;uvwxe3eW *W d6T* n~~~~~~~ 19 S E P 2002 OPTI CAL DATA STORAGE SYSTEM W TH
VEANS F\M“WMW‘NO SE FR S 1 O REFLECTIONS | nventors: Jeffre g&lwm
Al exand Il Vi stcheslav |zraelian, John F. Heanue, .ﬂeér . t,
Jr., CeorgegRoG ay, and Yongwei Zhang 5 Rela e~ 4pplica 'ons The present
invention is related to at~d clains priority fromU. S Provi sional
Application 60/079,903 entitled "Optical Drive Uilizing Low Birefringence
Fiber; ' filed 30 March 1998, U. S. Provisional Application 60/088, 192
entitled "LaserOFHeAle DADA STORAGEVEYSTEMZWETHOMEANS £R iREBUCINGI NoxsE filed 5 June
1998, U.S. Provisional Appli EROM SPURIOUS (REFEECTIONS 1 tTed ~Optical Head Design
Eli mnating Fiber End Back Reflection" filed 13 Novenber 1998, U. S.

Provi si onaj,vARiskd: CRIfGP. 40ha& AldxbARE TsikbV,08htciishe zraelyal #6hnlis HRgnwe, Spl i ced
Pol ari zation-Mai ntaining Fiber, filed 9 Decenber |1998, all of which are

i ncorporated by refengrot. MRra] It.,iGtolR®. Griylland Foygwel @Bapxesent application
is a continuation-in-part of U'S. 15 Application 09/124,812 entitled
"Low Bigefringence Optical Fiber For Use in an Optical Data Storage
System™ filed 29 July 1998, which is incorporated by reference herein in
their entiggh fi nd O The Invention 1. Field ofthe Irivcrltion 20
The present 1 nvention relates gencraily to optical fibers 1Ir]g(r use. | n dat a
storage syst enstheNprewnhdRyenten at [glated He Fdeslams PRRAHtFUR Vol BFREIy
| ow-birefr QA_B%% 7938 chiik@r®phial DHse UtiNzinRUoR tBircefighta Fittat dilit 0r age
systens. 2. ac ¢c d Art_In a magneto-optical torage 5¥sten]1i, usi 9.2
magnet o- opMarchl 189) UrSec BrogisiogalrdPalisation £9/038,03%; nBledo n 1asF ot 555 n]g i sk,
i nf or My ORgBY,RE LEEPIEEHRY ke sdiuik1998, TRabloalsioHaArAgphiaos cofloBBaEnet i c
domai ns. Duri ng readout, a magnetic donmin pattern _noduj Lgs] alg o%tbl cal
pol ari zat i emtitled {@pacal Eeadt Peaign §9@tné%gcﬁh?fe$’idsBaékrpee§ﬁ‘f“t°Png‘ i PV PEm
optical 10;eleeld PfsidAl @%licaﬁm66* | AAQARANM-OpticalFifer CdBpROTRing . ONe
type of a nagheto-optical storage system a maqnet o-oFtipaI head assenbly
i s | ocat ed Sokred Pplarizasion-Mainiziniae Fibsn filsddieescmba 178% @l oF ahigh areragpmprated
direction @f référlx‘?‘ce@lgélﬁ hQ é?xoéaki}cgf?nntefb%s&mabﬂﬁktidi\eﬁﬁi cHRmEMAhYn-paes UL a

I n

tracks durihg recor g aﬁd_req‘ out. A magnetic coil is lace(? 0

separ atlé adwphtstign %?11%%2%%‘&%&3‘@1?&‘39“5?}“&p@%‘iaéﬁé?c’n%?@ﬁ]égf”cmf ‘%ﬂca [?alil%lt has
a 5 magnet ige, £QANPRREM 6l B Gy A0bd, OnhiRE(sPRBEh k@ by trofefele: Hirsik auhdince. A
vertical magneti Zation of polarity, opposite to that of the surroundi ng
magneti c mEn@etyal of the disk medium is recorded as a mark indicating a
zero or a one by first focusing a beamof laser light to forman opti cal

spot on t hedigenndOETROiveRtiospot functions to heat the magneto-optical
material to a tenperature near or above a Curie point (a tenperature at
whi ch the &agnem%ymbe 10 readily altered with an applied magnetic
field). A current passed through the magnetic coil orients the spontaneous
verti cal0 magnet Thapressnt invention relgtes@enegidino ortiseldfibersiferseain 43 FRSSEERecur s
in the regi Lhe | i st . tiks fiedstBbhe ihi gh.
The orient al\tg{)}g%fa%#aﬁ%%%néag%%{l f@gﬁnﬁﬁgﬁsgt}&& g?xeﬁgg%%%@pafter the | aser beam
i s renoved.magnetorpptidal a2 gpragesysigms.overwitten if it is locally reheated to
the Curie point by the | aser beamduring a tine the 15 magnetic coil
creates a magnetggekdi@lidrd N the opposite direction. Information is read
back froma particular mark of interest on the disk. by(ghﬁki n .adva&r;]t ge of
the magnetic Kelh 2 BRgaiq-ortisalslorass system using 2 magpete-gpticel (O)JPofdias TFT )
pol ari zg4 i Ofupbdiel oh § rhthRRSEk, Gfformahi heClSEcR@ABNRYe diflCa et virkaibisT at

the mark of interest. The_ . . ) )
magnetic domains. During readout, 2 magnetic domain pattern modulates an optical

polarization, and a detection system converts a resulting signal from optical to electronic

format.
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magni tude of the Kerr rotation is determned by the material's properties
(enbodied in the 20 Kerr coefficient). The sense of the rotation is
measured by established differential detection schenes and, d%rgarglEgggguz
the direction of the spontaneous magneti zation at the mark of interes(, Is
oriented clockw se or counter-clockw se. Conventional mnagneto-optical
heads, while presently providing access to magneto optical disks wth areal
densities on the order of 1 Ggabit/ina, tend to be based on relatively 25
llarge optical BSsgiilel % Mipn6B-opidee stbid ¥Ei| & Maghdte ptRAIchea@sSebly ihe head
rat her bul ky Stypi,g;a;ﬂl |y S%i\ﬁlghSrrmB?ér? a dlgerrgﬁsi Oq%' g%ongpe uen%ilﬂ%; t he speed at
whi ch conVesater 8R aHineas 4Fteates thasmoyey thehead along a radial dizgriionsehithe disk B POFH R cess
new dat a 4§AsisalRacPasieRbCbeer Qith tr@dds dafifl RERdidg Skd Jeddodt. OW.magtlelictdofinal | y,

t he physical size of conventional ngagnet 0- %Eti cal heads Jitgikfﬁxtpe spaci ng
bet ween m@lfset 80 Rl awrERlY onghe headeastambly, by gfAle ARRerdls 19 ok t%nbar d
hei ght sdi %lfag?iglcq:ﬁin)ﬁ@&ni % aldirBdtioR erpfRMIRE RtRNdibiCsatfadtl FKveiidaVmagrearation t hus,
not been avail abl e as_hi gh-capacity, high-perfornmance co rcial pr.oducts.
For exanplof polrityp orRasts 48 thih ghbesBpindng magnglicagatenal °flt§°ng%b {5 devi ce

present |y avaiehabh §iaftiRMEMGS 2 266 858 ofebyGitit ¥odBRg & bélkeh &flasdr AA0 tdMdhalanbl e
sided 2.6 1SO gi gabyte magnet o-optical disk, a 40 ns di sk access _tine, and

a data tr ARdeadepat ap dhegtisky Fheopyiagh spot fynctionsiniheat (he megRcteipptiqal majenal io 361)
di scl oses gmb@mhiereld draibbleyi BEHOPinCE@ teriRAfurt af whicReGansdnBEAch apee and

| omer surface of a plurality of optical disks. The flying optical head
di scl okbd Wity akerad vk < applisd magnehictiipii dycutrent passed ﬂllragfg'aﬂl% fmggpdue ("f"i?x ed

rel ative tQiehiehdigohafidohé O&rtiod nbheilddR ihe tpt R-8AN, THOsricd@tiby pidestg | i ght
to and receiving l'ight froma phasechange optical disk. Wile the static

optics destsewpivtheieaion Rfiths opicalpae¥hetbp LPEBtuFge FRitehy fhigtle Jhe PHIEMAOR o) j t y
of phase- clyangg. PRid66 mE’rik%(ﬁrcééﬁz@% BhAAUL 13Vl 4 ircfov@d THE lnldN®Eis eriad@Rda 10 s

limted by the size and nass of the optics. Consequently, the performance
and the nueMseyritish iHitis logpllydrehsaiedttpde Surie printRYhe dastrhcad dupng adt®s B/ wit hin

a givepsV id Sildk3Rs b LIARHE fiethTh APBYJoSiRldiitdnt hat enpl oy a
pol ari gsat ?Jgﬁé-ﬁ%%%tﬂea&%ni rs19 fIrber zealnél Fagéﬂ;- Perlot ?FP) | aser to deliver

pol ari zed light froma .source tqQ a storage |ocati.on, node pattitjon noise
limts the avail B’P*émgil@ﬁ"éf‘-cb??}‘- st PRI ‘t‘%ﬁlﬁ} .‘“1R76%§e°“p§‘ﬁd?5tq‘i B 4R3Ece
(M1 ~, in idventhgeronteimdghaidbandfcdiso potoatetediad K anrotdiitie b1a¢ bpiiesl, poiagizaion
intrinsic property qQf the FP | agser that is i fest, when a.highly

birefri ngeﬁ‘tat gl‘@“ﬁ‘@ ?“saﬁfdjfﬁgﬁ%ﬁ“il}ys'gﬁﬁaigﬁ%ﬂggﬁﬁt the ‘mark of mictest) The

Pol ari zat i pagdiid baihe ik ptibe & ddgdiidned b @ite msteridly pegeitign (embetligd in the
birefripgept; therefor MPN i.s very difficult to elim e n_PM fi ber
is uti Izﬁze ewcf%g%le‘?—‘b 'ﬁ'&ssé?s.e I°fa§°rh§él(‘.f’é‘ﬂ‘,redttf¥eersg$%ﬁhg% Q’?}é:rcﬁﬁggd&efléogl dat a
st or age sysdhemiest &nd] depiehdihg es UendiftptionCefl thé isfratangfls nagooianey dtitghinatkedfiveen a

| aser sourﬁg and a. st r]% eiéeoocati on_c%f an optical drive with a sufficient
si gnal - t o- HOT&h FHTE ¢ %ﬂf NItNAT S8 %s an increase in the number of

di sks that can be placed within a given volunme, as conpared with
conyent i onal appenversions] magnetoiopitad heads,ophilecpresenida arosidingl acese 4o Eragpity

i d i i _ d (s iv
provide a Pé/t?;gk ﬂg&g@p@gﬁx m&%yéﬁgﬁﬁ%&fgw eskboae SlaAs b@%gscg%ﬁ?elatx ely

Addi ti onal nea nprove upon conventional access to
di sk 235suldrgecensicaldassdmblics whichguraks dhe physisal siket amdtmaipof dre kaad ggthergpiiycal |y

i nduced noij 0, £38 . al I Enm _ BRI Machile

| nventi on %C%I}gglent :ﬁ‘né\iaelﬁﬁ%ﬁﬂgﬁ%\?\@%gﬂ i n%ﬁéebgts?g&ﬁﬁh the nurr%_)eragho st or age
di sks that optépal keadypiregrechapicelly moved o gficese new dita frecks pn aghagpetp-onial ftesésngence
optical fiRQgLs f&w! Aﬁﬁ]ﬁ&ﬁﬁy, the physical size of conventional magneto-optical heads limits the

spacing between magneto-optical disks. Because the volume available in standard height disk

30  drives is limited, magneto-optical disk drives bave, thus, not been available as high-capacity,

high-performance commercial products. For example, a commercial magneto-optical storage
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30 information to and fromoptical storage nedia. A high resonance
frequency tracking servo 3 19 S E P Q02 ; device on a re i

head, in conjunction with the optical fibers, also provi desdfg&ég;?gQZess
to storage nedia, inproved disk drive access tinmes, and inproved data
transfer rates. An optical disk drive, in accordance with the present

i nvention, utilizes various aspects S of Wnchester nagnetic disk

t echnol ogy, For exanple, VWing head technol ogy. In another aspect of the
present | @R fresentlyPavaistd provitlésCiSceasd Iy one Gidé 6C4 530Imigdbubile sidedans 8E i cal

| i ght source to an ogti(_:al switch, ich directs the I_ight 1o onﬂﬁoo%9 a

pl ural i ty S0YBRBRTerPiGal Siiked ABmsclifk foeris i gudretitd BasHE BF ot rotary
arnms, eachvpfsesvhi ch support a flying optical head. Light is delivered
through the optical fiber to a respective optical head for the purpose of
10 readi ng and It N0, Rf LV g i i f ocused
optical spot. H ré I"‘CE(;ac(t“%dP alq%éﬁto %s’lz%higﬁ)’s@r&g‘%st ﬁleo S é@gglg%&)?}gwggﬁpﬁ%{as back
t hr oughd t hecessitd aalpphead lawer soffideodk plurdigy of aptica Wbse qliemilyipg optiselsiead). | n
one enbodi pent,. the opiigcal.,sourc f li {: - RBer (P P)
Paser . SeBetor ERBEh GRS M SRalls il GO TRRLS Bl AN SR Gl |

st abl e si naimer br pige Aoynted ereosofor delivenmghlighs ta antl staivibgilight frae diphese- ( DFB)

I . 15 Th t.i cal . t | i ght, deli d by th t ' i
Al Tor ed by ESABFIE O R SR ACrBH FouRPal BREReerry i Rend.
Track f ol | suythdeg ofghnabelef phase-althn e @tical tdisk< bcmitahifed withinfaofi>e@ sloloye ) Yetnaxide ng a

central_ m.rr.or rtion of the m,rror about an . axis of rotation. A.reflected
Coht 1% o Bifee€ Pbioe S 8485 oF s Rfisro d o en T, L Bt s M e naHeL
enbedded nifepticablisiaahdt van Heanmuitioted asfuacticRivithinGrgich eolbme ixdidso)linkieds or a

nol ded | ens. A focused 20 optical spot is scanned back and forth in a

di rection which. L S.: I | o .t. i I, b t he
st orage di sk. :i?lL%Hg#ﬁégmgﬁﬁéwﬁﬂogcmk'ﬁ,?zg'%]n%\i/i\ngﬁghgﬁ?jﬂgggﬁi@t@gla%j acent
tracks maytollelipe pblerizeddighi frém ropwce teamsterage lgtatpmgrodawditition netabimitathea ti ne
by operating..a,S8t .0f Sk 1 ol i £ Sl P iiom
each ot her%lg%\%plﬁ %#‘éﬂ%n;sfgsg? g‘ﬁ?‘?@%‘wop og%g%gﬁs%gﬁgf %Iﬁgqrg@k ?%gluﬁgﬁgluﬁxt hi s
parti clif ar pdarizathinnfbetuatidng, ia Ao intréwsicpsqpenty ofthe Fhiasqn that srmanifesy shen ohighly

| ow bi refri.nge ical fLber. - d I er. | . " and
from magneiflo- 0 %?tceai%égg %rp é%’:e&)gll lgskog.[lgnbg%ﬁt Ic))&?l#élé%% {amgl{grog’glg%tsmﬁ g%c_gar e
appl i ed t oisthyedesign,iven] bifefrivgerns; therpforeSMRNrigvérp difficuptdé elithinate iwben PMffderst i on
fromthe S{]tﬁfz@@@iﬂ@?i’?asgpiy be degraded when conveyed by the optical fibers,
The present 1T nvention provides 30 an apparatus and nethod for increasing
the SNR I n one enbodinent, in-plane bend induced ~4 ~ 9 S E P_2002

bi ref ri ngence iWhatdypesiedethereforre fica oplifal ag siqrpgsesy dem Sapyiizesreapte! £BF t o
increagse t ecoadly 1igHt REBERG! 1aerRedtaRi 2 sRAID 10A06] aNen Bpnd! breluaaE aand

out - of pl ane_bend 1 nduced birefringence are conpensated for tqg increase the
SNR. CQut - ofufrem sigadriernpisgitstie SR B thah gégttseanqasease ncBe PR eb diskoibatpy

pravi ding g ePbiaeRl wiRRhal b8t WeRmeOhAtdrpared! Wil BénveNonNagFPiacke@PTHeSE @ 5
rotatable % wave plate or a conbination of a fixed '/4 wave plate and a
vari abl e- pHazevegopacah hggdeshopld naferally pewise pduisngumssic ARFEnS 2 ©HUSY hpdovi di ng
optical phgs€addgha¢ dRAdifdhaly, teBtitLhdal SRR ipRL updRtesRnticiaPdceat tfiskay be
provi ded by an optical phase retardation elenent conprising, a_liquid

cryst aPSr efefagey disk dEyR1IFGeat 1Bes datadransigrogtes, optiggllycingdicsd @okn g 628k of abl e
% wave pl @figmeRf and nldniBchure/ 4 Wave plate and rotatable polarizing beam
splitter_ In yet another 10 enbodi nent, the SNR may be increased by

provi ding gn optic ourge of light conprising a nodul ated Fabry Perot or
DFB Iaser.%ﬁﬁbﬁi‘%‘ﬂéﬁ of the present invention, various noise
reducti on t echhidpresnainserion allched ab yncteadesSinald hahey ofl eeragadiskg tiat can be

el imnating, spuri.ous reflections (or the effects thereof)_.at the end faces
of the opt g@é%)duﬁl ATIRESE W ngee%?' eqUEt focvjvﬁblfeg"ﬂ% Gu? Sm?lngger%éoatﬁaﬁ tlgléd i f
t he 15 30as éiforamationr @ argl, frém bpicah siplage med?a.0 A IEBresdmangeaftéquently arackisgpservaous
reflections (or the effects thereof) may be elimnated at the fiber front
(launch) end face near the |aser sourcesand at the fiber back (head) end
Face near the storage nedia.




