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IMPROVED OSL EXCITATION
WITH FIBEROPTICS AND FOCUSED LAMPS

V.J. Bortolot
Daybreak Nuclea and Medical Systems, Inc.
50 Denison Drive
Guilford, CT 06437 USA

ABTRACT --- A fiberoptic illuminator for OSL excitation is described which uses a new geometry for improved
uniformity and efficiency, together with two focused lamp li ght sources for use with it.

1. INTRODUCTION

Multiple bundle fiberoptic ring illuminators have frequently been used for OSL excitation (for example, at Oxford
[Spooner 1989] and OSU [Pierson et al. 1994]). Their advantages over focused single sourceillumination (whether
fixed optical trains, asin some laser- and Xe ac-excited systems [Huntley et al. 1985, Hiitt et al. 1989, or detedor-
mounted, as in the Risg system [Bgetter-Jensen and Duller 19927) include improved uriformity and non-
diredionality of ill umination, flexible and remote placement of large or hot light sources, and closer sample-detedor
geometry. In practice using aring o discrete light sources, it is difficult to avoid an undesirable central 'hot spot' of
increased excitation while achieving good coupling efficiency of light source power to the sample. A related
problem is efficiently coupling power from a lamp to the fiber bundle entrance aperture, which has hitherto
necesstated high lamp powers (>1 KW) for adequate OSL excitation, espedally when narrow bandwidth of
excitation isrequired for the experiment. We have used a new ill uminator geometry, two goposed redangular 'light
bars, to improve uniformity and efficiency, together with focused lamps to oltain high power levels at the sample
with relatively modest lamp power. Compared to an ealier ring configured 8-ended fiberoptic assembly of similar
construction (Daybreak 1992, the light bar assembly gives a 25 per cent increase in power over a 1 cm diameter
sample areawhile halving the non-uniformity. This paper will describe a ombined fiberoptic/IRLED illuminator
and two light sources, halogen and xenon arc, devel oped for use with it.

2. FIBEROPTIC ILLUMINATOR

In ring illumination using non-collimated sources (of approximately gaussan beam profil €) tilted significantly away
from nomal incidence it is very difficult to achieve flat illumination over an extended sample without having the
beam's central spot hit the sample plane outside the sample diameter. This puts only a small fraction of the total
beam power within the sample aea, and means that in a practicd application where the light must be used
efficiently, there is a trade-off between excitation power and uniformity. Better-Jensen et al. 1991 have used two
concentric rings of IRLEDs to addressthis problem, but thisis not so practicd an approach for fiberoptics. While
mapping intensty profil es from small fiber bundles as a prelude to modeling prospedive configurations, we noticed
that two opposed f/1.5-f/2 beams, inclined at 45 degrees to the sample plane, yielded a nealy constant intensity on
that plane along the line mnneding them, and it was apparent that the superposition of multiple pairs of discrete
beams in a line (as optical fibers arranged in a ribban or bar form, or a linea array of LEDs, where the linea
dimension is at least twicethe sample diameter) would gve auniform intensity on the sample plane. For efficiency
inapracticd device the linear dimension must be reduced, and 12 mmwide, 2.5 mm high 'light bars inclined at 45
degrees were found to give satisfactory uniformity (figure 1). All points within the sample aea fall within 10 per
cent of the average intensity. The asped ratio could be increased, or the bar divided with a centra gap, to 'stretch’
the bar and improve the uniformity further (at the expense of somewhat deaeased power to the sample). It is
important to note that the output of an optical fiber preserves much of the anguar distribution of the input beam, so



that the anguar character of the light source beam has an effect on the uniformity. For thisreason thelight bars are
mounted on movabl e blocks, so that uniformity can be optimized for a particular li ght source by altering the spacing.
Note also that this type of light bar is unsuitable for collimated beams unlessthey are modified with a @nverging
element (or diverging, in the ase of small diameter laser beams).

