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Radiation induced transient attenuation of PCS fiber*
P. B. Lyons, and L. D. Looney

Los Alamos National Laboratory, P.0O. Box 1663; MS D40, Los Alamos, NM 87545 USA

Some applications of optical fibers requlre their exposure to Intense radlation flelds.
This exposure can potentially degrade performance.0f a fiber data link. Research at Los
. T - . .
Alamos Neztional Laboratory has recently concentgated on development of an understanding of

such radiatlon effects at short times, less than 100 ns.

Iin previous papers we have identified a particular type of fiber, ITT plastic-clad- .
silica (PCS) with Suprasil core as optimum for short time radiation-induced attenuatlion, but
that work used very large doses of ionizing radiation, close to 1 Mrad.!’4 For these high
dose vxposurcs, moderate success In understanding the transient nature of the attenuatlon

was realized with a geminate recombination model,.

In this paper, we report further studies with ITT PCS flber over a range of doses and
wavelengths. Data on other PCS fibers 18 fncluded that provide performaice comparable to

the ITT product, Comparison to several fluorsilicate fibers {s also included.

Experimental Method

A Febetron 706 |s used to provide a 1.5 ns electron pulse that irradiates a small coll
of the fibe: under test. The electron ceam is scattered by a thin Al foll at the exit of
the Febetron to provide @ more uni.orm deposition over Lhe coll area. The fliber coll
(length 10-50 cm) encircles a collimating aperture, behind which {8 a fast Faraday cup. The

electron pulse is meawured on e¢every Febetron pulse as a measure of electron dose.

A tunable dye laser with an optlical parametric osclillator (Chromatix CrMX~-4 systan)
provides an intense cource of light with wavelength adjustable between 500 and 2000 nm. The
laanr and Feheotron are aynchronizad {n time mueh that the Febetron pulse occurs during the
lasaer output. WBiplannr vacuum dlodea (ITT F4ULl4 or FWI14A) detect the light signal befare
ard aftor the dosed reqion. DAta werm acquired At 400, 800 and B50nm (n theye measurements,

The first sicnal le derlvoed oither from scattered light out of a coll In the input fiber ov




by insertion of a bidirectional coupler into the input fiber, Both signals are recorded on
Tektronix 7104 and 7844 oscilloscopes. The system is shown schematicslly in Figs. 1 and 2,
We note in pessing that apparently different attenuation recovery shapes have been seen with
different aeteccors, particularly when PIN detectors detect the throughput signal. This has
not been investigated in detail yet, but probably reflects different recovery prcperties of
the different detectors. If any residual signal (after pulse) exlsts after terminaotion of a
long optical lépu: pulse, a detector will distort the observations. Photomultipliers are
notorious for after-pulsing phenomena due to lon feedtack. The biplanar detectors we have
identified for use here have been studied with long optical pulses and ﬁb residual pulse has

been observed.

The ontical parametric oscillator (OPO) Is used for data beyond 600 nm. 'When the OPO (s
used, the dye laser {s tuned to 00 nm. At the output of the OPO, buth the shifted
wavelength and the 5400 nm pump wavelength are present, In normal operatior, a glass fiiter
i1s used at the output of the OPQO o suppress the GU00 nm light. For some measurements
herein, that filter was removed so that both wavelengths propogated in the flber.

Additional filters are always present at the dlode face and restrict the detected signals to
only the OPO output wavelength. Removal of the OPO filter allowed us to test for

photobleaching by 407 nm light in our measurements at 800 ns, optical power In the fiber was

5-20 watts,

Relatlve dosimetry Is provided by the Faraday cup. This cup output is norralized to
absorbed dose by comparison to radiachromic f{lm (Far Wes: Technology, Inc., Goleta, GA).
This fllm provides a low mass (~ 5 mg/cm¢) monitor of absorbed dose. Calibration of the
f£ilm with a %"Co source conflirmed the vendor's sensitivity dta. The low electron enerqy
(maximum AU0 keV) of the Febetron 706 leads to concern over non-uniformn dose within the
fiber. This was tecsted by preparing a multilayer otack of the thin radiachromic films and
thin Al folls. T3 sta. « was then exposad to multiple Febetron ahots while che Faradey cup
was rrcorded. The resulting data set, Flg. 3, estoblished the conversion from observed
curr~at to dose, The mass range of the fiber cores for several of tle tested fibrrs is

