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Optically Stimulated Luminescence in KMgECe**
Comparison of Dosimetric Characteristics With
Al 205 :C

N. J. M. Le Masson, A. J. J. Bos, A. J. M. Winkelman, and C. W. E. van, Bgmber, IEEE

Abstract—Ce3_+ doped KMgF; crystals have been investigated have raised interest in OSL for radiation protection dosimetry
as a new material for dosimetry of ionizing radiation. Previous [6]. The emission spectrum of the luminescent centers involved
studies have focused on their thermoluminescence (TL) properties. in the OSL process ofi—Al,Os : C consists of a large band

This paper shows that the stored energy in this compound can also . . .

be read by visible light. Its sensitivity was found to be one order of ranging frqm 359 to 450 nm with & maximum at 410 nm [7]'_
magnitude greater than Al, O5 : C, which can be considered as the Few materials with efficient OSL have been proposed for radi-
standard dosimetric material based on optically stimulated lumi- ation protection since.

nescence (OSL). The greater sensitivity was due to a larger wave-  One approach to develop OSL materials dedicated to personal
length difference between stimulation and emission wavelengths, dosimetry is to investigate the OSL properties of known TL

which results in a better separation of useful signal from scattered h h F thi ti h . tiqated
light. Time response characteristics were also significantly better PHOSPROTS. From thiS PErSpeciive, we have investgaled a new

than Al O : C, which allows in principle fast pulsed and multiple  Ultrasensitive TL phosphor KMgF: Ce** [8]. TL studies on
readouts. Unfortunately, the high self-dose 1.5 #Gy/h) due to  the dosimetric potentials of the fluoroperovskite KMgave
the natural abundance of*°K isotope is a major drawback for the  peen performed with various activators: Yb [9],%{10], Pb,
application of this material in environmental dosimetry. Some fea- Cr, Ag [11]. In this paper, we report preliminary results of OSL

tures of the mechanism have been studied with different spectro- S . + .
scopic techniques. The luminescent centers have been clearly iden-Cha"aCterIStICS for KMgk: Ce’ and compare some of its fea-

tified with Ce3+ ions. It has been shown that the main trapping tures with ALO3 : C.
centers involved in OSL mechanism are the same as those involved
in TL mechanism.

) ) . Il. EXPERIMENTAL
Index Terms—Al> O3, KMgF 3 : Ce, optically stimulated lumi-

nescence (OSL). The crystal was obtained from a stoicheometric melt of KF
and Mgk using the Czochralski method in an Ar atmosphere.
The dopant was added to the initial mix of powder before
' _ o growth. The specified nominal concentration in the melt was
O PTlCALLYStImUlatEd luminescence (OSL) exhibits SeVH.5 mol%. Due to Segregation phenomena during growth’ the
eral potential advantages over thermoluminescence (Tégpant concentration in the crystal does not coincide with the
for application in radiation protection dosimetry. The opticaine in the melt. The concentration may also vary along the
nature of the stimulation is an obvious advantage. Stimulatigfhwly pulled crystal ingot. The real concentration in the crystal
of materials that melt or decompose at elevated temperaturegifot precisely known. It was cut into a flatb x 5 mn®)
possible, especially for materials with a high hydrogen contegid thin 1 mm) slab and then polished in order to obtain a
with & high sensitivity to fast neutrons [1]. Furthermore, therm@lod quality surface for optical studies and for a good thermal
quenching of the luminescence is avoided, and no decreas@@tact. The weight of the investigated crystal was 34 mg.
the sensitivity is expected after repeated uses. In addition to &l,0;5 : C discs of 80 mg were provided by Urals Polytech-
readout at ambient temperature, one can vary the stimulation Rg=| Institute. The samples were annealed at 50Gor 3 h.
rameters such as wavelength, time (pulsed OSL [2]), or powgiie photoluminescence measurement and X-ray induced emis-
(I|near modulatlon OSL [3]), Wh|Ch pI’OVIdeS a poWerfUI tOOI forsion measurements are described e|sewhere [12]
the studies of the physics involved. ~ The OSL/TL properties were investigated with a Risg reader
Despite its early discovery [4], and its early suggestion in th§| /OSL-DA-15A/B). Optical stimulation was performed with
1950s for radiation dosimetry [5], OSL studies have been leg§ OsL unit containing a ring of blue light-emitting diodes
extensively reported than TL studies. The recent availability @IfEDs) with an optical feedback. This configuration of the
cheap and powerful lasers and the discovery of a highly sengisg reader is described elsewhere [13]. The emission of the
tive OSL material «—Al; O3 : C, for environmental dosimetry pjye LEDs occurs at 470 nm. Measurements were performed
at 100% of their power, which corresponds to an illumination
Manuscript received November 3, 2000; revised February 23, 2001. power of 16 mWcm~—?2 at the sample position, according to the
The aUthO?t are with the ?adiaﬂo”lTeCh“O'?(g{ Group, 'I?tterfacu'ty Rei"‘ﬁianufacturer specifications. Another stimulation light source
Netheriands (e-mai X lomasson@itogeittry o2 2 Myas the filtered light (OG515, SWP560, SWP720 filters) from
Publisher Item Identifier S 0018-9499(01)06981-7. a halogen lamp. The spectrum is a broadband between 515
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Fig.1. TLglow curve (heating rate 1.K-") of KMgFs : Ce** after a3-dose Fig. 2. Typical OSL decay curve of KMgFE Ce*+ under continuous
of 5 mGy. ' stimulation with blue LEDs (470 nm).