Figure 2 shows the illuminator construction. A custom-built glassfiberoptic assembly of 9 mm entrance aperture,
with output divided into two ends with epoxy molded 12mm by 2.5 mm light bars and a 1 mm diameter monitor
bundle (all thoroughly randomized to minimize any effed of intensity variation acrossthe input) isincorporated into
a 16 mm high housing that mounts between the top lid and PMT housing of a Daybreak 1100 TL system. The
optical glassdetedor filter stack (6.5 mm of Hoya U-340for green OSL) is mounted mostly within the ill uminator
housing in order to minimize the sample to detedor disance A four filter changer under computer control (now
under development), would make available an optimal detedor spedrum for each different excitation wavelength,
whil e adding only 10 mm to this distance

Two IRLED light bars each consisting of six T-1 GaAlAs diodes (880 nm, ) 20 degree half ange, equivalent
approximately to an f/1.4 beam) are mounted on adjustable blocks perpendicular to the fiberoptic bars. The
uniformity of IR illumination is Smilar to that shown in figure 1, but thereis lessfall off at the elges. Maximum IR
power at the sampleis 45 mW /cm? . Because the LED leads are very well heat sunk, junction temperature rise is
much reduced, and warm up effects are small at maximum power even without intensity servoing. A 1 mm jacketed
plastic optical fiber is affixed to ane of the IRLEDs for servo control feedback. This fiber and the monitor bunde
from the fiberoptic assembly together go to a single temperature compensated PIN diode detedor. The IRLED
current controller has a dual-gain photodiode amplifier, so that whichever light sourceis active @an be monitored.
Thissignal isdigitized in the TL system and sent to the host computer as part of the data stream, where it is used to
verify that the light sourceactualy is on (lamp fail ure deted).

A similar illuminator has been built for the Daybreak 115 TL system. In this case medanicd congraints make it
necessary to stack thelight bars and LEDs together, with the LEDs inclined at 55 degrees from verticd.

3. HALOGEN LAMP SOURCE

The requirement of a low f-number input beam for the fiberoptic illuminator described above suggested that a
refledor halogen spotlamp would efficiently couple into the bunde without any additional condenser lenses. A
widely avail able 150 W lamp, Phillips EKE, has many characteristics that recommend it for the present application.
It has an dllipsoidal dichroic refledor that refleas 400-700 nm whil e tranamitting the IR, a spot size cmpatible with
the fiberoptic input, and a focal distance sufficient to allow interposing several filters. It dso has a high color
temperature (325(K) and long life (200hours). Figure 3 shows the light source

The lamp output spedrum is tailored for green OSL excitation primarily by use of a sharpcut longpassopticd glass
filter (Hoya Y-44), and a shortpass interference filter (T=50 per cent at 575 rm). We follow Bgtter-Jensen and
Duller 1992 in the general choice of excitation and detedion spedra. Additional filters are needed to further reduce
theresidual IR component transmitted by the shortpassfilter: an extended hot mirror refleds away the 750-1600 nm
band, reducing the thermal load on the IR absorption glass (Hoya LP-15) which removes all residua long
wavelength IR. Beause there is a small transmisson at 700-740 nm in the U-340 detedor filter, where the EMI
9235Q PMT detedor still has a (very) small senstivity, this wavelength region is further suppressed by a Schott
BG39 filter, to reduce background well below 100 counts per second at full power (with a narrowband interference
filter added to the filter stack as described below, the background is below detedion limits). Alternatively, an
interference notch filter coating, avail able from several optical coating companies, could be applied to the U-340,
attenuating the background ly a factor of more than 1000. Figure 4 shows the excitation and detedion spedra for
the OSL system. Spedal attention has been paid to suppresson of IR between 1000 and 2000 nm, to avoid spurious
response from impurity feldsparsin quartz sasmples. For thisthe LP-15isrequired, as the hot mirrors, BG39 dass
and the glass fiber bundle (fiber transmisgon drops to zero anly beyond about 1900 mm) al have significant
transmisgon in thisregion.

The power delivered to the sample is more than adequate for OSL excitation. Using a 10 mm sguare photodiode
(Hamamatsu S1337-101@BQ, cdibration 2001150 nm traceable to NIST), the measured intensity is 72 mW/cm? at



the sample position. By way of comparison, Better-Jensen and Duller 199 report a sample intensity of 16 mW/cm?
for adired illuminator usng a 75 W halogen lamp and smilar excitation filtration. The intensity is altered in our
light source by neutral density filters (inconel on dasg ingead o an iris diaphragm to ensure reproducibilty of
setting and also to avoid vignetting effects on uniformity of illumination. A filter slide makes filter changing
convenient. An eledronic shutter completes the optical path. The lamp and optical train are completely enclosed,
with air to the ding fan and the exhaust ducted. There is no dired lightpath to the exterior, and stray light in the
laboratory is avoided.