As simlarly stated above, to elimnate the effects of the spurious
reflection fromthe fiber front end face (i.e., launch end face) the | aser
source may be nodul ated at a particular 20 frequency tha eﬁr‘p? t he
length of the optical fiber. As a result, the spurious ref ect bm t he
;bar front end face is tinme-separated fromthe main signal-bearing beam
returning fromthe storage nedia. In another enbodi nent in accordance with
the present invention, the spurious reflection fromthe fiber front end
face i s eldevicrahed rda!ycadoprpﬁien@aﬂ him &édnpettidnr ok tkaendptfoabﬁbér@, sls® provikeer i al
havi ng a r.eactive index e ua 0 .the rt}e(zfr cdtrve i ndex of éhe core qf t he
optical fiBBPYIAE P FTHe é)a’ IgFove Sﬁg Ve BEIOPREY Y SHPEPD 9a f1uid,
or ot her Sthhéfatyhies.mat eri al s. I n anot her embodi ment in accordance with the
present invention, the spurious reflection $omthe fiber front end face is
elimnated by ng a
refractive i n(‘flxglx&gmz’h Iagktdgse ﬁ%?c?é %{fg?{l t\}/lgllﬂei ndS% gtqm%egnﬁ’é%&‘{ﬁg 0 (J“Qﬁ%@%tk tical
fiber. 80 OTH&nchWEr menietic sy, tcmlomamxapplb,eﬂsfmg head téchooipgy. ads mmtheot her
sui tabl e | [ t rdance
with the pr'«g-:‘cg{eﬁitah% r%ﬁrtltr %Wnnérh y la# g& 'dye ﬁu&ﬁé%ﬁeﬁsg@?% %c(t)ﬂrt{c%%l fiﬁmgt t he
fiber fronpusath maapicyliswisch, whishdlirestsithe d!eh;)to aneofs plmlmmédofy;bnpbingsm ng t he
fiber Iront I t ti

propagat i o r?ugarf%berg%gnpﬁﬁ 190%%1’%0?# ﬂ%l ngsesch%N}b%a ast ?p%?t abfté)g u‘BB he{I ally
separ at ed Highis delivepdrthough &eroeﬁtaécﬁberdn a fespeatddr dphcﬁrll hcai ﬁﬂﬂN fnamse@diupl ed
tot helJ : bl:%gdl &Qtwml%uf)ta &ta AP re ecgw(r)el Ltorgecdmg‘ 13 %\u as!;ed %9# V\'oitt hy respect
to the optlc propagat i'on axi s R0 ) provi I Ber coupllng
effici encymﬂ&ertedalxgbtdmal &cmnthhnmt: memaammdnsdbmmmmrhe brhealmeetkmdtopnmlrentr on,

the effects of. a SRUrLous ref gati,on back face

el nat octsy o eSbiley Wb, o B BRbattofs bpuseiiphRe ScFRR chffifeedho) o

Wi t h 1 espegdbry-Rerét(BP)dpder. Chl anpthafadadinem, txioptical®utre e Hght tomprideh e siablgl e

cl eave, the rious . .reflection is.not i Ci back- coupl ed through the
fiber and 7% ‘P#W@F’@f"ca}sgsmérf? %‘5??%4@“%‘38‘5%@%?‘%%@) P$"anot her enbodi ment in
accordance with the present invention, the spurious reflection $omthe
fiber back endhkaptical patedfithd ekt ediviryd b,foﬂlpbttivgl fileeisfaltered hox keazablk higee t o0 a
15 fluid op, ?Qéﬁu#?&%d%ﬂtc of fe DL A, TPARYIRUNRE aob eckdiE BELARLIY ST NdleX

of the core o opti ca |ber n anot errbo nent 1 n accordance wt
t he presenecrformeshdy mﬁﬂﬁng Hecentsal riipas pertien ef:threonmmf fﬂmﬁ tthaxi§ o eetatipac kA end

face is el p};@aﬁ Bht %Faurgfecag;etrn@mf,#&ﬁrne@ﬁﬁ%oﬁ %Lasﬁeth}atgo R 0B eGR_Of

muf ti - node f portion having a re ractrvern ex equa the refractive
i ndex of 2@icrhebietive lak sudheasop GREAI(Gradisat ind&) dens cupl mnlgcd:)fens he\ facheds i s

carri egy our, ticki %ot e bk shd! Farln WPUiteEiidhOui lseaé}mlg? fes bALIR tlhe! N

rawi nes Fi ure trates one embodi ment o age and
retrieval wmyhatdrecydntdd tiestqrigadiskbendi ng and out - of pl ane bending of a | ow
birefringence optical fiber; 25 Figure 1 b illustrates a nmagneto-opti cal

storage and rerhrahayalenw&hﬁm Whck TolRA@SkOHd RadkE kd/adjdte ABE RSN faffofeda | OW
bi refri ngence orr)tl cal fiber
ore than one storage media surface at a time by operating a set of steerable micro-
machined mitrors independently from each other. A plurality of laser optics assembly are

25  required in this particular embodiment.

In another aspect of the present invention, low-birefringence optical fibers are used to
transfer information to and from magneto-optical storage disks. Due to inevitable stresses that
are applied to the optical fibers, the SNR ratio of polarization information from the storage
media may be degraded when conveyed by the optical fibers. The present invention provides

30  an apparatus and method for increasing the SNR. In one embodiment, in-plane bend induced

4



Figure 2a illustrates a laser-optics assenbly in accordance with an

enbodi nent of the presentinvention; 6 1 9 S EP 2002 Figure 2b

il lustrates one enbodi nent for providing variable optical phase 1 9 SEP 2[]02
retardation; Figure 2c illustrates another enbodi nent for providing

vari abl e optical phase retardation; Figure 2d illustrates another

enbodi nent for providing variable optical phase 5 retardation; Figure 2e
illustrates an enbodi nent of an optical polarization rotator; Figure 2f

i1 ust r at @efinged pdbWayefringenth bFtitalliHeRSE ok fobtopidtrese theFSNRIr & 3

Il lustrates an optics nodul e conprj sig?rﬁl_gdan 0 t‘ical SW res aa-g

. L ; L tch; Fi
i | | ust r at éngtherjspbpgimeaabetiy m-Ritngs bepdin YRl 'E}?P"ihﬁ“‘?/ﬁ'ﬁﬁ‘i‘fﬁgu BHE'° 10
Fi gur es Sardcdnpebsalet dbraro tindpeatsTine GINKE NO&-dHpladc BR@NalRD pirdfindenct mky b i ve;
Figure 6 is an i Ia:‘ﬁg%ratipn of an g\%l cal fiber %ou%l eq].(rtlﬁaa GRIN lens with
an index fAPRHISH BPOXI9mE; 3R ORRRLP UL RN P RHCLHBY e ATEBY] FEREG t he
presents i ny@RbleGNwatd Slbte @r 4 chBbiaatioh loff U Fixed Vi Wive Platdhdapiariabik-phixe waeoupl ed
to a GRIN lLens_with a cover slip bond

{ gﬁtotf&efiber, in ac%or.danfc wth
anot her e Foplaneohenting M3y s RPPFnsYehbY Broviding qelifg phass rpiardaten ¢ Itg%t ration
of a refl gefietd g abndde AeidrdliioR RN YR IPARAGA Iy dptiE pike Fetadhidnl @disenand an
optical fiber having a | aunch end face with an altered_ confi gurg&iﬁ?, I n

*9a

accor danc eowPEHng AdaHE cERb BHTIRE R copPinglien fadBeh Ve Yarg @lvts -2 Tela i s

an illustrahieomiOford 42 14 @BvelaB i@ Rtitd¢ péihfy MR Pliflerd T8 RIEY bufdidtfer _
reflection j occurs at _the head end of the optical fiber; 20 Figure 9b is a
graph 19 | uastbodimenty thersaVR: BRAPE (PeTepsse RY Broigime g oaheal squess @ BebcompRiBe? end

face refl eghdifed FaBR FRrdt bidSEB 8ad end versus the angle anount in which the
fi ber head end is cleaved; Figure 9c illustrates an optical system having

an optical fiber with a do rd angl e cl eave, in.accqrdange.w th apother
enbodi nent of ﬁ?‘ué’mﬁ{’eésaé?\eta :gﬁ%n?rﬁ?ﬂ, mﬁ%’%ﬁﬁ]’gﬁflgubamfel Teg"s"t ¥ Iéﬁ g%‘mg‘ﬁcsozbr i cal
syst em havprogdaibyapbstmehlly debssing dr BliBinaiipwptirbus freflegtiond @ave,effetts diereaf) dance
wi t h anot her_  enbodi me of .t resent jnventjion; 7 ~9.S E P,2002 Figure
9e illust r%ttt%esm&rfafebPF @amw@?@% e H@‘S%FFEB%‘PP teshriayes @Y e RBE 58 angl e
cl eaveys i Naae GAUrELARC fr Wkinkpla TPt HEDFEDO dirtiiBiMdr, Ghuriblterefécis®nfor thevettts ONn;

' thereof) may be eliminated at the fiber front (launch) end face ncar the laser source and at the

fiber back (head) end face near the storage media.

As similarly stated above, to eliminate the effects of the spurious reflection from the

fiber front end face (i.e., launch end face), the laser source may be modulated at a particular

20  frequency that dcpends on the length of the optical fiber. As a result, the spurious reflection
from the fiber front end face is time-separated from the main signal-bearing beam retumning

from the storage media.

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

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

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

30  The cover slip may, for example, be formed from glass or other suitable materials.
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Figure 10a illustrates an optical fiber including a head end face with a
straight cleave or polish and coupled to a slider with an index t@h«:u@P 2002
fluid or epoxy, in accordance with 5 another enbodi ment of the preseént*

invention; Figure 10b illustrates the propagation of the sigial-bearing
beans and the spurious reflection in the optical systemillustrated in
Figure 10a; Figure 11 a illustrates an optical fiber wsh a head end

spliced to a nmulti-node fiber section, in accordance w th anot her
enbodi nent of umanm@mbdumamemt 4coordant® wWrihgtié @rebdifd indehticy ried effectshef prop-~a

ation of the,si I-be bea and t ur.i flectiqn.in e

oot ol oD PReLoT By e e Sopacnd; e U pony gpd dheth gre) Qmneled, BY

sh](c)vm ng Ei hﬁbfhﬁl'gﬁé @6 ifibentdait eﬂri]dwﬁcé h:be;santwaga;egm\vmmmt fohs dpgagtpkblggganaxll |
mufti-node fi rseC|ontat to an.optica i_ber taile
Descri pti FScx F‘#“efﬂber rag Wb%gf’ ﬁ?ﬂg’ TSS"PQ@?‘ rsFPaﬁﬂc‘{ FoRBLiPURYY t o t he

drawi ngs vﬁaﬂécﬁbﬂn Ei ddldit]aﬁ mmleﬁa‘ cdupled ioke lﬁbércmmaérﬂ fhebandyi Be paaistey at b ke
ref erence nuperal s

een in Fi net o- ppti.cal orage
T ot GBS AEE ari ety A Sy PRERLS KB PSS BV RRRT O Jiebu,
one enbodi ¢epling effigensipgnet o- optical (MO data storage and retrieval system
100 includes a set of W nchester-type flying heads 106 chat are adapted for

use wih a set 1l bén%oﬁnﬁeﬁgur Lrgﬁ}daécgr@@Cﬁ,fQ@sgatﬁggea,&&%ngﬁ fQREof byi ng

head for each sur erernafter
referred t spuﬂe;usfrb@ﬁcn@ fdin e dits) bask endcfacpire dirinated byotleavingabe Gizer dackradnet and
coil asse 120 b spectiv H3ReAs| 9B 130 and ac 5 so as
to be E@m |%‘ﬁea a‘ovélr"‘“' ?nﬁfe% vgﬁ"rrfc SEf(e:‘gtswo °P'hcal %m?agatfonl\%sd?\s I?srgs}‘g'?fﬁ]f%ﬁ%g

oper ati on, clédve, thet spofiousQelltcsiks 14 Qidt affeientdyt hidkebotpled tis@ighdthe fibet and 9 as to
generate a f S between the set of flying MO heads 106 and
t he set of&%%}bgéc(%VEIyi’B"9° cfgso as to maintain the set of flying MO heads
10Gin a flyi ngI condi tion approximately 15 mi cro-inches above the upper and
| ower surfaces Ipfanother smbodimenyong pasruslancg 7with e prepent fipyestien. ohe PpPdsed by
equal and QRRARK iHmSIRE 'ﬁe& ! &ﬁsfa&rapkﬁrﬁqmt}vb} OfRpRf thofibe BaBERRI RS0 330
Buring non-operation, the set of flying MO heads 106 are naintained

stati cal yfiid opcppxy hayies TAEGF emleamyl tp ihgrrefasivesigddxad di qofe afiike epticalof MO
di sks 107. g¢stem 30 100 further includes an optics nodule 103 and a set of
optical elenents 102 (such as a set of | ow birefi-ingence optical fibers)

coupl ed thereto. ; gure 2a illustrates a | aser-optics
assenmbly | O us‘&da‘ﬁg‘ebﬁ’tbmmm{“hé‘ P%fg@ﬁn%pﬂ%ghw&ﬁf% ipgrpnion, nthe | SPURPYSS e nt

i nventi on, rdfis@ioRPtrbe Shd Wikt bRk kRS £0¢ isklignatcd b Bsliphibs He HBEr ﬁ%eﬂm@rmapt ics
assenbly 101, which_incl ugl?s a laser source 231 such as a 116:‘1 %/ Perot (FP)
laser or a°VFSHI°% TWthEede PRz gorinR heving ety dexseien! (Q dredefrelys infek ¥
Feedback ( tleBprel TRl optitul BbE. |18 @6upliog bBe gt RAERS o)k, 1€ EXantpled BY Eusion
nar r ow band l51 ngl e- f =equency output due to the use of a wavel ength

sel ective §F4t™®ng el enent inside the |aser cavity. In one enbodi ment, the
| aser source 231 operates at a wavel ength of approximately 660 an\Athl n a

red regi oanMDmupil_m_dl_hLDza;!mgsspectrum however, it is understood that
| aser sources 0@1%%:@%4 Hﬂﬁ?abes%g%b V&l SR E‘?&t (2ici| st oMb il e’?névQF d&%%pe of

t he present invefition. cro aser Fugr & cHaractiert ze y high
10 fr equencyith intpddng dendingsani nuttdffpialnc bending ofi lowbinefringenah omticaldiber;| ead t o what
is known in the art as node partition noise (MPN). Wen linearly polarized
[ ght izg | aunCheghe 1 SudblsQthagolth ookl ASERIan | ATy ith W bibhngfyPOL
princi pal axes), for exanple, si ngl e- node pol ari za{| on- mai ntai ning (PM
optical fi b’érPlanﬁﬁ%I@Wﬂ‘{W‘E}FFfﬁtﬂe%f@%Wl\ﬁbers mani fest in the form of

pol ari zati on noi se, which acts to reduce avail abl e signal-to-noise ratio
(SNR). I n MO 15Fig@e @k GllusgatesSd 1asee-optirls Akskersblly i1 Becbrdbutte MAthi aa rendbb diffehthe thdO di sk