and 600 nm with a maximum at 545 nm. This stimulation
source will be referred to as the yellow-green lamp. The lamp
is connected to the OSL unit via a liquid lightguide. The illumi-
nation power is 10-20 mWwWm~2 at the sample position. The
emitted OSL light is separated from the stimulation light either
with U-340 (7.5 mm, Hoya) filters for the blue LEDs or with
BG 4 (5 mm, Schott) and UG 1 (1 mm, Schott) filters for the
yellow-green lamp. OSL is then detected by a photomultiplier
tube (PMT) (Product for Research, Inc. model PR1406RF)
in a photon counting mode. Irradiation is performed with a
90SrPOY B-source (either 24.1 MBq or 18.5 kBq) in a built-in
holder. TL glow curves were recorded in the same geometry = 5T o T
and with the same filters as for OSL measurements with blue 10 10 10 10 10 10
LEDs. Absorbed Dose (mGy)

The OSL emission spectrum was measured with a spectroFm- 3. Intearation of the OSL function of dose. The line is a fit
. . . 1g. o. ntegration o e curves as a runction or aose. elineisat
eter (Ocean Optics S2000) connected a lightguide of 1 mm g;?d Comcide% with the line of linearity.

ameter equipped with a collimating lens. The lightguide was

mounted onto the Risg reader instead of the PMT. The optiggj, mGy. The OSL readout was carried out at room tempera-
stl_mulatlon was performed with the blue LEDs, and a ?'S'm%re after having preheated the sample at6@uring 3 min in
thick U340 filter was used to attenuate the scattered Stlmu|&t|8&jer to reduce the phosphorescence level due to shallow traps

light. The decay curve is not modified if the preheat procedure is
replaced by 30 min waiting time after the irradiation. The curve

Ill. RESULTS shows a first component that can be fitted by a single exponen-

tial in the first 20 s and by a second slowly decaying component.

The TL glow curve recorded immediately after irradiatio . .
(Fig. 1) is depicted. It was recorded after a dose of 5 MGy fro%\nddltlonal OSL experiments have shown that the second com-

the®'SrPYY source. The glow curve structure is similar as founﬁOnent extends over more than 1 h andis reduced to background

- . . e " .. level only after having heated the samples up to 400
by Kitis [8]. The first peak af[ 60C is fading-sensitive. It disap OSL decay curves were integrated over 100 s and plotted as
pears completely after 1 h in the dark at room temperature.

ahfunction of dose (Fig. 3). The relation is strictly linear from

This fading induces a high level of phosphorescence, whi R .
should be taken into account in OSL experiments. The shapeﬁzn? detection limit {-1 ;Gy) up to hundreds of mGy, at which

the intense glow peak at about 160 suggests that this peakggjiilzteel nonlinearity occurs in the PMT (pileup) due to a high

consists of at least two peaks: a very intense one and an Unies "5 emission spectrum (Fig. 4) was measured after an

solved weak peak on the high-temperature side of the main pegllé'sorbed dose of 50 Gy from$%Co source. The emission spec-

. . trum of this sample was also measured during X-ray and pho-
A. OSL Characteristics of KMgf: Ce’ toexcitation. All spectra show an asymmetric band peaking at
The stored information during irradiation can also be eff360 nm. In the case of the OSL emission spectrum, the U-340
ciently read out by optical means. A typical OSL decay curnfédters cut off the longer wavelength part. This emission has
under blue LED stimulation is shown (Fig. 2) after a dose dfeen ascribed to transitions from 5d IeveI§F<3/2 and2F7/2
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Fig. 6. Comparison between OSL signal o£.@k; : C and KMgF; : Ce*+ for
Fig. 4. Emission spectra of KMgF Ce’" induced with different sources: (a) blue LEDs stimulation and (b) yellow-green lamp stimulation.
(a) photoluminescence emission excited at 280 nm, (b) OSL emission under
470-nm stimulation, and (c) emission under X-ray excitation.
carriers from the deeper traps is weak. Indeed, TL peaks at 300

