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15 1L Field of the Invention

The present invention relates generally to optical fibers for use in data storage systems.

More particularly, the present invention relates to polarization maintaining optical fibers in
magneto-optical data storage systems.
2. Background Art

20 In today’s technological society, as the amount of information continues to grow,
storage and retrieval of information will play an increasingly important role. In a particular
information storage technology known as magneto-optical (MO) data storage and retrieval, a
long term goal continues to be improved access to this information. Information access
includes the use of a polarized laser light source for reading and/or writing information at a

25  mark of interest on an MO disk. In the case of reading information, MO technology makes use
of a magneto-optical effect (“Kerr” effect) to detect a polarization rotation imposed on a
linearly polarized incident laser beam by a surface recording layer at the mark of interest. The
polarization rotation (representing the information stored at the mark of interest) is embodied
in a reflection of the linearly polarized laser beam and is converted by electronics for readout.

30 Consequently, to accurately read stored information from an MO disk, the polarization



In one proposal, S. Renard and S. Vallette (SPIE Vol. 1499, Optical Data
Storage 1991, pp. 238-247) disclose an MO head design that re srgg 2@2
optical fibers to read and 5 wite information. Renard's I\/D S is
undesi rably conplex, primarily because of the |arge nunber of optical and
conpensat i ngvosbsoyent s used in its inpl errent ation. |In arcappnomsh that uses

pol ari zation mai ntajni tical, fiher, the intrinsi raperties of
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t he design of Renard and Vall et t he Opsasni ck head and actuator arm
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el ements r d. g r t he
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pl aced on r i Tt da does
ot addr os 2t RERE SBF KA o, B SRTRL e 36003 Rl ARG e BEDES
PCT/ US29/ 0d&bised; elretiovea kherttackiny Bandwidth becothes kindothe folver he sraoki chﬁsitgl tidegaydat i on

of the optical ot size. Although Yanada provides access to a plurality of
phase chané%mﬁ?)? VeYfengi sks, the nunber of optical disks that may be
operated w t hi nA%rawbmrbfm ﬁﬂgﬁelaﬁﬁ 1R hndBsPred R6er REIES METRAS Quehdap@fch®r | Sti Cs
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that can transmt |ight ween a laser source and a storage |location of an
optical drive with a sufficient signal to noise ratio (SNR). In accordance

with the presenf thirl/eproadnto datacstasage dassd v iflying hgad Wﬂé?cb@l%ﬁﬂp‘ié}ﬂ’aﬁﬁs and 15

met hod for I f and a
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convent i onahovergit Gaekes disk Gurfdde. AMdS AD&GEnoaddest Mg pbm&ﬁn lassbaisten withn,
optical information is transmtted al ong an optical path that incl udes a

first optical fiber |ocated between the |aser source and a sel ected storage
| ocation. Alternatively, optical information is transmtted al ong an
optical path selected froma set of optical paths that includes the first
optical fiber and a set of second optical fibers. In one enbodi nent, the
optical paths are confocal optical paths, the storage 25 | ocation includes
a set of magneto-optical storage disks, and the optical fibers are

si ngl e-node pol ari zation maintaining {PM optical fi bers Each of the
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3 0 S E P 2002 WD 99150844 PCT/ US99/ 07055 nodul e (containing the source of
pol arized | aser |ight along with a photodetection neans) and.t t of
magnet o-opti cal storage disks. In another aspect of the presardleséﬁeﬂﬂﬂﬁn,
vari ous noi se reduction techni ques are provided by substantially decreasing
or elim nat Wapsess i ous reflections (or the effects thaorakjnsat the end

faces of the _ optical fiber. These noi reducti t echni ques be applied
£ he | ascrrCRUPERY o RE sk gLl Hrde] Selrpfpts iy SEEMTRALEE, WodR 70D
si ngl e- f r eqrieudy ploRides acBesIkC platilily dIphae dhanpd bicileliks, ahcinmeter 6DbphYall aser .

In particular, spurious reflections (or the effects thereofil ma%iabe

el i mi nat ed ks fbmey brepperaed ithm agiFrarypluaps el @s Hig erferpanqe Saapciisifsce and
at the fiDbefsafell wil @RbbiGNHislsas SnBRAL iR B HeRURsd MR Hufber e thd@bim nat e
the effects of a spurious reflectlon romthe fiber front end tface, the

| aser sdur odf theagquired optichl awt reethanicabeoprportentsul ar frequency t hat depends on the

| ength of the optical fiher. As . a result, t spurious reflection fromthe
fiber front end%‘é‘gl nge eq[b'f %qpélg%ys&pea&d F?té}?é]@ﬁé‘g?ﬁ‘(eﬁ ug‘?ngcﬁ’é T fr)i ng beam
returning feffors difeted toNarlg datiRudesd. Whit isulobeied B &l osticaedtent thatvacRigtance wit h
the present invention, the spurijious 15 ref| efc?tion fromthe fjber front end
face is el ilFPhNeIER apg Sizeolfiprove gisk areess e require fsveraptca CRIPORGISAINGRERSE e

having a reﬁu;@gﬁdf\gﬁr#'gmaeg gﬁﬂﬁ@«} beto?erfatja@wftﬁﬁFg%db\)ebﬁm{ef‘ﬂﬁ%e flexgel@vecmie of the

optical fiber. The teri may, for exanp formed from epoxy, fluid,
or ot het0 sudasyato manwfadtee.i nladditidmthena gt dneed ferdnwmgticabsysteinthat candransaricdightyi t h
present invention. the spuclii qus rlef .ectfi on t.fr m t h fsi &e;re {sr.lon toend face is
el i mi nat ed BYVEOR BT AYGERAd ¢ Fiprage 1pqation of amoptied] drVe Wit WG 9080 50 "having a
refractive jpondesio@SINR), to the refractive index of the core of the optical
fiber. The cover slip may, for exanple, be formed from glass or other

sui tabl e ma% erials, | 3 anqt her enbodi nent in accordance with the present

i nventi on, spurious reflection fromthe fiber front end
face (i.e., head end face) are elimnated by polishing the fiber front end

face at a parti Guhcasrd@iawith WetpResér riveiaion, tRer@R peided allowp heieppirhtaand5 axi s.
As a result, the main signal-bearing beamis spatially separated fromthe

spur i oudd r enpthed ipiirnsmitfing gptie} ipfarmationhatyeen a Frser et 484 3 etgraghigcatiph efbef r ont
end Tace My 8isP Bipfie hdtherodtilyBloud fafe Hhdd el ® BitShae! ovidia RPUA 2!
optimumTti ber

propagation axis 1'n order to provi
low profile optical paths, improve information access times, require fewer optical components,

and increase the storage capacity available within a given volume, as compared to
conventional approaches.

20 In accordance with the present invention, optical information is transmitted along an
optical path that includes a first optical fiber located between the laser source and a selected
storage location. Alternatively, optical information is transmitted along an optical path
selected from a set of optical paths that includes the first optical fiber and a set of second
optical fibers. In one embodiment, the optical paths are confocal optical paths, the storage

25  location includes a set of magneto-optical storage disks, and the optical fibers are single-mode
polarization maintaining (PM) optical fibers. Each of the optical paths may be coupled along a
respective positioning arm to a respective flying magneto-optical head. The respective
positioning arms are, for example, rotary actuator arms. Each of the optical paths is typically
positioned by its respective rotary actuator arm so as to selectively access a reflection of the

30  source of polarized light from a selected magneto-optical disk. The set of optical paths may

further include an optical switch that selectively routes information between a fixed optical



.coupling efficiency. In another enbodiment in accordance with the present
I nvention, the effects of a 30 spurious reflection fromthe fi

face are elimnated by cleaving the fiber back end 4 30S Egg%?(&goz
991 50844 PCT/ US99/ 07055 face at a particular angle with respect to the
optical prompagasisen axis. As a result of the angl e cl e®C®USPRBSSpUri OUS
reflection | t efficientl ack-coupl.ed thr | | S,

t her ef ore, "é(}%]u fegg(folngmenlm Cﬂé%( oflrrcléﬂtlbpso ﬁagéc%q?sﬁr 1?%%?%“@%@%5@%%%? g‘l{ %’gﬁ{é ca(![)@dance
W th the prigsendfnmagietibptiosl stofagediskguri ous 5 reflection fromthe fiber back
end face is elimnated by cqupling the fiber back end face to,a fluid or
epoxy having a Mefotier pspectiof dbs,pragatainventjon, yarious sose rpdpctiqn,igepiqyes ¥he core
of the optifihidel b QlbstattBiFERE &@?ﬁ?ﬂﬁt Rburiofls RAGAEMIAGE: et tHefiSr) Pr esent
i nvention, p?ﬁlé espgrglf (S)us rggﬁeee%ﬁgon romm?h}seunf Flsber bacg&gnd fea(_:e i st)

el i mi natSed abthe codi fikcésg thernptical ber. Thesk neisrrefustion techniquasomaydhrecdpplind ibthe

muf ti - node .fiber portion havi r ef tive index. al to e refractive
Mndex of 1 HEeoars® B b RAmaR s B e A i o SHRE KB Phueh hRpsht] 3
carried outspch z@ral cﬁééﬁtiﬁﬂdd&“eedbabkf(DEB)gﬁheﬁ pﬂnipﬁliti&igar, Spugousaefleciicns fordhegffeatsn showi ng
a nmagnet o- optica atg storage and retrieval syste 5 Figure 2 is a
di agr am shdb§rend) mayebe @&aﬁeéﬁttt}‘%gbeég%#ﬁwh)cﬂndtf%‘én??é B-soi5ES endiet tst o
storage andiyeflabl GYA) e %83 ®le sfotagbifngaid; Figure 3 is a diagram show ng an
optical path that incCludes the optical fiber and the optical switch of the

magnet o- opti cal data stora?e and retrieval systemof Figure 1, Figures
4a- 4g 19 ust r at To ghirsinatpiie effertsnl 2 spurionereflqctiombonmihg dberdtaspenddege, elérof t he

20 magnet O_sggrltzqé l bgﬁro@ﬂ%éecﬂ{et%%%g%g eﬁ%{nl:fﬁxgt' c}eﬁéﬁﬁg gﬁrhl%fleng'hg&frtﬁe c;p'tic igure S5

il lustrates alternati I men yi ng magnet o-optical head of
t he fiber. As a result, the spurious reflection from the fiber front end face is time-separated from

the main signal-bearing beam returning from the storage media.

In another embodiment in accordance with the present invention, the spurious
15 reflection from the fiber front end face is eliminated by coupling the fiber front end face to a
material having a refractive index equal to the refractive index of the core of the optical fiber.

The material may, for example, be formed from epoxy, fluid, or other suitable materials.

