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LUMINESCENCE TECHNIQUES: INSTRUMENTATION
AND METHODS

LARS BOTTER-JENSEN*
Rise National Laboratory, DK 4000 Roskilde, Denmark

Abstract—This paper describes techniques, instruments and methods used in luminescence dating and
environmental dosimetry in many laboratories around the world. These techniques are based on two
phenomena — thermally stimulated luminescence and optically stimulated luminescence. The most com-
monly used luminescence stimulation and detection techniques are reviewed and information is given
on recent developments in instrument design and on the state of the art in luminescence measurements
and analysis. © 1998 Elsevier Science Ltd. All rights reserved

1. INTRODUCTION

Luminescence arises from stimulation, either ther-
mal or optical, of minerals that have been pre-
viously exposed to ionising radiation. During
exposure, radiation energy is accumulated and
stored in the crystal lattice; this energy is stored in
the form of electrons that have been trapped at
defects in the lattice. During stimulation, the
trapped charge is released and as a result the lumi-
nescence signal becomes zero. Radiation-induced
luminescence should be distinguished from other
luminescence phenomena, e.g. photoluminescence,
phosphorescence, etc. which are not dose dependent
and thus not relevant to dating or dosimetry.

Thermally stimulated luminesence, usually called
thermoluminescence (TL), has been used extensively
since the early 1950s to measure nuclear radiation
doses (Daniels et al., 1953), following the commer-
cial availability of sufficiently sensitive and reliable
photomultiplier (PM) tubes. TL was subsequently
applied to archaeological dating in the early 1960s
(e.g. Aitken ef al., 1964, 1968a; Mejdahl, 1969) and
to geological dating in the early 1980s (e.g. Wintle
and Huntley, 1980).

Optically stimulated luminescence (OSL) was
introduced for dating by Huntley et al. (1985), who
selected the 514 nm line from an argon laser to
stimulate luminescence from quartz. This technique
was subsequently taken up by other laboratories
using both quartz and feldspar, and a variety of
stimulation light sources (Hiitt et al., 1988; Aitken
and Smith, 1988; Spooner and Questiaux, 1990;
Poolton and Bailiff, 1989; Batter-Jensen et al., 1991;
Botter-Jensen and Duller, 1992). An immediate ad-
vantage of OSL over TL is that it is normally
measured at or close to room temperature and is
thus a less destructive method. OSL also measures
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only the component of the trapped electron popu-
lation that is most sensitive to light. In geological
dating, this is important because this component is
most likely to be emptied (or “reset’’) during trans-
port prior to deposition and burial.

More recently, luminescence techniques similar to
those used in dating have been adopted for retro-
spective dose assessment, i.e. reconstruction of radi-
ation doses received by the general population after
nuclear accidents. Typically, radiation doses are
determined from TL or OSL measurements carried
out on quartz and feldspar samples extracted from
bricks, tiles, pottery or porcelain items collected in
nuclear accident areas such as Chernobyl (e.g.
Godfrey-Smith and Haskell, 1993; Bailiff, 1995;
Botter-Jensen et al., 1996).

In the following sections these different lumines-
cence dating and dosimetry techniques and methods
are described and information is provided on recent
achievements in instrument development and in
luminescence detection and analysis.

2. THE PM TUBE, ELECTRONICS AND
SAMPLES

Both TL and OSL are normally detected using a
photomultiplier tube which, after 40 years, still con-
stitutes the vital component in a luminescence
measurement system. The photomultiplier is a vac-
uum tube that includes a photosensitive cathode, a
number of electron multiplying dynodes and an
anode normally held at about 1000 V. Light pho-
tons interact with the photoelectric cathode material
(e.g. potassium—caesium), causing the emission of
electrons which are then attracted to the positive
voltage of the first dynode. Depending on the
dynode material (e.g. antimony—caesium), two or
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three electrons are then emitted for each electron
striking it. These electrons are again attracted by
the next dynode, and so on, resulting in several
million electrons reaching the anode for each elec-
tron emitted from the cathode. Thus a light photon
reaching the photocathode is converted to an elec-
trical pulse at the anode. However, not all photons
are converted to pulses and, additionally, the
photomultiplier is not equally sensitive to photons
emitted at different wavelengths. This results in a
quantum efficiency of up to 25%, depending on the
wavelength. Typically, a bialkali PM tube, such as
EMI 9235, has a selective response curve with a
maximum detection efficiency peaking around
400 nm, which is suitable for the luminescence emis-
sion spectra from both quartz and feldspars. Other
types of PM tubes, such as EMI 9658 and RCA
31034, are available with an extended sensitivity in
the red region (S-20 cathode) which is particularly
suitable for the investigation of the red-emission
from some feldspar types (e.g. Visocekas, 1993). S-
20 cathode PM tubes normally need cooling to
reduce the dark noise, using commercially available
Peltier-element coolers. The quantum efficiency ver-
sus photon energy or wavelength is shown for
bialkali and S-20 PM tubes in Fig. 1.

In principle, the PM tube can be operated in two
modes. One method is based on smoothing the
pulses arriving at the PM anode and thereby gener-
ating a DC current signal that, if amplified and fed
to a recorder, is able to directly produce a TL glow
curve (see Section 3.1). Digitising the DC signal
may be performed using a current-to-pulse rate con-
verter system which allows a wide response range of
the order of 7 decades, and the possibility of offset-
ting the dark current to zero (Shapiro, 1970).
However, a more sensitive mode is to directly count
the single pulses generated from light photons inter-
acting with the photocathode, and using a fast
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Fig. 1. Quantum efficiency versus photon energy or wave-
length for bialkali and S-20 (extended red sensitivity) PM
tubes.
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pulse amplifier and a pulse height discriminator to
feed a ratemeter or scaler (e.g. Aitken et al., 1968b;
Aitken, 1985). Modern bialkali PM tubes, such as
EMI 9235QA, are now available with a dark count
rate of less than 20 cps at room temperature. A
further advantage of the single photon counting
technique is that the counts accumulated during a
measurement can be directly converted into absol-
ute light intensity without knowledge of the PM
amplification factor; this facilitates comparison
between different systems.

Samples for luminescence measurements are typi-
cally prepared either as multiple mineral fine grains
(<10 microns) or pure mineral coarse grains
(> 100 microns) on standardised 0.5-mm thick steel
or aluminium discs of diameter 10 mm.
Alternatively, samples can be prepared in 10-mm
depressed cups made of 0.1-mm thick nickel or
platinum foils. During TL and OSL measurements
the discs or cups are placed on a heater element
plate or lifted into a focused stimulation light
beam, respectively.

