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Inlroduction

Radlatlion=-induced absorptlon in optlcal fibers has been a subject of con-
slderable Interest throughout the worldli2, As availablility and epplications of
fibers have evolved from “flrst window™ systems operating near 850 nm to “second win-
dow” systems near 1300 nm, interest in wavelength dependence of radiation effects lIn
optical flbers has slmllarly evolved. Several recent studiea have explored secong-
window radiatlion effects with both steady state measurements’*% and, to a limited
extent, wilith translent measurements?, No previous studles have explored the tran-
sient regime for times shorter than 10 us.

The present work summarizes second-wlndow, radlation-induced trenslent absorption
measurements In optical fibers for times shorter than 5 us. Comparlsons to first
window data for these flbers are also presented. Only high purlty sllica flbers
with low-0H concentrations were used in the present study to avold the large OH absorp-
tion band In thls reglon.

Thls paper also collects flrst window data on several high-OH optlcal flbers.
Preliminary data published previously™ are confirmed for one specific fiber type.

Experlmental Detalls

A Hewlett-Packard Febetron Model ® 706 pulsed accelerator provided a 1.5 ns,
600 keVv electron pulse after mlnor modificatlon/. The fiber geometry was identical
to that of ref. 8 and utillized a fiber length of 0.5-1.5 m in a single-lay=sr coll of
dlameter less than 3.5 cm. The accelerator pulse was synchsonlzed to s pulsed exter-
naul light souurce.

Injectlior laser dlodes (ILD) were used as light sources. For flrst windcv experl-
ments, a Thomson IO, type SE’%6, dellvered 3 mw at 840 nm from its floer pligtall.
About 0.6 mw werr present In the dosed region. A Hewlett-Packard B81589A recelver
pruvided a dc-40U MHz frequency response with a sensitivity of 1 V/mw. For second
winduw experiments, a Mltsublsh! FU-31LD ILDO provided 2.5 mw at 1280 nm frum a flber
plgtall. A recelver of moderate bandwidth (65 Mhz) incorporated a RCA C30986-09C pho-
tudlude with respounse from %00 to 1500 nm.

A narrgw band fllter preceded the receiver -1d prevanted excessive Carenkov light
from reaching the detectur. Correction for Cerenkov light was nevartheless
requlired, althouygh thls llght perslsted orly during the short acceleratur pulse.
Partlicularly fur the second winduow measurements, excess ILD nolse complicated the
measurements. This nolse was greatly reduced by twc techniques: rotation of the
filter to prevent back-reflectlons into the ILD, and Introductlion of a mode
scramtler at the flber lnput. The lattar technlique was incorporated only for sacond
window data and prubably reduced modal Instabllity problems arlslng where the narrow
band fllter was poslitlioned. At this locatlon the light was cullimated, passed
through the filter, and then refocused into a flber pigtall on the receiver. The
uxper fmental layout Is summarlzed In Filgure 1.

Dosimetry was traceable to radlachramle fllms from Far West Technology, lnc.
(Golebta, CA). These fllms provided callbration of a Farady cup current monltoc In
units of absorbed dose.  voslmetry detalls duplleatud the pracedure of ref 6. The
Fatady cup s lgnai and the recelver outputys wore recorded on ltaktrunix 7104
oscilloscopes aver o wide range of sweep Limas. ALl absorbed duses are expressed In
undts of rads (S1oy)e Lepth dose profiles ware measured wnd are shown In Flgure 2

togulher with the effective core teglons for fluers tesled herelin,
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Experimental Data

Low=0H Fibers

Radlatlion-induced transient absarptlon for four low-0OH fibers was measured in
both first and second windows. The tour flbers were:

) Dalnichi ST100B flber using a Dlasil preform

) Heraeus SW1.2/401 fiber uslng a Suprasil W preform
) Schott P2347€E from a plasma-impulse CvD preform?.
) A low-0OH flber from Poly-Micro Yechnology (PMT)

The first two fibers were part of a testing program coordinated under the ausplces
of a NATO effort.

Data are presented in two forms for the four fibers. 1In Figures 3-5, the dose-
normalized transient absorptlon at 100 ns (in units of db/m-krad) Is pre<ented as a
function of dose for both wavelengths. Distlinction is made between predosed and
rew flber in the figures. For the Heraeus fiber (b) data in Figure 4, predosed
flber show subsiantlally greater damage. For the Dalnirhl flber (a) In Figure 3,
pre-exposure of the flber causes little increase {n Induced atsarptlon. In Figures
3 and 4, a strong nonlinearlty is notlceablu, with low dose leading to far greater
damage. Thls phenomenon has been seen In all previous translant studies.