107 is desired to be read, it is
present mvenuon,




i nportant that polarization noise be kept to a m ninum which, however, is
difficult to achieve when using a FP | aser source and singl e- m)de‘] 9 SEP 2002
pol ari zati on-mai ntaining optical fiber of the prior art. The use of

| ow- bi refringence (lo-bi) fiber, on the other hand, allows an optical
systemto be constructed that is |less prone to MPN. ZO As wi 11 be

di scussed bel ow, various noise reduction techniques are provided for
substantially decreasing or elimnating spurious reflections (or the

ef f ect s t her eoFijguaibiilhetraedchnkanbedinént for pogyidirgalaridibenticdl @Base Td@daionpi se
reduction techniques may be applied if the |laser source is, for exanple, FP
or DFB. The la - OpL i e, : h NGk s | lJ:pAt | optics
234, & | caky bEame R JHieARS TR tboliibh Bk RAHENnglE CAUER! bl

| aser - opt i egardatiomnbl y 101 directs a P polarized | aser beam 291 $vmthe

| aser source 231 through the | eaky beam sputter 232 and coupling | ens 233
towards the opfigal 28Withéhitel OthothEh @nlba&ifentORiri Sroviamg evdiadle L&ptical pimse ecei ves
S and P polarization conponents of a reflected | aser beam 292 fromthe

surf ace® of M4afaeM cul ar MO di sk 107. The reflected | aser beam 292 is
directed by the coupling lens 233 and is routed by the 30 | eaky beam
splitter 232 t Gumralz ilusthttd @1 @rvoliadentdte optenl pplhfzaionprtitst ng: a pol ari zi ng
beam splitter 239, a mrror 235, and a set of photo-di odes 236. ARer
optical -to-el egt i a1 S ~ 9 .S E ( jgon by the set of
phot o- di odes 2 ,&etc%éu]%l{r?%ee%{bfgfne%ilgﬁacgfsaggg%lg%;gg@&lgy the differenti al
anplifier 237 and is _output as signal 294. The djfferential detector 240
nmeasures the opisuEwd Mydtatss ap Prtich @odile FRIERSISIAR asorisel sSPitHb| ari zat i on
conmponents of the reflected | aser beam 292, with a differential signal

bei ng” pr ef er ablRmuRessiaRditisirae aMyig hewl dihcpedsat inzadtiod in rivetdéwspn | nduced by
a Ken- effect at the surface of the particular MO disk 107. As wll be

di scussgd bel ow,. ] ot fisneletall ; wd.-nvention, the

| aser - zgti cs a?é%%l%%fgﬁswnégs& fUrt %g#léﬁfsn%g?tﬁ%negﬁ%ﬁl?% srag}’é’opti cal
conponents at | ocations indicated at AA and BB to provide optical phase
retardation andigre ¢ ae Hlusaioatof amepial Ao sourdsd t9fa YRV jeas With g ABAE* 291 and

292. 10 Fi Qifi&ing hdtldh? lih AcEadd ¥ iMRhdES eiBslith&t 0Be S8Rl ihodnign;an opti cal
switch 104. The optical switch 104 is disposed between the set of optical

fibers 102 and t.he Laser..opti.csassenpl 01 and.is in.a .
representative 11(;3%'{’? kéﬁ a“plgf’%'af’?fh‘?isﬁnnogﬁf%gé“&ﬂ? G ft°?ﬁ%ﬁg\g?“s&“hoapﬁvgaﬁhpf i bers
102, one ofbonbted ts e fibkr, fnl agtardenbdovhicanthed erficdingnibfcheepratnttimentdat of MO di sks
107. The optical switch 104 provides sufficient degrees of selectivity so
as 10 dsrect thaeauisilNdddab@Sars RAAM Il fufidlfeath pRSARGL o axI Ml
end of a parti char optical fiber 102. The outgoing |aser beam 291 exits a
di stal endGRINtlns angtapcmticl iffyer bay@ aalaunch sndifice oiticent Htered lanfigisatiopyinng MO
head 106 0QLf: dnihdG6nE-6R0ANE dr B¥Sresif BBliof, [ eSPECtive MO di sk 107.
During die witing of rnformation, t outgoing 1aser beam 291 | owers a
coercivity of tFigurs@afszodlysgaiondil mgotiay eff an3fGeabiiben avhetiemg spusais eefleetPnspot  of
interest 3 A8 &k ¥nticfred Curie point of the MO recording |ayer
349. The oé?ﬁugsatlaﬁgﬁ%%}r%??y o%ptgglteféo?ng | aser beam 291 is held constant,

whi l e @0time vaFigim@bier sraphlillustraimeribyreative bickepupling effisiegon br adbrnerda
pattern Of g ReneBlion HE AR bhLvAOTR30 SEBERT CHicRind foct Reaa ey & Sk
107. This technique 1s known as magnetic freld nodul ati on (MM .

Al t er nat i velegvedput goi ng | aser beam 291 may be nodul ated in synchroni zation
with the time vaLwng iRELLER oftedSy By B! dpildl aBlc wilta SRRl 2l
interest 340 in?‘g‘?’ﬂéé@?lto _bette?dacony_ro'l HdoIl nowal | I_roclat?ons and reduce
domai n edgelepys; incaccor&ubs withy anethey embodimantofdkd presertdnvspiaam; of i nt er est 340
cool s afs the su | 1349 o ddl Yt e 1R PGPS VAl L ovalll fiage Of

t he re?gecti ve g%?l%%&lgg a%esk fB?. %{Fﬁ’nﬂ& {tﬂﬁe rogg%out of Information, the
out goi ng | &teaye, neaseardapee with anptiep oppbodpmsneef thanrprartaavenéeioyr i ting) i s
selectively routed to the MO di sk 107 such that upon its reflection 30
firomthe spot of interest 340 the Kerr effect causes a polarization state
of the reflected | aser beam 292 to be retated either clockw se or counter
cl ockwi se (as indicated wwth arrow 363). 10




1 ~ S E P 2002 The aforenentioned optical path is bi-directional in? Ey ﬁEZUOZ
Accordingly, the reflected | aser beam 292 is received through the f &F JE

head 10G and enters the distal end (head end) 900 of the optical fiber 102.

The reflected | aser beam 292 is directed by the optical fiber 102 towards

the optical switch 104 and is selectively routed by the optical switch 104
towards the 5 | aser-optics assenbly 101 for subsequent

optical -to-electrical signal conversion. Referring back to Fig_la, in one
enmbodi ment, t hgpsebe Aus@ittsd Mdptifdl bstesn HlhgQh optital Mg SaRbutiaf uRF1E tleive,

conpri ses S|ngle node IOMFblrefrlnggnce optical fibers. The present
|nvent|on‘ﬁﬂ%ﬁ@ﬂFF@?hPH§?“59mﬂ§Wﬁ@ eHﬁFWEﬁY“WP%er that is designed to

have tow bir ef £jsRgQ0£Busttudsiah 8ftich Ber inautﬁﬂgm-au Bnd fae: Wi 4 @alphf flbREoAIt as

| ow-birefrin §%ence(or | o- bl%réotlcal fiber, rr?l artition oi.se nmay
be reduced°k HioBRled ih2 shids Jrthnendexgmairhipg g € PPy i a‘(’%ﬁtl%‘cc b | ow
birefr lsng%ﬂé‘{ﬁer(éfnbbcﬁmgﬁt o Bleipgdatnt fdvgioncont rasts with the | nherent hi gh

bi refringence of single node pol arizatign-nai ntai ni gg gt fibers, aI SO

known as PM opFigew 10p;ifusrate fepropagpnon of fhe Henalpearp BAPFIoBRr

which is spadisd SithoptchiGhébnd ilkiskRédih PRaRL10k;] ber preform durl ng a rber
drawi ng process. CGeonetrical twsting is frozen into the ‘_sng un fclb rs when

cool ed. Tf theFiEsresHpillysirates pm onticel ﬂlﬂ' &b 2 hoad e’&—,df fRYE O ted

linear bi rgfifoh,NAGAGRIaR: WAt Rbibk e d0gime e tHeQraasht EREAHRR] C thermal stress can
be overwhel med by the effective circular birefringence introduced b%/] t he
ea

spi nni Hy. Most Figuregl 1b- ilaeieates thq prapasptiqretithe signahibearag hsarge ghle e Spuray

bi reFri nger@ﬁé’cn&%ﬁﬁ‘éjopm’al'%@é&ilﬁﬁétéd%ﬁ%&éhta%ﬁ@sses Spun fibers are the
exceptions in the sense that rapid rotation of the c{)refonn during the draw

process pr oduc@SEWl&m&gl?}th%‘F‘E&?tmqqﬁ%n@ﬁ‘elﬁéﬁ'd&ea & V5T He fpEiot2 | j near
bi r ef ri ngeR@R-rfdde ABEQPARAIHAOR shiRRIINS opRaNMRY Several rotation periods. It
i s understood that the present |nvent| on, need not be limted to | o-bhi

fi bers thaRetailed Rascriptio Of Thepreler ) ; manuf act ured usi ng ot her

techni gyes (e. Qefentdy ff &Utdm’n&@% %G&a\ﬂﬁé‘sfé?ﬁé?’én %ﬂ:ﬂla? REE & meiAni@CABI ques)
are also Irnown in the art. In one enbodi ment of the present invention, the

set of | o-igntified by like tefaence numeralp,hese issem: in Figyreda @ magrele-grticrbviorage Aout 1- 2
25 degrees; Fﬁtaﬂﬁ&éﬁ 1oa“géit&%ﬁgmdaﬁlm¥@mei E&%Hlﬁfwappﬁ%hér%h%aﬁn@ﬁ%m a

cutof f wavel engt’h of abol di ameter _of approxinmately
80 micro nsmﬂgzletﬂ’tm*lc%éM@ dete stoppek and T?\!FIFY?I &’Stfmalr%tl@#u@ a geb 61 Vineh el Ope

m crons, lﬂgﬁ‘éaa; {osnade ateemﬁé@toyﬁe WidNae: RloulicdtirdQudRINRS Sisis 100 NDde
field di aneter of approximately 4.0 mcrons, and a node field ellipticity

of | esd0t higre Ayiseheadofpr aagh MO Ak srsfpe)t The sof offlygng heads 196 hermpalier rofsrepl
optical fiRels @rteaaglam Gflpid 1d DRt BridtorSRERetlRd 6T RREHbIY 20888 Of the
set of flying MO heads 106, are'routed al ong respective ones of the 11 19
S E P 2002respsctivsfsugpensien 0 aaf aguatesrm APS soeis 1obe RAsHORdIveTise 1uaficesof der out ed
around t he Hpf \MesaifRdeb. eIrJ%at:@rY‘ A0 F&lsﬁﬁl@taré F&?até&rlﬂxa! $PRidIeaRstsr o0 the

optics nodul e 103. Because of |limtations inposed I'imted vol une
present i nateesensrase asrpdymemictiHifoses beweeshe wwhpf fyi 11%# Hagyand gherey &
routingsi n\g Rgks 16%94hacoCR th nfiGitdin MRAUOSEF ByifPMY ABAL 16RINE RyinplRbkdiidan tum
may stress 5 the optical fibers 102 and thus induce birefringence in the
optical fi Bereximesly 1¥rdcroprchesabord hevrpernd e s oo peice figks| 183 at

i 11 ustrat egnpiantordds 3 opbRedbUREH dQoSHbSE SAR: ‘m’elé%dap%h&ﬂw th&18ct08 | CS
nodul e 103. The extra w ndings provide extra l'iber length to facilitate
assenbl y afeFpensigns R39-f Dnsieg Jomcperatife e %SbP%ﬂH‘Pé %Qéte alfSyare seamiEngdh such

a way that @40l o 4 kéragé cé{dﬁ{oh(iwgfﬁ'gﬂnrfﬁb QUrfadts %f ’ch@ sét o‘f'\mld%kpll@nes feﬂtf erred
to hereafter as in-plane enm(g An exanp i n-pl ane be g_of the

opt i cal30f i BE9 ﬁxrthgzmlsdeis AR QRYSS 21 aledtiB prst et of opﬂwalsewtsdp?—ntsut*he ¥ tcbefr s 102
fan out tol&pg%ah&ﬁﬁaeﬁgaygbggqgaﬂmmggagxanple starting at illustrated
point B; thus, there may al so 'be sone out-of plane bendi ng between the

opti cal fibers | 02, which nay alter the local orientation of the
birefringence, but if the bend radius is kept sufficiently |large, then the
magni tude of the out-of plane birefringgnce may be relatively small. Bend

i nduced 15 birefringence can be charactérized by (1) a nagnitude that is
proportional to (R ;~~,/Re~"~z where Rfv~t is the fiber cladding radius and
Rh~~,, is tile bend radius, and (2} an orientation such that one axis is in
the plant of bending and the other axis is perpendicular to the plane. If
not for the bending of the set of optical fibers 102, the outgoing and the
reflected | aser beans 291 and 292 would ~n theory experience the set of
optical fibers 102 with lowbirefringence, 20 simlar to a set of free
space optical paths Fbmever the polarlzatlon rotatlon |nfornat|on

o o, g, rc " 1L A N~




optical phase retardation elenents in the optical path of the reflec]t sd 200.
beam 292 and that, 30 furthernore, for detection of a Kerr rotation o S@P ¢
reflected | aser beam 292 with a maxi mum SNR, the phase shift between the
reflected P and S pol ari zation conponents of |aser beam 292 shoul d be
mai nt ai ned 0 degrees nodul o ~. In one enbodi nent, an optical phase

retardation 12 19 SEP ZUUJR elenent is utilized to optim ze the Kerr

signal fromthe MO disk 107 by bringing the reflected | aser beam 292 in the
absence of t herigicna fivgthats Angdr-biiRs assérisdyg 00ialstd asyattaf itedabekatics modghonent s

in phase. Doing so also mninjzes the tition . noise induced by the

set of optlPEaln the peseat nyentigy. ths,eRtiss F‘ﬂﬂﬂg? O%‘t ‘ﬁﬁ:ﬁﬁ‘?d‘f Uk b PR IS iq%sér'?Pr Fhoe.