The lamp intensity is servo-controlled using an opticd fiber to convey light to the mder environment of the
controller eledronics. A compact high efficiency switching supply powers the lamp. After a short warmup, the
intensity stabil ity was better than ) 0.5 per cent over an extended period. Because of the long lamp life, thelamp is
not turned df between shinedowns.

Since the OSL sensitivity of many minerals may show a wavelength dependence, it may be undesirable to excite
with such a wideband spedrum as described above. Pierson et a. 1994 have developed a variable narrowband
source to explore this dependence in the visible, to complement the work of Hitt et al. 1983 on feldspars in the
infrared. The high power available from the focused halogen source makes it practical to use narrowband
interferencefiltersto restrict the excitation wavelength passand. Using an unblocked 514nm filter (34 rm FWHM,
90 per cent peak transmisgon) in the filter slide, we obtain 20 mW/cm? at the sample. Neither highside nor lowside
blocking is nealed since the wideband filtration serves the purpose. Using a sandard deledric and dye blocked
filter (500 nm, 10 nm FWHM, T=50 per cent), we measure 3.0 mW/cm?. By replacing the 575 nm shortpassfilter
with one whose a&lgeis at 650 rm, and amitting the BG39, narrowband filters within the range 460-640 nm can be
used. The 650 rm shortpassfilter has its minimum transmision at 720 rm (about one-quarter that of the 575 M
filter), where the transmisson of U-340 is troublesome, but further attention would probably need to be paid for
reduction of background signdl.

Rees-Jones et a. 199, in an laboratory intercomparison, have found that the the growth curve and ED (at least in
the materials they studied) was the same for OSL data using thislight source (with 514 nm filter) as that taken with
an argon ion laser, while preliminary work with the wideband excitation gave significantly different EDs that varied
along the shinedown . This suggeststhat the wideband stimulation may be interacting with deegper traps.

4. XENON ARC OSL SOURCE

Because of theinterest in wavelength dependence of OSL sensitivity evident at recent Spedalist Seminars, we have
devel oped a xenon arc OSL source suitable for narrowband excitation over a wide range of wavelengths. Having a
spedrum nealy flat from 330-800 nm and emitting relatively littl e in the far infrared, these lamps areideal for such
investigations. While previously reported work (Spooner 1989, Hutt et al. 1983, Fierson et a. 1994 used
highpower (A1 KW) standard short arc lamps with condensing lenses, this present work makes use of a compact
300W ceamic collimated lamp from ILC Tednology. An integra slver parabdic refledor yields a well-
collimated beam 25 mm diameter. Total beam power over the flat portion of the spedrum is 50-60 mW/nm. The
light source we have developed using thislamp is shown in figure 5. An extended hot mirror refleds the 750-1600
nm region upto a heatsnk to reduce thermal load on the interference bandpassfilter. Hoya Y-44 sharpcut glassis
again used to further block the short wavelength side. This glasshas a particularly steep transition, and lessof a
trangmisgon tail at short wavelengths than other shortcut glass in this wavelength region, and is highly
reoommended. The eledronic shutter is refledive (silicon oxide over auminum) and diverts the beam up to the
hedsink when closed. The output pasdiand is completely determined by the narrowband interference filter. The
high power in the beam (about 20 W) places great demands on thefilter. Metal blocked filters are used here because
of their tolerance of hed, although their transmisson is lessthan with dieledric and dye blocking. Typical peak
filter transmisgon in the 450-600 nm range is 45-55 per cent. These metal blocked filters are at least 99.99 per cent
refledive out-of-band, and keep well below their 200C temperature limit. The filters and shutter are fan coded. An
/1.5 lensis used to couple the beam into the fiberoptic bundle of theilluminator. Here, again, neutral density filters
are used to set the power level at the sample. In the case of the xenon lamp, thereisa 3:1 range of eectronic control
of intensity. However, a low current the arc tends to wander, causing ingahility, and there is no increase in lamp
life, as there is with incandescent lamps. With 20 nm wide filters, the power ddivered to the sample is
approximately 50 mW/cm?. With wider filters, the sample would require @ding at maximum excitation power. No



great effort was expended to optimize efficiency, and similar powers at narrower passbands should ultimately be
attainable.