3. THERMALLY STIMULATED
LUMINESCENCE

3.1. Glow curves

Thermally stimulated luminescence, or thermolu-
minescence (TL), is observed by heating a sample at
a constant rate to about 500°C and recording the
luminescence emitted as a function of temperature.
A schematic diagram of a TL reader is shown in
Fig. 2. The TL signal is characterised by a so-called
“glow curve”, with distinct peaks occurring at
different temperatures, which relate to the electron
traps present in the sample. Defects in the lattice
structure are responsible for these traps. A typical
defect may be created by the dislocation of a nega-
tive ion, providing a negative ion vacancy that acts
as an electron trap. Once trapped, an electron will
eventually be evicted by thermal vibrations of the
lattice. As the temperature is raised these vibrations
become stronger, and the probability of eviction
increases so rapidly that within a narrow tempera-
ture range trapped electrons are quickly liberated.
Some electrons then give rise to radiative recombi-
nations with trapped “holes”, resulting in emission
of light (TL). The lifetime for trapped electrons var-
ies, depending on the depth of the trap; low-tem-
perature traps (shallow traps) are thermally drained
more quickly at room temperature than deep traps.
A typical glow curve obtained from a sedimentary
K-feldspar is shown in Fig. 3. The temperature
peaks corresponding to different electron traps can
be clearly seen, and the lower curve is the black-
body radiation signal observed when the sample is
heated a second time with no additional radiation.
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Fig. 2. Schematic diagram of a TL reader system.

3.2. Heating systems

In both TL dating and retrospective dosimetry
using natural materials, it is important to heat
samples at a constant rate in order to get a tem-
perature-resolved glow curve for identification of
peak temperatures (electron traps). Linear heating
is normally performed using a low-mass heater strip
made of high resistance alloys (e.g. nickel and
Kanthal) and feeding a controlled current through
the heating element. Feedback control of the tem-
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Fig. 3. Typical TL glow-curve from a sedimentary K-feld-
spar sample given a beta dose of 8 Gy in addition to the
natural dose (approximately 200 Gy). The 150°C peak evi-
dent in this figure has been created by the recent beta
dose; it is not usually evident in the natural signal as it
has normally decayed away. The shaded area is the black-
body radiation observed when the sample is heated a sec-
ond time with no additional irradiation.

perature is achieved using a thermocouple (e.g. Cr/
Al) welded to the heater strip (see Fig. 2).
Normally, heating is controlled by an electronic
ramp that can generate various preheat functions
and linear heating rates (e.g. 0.1-30°C/s). The maxi-
mum temperature normally used for quartz and
feldspar dating is 500°C, but for special investi-
gations of deep trap effects, temperatures up to
700°C have been used (e.g. Valladas and Gillot,
1978).

Other heating systems are used for readout of
conventional solid TL dosemeters in radiation pro-
tection. The dosemeters may be lifted into a stream
of hot nitrogen (300-400°C) and the TL signal
released during the resulting non-linear heating (e.g.
Botter-Jensen, 1978). A CO, laser beam has also
been used for the non-linear heating of solid TL
dosemeters (Brdunlich ez al., 1981).

3.3. Optical filters

A limiting factor in TL measurement is the ther-
mal background signal arising from the heating el-
ement and sample during heating to high
temperatures (black-body radiation). In order to
distinguish low TL signals it is important to use
blue filters in combination with heat-absorbing fil-
ters to suppress the thermal background signal.
Typical blue filters used in TL dating routines are
Corning 7-59 and Schott UG-11 filters, and an effi-
cient heat-absorbing filter is Pilkington HA-3. The
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transmission characteristics of these filters are
shown in Fig. 4.

It should be noted that the Schott UG-11 filter
has a near-infrared transmission window, which is
the reason it cannot be used alone for either TL or
infrared stimulated luminescence. An additional fil-
ter is needed with characteristics to suppress the

breakthrough, e.g. Schott BG-38 or BG-39 filters.

3.4. TL stability

Although a TL glow curve may look like a
smooth continuum, it is composed of a number of
overlapping peaks derived from the thermal release
of electrons from traps of different stabilities. The
lifetime of electrons in deep traps is longer than
that of electrons in shallow traps. Normally traps
giving rise to glow peaks lower than 200°C are no
use for dating, as electrons can be drained from
these traps over a prolonged time even at environ-
mental temperatures. Stable glow peaks suitable for
dating usually occur at 300°C or higher. However,
anomalous (i.e. unexpected) fading of high-tempera-
ture glow peaks at room temperature has been
observed in some feldspars. This is explained as a
quantum mechanical tunnelling effect (Wintle,
1973). Templer (1985) described a model which
allows charge recombination to occur by transitions
through an excited state common to a trap and
luminescence centre pair. Anomalous fading can
introduce severe discrepancies in dating if not taken
into account (e.g. Mejdahl, 1990).

Strickertsson (1985) investigated the TL stability
of potassium feldspars by determining trapping par-
ameters by initial rise measurements, using the frac-
tional glow technique. The mean lifetimes were
calculated, assuming first-order kinetics, and it was
concluded that only the high-temperature peaks at
299, 384 and 470°C were stable and suitable for
dating and dosimetry.

Another source of apparent TL instability is ther-
mal quenching. Some high-temperature peaks in
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Fig. 4. Transmission characteristics of Corning 7-59,
Schott UG-11 and Pilkington HA-3 filters.

quartz and feldspars are subject to thermal quench-
ing processes, i.e. the increased probability of non-
radiative recombination at higher temperatures
(Wintle, 1975). If this effect is not taken into
account, trap depth analysis may suggest that the
peak is unsuitable for dose assessment, despite what
is found in practice (Poolton et al., 1995).

4. OPTICALLY STIMULATED
LUMINESCENCE

Optically stimulated luminescence (OSL) arises
from the recombination of charge which has been
optically released from electron traps within the
crystal. These traps may be the same as those as-
sociated with the TL peaks. The population of the
traps is the result of irradiation of the material, and
thus the OSL intensity is related to the absorbed
radiation dose. For experimental convenience OSL
emitted during recombination of the detrapped
charges is usually measured in a spectral region
different from that of the exciting photons. During
exposure to the stimulation light the OSL signal is
observed to decrease to a low level as the trapped
charge is depleted (decay curve). The physical prin-
ciples of OSL are thus closely related to those as-
sociated with TL.

The potential of OSL in dating applications was
first identified by Huntley er al. (1985), who used
the green light from an argon laser (514 nm) to
stimulate luminescence from quartz for dating sedi-
ments. Later studies characterised the OSL proper-
ties of quartz in more detail with a view to
establishing the technique as a tool for dating and
dosimetry (e.g. Aitken, 1990; Godfrey-Smith et al.,
1988; Rhodes, 1988). Hiitt er al. (1988) discovered
that infrared light (IR) could also be used for
stimulation of luminescence in feldspars and sub-
sequently Poolton and Bailiff (1989), Spooner et al.
(1990) and Better-Jensen et al. (1991) constructed
units for stimulation based on systems of small IR
light emitting diodes (LEDs). Broad-band emitters
such as incandescent or arc lamps, in conjunction
with selected filters, have also been used to produce
both infrared and visible light stimulated Iumines-
cence from feldspar and quartz samples (e.g. Hiitt
and Jaek, 1989; Spooner and Questiaux, 1990;
Botter-Jensen and Duller, 1992; Pierson et al.,
1994).