shown in Fiqg. J and indicates a recasonably uniform dose through the fiber,

The converusion factor from Faraday cup signal to fiber dosae was choszan &> approximacely
medrl the douse nver thn core of the teatad flbar. 1he use of the Faraday cup signal removes
moat 2f the large uncertajinty in pulse-to-pulye stabllity cf a Fobetron, (Depanding on the

conditlon of the fisld-cmlssion tube, this stabllity can bec 'orme than a factor of 3.) With




the Faraday cup normalization, attenuation data repeats to about t 20%. 5ince both Faraday
cup output and fiber peak attenuation can be read to higher accuracy (t 10%), thc remainiug
scatcer is probably due to residual non-uniformity in the electron dose across the fiber
expoéure plane. For a given fibey type, the relative doses are accurate to about 19%, since
multiple shots (on new fiber) are used for each data point. Absolute doses depend on the
accuracy of the conversion factor from Faraday charge to dose and the film calibration and
may reach 0%, -nelative comparisons between two fiber types reflect oniy the uncertainty of

the conversion factor for different core and buffer thicknesses and may reacnh 20%.

N Experimental Data and Disucssion

ITT PCS Flber

Data were acquired at 500, 800, and 850 am wavelengths. Figures 4 and 5 show data at
the two extreme wavelengths. FEach curve |s averaged over multiple shots, each shot is
usually on fresh fiber. Flber is never used for more than two shots, (The 700 kRad data
are from carlier work.) Qualitativel;, the curves ate of simllar shape, but quantitatively,
the shapes arc not ldentical. This may be graphically seen in [lg. 6 where we compare the
ratio of peak attenuation to the attenuation 60 ns after the electron pulse for all three
wavelengths. Since substantial recovery has occurred in this time, the 60 ns valuec is
subject to much larger uncertainty than the peak attenuation, but a trend Is evident. The
highest dose values show much more rapld recovery and the longer wavelengths recover faster.
However, the 700 kRad data was taken In a different geometry, f. ref. 2, with a different
flield emission tube in the accelerator. The mlectron pulse was faster (~ l.l1 ns) for that
tube and may have contributed to a higher observed "pcak"™ value. The previous work also
Incocrparrated a high bandwidth fiber to transmit the light from the Fehetron cell to the
photodetectors. This Introduced another splice and added complexity. Peak values for ITT
T30) PCS vere decreased by ~ 10% due to the bandwidth )Jimit for hte 10 m of slow step index
tibar used here. The electronics and detectors were the same type for all the data and the
elecLronics responses were caroefully tested in both meagsurement series. For 300 nm data, we
have used the precent geometry for doses up to 300-400 kRad where the ratio value is ~ 5,5 =
U.3, unchenjed from the lower voses. The 700 kRad data are presented here to emphasize that
any “"peak" attenuatior data Is strongly dependent on the time duration of the glectron
pulin.  All of the subsequent comparisons In this paper use the standard geometry of Figs, 1

and 2 and 2 s5ingle fleld emission tuba,



The peak attenuation, per kRad, Is shown in Fig. 7 for the three wavelengths. Data
for individual (not average) shots are shown from which data scatter can be seen as < 20%
for individual shots. On a per kRad basls, substantfully more damage occurs at low dose.
Note that the observed peak values reflect che time dependence of the incident dose and will
change for different dose rates. The relative comparison here should be valid since we do

not alter the pulse shape conditions.

These data isdlcate a substartial increase in pgak damage per kRad, different for
different wavelengths, at iow daié. “Several hypthung cobld explain this phenomenon. The
curves of Fig. 7 sugg;stlthat two classes of damaée sites may exist, one set of “"soft":sites
that damage very readily (perhaps pre-existing defects) that become saturated at moderate
doscs and a sccond closs of defects created in proportion to the dose. Less pure fibers
might show more of the soft sites, and to some extent this Is seen in some of the all-glass !
data presented subsequently in this paper. The lons responsible for the early absorption
may have a varioty of absorption levels, differing significantly with wavelenqth. The data

of ig. 7 suggest benefits from longer wavelengths that need to be explored.