In another embodiment in accordance with present invention, the spurious reflection
from the fiber front end face is eliminated by coupling the fiber front end face to a cover slip
20  having a refractive index equal to the refractive index of the core of the optical fiber. The

cover slip may, for example, be formed from glass or other suitable materials.

In another embodiment in accordance with the present invention, the effects of a
spurious reflection from the fiber front end face (i.e., head end face) are eliminated by
polishing the fiber front end face at a particular angle with respect to an optical propagation

25 axis. As a result, the main signal-bearing beam is spatially separated from the spurious
reflection. In addition, a GRIN lens coupled to the fiber front end face may be polished at a
similar angle with respect to the optical propagation axis in order to provide optimum fiber

coupling efficiency.

In another embodiment in accordance with the present invention, the effects of a

30 spurious reflection from the fiber back end face are eliminated by cleaving the fiber back end

4



.magnet o-optical data storage and retrieval systemof Figure 1; Figure 6 is
a di agram showi ng a nmagnet o-optical data storage and retrie ig ﬁ@tfms
p

part of a magneto-optical disk drive; 25 Figure 7 illustrat
systemin which a | aser source is pul sed, in accordance with an enbodi nent
of the presemiysosavention; 30SEP 2002 WO 991 508erBeN78899/ 07055

an i ndex ma arg ccor nment t he
present i nveleiveprhe $putiouserefection dsnnatl éfﬁaémlathadncomplemmhrmml thelfibkt et iscoupl ed
to a GRIN I ns WItH_ a %over sl.ip bonded to the fiber, in accordance with
anot her fefaue etteively extigguishedy i nvention; 5 Figure 10 is an illustration
of a reflect ed signal - bearing beam propagating through a GRIN | ens and an

optical fiber hayi f@ther ledbstiker®ng dcaz@ndd Wwith athe qirésaﬁadvsmdsﬁitawspﬁrioa@, in
accordance w th anot her enbodi nent of the present invention; gure lla is

an i | | usPr atrsfisptiogsirom the fiber bpcksnd fage tﬁpllm@aued by pawlingtee sy bBsteﬁiQ |f4<>5 {2
reflection f Fth Fdf%r Allblsa
graph I||US'?1§§;6IEE%&},#6 re a?%\t/lg&g%églfq%%gotp?}r?gg@hlﬁjgﬁcf Pre ear end
face refl ectiben froma fi ber head end versus the angl e anopunt |n whi ch the
fiber head end is cleaved; Figure 1lc illustrates an opti cal system having
an optical fiber j wi th anot her
enbodi nent of thlg%értgesrglﬁg |né\?{g1?fgf%ﬁﬁhc%ﬁ%?%ﬁeesedi%vgfﬁ {?I us?r ates an opti cal
syst em havi Im;ﬂeétibn(ﬁbin theaﬁbef bdoke endvihdelis eliminaeddy coupligy the fileebacke end faceaceor dance
wi t h anat.her enbodi the present invention; e lle |I ustrates an
optical QysCrler - ?fio ©fiBer poction pavRga %wedeéﬁquaf&gﬂwifraé%én ¥Rt

accordance VfelcBrean i Bfticariter @h@@&fphﬁg of tR b B BIRMREA bl M ExhiRBle, by fusion

splicing.
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Brief Description of the Drawi

Figure 1 is a diagram showing a magneto-optical data storage and retrieval system;

15 Figure 2 is a diagram showing the laser-optics assembly of the magneto-optical data

storage and retrieval system of Figure 1;

Figure 3 is a diagram showing an optical path that includes the optical fiber and the
optical switch of the magneto-optical data storage and retrieval system of Figure 1;
Figures 4a-4g illustrate one embodiment of the flying magneto-optical head of the
20  magneto-optical data storage and retrieval system of Figure 1;
Figure 5 illustrates an alternative embodiment of the flying magneto-optical head of the

magneto-optical data storage and retrieval system of Figure 1;

Figure 6 is a diagram showing a magneto-optical data storage and retrieval system as

part of a magneto-optical disk drive;

25 Figure 7 illustrates an optical system in which a laser source is pulsed, in accordance

with an embodiment of the present invention;



<Fi gtjre 12 illustrates an optical fiber including a head end face with
straight cleave or 20 polish and coupled to a slider with an %pd@EPHZ&Ban
fluid or epoxy, in accordance with another enbodi ment of the esent
invention; Figure 13 illustrates the propagati on of the signal-bearing
beans and tWeI¥pe4di ous reflection in the optical systeRCT/U$YBWS5ated i n
Figure 13; Fig il trates an.optical fi rfﬁ‘«ilﬁ ad . spliced
to a nmufti -nodé%{gﬁ‘lrelljéel% a‘?éhl%gr% (’l%é)n,anioﬂlcggﬁtgga%ﬁ%gchmat arqgrﬁh‘iirﬁl aglnlggegi ment of
t he pr esenhatchinvgrnitertal) in dcbrtdnee Wibanbthbrleaibbdiings of the ppseptiagpationrpn of t he

si gnal - beari ng _beans, and. t he spurioys reflecfion | e optical system

7| ot ratod | oGS &1 AbSTeieg bgn optice s piupled S O 58y Sl dver ™"

PCT/ US99/ Ofiaca th te b, thA6cotdind® with aitiine? BRMWARNEE dTendpRdstR Givbdianat the fiber
head end versus the length of a nulti-node fiber section that is spliced to
an opti%al fi bd&igurerilyismap illusiration ofip zaflecied sgnelbeadnebesmrenagatiog threugh adat a

st orage an i A i jpvention. In
one enbodi %%ﬁ?eﬁ% edaelfrna nlg{lgi%%@?}gﬁlsd 1%% e@tag‘;@[l %%ggﬂ%{ngﬁfﬂ@{r Erltiog\/gll system
100 i ncl udesordansewitlodnothtrmibediinerit-of the prefdnyinvegtibreads 106 t hat are adapted for
use with a set of s f'nni ng.. MO di sks 107, éo?e head &.@r eﬁlCh MO di.sk
surface). The ﬁ%}lfeng s AR of & iPALOR & aPeﬂ.p@W o YA MOESYs 106)
are coupl egfit@oRodct afthe [RAd LAl BREMGIeaNd coil assenbly 120 by a
respective suspension 130 and actuator arm 105 for 10 positioning the set
of MO heads 10&iguectlbtihegroph Hlagetingthe retptivesback-oupling efficiengy i adfibskend107. I n

the oot "ot Tl 8R4 Yo METELIR B AT MNAOT il R hang 7 CC€7

opposed byclesyedtl and opposite spring forces applied by the set of
suspensions 13Q, The set of MO heads 106 may be i ntaj ned at

predet er mi ned %I‘%}‘F%HCHE?%‘TS 2y gpfiral sysiem @’I‘Wl%‘l“ﬁ Ff"ﬁi}ég?‘ﬁ’?w"t“ﬂ@g?et of
spi nni ng MpeAk, Sk fecdrdanbOith H%ﬁleﬁéﬁ%&im_cﬂ&@thb§re§e\ﬁpih6e§\h$ﬁ{ desi gned in such a
way that under normal operating conditions the set of MO heads 106 never
di rectlé contact the set of spinning MO disks 107. The system 100 further
i ncl udd® a | asdigusptlddtushrperancoptiens sysismptiaviag ag onticplfibst withan vawaskaglenl y 101,
an opti cal LLe - ant | : iSp: 108 such as

si ngl e- mdg%go%cgﬁécegﬁgg?’gé Fﬁggﬁ{e&&e‘)ﬁ%ﬁh{eﬁégﬁ?% 1£elaéh of the set of

singl e-node PM optical fibers 108 20 are respectively coupled to the set of
actuat or arns Figrekd illusteatesan opticalsystene haying as optigal, fiberwitheyt an angle cleave,

in accordance with another embodiment of the present invention;

Figure 12 illustrates an optical fiber including a head end face with a straight cleave or
20 polish and coupled to a slider with an index matching fluid or epoxy, in accordance with

another embodiment of the present invention;

Figure 13 illustrates the propagation of the signal-bearing beams and the spurious
reflection in the optical system illustrated in Figure 13;
Figure 14a illustrates an optical fiber with a head end spliced to a multi-mode fiber

25  section, in accordance with another embodiment of the present invention;

Figure 14b illustrates the propagation of the signal-bearing beams and the spurious

reflection in the optical system illustrated in Figure 14a; and



.in a respective connection at a respective one of the set of MO heads 106.
As will be discussed shortly, the PMoptical fibers 108 pﬁlgﬁfﬁz of

| ow-profile and | ow nass optical paths that inprove the d r
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i ncl ud@0t hthefrefiuotivecsublstiarecdts( thaunater-eack @4td Ho3 rafd iecodbjetick feac d4q h&md end
900) of the fiber 108. | articylar, updesir | aser nai se qccurs when the
20 Spur i ouSupERoaE P Rcel G L hietNs Gptee H B BApES RHbEhe
reflect ed s daRafsidakhlcAs Bbuse a9 ARQRink & bhdke 201l Hiifk @Blspatlof BRk@CT Or 240
(Figure 2) and when the spurious reflection and the reflected | aser beam
292 assune approximately the sane spatial distribution. Thus, the spurious
reflections of primary concern hereinijgre those with a wavefront that
spatially overlaps quite closely with the reflected | aser beam 292 fromthe
recording layer 349 of MO 25 disk 107. As simlarly stated above, it has
been identified that spurious reflections fromthe proxi mal ends (launch
ends) 615 of the set of optical fibers 108 may degrade SNR, whereby the
reflected beam 292 (Figure 7) may co-propagate together with refl ected beam
291 (Figure 30 7) fromthe proximal fiber end 615, thereby resulting in a
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Therefore, the |aser source 231 may be nodul ated to reduce noise in aﬁ
optical systemby time-separating the spurious reflection E(t (g R Bgr
| aunch end 615) and the signal bearing reflection 292 (from MO di sk 107). As

aresult, the interference between the two refl ected beans is reduced,

t her eby incW@a’%llsgt t he SNR of the Kerr signal detected Poyus®/omss f erenti al
detector 2 ed that .t