4.1. Continuous wave OSL

In the initial studies of quartz, the use of green
light (514.5nm) from an argon laser operated in
continuous wave (CW) mode demonstrated that the
energy of visible light is sufficient to empty the OSL
electron traps directly in this material. Longer
wavelength light is increasingly inefficient at stimu-
lating OSL in quartz (e.g. Aitken, 1990; Beotter-
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Jensen et al., 1994a). In contrast, luminescence can
be excited in feldspars with wavelengths in the near
infrared, because of one or more excitation reson-
ances in this material. This has been explained in
terms of a two-step thermo-optical process (Hiitt et
al., 1988) where charge is promoted from the
ground state of the defect to a series of metastable
excited states. This difference in stimulation charac-
teristics can be made use of in various ways, e.g.
for testing the purity of quartz samples and for
measurements of mixed samples (e.g. Spooner and
Questiaux, 1990; Botter-Jensen and Duller, 1992).

Thus the two main stimulation methods currently
being used in routine OSL dating are: (i) infrared
stimulated luminescence (IRSL), which is useful
only with feldspars, and (ii) green light stimulated
luminescence (GLSL), which works with both feld-
spars and quartz. GLSL is also effective with cer-
amics (porcelain) and some synthetic materials such
as Al,O5:C (Bstter-Jensen and McKeever, 1996;
Botter-Jensen et al., 1997a).

In both IRSL and GLSL it is vital to avoid the
excitation light source affecting the PM tube. This
is achieved by a combination of suitable optical
stimulation and detection filters.

4.1.1. Continuous wave (CW) IRSL. In CW
IRSL it is comparatively easy to separate the stimu-
lation wavelengths (typically centered around
850 nm) from the luminescence emission of feld-
spars (380—420 nm). As the IR light emitted from
an IR light emitting diode is a narrow band (e.g.
for TEMPT 484 LED: 880 A 80 nm) it is only a
matter of protecting the PM tube with a detection
filter with high attenuation in the infrared range
and a high transmission in the visible range. A
widely used filter is a Schott BG-39 which is a blue-
green transmission filter with excellent character-
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istics for IRSL measurements. A schematic of a
typical IRSL configuration is shown in Fig. 5 and
the BG-39 filter and IR diode characteristics are
shown in Fig. 6.

4.1.2. Continuous wave (CW) GLSL. CW stimu-
lation using visible light requires carefully selected
filter combinations to prevent the stimulation light
from interfering with the luminescence emission. It
has been shown that there is an exponential re-
lationship between both bleachability and OSL effi-
ciency of quartz and the energy of the stimulation
light, i.e. the shorter the wavelength of the exci-
tation light the smaller the number of photons
needed for stimulation (Spooner et al., 1988; Spoo-
ner, 1994; Botter-Jensen et al., 1994a). Therefore,
light with a green spectrum extending into the blue
is normally chosen for stimulation of quartz, and
the single green line (514.5 nm) from an argon laser
can be used directly. Excitation of quartz using
green light emitting diodes with a peak emission at
565 nm has also been investigated (Galloway, 1993,
1994) but the maximum power delivered to a
sample so far obtained is too low to allow detection
of the weak OSL signals from young or insensitive
samples. However, brighter green and blue LEDs
have recently become commercially available and
they are now being tested (see Sections 5 and 6). A
sufficient excitation intensity can be achieved by
using filtered wavelength bands from incandescent
halogen or arc xenon lamps (Spooner and Ques-
tiaux, 1990; Better-Jensen and Duller, 1992). The
relative attenuation between the stimulation light
band and the PM response must be of the order of
107" to suppress sufficiently the scattered light
from the excitation source. This is achieved using
interference filters on the excitation side, and detec-
tion filters with a selective transmission in the UV
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Fig. 5. Schematic diagram of an IRSL unit attachable to the automatic Rise TL apparatus. Thirty-two
IR LEDs are arranged in two concentric rings focusing on the sample. A feedback system for control-
ling the LED current is also shown (from Better-Jensen et al., 1991).
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range. A commonly used detection filter for GLSL
using broad band excitation is a Hoya U-340 with
peak transmission around 340 nm. A GLSL con-
figuration using a halogen lamp as the excitation
light source is shown schematically in Fig. 7 and
typical excitation wavelength band and detection fil-
ter characteristics are shown in Fig. 8. Figure 9
shows a typical OSL decay curve obtained from a
sedimentary quartz sample using a green wave-
length band of 420-550 nm producing 16 mW/cm>
at the sample.

Duller and Better-Jensen (1996) showed that ex-
posure of quartz to 514 nm light, such as is pro-
duced by an argon-ion laser, causes a similar loss of
OSL signal as measured at stimulation wavelengths
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Fig. 8. Typical GLSL excitation band (420-550 nm) and

detection filter characteristics. The detection filter is a

5mm Hoya U-340. The stimulation band is generated by

a 75 W halogen lamp filtered by a short-wave-pass filter

(heat reflection), a short-wave-pass interference filter in

combination with a 6 mm Schott GG-420 long-wave-pass
filter (from Better-Jensen and Duller, 1992).

from 420 to 575 nm when detection is made with a
Hoya U-340 filter and that over this range of stimu-
lation wavelengths, the OSL signals produced
behave in a similar way. Murray and Wintle (1997)
concluded that, on the basis of their measurement
of the thermal assistance energy for quartz OSL,
the effective stimulating wavelength of this broad
band wavelength range (420-550 nm) is 468 nm.
Duller and Better-Jensen’s study suggests that over
the range 420-575nm, a similar set of traps and
charge transport are being used to produce OSL. It
also suggests that similar phenomena should be
observed whether an argon-ion laser or broad band
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Fig. 7. Schematic diagram of a combined IRSL/GLSL unit attachable to the automatic Rise TL appar-
atus. Green light stimulation is produced using filtered light from a halogen lamp and IR stimulation is
produced using IR LEDs (from Better-Jensen and Duller, 1992).
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Fig. 9. Typical OSL decay curve from a sedimentary

quartz sample given a beta dose of 2 Gy obtained using a

green light wavelength band of 420-550 nm producing
16 mW/cm? at the sample position.

stimulation (420-550 nm) is used for studies of the
OSL from quartz. However, Rees-Jones et al.
(1997) recently reported differences between OSL
signals from a particular quartz sample using a
narrow wavelength band compared with using a
wide wavelength band for stimulation.

