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STUDIES OF AN OPTIICAL FIBER
LiF DOSIMETER

L. Introduction

This report summarizes work performed for the Fort Monimouth Procuare-

went Office of the United States Army under Contract DAAK20-79-C-0012.

The work was directed at studies of the absorption processes for light

in LiF and their applicability to construction of miniature, light-

weight dosimetric system. The material chosen, LiF, exhibits narrow

; band optical absorption subsequent to irradiation with gamma rays.

: Several absorption bands are present in the range 240 to 550 nm. Of
these the most significant are those occurring at 240 and 440 nm. The

| absorption bands are extremely stable with time and temperature and

j could form the basis for a reliable, stable gawma ray dosimeter system

if sensitivity could be achieved through appropriate combinations of

clectronic and physical design.

( 2, Theory of Operation ‘-

1 Figure 2.0 shows an absorption spactrum for pure LiF which has %een

| irradiated to a sufficient level to make all the absorption bands (
obvious when examined using a spectrophotometer. The bands, identi-

fied from order of greatest height to smallest are F, M, R, and N
bands as classically nemed in the spectroscopic literature. They
occur at 240, 440, 370, and 550 nm respectively. 1In order to form a
measuring system, it is necessary to fabricate devices having a
sufficient length to yield statistically valid mcasurements at the
minimum Jdetectable gamma ray cxposure. In the case of carefully
designed measuring systems which determine trausmitted light compared
to a reference sample, this criterion reduces to a' .ut 0.1 percent
changes in transmitted light.
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Absorption coefficients induced by irradiation for the two Jominant
absorption bands are:

5.1 x 1072 per rad for the F band

1.1 x 1076 per rad for the M band

Fngincering an electronic system to measure absorption at 440 nm is
clearly less challenging than the comparable task defined for 240 nm
and, as a result, emphasis has been placed on forming compact samples

in the range 20 to 100 cm long.

3.0 Material Developument

3.1 Initial Extrusions

A l-inch diameter cavity was machined from Inconel 750 and fitted with
a .015-inch diancter aperture plate. Extrusions were made at a
. tempecature of 750°C at a rate of approximately lum per second. The
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' starting material for the extrusion was coarsely ypround, single
crystal, LiF. The product fibers were brittle -- allowing little
bending before breaking -- and did not appear to transmit light well.

l A sccond extrusion was performed using a lmm diameter aperture. The
product was relatively rigid and passed only small amounts of light.

‘ These dies and apertures were abandoned in favor of methods which

E might yield a better surface on the fiber.

3.2 Diamond Aperture Extrusions

An aperture plate was procured which provided a lom diameter aperture
laser polished in diamond. The aperture plate was used to extrude
approximately 50 feet of fiber at temperatures of 730 and 300°C. The
product appeared to have a smooth finish and visibly conducted lisht
through parts 10 to 20 cm in length. This product was decmed suf-
ficient for experimental purposes.

3.3 Initia[ﬂ?ﬁgﬁjg&

In an initial attempt to evaluate the ability of the fibers to with-

stand bending, short lengths of the fiber were heated on a laboratory

hot plate to temperatures near 400°C. Parts were found to withst.and '
bending to radii of a few centimeters when pushed softly with warm

handling tools.

3.4 Final Bending Method

In order to wind lengths of the fiber into cylindrical coils, a
furnace was constructed which provided a clock motor driven mandrel.
The motor operated at approximately 1 rpm while the furnace was
operated at 450°C. Fibers were easily wound onto prepared maadrels,
but iuevitably broke when cooled on the mandrel.

In order to recover the finished coil without breaking, parts were
finally close wound onto a smooth, stainless stcel mandrel. The part
was thea wmaneally pushed off the mandrel onto a thermally insulating
surface for cecoling. A total of six parts having length of up to 55
cm were fabricated, A photograph of typical parts is shown in Figure
3.4.

3.5 Encapsulation Method

In order to provide optical isolation of the input end f{rom th at

end of the fiber, fibers were first painted with Nuclear Enterj.

titanium dioxide crystal paint and then encapsulated in black Eccob. 1 . ==
epoxy. Two coiled and two straight parts were encapsulated. Skotches _'?AC_
of the long and coiled encapsulations are shown in Figures 3.51 and e
3.52, respectively.

3.6 Single Crystal Samples Cm——
R
. o L. |
Two parts were cut from optically pure, single crystal LiF for concur- -
rent study. The crystals were cut 6 x 6 x 10mn and polished f{or good ]
optical transmission through the long axis. Cdesg |
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5.0 Experimental Evaluation

Samples were evaluated using the main frame of a Beek an DU Spectro-
photometer as a monochromator. A high pressure deuteriuwn lamp was
used to provide ultraviolet radiations and a high intensity mercury
lamp was used for the visible light evaluations of the long fibers.
Long fibers were coupled to a 1/2-inch diamcter photomultiplier and
oriented into the lYight beam using lab jacks. Irradiations were wade
using unfiltered 200 KvP x-rays.