Optical phasglyelod) Wk SB1uE& fRsdd Soude3i Gouh 4914 FaBry(Ridt CER) Ipdeaeea stdlar dat i on

el ement which resolves a |ight vvavi?_ into {t}%@ _r(lr[?gﬁ?i)nal I#') & o‘Lrgri zation
conponent $ingledregraay,lee saurphsich astdiprbed (Radac Pl €§ aég{)sf’ca?f

el gmentss tpkl&iucgrawénd@tﬁaphhﬁ@&-bﬁﬁltsa{gﬁaﬁége&cwohdpum tﬁﬁﬂeaxtsieﬁﬁ,a Waﬁreleng'tlil t'hFly

i nduce an intensity change, in i ght beam passing.t herethrough: y W

si mpl y chaﬁﬁ’g@“'ﬂﬂéa‘lﬁ‘éﬂﬁ‘@g‘p’é‘ﬁﬁ ?’Ta‘f‘ﬁ%f)ﬁavél?'ag]%."“‘f_F‘B&ﬁéﬂ??%t'ﬁ%t'asgr%ﬁcatezggpti cal

phase r et afdatcs AN GaRelbgsd b dpprdxifalelp o6 Aini e a k04 vegionedlythamiiber kght

typically available as _birefningent, uniaxial materials hayi ng. Lwe,

di fferent spestiumghoveyes, ids waderstasg dhat }?ﬁ?é?‘ff&qsﬂﬂﬁ‘g}*%ﬁ@?‘i etors Exdipl e, a
uni axi al  Cgh Merscope @8 e breséit WivkRlon. Fality-PerotTayes tidles Aietmtactrikdddtyitdeher yst al ,
an electro-optic material, a pol%lrrer, to nane a({ew. zgmccorﬁg%e wth
the i nient fesnency flupgatioge it OFF sreca) QEtPYto Which P28l RedE NS e 1 S
bend i ndu%gdeaﬁﬁﬁti&{ pbife aeein).of weat iisatly fichera §DR ishewlcRedied arrighly be
aligned with the axes of the |eaky beamsplitter 232 such that ‘the P

pol ari zat i Wrefireenth element goyilg lighisef hothy Rindpel | &egya fF) PEMPI%, 3 KEBICARYF ane
bend i ”ducﬁﬁuf%@&-xﬁiinﬂaﬁﬁa s@h) WptioR fbeanolid potiGonlfilse PN is auaifad imbeve, the
set of optical fibers 10Z may experience bending, for,exanpkﬁ}{ V\fé‘h\g a

combi nat i offBf pelatzatien ngkenyPink 2dnhig/refuco BRlle ibg‘éh@”’ﬁésﬁ(ﬁ?‘w&. h Pher
embodi RNt (20aink| UderRiGatioR iffofkHiidn IMm ht MG dRRIST B Gesirbiito Bdead)fit Iscal
fibers 102 be routed such that m niml out-of plane bendidﬂ@p@%é e set of

optical fi ienogameimt pelarization Raise be Kept ) wmimmurp,fhichy NOWEYPL 15i 12¥e
routed to gxif ydif}es @Plikses soiRdUng shiR-rAdid pafafzdiBh-Rafitavasy aptRagiifacateel
pl anes having a between pl ane spaci n%ée uivalent to a_ s a%{']?r;‘gsnbetwe n the

respect i vepheradts Thes uscoohipmdirefimgsncs (e-biotiee oy the ofst b M RYut at

poi nt B). kkdntobe SOHREMMRR is 18%4Prondid IPRO Out - of pl ane 25 bendi ng,
i n-pl ane bending of the fibers may still occur, such as during nornal

routi ng of the set of optical ,fjbers.102 from the i.CS dul e. o the
hoads 286, 1 noRE alibs R e VAT i Gl SRR I aty Sor
optical fi heysenildly deaeasing, or @finimadhg fPhdes refkdond o1 the effetsribedef) att the end

conpensate for the bend:i ndyuced hirefri nce.. This co n i; be
provi ded b§a°5%°‘éﬁt?%1§adf6’ﬁég 'rg‘i‘eé? Bie T ’8%%61%’11%‘}'3%6“ %gg‘}’?'gegﬁgﬂ%ggﬁ qui d
crystal retsarelas, forsdxampla,FPoor OFER 100 VI S manuf actured by Meadow ark Optics,
Frederick, CO 80530. In this enbodinent, the optical phase retarder 255 is
used in 13 1 P c b [RToTa Y I &Y (Mg B i c IBBAE o Il Beadp 3,
both of whi ch ali HRE °8§°gg'gsé’?‘%§giudgtﬁ@%pfﬁ#‘f?ﬁe@‘g%}t"?%‘tagl°%3th bgmﬁnethe
| eaky DRSamsplitter £3% pndacoupling lete3poThn lesel-prfichesaemdy A & divepts 2 Bpolariped Jaset at ed
in Figures i Qirsadnsphnse
retarder Zé%?gpgﬁéﬁelgcg{oﬁcg?gy%% eggq%ﬁgﬁaﬁ?\%gﬁ?gagagﬂopﬁ cngl n;XES of
the | eaky bewardspici ontical 98%h H4d The IBeregpticc ajseraie sl04f algoneceivess$ g Rave
plate 253 are ali It : aSriRlofs bigcdi® Mdgisexes of
fariZatiod QSS%@}?tgng %géé&@%%%e%e%% 292 ﬂ@x&lfﬂfe Afhce of batfic is

t he pol ari zplongz'aeam S s setting o 2 wave plate

rotates thel0golThe reflattedirstrbeam 3P ditected by 48 cauiing daps 383 and s 5010RMUBE equal
pouer s g0 e, AAGHAIRE S0 Swirds b NAARBANGRoRL 2Ry kiRl ARlariking beam 8

bal anced condrtion). one use of the variable liquid crystal retarder, a
peak- t o- peadpliiter 39, v oliwergd3si and & eetrof phetodioden 238pr dfkerprtiealyo-gectrical sigralt o
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10 approximately 10.0 volts is applied, which has been shown to proguSEP
adequat e conpensati onfor in-plane induced stresses; slight variationrs 2002
i n-pl ane bendi ng between the set of optical fibers 102 may require slightly
different voltages. The particular voltage to be applied when a particul ar
optical fiber 102 is utilized my be predeterm ned during a calibration
phase. The vol tage nmay be changed during the intervals between sw tching of
the optical switch 104. 15 In another enbodi ment where m ni mal out-of plane
bendi g OlcohifsdPbl Gt <k Dﬁ;,ﬁml.ﬁi%dacw The QRIHGRI 800G pRIBLHALYOR. MY De
provi ded by a conbi nation o , wave plate 254 of a conventl ohal variety
and a dynad«rﬁf@aitllaymnitﬁa! 2 pnd iowipay es pemal @94 SThe diffarentigh defgigtog R4Gmeasygies posed
between th L@ﬁ%wr&w arﬁasgcrna%%n@pqmiah%atmIc%bzdeﬂ@ P e ReARddl ot 239
(illustrat ed ures 2a and his enbodi nrent, the optical axes of
the '/a webeempl9at eqtnmdléﬁc@maqhsw bc;mg artefembmﬁmswe desere of PelaHFA0R t o t he
opt i cals axgagf iS4 SAKKDERR SPHL 682 3 e PAEHBEMRPELE 37 A48 Wibe t he
dynamcally rotating % wave pl at rotate ‘relative to the axes of the

| eaky bearﬂlszputd below.3@ paﬁhéardyﬁhadmew piithe present inyentiprp thedeser-poties assaBbly nay
conprise a, Vﬁﬁ]ﬁe

electro-m cr rgar}r'ac mgl acta Sgl'ltﬂ%r' 8??‘8?%3&“9&%%3@%5@ g‘t@lgétt?%ﬁ%a%dh%B% wave
pl ate. Thetopaaviderptical phase retdrdation andins oaynsl pddtizadpnipiation of thnlpesr ppas957 25
when a parjicdhar optical fiber 102 is utilized may be predeternm ned during
a calibration phase. The rotation may be applied during the |nterval S

bet ween switching of the optical switch_ 104. 4n still Trjothela % i ment,
opti call® phase rFéS“&?%Iélf‘}SBﬁeﬁ the [PHSH BRLPIH 03, comprisipg, A3 QRtigt S¥als Wm % is

di sposed bgi iéﬁeﬁw{cHQOh qahxp&e@mr&eéﬂ th @kt ASpuidd) divefie1000knarthe 43¢ dpEasm
splitter 239, with the optical axes of the '/a wave plate 254 @referably
al i gned at asﬁﬁﬁﬂtly 19} ged He%mé%é" BGCFF?éFIﬁEtP’\?é’PP@l prib %t"?@%ﬁ’f‘s 9%l BF st | eaky

beam spl i t {8{caidbers(tiob, |&A§Bms§& orﬂyd%g YO B2dLA6ARE 0REdf thé Be IS #&k30mN, the
pol ari zing beam splitter 239 and 1ts associ ated photodetectors are_ provi ded

as 14 1 Shesopticd syl 184 arywdﬁi EIqept feprest PhiplesinsOast? girecrie PREYMFi cal | y

rotating suasRertloy tHﬁé&dQQWEHi:bc‘iﬁc PrdxhAlend ohQ ﬂa&ﬁﬁhﬁﬁbﬁd‘at Sheral®d. The
phot odet ect or nodu) e cou to an el ectromechanic

el ect r oni cPYeoRE HF%@G%&&J%‘S @ disiph endeqfAbn erdica) f’&%‘s]iorz éﬂd Psd’[“éf‘F‘b freygh thee

subassenbl Yyind REO RAAT 06 Btk surfkddebsing RyBS 4980 re§@ctiMBBIO dispao?. i cul ar
optical fi ber 102 is utilized my be predetermned 5 during a cali bratl on

phase and may plied.dur t he interval s between,.sw.tch
optical swi tchbﬁ’&f‘% ‘E‘Tﬁwf‘ﬂ‘ég %éf‘BgE%ﬁ’??’i ‘8%%‘83°é?%§‘8ﬁr Wﬁlslvmerfécg%%ﬁmyc
i n-pl ane bﬁﬂduifiﬁéuﬁﬁfﬂxﬁlhﬁs 349nsy1hsamkg' z[&febieﬂlgﬁiﬂﬁﬁn&ﬂ:tu Balto hppoedimaikly the

f. d_st d
T T et cari oA uerortn PR dh b ER gt e B St e
for as 10 vsteld cmﬁtkm&ufﬁlfelmnma’ﬁal'}ynémicabh)ﬁpﬁgsaidf&m is hstdttdnéefmk@rpmmti oned

enmbodi nent .of,, F| t of 02 .a each r round
the optics HdUi e °T53hfa§"e E&PF»PE% ciu#]aﬁ ogle?bégﬂ %ﬁkei@s' %’é.m%ﬁ?ﬁﬁ of

t he opheal khéovaesissmiadnetid feld h:edusﬂme{mmamﬂtehmgr auil@omglamiaeam@?\l oy bcal
fiber to trave a sl erent path and, . .thus [ ferent
out - of pl aﬁ?dﬂlé'ﬁg lgg‘}:{ﬁ"égwt’% HRLTPe FOTRR YoRicalipi ngng P&? etﬁpeg énds
cause emch 1ﬁt&eh|34om bmai tof belrer cohdd domamowiil losatiohe ardl Tednber cdedmquglge jmat vary
slightly rlen atl relajive a beam
spliiter 2%2‘8 ‘ﬁm o aérl flle%enés‘c’pﬁtcffllﬁmg%ﬁ@ e a(?Ehfe "?%ﬁey e3tn§ %xes of
each opti cahe&debﬂﬂﬂ@ﬁaaaﬁﬂbecsa@&mﬂmtgeﬁkﬂﬁ? by using an opt| cal

pol ari zation rotator 256 that is dynatnically adjustable to rotate |inear
pol ari zation ofot,h%aut‘gﬁongoé a&%atts%ame%%agmng%eﬁwm (2PY 18wer ghwibave
plate 20 retarder of a conventional variety coupled at about 45 degrees

rel ative tcomperedjeyritngds saectvrly vaptddp the %pq‘iﬁ‘ﬁl‘l?rs}@}t grat pranifsgefection

(ill UStf(fit %n': fhe S}P&N{ tgr%Qt 345) %c%éx?@frfécp&ugégta%laﬂgaﬂoﬁ sﬁ&quﬂé%fiﬂ@fed laser
electrically cont ing the retardance of the variable liquid crystal. A
vari abl e optepmaP2 pobardtaet siber deskyiseor sapnise slerkidanibdiceted ¥ih AP APk as an
LPR 100 660, which is manufactured by (gdow{ ark Optics, Frederick) CO
80530. The optical polarization rotator 256 nmay al so 25 be enabl ed t hrough
el ectro-nechanical rotation of a % wave plate. The anmount of pol arization
rotati on necessary for alignnment to the induced axes of each optical fiber
102 can be determ ned during a calibration step such that, in operation,
when swi tchi ng between optical fibers 102 occurs, a control voltage
corresponding to the particular optical fiber 102 being used




is applied to the optical polarization rotator 256 in a feed for
fashion to provide the 30 required polarization rotation. §p|§E>P 2002
2002 Wt hout the aforenentioned in-plane bending of the optl cal f| bers 102,
such as in an enbodi nent where the optical path traversed by the optical
fibers 102 is maintained with m nimal bending, the optical phase

retardati on woul d not necessarily be required. Wthout the aforenentioned
out - of pl ane bending of the optical fibers 102, such as in an errabodi nent

i In 5 whi Chhpmﬁem?mfdnwb}ﬁlcla%dgl 151;51Jaﬁécnbﬁk2 in ﬁatm'fal‘ esfcudrlim Ipothi réflented ldser a .

pl anar nountin I Xture an S to_con or LOLO RS MO di s
107, the by 29&lis 15eR1vRditrays BF%MOC}?P&E% a(fl‘gﬁlbtf’rs cé‘:‘gﬁ?c}&\/ c{D?gjr@qw r ed-

I n ot her gmg%ﬂ&nﬁﬁer Wﬁer'ﬁlebeﬂé’&teﬁﬂasﬁ}m 2020is ditbetai b)pt}mrnenmm&bmgﬂare

present, both opti cal se re ard tion and i cal r.ot ati on
my be. F ciersdhe PHCL BTG Y SR PEieD e B B artcel Speh G b Be o
I nvent kon | 85Qptiek a@&}nbhﬁldllfmshméqdeat opiicdl @ clestiiatisightamvasiecussed above but
only the scope of the ensw ng clainms Fiber End Face Reflections In another
enbodi nent i | trat Fl 90, Lo RbiL h@dods SRUri ous
refl eci~ons f Pﬁe I‘OXI b Me"n%%‘(’1 dé%?\'gﬁﬁee%g@gbp!15 of the0 sgﬁrce)f opti cal
fibers | O&wm;pnde:gfpmds Shifte-motle rlrebylrttﬂmen@f ¢Iéle%1e@betfeaﬁh‘29235%yn@§tl?¥’r opagat e
t oget her gcted be iR RS cRd % ﬁgepg{eby
resul ti ng%eﬂpgesq%aft egf“el%lmbge‘mr%;égélg%%ﬁ?%sg% Bé‘?&%w 1 -gc-:c 'n such a
case, a | aemo\mqummaeo;ﬁﬁal fitgey atp @s tofiv- blfe@nngewar(?ﬁl le-bl)apma%rfsbﬂll?ewé? PETHRYN t ype
t hat pulsed on and of f u t /mle@&w wth a
nmodul a]t%l oMPFF d8leRt yo°fed Ke aErhger‘{geag‘f %%?RQ%?J §§%ﬁ rlrétwél{?ée%%£ raﬁg)(’s MR
appr oxi mattikftingende GHIo-Hﬁmmlbﬂrfm eontredtewigh e@e\nherm\mluhmﬁmga@ﬁtqf singls- t hat
pul sing the aser at.lncrea hj w-{; &C19:bi il 9 the 20
rel axat i or{“?fgé’f’{af’ TR FpaiskAa %c%]%b;és él"(f%ase acaug‘%ﬁéa?ﬁg node par. tition
noi se | evele prévideias Ogpuin ﬁaér, sylsﬂewm\m fpmog slasbdy mfyngie*cfﬁteasefogmri’eenﬁ te | aser
nmode partitio nam cs | f Pulisi E‘&lé&f e | aser
231 (of an[tqff:&f‘w%'@)"r FS§O gmaﬁ"ﬁgr’% %Zéﬁewgﬁﬂuﬂg‘r"% beam 293 to be tine
separ ai®d dpimmectihafficien, the gﬁfﬁts—dﬁeardl-mg.wbrehm@@@mnghme@bylr?fm%@-‘e to
interference betwe n the two p v Melndedcgeasi ng
the SNR of ™{RERS 6%?”%?5 err esf3 na?éhg?d %p ht]eIg %\lf%ﬁlgj °t ﬁ&mayf?el tvl\% beans are
al | oned t cinfvdaEédaly the spinningandos amelle&mde omdaleﬁbmebé"bpfamnet degree pbiligear and
| aser phase noi se coul Q Gl gefdeber 102
i ndex of r@&f ?Sﬁa'ﬁf’glé’ba% ?ﬁlzid m%m[] 55 es ﬁ?g%rsea}éélﬁé eh:x ﬁﬁe}tlgpt i‘Cal fibers
10Z is sel Ehﬁ:ttrﬁﬁid traxative dbmpreﬁhnsl&nmnhﬁ cdra“aprn@duinaducemrf P‘etﬁseﬂceffe@}fthat
appr oxi,pat S0, Mz, . T fs GRduhakdQp frJtamency
(F) SO&gﬁdEfl 3 t° en l?tﬁns(li_%ﬂge% %l'ﬁf‘d’%g%r%gfg’? 5%@?:21% ) I's err%odl ed in the
equati on: Fcnod:{ Zﬁt ﬁwﬁﬁmomﬂeﬁ presengingengion need)lmcbeﬂlf@f?éé?jk’o‘?‘ fibeggat prg
vacuum an ThisudsqRegt Rafund b SEP
2002 the sg)tugo?s %egtl|°%8fdl}[fﬁ)6}e5?§ﬂ%g&{e§h§g%eé§%dtect oﬁ'erigurge a pr%pezﬁlglt;ﬁ%rre
separ at i onpmafonhhmmbed ctrmtqumques) dre algm vt in it arth e onp epboimes P B¢ nent s,
thei l ength_of e st Ldte@RiGRIHAR RSt W2t h
ot her i ndi Brecgcno en rac |°E)(§1f1§§ ﬁfs@rglﬁ'ﬁl ?1“3 %gqﬁ%ﬁm gs and, thus, the
present2si ndepnécs per mﬁauhmomatingmawddlmf}ﬂpwxm@%@@p@ ofutpffavayslensfhsof
Al t hough t & gn S& Qs b gal Lipgrnekeopt i cal
fibers, it? °§Pé§%§drbt dodg% dléf‘ésiigrn& ﬁgﬁﬁ&%ﬁ’ gsace”r\ can?i Sent

with a diameter of about 160- 190 microns, an operational temperature range of about 0-70

degrces C, a mode field diameter of approximately 4.0 microns, and a mode field ellipticity of

Jess than about 5%.