and 370°C are also reduced and shifted to higher temperature

ssl ‘§ ?g s o & a s o 577 after long stimulation period (1 h). _ _
> I £ 4l Those results suggest that the first component in the OSL-
"g' 3.0t E';. M Fe—ossoa decay curve is due to trapping centers connected with the in-
8 o5l “,; [ ool tense glow peak at 16 and the second component due to the
s £ o deeper traps. The inset shows the decrease of the TL signal and
& 20} g 2 the increase of the OSL signal as a function of the optical stim-
® 15l 8 " T p pre ulation time. Keeping in mind that the luminescent centers and
_5: ' Optical Stimulation Time (s) the light detection efficiency are similar for both experiments,
3 1.0 we can propose based on this anticorrelation that the transfer
F sl efficiency of the charge carriers from the traps to the emission

- centers is similar for thermal and optical stimulation.
0.0 The fading of the stored information has been investigated

L) M T T M T T T 1

50 100 150 200 250 300 350 400 ) . i

o over two days. No noticeable fading could be observed. This

Temperature (°C) . L .
agrees with absence of fading in TL experiments [8] and the

Fig. 5. TL glow curves of a KMgF: Cé* crystal after the same dose angobservation .that in OSL and TL experiments the same trapping

different optical stimulation time with blue LEDs: (a) no stimulation, (b) 2 mincenters are involved.

and (c) 10 min.

B. Comparison With AD;:C

levels of C&* ion in a cationic site (most probably atKsite) The comparison of two OSL materials dedicated to dosimetry
perturbed by spatially correlated charge-compensating defeistsiot as straightforward as for TL materials. In cwOSL mea-
[14]. It is clear that the active luminescent centers in the ORurements (OSL with a continuous stimulation), an optical
process are the G& ions. filter in front of the PMT must be used in order to attenuate

The emission peaks below 300 nm in the X-ray induced emibie scattered stimulating light. This filter also attenuates the
sion have been attributed to Eeion in an unperturbed K site  emitted light and therefore determines to some extent the
[14]. Those emission peaks could not be observed (if presentkignal-to-noise ratio. A compromise has to be found between
the OSL emission spectrum due to the low detection efficientlye optimum of light detection and an efficient stimulation.
in that wavelength region. Some of these problems are illustrated in Fig. 6. It shows

The correlation between TL and OSL has been investigattte decay of both KMgk: Ce** and ALOs:C under blue
as follows. The sample was given a certain dose and preheateldsds and yellow-green stimulation. The filters used with
60°C during 3 min. The time between the preheat procedure atfie¢ yellow-green stimulation match ADs: C emission but
the TL measurement was kept the same (10 min), but during ttia® decay is much slower, which increases considerably the
time OSL measurements were performed for different periodstofie to read out the stored information and thus decreases the
time. Then the TL spectrum was recorded at-$K. The three signal-to-noise ratio. Increasing the lamp power will speed up
plotted TL glow curves (Fig. 5) were recorded after stimulatiothe decay but also the scattered light level, which is already
periods of 0, 2, and 10 min, respectively. quite high for low dose detection, as seen in Fig. 6.

The observed reduction in the TL intensity confirms that the It follows that in an experimental setup, the intensity of the
intense band peaking at about I8Dinvolves at least two trap- OSL signal is strongly dependent on the choice of filters. Effects
ping centers [8]. The efficiency of the optical release of chargé these parameters are included in the quantity “sensitivity.”
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TABLE | with a lifetime of 35 ms [7]. This relatively long lifetime is also
COMPARISON OFOSL ENSITIVITY SIN COUNTSMGY—*-mg~*, DETECTION initial i i i i i
EFFICIENCY ¢ IN % AND ITS RATIO S/ OF KMgF3 : Ce T AND Al 05 : C the.re?‘son of an initial Inten.SIty r|§e dun.ng 35msin the+OSL
emission. We performed optical stimulation on KMgEe?

Stimulation  Yellow-green BlueLEDs with a flashlamp of a few:s pulse duration. The OSL response
S ¢ Sk S € S/e monitored by an oscilloscope shows a decay of spmeaused
KMgF;:Ce 12000 16 750 23000 6 3850 by the decay of the lamp itself. It seems that the OSL time re-
ALO;C 3200 1 3200 2000 <0.2 >10000 sponse to a pulse is shorter than tenthgfSince Cét is the

luminescent center, we expect a decay time in the order of mag-
nitude of the C&" radiative lifetime in this compound (50 ns

The sensitivityS is defined as the slope of the dose responé&4])- For that reason, the time response of KMgEe** to a

curve (integrated OSL signal versus dose) and is expresse®@itise of light is expected to be very short. This makes the com-

number of detected counts per mGy and per mg. pound very promising for pulsed OSL since a very short decay
To evaluate the intrinsic efficiency (or a relative measure féfme will result in a better signal-to-noise ratio. .