2l tor nat i v ARt s B4 B sbat g e i P co@BF BT 56 65 dnte

di stri but edpttoeemtbmaybe( dﬁEﬁ);uetnupeecﬁrbcatn plzﬁ:e Py hisipOultrdviclet REriHgasHoxySor Siniflat ar | y
descri bed a&e Oﬂl}n one, enb gotlcal flb@ﬂ 108 i ndex of
refracti on2¥si%h tonie‘Bb"d{'?FQt It}lir?ateﬁ“’ﬁtienéé cogipriges @ mjprpiptne-cverBIN 0g i s
sel ected t @Gta&’edata@é@‘z&} 1120 hiS T (iRedr SPHtoRintaMy 8954 MRAMHEIEY aQlumerical

appr oxi mat el he rel ati onshi p between the nodul ati on frequency
(F) and5t hépﬁlﬂ@ﬁgNﬁ)Qﬁ_l)lﬂ@tfanemfappwlmaﬂel)’foﬁtfe%s 108 is enbodied in the
equation: F= c(2i+1)/4Ln where i 0,1,2, ..., ¢ = speed of light in
vacuum and N G esldcegaaaz&tontlmah&%m H0%10 9010 i0feshrdiio 6L Of

optical fibers IS se ecte to ensure a proper tine separation of the
pul se trai med, it is importamt dex pdlmahdnhnaﬂse berkeptttén @ mirdripo.d Asrwill ks, dlst:hssedlbe}ogt h of the
optical fiber 108 can %10 ected in 2% cCcoO dang@(\{mth ot her,, i.ndi ces of
refract i on VAIRYS BPR% Feapdion forhniayes Arsamevided Ton Sypstaniply decpeasing. or Climingfing o ¢ i on
shoul d be lspumoheRflesibys (ay the REFeELBBGofPht thélBndCfadds BE an biticaCfiktk degiCehesk th t he
present invention, additional techniques are now discussed for elimnating
the ef fidct $oigt redyclionsisehinayerdnayde prpbied 8 Hhe fdases gpuresds, (fof nample §B o6BEB.of opt i cal

fi ber 108. These additional techniques include index matching, a cover slip
techni que, and aROfeBeckive sub%trQe 545 ﬁta@@%vé@a&%@ow oE@@f%Qa{SO‘Z@5§e

pol i shing. These additional techniques nmay be perfor rred by use of a | aser
source 231 ptqﬁqtblmnnaet anfi dew aesmyvl as, to 4in within| sphygical rvolmstappriogimating the
single-fre I g
approach g e BRFR MG BT e Wk obriat By o ffhitol e TR UG ©

refl ection filt ﬁaastsbbaoxt aﬂms:ckut@n@ 165¢oemh 290 vd gilettedlaset baar 292 @8 thaf minimmb

enbodi nent, the fi ber (or . fiber bundle) is cou Ied to a@N Igns 910
to fornPa POVF lﬁé&swd(%tﬁcamr?éﬁm@o@d aaefagwe\m therp O&arlecebe 91 an

i ndex- matct}éﬂ}gte&rﬁgee[,éa@dzggql'ént,hmr&u@edgap between the GRIN | ens 910 and the

fiber 108. A capillary 902 supports the optical fiber 108 in the collimator
901. The GRIN | e @b@bjp@vamﬁcwnﬂnﬂ:ﬁhs len¢46chas beeh dleseribed @ asipgle i nt o
t he fi ber G ave a
bich of - (amen et S hiGRa RhRaRt ols RS AT uldg L nBURe RS FRUE ©

has a refr a]ﬁ‘eIGMN lerzchas. F&’t&kantrﬁe eﬁuchnw opmeﬂﬁwnmﬂeaitheten ﬁﬂ]l@aﬁ(ﬂér[saﬁhl ve
i ndex n{ the, core of optical fiber |08, thereb i&ﬂi é ;
subst artd alSPYA imEmeERqn gpsiin sonpngtion ayith ths CREY lepm?40r dfse PhEHCR g %@“ﬁfenfaunch

end 61 S asiRhd acksvel 5%?%& Bieindritdl @perttfelabl h&BSa StliEAGRs@OMtiEA Spok ige. €XT ent
that the GRIN I ens re&active index is substantially close to the index of

the fiber ZIsBallepgot sizhhwouldpreferably insteasedugirertaraal dafa dgnaieario becvritisn fosand readr
exanple, a Y, . i . e fractive
Cndex of ¢ NEHE SR RAREycliSio et il Sy b ik e RSl B M)ReL 0
the i ndex rpicebf thg GRAN d¢nk #k6. OBSD, exanpll, hf'tﬁ]lh&lﬂaieplim-cbﬁ\Ex aspherizaltlensenayrvdi ces of
An = t0,05 may, be tol erated between the fi ber core and the |r1dex

mat chi P mefeBPingd biopjacing the pragpnyes surfacssrigvard ong ‘H’ﬁ PR RTOVIE @ pigiature
reflectivi tyysGh with RigR ¥hrherba by ertheQ&fgooESt?-m{ Felbinandel €n 28hal BptRNcABtRAI NY
material 905 has a high optical quality to prevent aberrations or

scatt eri ng.defign, élﬂhh woughbe %Iip@xmatﬂlyl wﬁlr@@dtbewm the evooicefelernts) thesn$1€910 i s
preferably coat ant.| A nimze
reflection. "2 W (24 %l%tgtt"%cou be P a8°rd 8 é l%)a?%%q/mg]uiv{@%'}tgeqttl%%?ﬁtfom

diel ectric ledses in tufthef eﬂbbdiﬂi@t raes‘:dgﬁcmbleeaSsphdricalilmsmuttemwt idiericod apertargount  of

reflectjon fromthe outgoing |aser beam 291 may stil.l ccur .at the

air-i nc#%er!@vrgwmaé@éoéo ALTpENbe ysed ifca@GHgyHE aPé'PlﬂR“E graspgcglmqmqq.}gnsout goi ng
| aser beam e 08 nikki ravgl

i nci dence, t§ ﬁ%%@tahip?% Ifgég%?éoﬁﬁgegl %ﬁ%g?%% aseﬁﬂgigglﬁnﬁégé{ea%t? t!timtte
surface 908 could overlap with the refl ected signal -bearing beam 292.
However, the probability is slimthat the outgoing | aser beam 291 will hit
the surface 908 at perfectly normal incidence. Typically, in the various
enbodi nents di scl osed 30 herein, the outgoing |aser beam 291 wll hit the
surface 908 at sone angle of incidence as a result of the followng. In
order to properly focus or direct the | aser beam 291 toward each 16 3 nsS
E P 2002 WD 99| 50844 PCT/ US99107055 associ ated | aunch end 615 of each fi ber
108 |n a f| ber bundl e |n the opt| cal system of Fi gure 8 the | aser beam 291

s o ~ NS o o R R T




15 In contrast, if an index-matching material is not coupled to the fiber
| aunch end 615, then a refractive index difference exists i ' ace
bet ween the fiber |aunch end 615 and the adjacent air spaceSDtAtsSeEolegggzt of
this refractive index difference, the spurious reflection E(t) generated at
the fiber | woPemsend 615 will spatially overlap with treTAUSMI0WSE ed

si gnal bear : 5]9 . i Je 'l |l ect] : | 5. then
transmtted’l ri{ﬂgﬁ{&é%golﬁﬁ g%g’%iﬁ'gng geersﬁ)gcglg' %?H@%Bq%nﬁ%g%ér £em %%%éi%e with the
refl ected diegrad bb@siduded ibhiph BdRithe dilgurcest.9 Orel makddadie®sainhdrd for rasslex

mat chi ng appr.oach, for reducing the effects of the spurjous reflection E(t)
at the |au§@ﬂucélﬂlam6ilsesai°?(§iﬂi ) 2Ty Ei@rsuase@ﬁmiyr?e%?ealsf LhE v OY HISRBA her

enmbodi Ment s i@ ob 18 @htling t$6HRh irfidud) 16R4s! REBkdig thO XBremBftiohkdawo-fenRI N | ens
101 S and a 25 cover slip 1000 coupled to the optical fiber 108 and/or to a
capi | | aPy depiEm. tieanoldsd plane-ecnvexHens apsays say be mpred bylpens qfiapered fidtingshafgse 1000

I ncl udes a IS typically cenented to the optical

fiber 108 5%%@8%@%%&%@% ﬂ%ﬂrgé{%l | lary 1055) with, for exanple, an
optical cenent TeveflegiveusiistranddSahdy\comprise & ateeahlehicrahachiaed mittex Asusehie cover

slip. The cover slip 1000 nmay pe forned froma nateri such as. gl ass or

ot her sui t SfETRFORp Rl Horth w Tl e 108 P REd o S SRR of t he
core of Opbhdidlare jeBined 8§ rothtg 2 BORGR Hnd? rRRGZIMOLSALEABAG RN/ 07055
As further shown in Figure 9, the cover slip 1000 causes the spurious

r ef | ect!Oon swbsirate 445 ahont 2 antaign axs sorthes the iptopasaticauAnglh obthel oBacing lqsebes 2Pl ous
reflection, ' i r . . a - conj.ugat e

poi nt) of ésgl\g}lrg%gegbikéﬁrel%a%{ﬂ%% qgﬁl;éeols)ﬁét{v? Qﬁ%gaé%u?iﬁeoégggg i%%%?i“g% }E{t‘?) does
not spati alpbryioro¥2Y isapated by afiphyéngr edifferadtieldvattaggna ldritxededimdes.b Saendif@ntiat om t he

MO disk 5 107 (Figure 3). Since the spyrious reflection E(t) is atially
Separ at ed PR PHE FEHDYS pEREH ghps BT B RS Py R | o
detector 24QnibiisA\bbSut Z0rsivMal Kinde€ el thOfoBREEShicd St 443 8O 8RR Yith ef | ect ed
si gnal - bearing beam 292 wi thout interference fromthe spurious reflection
E(t). I'§ amngiar defleetionmhiclyimaiixeraniary embodinfenisamprisey FpawosimeBho/ P degetsdr sl i p
1000 may al e o I ctkon. at,.t he
surface 1066@8 va?epltel}?pé)fq%enga?eyﬁ/% #r?ctl)(l?:n&gé% 3%%? @8 ﬁﬁ:@"ﬁ? méc{ifr&gtggleat %I%Elt?ﬂr%g be, for
exanpl e, orthat capprotinatedyf pakiielito he 25fi6l disctiamn of ier MO disk DGR | Censequemtly>RI N | ens
1015 may al so be AR-coated to further mnimze reflection, in. the optical
systemin i*—‘iwdﬁ‘P@“ @.f.t@i ﬁ&‘@"q ARticpleippt 48; 3rE0st HgMOo 151‘c§ gi‘“dsqefeﬁ“ol’o%t?‘?and

cor r espondirgbhca® A& bBsh SRR b uiGn KBASERI rGrid T A rafod, }fadl’c%lidiiviﬂ%}e _
refractive index of the 15 Core of optical fiber 108, the only reffection
occurrid¥y iand sdgks Bpm powdataipack eariother datn trask.| Eearsedrecking may he matangébrd front
surface 1060 0 i S| r Lha S _not
contain a g’ g’r‘ﬁg{? gdt ée{%%ti%lﬁtr&ia%%? tﬁaetoro%?%%gta#nggﬁé tage)srgiiﬁ%l? ulIgib'gfil(rﬂee %8&0{0 gﬁé urious
refl ecti on sighsly used to follow a particular track of the MO disk 107 may be derived using combined