30 As illustrated in Fig. la, the set of lo-bi optical fibers 102 are coupled at the distal ends

to respective ones of the set of flying MO heads 106, are'routed along respective ones of the
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sel ecting an appropriate optical fiber length as described above
be used to increase SNR in an enbodi nment utilizing high birefringggzéﬂinzooz

optical fibers (e.g.., polarization nmaintaining optical fiber). Figures
da-4qg illustrate a nagneto-optical head in accordance with an enbodi nent of
10 the present invention, in various views. The set of flying MO heads may
be illustrated with reference to a single representative flying MO head

| 06. A single representative flying MO head 106 is shown in Figure 4b to be
posi ti onedetrefspteatrn anmpk yOfadmd\set o seperismoe 1 30 ere ralitsigarduayt dre (s obdubn3of t he
set of spinnpin i e ad 106

i ncl udes: agdt?r dcouﬂfg,ﬁgﬁe aéag?#ﬁg Lg‘g? ac(‘§e¢E %ﬁflf }(B e%/a‘rl%“g?f]\@mnﬁmns

m cr o- nac hmpmd rusyrarlmmtmm yrc%t Ol systeno bile citei sctaof emrcal4ﬂlﬁe)s Hdmay

megnet i ¢ Cglu rGQn 1 otgeei a?nnabgo e and!og-gec ”F netz'm%erc ich 8.\ ISza\a tgnss

muf ti -t t udCBEFEONBE I PO S R RIF 2528 surfacéﬂl“%g”éget

gener atse aherragrwlt ﬁlﬁbrsf 162 ghdt thed infhgce baﬁmngeﬂcﬂm ehleyapﬁﬁﬂ) ﬁGh’E spadShefoptdal her

polarity rsih ut .4ns

Per pend, ot P8 et e pitasehfFioR s Bl R s A R BRUAH RS bt et of
suitabl e &'tnﬂﬁﬂaliﬂ eptits eroduletlOR) g exird mandirgs Weyexéﬁaibesledgb (w ifizdidate n 20
corrvnonly as Pat ent ation 0,/ i S

i ncor por at e(fn}%'l’égel nregﬁérlé-fng?eésn eA?ﬁe Pre gﬁtplr%g % ienr‘cél w?yhgmnagnetl c
coi | shouldajority of sthtér Yeadieg wrduts ih Iaemglsttp@anb ngfeaantitor}gfdaﬂcrtaedl blamebenbmm 291

and 292 during pas e, through t the nni ng MO
di sk 15(}7, %‘? e’gﬁ“?ze %‘;}g?gfm k%n%gnétoef?ﬁ% P& al[@ %’SSE&%B%‘?%& n%tan%}?or
optical prnetie fdsrsab2 faheuaﬁmeﬁrr&pédnoamidgmm;ﬁe :cmmatﬂlmgmédmﬂt Byi ng MO
head 106, the body 444 25 incl u a %’g ht of prox ?9 m crons
and & pl ArliS fHSGRIERY 10 U e SRl PIAGE PEGISS PaR ey hE REHCALROCI PP RPIRAFEY y 2032
m crons X AePHe nacalr@ﬁsmmth@waﬂﬁrrgerfce;Hngﬁnﬁeeoeemddﬁ@hs lfdpbﬁifﬁcl&ﬂyllﬁge

preferably coypled tqg t fl ad 106 a i S n |s of
Phe body 2 S mREygr bt eI QAErouGr Pab by NN ST ahe Fod FaHe
f eat ur &5 Thfbﬁﬁ};gﬁmdaadanfueb@nrad@&zeﬂst)yp(om tmagiiede ihat B$ Propbisional g6 Qangéf,{}B to

preferably ct.t out l.aser. beam 2 S an mal | used
spot of int ?’% ber 3?4%3 s s ?41'%?%“8 oy the%ﬁ’éda ‘10('$ F'b%‘?e"iaﬂén HEY be
subsequent ihyt e axis &dn ithe ghdna O bénding &ncnge amewxisnayerpdnetcuwomitgp]apoxyncmr a

simlar adpe of er 102 within_a V- mts
accurat e POF gﬁ\r#ﬁ?\dt‘nga‘ﬁ et %@P%‘g‘}% HLZ ?’7("“33]@3 ?éétg?)r%ﬁid iﬁ' 8‘1“?1“" % aser
beam 291 r gldazdaveodl® ut Iﬁ&o@ﬁ&lplanaiwﬂfe RE L6yl HDs 102 @itk i1eebrbingence,
mcro ghl ned mrror g senbl 400 a (}% ective lens 446 are . feferably
conpact? ant™HEWO et 05 5°4 P °5?‘1°i‘1 RAShi Wé"?fh%r"&ﬁ?”\%? GHRiog IR on
appr oxi mat ednye)teheayrmets&n@tudmicaloﬁﬂew 16D ney bk Aegradd Syhthe hbstymddidnainbeny et

et | oot od MR SEhEnst i 96l gFUREbe 10 Ao BUOET. O BETRES

si gni f i caninvelitioh,othedeoin pamddeﬂbaemeabd @né apmdtxksefo@ubgpmagmanﬁerbﬁf iretideg | aser

beans 291 a 2 a e I du The ea 0 e,..weight, and
desj gn are® r}h?][zei guc‘gépaﬂﬁ gﬁ‘@ F‘?s?rﬁémfqu@q 9?#%2“&% F%@?‘ﬁé@hgsé

opti calsfi I‘M'&uﬂmi&d&frobﬂimlpma&mﬁﬁnrbw&ntl on, in that, a'/4 wave plate ~s
not required as an additional optical conponent for use on the flying MO
head t OG as i l. cal

(i bers. Tho st oaranfiab&bl\Eerdstnt ool R ABLARL BH R AhRy BbdedPiy

al i gned i nPhleniratipn cuwnenerits ofdasephichw P2 pratitrodeced by the bekidrinduced bneefmﬂegm ng

| aser bea t ' S %,qyga,{ isk.107 and
so as to SF fr?_g’%tsat% 8@?&%&?@?&?“&%‘%&5&# fromthe R’Bgtg g@ b%o@&glgck to
the |aser eopidetphase setarditipn Birmentsin dhreomtitiuithnefithe reflrsted Bicars 2% cmfi g, 15 446
may be ;8 %ﬁ{he%&ogé £ dellcgonl MH I RAar AP 6 hfBed D Yk Beal 1992 AHOL mdfimurn

appr oxi mat . Because flying hel ght above t alr beating surface
447 is mai rSN& the ghase Emﬁaetrﬂeastbﬁ@ﬂbvedﬂ)mﬂtsawﬂanmioméomaommQélamyb@@r%3 is not
necessari | el t 34 rieval
system 100¥ f1ne %%gténﬁgwgnges #?%ee%%t%bgggkﬁﬁﬁgégﬁgsﬁe pg?%r med by
rotating a reflective central mirror pghtion 420 20 (shown as hidden by
dotted lines in Fig, 4a) of the steerabﬁe m cro-nmachined mrror assenbly




400 about a rotation axis constrained by a set of hinges 410 such tgaSEt‘jyeZUUZ
propagati on angle of the outgoing | aser beam 291 is changed befor

transm ssion to the objective | ens 446. The reflective central mrror

portion 420 is rotated about axes fornmed by the hinges 410 by applying a
differential voltage to drive electrodes. The differential voltage creates

an 25 electrostatic force that enables the focused spot of interest 340 to

be nmoved in the radial direction 450 on the MO media 107. In one

enbodi mentelenieftds trélized @l optiinize tlie Hor &igraNfd thrMO diskg Ohbpbrﬁnglﬂgihefeﬂectéd- 2

degr ees ichis ur val o] Xi rrat + a surface
of the I\/DadFrsEeaTb% A t“??oﬁ’df‘f‘ce ?{a‘ﬁﬁég érnf)‘géﬁ L{‘e °ﬁ‘5 ﬂéﬁt p(g iz ?eKeﬂr t racks
i s discl 0$&dpoxﬂﬂpemi13§bg Diing doenlsd @shinedts pee miode ﬁﬁﬁﬁ@ wisaimintarbyshe ssobf t he

bl i 400 .d bed . of
ot cor 2 © DL D S A AR % SSRELRE PR e R

Cons eq e ntbk Yprovided eiyeant o;mf:altﬂhescfmmlhﬁuﬂl dpoént odhichntihvest 13H0 Wi intdltvd S E P
2002 across,the det ection, of the reflected Ias eam 292
tay be. usCHPHTENGH B AP PR AP AR TR S 5Ty, and
seeks fr omspicut elRfifefts tiahplovide dprieil heﬁrddmhamnrmcbolmﬁaan&ewﬂlr mej(nmlgcmy be
mai nt ai ned by . ad] ustrn current to ro ar _z%ﬁtu g:rﬂ d ca%rsl
assenbly FRESHES b‘mgFé') Wdﬁ?ﬁs“fgoﬁhlﬁfi é“ na "ﬂg ?“§° 7 PBW 2

par ti cul arpolafidstion efatet E&nﬁnmadprskxdé.ﬂimﬂ&}iadaeetdﬂmioﬂeih umfag‘xxecb@fbraﬂaﬂe coar se
and fine tracking servo ues, as conventi.o own, For le, a
sanpl e se@ry B ra{fotyf’l(ﬁﬂ af‘v © B PELERET Y uﬂ’éf’ialgg'a&e'g Vg éheﬂree\r/%lp?or mat
may i ncl udefr&ubé”lefdmesnbmwatmdlsmsj aﬁfﬁﬂﬁel fot exdnipic, Ih@nrthxfak ci’(y@til arquaegnet i ¢
domai n ori entagtr ons th g ar, to de?.taa * efr{bgasigeeg pits,
are used, @Rt c?d@FaB'Hftﬁ Pma &‘ﬂ“ cﬁﬁ 8@°ﬁ§%° Uppr eﬁeﬁ'fn

differentifal. anplifier 23? (Fig. 2). 10 Conventr onal nultiple magnetic disk
W nchester magnetic disk drives use a set of respective suspensi ons and
actuator armns t;,b% Higﬁ/c% v!m@l th@‘ﬂ]qgrmogsu ﬂ'rﬁﬁ r{tlﬂgc??m ‘f JJQ%BI?JIQJH@ thgecause
each flying head or such an 1 ntegral RS ative to anot

f1yi nglheastnd thdn¢ed gxesroditie sétolf bmtwalr@etsfloasrpaldtnr&f@rhﬁ)’ bmig;nect with the gkesofir f ace,
si mul t aneoys ¢ g t

05 bi 0.y 10l il B 20h,0h wATBL Lot RBAR] bl Ry TEBGah SN

act uat or apamallell@Bhednglagebend indyepdpaessil theset bBoptical fihets 162. st eer abl e

m cro-nmachined mrror assenblies 400 may be used to operate independently

and thus perm toddi@eiced Bobd)Wener ARBHAPRICE 199 n@§ chyfdritrRe Berinod Fop exatvipld, €
i nformation using nore than one MO di sk surface. at aan given tjng.

| ndependentitk 2 §erRbinZIop Ghumrrjansrhgndingand/og eutrif Plang banding o fin angther FPBGHTRSRL

oper at b§\g ﬁﬁ;eﬁreahhelgmt&rﬁqmﬁusﬁad tlﬁlS&ﬁrﬂﬂhéﬁﬁbé}g@oﬂ\@éﬂoﬁheﬂl’sﬁ&%ﬁthhﬂmﬁﬁqw re a
set of separate respective read 20 channel fine CE el ectronl cs and

mirror dri ¥RGPEReRTIERCE e sphrlopucal fipds éqzo?cé%rﬁ’i ﬂ‘ﬁ@al" bl d

al so pref e[@byrolRA Y S@ kS ms@NAT BlaAd h@%ﬁim@ﬁgdlaﬂbﬁgé&&mlah&%am&a an
optical switch 104 for, sw tching between each of the separat e&q&_‘r cal paths

woul d not REVeRPlpe F@FC’BE AR IOcf SPRging hebvesn therpspectiy aheacs 101g (Shei’fptl cal
data st orage reiiédl (Faetler LRl Bdnnisy Sﬁﬁﬁ’fb@lﬁt Pank mfmoa&cﬁa%ﬁme@touamplmes k
drive. _ILn one_enbodi nent, the net o- opti cal ‘\{ mlOOc rrsega
conpact’ hi BYEseEp!ans e‘?ﬁ“lfhc'féjé"pﬁ 152 ]cﬁ°§‘F( T ‘Eﬂ?@“f’ﬁ%ﬁ WeE S48¢ an

i ndustry staBfiafidal Bbad 100166 kil cbtibendghite 109fothd adsans( 1. 625 inch), at | east
si x doubl e-si ded MO di sks 107, and at |east twelve flying MO heads 106. As

di scussed abov theeroxW@gt QJQ&Q%A% JEanP Sl LA G U8 ,t@ueﬁn fgoude

optical fibers very SRl FrRss ow profile ﬁso NA
optical systeam ermcalsphhn retacbtian islneddp ot dompensite faxlthe hyhémdﬁc@lrbsﬂcﬁmzwe at a

very l 05eRRAGHRGstlch Ty delFo et ok og,mr hgngteﬁg %Q@r.gi.%% a vidhpfONPY | S€

a higher ar eal apacr an I m t in an
equi val3ént ligat mmtaacret@ndeh, rsgcht as amri.\m\tm@)rias m@ufactured by Meadowlark Optws