The lamp is powered by an efficient switching power supply, servo-controlled to stabilize the beam intengty. An
unslvered glass mirror (R=0.04) reflects part of the beam onto an opal glass diffuser to integrate over the beam area.
An optical fiber conveys part of this to a photodiode (conditioned further by a hot mirror and Hoya LB-120 light
balancing filter to approximate a radiometric filter) on the servocontroller board. By itself, the lamp is somewhat
noisy: about 3 per cent peak-to-peak fluctuation in intensity. The low frequency of this noise indicates that arc
wander rather than current ripple is the cause. With servo control, this is reduced to under 1 per cent, as is the
stability over an extended period. Lamp life is approximately 1000-1500 hours depending on the number of lamp
starts, which degrade the electrodes.

We have developed an 8-filter whed for this light source, controlled by computer, for automated wavelength
change. Thisis a step on the way to coupling with a grating monochromator. Since this source is intended to be a
basis module for future ingruments, the control e ectronics includes drivers for two DC motors, two stepper motors,
and two solenoids.

5. CONCLUSION

A new geometry for fiberoptics in OSL, opposed light bars, has been used in the development of a sample
illuminator for OSL excitation, together with two light sources, halogen and xenon arc, for use with it. The
illuminator is compact, permitting decreased sample-detector distance, and has improved uniformity of excitation
over the sample area over a previous ring configuration illuminator. It also contains an IRLED source of similar
geometry. Thetwo new light sources both have sufficient output power to make the use of narrowband interference
filters practical for routine OSL measurements. Special effort was made to ensure exclusion of any residua IR, to
avoid spurious responses.
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OSL EXCITATION LEVELS AT SAMPLE
EACH CONTOUR REPRESENTS 5% OF AVERAGE OVER SAMPLE

1 CM DIAMETER SAMPLE

ALL POINTS ON SAMPLE FALL WITHIN 10% OF AVERAGE LEVEL

Figure 1. Congant intensity contours for illumination with two rectangular light bars inclined 45 degrees from
normal incidence. All points within the sample area fall within 10 per cent of the average intensity. A photodiode

of 1 mm? active area was used for the measurements.
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Figure 2. The combination fiberoptic/IRLED OSL
adjustable to optimize uniformity

TOP VIEW

SAMPLE

-

Pl

12 X 2.5 MM
FIBEROPTIC
BARS

N

IR MONITOR FIBﬂ

N

MONITOR
FIBER
EBUNDLE

MONITOR DETECTOR /
{TEMP COMPENSATED)

VUM WINDOW

illuminator.

B
111

TO OSE EXCITATION
SOURCE {6 MM BUNDLE])

Both fiberoptic and IRLED light bar spacing is




__OPTIONAL FILTERS: 30 NM FWHM AT 514 NM
PLUS ND FILTER STACK FOR INTENSITY CONTROL

IR ABSORPTION GLASS

INTERFERENCE FILTER

PASSES 400-570 NM
HOT MIRROR REFLECTS
BG39 750-1650 NM
)ﬁ R
v )ﬁ

440 NM

SHARP CUT \A

LAMP
SERVO
CONTROLLER

150W HALOGEN LAMP
WITH DICHROIC

ELECTRONIC
SHUTTER

REFLECTOR
9 MM FIBEROPTIC BUNDLE 'F',\:EET)SFIFTY
TO ILLUMINATOR
OPTICAL FIBER
TO CONTROLLER
HALOGEN OSL SOURCE T l
SHUTTER  LAMP ON
CONTROL

Figure 3

Figure 3. Schematic view of halogen OSL excitation source.
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Figure 4. Excitation and detection spectrafor halogen light source. Additiona narrowband filters may be used. An
example is shown superimposed on the wideband excitation spectrum. The excitation power delivered to a 1 cm
diameter sample is 72 mW/cm? wideband and 20 mW/cm? for a 34 nm wide (FWHM) bandpass filter at 514 nm.
By replacing some of thefiltersthat define the wideband spectrum, narrow bandpass filters in the 460-630 nm range
can make the halogen lamp source into a useful variable wavelength OSL exciter.
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Figure 5. Schematic view of the xenon arc OSL excitation source.