coarse and fine tracking servo techniques that are well known in the art. For example, a
sampled sector servo format may be used to define tracks. The servo format may include
25  either embossed pits stamped into the MO disk 107 or magnetic domain orientations that are
read similar to data marks. If embossed pits are used, an adder output circuit may be used to
supplement the differential output circuit 237 (Figure 2). Conventional Winchester magnetic
disk drives using more than one magnetic disk use a set of respective suspensions and actuator
arms that move in tandem as one integral unit; therefore, during track following using a
30  particular magnetic disk surface, simultaneous track following of other magnetic disk surfaces is
not possible. Accordingly, in conventional approaches, writing or reading of information cannot

occur to more than one disk surface at a time. In contrast, irrespective of the movement of the set
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.fromfront surface 1060 does not interfere with the signalgybeay m
292, as nentioned above. 20 Angl e polishing for reducing t&b SEE@ZQﬁgf

fi ber launch end 615 reflections In general, any suitable coupling | ens 232
may be used in the optical systemof Figure 1. In a preferred enbodi nent,

t he coupl i ngob®sass232 can be in a formof a GRIN | ens #a0Gss7085hown i n
Figure 10. In accord e w.th another,,enbodi ne of the,present i.pvention,
o angl o i eRFraRS R s oF e Sgons s SRR e e e PO RER ol T he
spurious ré ke of Agifg MU heally MBIk BRok@ide) Gith €18 Predekd in@éntiboh ferMifié indgendentoer 108.
The angl e polishing approach can be used if the |aser source 231 is

i npl ement egrckifliawing gnd sseksad dhus ienepdentrgadingnd/er WHSE| oA Sdrmation 'S BN i n
F1 gur e 10 bl he G Mk IO th Such BN A BGH, sBlarl %éf-?);ﬁﬁfas@&r%ﬁ%sso t hat

the GRIN lens surface 1 I'S di sposed at an acCut'e angle 'val ue 1109 with
respect 5t oltpreajthansl andrfinp fgpitelectronis iasd thik®¥ drivitipeel @QonRIWuldenserably feace 1105

may be di sposed_at an r ing, for exanple, between approxi mately
seven (7) 1(%3 eg£°§°?°§ﬂ%%g@]eﬁﬁb§1y fifteen (15) degrees with respect to the
optical propag@digues & diaglahDshowing aGh@n@sbgidhindtstordgband teliRval lspstenc s end 615

is also angle 18 3 0 S E P 2aoz WD 99150844 PCTNS99/ 07055 pol i shed so
that the fPae 2magprierontisel disk grives Tye prstsaiaventiondpayhewped ViR @mpant Bigh-1111 wi t h

respect to I G / PRk i.5: i 1Y ¢2 fmﬁp i ng of
| i ght bet V\gg%nﬁ@%%?ﬂﬁml%ﬁs 113189{% )&%a lg%gltz ]ils(t:rg% gl Ee@fz{lglgﬁt t eﬁgﬁﬂgul ar
val ues10f aidghaGiichides g 525 fich drerid GpineEmgMO digks 10Aanddeleeflyisd M alneads

substanti a ual W th.respect .t. he, i C ropagati on..axi s .1107. 5 By
al tering tLd@yc'@ﬁP?t&ﬁlr SWS&WH@V’%‘?? RchglﬁtbergE{)% @B@%’i%ﬁ Seg?ﬁnl?‘ﬁlpr e fiber

I aunch endaddiéw mass o'@hsawssmﬁsnenﬁmgm ditk driveg00 dtaedebsahfoftaSiod RkdeMN noke

spurious reflection E(t) and the reflected signal-bearing beam 292 (from MO

di sk 107) ¢cigntlysthamthe srvontions) ypwerchesi HeeeMBoivk drive [78% map Rentaip @ highsit i al | y
separ at ed. jhif.he étg}agé) H&Q@ﬁ{h&n ﬁ&ﬁ{itteﬁ fih Qe @H@f %?g’ﬁ SRY coventidnsl @WSO

spatially separate rom IO nofse conpone rom spurious reflection
E(t)) 45t edriygassi ng through the polarizing beamsplitter 239. The beam

conponent 292' js then recej.ve t.e .ens. 1 and by one of

t he phot odi odes'{%%w%’eg‘eg’fﬂgﬁe‘gltqul'?‘gg%rw?l'gﬁd“‘i%i R{%‘%ﬁ( %%%é@gl%mﬁk}xe

di fferenti alenfd@iBRCMONdisk4ohrdé BoHich 740 andIiwd kel iht¥mallsPianibe IO GOENONERE 292"
(fromreflected beam 292) is spatially separated from noi se conponent E"(t)

(f rom spur Piovidingdhg esovable MO gisk egrtridge prationi HE, the fixpd intggeel b removals zi ng
beam split . %@e@m o A :

det ect gr Iéﬁébl%ﬁglbp%ngs y ong&{(ﬁmp ﬁgé %ﬁ%&ﬁlgggggrg%gqﬁgwg? sovg?%dt\fe 2),
and i s 20hefor putsemssdcindfer talthe irgereal spiadinglOatitke 1 072 4The{chpigdinrBjtion Bwy, noi se
conponent E. (t) jmay be prevented fromtransmiting into the djfferential
det ect or Zﬁ‘fys%g’]%eg%]‘eca “gé%f%u@q‘? iﬂtfh’iemBY%E‘kﬁan‘élf gﬁFEH‘ﬁe (pﬁg'tong)ijihvﬁﬁ t hat

i ncl udes agis@iBidn46 eﬁher?cgmm&%%stéxﬁse Ih edditfm! @6lrefiodbl MOk ichridge perisoMponent
292" wll gr opagat e through the aperture and into the differential detector

240 (Fi gur é103gllowgier syt deavesisaicand high gpred backamisiogpge & the interpgl MO |spiBwing t he

noi se conmpghgy,E: Sl L : ' | ment nmay
be used t o Bk ¢t P B Koo R B shtorf R SRR
si gnal 2beatlemegmdyelsdeivithdizkomagnidge p&HIn 710 apd sypag difes andofiwarh epplicdtioss @rthé al

detector 240. ternafi . th | i ght. bl ocki | t
ised 1 t haest MG iSRS T 1o el Rt prpdim SRk R e B i e
refl ectiondfitd yomhfly tihQudee biye Gkt SF gﬁfhlxipgaw idigs heAmhd&2anyt hekbet e t wo

waves will combine to produce a spatial interference pattern at the
phot odet ect@movphleW® diskirartiiige pestionsf/19.he pattern is given by Bragg' s

relation, Ag = b + S i t he
reflection E(t )Kgﬁr?ﬁg]i ?#e]o“g)eerél%y@ﬁ%‘g lrﬁir)l’qlaﬁ%n lgﬁ%%g‘feﬂgér?ﬁwe%wg?n ‘Eﬁ%ﬁﬁﬁzﬁ% t he
pol ar i B0ng opiixa rxsemblytl0E alo@Bsh opficdl Path ahiat fnelndsstan apticdiedwaich ilOhamslysdcente®40 | s

pl aced before e detector lens 1115 and 1120, .s0 the t beans falling
on either G&F° ?gﬁge Sl?fg/??d’é‘gléﬂ%? EMopiig3t e 19ghdm gn @‘E‘at("ﬁieﬁ‘h?‘gm%” VHave the
sane pol ar iifermaféh bdrR@Hia @t &OredpRetive iEdubl lasdeRoptics assemblies 101 and a set of

N
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.3 0 S E P 2002 WO 991 50844 PCTNS99/ 07055 interference effect. For exarrpl e,
in Figure 10 the half angle at an MO detector 236 is appro§ q]asgp (10)
degrees, which corresponds to a grating period of about 1 crons. r an
MO det ector size of approximtely 300-400 m crons, the average intensity
wll be tprOaD/IsopMsensed by each of the MO det ectors 2®6rasdotosser noi se

effects w |l imzed 5 GRINIessuface 1105
and/ or fi bEFFpeFtéVGIIILIﬁ SpinRng; disks 29'3 f%&"ﬁf@ﬁ gI.ﬁi§’é’t Bieessrily g%gfﬁu fe,
various angheuflfirsthraBtustgirng i @otfﬂeévsaahlytre@u?@csmc&ﬂéaa addddor 4o, i fbor i a.

O her suitable polishers may also be used to alter the GRIN | ens surface
1105 and/ ofxapplsemay ba jised Hﬁdovsnlsﬁlmpwm&tsud%lpgﬁd abaye I‘Iab’lbéﬂsqdé‘hﬁﬂilﬁe}’end 615
may be ang}, \Vi5 ig t

respect toIt @Itggttu ca ?‘B‘I‘I(Igéag"I’Im‘IésMé 188%%1;1?5 &agmglggtatrr%wes@m % lgrd abI e

I nst r unent intlusiorcéfdbasibjegtiveliens #4domd/of mfletive sarfebeGlibstiats) $45e(Figbmidh), Rkl Angl ed

comor ci al Py Bl B3F SRR ssins trepRpnl Bt b e MRLEok L PR AR 15°

Fi ber Headefd dRafsingletrhdde PiREdtic 2 iber (E.5., Ny Jwasbeedioptidal Bbst ©r dptical fiverwithi scussi on
of the spurlous reflection EH(t) that occurs at a fiber head end 900 of the

optical fi lsayfomng onfiedistabend).ous’ reflection EH(t) is generated as a result

of (1) the r ef i 291, ace 900
on the head encII h%ﬁ]b?ﬂgl%sr%%&ggigrﬁeog%ﬁg?ag%ﬁtca tcoé%p@o&ﬁgﬁ%cggg%ﬁ g@g%n

head. The ®pue with Slyiag headftéchuddgyn W the preseop ayaties isslaskibédoandeids ugeh é opt| caI

switch 104 a i.nt C th t turn si ring beam 292 to
produce ex&‘eggo IIBI(S“EV? ﬁ&ﬁﬁl&e ?peIE‘IIIIﬁ’ﬁ @ﬂIHI‘IIIIEI' a%I-lcﬁgnEﬁf gg?reqcﬁ Hoi se
depends onFighRs tlY@eFIQ(fresI a@eﬁs @ppuéaae {dSigrmation arafdfer disiid Cothed I€hndlsgidssed, then
node partition noise om nant source of noise. MPN arises

because t h&cliding PWCWI‘ SI SIS“EPI(‘IF? digksAD¥DY apd commymicptipngystemsy ent  opt i cal
path | ength before combining with the 25 signal-bearing return light 292 in
the detection nodule. If a DFB | aser is used, then MPN is no |onger of
concerd b ' j y be anplified by m xing of the spurious
reflection wwth the signal-bearing light. In addition, when using a DFB