Frederick, CO 80530. In this embodiment, the optical phase retarder 255 is used in
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~ 9 s ~ P zoo2 approaches. In one enbodi ment, a spaci ng between each of the
MO di sks 107 is less than or equal to about 0.182 inches. In acc Sa;gfﬁﬁ 002
with the present invention, it is identified that a polarization s 3
be conveyed by | ow birefringence optical fibers 102 with reduced noi se over

t hat when conveyed by pol ari zati on-mai ntaining optical fiber. 5 In an
alternative enbodi nent shown in Figure Sb, the half height formfactor MO

di sk drive 500 may include a renovable MO di sk cartridge portion 510 and

two fixed chibigkdalwildo: dirst s whk/pla®Y2sBr 0 61 #fick AR digiemiak pBinMRB0h Ske

cartridge portion 510, the fixed internal and renovabl e conbination permts

ext ernal oARGH pathi brivess Be leaky i kermniPliferged2 sk e Rolropimg heemgRlikery /3% e 500

for subs eqm&ﬁatédnﬁ??gtﬁ-ﬁ 24 thdldeg Preferibliahe dfdcHiandcof # bptick Sha8ORILLr 255
information may, 10 subsequently, be recorded back onto the renovaple MO

di sk cart rRFOREnHIAt EFe e Py crigfivedp S1eaPHEA PER of the deake Pearbiltiere? 253 Bs. 1 n

addi ti gn) orph@ax sfeg@mb 5t MCMJt», Eiﬁtc%ﬁ welaﬂg.eed@piﬁpw;tﬂna‘iapmb H@i\&s &axuvvecr y
conveni ent and ﬁg speed up stora the_internal MO s nl ng di sks
i© r

107. The fthsats mnzaﬁcbe%ﬁﬁ%ﬂé c%ﬁﬁﬁﬁ%}flg aﬁﬂ’al‘éd"ﬂﬁ%ﬂﬁe[@ %ge of
data fil es,oRRz4dag by ﬁ?ﬂ?&ﬁﬁh@y@d@ﬁ@éﬁ s6 &4 folpriee I\%ﬁiltpb@&s Bﬁ%eeyndtoaeta:&@m fl | es

and software appli ons on the 15 internal S |nn|n? di sks 107
anot her alin éﬁ%ﬁ@?@%@ﬂﬁmtﬁ Qrfotlagrh LRIV BRSES OF ey 2Bty
i ncl ude: st YORALT ?@m-ﬂ%ﬂglnﬁﬂrmtﬁ%f ini the %gahompgioimtewa 1amiaé @ any

nunber of di sks hi n_any nunber of renovable MO di sk cartridge
porti o, approxiay bﬁh% woliiiy applite Wb’fcb Sesheen showA e BFRduCE AdeIPR CIRPERSFIBR 51 y

act uat or agmyl ;ﬁmﬂqme@oca.%&%;lsh r&@éﬁbﬁ@&m fahe BAR bREwedn tHeREWBST opGEauat or
arm may be used. profi e opti cal pat hs di scl osed by the present

i nvent i on ey 198 weenwrasleﬁbﬂvélifeicmwtwm E‘F Raﬁ‘ﬁﬁﬂvcfl‘ia&?ﬁ°é’e§f‘¥8’rcﬁd"é‘”|‘ cation
W LNOUL T SAct P G lBIeP Y0 KA RIS rokiloink brtich BRBES APt | Cal

fiber or an optica er with a lens forned on an end). As sinmilarly stated
above, undediegesday mangn@)ﬁwg@mmamlsbetvm@rfw&d@pmﬁmtlﬁaéﬁv@éﬂ%n from
conjugate points in the optical systeminterferes with the reflected | aser
beam 292 (Fi gurheaQ&hé’p)emedaﬁexﬁwetbgﬂ;hﬁn@amerspwnaeénddfg df e cf;ih@aﬂtﬁbenﬁdoﬁ ace
(launch end 61 and back end face ead .end 9

parti cul ar°°°ﬁ'ﬁd‘{?§ﬁl BhPSP FEATabAR eE° %d%ﬁmgﬂémé’p"ﬁ?l b‘ﬁ%vcrpgafel Jésgtc‘lf%n from

a conj ugat @np&itihal Oxidey ﬂﬁ&gﬁh&ﬁzcwﬁr&aﬁﬂgﬂ/z fafd Iﬂm esl, sothpalvhisk arei dispodedser

beam 292 into th renti 240 . ure a
spuri.aus PEVFEC Fgﬁ’&%’l 8‘“? ﬁ@g?eéﬁ%é éot{:“f pelayz é"i “)5‘3 2%YW§76P38><‘F mat el y
the same spatdedba idSky.i Ilautul; efbodltieth,, thé Js;mca(&xes oIQheSA wabt plX@ 254 praraligned

resection gener al I pr oduces a reflected vefr nt t hat atial ly overl aps
quite 3Posgtl @“Wﬁf% qerres Y Bt rRtS éé‘?‘est?égaﬁ] T’%fﬂhp 92%?9%‘88&&% %é‘czl\dayer
349 of an B@sdfﬁkdﬁ:ﬁﬂndaﬁy rebdii | & W8 pfamrzsneduetemﬁvé frehehkeof the Iaﬁkyfb'ebmr

| aunch end ons.. st at ed above aser source 2 be
nodul at ed f% ‘“F %% %ﬁ%ld smically (s {:oxve s 2?7 By FFie- ¢ épar a?’[ fqllra\%é t he
spurious r edupidt tooan ):reétto)ne(:tﬁamﬁtm bt bledstrd-xaktmhauamdd GdtuBdr anendbleea desired

si gnhal - bear i reflection 292 (from 7 of &, th

interfer en&éqggt°§8’€rﬁt“f?§° Fé}? 1&%@@{‘@% %ﬁ?&&’%e)alp%lbeucggh * R av%lgﬁtel #¢r easi ng
t he SNR50f whbea feetidulss bptival finde1 02464 etlizbymdy bd redeteimhiakd diring atcﬁlrbr%ﬁ phdsegur e

2a). As al stat ed above e. er squrce 231 clu anpl e,
an FP | as e&g‘c‘)PtaAm’é m2h %ap&hﬁ%‘ﬂ@“gﬁ@ g@%“ﬁ?@tswg{ﬁ% %@“&P%E%S‘r‘gi‘é?% 10 Tn
accordance with the present invention, additional techniques are now

di scussed for elnisiillpascthergenttodimght eptics] lzﬂasetﬂq@rcbm is poided oy eac'tsivesve Plasm t he
aunch end 8430k Rib&Rk bLhBE! nd Ry dhEPSHAY ?'af?cpaﬂle pbERRAL BLES sl ude’

i ndex mat chi rig, cov r slip techni que, i'shing hese

addi ti onal 2B®ctifh @}B@Btmhyxeb@f fhsr'f maﬁealam/%ds:ecf@rﬂblu aha@érat mr% degrees hat
may be,sqf Ol GXRBRPILE opfidl S Lﬁﬁ@reaxefbeam%ﬁnﬁm %ﬁ(?}ﬁgéraﬁecﬂclﬁ@%&%% ahPESI such as
a DFB laser. 15 Tndeg mat ehi ng_ reduci n fects of fiber |aunch
end 615 refthlewstemsllemlarrﬁmkcmmmrr@9apfbﬁmséq‘;mﬁpéwhaqo%e%s ys epvidsd e duce
the effects of the spurious reflection fromthe | aunch end 615 of the
optical fiber 102. In one enbodinent, the fiber 102 (or fiber bundle) is
coupled to a GRIN lens 610 to forma collimtor (container) 600, as shown
in Figure 6. An index-matching naterial 605 fills a gap between the GRIN

|l ens 610 and the 20 fiber 102_ A capillary 602 supports the optical fiber
102 in the collimator 600. The GRIN I ens 610 is used to focus the incident

| aser beam 291 into the fiber core via | aunch end 615 of optical fiber 102
and may have a pitch of, for exanple, approximtely 0.23. The indexmatching
material 605 has a refractive index that is equal or nearly equal to the
refractlve |ndex of the core. of optlcal fiber 102, thereby elimnating or

. 2 a0 - —




25 reflection fromthe surface of |aunch end 615 as well as $on1th? QSSET);UUZ
GRIN |l ens surface 609 (to the extent that the GRIN Il ens refractive'i i
substantially close to the index of the fiber 102). The i ndex-natching
material 605 nmay conprise, for exanple, an optical epoxy, gel, or fluid. To
the extent that the refractive index of the core of the fiber 102 does not
mat ch the refractive index of the index matching material 605, a difference
in the refractive indices of ~n 30 = 0.05, may be tol erated behveen the
fiber 102 ac@h?nlam@ zb?fing' mﬁ@serﬁm]grrhagyﬂmtoenﬁ ﬁakatﬁ@&baisbﬁbl@bi{ayrdbg::phkd a’l% in a
maxi mum interface reflecti a mat e 3% ef.era the 21
TS S E P polfgsng hesm riie Rt RSP %P'?%ﬁ%*’“ﬁlaé X’a?“rf? (jﬁ°’8if§“f"8%ﬂ Giepy y to
%B gv e ][lt Ga?bﬁlhlroélﬁdcﬁiéﬁ% Qd’tuﬁ&ahit%ﬂiél@.a dd&rﬂd@taﬁbrﬁﬁf ihé bﬁ:aéﬁeﬁlb:cyln cndc—mmcalaf face

0] IN l.ens 61 efera coat W th.an.an |re ect
coating t dorten ke ‘I?Ph?dn’%? 3 BYP 21’|°8H°a?$}3%' 1R ‘EB%IW e B °B§P§?r\¥| e, any
sui t able tdurifg hlchiibraliog lpBask ah€ mfay € kpplied diuBEURE ﬁlg:nfa&fﬂeeﬁéen GWichifz 6fithé S not ed
t hat some anount. of reflectlon fromthe outgoing | aser beam 291 may stil
occur at HW@“EPﬂW blfftdent surface 608 even if this surface is AR coated. If
t he outgoing | aser beam 291 hits the air-incident surface 08 at perfectly
nor mal i nci dendzethetal’nenndnhmede:hibedimiema vafile static meflapeibom indwed stosam 12841 at t he
surface 608 could over the r ed 5| n
However , Sﬁrc HIgBIB:S_BP 1ca1 ? Qers 1s om ens te(f" I’o an% liegg gr(rdhge% sg%%?fgw 1 hit
the 10 surxfegteetctﬁ%ltasttyp@alf}emﬂe)smnﬂ),rarhhbugbnt¢0d1§1m@ﬂnaiylpib@a:bmy?nsatcd fdnes var i ous
enbodi ment s & $C ut90|ng | aser begin 291 will hit the
surfacg?60§Qﬁ$ﬁhggﬁggmgggﬁgyw%ﬂ%? énce as a result of the following. In
order to properly focus or direct the |aser beam 291 toward each associ at ed
| aunch end 615 lnfthecaferamentioned qroodimeng of Figelp, Ha el o qprical Hibes O @Ef cas st em of
Fi gure 6, rf th
some angl eltogf{%d :aﬁéﬁjtelﬁ%ggz ZrﬁJqul! idz'adggérs {)eamﬁgﬁﬁb%&h%gést ﬁ)"téhem%ﬁ?b?gﬁtglgmdent
surface 60&tgl fipefsfl8? trthe spagtdeapary headn tG6cranssecagh prtrdl firgr toriraveise & éghdly nat e of
a particul é’iﬁ chQtHJgﬁlllng rlﬂm%xpé‘xénb@ﬁlffgr@ﬁ%bt cﬁ'splgngﬁerldﬁ@@élal%mﬁlgpjomtﬂs THEOWN in
Fi gure 6, ex- mat ch mat eri al 605 causes the spurious reflection
E(t ) t &5 nogutwéplane bandy W@S@f qable}o hi gptirehfiken 40%tesomptiss beprd infengd a¥ssMag ¥y on E(t)

will inst e@ﬂh@;ﬁﬁ#&ncﬁﬁu&@&‘lﬁﬁ@hd’&?& ﬁ)oﬁk'xr Ilﬁ%e “ﬁmh@teaxgh&ampﬂn&am e ween
t he i ndex- nat ¢ mat erial 605 and the GRIN |l ens GI0 to the extent that

a refracti vvélarl?raeb@hmeﬂftb¢ SRcH- Pé@elhead mdu%% aes; of Fadeontioy. fivsg 182 @B BFt | t he
spurious 1 glbRebafy fof by udesm @%ﬁeﬁﬁmbﬁ YorRHEIsk Wy Wi dyRla ndaalysadgﬁabmbear i ng
beam 291 and al so does not spatially overlap with the reflected

si gnal - beato etgtepingen modaizetiopraf threoukaoingi laser Uam 39t Huexample, byieie &2rhel2€puri ous
refl ectzbonrelé&&e}l ¥ caRetonhlVirisf Qa{p&h%éaﬂoﬁp@ &egx%e;r@fah\ee%%t asdcgml sehgr i ng

beam 292, the differential detector 240 (Figure 2a) will be able to detect
the 25 conjseisbletiguigrorystal resededillsstied io igire 28 %@wﬁtmzowwhtm IFYFd¥f er ence

$om t he spm@e@myr&hﬁ@ﬁﬁg R }%(&aancé ef %nHrﬁ@lE lighid é’r?sthlnd%v{f&'oﬁhbﬂiﬁal
material is not coupled to the fiber | aunch 3 615, then a refractive

i ndex di f f BPlaprtonsprakyr &s fesernhied aP%éSrafva%aélctfé%BWP%ﬁor Phich 1§ BHNESUEd 615

and the adppfadoviirk CpHies FredbickaCOERAE. e dplital pbRfiZaB6d Fotflor T5EaNay also
di fference, the spurious reflectiaon 30 E& ? generated at the fiber | aunch
&rq

end 613w Pf eneplsd #ﬁwsy clsgEd-FaThaniral FotEtiea of & 14 WAYE Bt 1R apows of polargation: p

~U~z beari pgapfoficdSsy 6N afgidde s HRinGkE 12Q85S of 8dchedphicAnfiter t1021 @ntdten
transmitted into the difFerential detector 2tQ (Figure 2a) along with the

reflected Spigmupcdsivapg AGaliEationstp sudniby, '§|qpﬁrawewhfnaﬂ‘ét%£ befsert PRIRY he

effee s of fia@ﬂ@@oz &c@ﬁk@%oﬁﬁ&i véﬁa T6tkdsSntiRP fo th phHi1af opttclau&xef a026inzueddher
i ndex mat chi ng__ gproao ucing the effects of uri ous

refl ecti on YERRPficdfo %@PF&%WBH“@WB“ 61"5‘%?5%5’( ? e ?“”B’é’r failﬁ%“ 9 FeXid¢ Rdance
wi t h amnot hegquaelin¥eitn rohtiddne present invention. A collimtor 750 includes
a GRINlens 715 and a cover slip 700 coupled to the optical fiber 102
and/or to a capillary 75S that s~~pports the optical fiber 102. The cover
slip 700 includes a back surface 765 that is typically cenented to the
optical fiber 102 (and to the supporting capillary 755) with, for exanple,
an optical cenent having 10 substantially the sane refractive index as the
cover slip. The cover slip 700 may be formed froma material such as gl ass
or other suitable materials_ As further shown in Figure 7, the cover slip
700 causes the spurious reflection E(t) to not occur at the fiber |aunch
end 615. The spurious reflection E(t) will instead occur at the surface 760
(a non-conjugate point) of cover slip 700. As a result, the spurious
reflection E(t) 15 does not spatially overlap with the reflected

5|gnal bearlng bean1292 fron1the MO dISk IO? (Flgure 3) _ Sinec the spurious
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front surface 760 may be, for exanple, on the order of about 0.25%

another alternative, the GRIN lens 715 may al so be AR-coated to LQGE.P 2002
mnimse reflection in the optical systemin Figure 7. Since the refractive
i ndex of cover slip 700 (and 25 correspondi ng nounting cenent) are chosen

to substantially match the refractive index of the core of optical fiber
102, the only reflection occurring in the optical systemis the reflection
fromthe AR-coated front surface 760 of cover slip 700. Since the front
surface 760 dO@\&thB@ttthﬁ@ﬁafeaieﬂli@e(tm’-li)la@aieﬁdxpg)bﬁdm opticahfibesyp102¢ alchay i ein of