4.2. Pulsed OSL

In the applications discussed so far, the light
from the excitation sources — either lasers, diodes or
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Fig. 10. Timing diagram for POSL measurements illustrat-
ing two modes of operation. In “Mode I’ the POSL signal
is monitored during and after the pulse illumination. To
separate the stimulation light from the emission light two
420-nm interference filters are used in front of the PM
tube. In “Mode II”” the PM tube is closed during illumina-
tion and data acquisition is initiated 20 ms after closure of
the shutter (from McKeever et al., 1996).
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filtered lamps — is emitted continuously and the
luminescence is monitored during the period that
the sample is exposed to the stimulation source. As
discussed, this requires the use of filters to discrimi-
nate between the stimulation light and the emitted
light, and this prevents the use of stimulation wave-
lengths which are the same as, or close to, those
observed in the emission. More recently, a pulsed
stimulation technique has been reported, in which
the stimulation source is pulsed and the OSL is
only monitored after the end of each pulse, i.e. only
the afterglow is measured (McKeever et al., 1996).
Since the emission is not detected while the pulse is
on, this arrangement extends the potential range of
stimulation wavelength. A timing diagram for a
POSL measurement is shown in Fig. 10.

5. THE DEVELOPMENT OF
LUMINESCENCE APPARATUS

In the early 1960s manually-operated TL systems
were designed mainly for basic studies of TL prop-
erties of synthetic dosimetric phosphors and natural
materials such as quartz and feldspars. At a later
stage automation was identified as a necessary tool
to increase the capacity for routine measurement.
When OSL techniques were introduced in the late
1980s, studies of OSL properties of natural ma-
terials were undertaken and many new OSL
methods using different stimulation light sources
were reported.

5.1. TL apparatus

In the 1960s, commercially available instruments
(e.g. Harshaw and Eberline) could heat samples
only non-linearly up to a maximum temperature of
350-400°C. TL measurements in dating routines
require heating of samples to at least 500°C, and so
those involved in dating had to build their own ex-
perimental readers; this early work has resulted in a
variety of experimental configurations.

5.1.1. Manually operated TL dating systems. The
main source of inspiration for the construction of
TL apparatus for dating is undoubtedly the initial
Oxford design for a manual TL reader (Aitken et
al., 1968a,b). This was later adopted as a model for
the design of TL readers at several dating labora-
tories. The first Oxford TL system consisted of a
heater strip contained in a vacuum chamber, a
manually removable PM tube assembly, and elec-
tronics for converting the PM signal to glow curves
on a recorder. It was discovered at an early stage
that the main requirement for avoiding spurious
(i.e. non-dose-dependent) signals, especially in fine
grain TL measurements, included (i) evacuation of
air (especially oxygen) from the sample chamber
before readout, and (ii) after evacuation, filling the
chamber with nitrogen before heating. The atmos-
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phere was controlled using a vacuum gauge and
manual valves for vacuum and nitrogen. The
Oxford concept was later taken up and modified to
meet special requirements e.g. by Unfried and Vana
(1982) who built a system based on photon count-
ing and heating samples up to 500°C in any atmos-
phere. Visocekas (1979) and Huntley et al. (1988)
constructed their own manually operated exper-
imental TL readers which were used to study TL at
low and constant temperatures (isothermal decay)
and TL emission spectra, respectively. Vana et al.
(1988) developed a manual TL dating system that
allowed heating up to 700°C in any atmosphere and
collection of measurements on a personal computer.
Brou and Valladas (1975) constructed a special high
temperature TL glow-oven with cooled heater term-
inals which allowed for heating up to 800°C. This
was used to study the high temperature peaks of
volcanic materials (Valladas and Gillot, 1978). Par-
allel to the development work carried out in differ-
ent laboratories the Daybreak and Littlemore
companies introduced commercially available
manually-operated TL systems based on a glow-
oven for single measurements and photon counting
techniques, specifically intended for dating appli-
cations.

5.1.2. Automatic TL dating apparatus. In the late
1960s the demand on TL dating laboratories to rou-
tinely carry out a large number of measurements
accentuated the need for equipment with automatic
changing of samples. An automatic TL reader,
using a planchette sample changer capable of
measuring 12 samples in sequence, was first devel-
oped at Risg (Better-Jensen and Bechmann, 1968).
With the establishment of the Nordic Laboratory
for TL Dating at Rise in 1977, microprocessor and
PC-controlled 24-sample automatic TL readers were
developed for routine dating of a large number of
samples (Botter-Jensen and Bundgaard, 1978; Bet-
ter-Jensen and Mejdahl, 1980; Better-Jensen et al.,
1983). Botter-Jensen (1988) described an automatic
TL system made up of a software-controlled 24-
sample glow-oven/sample changer, and one or two
beta irradiators, all contained in a vacuum
chamber. The automated Risg TL reader (model
TL-DA-8) first became commercially available in
1983 and some years later the Daybreak and Little-
more companies constructed 20-sample and 24-
sample automatic TL readers, respectively, building
on the concept of the initial Risg design (see Sec-
tion 6). Bailiff and Younger (1988) built a 24-
sample microprocessor-based semi-automatic TL
apparatus, designed mainly for research, that incor-
porated an on-plate beta irradiator and automatic
control of vacuum and nitrogen atmospheres. At a
later stage Galloway (1991) produced a 40-sample
system and Henzinger et al. (1994) reported a fully
automated 60-sample automatic TL reader system
developed at Atominstitut der Osterreichischen Uni-
versitdt, Vienna. In addition to the sample changer,

this system incorporated a beta irradiator position,
an alpha irradiator position, a preheat position and
a TL readout position. More recently Valladas et
al. (1996) reported a simple automatic TL appar-
atus that can accommodate 16 samples. The turnta-
ble of this system pushes the samples in sequence
onto a hotplate, and heating is performed without
lifting the samples from the turntable.

5.2. OSL apparatus

Huntley et al. (1985) first showed that 514 nm
laser light could be used to measure dose-dependent
OSL from quartz. However, the expense of estab-
lishing such laser facilities meant that this technique
would be available only in a very limited number of
laboratories. As a consequence, the observation by
Hiitt et al. (1988) that OSL in feldspars could be
stimulated with infrared wavelengths was of import-
ance. This made possible the use of inexpensive and
readily available IR light emitting diodes (LEDs) as
the stimulation light source. As a result, IRSL
rapidly became the most popular dating tool. Green
LEDs give orders of magnitude less power than IR
LEDs, and so the best alternative to lasers for vis-
ible light stimulation was the light spectra obtained
from heavy filtered halogen or xenon lamps (e.g.
Botter-Jensen and Duller, 1992).