I h diff I
phase noi so. 1 (URESER e Rt PR Tne st bR RS nERR TR "

elimnati ngorﬁlcgﬁteqjomm ifi itt@edptibay sysee) Gritdfdye Wikl the vipnuhbéacidly Sqflattedliser bednl ect i on
fromthe 30 head end. Varjous techni ques are now di scussed fggﬁglw nati ng

the ef f ect $9%0F18FS) SEIEFr@@H&mrI@I‘ItSe‘B‘EII“IFﬁhﬁT‘I(‘I snd fgce {Ippociend 1)y opti cal

fiber 108. fﬁpgﬁﬁ d ERESUD) BE e ﬂbEICIdiIdGIn %Mkﬁmg&desxéd Bas? dloisE og&%zwm 9/ 50844
PCT/ US99/ 07055 cl eaving or angle polishing, index matching, and coreless

(or nul2Di - swuieys refldstien fxom 4 ednjugate rmetse-pmamtvs wubﬂle mfbcteq:mmabmn@ L

vari ous ty r ser, are
veed ot 3R R BRa R BRedolor B tpd e B Beol B WEOCT
reduci ng t hefleattd Qﬁéerthﬁ 290 hssums eprogiftte GOt rs@rhd e}ﬁaIumOdIiStnﬁltlloﬂ armgridance with

anot her enbodj ment, of the present invention, the effecté of the spurious

ref | ect i on SEIHCYS reflections Ak PR cargmotygein farer fhase, withg wavelrontjthat satiglly by angl e
cl eavi ng t Gerfahdfite Iaﬁﬁ’eﬂ&' ﬁﬂﬁth@g&ect&hﬁseﬁﬂ&m R RAPHE tectHing M5eC3463Y 14 Or med on
the fiber head end h respect to an optical propagation axis 1210

( Fi gur @511 disk 1€fkt er m nes the anount of the spurious reflection that is
coupl ed back towards the fiber |aunch end 615. In Figure 11 b, a 10 graph

20 S R L5, 2, 20
versus the angle by iC e ead end 900 eaved with respect to

the optical propagation axis 1210. for exanple, the fiber head end 900
is not angle cl éawdlarlx Hetnd abye.oix |hﬂﬁab@h yidentdiig thét sperious peflertivns fometpel

i ber 108, PRAS St (P Fi 81>k e EOTRPEH it RIRG eSs 82 end®] 20

at an angl eheabflebfed dpda Ml(mﬁxeh)'mhy\&b }(raﬁagdé?ﬂ)g@@éi with tréfleties peant 291 @Figire opt i cal
pr opag tlon axis 1210 (Figure 11 ¢) en approxi mately 55% of the spurlous
ref | ect3%n 7ifiomthe er°¥1eﬁI @19{ gy qaactkerﬂtyv@%eg fh@ ngt Zefleetrd é??ai edFigEredt i cal
fiber 108. ohbpddi BhREEPGAGn S DO, ik 130 k! 288%RY 1RlofH0r BOEHR, F

approxi mately four (4) degrees wWith respect to the optical propagation axis
1210 (Figure 11c), then less than appraximately 10% of the spurious
reflection EN(t) is reflected back towards the 20 | aunch end 615 of opti cal
fiber 108. The fiber head end 900 is preferably cleaved in a range between
approximately six (6) degrees to approximately fifteen (15) degrees with
respect to optical propagation axis 1210 so that the spurious reflection
EH(t) that propagates back towards |aunch end 615 is essentially
extanU|shed Antl-reflectlon coatlng (AR) coatlng may also be applled to

N Y. Y. V. o




3 p S E P 2002 WD 99/50844 PCTNS99107055 with respect to the opti cal
propagation axis 1210, Aligning the birefringent axes (i.e.npnpt t
rods) on the head end 900 of PMfiber 108 with respect to t&g %PJ@Zave
allows the optical path to be properly oriented as shown in Figure 11c. The
angl e cl eavevowakos®s 1203 causes the central ray of outgochaysPdmeas 291 to exit

the 5 head_.end,900._at, a cut ngl alue 1205 (e. g. out 4, egr ees)
wlth r eopeEtt BebyERL Rl Bybefiiad PR s Sstnn s BBt s WER, 567
then refl equRdulbticamelitacysin @R ralye GrofiafFroxTmetBly DOCIMHZItS SipraxaRaépl ¥ GH0 as a
reflected beam 291' that propagates through objective | ens 446 and that is
di rect ed afulsing the iy laser at increpsiaely drigher Eaquengios (s, \ip taithacrelpgation oprilighiener f or
the reflec ' calyO i . . ing | ayer
349 11 o sCpmene o R tesph osis e U i UORGIR, I i Rpfeal ST T 2YCT
t he st eér alptogressivehyodenmsh isinexdtheriass mmods partitivinydyddifics chargeiatchiglenl fizqueacies.

opti cal  pr opATaF| whist AT Ao R BB Bt e Bt B
per pendi cukiRihain & gnaBbedfing heam 202, Okiedéb GedhiélEintedérBncs Betivdé the twibPulsk Srains

efficiently coupl ed between the optical fiber 108 and MO disk 107.

Fur t her mor énd thpsefisetivelyiingreaging B SNRf thejdptestediibr signpl. Hla thegvers thatithe fvq he 15 X,
Y, and/or I i f j: fii j Not e L gure 11
c, the anglgeéEﬁHcS la@%%l/fg@?)cf tohoggﬂ engﬁggg(gl?%%%%q%g%dgg?glmn&g’%ot léaéepgl%%di ment
shown 10 Fingise @uldbdse. an optical fiber 108 has a head end 900" with an angle
cl eave that faces upward. As a result, the angle 1215 of steerable

m cro- machi ned i rror .assenbl 0.is._se t..an approptiate val ue so that
the reflect od oSO, IIRE Rt ey 3o BBt Breiraiors m Bt S ey i ng
surface 349y diinelvEpactitink tHeGpuriodb tefleqtivh B¢ (Fom fib& ihinbie endreisyl atd the 3(Mal{ Fi gur e
12c) and/or fj ber  head 900" (Figure 11d) be altered with respect to
the opti cal ew&pﬁ@aﬂn&ﬂgﬁ Mo f@faﬁﬂar@ %r%ﬁ%ﬁmqﬁewe BRI P _
simlarly daretd BeshsaRPé@icHd, iihbrdb§iREOBRE MOSRR W1 Be Kerr difhat QBkG@Shy 11
angl e cl eaving (or angle polishing) is not perforned on the head end 900 25
of optilSal differsatial detector24@ (Figue Yoiltigndieskthat #Bdasensourse 2HamdyesltbrmaiklodO with a

1210, “as ASRCHREB ORIk Blick sBFhfY o fRpuR RO Rp bR 77"

directed t ayameaimesdssindlaty daaibedlabage. | ayer 349 at a substantially
perpendi cul ar orientation, the value of angle 1215 is typically about

forty-five (45), degrees,.with respect tqQ the optical .propagati op.axis 1210.
The optical - sy SEcHE SRERHFT, Wty B aotpal her 108;pter ¢t Teteistion Pl abouchar B 1. (1) a
DFB | aser iléngSi¥@achodTdhd epticATHMES 10D isSRleatétitol tRSBbut (T3S @nrl FbrSeemadulation
negl i gible. I'ndex nmatchi ng (é)r reduci ng the effects of fiber head end 900

y P@G’B

r ef | ex 40ondteguency of appreximately 35 MHey Thpg: ship pstwoepthg grodvlation fregueaee®) dance

ith anoth ' 0L At b i epe
\émpur ious r 2?? gg&ﬂ%lrll @!}?%h)%?t%co mbtg{ﬁg&ﬁggﬂbdg%g%%g%? ttlcJf}bl Eeé(ﬁﬁggld?g"hgjlg?m nat ed
by an i ndex Gihi,chicrrgspaglofdighttin vaksurs,endn = refréetivplindex b2 phe dibpro rthe demgthfof t he

optical fiher 108 is att ed into a slider 1300 by, for, ex | & | ue
T305. " gl St s bt T8 sreeleiGe P oo e ReRAIgn SLAHCPRE DB
orientati ons &dbsfosdthhtah biherPibBARENE WeAbnginoriitopRtd iBa!108 bk sdifbhd idhe gap
bet ween the fiber head end 900 and the glass plate 1310 is filled with
epoxy, 49 uiagroplanggerithpthesingdicesof redipction prdathes pyieing:freauencien gndnthuy, thegresett i ve

i ndex subst; i al : b i ndex of the core of the
fiber. To ?ﬁ)él‘h%@tsgar?tl&%ﬁlgtﬁé?ﬁrg?ﬁ%@?gcg?ﬁ%&ﬂaﬁ% of the core of the fiber 108
does not match the refractive index of the index matching material 1315, a
di fference in theceasdaneeewith e presintinyentién, addifnmal-techniquedsravoy diecussed ér at ed

between the.fiber 108.core. and .the index matchin ial.1l er eby
esul t1ng chmpafie o e of uF ARmbRrel PR AT e P BB Buichf ks 19856; a2
shown i n FiThesecadliBiond] hechhigd&@XincradeC haek tatdhidg,| 8 tbvet alip aschhiie, St rangle's
reflection EH(t) to not occur at the fiber head end 900. The spurious

(O

reflection E"(t) will instead occur at a surface 1312 of glass plate 1310
(i.e., a non-conjugate surface), while a second spurious 15 reflection
E "(t) will occur at non-conjugate surface 1313. As a result, the spurious

reflections E'(t) and E "(t) do not coyple back into the fiber. Since the
spurious reflections EH(t) and E H(t) are effectively extinguished fromthe
optical system the differential detector 240 (Figure 2) wll be able to
detect the conponents of reflected signal-bearing beam 292 w t hout
interference fromthe spurious reflections EH(t) and E H(t). 20 Fi ber
splicing for re ,king the effects of head end 900 reflections E~ In
accordance w th anot her enbodi nent of the present invention, the effect of