Fi gure 7, e .spurious refle n_E(t urface 760 does

interfere W%ﬁ'"{)ﬂt W TKQH%?I op&gé aﬁ' "ﬁ%ﬁ%ﬂ E’ég’e % g aﬁre‘ﬁ’ lg’gds SEgan %Bﬁ%hngl ~
;polis ' fxﬁnmmaeﬁmﬂinggthé h;moeh‘ﬁhesetrstamﬁndnn&buldam tecessarily bd equisfd] Gittoonse | n

accor dance .wi t h anot h f ventl on e

ol 1 shi ng PO AT CLERERTRE br B cbll%) RRSEFR, S b npdlipBl

refl ectd onwiiat ¢nly lacsmgtehle-bh ﬁhmwzendaraﬁlly positngl in Hlmmoﬁm&hgoﬁxmrhendapt i cal

o2 bl AR Th BB i -BRRIO TR PO bbb ARG ERY T e, 220
Figure 8, wtGRieMalifni: fQ@irdds anghe epdbdimbssl \aneraabahmxfx mme 8b ostenfipleat t he

GRIN |l ens surface 805 | at .an ., acu | e ue 809 with respect
to an opt i ¥RI"RAEESEY g‘ﬁ"g {)%a? B‘gafe fﬁﬂ%‘“‘&#ﬂ?e?'gﬁg‘ ps°&ﬁ“|%5’é‘ BTN YC e
di sposed ajeqired AMgsheuld 80 gppagent, iieref@y ahg e, préseitwnenidmzhod noetedinjitedeven (7)

o opaghl | ofc BRPEVBE S1okeeph oS B VAR ALt s PR end 615 (8. al S0

angl e polished so that the fiber |aunch end G5 is disposed at an acute
angl e val uEb&FhdlatdReflegtiopgt to t he optical propagation axis 807. To

maxi m ze the c I en o i cal
fiber 102, t heqﬁ%‘lgﬁgu abrom\]/%%gllsagg tlﬁeé@?ﬁ’?ktghn%%gﬁlr %grge gqgéﬂﬁlg‘?f %ber

| aunch endrefidhony &omubspmnmaalems (&qn@l endp)t 615raf Sheesst of optidak fibgys i182may
propagati on_axi o7 i onf i i ] t I

surface 805 anaﬁ Icq)rﬁ’ RCTCB%” ey cé%ﬁbéa g%%m%ylgngp %gétgo%\ﬁg&?rﬁpi E} rgﬁ%%dg?gﬁh

i nterfesenzd fab veqmoxitna cmqlnmﬁolhsreb)elfehém‘tgl inm réflecied herth 233ecompiisieg E6Y+

si gnal - bear,j eam 292 (f si nce
both 15 rthggt fpr’osﬁ]rg% %l?aée(éf‘ lias i e% 3’11’ at")e‘cf°’s°f‘§m1?‘ eaﬁg w%%%ﬁf?ﬁ yéeggat (from
reflected be:arsw@ﬁa)ndmﬁ vathsaduspratieaf htgnms:‘@pfaqsra@eehdwm modtéaioudnwwnmb E'(t)

f ef lect i zi b
Spl 1 ttor 28 Hnak Hop bl it ddo il 5b sHRSSH gy b Y GHE MBERE, He B rar
| ens 815 anﬂcxbgonmctmtxﬁs ﬂudngulphg)tl@d-'lPdahesatm@a(lsglxehahgdreﬁqume(ezﬁ)up tafd is
then prgcess fdmoi.g%s%lu({&r EQ{u ﬁy 3:%9?{)% tCQJE@sZ?,Q n(Ji'c %oﬁa})oise%m Ltey. the

beam corrpone ected iI's s y separ at ece} from
noi se conpoptial systeft ip prégressivelp deireass sinef ﬂxeo&tscronoq‘é(na)'t)tloafdwemmmd@nmatt hr ough

t he pol ari r ei ved
by an D oPRRBEALRE Ay Roriblescl 28 QPATRRNNERERos i sl Bl 00

Fi gure 2a) beamaddsl & bhemersr—m%eiséqknbye dhiainf Sgrglbdacing U@treéﬁbrlheze‘w l(edilcgur e 2a).
i ' 25 The el (4 V. 1 i | into
the' di 1 or TS5 3FRERERe g e B o 2 GRLER] ORI ENA WFGe T

(not siéwn)etetied Kemoignalesinghe a‘pet that the 9 thﬂ,mSt ahe alaWedeto towerlapi igrtimhe fdar i ng
beam conpon R ure and into the
differenti ér}ﬁa}e‘[z% m\%‘LZW ci%n%%ge dzls%u&v\ﬂge Oﬁsggﬂfeﬁ)%%rgque | i ght bl ocking
element will Dblock the noise conponent E (t%?.c Simlarly, another opaque

| i ght bl ocki ng B ewembodimenty avithorn epsigal tipen | Geindpnel lﬁ&?félen@éﬁb%én‘t "(t)
whi | e per miyddAnngr Jaa-?olsﬂag'aﬁtlicapﬁﬁerré ¢ £8AEEPLIRRNEBBE 733 mOoPh QRAGRES | Nt O
the differential detector 240. 19 S E P 2UU2 Al ternatively, the opaque
| i ght bl ocKicAvneY HAeprREmalely WBtM%e eteirslatioRghinprtweeq theayeduiagen firdoepy® j s a
smal | aypgulaad e itdnithRES sPRRIbpiibe fib&E L @Gk babbdetn the eqhaa&e Fe @i ayhafwhere i

si gnal - beari ng beam 292, then the two waves will conbi ne to produce a

spati al mt‘e@?@r erfc® Sead eEbghRt i vacwnn, ﬁﬁ@)i‘ﬁd@?’éﬁ’{“o'r‘d“ﬁl%fr‘l‘é" fibehe P%’él%f t he
pattern is given by Bragg's relation, Ag = a/(2 sin 8), 5 where sin 8 is
the half angl e between the reflection t) and the beam 292_ In the

enbodi nent of Figure 8, the polarizing beamsplitter 239 in the
differential detection system 240 is placed before the MO detector |lens 815
and 820, so the two beans falling on either of the MO detectors

(phot o-di odes) 236 (Figure 2a) wll have the same polarization, leading to
an intensity interference effect. For exanple, in Figure 8 the half angle
at an MO detector 236 is 10 approximately ten (10) degrees, which
corresponds to a grating period of about 1.9 microns. For an MO detector

5| ze of apprOX| matel y 300 400 m crons, t he average |nten5| ty WI II be
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Newport Corporation, Irvine, California. Tiber Head Fatd Refl ecti og é-ED sel
Reference is now nmade to Figure 9a for discussion of the spuri ouJ }52002
reflection EH(t) that occurs at a fiber head end 900 of the optical fiber
102. The spurious reflection EH(t) is 25 generated as a result of-. (I) the
reflection of the outgoing beam 291 fromthe fiber surface 900 on the head
end, or (2) from sone other optical conponent surface on the head. The
spurious reflection EH(t) propagates back towards the optical switch 104

and nmay | ﬁ%@feﬁ@ﬂop‘ﬁkdl hbérh@OZieEelllécfhdﬁd} gi3adc 2 e tngehéapamoa%gfe@upz fabe ot ﬁxcess
noi se in the etectlonc ann Tentureo t he i se n t he type
of |aser ddHREcEtagd Rt ml‘?t °T§‘E°4W‘8‘H% ﬂfg %@’é‘&alr}’?’ﬁ'ewzrfﬁ’gg f"fge B’Qr”i‘l tion

noi se (NFlat%:c}r&anE@Glﬂdmrﬁﬁm&s Sﬁtéfrlﬁ@loﬂfnacf?]aéi9u151NEHe@feh6ﬁ&nh;&ﬁﬁu&e pfeﬁ&lto f
spurious reflection FEt els a di nt o at ent efore
conbi ni ng WTHR ﬂ‘é“lg%ﬁﬂéﬂ itef o Vt?fdﬁ’r ?‘fj"ﬁ? ijﬂt“s'zg%?"&k‘t‘ﬁep’a%{’“ TR modul e.

If a DFB |(&S&Ibed Sse 05 Bl b1i‘e|ﬁ&[ge1M?|‘dpu&1 ﬂ'ﬂeré @rigeddensfood that pulsife & the Rsefd0R

concern, ia nois a i of_t.he spur.i ous
reflection® Eﬁlﬂfrﬂg T‘kf’@p?f”éﬁ%ljp %&‘gﬁeﬁ%g ﬁ?escr?%dgla?f' ls°va1eeur?ecgéé NG 5° DFB

| aser soursNR inhen Ssibbdimepd ntdidingd aigh ﬂiréﬁlﬁeﬁnc&ptimly fiberad(etgo, entaewoh aser
phase noi se. is th fore inportant to inplenent a techni que for

el imnati nlﬁa‘t"&}m'kgﬁﬁﬂfaﬁﬁ%%t |y reducing) this unwanted spurious reflection.
5 Various techniques are now di scussed for elimnating the effects of the
spurious refl ediguoss 4Bt4gtilusete alrenghelardpiesaldhedd i stordace with ah icipbedupgt of These
technl ghe Sk Brebdi? SR SRR ks THB Ao ARRE WG 1Rl nl PSS MTRLCN WA, and
corel ess (or ) fiber splicing tec ques are applicable
whi | e var i wisency tres single reprsntatige flpiog theadslﬁéhf\asnaﬁremwn&slee fpmg MPFB
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cleaylng for reducing fects o I bet end 900 refl ections

accor dance348 dflenapfohtiest obspiyoiie M diskf 147hdn precombadimenty tia flying M@ headdliop ect s of
the sput-igugadel 1:&8}449 ManEHde) Jegfs%%eu@7 Q%%%&Q%a@&néd }aﬁfor 1Qemay e

el i m nated by angle”cl eaving th ber head end angul ar anpunt of
the cl 8ave4dlrmebicdivetiens 46.50d 2eaguetiorrdil 900 T ans cmbediment, the magn@istdodal
propagati O a%m%l%omélﬁ.luqu il 8&&1@& Bl HAGH- bfemgeme@tm)@o ;m éer§t9 yrious
reflection that 1s coup back towards the fibéer |aunch end . I'n Figure
9b, a gr apmag®iic sﬁh’dv%battlh ePPremHtﬂieb’emOé?er%ﬂs‘F |°691ﬁmm}mtysf eysiblR an Fl“ﬁl?r‘)fhead
end 900 veaedmﬁsh&ﬂ},g#oambayexm ieidhatclfc ol BB BimBRAMOSHA! £AY Ghe L
respect to the Ica ropagation axis 91 , for exanple, the fiber
head end 9&mipe ﬁéta avitgble éF%%‘i\lfedmchﬁ@ﬁhlaﬁpW‘anﬁiS@R}Y 1490odsofeseed sBur i ous
Fresnelyor euxe%mprss#yfca)u 5Sphi&h I@;;;,i,e%mb@@)ga.i @mamht,tsqnéo%p&éa Bl @15 of

optical fiber anot her exanple, if fi ber head end 900 is

angl e cl ea\V‘lf%Fe'b?t3 "aﬁs a‘ﬁ’@‘ft)é Brefesghbh &Fl‘ﬁﬁ%‘}cf%‘\ﬂkf’uédzl}ﬁ i withithePutgoiiBect to
the opti cabnfARRQAhdeP Beath% 251 %&zg&%ﬁ%g%sﬁgé thrdubR heaRRNOMRIE1 06 8% Of the
spurious reflection EH(t) is reflecte ack towards the |aunch end G 15 of
optical fi sErmedIO ifk 10 eorrvigsaprsmeAtidasargt by mechanig! direangigsapdier optisalangl e
of appr oxi ERkpetkiYs $fakE afeﬁhcmé@e&nm &bnfpaﬁﬁgﬂe flythgtNI0 nest i0saihe Bo@pPAGAL | ON
axis 910 (Fi (‘;ure 9¢) 5 then | ess than appr oxi r@tely | Q¥ of the S{)url ous

refl ect® on ineiydes a ]i‘%ghit Bf ‘fPQE’E‘E’EP‘%Eﬁ? PISTRET HE‘ apiana] foptRERt AR AhaEEYTEPONEH I cal

fiber 102. tilpner dppRRIimdiando32ngdicRedx i s00nhifots. aflleflow baafiagentdofichlamge102et ween
approximately six (6) .degrees. taq Ssprom mately fifteen ( fg{@oﬁgrees W th

respect t o loeieRElY cpRipLR diei thyine P deaghlf6 apd is held alopgansa¥ing 43 on
EH(t) that ypireRoabes due kuirdna amktendioned Cdli gaicht Gdabure.S 'B;S&fpﬂ&dl a’tbley 102 is

extingui shed. Anti-reflection coatlng (AR coatln al s 0 applied
to the fib@Psifingd " o0-FaRvefd? soomter Qﬁllfﬁcf o0 %8? % b

refl ectioon optimbliefobisb® Epolo @ Alhteedstl3A0hto RSMO disk S0E ﬂleZq:miZalFﬂbgﬂl(E :aey be
illustrates 2 fiber 102 Wll%h g head e‘aﬁ_f 9q0t t hat has an. aqgashes aye, of ,

for exanpl & %58 y%wbrﬁ? 0 Rl3ce fx 478 & YT SURIE PPORL O A AT Ve

pr opagat i orofakd SptidhiOfibed h02 amfjinea ¥l-gevve peanitseacBfBe aligment tibddweryreflthe ay of
out goi ng beam 291 to exit the head end 900 at an acute angle val ue 905
(e.g., about 4.0 degrees) with respect 1t the optical propagation axis 910.
5 The outgoing beam 291 is then reflected fromthe steerable m cro-nmachined
mrror assenbly 400 as a refl ected 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 perpendicular direction,
as shown in Figure 9c, the steerable mcro-machined mrror assenbly 400 is
oriented at an 10 appropriate angle 915 (e.g., about 43.0 degrees) wth
respect to the opt| cal pr opagatl on axi s 910 In one enbodl rrent t he

o B o ~Ar—- * o, o . - .:_,_‘... p—




enbodi mrent shown in Figure 9d, an optical fiber 102 has a head end 900

with an angle cleave that faces upward. As a result, the angle 91]5908 QDZ
steerabl e mi cro-machined mrror assenbly 400 is set at an appropriate vaI

so that the reflected beam 291' is directed perpendicularly 20 towards
recording surface 349 of MO disk 107. Alternatively, the fiber head end 900
(Figure 9c) andlor fiber head end 900" (Figure 9d) may be altered with
respect to the optical propagation axis 91U by angle polishing in a manner

as sim | arduygoii@Siater besn abDvaative ttd tHeednallaficer hRerhiblg Woe. &he lskee@bBtmiant , | f

angl e cl eavi or_an po, not _perfarnmed on the head end 900 25
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wi th a cendsralfit Wymtahﬁztyswzﬂ veluns defirield abﬂryxlmalﬁm dleicctmulalﬂeulﬁpdlhﬁﬁlons of

n order for tl~e reflgcted
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reflec Lon_ Et L%' o2 Q eﬂ%%o of fiber 102 is elimnated by an
i ndex tcPﬁ‘?g(f 516 gélﬁm ﬂgngﬁ%{ﬁﬁ “Fl gure 10a, a portion of the optical
fiber 102 is attached into a slider 1000 by, for exanple, glue 1005. A

gl ass pl ate 101ej eepblec aderd-machivedsinireherasirodly HODEs Bregdrabdy abigiedninatheon
subst ant i aj; %%s&aw@e,ﬂlcgwaa{ so £ 1b *aﬁe&me'& mnfg'lgglrb%ﬁngzc?l%uéiﬁﬂcgﬁt:%@n the

fi ber head end 900 a | ass plate 07is W th epoxy, fluid, or
gel 1015 otenpé4fetowards thelVie Mtléﬁ’laafi Sm@\/tprdge%tlhee?ﬂ@@ﬂﬂ&sef beannedd2dtams thant i al | y

the same agd Hﬁk 1(‘5’?c bk & e lésgxdﬁf(xcpgss&mﬁ %emojne teplgocfﬁélpﬂr the IQJeLtH@ l%t ent

that the refractive 1 ndex o core o e f1 ber does not match the
r ef r actlpve4é¢uiex bo mitrelcpnvitix 2 mumetidah eperricdNARin the 18ige af difdxémetplyd-G-n t he

refractiveg '35‘dhg&§se‘}f ,%hle Rt dbode Mo i g@%ﬁgﬁxﬁﬁ £t ,%anaﬁtemn atfGordabiper 102

core and the'in g materia ereby resulting in a nmaxinm
interface raflapicnlugafpcusingsppe é)@Ph@F@Fﬂ}ﬂl}O’em As shown in Figure 1 Qb, the
i ndex matched fluid 1 OL S causes the spurious reflection Ex(t) to not

occur at the fib@ﬁsebeaciheeﬂdgxﬁmpnﬂneto&@urahaawindrverf dyeeinl 100, B trhckig! 4ndi NSt ead
occur at a surface 10

| ass Ia e 1010 a no con at e
St rcay ki 535 Sa BTt e SEL et by Eas Bireret ke T B 20
non2 c;mjgug:edhewﬁ a4 Ridden t‘)oi:Qlﬂ:ﬁed 1ies i mg?ujb of,thd d%emwmlbmuﬁamédl ﬁﬁki'dt@?’slﬁmﬁly( t) and
t 0 coupl e back into i ber.,.Sin t urious re ons
Er( ) r A0 atpgt Bruct s Bited Ty S meling e b gl i oLPager pe the
d| fferenti alle d@o&@tl@srer Békth 191 g ihshgedpefvve ltfandddssihl 16 tHeOohfltieClend IS, CTHEDONENE S
reflecte naI earin 2 without interference fromt spuri ous
refl ecti on§ch§ 'ﬁ% gj’nmﬁd‘zgﬁf Bﬁ?te‘gﬁ]?qu&aﬁeﬁ trPff'i"“lrg)aﬁkej }Eﬁgelsh“ggéfyfect s
of fi ber h@ﬁdylﬁgldl Ei(m‘arehﬁﬁl'&mgams déve blactﬁﬂaor daa cleffareritial &ﬁl@ﬁgbeﬁ'ca&ﬁbmdi nment
of the .pres vent i ff f th puri eflec .o EH(t) from
Che nedl onrobtt ot Rt e B Btsat t df RHh A20 To bR o Teriid?
mat chi ng apdpecman 5@ ondhs 846 gediawiorh Ine:fneremboxﬁme:ﬂ iﬁb@eum’as nili&a' pqmdn #29.

