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RACJIAT IIIN-.INDUCEII TRANSIENT ATTENUATION OF UP TICAL FIBERS AT 800 AND 1300nm

L. D. Luoney and P. B. Lyons

Los Alamos National Laboratory
P.IJ. Box 1663, Mail Stop LJ411J, Los Al~mos, New Mexico 87545

lnlroiJucL1orl

Radlatlun-lndticed absurptlon in optical fibers has been a subject of con-
siderable Interest L.hrougho’Jt the world112. As availablllity and appl~cat”lons of
fibers have evolved from “first window” systems operating near 850 nm to
don” systems near 1300 nm,

second wln-
interest in wavelength dependence of radiation effects in

optical fibers has slmllarly evolved. Several recent studie
window radlatlon effects with both .jLeady state measurements~, ~a~~dexplored secono-, to a limited
extent, with transient measurements . No previous studies have explored the tran-
sient regime Fur Llmt!s shurter Lhan lLI us.

The present work summarizes second-window, radlatlon-induced trcnslent absorption
mess’Jrements in uptlcal fibers for times shorter than 5 IJS. Comparisons to First
wlnduw data for thdse fibers are also presented. Only high purity silica fibers
with li]w-l)H concentratlnns were used in the present study to avoid the large OH absorp-
tion band in this region.

This paper also collects first wl~dow data on several high-OH optical fibers.
Preliminary data published previously arc confirmed for one specific fiber type.

Experimental Oetalls

A Hewlett-Packard Febetron Model ● 706 puls d accelerator provided a 1.5 ns,
?60LI kev electron pulse after minor modlflcatlcrn . The flbex geometr

r
was identical

to that of ref. 8 and utilized a fiber length of 0.5-1.5 m in a sing e-layar coil of
diameter less than 3.5 cm. The accelerator pulse was synchb.onlzed to a pulsed exter-
nul liyllt 5uurcu.

Inlllcllnr laser dlodcs (ILII) weru used as light sources. For first wlndc”t experi-
ments, a Thonson 11.D, type SE7S6, clellvered 3 mw at 840 nm from its fiber pigtail.
About 0.6 mw wr?rr presr?nt In the dused region. A Hevrlett-Peckard 81589A receiver
pruvlded u dc-hUU Mt-lz frequency response with a sensitivity of 1 V/mu. For second
wlnr]uw uxpl?rlmerlts, a Mitsubishi FU-31LD ILD provided 2.5 mw at 1280 nm frum a fiber
plgtii il. A receiver uf muderate bilndwidth (65 Mhz) incorporated e RCA C30986-IJ9C pho-
todlude wilh resPuIIse frum 9UU tu 15(JLI nm.

A narruw btinli fllt~r precr+dfld the receiver :
frum rc~chlnq the dutectur.

Id prevqnted excessive Carenkov light
Wrrcctlon fur Cerenkov light was nevertheless

required, alllluuuh this light perslsled urly during the short accelerator pulse.
Particularly fur the second wlnduw measurements, excess ILD noise complicated the
mensuramellts . This noise was yreatly reduced by twG technlquest rotation of the
filter to prevent back-reflectluns intu the ILD, and introduction of a mode
scramblnr ut the flbt?r input, The lnttqr technique was lncorporatqd only for second
window data nrId ~rubHbly reduced murJal Instablllty prnblems arlslng where the narrow
bmnd filter Wa’i pU51ti011ed. At this locatlon the llght was collimated, passed
through the filtvr, rinrl t,hcn refocusud into E fiber pigtail on the receiver. The
uxprrlmurltul ltiyuul. 1s summtirlzerl In Figure 1,