T 4" " - NN PN Y r " 1 N A NS



.25 fiber section 1400 may, for exanple, have a dianeter simlar to that of
singl e-node fiber 108 (e.g., 80 mcrons), and is coupled to 3@e8€9e26@ 8
by, for exanple, fusion splicing. The coreless fiber section 1400 is then
cut along lines 1405 so that portion 1410 of coreless fiber section 1400 is
separated fwomygeqsti on 1415, Thus, the portion 1415 repprpssfakd ced to the
fiber 108. I.n .an alternative enbodi nent, | arge-core nulti- e fiber (not
shown} nayPjishing hesejaddifional fechnigyes may be o rwed BY pisei » lvﬁresquacggghtha‘f spl i ced
fiber port gl fol exdnibledirefEh@Poh sthRIBMe Heqdeh@ laskt Burcddticliss AHFH lagr.0Ut goi ng
beam 291 output at the face 1420 of portion 1415 is less than the dianeter
of coreless optical fiber 108. The portion 1415 may have a length of) for
23 3 0 Shdexmateung fopsedusmgdiweffeqteofifibardainehend £135elecHons  about 100 mi crons.
If, during the splice process, the core size at the head end 900 (of

optical fiber 1ABhaaNaRany fifoutink s WAlkd® Batek iRcds bie bsHuend 900,

then the effective node field dianeter and shape of optical 108 wi ||
al so chlngesflegtion fromehalaunch gndf16 o€ the opsjceldiber V8| énenereapodipentshafitey 1¢fe

coreloss. {1 BopeSARARE Aol 3 AN PR W pebefe LA 0L BRE O

refracti vein Figlex 8. ofAntifidex-ematching marefiilioos fillf 4 feproefiddn thd GRINdene 21®atd thdhat t he

refractive_jn of the re of the fiher |08 does not h refractive
i ndex of tﬁteriﬁgi%&a@“gm?@ Suits b ppyoet S5 J08HA g gt o SRS CREF it | ve
i ndi ces of 9rgisTsdd (@3- fOcus MRYin&iGent BeR badne 2910REVRE Abdrref viP RnchQRd &S 6f and t he
spliced fiber section 1415, therebg/ resul ti ng in a mximminterface 10

U

ref | ectlPvi entical fikep J P andvmex: hyve(® pighoof, Aor exampisy paproximaelis 0123 c t Thefindepe

reflection_f ' t int (i.e.. he e 0)...l tankfl.cantly
reduced duga{chﬂ% %‘é&ggﬂ exa}'lri%gf1 c?(ﬁaﬁt Yo 1I<'}95£§(:t11il aéésu%gaelaoqglgag'véqu%@ ? ?*}e%@g%fh?‘?i on, AR
coati ng i sindbasfalk core dfloptichbfiter 10, Mgthyctiminatisy or Subisfantiadly tsdRéing théiBresrehe
Fresnel reflect iPr%n féqom surface 1420 can be suppresse ovvnss'{ug a? ut 0.25%
resul ting Fefeciopdpr thy furfeqef faugch epd ?15|36Wé'|13ﬁ%§%§13815‘ﬁ legsspudace PRY Fi g.
11a. 15 As(t§ hHe\Wehttharing GREN IhPrefrhdlive MR iS &sthdABY) c1BQHS hehadAdimfes s the
spurious reflection EH(t) to not occur at the fiber end face (head end

900). The $¢R)r Thauindexernatehing roxterEHYQS)mayi comprisesforerdmplecanroptical epexy.igsh r f ace

bet ween t hg .Sur e . adj.ac I ?E&i .t he
spurious r g?’ﬁ'eéoﬁenexﬁ%@?ﬁg%régpcﬁg)?mg%| cfe%trﬁ %/ﬁgoup é%%ogﬁhﬁﬁﬁ’?qct)&hfﬁ)er | 08
and i s t herdfhctive ikt 6fthe ividdxymatckink AEtetislP08].a differmes ihlies refpadtivednidices of Arect i on
EH(t) is substantially elimnated from 20 the_ optical s_)é_ster’r) th

di fferenti F*0detretyrtolomtsd bpwger e fperf0f corg @ndy fredndey w8 el §Q§rrponent s
of reflect ﬁfércbf)ﬁ*@ﬁlti&qﬂ Mtz b2tk réﬂ@%tﬁg_t% gﬂ(‘) aﬁ:ﬂxﬁﬁin{a&%.éj@ﬁ EPidfabI9 Ufie

reflection EH( Figure 14c is a grap : show ng the reflection from
the fiB8r kndeximaiokingmetenal O81ikas g highloptingl dualisy tot preventypbpreatignstar iseatteringr it on 1415.

It is showy,that .the .interf n n t 2 i refl ecti.on EH(t)
at the fi bg?&lt%%agl e"ea(rl?lrclm éﬁﬂ{ 5“%%% %@ ?qg(%%iﬁe‘ﬁ%sa%%ﬂém?%ﬁsyu osﬁagrﬁ {ha %/nlur educed
i f the spl reflectiohi(ARY cqatitig fodfurthibd hinihias refiedtiongThe AR cadting ¢ $dr capmigahyrat el y
100 microns., ] n accordance vvitft] anot her enbodi nent of the present

i nvent i on, SERRle Sirstilm delagimciiacl far edpeinefelectionss el i mi nati ng head end

reflection are not required if the | aser source 231 is inplenented with a

DFB | aser and i1t ishfeted tii cin® ARusDf dTidctlod HOMm (ROIARKINPAAZELRAME9S Wiay istl ent |y 30
low in the optical systemdisclosed above. It is understood that the

pr esent?di nYeHE pidghe aigfcidens qurfpee PRS syen if this qusfapecis ARopoatshy I ths pitERIRg lasetich as

ot her type Jdoeal . drye i 1 : i ke.

Ther ef or e, %%ﬁrt Zﬁ%& 1’5?}% aﬁ@‘%‘i‘%ﬂ’ f%@%@g%ﬂ?;%ﬂé@%ﬁ%oggﬁgﬁe% o&dé)h IS'? he
present i néeruigoing leaer bome A9 loe shersinfiee 908amveld pverlap with dicaefimated sipmel-pearing cul ar
enbodi nents thereof,) a latitude. of. npdification, variopus anges, and
Subst ittt OF 2 b Biet e eroleBiB s Shiaghat  exfesined e BeRE A PR AP e
appr eci at eQuifR@bos &t pREAEGRy nbddaR HeREncs OMPpid2QRliH iRSvaflbust nfdodimémb dis€losei | | be
enpl oyed without a correspondi ng use of  other features 5 w thout departure

fromt M shergia, e ontgeing e heann R0lakilldétithy wirfage, 908 3t some angle of incidence as a
result of the following. In order to properly focus or direct the laser beam 291 toward each
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.3 n' S E P 2002 WD 99/ 50844 PCT/ US99/ 07055 W claim 1. A systﬂarﬂg
propagating a main light signal between a |aser source (231") a storage
medi um ( 107), conprising the |laser source (231 ) and a polarization

mai nt ai ni ng optical fiber (108) disposed between said | aser source (231)
and the 5 sWorgmmrredi um( 107) and adapted to transm pciAideimisn Iight

si gnal generated | aser source (231), the o _I cal fi bfe[{wé
i ncl udi ng 3&%“1“@3?&‘“%‘1 éWcPfF%égb?rd%)na@ﬁh‘P“&@Fé}W"i ical 5y e yst emis

confi gur eGu Pisdr ek §9f thel'hf 6 SRGRidBR! ds\iﬁ&@ 9b§‘€ntﬂ%xﬁ'e hrigf¥f iRdidtn@. ARd at

| east one spurious reflection create fefl'ection &nd conprises: 10 a
modul at i onlaseebsam 296 wilkbit the air-incilantduifas é@8 @ differsat 408184 ofjindidancedeperiding sai d

| aser sour ce. OP%GPPgte%E Pq_‘&%’?a{[%nwkgn%alsl %éceq la%gl-%aa‘:’t‘nfﬁdm ation frequency

adapt ed to s Si gnal said at | east one

spuri ous reflectlon, \ wherein the duty cycle of said pulsing | aser source
(231) i% about As@BévorinFegnes &t inder-nmaphiing ataterial 905 eqra@nhg/sp(nﬁc)usireﬂcMi ned by
t he equat a vacuum

" Caum DS st S s Dot B 815, B Bubus erBRBE B Lt in@ld ohels A Y F e

optical fifacofjl& surfddibod ai Ge dfferfabd RBFJen hﬁwhm-nmcmg Wextepitl GUS dn@@mt zero,
so t hat |nterference between the main |ight signal and the at |east one

spurious r@RPelens YA tethe extend thela rafrashive indey differqnpreockyrs ﬁ‘ this grfacsIPnds 2 ef | ect ed
fromthe algheqs Tspélﬁg& rgﬂkgtlc%xaﬁﬁﬁgegjr\gt) sp%lLallg' P?erl folefr e s :ﬁ %Emﬁégga}n 3¢y reduced.

20 2. The system clarm erern ase sourc IS a Per ot
| aser ((23Iz)nd aBo dddsenos yrmtidiy owériap Ivdihrthel reflevked rsegnal- ueilrmglbaer%sﬂomcﬂe MO a stable

si ngl e nod .sorc 31).,25 4. The system of cl |m3 |nthe
Stasle o righo0SHieie ok Sinct s shisiopereflicion Sk Bl Senatisd o e e

met hod of gaRRAAld REm2ORING diffeftifial HetBdeH 240GFWRR D) avill B8 able 6 Uét6e r(231 ) and
a storage 30 nedi ugm (107) com:frelgzglangb@% 2 E{ i\g@@- l bod ~eV\D 9tQ/ ':%5844

PCT/ US99/ ocromsnentsafsieflected rﬁgﬁnﬁlrt@ammu beam; Zfﬁtwwoghalﬁerfa@mséma theo FRMFIPYSat | on
mai nt ai ni ngaonti n@ fiber 108) di sposed between the | aser source (231 )
and the storage di um ( 107) wherein the optical fiber (108) includes at
| east one end face (615); and 5 reducing an interference between the nmain
| i ght $Durce arludccal_trast,e'ﬁgt indexematghing roatgrial is not coupled to the fiber launch end 615,

then a refractive index difference exists in the interface between the fiber launch end 615 and
the adjacent air space. As a result of this refractive index difference, the spurious reflection
E(t) generated at the fiber launch end 615 will spatially overlap with the reflected signal-
bearing beam 292. This undesired spurious reflection E(t) is then transmitted into the

20  differential detector 240 (Figure 2) along with the reflected signal-bearing beam 292.

