made by those skilled in the art, 
without departing from the spirit of the inventive concept, 
the scope of which is to be determined by the following 
claims. 
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5. The method according to claim 1, wherein step (a) 

includes irradiating said detecting material with gamma, 
beta or other ionizing radiation. 

6. The method according to claim 5, wherein step (a) 
5 includes irradiating said detecting material with a dose of 

about 1-100 Gy of radiation. 

Quintern, L. E., Puskeppeleitm M., Rainer, P., Weber, S., El 
10 
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Antarctica with the Biofilm Technique. Photochem. Pho
tobiol. B, 22, 59-66 (1994). 
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11. The method according to claim 8, wherein step (d) 
includes illuminating said detecting material with said weak 

25 beam of light having a wavelength of about 307 nm. 
12. A method of preparing the detecting material of claim 

1, once exposed to UVB radiation, for further exposure to 
UVB radiation, comprising the step of: 

Yeh, S.-H. and Weng, P.-S. Ultraviolet Radiation Measure
ment with Neutron Pre-Irradiated Thermoluminescence 

30 
Dosemeters. Radiat. Prat. Dosim. 47, 689-692 (1993). 
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and said deep traps; and 
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What is claimed is: 
1. A method of preparing a luminescent detecting material 

for use in UVB dosimetry using phototransferred 
luminescence, wherein said luminescent detecting material 
comprises an anion-deficient Al2 0 3 , and wherein said lumi
nescent detecting material has a set of shallow dosimetry 
traps for trapping electronic charge carriers, which charge 
carriers may be thermally released from said shallow traps 
upon heating to a first temperature, and a set of deep traps 
for trapping electronic charge carriers, which charge carriers 
may be released from said deep traps upon heating to a 
second temperature, comprising the steps of: 

(a) irradiating said detecting material with a dose of 
ionizing radiation sufficient to fill said shallow traps 
and said deep traps with charge carriers; 

(b) heating said detecting material to a temperature which 

(b) repeating steps (a)-(c) of claim 1. 
13. A method of preparing a luminescent detecting mate

rial for use in UV dosimetry using phototransferred 
35 luminescence, wherein said luminescent detecting material 

comprises an anion-deficient Al2 0 3 , and wherein said lumi
nescent detecting material has a set of shallow dosimetry 
traps for trapping electronic charge carriers, which charge 
carriers may be released from said shallow traps upon 

40 stimulation to a first stimulation energy level, and a set of 
deep traps for trapping electronic charge carriers, which 
charge carriers may be released from said deep traps upon 
stimulation to a second stimulation energy level, comprising 
the steps of: 

45 
( a) irradiating said detecting material with a dose of 

ionizing radiation sufficient to fill said shallow traps 
and said deep traps with charge carriers; and 

is above said first temperature but below said second 50 

temperature to affect the release of charge carriers from 
said shallow traps; and 

(b) stimulating said detecting material to a level which is 
above said first stimulation energy level but below said 
second stimulation energy level to affect the release of 
charge carriers from said shallow traps; 

whereupon, when the detecting material is subsequently 
exposed to ultraviolet light a proportion of charge carriers is 
released from said deep traps to be retrapped in said shallow 

( c) cooling said detecting material to ambient tempera
ture; whereupon, when the detecting material is subse
quently exposed to UVB radiation a proportion of said 
charge carriers will be released from said deep traps to 
be retrapped in said shallow traps, thereby allowing for 
the measurement of phototransferred luminescence by 
thermal or optical stimulation of the release of 
retrapped charge carriers. 

2. The method according to claim 1, wherein said detect
ing material is an anion-deficient Al2 0 3 doped with carbon. 

3. The method according to claim 2, wherein said detect
ing material is in the form of a thin film, single crystal or 
polycrystalline powder. 

4. The method according to claim 2, wherein step (b) is 
performed at about 600-700 K. 

55 traps, thereby allowing for the measurement of phototrans
ferred luminescence by thermal or optical stimulation of the 
release of retrapped charge carriers. 

14. A method of preparing a luminescent detecting mate
rial for use in UV dosimetry according to claim 13, wherein 

60 said first stimulation energy level corresponds to a first 
temperature, said second stimulation energy level corre
sponds to a second temperature, and step (b) comprises the 
step of heating said detecting material to a temperature 
which is above said first temperature and below said second 

65 temperature. 

* * * * * 