9“

Uu~lmvLry w;I’! :.rl~l:l!nllle tIi rndlnchromlc films from Far W~st Technology, Inu,
(GuIPI,II, cnl. Illl!’;!! rllmn l]ruvlrll~~l cnllt)rntll]ll uf a fnrnrJy cup current rnonltor In
IIf I It. ,; Ur Ub’illrlll!ll Ilt171! . Uoslm(!try Ih!t.rJll% dupllc.qtud tho prc]cr?dure of ref 6. rhu
rnrady uIl;) ‘llqllrli +IIII_I LIIt? rwceivl!r uulputq wuro recordud UII Ioktrunlx 71(J4
~~~1 1 lrJ’i(:l)l)r!’i llvI’r 11 w{lfl! rnlltl@ or !iWt!l*IJI.lmn%. All ~l)~orl]r?d IlusI?~ tire nxprrs!jtrrJ In
II II IL’; of rllil’i (’,llly). IJr!l,th (111’irlpll)ri 1~’i wrrr~! mcnqurl!d Nnd nre shuwn in FIU~ru 2
~(JI.ll!l.hl’r wI III I, III! I!f fI!I:t lVLI c[lrt! ll!QllJll!,r[J~ rlburs ttrslud huruln.
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~ow-OH Fibers

Radiation-induced transient
both first and second windows.

Ex~erlmental Data. —.— -—

absorption for four low-OH fibers was measured in
The tour fibers were:

al Dal,llchi STIOOB fiber using a D1astl preform
b) Heraeus SW1.2/401 Fiber using a Suprasil W preform
c) Schott P2347E from a plasma-impulse CVD pre~ormg.
d) A 1OW-OH fiber Prom Poly-Micro Technology (PMT)

The first two fibers were part of a testing program coordinated under the auspices
of a NATO affort.

Data are presented in two forms for the four fibers. In Figures 3-5, the dose-
normalized transient absorption at 100 ns (ln units of db/m-krad! 1s pre’,ented as a
function of dose for both wavelengths. Olstlnct ton is made bEtween preriosed and
~ew fiber in the figures. For the Heraeus fiber (b) data in Figure 4, predosed
fiber show subs!-antlally greater damage. For the Dalninhl fiber (a) In Figure 3,
pre-exposure of the fiber causes llttle increase In Induced absorption. In Figures
3 and 4, a strong nonlinearity is notlceablti, with low dose l~adlng to far greater
damage. This phenomenon has been seen in all previous translcnt SklJdleS.

● New fiber
APre-doried fiber

.

_~:o I I I I I 1
40 00 80

DOSE (S102), krml

Fl~~lr@ 1, Trnnslr!nt nt.tnnunl.lnn of.onlnlr!hl $rlll[ln nl)tlcnl flhnr n~ flfil) nnr! 1211(1 nm

Wnvl!ll!llqltl!; , Ill{!ntl. ~r)unl. 11111 ‘:n IiIf! mr!li’iljrt!i! 11111 rl!iIlrt.l!r f! X\ll.)ljlJrl? )111,;

I)nl!r) div 1111111 hy IIIIIe fur till i llrl!,,!!llf,~ll Il)rl, 1)1 I;l. lIIcl, Ir]l} l“, mti{ll;Iw!tur!l!n
rtnw nrlll I)rulll)’iltllr[tmr , l.lllt~linr,l Irlt ~Jll[ll!ll olIl y 1,11 IjIl II II! I.hl! [!yr!
I.llrnli(jh11111.11III IIIICIIwnvnl~l)(llll,



.,
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● Now fll)ar
A pro-do~od Ilbnr
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Transient attenuation or Heraus SW1 .2/401 optical fiber at 840 and 1280
nm wavelengths. The attenuation value measured 100 ns after exposure
has been divided by dose for this presentation. Distinction is made
between new and prerfosed fiber. Lines are intended only to guide the eye
through data at sach wavelength.

IA

0

040 nm~ o

,

A(rim)
l14b 1?00
c) ● NOW Ilbm
A A Pfa-du-mlflbo-

0L+L.+, 1 I I
o flo

J
80

DOSE (S102), krad

rrnn~lnnt nttnnuntlnn Or PMT 10n/17rl/1511 Lnw-r)ll nptlcnl flhrr nt non nnfl
I?nrl flm wnvnlen(ll,t)i;. llll?.ll t,tl!rlllflt 11111 Vnllll! In[!ll’illl’l!ll lfl~ rl,i nftl~r l+xplltlurr?
!ln’i h(!~rl [~lb’](~~!(l fJ~ dn!irr fot” ~hl% ~)rl!’lt!lil.il l.]lllt. I) I:; LIIII!I 11111 1:} mn,l~! 111: l.-

WOI!I1 IIIIW nll{l Ilrotif)l;cll flhnr. I 111P”; nrr! Irlf.l!ll[lt!rl IIIIIY l.IIrIIIII III t.llr: eyf!

tllrollql~ fhf II III. fIIII; li wnv II II, Il\Itl I,



,

.
Figures 6 and 7 show induced absorption vs. time for fibers (a) and (b) for both

wavelength windows and a range of doses. The figures were constructed throLgh study

of’ the transient absorption and recovery for the fibers as a function of time and
dose . However, for all four fibers, no Slgnlficant changes in the recovery dynamics
were observed either for different doses or for predosed vs. new fiber. Thus, the
recovery dynamics show no dose dependence in Figures 6 and 7. Figure 8 compares
transient absorption ror all four fibers at a single dose of 50 krad.

TIME (no)

Figure 6. Transient attenuat~orl vs. time for the Dalnlchi STIOOB fiber at
840 and 1280 nm wavelengths. Oose 1s measured in kilorad (S102].
L~rles are intended only to guide the eye.