Cover slin techniaue for reducing the effects of b ond 615 reflecti

Figure 9 illustrates another index matching approach for reducing the effects of the
spurious reflection E(t) at the launch end 615 of optical fiber 108, in accordance with another
embodiment of the present invention. A collimator 1050 includes a GRIN lens 1015 and a

25  cover slip 1000 coupled to the optical fiber 108 and/or to a capillary 1055 that supports the
optical fiber 108. The cover slip 1000 includes a back surface 1065 that is typically cemented
to the optical fiber 108 (and to the supporting capillary 1055) with, for example, an optical
cement having substantially the same refractive index as the cover slip. The cover slip 1000
may be formed from a material such as glass or other suitable material having a refractive

30 index similar to that of the core of optical fiber 108.
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reflection reflected fromthe at |east one end face (615) of the fiber
(108) by nodul ating the main light signal on and off with of
about 50% or | ess and a nodul ati on frequency (F) defined bg ﬁ%%ﬂ@on F
= c¢(2i+1)/4Ln, wherein c is a speed of light in a vacuum L is a |length of
the opticalwopdsessd( 108), n is a refractive index of therogotorosl fiber 10 (
108), and i is b0t a vaI rto
separ ate in t; ALTFRE SRR im R R okl U5 by Bl AR 3hurft el BT

refl ecti omot becurTitehetich iinchfend KBS, NTHe, spindvas feflectivin E(t) adibinstsxduscoe at thea

Fabry- Per ot Ias§ ((231 1)> 15 7, The nmethod of claim5, wherein the |aser
source is SurfaedBedadopgpineaspaing of eover gipr 10Q). (Q%imf‘” glie spiRPuR ISRt of ¢l ai m
7, Wwherei rgdy faeessftoapdaﬁal@l VD wIRORe leASRN sRMIbeRink Dedtn J05H 4 RitiMd digedback
Ias er. 20 9. An optical storage apparatus conprising: a |aser source (231)
gener atd nglO& (Figima 3).i §ince iegperions sefledioniEQilis spatdably depaeptedelonythe(refl@®l having a
plurality t ) pti cal
Fiber ( LogiermEuRi S 5200 dhenin ey PR T 50 Vi BF il 1 Bl

t ransm t t i compérteats nHi refldcied Rignalivgail tRah @93 witheutoiptetfarahce f frdne the( Spifigus
characteriz d.b%%( ans for pulsing said | aser source (231) on and off a
duty cycl €° g pul sed 30 | aser source (231 ) being about 50% or | ess and

a nodul ation fueglarmiverembd@mbacge ?fxm?szrface 306 o v s P00 UisaGR44
PCT/ US99/ 07055 t he equation F —c(2| +1 )/4Ln, wherein c is a speed of |ight

in a vauuhR-cQatqutoaeduem@p iFrmel réflectivptal t}ulsmffaCIaéﬂGO( 108 reflectanpes frem AR-r act i ve
| ndex of tctagte&) Ror{t i‘ac gl}%?% exaﬁp?er %th? %r er 0&'&)08%5#1 av! ng a val ue of at

| east zero, Th or mal n signal and at | east

one spurious rafshmﬁerﬂfenfaﬁﬁd, th6 GRIN feno1015 hﬁyaltsolbeeﬁ%oawﬂeomﬁﬁcrfnamﬁuz(e615) of
the 5 optlcg fiber 10. _The apparatus of im9, wherein the |aser

source is & &B’r‘?ﬂ?—‘é}pﬁ? ?Fbﬁi?@rm Figyre 9) Smf&thcﬂfl’écté’ﬁﬁ%ilf”é?@"%fs R 108, wher ei n
the laser ggup smlﬁgsmama%&h@n%e%%em%s{aamp R rufeeref%&u&%?a&ax of#3. The

apparatus of claim1ll erein the stable single node | aser source is a
di st ri Hut eagre of optical fiber 108, the only reflection occurring in the optical system is the reflection

from the AR-coated front surface 1060 of cover slip 1000. Since the front surface 1060 does
not contain a conjugate point in the optical system of Figure 9, the spurious reflection E(t)
from front surface 1060 does not interfere with the signal-bearing beam 292, as mentioned
above.

20

In general, any suitable coupling lens 232 may be used in the optical system of Figure

1. In a preferred embodiment, the coupling lens 232 can be in a form of a GRIN lens 1100 as
shown in Figure 10.

In accordance with another embodiment of the present invention, an angle polishing

25  approach may be used to reduce the effects of the spurious reflection E(t) from the launch end

615 of the optical fiber 108. The angle polishing approach can be used if the laser source 231

is implemented with, for example, an FP laser or a DFB laser. As shown in Figure 10, the

GRIN lens 1100 is angle polished at a surface 1105 so that the GRIN lens surface 1105 is

disposed at an acute angle value 1109 with respect to an optical propagation axis 1107. The

30 GRIN lens surface 1105 may be disposed at an angle ranging, for example, between

approximately seven (7) degrees to approximately fifteen (15) degrees with respect to the

optical propagation axis 1107. In one embodiment, the fiber launch end 615 is also angle

18
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o0 SRR it b ol et s ety 7)o

*N* z** * EHp thie, optieal propigatiordxzy’ 11090 W6 hikkidnl 7k the/apupiing X d:lkhi*lm]wzzat] tha]GRiNca] ca] ca]

ol ol ST osbatasah SRR e sabaliah cobeehivharhan e hagbe( o ool o2

prvi{val gakdch el s ablkmiaﬁu eaiapahf:@apea}&tﬁ& Sp%]:ﬂ @}o@agaﬁal &a1ged.ca] ca] ca] cal c

a] ca] ca] ca] ca] ca] ca] ca] ca] c ca] caU]

</U] >>] ( @? @@]&Es Brritmmethsidy ]lf{nseﬂr@bf\ W)] pdiaothedibertamelgnda) ca] cal ¢
aUl ca]c(a a

cal cal ] bt S@J*%Sh”lﬁ%%]%% ﬁk@] e B A B BT L) e ¢
(a] ca] ca]I gxajlec&tll]sim]tld(ea-]ngajeﬁm]zealmtﬂm]hcl&a(mas] anjtanipliy fedaded,adifice dpib( a] ca] ca]
ca] ca] ca!

4] ayt oj e [f\ef]l%%f]saéﬂse%ﬂaﬂéieeaﬁe%] calU ca] c(a] ca] ca] ca] ca] ca] calU ca]c(a]ca]ca]c
a] ca] ca] caU] calsé BdasPdosbiedt B2 m EalaBbaR ) o Mi dalet &bi] | cal caV]

)

ca] ca] ca] ca] cal] ca] c( a c ca] ca ca] ca] ca] ca] ca] ca] ca] c” a] ca] ca] ca] ca] ca
] ca] cal@a] Qgﬁeccg]ngg]cggE (t) ( om spurious reflection E(t)) after passing through the polarizing

0 cal ool oo e el 5 ol i R T G PG R V) Bl g ) o) o) o
WHOX >?<s v &nfd byl o b ik ]:lmwdmda] 236) (cex] atsa | Rigntec2)] ad)ic thee Ip:]o;a]/eﬂabbra%tfarmhmla] ca] c”a]
[N | il GIOREY] PR E] U] Baper-iERpal 5] KEpE A IeHp B A oo ca cal

ca] ca] ca] cabeml GalapAdiCnf Adiseeh é}']e'r?@](ﬁ"]‘}r&ﬁ‘ lshutiENs feBection E(t)) after passm
[ Ne! | wgl gb]'X] ][] ca] ca] ca| ca] cal ca] c(a] ca] ca] ca] ca] ca] ca] caj ca ]bca] ca] ca]
ca] ca] 3] ctjousl tha pelafizied krahenalitiec &]90 a]méz]maémr{mmﬂ@ Vh 18 they receive by an

e ()- 1oV 1n 5 B ot B Ptk R b B R ) e
0% & () - #1M¥GeSsed py &fferbﬁ)k% &tt(c)or 2401(9%11&2][ )-Q {<

The noise component E’(t) may be prevented from transmitting into the differential

detector 240 by use of an opaque light blocking element (not shown) that includes an aperture.

20 Thus, the reflected signal-bearing beam component 292’ will propagate through the aperture
and into the differential detector 240 (Figure 2), while the opaque light blocking element will
block the noise component E’(t). Similarly, another opaque light blocking element may be
used to block the noise component E’’(t) while permitting the signal-bearing beam component
292"’ to propagate into the differential detector 240,

25 Alternatively, the opaque light blocking elements are not used in the optical system. If
there is a small angular tilt between the reflection E(t) and the reflected signal-bearing beam
292, then the two waves will combine to produce a spatial interference pattern at the
photodetector plane. The period of the pattern is given by Bragg’s relation, Ag = A/(2 sin 8),
where sin 0 is the half-angle between the reflection E(t) and the beam 292. In the embodiment

30  of Figure 10, the polarizing beam splitter 239 in the differential detection system 240 is placed
before the MO detector lens 1115 and 1120, so the two beams falling on either of the MO
detectors (photo-diodes) 236 (Figure 2) will have the same polarization, leading to an intensity
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California. Other suitable polishers may also be used to alter the GRIN lens surface 1105

and/or fiber launch end 615.
Alternatively, the fiber launch end 615 may be angle cleaved so that it is disposed at an
10  acute angle with respect to the optical propagation axis 1107. One example of a suitable
instrument for cleaving the fiber launch end 615 is the Model FK12 Angled Cleaver which is
manufactured by York Corporation, United Kingdom and is commercially available from

Newport Corporation, Irvine, California.

15 FEiber Head End Reflection
Reference is now made to Figure 11a for discussion of the spurious reflection E,(t) that
occurs at a fiber head end 900 of the optical fiber 108. The spurious reflection E(t) is
generated as a result of (1) the reflection of the outgoing beam 291 from the fiber surface 900
on the head end, or (2) from some other optical component surface on the head. The spurious
20 reflection E,(t) propagates back towards the optical switch 104 and may interact with the
return signal-bearing beam 292 to produce excess noise in the detection channel. The nature
of the noise depends on the type of laser source used. If a FP diode laser is used, then mode
partition noise (MPN) is the dominant source of noise. MPN arises because the spurious
reflection E,(t) travels a slightly different optical path length before combining with the
25  signal-bearing return light 292 in the detection module. If a DFB laser is used, then MPN is
no longer of concern, but media noise may be amplified by mixing of the spurious reflection
with the signal-bearing light. In addition, when using a DFB laser source, the small optical
path difference may lead to excess laser phase noise. It is therefore important to implement a
technique for eliminating (or significantly reducing) this unwanted spurious reflection from the
30  head end.
Various techniques are now discussed for eliminating the effects of the spurious

reflection Ey(t) at the head end 900 of optical fiber 108. These techniques include angle