it), the effect of the filter and PMT should be taken into account. The much higher sensitivity makes KMgFCe** more

We calculate the detection efficieneydefined as attractive for radiation dosimetry applications tharn®@4 : C.
However, some factors have to be taken into account.
/N()‘)T()‘)Q()‘) dA 1) C. Drawbacks
£ = n
/N()\) d\ An important property of a dosimeter is the energy response
of the material. Foty radiation, it is determined by the effective

] o ] atomic number ;. For environmental and personal dosimetry,
W|_th _N()\) the OSL emission sp(_agtrurﬁﬂ()\) the filter trans- 5 7 ; close to tissue (7.5) is desirable. KMgFCe*t has a Zg
mission, and)()) the quantum efficiency of the PMT. The ratiogt 14 7. This means that it will induce an important overresponse
S/e can be considered as a relative measure for the numbeggfow 200 keV. The main contribution to its highsZis due to
emitted photons per mGy per mg. Indeed, it does not incluggs hresence of potassium in its atomic composition. The ef-

the geometric efficiency, which is considered to be the same f@ktive atomic number of A : C (Z.g = 11.3) is lower but

both samples. _ _ still high enough to produce an overresponse. Suitable filters can
Table | gives the obtained values of the mentioned quanynetheless flatten the energy response.

ties for KMgF; : Ce* and ALOs : C with the two stimulation  another drawback of this compound is the presencé’sf
sources. The detection efficiency of);: C was calculated (3 emitter), a radioactive isotope, with a natural abundance of
with the use of the emission spectrum published in [1616]. Fgrg1 204 TheOK decay produces 4 dose. Due to the high sen-
KMgF; : Ce’*, the measured Ce photoluminescence emis-gitivity, this self-dose is already observed after 30 min (Fig. 7).
sion spectrum was used. For the detection efficiency with the,y the slope, a self-dose rate of L6y-h~! could be de-
blue LED stimulation, only an upper limit could be determineg},ceq. The background due to natural radiation in the Nether-
for Al,O3 : C. For a fair comparison, the OSL curves were int8znds is 0.08:Gy-h—. The subtraction of the signal due to the

grated over the first20s. self-dose will complicate its application for low-dose-level mea-
It appears that the intrinsic efficieny-S/e) of Al203:C g rements.

is three times higher than that of KMgECe**. However, the
number of detected photons per mGy per mg, i.e., the sensi-
tivity S of KMgF3 : Cet, is much higher than the sensitivity
of Al,O3: C. This sensitivity is more relevant for comparison KMgF,: Ce&* is not only a sensitive TL material but also
for practical application in the continuous stimulation mode very sensitive OSL material. The main TL peak corresponds
The lower value for AIO3 : C is a consequence of the smalleto a trap, which can be efficiently stimulated with visible light.
difference between stimulation and emission waveleng#part from a high sensitivity, it shows a low fading rate, which
(KMgFs : Ce*t emission maximum 360 nm, ADs :C emis- makes this material a good candidate for radiation dosimetry
sion maximum 410 nm [1616]). The problem of the loss gfurposes. Compared to AD;:C, the standard for environ-
signal for ALOs : C is well known, and two solutions were pro-mental dosimetry based on OSL, it shows a higher sensitivity
posed to solve it. One proposal was to stimulate with infrardbcause of an easier detection. Since the time characteristics
light and to monitor the phototransfer-thermoluminescenese better, it is expected that with pulsed OSL the sensitivity
[15]. The other proposal is to use pulsed OSL [1616]. In thigill be further enhanced. However, low dose measurements
technique, the stimulation light is pulsed and the emission ligate complicated due to a self-dose 10-20 times higher than the
only monitored after the pulse. In this case, only an appropridiackground level. Furthermore, with its highZ(14.7), its
filtration or synchronized shuttering to avoid damage to thenergy response will deviate from the desirable tissue energy
detection system is needed. response.

For pulsed OSL, the characteristics of the time response taJp to now, the fluoroperovskites family doped with rare earth
a pulse have to be considered. The time characteristics of thles has not been extensively studied for storage properties. This
OSL emission in AJO; : C are limited by the radiative lifetime study on KMgF; : Ce&** shows that those compounds have an
of the emission centers, which have been identified as F-centienportant potential for applications in dosimetry based on OSL.

IV. SUMMARY AND CONCLUSION
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Fig. 7. OSL signal due to self-dose in KMgFCe**. The points have been
obtained by integrating the OSL signal measured without intentional dose for
different periods of time. [10

Variations on this compound may generate a new family of ma—11
terials for dosimetry. 1]
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