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Rad Iat on induced transient attenuation of PCS Eiber*

P. B. Lyons, and L. D. l.ooney

Los Alamos National Laboratory, P.O. Box 1663, MS D40, Los Alamos, NM 07545 USA

,.

Some applications of optical fibers require their ●xposure to intense radiation fields.

This exposure can potentially degrade performance.of a fiber datn link.
I

,, ,. Research at Los

Alamos Nctional Laboratory has recently concentrated on de,velopnent of an understanding of

such r~rllatlon effects it “sh’ort times, less than 100 ns.

in previous papers we have Identlfled a particular type of fiber, ITT plastic-clad-
●,

silica (PCS) with Suprasil core as optimum for short :Ime radiation-induced attei]uatlon, but

that work used very larqe doses of ionizing radiation, close to 1 Mrnd.1’2 For these hig!l

dose exposures, moderate succoss in understanding the transient nature of the attenuation
. ...,.,,,

was realized with a geminate recombination mod~l.

In this paper, we report further studies with ITT PCS fiber over a range of doses and

wavelengths. Data on other PCS fibars is Included that provide perform~;,ce comparable to

the ITT product, Comparison to several fluorslllcate fib~rs 1s also included.

-m~nt~l Method

A Febetron 706 1s used to provide a 1.5 ns ●lectron pulso that irradiates a small coil

of rho flbpr under test. The electron Beam is scattered by a thin Al foil ●t the ●xit of

the Fcbetron to provide a more unl:orm deposition ov~r Lho CO1l urea. The fiber coil
,,,,,

(lcnqth 111-50 cm) unclrcleil a collimating aperture, behind which 1s a fost Farnday CUP. The

●luctron pu!se is mca~,urcrl on every Feb~tron pulso am a mnaaLre of ●lectron dose.

,i tun,?blu cly~ l,laor with an optl~”~l parsm-tric oocill.stor (Chromntlx CF;X-d systam)

provldnn an lnten~n cource of 11711L with wav~longth adju~t~ljl~ between 5ULI and 20LI0 nm, TIlu

]ast!r .ln,l Frb,ltron nrw ❑ynt.ll[unizf?r! In time such thot the Fahwtron puluo occurs durlnq tho

vocuurn diodcn ([T’1’ F4U14 or FW114A) rlotact tho light slqn,tl before

on. lMta worm acquired Pt 4(10, 8U0 nnd 85L)nm In the~e moasurem~nts.

vod oithnr from seotterdd Ilqht out, of a COI1 In the Input fiber or

‘,’, ,s, ,.’ ,, ... ,.”!~:



by insertion of a bidirectional coupler into the inpl!t fiber. Both signals are recorded on

Tektronix 7104 and 7844 oscilloscopes. The system is shown schematically in Figs. 1 and 2.

We note In passing that apparently different attenuation recovery shapes ha~,e been seen with

different detectors, particularly when PIN detectors detect the throughput signal. This has

not been investigated in detail yet, but probably reflects different recovery properties of

the different detectors. If any residual signal (after pulse) exl.sts after termination of a

long optical Input pulse, a detector will distort Lhe observations. Photomultipliers are

notorious for after-pulsing phenomena due to ion feedback. The biplanar detectors we have

identified for use here have been studled with long optical pulses and no residual pulse has

been observed. ‘
‘,.. “:,,,. ., ,.

,..J . . .

The ontical parametric oscillator (OPO) 1s used for data beyond 60fJ nm. Yhen the OPO Is

used, the dye laser 1s tuned to 600 nm. At the output of the OPO, b~lth the shifted

wavelength and the 600 nm pump wavelength are present. In normal operation,, a glass fiiter

Is used at the output of the OPO LO suppress the COO nm light. For sane measurements

herein, that filter wns removed so that both ‘wavelengths propoqated in the fiber.

.,, ,,. :’ Additional filters aro always present at the diode face and restrlcc the detected signals to

only the OPO output wavelength. Removal of the OPO filter allowed us to test for

photobleachlnq by 600 nm llght

5-2(I watts.

Relatlvc dosimctry

absorbed dosu by compar

in our measurements at 800 ns, optical powe: in the fiber was

s prov ded by the Faraday cup. This cup output 1s normalized to

son to rgdiachromlc film (Far West Technology, Inc., Goleta, GA) .