20
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the fiber head end 900. The angular amount of the cleave formed on the fiber head end 900
with respect to an optical propagation axis 1210 (Figure 11c) determines the amount of the
spurious reflection that is coupled back towards the fiber launch end 615. In Figure 11b, a
10  graph 1202 shows the relative reflection amount from the fiber head end 900 versus the angle
by which the fiber head end 900 is cleaved with respect to the optical propagation axis 1210.
If, for example, the fiber head end 900 is not angle cleaved, then approximately 100% of the
spurious Fresnel reflection E,(t) is reflected back towards the launch end 615 of optical fiber
108. As another example, if the fiber head end 900 is angle cleaved at an angle of
16  approximately two (2) degrees with respect to the optical propagation axis 1210 (Figure 11c),
then approximately 55% of the spurious reflection Ey(t) is reflected back towards the launch
end 615 of optical fiber 108. If the fiber head end 900 is angle cleaved at an angle of
approximately four (4) degrees with respect to the optical propagation axis 1210 (Figure 11c),
then Jess than approximately 10% of the spurious reflection E,(t) is reflected back towards the
20 launch end 615 of optical fiber 108. The fiber head end 900 is preferably cleaved in a range
between approximately six (6) degrees to approximately fifteen (15) degrees with respect to
optical propagation axis 1210 so that the spurious reflection E(t) that propagates back towards
launch end 615 is essentially extinguished. Anti-reflection coating (AR) coating may also be
applied to the fiber head end 900 for purposes of further reducing the Fresnel reflection at the

25 fiber head end 900.
Figure 11c illustrates a fiber 108 with a head end 900 that has an angle cleave of, for
example, about eight (8) degrees with respect to the optical propagation axis 1210. Preferably,
a PM fiber 108 is first positioned so that stress rods (not shown) of the PM fiber 108 are
aligned in a horizontal orientation with respect to an angle cleaver. To facilitate alignment, the
30  stress rods can be viewed through any suitable microscope imaging system. After the stress
rods are properly oriented, a head end 900 of the PM fiber is then inserted into a suitable

angled cleaver so that the head end 900 can be subsequently cleaved with the appropriate angle
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1om 10 propagation axis 1210. The outgoing beam 291 is then reflected from the steerable micro-
machined mirror assembly 400 as a reflected beam 291’ that propagates through objective lens
446 and that is directed at the surface recording layer 349 of MO disk 107. In order for the
reflected beam 291’ to be directed towards the surface recording layer 349 in a substantially
10  perpendicular direction, as shown in Figure llc, the steerable micro-machined mirror
assembly 400 is oriented at an appropriate angle 1215 (e.g., about 43.0 degrees) with respect to
the optical propagation axis 1210. The reflected beam 291’ is directed perpendicularly
towards the recording layer 349 so that light is efficiently coupled between the optical fiber
108 and MO disk 107, Furthermore, the position of optical fiber 108 may be adjusted in the
16 X, Y, and/or Z directions for maximum fiber coupling.

Note that in Figure 11c, the angle cleave of head end 900 faces downward. In another
embodiment shown in Figure 11d, an optical fiber 108 has a head end 900’ with an angle
cleave that faces upward. As a result, the angle 1215 of steerable micro-machined mirror
assembly 400 is set at an appropriate value so that the reflected beam 291’ is directed

20  perpendicularly towards recording surface 349 of MO disk 107.

Alternatively, the fiber head end 900 (Figure 12¢) and/or fiber head end 900° (Figure
11d) may be altered with respect to the optical propagation axis 1210 by angle polishing in a
manner as similarly described above with reference to Figure 11.

In contrast, if angle cleaving (or angle polishing) is not performed on the head end 900

25  of optical fiber 108, then outgoing beam 291 exits the head end 900 with a central ray that is
substantially parallel to the optical propagation axis 1210, as shown in Figure 11e. In order for
the reflected beam 291’ to be directed towards surface recording layer 349 at a substantially
perpendicular orientation, the value of angle 1215 is typically about forty-five (45) degrees
with respect to the optical propagation axis 1210. The optical system shown in Figure 11e is

30 particularly useful if: (1) a DFB laser is used, and (2) media noise and laser phase noise are
negligible.

Ind hine for reducing the off it { end 900 reflecti
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the fiber. To the extent that the refractive index of the core of the fiber 108 does not match the

refractive index of the index matching material 1315, a difference in the refractive indices of

10  An =t 0.05 may be tolerated between the fiber 108 core and the index matching material

1318, thereby resulting in a maximum interface reflectivity of approximately 0.03%.

As shown in Figure 13, the index matched fluid 1315 causes the spurious reflection
Ey(t) to not occur at the fiber head end 900. The spurious reflection E,(t) will instead occur at
a surface 1312 of glass plate 1310 (i.e., a non-conjugate surface), while a second spurious

16  reflection E’,(t) will occur at non-conjugate surface 1313, As a result, the spurious reflections
E;(t) and E’,(t) do not couple back into the fiber. Since the spurious reflections Ey(t) and
E’4(t) are effectively extinguished from the optical system, the differential detector 240
(Figure 2) will be able to detect the components of reflected signal-bearing beam 292 without
interference from the spurious reflections E,(t) and E’4(t).

20  Fil licing for reducing the eff rhead end 900 reflections Eyf)

In accordance with another embodiment of the present invention, the effect of the
spurious reflection E,,(t) from the head end 900 of fiber 108 is eliminated by another type of
index matching approach as discussed with reference to Figures 14a to 14b. Referring first to
Figure 14a, a coreless fiber section 1400 is spliced on the head end of fiber 108. The coreless

25  fiber section 1400 may, for example, have a diameter similar to that of single-mode fiber 108
(e.g., 80 microns), and is coupled to the fiber 108 by, for example, fusion splicing. The
coreless fiber section 1400 is then cut along lines 1405 so that portion 1410 of coreless fiber
section 1400 is separated from portion 1415. Thus, the portion 1415 remains spliced to the
fiber 108. In an alternative embodiment, a large-core multi-mode fiber (not shown) may be

30 used in place of the coreless fiber. The length of spliced fiber portion 1415 is preferably
chosen so that the radius of the outgoing beam 291 output at the face 1420 of portion 1415 is
less than the diameter of coreless optical fiber 108. The portion 1415 may have a length of, for
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mode field diameter and shape of optical fiber 108 will also change. As a result, a proper
objective lens may optionally be implemented to compensate for these changes.

5 The refractive index of coreless fiber section 1400 (and portion 1415) substantially
matches the refractive index of the core of optical fiber 108. To the extent that the refractive
index of the core of the fiber 108 does not match the refractive index of the spliced fiber
section 1415, a difference in the refractive indices of An = £ 0.05 may be tolerated between the
fiber 108 core and the spliced fiber section 1415, thereby resulting in a maximum interface

10 reflectivity of approximately 0.03%. As a result, the effect of the reflection from a conjugate
point (i.e., head end 900) is significantly reduced due to the index matching, as discussed
below. If, in addition, AR coating is placed on the face of splice fiber surface 1420, then the
Fresnel reflection from surface 1420 can be suppressed down to about 0.25%, resulting in a
more efficient (i.e., lower loss) optical system in Fig. 11a.

15 As shown in Figure 14b, the spliced fiber portion 1415 causes the spurious reflection
E,(t) to not occur at the fiber end face (head end 900). The spurious reflection Ey(t) will
instead occur at the interface between the surface 1420 and the adjacent air space. As a result,
the spurious reflection E,(t) does not efficiently couple back into fiber 108 and is therefore
effectively extinguished. Since the spurious reflection Eg(t) is substantially eliminated from

20 the optical system, the differential detector 240 (Figure 2) will be able to detect the
components of reflected laser beam 292 without interference from the spurious reflection
Ex(1).

Figure 14c is a graph 1450 showing the reflection from the fiber head end 900 versus
the length of the spliced fiber portion 1415, It is shown that the interference between the

25  spurious reflection Ey(t) at the fiber head end 900 and the laser beam 292 is substantially
reduced if the spliced fiber portion 1415 has a length of at least approximately 100 microns.

In accordance with another embodiment of the present invention, the above-mentioned
techniques for eliminating head end reflection are not required if the laser source 231 is
implemented with a DFB laser and if both media noise and laser phase noise are sufficiently

30 low in the optical system disclosed above.

It is understood that the present invention can find utility in a variety of environments,

such as other types of optical drives, communications systems, and the like. Therefore,
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%&' () -: Hir g\ =tHa@difig &ptigal fibEr (108) disposed between said laser source (231) and the
5 storage medium (107) and adapted to transmit the main light signal generated by said
laser source (231), the optical fiber (108) including at least one end face (615),
characterized in that the system is configured to reduce interference between the main

light signal and at least one spurious reflection created by reflection and comprises:

10 a modulation means connected to said laser source (231) for pulsing said laser
source (231) on and off with a duty cycle and a modulation frequency adapted to
separate in time the main light signal and said at least one spurious reflection, \
wherein the duty cycle of said pulsing laser source (231) is about 50% or less and the
modulation frequency (F) is defined by the equation F =c(2i+1)/4Ln, wherein c is a

15 speed of light in a vacuum, L is a length of the optical fiber (108), n is a refractive
index of the optical fiber (108), and i is an integer having a value of at least zero, so
that interference between the main light signal and the at least one spurious reflection
created by a portion of the main light signal reflected from the at least one end face

(615) of the optical fiber (108) is reduced.

20
2. The system of claim 1, wherein the laser source is a Fabry-Perot laser (231).
3. The system of claim 1, wherein the laser source is a stable single mode laser source
(231).

25

4. The system of claim 3, wherein the stable single mode laser source is a distributed

feedback laser.

5. A method of propagating a main light signal between a laser source (231) and a storage

30 medium (107) comprising:
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optical fiber (108) includes at least one end face (615); and

5 reducing an interference between the main light source and at least one spurious
reflection reflected from the at least one end face (615) of the fiber (108) by modulating
the main light signal on and off with a duty cycle of about 50% or less and a modulation
frequency (F) defined by the equation F = ¢(2i+1)/4Ln, wherein ¢ is a speed of light in a
vacuum, L is a length of the optical fiber (108), n is a refractive index of the optical fiber

10 (108), and i is an integer having a value of at least zero, in order to separate in time the

main light signal and the at least one spurious reflection.
6. The method of claim 5, wherein the laser source is a Fabry-Perot laser (231).

15 7. The method of claim 5, wherein the laser source is a stable single mode laser source
(231).

8. The method of claim 7, wherein the stable single mode laser source is a distributed

feedback laser.
20
9. An optical storage apparatus comprising:
a laser source (231) generating a main light signal;
an optical recording medium (107) having a plurality of storage locations (340);
a polarization maintaining optical fiber (108) having at least one end face (615);
25 and

means for transmitting the main light signal across the optical fiber (108);

characterized by
means for pulsing said laser source (231) on and off~ a duty cycle of the pulsed

30 laser source (231) being about 50% or less and a modulation frequency (F) defined by
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integer having a value of at least zero, in order to separate in time the main light signal
and at least one spurious reflection reflected from the at least one end face (615) of the
5 optical fiber (108).

10. The apparatus of claim 9, wherein the laser source is a Fabry-Perot laser (231).

11. The apparatus of claim 9, wherein the laser source is a stable single mode laser source

10 (231).

12. The apparatus of claim 11, wherein the stable single mode laser source is a distributed

feedback laser.
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