0.18— ® Now fiber
O Pre-dosed fiber

(]

c

© 0.10}-

o

F

-l

[, ]

L -]

o

[ ™

x

E

~ 0.05—

m .

h -

A
//,A-1280nm
—‘A—A‘_._—
0 ] L ] | | ] | AJ
o] 20 40 80 80

DOSE (Si05), krad
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wavalengths,  The attenuation value measured 100 ns after exposure has
been divided by dose for this presentation,  Dlstinetion {5 mado bhetwoen
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through datn al ench wnvelength,
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Flgure 4, Translent attenuatlon of Heraus SW1.2/40! optical flber at 840 and 1280
nm wavelengths. The attenuatlon value measured 100 ns after exposure
has been divided by dose for this presentation. Distinction is made
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Figures 6 and 7 show Induced absorption vs. tlme for fibers (a) and (b) for both
wavelength windows and a range of doses. The figures were constructed through study
of the translent absorptlon and recovery for the filbers as a functlion of time and
dose. However, for all four fibers, no significant changes in the recovery dynamics
were abserved elither for different doses or for predosed vs. new fiber. Thus, the
recovery dynamics show no dose dependence in Flgures 6 and 7. Flgure 8 compares
transient absorption for all four fibers at a single dose of 50 krad.
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Figure 6. Translent attenuation vs. time for the Dainichi{ ST100B flber at
840 and 1280 nm wavelengths. Dose Is measured in kilorad (5102).
Lines are Intended only to gulde the eye.
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A limited number of tests for second window data have been completed, leading to
coverage of limited range of doses in the present data. Furthermore, the com-
hination of reduced bandwidth receiver and low fiber absorption (which required
long lengths of dosed fiber) precluded useful data for times below about 10ns for
second window data.

Suprasil Core (High-QH) Fibers

In ref. 6, preliminary first window data for Polymicro Technologies (PMT) FHP
100 fipber were shown. At that time only a few data points were available for this
fiber. Those early data showed very imnressive radiation resistance. That fiber
had a 100 um core, a 110 um cladding, 125 um buffer layer, and was drawn from a
Suprasi! SSU preform.

Two additional PMT fibers have now been tested: another 100 um core fiber with
110 um cladding and 135 um buffer layer; and a 200 um core fiber with 220 um cladding
and 240 um buffer layer, These data are collcrcted in Figures 9 and 10, along with
data for plastic-clad-silica (PCS) filber from ITT that has been the sublect of
intensive previous study7 and data for a fluorosilicate-clad Suprasil core fiber
(Schott PH300) that has also been extensively studied (cf. ref 6)}.

Discussion of Data
Low-0H Fiber

Comparison of Figures 3-5 reveal major differences. In Figure 3 the Dainichi
fiber exhibits significantly less damage at 1280 nm than the the other low-0H fibers
fibers. This fiber also shows little, if any, difference between predosed and new
fibers, suggesting essentially complete relaxation to the original conditions in
the several minutes between electron pulses.

For both the Diasil and Suprasil W core fibers in “igures 3 and 4, the second
window induced absorption is strongly reduced below tie first window absorption.
The data for the low-0H flber in Figure 5, however, clearly demonstrate that this
trend is not universally correct since, for this fiber, the trend is reversed. This
latter fiber also exhibits more damage at botn wavelengths than the Suprasil or
Diasil fivers. The data in Figure 8 allow intercomparison of the four fibers for
sevond window Induced absorption with a dose of 50 krad. Large differences in
recovery characteristics are evident for these four fibers. The Dlasil core fiber
presents the best performance for this group.
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High-OH Fibers

Figure 9 collects the first window induced absorption measured 100 ns after
exposure and normalizes it bv dose. The two batches of PMT FHP 100 fiber display
very similar performance, but that perfonrmance is not matched by the other three
fibers. Ultraviolet transmission at 400 nm was documented by PMT for two of their
fibers, yielding 26 and 40 db/km for the PMT FHF200/220/240 - and FHP100Q/110/135
fibers, respectively. Although low ULV absorption in the 200 um fiber might be
expected to indicate a fiber with few defects and less radiation damage, Figure 9
does not support this hypothesis. One possibility for the inferlor performance of
the 200 um core fiber wculd involve the higher stress in the larger core fiber as it
was wound to the same coil dimensions as the 100 um fiber. In the first window,
these high-0OH core fibers show much less damage than the low-OH fibers of Figures

3-5.
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Figure 9. First window data at B840 nm for four fibers. Transient attenuation at a
time of 100 ns after exposure has been normalized by dose and plotted as a function

of dose.

In Figure 10, these Suprasil core fibers are compared for a fixed dose of 40
krad. While peak absorptions are quite simllar, a slewer recovery is evident for
the large core PMT fiber, as well as the ITT-PCS and the Schott PH300.

Two attributes of the PMT flbers may provide clues to thelr radiation resistance.
Those fibers use Heraeus Type SSU preforms with a very thin clad layer, and this
clad layer is uniformly doped. The Schott PH300 fiber used a Suprasil SS preform
which provided flurosilicate cled glass in only a narrow cylinder around the
Suptasil core. Most of the PH300 clad material was not flurosilicate. Furthermore,
the PMT fiher ls buffered with a polyimide coating, a process that requlres high
temperature application and could provide thermal anneallng of defects. These
observatlons, however, do not explain the observed difference beilween the FHPL00 and

and FHP200 flhers,
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Figure 10. Transient attenuation vs. time for four fibers at a dose of 40 krad
(5i02). Wavelength is B40 nm., The line is intended only to guide the
eye through the data for the PMT FHP100Q fiber.

Future Study

The second window data presented herein are slightly compcomised by restricted
receiver bandwidth, The data will be reacquired with an improved, higher bandwidth,
receliver. The transient absorption of the 200 pm core PMT fiber will be studied as a
function of coil radius to determine if core stress is degrading the performance.
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