5.1 F.vnlumf_i'qn_ }Lt;thn Coj_b:i_}-:i_l_)_('r

The coiled fiber was evaluated at 365, 436, and 540 nm in order to
observe the absorption maximum for the M ceanters at 440 am. Because
of the irceproducibility of the positioning, absolute values of the
weasured signals scattered badly. Evaluation of the data were per-
formed by taking t%e ratio of the 436 nm datum to the 365 and 540 um
data alternately. Table 5.1 shows the result of that tabulation for
exposures up to 168,000 R, No detectable absorption was observed.

5.2 Ev&bfpioq_pf the Longwfjber

— — [

In a similar way, the 7-inch long fiber was cvaluated for the M
absorption. While the absolute value of the transmitted light was
approximately 10 times that for the coiled sample, no absorption !
waximum was obsvrved. Data were somewhat nore random for the loag
fiber. No transmission was observed for either fiber at the wive-
length of the F absorption, 240 nm, presumably because of the fact
that the photumaltiplier, necessary to deteet the weak light, had a
glass envelope.

5.3 Fvaluation of the Sinple Crystal Sample

The single crystal sample was irradiated using 200 KvP x-rays as above
and evaluated using 240 am light Jdetected by a vacuum photodiode
having a quartz window. Figure 5.31 shows the value of the ohserva-
tions plotted as a function aof exposure. The ..ume data, coanverted to
optical density, are shown plotted in Figure 5.32. The data demon-
strate the principle of a system based on F band absorption.

6.0 FEleuwents of a Working System

6.1 Laup

A miniature, quartz, flash lamp, similar to that used in a portable

camera flash unit, can be used to provide strong ultra-violet illumi-

nation., Operation at the minimum energy which supports a pulse pro- ‘
vides sufficient light for accurate measurement. For example, a !
simple unit, passed through the Beckman DU spectrophotometer produced

a 10 milliampere pulse at the detecting vacuum photodiode. The total

charge collected in the pulse was 2 x 1078 coulombs.




6.2

6.3

6.4

7.0

Band Pass Filter
High rejection ratios are conveniently available for passing 240 nm
light. Values of the IWHM ranging from 5 to 40 nm are available. 20
nm FWHM is a reasonable value which provides near maximum density
change for a given exposure while utilizing the light produced
efficiently.

LiF Sample

Pure LiF is relatively economical to produce and may be reproducibly
grown in unlimited quantities for this purpose. While tests have been
made using a 1 cm path length, several centimeters could be used in a
simple instrument and multipass gcometries can be envisioned.

A special photovoltaic silicon photodiode has been provided larshaw by

Hamamatsu, a Japanese supplier of photomultipliers and silicon de-~

vices. The diode provides a signal to an electromcter 10 times as

large as that obtained using the conventional vacuum photodiode. The

diode requires no bias voltage and has offset curreats of the order of !
10-11 amperes. It has been operated in the temperature range of

0 to 40°C, Figure 6.4 shows the wavelength dependence of the respease

of the diode.

Possible Block Diagram of a Working System

A vorking system would best be based on a large scale integrated cir-
cuits containing logic designed specifically for the task so as to
conserve power and optimize precision. A very 1lwportant feature of
such a system is a wethod for normalization for changes in lanp power.
A convenient method is to wove the sample, operate the flash lawp,
return the sample to its home and operate the lamp again. The ratio
of the two signals can be an accurate measure of the absorbance in the
sample 1f care 1s taken to design the lamp trigger for waxicam stabil-

ity. In practice, the sample motion could be linked mechanically to
the pushbutton which initiates the readout cycle.

A system incorporating these principles is shown in Figure 7.1.
Motion of the READ pushbutton is sensed by optical scnsors so as to
initiate a first lamp pulse as the switch is depressed. During this
pulse the sample is out of the beam and the photodiode is irradiated
directly by the ultraviolet light. As the READ pushbutton is re-
leased, a second light pulse is initiated by the controller. This
second pulse of light passes through the LiF detector. In each case
the total charge in the photodiode signal is integrated in a single
operational amplifier circuit operated with negative feedback so as to
achieve linearity. The value of the output of the amplifier is
digitized and processed in the arithmetic unit. The awmplifier is
conveniently reset by a leakage resistor which provides a time con~
stant of the order of 1000 microseconds.
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Surmmary

A workable system for using the absorption bands of LiF in a dosimetry

system has been shown to be feasible. Small extended fibers which
readily pass ultraviolet light have not yet bcen produced. While some
additional effort in that direction would scem to be justified, an F
band system based on optically clear single crystal material would

seem to provide the best chance of succeeding at this moment. ..
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Protograph of examples of coiled 1i¥ Fibers.

Fipure 3.1




Fisure 3.51. Sketch of an encapsulated long fiber,

Figure 3.52., Sketch of an encaosulated coiled fiber,




Fxposure, R Th36/TShO T3¢/ 365
0 0.61 1.03
‘ 6165 0.66 0.89
. L1400 0.63 0.38
| 168000 0.61 0.37 ‘ ]
!
’ Table 5.1, Fvaluation of M band absorption in an e¢ncapsulatca,

coiled fiber. Significant darkening was not observead.
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Fisure 5.31. F band transmission through a 1 cm sample of single crystal
LiF after exposure to 200 KvP x-rays.
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Figure 6.);. PResnonse of photodiode to short wavelength light.
Banmamatsu S1336-5RJA, S/N 383
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