This Ellm provides a low mass (- 5 mg/cmi) monitor of absorbed dose. CalIhratlan of the

film with a b“Co source conflrmerl the vendor’s sensitivity d’!ta. The low electron energy

(maximum 600 k@V) of the Febctron 706 lemds to concorn over non-un!forrn dose within the

fjber, This was tested by prep~rlng a multllayer ntack of the thin radiachromlc films and

,,, thin Al foll~. T’Iis Sta k wns then ●xposod to multiple Febetron ~hots whtlc the Faraday cup

w-s r,lcorclcd. The rosultlny data set, Fig. 3, @stnbllsherl the c~nv~rslon from observed

curr,~nt. to rloqe, Tho mass rnnqe of tho fiber cores for gevaral of t!e tested flbors 1s

Shown In Fig, J .Intl Indicates a roa~onabiy uniform dose throuqh tho fiber,

‘1’hu corlvor:~loll frlctor frotn F.lr~day CUp aiqn,ql to flbcr doso was chosen t> approxlmaccly

of the trst~d flhmr. ~’h(! lJ5fI of the F#rdday cup SirJnrlI rumov(?s

in pu]sn-to-pulso stability cf a Fobotron, (Dep*ncIinq on the

ss on tube, this stnbillty can be ~~orne than a factor of 3.) with



the Faraday cup normalization, attenuation data repeats to about t 20%. Since both Faradav

cup output and fiber peak attenuation can be read to higher accuracy (t 10%) , the rema~nil,g

scatcer Is probably due to residual non-uniformity in the electron dose across the fiber

●xposure plane. For a given fibr:~ type, the relative doses are accurate to abouk 13%, since

multiple shots (on new fiber) are used for ●ach data point. Absolute doses depend on the

accuracy of the conversion factor from Faraday charge to dose and the film calibration and
. .

may reach 30%. Relative comparisons between two fiber types reflect oniy the uncertainty of

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

\
. . ..,,,

Experimental Data and Dlsucs’sion
. ‘. ., ‘. .

,-

ITT PCS Flher

Data were acquired at $00, .9(IO, anrl 850 nm wavelengths. Fiqures 4 and 5 show data at

the two extreme wavelengths. Each curve is averaged over multiple shots, each shot is

usuallf on fresh fiber. Fiber Is never used for more than two shots. (The 700 kRad data

are from carller work.) Qualitatively, the curves ale of similar sh~pe, but quantltati,~ely,

,. ;,., the shapes arc not ldcntical. This may be graphically ~een in rig. 6 where we c,ompare the

ratio of peak attenuation to the attenu~tion 60 ns after the electron pulse for all three

wavelengths. Since substantial recovery has occurred in this time, the 60 n.q value 1s

subject to much \Jrgcr uncertainty than the Feak attenuation, but a trend 1s evident. The

hiqhcst dose values show much more rapid recovery and the longer waveler,gths r?cover faster.

However, the 700 kRarl dnta was taken in a different gtometry, -f. ref. 2, with a different

field emission Luho In the accelerator. The electron pulse was faster (- 1.1 ns) for that

tube and may I?JVO contributed to a higher observed “peak” value. The previous work also

incorporated a high bandwidth fiber to transmit the liqht from the Fehetron cell to the

phototletectors, This Introduced another splice and adrlod complexity. Peak values for ITT

T3U3 PCS wore decrcoserl by - 10% due to the bandwidth limit for hte 10 m ot’ slow step index

tib~r usrd hero, The electronics and detectors weru the same type for all the d,!ta and the

el,:CLloniCs rccpor,re. II wore carefully tested in both measurement series. For 900 Ilm data, we

have used thr prrrvn: qeomctry for closes up to 300-400 kR&d where the ratio value is - 5,5 :

U.J, llnC/10llJl!d from tllc lower doses. The 700 kRad data are prcscn~od here to emphasize that

nny “[)cak” attfinl]atlor dat,l is strongly dependent on tho tlmu duration of the ~lt?ctron

pul.i~!, A1l of the sub!;r?qul!nt comparisons In this paper une the s~,lnclarJ geomctr) of Flqs, 1

.7nr.l 2 ,lntl ,1 sin,~l,, field omission tuhq.

,,,
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The peak otkenuatlon, 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 basis, substantially more damage occurs at low dose.

Nate that the observed peak valuas reflect che time dependence of the incident dose and will

change for diFferent dose rates. The relative comparison here should be valld since we do

not alter the pulse shape conditions.