In OSL measurements, preheating of samples is
normally required to remove charge from shallow
traps prior to light stimulation (e.g. Huntley et al.,
1996). This can either be done in an oven kept at a
selected temperature or for short duration preheat,
as part of the measurement cycle in the reader. The
rate of decay of OSL, and the degree of bleaching,
have also been shown to depend on the sample tem-
perature at which the OSL measurement is carried
out. For instance Wintle and Murray (1997) rec-
ommend OSL of quartz at 125°C to remove inter-
action with the 110°C TL peak. Therefore, it is
important that OSL apparatus be equipped with a
heating facility for both preheating and readout at
elevated temperature. Also, since erasure of the
OSL signal still leaves most of the TL signal unaf-
fected, it is possible to measure first OSL and then
TL on the same sample as suggested by Godfrey-
Smith et al. (1988) and demonstrated by Better-
Jensen and Duller (1992).

5.2.1. IRSL apparatus. Poolton and Bailiff (1989),
Spooner et al. (1990) and Better-Jensen ez al. (1991)
described the use of IR LEDs for IR stimulation of
feldspars and obtained very promising results. Bot-
ter-Jensen et al. (1991) constructed an IRSL add-on
unit to be mounted directly between the PM tube
assembly and the glow-oven of the automated Riso
TL apparatus (see Fig. 5). Thirty-two IR LEDs
were arranged in two concentric rings. IRSL
emitted vertically through the ring of diodes was
then measured with the same PM as used for the
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TL measurements. A BG-39 detection filter rejected
the scattered IR light. The total power delivered to
the sample using GaAl/As IR LEDs (TEMPT 484,
880 A 80 nm) was measured as 40 mW/cm? at a
diode current of 50 mA. A feedback servo system
served to stabilise the current through the LEDs
(see Fig. 5).

Spooner and Questiaux (1990) used an infrared
light spectrum filtered from a xenon lamp for opti-
cal stimulation of feldspar samples. The use of an
excimer dye laser and an IR diode laser for IRSL
dating was described by Hiitt and Jaek (1989,
1990).

5.2.2. GLSL apparatus. The demand for OSL dat-
ing of quartz and an alternative to laser stimulation
led to the development of OSL systems based on
green light LEDs or green light wavelength bands
filtered from incandescent broad band lamps. Gal-
loway (1993, 1994) described initial investigations
into the use of green light LEDs for stimulation of
quartz and feldspars. The system was based on a
ring of 16 green LEDs, type TLMP 7513 with peak
emission at 565 nm, illuminating the sample. The
relatively small power that could be delivered to the
sample and the heavy filtering of the photomulti-
plier cathode necessary to avoid stray light from the
LED emission band resulted in slowly decaying
OSL curves that required readout times in the order
of 2000 s to give useful signals for dose assessment.
However, these initial investigations into green
LEDs for OSL dosimetry provided a good basis for
investigations of new more powerful green LEDs
being continuously developed (see Section 6).

Botter-Jensen and Duller (1992) developed a
compact green light OSL (GLSL) system based on
the light emitted from a simple low-power halogen
lamp. This lamp provides a broad band light source
from which a suitable stimulation spectrum can be
selected using optical filters. The stimulation unit
also incorporated a ring of IR LEDs at a short dis-
tance from the sample. The GLSL/IRSL unit was
designed to be mounted onto the automated Riso
TL apparatus, thus providing flexible combined
IRSL/GLSL/TL features. A low-power (75 W)
tungsten halogen lamp filtered to produce a stimu-
lation wavelength band from 420-550 nm delivered
a power of 16 mW/cm? to the sample. The OSL sig-
nals obtained from quartz were observed to decay
at the same rate as that observed using an argon
laser (514 nm) delivering 50 mW/cm? at the sample,
presumably because of the higher energies present
in the broad band from the filtered halogen lamp.
The principle of the GLSL unit is shown in Fig. 7.

5.3. Commercially available TL/OSL systems

Three main distributers of TL/OSL dating equip-
ment are: Daybreak Nuclear and Medical Systems,
USA, ELSEC-Littlemore Scientific Engineering

Company, UK, and Rise¢ National Laboratory,
Denmark.

The Daybreak instrument programme includes a
standard 20-sample automatic TL reader (model
1100) using an on-board computer and serial inter-
face to a host computer. The samples are moved by
a sweep arm from the sample turntable to the heat-
ing/reading position and back. An upgraded model
1150 TL reader is available with a capacity of 57
samples achieved by vertically stacking three 20-
sample platters. Various OSL attachments are avail-
able based on xenon and halogen lamps. A compact
fibre optic illuminator attachment was recently
reported by Bortolot (1997) (see Section 6), and a
new OSL reader design (without TL facilities) based
on 60-sample capacity is under development.

The Littlemore Company has two standard auto-
mated luminescence dating instruments available.
One is a 24-sample automated TL reader (without
OSL attachments) and the other is a 64-sample
optical dating system (without TL facilities) which
is available with either IR LED stimulation or vis-
ible light stimulation using a filtered lamp module.
An attachable beta irradiator is provided for the
automated TL reader.

Risg National Laboratory provides an automatic
combined TL/IRSL/GLSL dating system that can
accommodate different sample turntables containing
24, 36 or 48 samples, respectively. The most recent
model of OSL accessory is a unit containing IR
LEDs in close proximity to the sample, and green
light stimulation from long-life (2000 h) high-power
(150 W) halogen and xenon lamps and a liquid
lightguide to provide high transmission. A close
sample-to-detector spacing has resulted in a signifi-
cantly enhanced OSL sensitivity (see Section 6). A
software-controlled beta irradiator attachment for
in situ irradiations of samples is also provided. A
new sequence software has also significantly
extended the flexibility and measurement capabili-
ties.

5.4. Development of specialised OSL equipment

5.4.1. OSL equipment for sediment dating and ret-
rospective accident dosimetry. Intensive dating of
thick sediment deposits can be very time-consum-
ing, and often provides little information that could
not be obtained from a few carefully selected
samples. Changes in the stratigraphy relating to, for
instance, breaks in the deposition history will show
up as discontinuities in the apparent radiation dose
in the sediment either as a result of different age or
different bleaching. As a consequence, it is desirable
to be able to rapidly assess the luminescence prop-
erties of the sediment at regular intervals down a
section, preferably in the field. Poolton et al. (1994)
described a compact portable computer-controlled
OSL apparatus that allows the measurement of in-
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frared OSL of sediments in the field, whether in the
form of loose grains or compressed pellets. The unit
uses IR LEDs for excitation with bleaching and
IRSL regeneration provided by cold gas discharge
lamps.

When several tens of metres of sediment core are
available for study, it is often difficult to decide
exactly where to select material for detailed analysis
and age determination. Poolton et al. (1996a)
described an automatic system for measuring the
age-related OSL of split sediment cores. The basis
for the design is a core logger system with a con-
veyer belt allowing optical sensors to be moved
along the length of split sediment cores up to a
length of 1.7 m. A stepper motor drive ensures con-
stant scan rates and an accuracy in positioning of
better than 0.1 mm. The optical sensor consists of a
photoexcitation and detection module together with
lamps for bleaching and regenerating the OSL. The
OSL core scanner can also be used to measure
depth dose profiles on small cores drilled out of
bricks for retrospective dose determination after
nuclear accidents (Better-Jensen er al., 1995). The
scanner system uses both IR and green light stimu-
lation and is shown schematically in Fig. 11.