Prelimlnary data on optical photobleaching were obtalned, but power levels were
contralned by the avallable power from the OPO and the very low sensltivity of the detectors
at B00 nia. For these tests, the transient attenuation at 800 nm was explored with and
without a 600 nm pulse of 0.2~0.4 W in the flber. The B0UO0 nm pover level was much higher,
10-25 W. No siqgnificant change in transient attenuation was observed for the short time
scales ~f Interest here. Better tests can occur In the future [f detectors with Improved
s nsitivicy at 2800 nm can be obtalned. This would allow lower power levels at 300 nm and
comparable powuer levels at 600 and 800 nm. Since Sigel haa shown that photobleaching can
oceur, It long tinen, evea With monochromatic Yight {n the fiber, our data are not

cenclusive,

Qther Fiber Wypes

Two Additlonal types of PCS flber as well as four types of fluorosilicate rlad flber
wore studied In the same goometry at 800 nm wavelrngth., These Included two types of 200 unm
cara PCG Liber feom aychem: RSC-200 (2 batches) and KSC-200. According to the vendor RSC
and #3C use the sane Suprasil core material but the HSC Eiber has additional proprietary

processin: nteps,  The four fluvrosilicotes {nclude: Raychem VSC (240 um clad, 200 um



core, NA =~ 0,2 from manufacturer's data) and three Quartz Products QSF fluorosilicates (200
vm clad, 133 im core, NA = 0,25 from manufacturer's data) with different OH™ concentrations

30 ppm (SD), 200 ppm (STD), and 1300 ppm (SW).

In Fig. 8 we compare the peak attenuation per kRad for all these fibers to the ITT PCS.
within the uncertaintles of 20% in dose the three PCS fibers are almost identical. The data
for the all-glass VSC fiber i1s also in agreement with ITT PCS. These five fibers, ITT T3(3
and the four Raychem fibers, are compared in Fig. 9 for doses near 70 kRad. 1In Figq. 9, unly
average run data are shown- and ihe peak attenuations are normalized. Innthis compavrison the
Raychem RSC fiters‘do not recoverﬂqﬁiﬁe as rapid]y.;é the Raychem KSC, Raychem VSZ, and ITT
PCS flbers, the difference.is only slightly Buts}é}.od; unEertainties, but appears to be

real,

As one comparison of recovery of attenuation, we plot In Fig. 10 the ratio of peak
attenuation to the value at 60 ns for various doses for all the fibers at 800 nm. The data
reflect averages over many runs but still do nnt show smooth trends. The uncertaintyv in the
60 s attenuation at low dose leads to large error bars. Again, however, the KSC, VSC, and
ITT fibers are best at most doses, The RSC fibers are somewhat inferlor in fast recovery.
Of the larger NA fluoroscilicate fibers, only the high water (SW) flber competes with the
PCS fibers. This slower recovery of the QSF fibers is illustrated in Fig. 1l. These data
suggest that the Raychem proprietary prucessing steps to enhance the RSC "hardness" may not

be appropriate when very early time transient phenomena are consldered.

Conclusion
For the dose ranges studied hereln, 10-150 kRad, several fibers offer very competitive
transient attenuation performance. One of these fibers i{s an all-glass composition and may
offer a useful alternative to PCS fiber In many applications. The N.A. of this all-glass
fipnr is considerably below that of PC5 and this may limit some of its posslible uscs.
Higher N.A, all-nlass fluoroscllicates offeced qood performonce but did not egqual the

perfocmance of the host fibers.,

For all the fibers studied, proportionetely more damage is cbserved at low dose:. This
may he duo to varying degrees of pre-existing damage sites that are depleted (damaged) at
hiqher Aoses. Of zritical impoertance, however, ls the observation f{n Figs. 4, 5, and A that

the functlonal farm nf the transiant recovery Is not changed, within our uncertaintics, as




dose varies. Thus even though some phenomenon, such as our postulated pre-existing “soft"
sites, leads to increased damage at low dose, the recovery mechanisms do not change with

dose.
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LOW DOSE RADIATION ABSORPTION GEOMETRY
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