These data I:dicate a substantial increase ih peak damage per kRad, different for,.,..

dlfEerent wavelengths, at iow dose.
-.,

Several hypotheses could explain this phenomenon. The
.,* “.”

curves of Fig. 7 sugq-st that two classes of damaqe sites m?y exist, one set of ‘soft”: sites

that. dnmage very readily (perhaps pre-existing

doses and n second class of defects created in

might show more of the soft sites, and to some

defects) that become saturated at morlerate

proportion to the dose. Less pure fibers

●xtent this 1s scan in some of the all-glass i

data presented suhsequcntly in this paper. The ions responsible for the early absorption

nay have d variety of absorption levels, dIf[erinq significantly with wavelength. The data

of Fig. 7 suggcs: benefits from longer wavelengths that need to be ●xplored. ‘

Prclinlnary dllta on optical photobleachinq were obtained, hut power levels were

contr”aln~d by thr! available power from the OPO and the very low scnsltlvity of the detectors

at 000 nn. For these tests, the transiant attenuation at 800 nrn waa GXplored with and

without a 600 nm pul~c of 0.2-0.4 W in the fiber. The 800 nm po,+er level was much higher,

10-25 W. No slqniflcant change in transient attenuation was observed for tho short time

scales -t Interest here. Better tests can occur In the future lE detectors with improved

s ,nsltlvlty at gOO nm can be obtained. This would allow lower power levels at dOO nm and

cwnp:lrtlblo powIJr lovcls at 6(JO and 800 nm. Since Slgel has shown that photobleaching can

eccur, It lonq t~nus, evma with monochromatic ?ight In the fiber, our data are not

Two .Iddltion,ll typl!s of PCS fiber as well as four type% of

wor,: stu~!l~’r!In th~ silmc gi?om@t.ry at 800 nm wavel,?ngth. These

fluoroslllcate clad flbcr

lncludud two types OE 200 ~m

According to the vendor RSCRSC-2UU (2 hatehos) and KSC-2LILI.

1 cwro matcrlal but thn NSC Elher has additional proprlet~ry

fluurofiillcotes Include: 17aychr!m VSC (240 urn clad, 2UU urn

“.. .-,: .mk,,,,



core, NA = 0.2 Erom manufacturer’s data) and three Quartz Prod(lcts QSF f uorosilicates (200

Lm clad, 133 Lm core, NA - 0.25 from manufacturer’s data) with different OH- concentrations

30 PPIT (s5), 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 uncertainties of 20% in dose the three PCS fibers are almost Identical. The data
-.

for the all-glass VSC fiber is also in agreement with ITT PCS. These fi”~e fibers, ITT T313

and the four Raychem fibers, are compared in Fig. 9 for doses near 70 kRad. In Fig. 9, ‘Jnly

average run

Raychem RSC

PCS fibers,

real .

data are shown-and the peak attenuations are normalized. In-this compa?lso’1 the
,,.,

fibers’do not recavet.,quit+ as rapidly as the Kaychem KSC, Raychem V.SC, and ITT
.- . . . ,,

the difference. 1s only slightly outside our uncertainties, but appears to be

As onc comparison of recovery of attenuation, we plot In Fig. 10 the ratio of peak

attenuation to the value at 60 ns for varlolls doses for all the fibers at 800 n’n. The

reflect averages over many runs but still do not show smooth trends. The uncertainty

,,
60 I,S attenuation at low dose leads to large error bars. Again, however, the KS.C, VSC

data

n the

and

I’rT fibers are best at most doses, The RSC fibers are sonewhat inferior in fast recovery.

Of the larger Nti fluoroscilicate fibers, only the high water (Sh’) fiber competes with the

PCS fibers. This slower recovery of thu QSF fibt;s is ill~strated In Fig, 11. These data

suggest that Ehe Raychfm proprietary processing steps to enhance the RSC “hardness” rn~y not

be appropriate when very early time transient phenomena are considered.

Conclusion—

For the dose rlrlgcs stlJrlied herein, ;0-150 kRad, ~evoral fibers offei very competitive

trllnsient Attenuation performance. One of these fibers is an all-glass composlklon and may

offer a useful .~ltcrncltive to PCS fiber In many applications, The N.A. of :his all-glass

flncr is consldorsbly below that of PCS And th

lli~)!:rr N.4. ,all-ql.l:;s fluoroscllicates offec.e,l

perfn(m~,ncv of the h~!st fibers.

s may limit some of its posslbie uses.

good p~rform,?nce but dld not equal the

For all th’~ flburs sturlled, proportionately morn rlamagc is Gbserved at low dose:. This

m,~y h,? ,!II,* to varylnq degrc[:s of pre-exiiiting Clnmeqe site:; thflt aro dopl.~ted (damaged) cit

hlgh{!r flosos. Of critical import.lnce, howevar, Is the oh~crvation In 7i\Is. 4, 5, ant! 6 th.lt

the funcflonal f~rn nf the tr~ng,,?nt rccovpry 15 not changed, wlth~n OUy uncertaintlcs, .3s

“., - ,, ..,,’.-., ,:



dose varies. Thus even though some phenomenon, such as our postulated pre-existinq “soft”

sites, leads to increased damage at low dose, the recovery mechanisms do not change with

dose.
. .
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