5.4.2. Detection of irradiated food. Sanderson et
al. (1989), Autio and Pinnioja (1990) and Schreiber
et al. (1993) used TL methods on dust and pebble
contaminants in foodstuffs for detection of irra-
diated food. More recently Sanderson et al. (1994,
1995) developed and used what he calls photostimu-
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Fig. 11. Schematic of the Rise OSL split core scanner sys-

tem and detail of the luminescence excitation/detection

head. Sediment cores up to 1.7m in length can be ana-
lysed in the system (from Poolton et al., 1996a).

lated luminescence methods (the same as IRSL) to
identify irradiated food. A new instrument for rapid
screening of irradiated food was developed at Scot-
tish Universities Research Centre (SURRC) based
on pulsed infrared stimulation, which is designed to
allow direct measurements of OSL signals from
mineral contaminants in herbs and spices for
screening purposes, without the need for sample
preparation or re-irradiation. Samples are intro-
duced directly in petri dishes and the instrument
produces a qualitative screening measurement over
15s. The principle of the technique is to pulse
stimulate a sample using IR diodes. The pulsing
allows higher current and thus larger illumination
power at the sample than is possible using continu-
ous wave (see Section 4.1). The background is
measured without illumination between the pulses,
while the diodes cool, and is subtracted automati-
cally (Sanderson et al., 1996).

6. OPTIMISATION OF LUMINESCENCE
DETECTION

A single luminescent grain emits light in all direc-
tions, i.e. in 4 geometry. If the sample is heated or
illuminated on a metal support, the maximum light
signal is then reduced by at least 50% (to 2m geo-
metry), unless the support for the sample is polished
and the sample transparent, etc. Sample-to-PM
tube distance is thus very important, since only a
small increase will lead to loss of light collected. If
greater sample-to-PM tube distance is needed, suit-
able optics are required to retain the sensitivity of
the design. Markey et al. (1996) designed and tested
OSL attachments to the automated Riso system
based on reflecting the luminescence from ellipsoi-
dal mirrors; these provide the greatest flexibility for
the incorporation of different excitation sources. By
lifting the samples into the focal point of the ellip-
soidal mirror, whether thermally or optically stimu-
lated, a gain in sensitivity of 3 to 4 was achieved
compared to the standard Rise OSL system.
Readout systems based on metallic mirrors are
dependent on a stable reflectivity and thus the
choice of a pure metal surface such as nickel elec-
troplated with rhodium is of great importance. In
the full-reflector system reported by Markey er al.
(1997) excitation illuminaton is introduced by up to
four optional lightguides. A schematic of the full
reflector system is shown in Fig. 12.

As a cheaper alternative to the ellipsoidal mirror
system a new compact combined IRSL/GLSL unit
with a much improved sample-to-PM tube distance
has been developed. A significantly enhanced GLSL
sensitivity is achieved by using an 8-mm diameter
liquid lightguide system with high transmission
(98% over 380-550 nm) for illumination of the
sample. Filtered wavelength bands are provided
using either a 150 W tungsten halogen lamp (life-
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Fig. 12. Schematic of the Rise full reflector OSL system (from Markey et al., 1996).

time 2000 h) or a 150 W xenon lamp mounted in a
remote lamphouse equipped with electronic shutter
and exchangeable excitation filter pack. The new
liquid lightguide OSL unit uses quartz lenses for
defocusing the stimulation light to ensure that it
falls uniformly on the sample. The signal-to-noise
ratio was further improved by using multi-layer
metal oxide coated (ZrO,/SiO,) Hoya U-340 detec-
tion filters, specially made by DELTA Light and
Optics, Denmark, which attenuate the stray light
from the transmission window found in the red
region of a normal U-340 filter. IRSL is performed

using IR LEDs close to the sample. The unit
focusses the emitted luminescence onto the photo-
cathode using a quartz lens with short focal length.
A schematic diagram of the combined IRSL/GLSL
unit is shown in Fig. 13.

Bortolot (1997) introduced a compact OSL unit
based on multiple bundle fibre optics (see Fig. 14).
An improved sample-to-PM tube distance is
obtained by splitting the fibre bundle into two ends
with opposed rectangular light bars close to the
sample. The unit also incorporates two IR LED
bars and can be mounted between the top lid and
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Fig. 13. Schematic of the new compact Rise liquid lightguide-based combined IRSL/GLSL stimulation
unit attachable to the automatic Rise TL reader.
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Fig. 14. Schematic of the Daybreak combined fibre optic/IRLED OSL illuminator (from Bortolot,
1997).

PMT housing of the Daybreak 1100 system.
Galloway et al. (1997) reported the testing of a new
type of green LED with enhanced brightness. They
further investigated the use of detection filters con-
sisting only of Schott UG-11 filters that were coated
with metal oxide on each side (Schott DUG-11).
These have the same advantage as described for the
coated U-340 filters in the previous section, namely
the attenuation of the light from the transmission
windows found in the red region of a normal UG-
11 filter (see Fig. 4). The enhanced illumination
power achieved in combination with the DUG-11
detection filters improved the overall sensitivity by
a factor of 1000 compared with their previous green
LED system. However, the excitation power
achieved using green LEDs is still much below that
obtained with filtered lamps and lasers.

Recently, new bright blue LEDs have been tested
at Risg for OSL illumination of quartz and porce-
lain samples (Botter-Jensen et al., 1997b). Using a
metal oxide coated U-340 detection filter, the emis-
sion from the blue LEDs needs to be filtered by a
Schott GG-420 cut-off filter in order to avoid the
highest energy part of the LED emission wavelength
stimulation band interfering with the detection filter
window. An increase of OSL efficiency per unit
power at the sample of a factor of 5 has been
observed using blue LEDs on a variety of quartz
and porcelain samples compared to that obtained
using green light stimulation. Studies so far have
shown that OSL signals from quartz behave simi-

larly, whether stimulation is by blue LEDs or broad
band green light. In a comparison of 34 heated and
unheated quartz samples, the ratio of the ED from
blue stimulation to that from broad band green
light was 0.98 + 0.02 (Better-Jensen et al., 1997b). A
prototype of a blue LED OSL attachment to the
automated Risg reader is shown in Fig. 15 and
decay curves from a sedimentary quartz sample illu-
minated with both blue LEDs and green light from
a filtered halogen lamp are shown in Fig. 16.