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A limited number of tests for \econd window data have been completed, leading to
coverage of limited range of doses in the present data. Furthermore, the com-
bination 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,

Su~rasil Core (Hi~H) Fibers—- —.-

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

Two additional PMT fibers have now been tested: another 100 urn core fiber with
110 Mm cladding and 135 urn buffer layer; and a 200 urn core fiber with 220 urn cladding
and 240 pm buffer layer. These data are coll:cted in Figures 9 and 10, along with
data for plastic-clad-silica (PCS) fiber from ITT that has been the subject of
intensive previous study’ and data for a fluorosil icate-clad Suprasil core fiber
(Schott PH300) that has also been extensively studied (cf. ref 6).

Discussion of Data—.—.- .

Low-OH 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-OH 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 iaduced absorption is strongly reduced below tle first window absorption.
The data for the low-OH fiber 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 fibers. The data in Figure 8 allow intercomparison of the four fibers for
serond window induced absorption with a dose of 50 krad. Large differences in
recovery characteristics are evident for these four fibers. The Dlasll core fiber
presents the best performance for this group.
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l-Jiqh-OH Fibers.—_-

Figure 9 collects the first window i,lduced 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 performance 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 FHPIOO/110/135
fibers, respectively. Although low lJV absorption in the 200 pm 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 inferior performance of
the 200 Bm core fiber wculd involve the higher stress in the larger core fiber as it
was wound to the same coil dimensions as the 100 pm fiber. In the first window,
these high-OH core fibers show much less damage t,han the 1ow-OH fibers of Figdres
3-5.

-\
●

FIBER TYPE

o ITT PCS

m PMT FHP 10011101135
A PMT FHP 20012201240
& PMTFHP 100/110/125

● Schott PH300

A .840 nm
New fiberonly

DOSE (Si02), krad

Figure 9. Fl:st window data at 840 nm for four fibers. Transient attenuation at R
time of 100 n> after exposure has been normalized by dose and plotted as a function
of dose.

In Figure 10, these SupraslL core fibers are compared for a fixed dose of 40
krod. While peek ahsurptlons are quite similar, a s~ower recovery 1s evident f’ur
the large core PMT fiber, as well as t,he ITT-PCS und the Schotk PH30(I.
TwrJ flttrlt)ute:; of the PMT fibers may provld? clues to their rndiatlorl r~sistance,
Those flhers u~c Herar?us Type SSU preforms with a very thin clarJ layer, and this
clad layer Is ur\lfo/mLy doped. rhe Schott PH300 Fiber used u Suprasll SS preform
which prnvirif!d flUrUslliCate cle,d gluss in only a nurrow cyllnder around the
Suprasll core. Most. of tl)e PH30[1 clad materla~ was not fluruslllcate, Furthermore ,
tl~e PMT fJhl!r IS buffered with H po]ylmlrje contlnq, a process that requtres high
t.emper~turc npllllcatlon and could provide thermlll nnr]e;.]llng uf [l[!FPCt’j, These
otlst+rvatlons, however, do Ilot. l~xpii~lrl the ohservurl [li~ferel~~,+ Iwl.wr!cn the FHP1(IO and
;]rld !-HP2{I[1 f!bers,
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Figure 10. Transient attenuation vs. time for four fibers at a dose of 40 krad
(Si02J. Wavelength is 840 nm. The line is intended only to guide the
eye through the data for the PMT FHP1OO fiber.

Future Stu&— —.—.

The second window data presented herein are slightly compromised by restricted
receiver bandwidth. The data will be reacquired with an improved, higher handwidth,
receiver. The transient absorption of the 200 urn core PMT fiber will be studied as a
function of coil radius to determine if core stress 1s degrading the performance,

h~~nowledgment.—-—-_ -.—.

The Heraeus SW1.2/401 fiber was provided by Dr. Kleln of Heraeus Amersil.
Dainici,l STlfJOB was provided by Dainlchi-Nippon. The PICVD fiber was provided by
Dr. W. Schneider of MBB in Munich.
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