There is increasing interest in determining the
natural dose in materials using only single aliquots
or even single grains of a sample. Single-aliquot
procedures in luminescence dating were introduced
by Duller (1991) and developed further by Mejdahl
and Better-Jensen (1994, 1997), Galloway (1996)
and Murray et al. (1997). In a true single-aliquot
procedure, the dose is measured using only one ali-
quot; this aliquot is repeatedly irradiated, heated
and optically stimulated in an automatic process. It
is then important that the sample is not disturbed
i.e. it must be kept in the same orientation and not
agitated during the entire measurement sequence.
Change of the sample geometry during a measure-
ment cycle may, especially in OSL, lead to poor
reproducibility because of variations in self-shield-
ing and geometry from one optical stimulation
cycle to another (Singhvi, 1996). Therefore, when
designing automatic luminescence measurement
instruments, attention should be paid to maintain-
ing a constant sample geometry during a full
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Fig. 15. Schematic of the Riso prototype blue LED OSL attachment.

measurement cycle, e.g. no rotation of the samples
as a result of sample changing.

In OSL it is well known that not all grains of a
sample emit the same amount of luminescence (Li,
1994; Lamothe e al., 1994; Rhodes and Pownall,
1994; Murray et al., 1995; Murray and Roberts,
1997). Imaging systems (e.g. Duller et al. (1997), see
Section 8) have shown a large variety of lumines-
cence brightness of the individual grains across a
typical sample. This creates interest in the possi-
bility of measuring single grains of samples of
which the mineralogy and OSL properties are well
known. Templer and Walton (1983) first showed
how to map the luminescence from the surface of
slices of material and very recently, Murray and
Roberts (1997) reported a single-grain optical dat-
ing technique that provided an accurate date on a
sediment with very heterogeneous composition.

Single-grain dosimetry obviously requires high
sensitivity in measurements and it is thus important
to design TL/OSL equipment with optimal signal-
to-noise ratio (S/N). The S/N is highly dependent
on (i) suppression of the dark noise of the PM
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Fig. 16. Decay curves obtained from a sedimentary quartz

using stimulation light from an array of blue LEDs and a

filtered wavelength band (420-550 nm) from a halogen
lamp, respectively.

tube, for example by means of cooling, (ii) the light
collection efficiency which is improved either by
minimising the sample-to-detector distance or by
incorporating suitable optics, (iii) suppression of the
black-body radiation in TL and (iv) suppression of
stray light from the stimulation light in OSL. The
latter points are achieved by using properly selected
optical filters.

7. LUMINESCENCE SPECTROMETRY

Ideally, in both TL and OSL applications, the
spectral emission and stimulation characteristics of,
for example, quartz and feldspar materials prepared
for dosimetric evaluation would be routinely
measured. As well as giving valuable information
about the physical processes involved, it would also
allow the possibility of routinely choosing the most
suitable emission and stimulation energy windows
in which to carry out the measurements.

7.1. Emission spectrometry

A simple TL glow curve (TL versus temperature)
does not always yield unambiguous information,
for instance, when the emission spectrum changes
with temperature during a TL measurement. This
may be due to the radiative recombination of the
released charge occurring at more than one defect
site within the crystal. For this reason it is import-
ant to be able to obtain 3-D glow curves, i.e. emis-
sion spectra in which the intensity is displayed as a
function of both temperature and wavelength. 3-D
glow curves thus give information both about the
trap distribution (TL versus temperature) and the
charge recombination centres (TL versus wave-
length).

Several instruments based on different optical
principles have been developed and described in the
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literature. Dispersive rapid scanning systems based
on diffraction gratings were described in the early
1970s by Harris and Jackson (1970) and Mattern et
al. (1971). Methods using optical filters have also
been employed: Bailiff er al. (1977) reported a rapid
scanning TL spectrometer based on successive
narrow band interference filters of 20 nm bandwidth
fixed on a common turntable; Botter-Jensen et al.
(1994b) developed a compact scanning monochro-
mator based on a moveable variable interference fil-
ter. Huntley et al. (1988) built a spectrometer based
on a custom-made concave holographic grating in
connection with a microchannel plate PM tube and
image converter to obtain wavelength-resolved spec-
tra of a variety of mineral samples. A sensitive spec-
trometer based on Fourier transform spectroscopy
which offers high aperture for light collection and
continuous detection at all wavelengths in the range
350-600 nm was developed by Prescott et al. (1988).
Luff and Townsend (1993) reported a highly sensi-
tive TL spectrometer for producing 3-D isometric
plots of TL intensity against wavelength and tem-
perature. This spectrometer, which is shown sche-
matically in Fig. 17, uses two multi-channel
detectors that can measure spectra in the wave-
length range 200-800 nm. Also Martini et al. (1996)
developed a high-sensitivity spectrometer for 3-D
TL analysis based on wide angle mirror optics, a
flat-field holographic grating and a two-stage
micro-channel plate detector followed by a 512
photodiode array. Recent developments in charge
coupled device (CCD) camera techniques led to the
development of emission spectrometers with high
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resolution. Rieser et al. (1994) reported a high sensi-
tivity TL/OSL spectromenter based on a liquid
nitrogen cooled CCD camera, with simultaneous
detection over the range 200-800 nm. In this instru-
ment thermal stimulation can be performed up to
700°C and optical stimulation from UV to IR with
monochromatic light from a 200 W mercury lamp.
Krause et al. (1997) studied the OSL emission spec-
tra from feldspars obtained by the CCD-based spec-
trometer and found four wavelength maxima at
280, 330, 410 and 560 nm, respectively.

7.2. Stimulation spectrometry

Hiitt er al. (1988) demonstrated the importance
of analysing the optical stimulation spectra (i.e.
OSL versus stimulation wavelength) of feldspars
and Poolton ez al. (1996b) showed that stimulation
spectra of natural samples provided some infor-
mation about the mineralogy. As the OSL signal
decays under constant illumination, consideration
of procedures for correcting the stimulation spectra
produced must be considered. Bailiff (1993) and
Bailiff and Barnett (1994) used a titanium-—sapphire
laser, tuneable between 700 and 1000 nm, to analyse
the time-decaying OSL stimulation spectra from
feldspars, both at room temperature and at low
temperatures. A typical stimulation spectrum
obtained from Orthoclase feldspar samples using
the tuneable laser is shown in Fig. 18. Ditlevsen
and Huntley (1994) used argon krypton, He—Ne,
and argon-pumped dye lasers operated in CW
mode to study optical excitation characteristics of
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Fig. 17. Schematic of the spectrometer developed at the University of Sussex, showing the sample
chamber and the arrangements for the collection optics, spectrometers and detectors (from Luff and
Townsend, 1993).
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Fig. 18. Optical stimulation spectra from Orthoclase feldspar samples obtained at the University of
Durham using a tuneable sapphire laser (from Bailiff and Barnett, 1994).

quartz and feldspars. One problem in using high
power tuneable lasers is that the OSL obtained at
each wavelength has to be normalised and corrected
for the beam power and instrument response. Bailiff
and Barnett (1994) observed that the infrared reson-
ance peak position of different feldspars shifted to
higher photon energies at lower temperatures and
the full-width half-maximum of the peak reduced
with decreasing temperature. Clark and Sanderson
(1994) performed OSL excitation spectroscopy
using filtered light from a 300 W xenon lamp
coupled to a computer-controlled, stepper motor
driven f 3.4 monochromator. Better-Jensen et al.
(1994b) designed a compact scanning monochroma-
tor based on variable interference filters covering
the wavelength band 380-1020 nm. When mounted
onto the automatic Rise TL/OSL reader, this
enables very rapid scanning of a variety of feldspar
and quartz samples (Botter-Jensen et al., 1994a).
The excitation light source is a low-power (75 W)
tungsten—halogen lamp. An optical stimulation

spectrum obtained in the wavelength band 420—
650 nm (1.9-2.9¢eV) from a sedimentary quartz
sample using the Risg monochromator is shown in
Fig. 19. It may be an advantage in optical stimu-
lation spectrometry to use low-power stimulation
light sources in order to lose as little charge as poss-
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Fig. 19. Optical stimulation spectrum, In(/) versus stimu-
lation energy, for a sedimentary quartz obtained with the
Rise IR monochromator attachment (from Better-Jensen
et al., 1994a).
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ible during OSL readout. Then corrections are
needed only for the intensity spectrum of the excit-
ing lamp since the trapped charge evicted during a
rapid scan can be reduced to typically 10%.

8. LUMINESCENCE IMAGING

The majority of luminescence measurements are
made using PM tubes with bialkali photocathodes.
These devices offer high sensitivity in the blue and
near ultra-violet. However, the PM tube used for
such measurements integrates the luminescence sig-
nal from the entire sample and gives no indication
of any spatial variation in luminescence intensity
within a sample. Duller (1991) initiated the develop-
ment of a technique for measuring the dose in a
single aliquot. The study of luminescence signals
even from individual grains is likely to become im-
portant, especially for the understanding of sources
of scatter from one aliquot to another, to separate
mineral-specific luminescence signals from poly-
mineralic samples, and in the development of
methods for single grain dosimetry (e.g. Murray
and Roberts, 1997). Single grain dosimetry, how-
ever, would be far more practical if many grains
mounted on the same aliquot could be irradiated,
preheated and measured simultaneously and then
using an imaging system to separate the lumines-
cence signals from the individual grains. Hashimoto

L. BATTER-JENSEN

et al. (1986) developed techniques for imaging TL
signals from sliced rock samples and quartz from
beach sands using extremely high-sensitivity colour
films. At a later stage Hashimoto er al. (1989) and
Kawamura and Hashimoto (1995) converted the
TL colour images (TLCI) from photographic form
into a computer process that made it possible to
obtain quantitative information and to distinguish
for example between blue and red coloured grains.
Hashimoto et al. (1995) obtained OSL images of
some X- and gamma-irradiated granite slices using
photon detection through a 570 nm bandpass filter
with diode-laser excitation of 910 nm. Several other
laboratories have attempted to develop systems
capable of imaging the luminescence signal from a
sample. Recently three groups have used imaging
photon detectors (IPDs), two at University of
Oxford (Smith ez al., 1991; McFee and Tite, 1994)
and another at University of Utah, Salt Lake City
(Berggraaf and Haskell, 1994). These instruments
retain the high sensitivity of a PM tube, but are
rather expensive and difficult to operate. The devel-
opment of solid state imaging systems based on
charge coupled device (CCD) technology offers an
alternative. Duller et al. (1997) constructed a CCD
camera based imaging system that could be directly
attached to the automated Rise TL/OSL reader.
The CCD has a similar sensitivity to that of a PM
tube, although the spectral responses are very differ-
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Fig. 20. Schematic diagram showing the components of the CCD system mounted on the Rise auto-
mated luminescence reader (from Duller et al., 1997).
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ent. This CCD system is capable of detecting natu-
ral luminescence signals with a spatial resolution of
as high as 17 um. Temperature-resolved TL signals
and time-resolved OSL curves can be obtained
using software and the luminescence signals gener-
ated within single grains in the bulk sample can be
separately analysed. A schematic diagram of the
CCD camera is shown in Fig. 20 and Fig. 21 plots
IRSL decay curves derived from a CCD image of a
feldspar sample.

9. CONCLUSION

Techniques and methods applied in luminescence
dating and dosimetry at many laboratories around
the world have been reviewed and an attempt has
been made to describe the state of the art in instru-
ment and method development.

There is one problem which remains to be
addressed in the development of combined TL/OSL
instrumentation using different stimulation light
spectra. This is concerned with the design of a flex-
ible optical detection filter changing system to allow
for rapid (automatic) selection of the optimal detec-
tion window whether using infrared or visible light
stimulation. Changing of excitation or detection fil-
ters may, if not properly protected either by hard-
ware or software, cause serious damage to the PM
tube because of insufficient suppression of stray
light from the stimulation light source.

The growing industrial interest in ultra bright
LEDs as light indicators (e.g. from automobile
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manufacturers) may soon make visible LEDs com-
mercially available with substantially higher emis-
sion power than is available today. These LEDs
should provide sufficient power to be considered a
real alternative to laser and incandescent lamp
stimulation light sources in OSL. The immediate
advantages of using LEDs over filtered broad band
lamps are: (i) reduced heat dissipation, with less
effect on the stimulation optics and (ii) no need for
mechanical shutters to control stimulation ex-
posure.

In the future, a major effort will no doubt be put
into the development of sensitive systems capable of
measuring luminescence from small aliquots, even
down to single grains. The immediate advantages of
this are that the accrued dose can be determined
from only one aliquot and that variations in dose
from grain to grain can be studied in detail. The
latter feature will be especially valuable in studies
of young, incompletely bleached materials and in
the identification of sediment disturbance in natural
deposits. Such improvements will continue to
require increases in detection sensitivity.

Further developments and investigations of lumi-
nescence imaging systems for obtaining spatially
resolved TL and OSL signals from multi-mineral
samples are also foreseen. These systems give rapid
and valuable information about the mineralogy of
the sample and enable individual analysis of lumi-
nescence signals from single grains of a sample.
This has the potential to avoid the cumbersome
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Fig. 21. IR-stimulated luminescence decay curves obtained from a feldspar sample using the the CCD

camera. CCD images were integrated for 1's and 10 x 10 pixel binning was used, giving spatial resol-

ution of 170 x 170 um. The main curve is the signal from the entire CCD, while the insert shows the
signal from single pixels (from Duller ez al., 1997).
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mechanical and chemical separation processes pre-
sently required.
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