Referring first to E orel ess se |ced on
the head edd™&t PR ;gﬁiﬁg./'jzlr%‘:&tcg BrAAIE e%va;cng apgré’c‘t" a%r?' %/19,85“:1% aﬁﬁ?h

exanpl e, havraca ofl tteOedisks 1 07 | Ahhmgh,tﬂ‘nate erhbddingens h mgivemern obé +H-i 4oeack$ﬁ)s2
(e.g.) 80 s) Qu to.the fi 102 b fo fusi on
spli ci ng. 'Idﬁsé{"% rélF%eé‘g‘“F|°6‘e§' s‘gc & OREPFBTT °B?rﬁ°é Sgcst X%fhonéeﬁr%z 'ﬁOS S0
that pai onacmﬁ&d)xnmfor a4l ddsgied fahdye,ra mmgetofmvaﬂdhﬂgtsemlfwmﬂad +f-r4ctmcpsort ion
1115. Thus,, ’is un rsp 05 ¥o el b]é]p%?s:bﬁg r@c!n Ix%oev% t Eﬁc fg Qe%rspgt %int%rgst S4b

alternative e nmen arge-cor a6 f| not shown) may be 30
used in place of the corel ess fiber. The Iength of spliced fiber port| on
1115 is preferably chosen so that the redius of the outgoing beam 291
output at the face 1120 of portion 1115 is |less than the dianmeter of

corel ess optical Fiber 102. The portion 1115 nay have a length of, for 28



19 ~ C P 2002 exanpl e, about 100 microns. The refractive index of gosgﬁs
fi ber section 1100 (and portion 1115) substantially matches the rlebr vﬁ]ﬂz
i ndex of the core of optical fiber 102. To the extent that the refractive

i ndex of the core of the fiber 102 does not match the refractive index of
the fiber portion 1115, a difference in the refractive indices of ~n =

0.05, may be tolerated 5 between the fiber 102 core and the spliced Fber
portion 1115, thereby resulting in a maximuminterface reflectivity of

appr oxi mat#togs the Wtﬂisl@\&?\’aarfélﬁﬁwhﬁon %;i]& @ﬂéc_&ﬂtlz_\sfeff beh:ha|92 afaly ge h&agrhé Sofage a ]

conj ugat e pqi nt. .e,, head en .is significantly reduce ue to the
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di st r: but i@mk.oF?@wtmhﬁgémbfmagdaink@b)n@usdj}ﬁ a::hteﬁado tdtar$ bﬁ@ﬁ?r(xﬂagget,and .
circularity). [ it ating is ac on the face of splice

10 fi ber s%g’%‘faés(?@blfllga%?‘H@h%f‘u?‘gfégﬁ?’é’l‘g %’Fllsé‘geldi‘%ﬁ’ﬂ??’é‘%’ﬁ\“f“a‘&”ék ig‘% can be

suppr essedMdoditk 167 mbpué d&ivad Using eahbihddN@aise) ardl fifd ackihg is@ive Bdchfiquee as | ower

| oss) optical stemin Fi.g. 11 a. |If uring the.splice process he core
520 at s HERRRTT Rty £ oBhe R rerimat B i B RS e | ng
appl i ed t otricke Tiessdrve feim@aOay indkade tither efifoset ipitestarmske ifitb eledV Qi disket0Z ror of
optical fiber 102 will.increase. As a result, akgrﬁ.pﬁ% obj ective @s may
be i mpl eneREREHG ™R QsABRoNS Apabare srad silane da'g marks  iemBosseq RIS AsedBle fi el d
di anet er. A?FIS bap éi?pilfi(rggyree 1344, tot ﬁgplsxaéﬂtqaﬂ dff%‘efbgﬁalp@ﬁﬂéﬁﬁ?ﬂ 237111§g.cg).lse3 t he
spurious r ection fi"(t) to not occur at the fiber en ace ead en
900). The 513}5'&{“51951 Pdpple BlpTC é}SF(’@ chipter masnelteslits BveLnse gtset ?fégﬂpﬁ‘ft’é’Ff ace
bet ween tha]fsﬁdﬁﬁiﬁﬁec@duﬂ&oagdxs&mnadé fmeruuef madslrons p@ergml mﬁﬁ aili)(é’réﬁttl Be}cafli;;be
spurious re ciion t oes not .efficient cou a jnto fiber 102
oha | ot hesh G Sgaelsih SVRRGLYI h Gur Bty e e AR et LR FRFI ect t on
EH(t) is shiswmgtofad byrtiedlirninaghed disk guifichesimpldnedls teiyls tfaligwitigief dhdtheer ent i al
det ect or 240@%F.i ure a%.vvi LI bE aZI e 5)'0 det ect. thg congonent? bf reflected
| aser beanf™2&FVGFEHSRT B8 PeFBYic & FRGRTLIFEPEPYS PHUS MOXFREt O B St ) .
ggg ureiil ﬁctlixaﬁoraargapth ﬂ@ﬁetSiiﬂ)WﬁMsibtlﬁewogfa:csﬁgbf &Beriﬂl@miﬁr?@ffsﬁibtlﬂ’ mlnﬁﬁdhend
~versus ' t ength of the splice i ber, portion W |1 1S _shown
that the i h?@?Z‘rE‘@F Qﬁ% @aﬁgfwé%wtWéfageplaflﬁvawgmweﬂdet@% WEFK“%‘j ?%wa“ﬁ ber
head end 96RQkadths tdiRad AIRF whHRARNoAIRioh Gsigt sk &k bad MY digkduaad at inytddenspl i ced
fiber portion 1115 has a_|ength of at |east approximtely 100 mcrons. In
accor dance it FFdﬁ?fBijﬂ’éFacé‘rfB@‘%l”ﬁ%?ﬂd SETks LREs e adeh f°"i°?1‘Vé‘ﬁY ep§aungfiperadle
above- nent ?Mﬁdamm A§setBlges f 400 \%dldTbﬁﬁdbl}gll'ehﬁ&da egtcbfrseiﬁdrae tréspEblﬁae @eadot .
requir if ot | aser, sopurce 231 is. 30.i. nt.e it B | aser .and i
both med: ahnS anEReE ik bSiuies and oL enihe SRR Hiegroe B Fren fEStsdy | ca
syst em di sembsiirdernyauil al&Dpreferab®y refuits e 2IGeEpardte laserwptiar stadidiet hal, anhe
present inventjon.cap find utj.li in ayarjety of environnents uch as
ot her 1ypeSParl SREFLI® (i vakhing St Sah oG SoRanBPIGh dah & g i
Ther ef or e, nedetshnily®hrdgheedpr esent i nventi on has been described herein with
reference to particular enbodi nents thereof, a latitude of nodification,

e e e

di scl osure, an sour ce 1 nstances some
f eat ur @ ofmagheto-ppticelritiskoinived Inl onlgembodimenytcttie wagrstoraptical systene Poewdiprigesiase of
other 1 eat UifaciybRlQited SEPREA-Hpeity MO/ Bifi ive S0P BoLholhllS oh ARy Qi S€t
5.25 inch half-height form factor (1.625 inch), at least six double-sided MO disks 107, and at
least twelve flying MO heads 106. As discussed above, the flying MO heads 106 may be
manufactured to include optical fibers 102 as part of a very small mass and low profile high
30 NA optical system so as to enable utilization of multiple MO disks 107 at a very close spacing
within the MO disk drive 500 and; therefore, to comprise a higher areal and volumetric and

storage capacity than is permitted in an cquivalent volume according to conventional
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W claim 1. A systemfor propagating a |light signal between a | aser source
and an information storage |ocation conprising: an optical elenent disposed
bet ween the | aser source and the information storage |ocation fd}g SE;PdZQQZ
transmtting the light signal; a refractive index matching neans couple

the optical elenent for conpensating the light signal for the effects of at

| east one spurious reflection; and a controller coupled to the | aser source
for nodulating the | aser source at a particular frequency in order to

reduce i ntBpheihefICR JAe kY& ier: NEsphditWendden Rt AR MO @isRE 1028 34ss BAR oS PUT i OUS
reflection; wherein the index matching neans conprises a. gradient index

(GRIN) | errsualite gane 8- 1B ingkssn Ip pecordaacewithiille presephmvention,jhisjdatified that he
optical el giRblionsif A b5 1BY baiRLAE ific MBeORb] with r@hQARBise SO as
to |l eave a gap beriveen an inSide surface of the GRIN |lens and the |aunch
end, and aavet thetevbhepservRTcd§Y Relpesation-mainapingapticah fibsie gap, the index natching
material having a refractive index approxinmately equal to a refractive

i ndex of the oph bCalenfli®@iodinént shben SyER@EsE) ftheatiibgight fohik fR2ton Mt @isk ndex

Consi st gt B ke gur MO Grer Togon i on] SPdObICTAN 1

wher ei n t h@isksNd® X ByptavldingghémhRvibid MOOHX dafedEe partion $ &0, tisd fied ditepaled i n t he

gap, the cover slip bejing coupled to_ the. launch end. 4. T f claim
g her of n PGV SRR RSPl BTop L RE SRy afing % BEVGHLRT
syst em f or apreGpa Gatsubsgqind tzgber 6itgrialermbleNIGadks 301. aRercopiedinf@matich @iy,

informati on storage, | ocat] conprising. a ical element di spased

bet weeh? t h%‘bfaélgﬂ’kﬂgs B Ecérdﬁgg’a%gg P o ‘E"la@ﬁoﬁbo&gbé"r@ggtﬁc’gﬁnf gl(rz) for

transm tti Sigribitfonltb olhtr @hPaR} sys@mE.efy Aaikiby,ahd real6vabENIO iSRG ariRie otianpl ed t o
the optical elenment for conpensating the |jght sign | for tﬁﬁ effects of at
| east one sKA'ledsdor e eoavsismt and-high sneed backiup sforagt ﬂg’ihé dotergal M@ sPHBRE sour ce
fo 8 nodul a&i'lsllgﬂob.h Thé ﬁﬁe@rint&(ﬂhlraﬁﬁ r@%qvaﬁpedﬁﬂi&ulrxaﬂs{j ﬂe&ﬁi&bedﬂ&h ygleidid% @ieds ohO
reduce interference bhet<veen the [i signal _and t at ast one_spurious
reflecti on‘,he\ﬁﬁ?é‘}"é‘?lﬁlv?%é""]f W&@ngm%ﬁéja g E‘Eﬁfﬁdi QEYTg a@ﬁ’ﬁg@nﬁf’%\fhg

di spos esll b gk MG sgifratk ﬁﬁula 107. thaomet :gtealhmel eafmhmnezlar(dottsh?wﬂ)rahmgmtsiﬁonh .
storage location so as to | eave a gap ,between.the S,. and t he hea
end, and afPYnfExmRaiEiH ganﬁﬁ‘f"@]’?a(%cg‘idg'ﬁ&g‘@b of Wtet"??g @é&‘&f ﬁé'? ia‘h‘ﬂ%rx%t chi ng
mat eri al hawhb ofMOEiEke ¢ 07 WRhih Alentndpidfecthdvasle MO @suattridg partdogé.r acti ve

i ndex of the optical elenment. 6. The systemof claim5 wherein the | aser
source is selected fromth rou onsi st of Fabry-Perot |aser, a
Sable single receReyt MEHe ST dN IR e, o TR PR bt W her 7
A syst em f atcepadiyagmiredF oa ckangpid, a hgn adnalre tame sy be hsad eTheslow podilaoptican

i nfor ion r age . L ocat i rising,_an.optical . i

bet weer®t ne T SEA%E 1 OB Lol TN bRg e Ao cbiily, SHERA 16 WREASRY
transm tti sgraghdchtioghtitoitmegliringadiscedte algtctiveoptios] exg..naing hi tapgrademptical diberpl ed t o

the opti caIor A%%Qtf@%q;imcaqg,psefg%hiog%%g light signal for the effects of at
| east one spurious

1

As similarly stated above, undesired laser noise can arise when a spurious reflection

from conjugate points in the optical system interferes with the reflected laser beam 292 (Figure

25  3). The conjugate points include the front end face (launch end 615) and back end face (head
end 900) of the fiber 102. In particular, undesired laser noise occurs when the spurious
reflection from a conjugate point co-propagates with the reflected signal-bearing laser beam

292 into the differcntial detector 240 (Figure 2a) and when the spurious reflection and the

reflected laser beam 292 assume approximately the same spatial distribution. Thus, the

20



1 ~S CP 2002. reflection; and a controller coupled to the | ase ‘Lrgsﬁ;EPeZUOZ
for nodulating the |aser source at a particular frequency in ord

reduce interference between the light signal and the at |east one spurious
reflection; wherein the particular frequency is determ ned by the equation
F = c(2i +1)/4Ln, wherein c is the speed of light in a vacuum L is a length
of the optical elenent, nis a refractive index of the optical elenent, and
i is an integer having a value of at |east zero. 8. A systemfor

propagat i I’Hpuﬁodsilgfléctisﬂl Gradrallyeprosdess a rkfissed muﬁm theit Ghpatially rdvedlapatquie

Sour oo and EHY G RUTTeer Brage: G bt ety St MO ERE | gt

signal; an optical flber spI|C|ng means coupled to the optical elenent for
corrpensatl RIG ot diic of eplpimen e (b refleciamast one spurlous
refl ection; a”%rsasta%%%w lh%rusnris%m%e sau,gL ek &gduﬁafa%tk 3ale R theldlical |

nodul ating the SOUr ce at a cul ar uency rder

interfes en:yeteindtw\meﬂsetph:@tmg glhtswlcgnadﬂeamd E(t)e(frartl ﬂb@abunth@dsﬁpé} me

fef L ect I 0N MiELRLD Hlfich ﬁsr(ﬁag' '6'4351 fes%an%?es;memmae&r&,gs BLiGssh i ber
section hav% anet er approxi nmate to a dianeter e optical
el ement, ttw x;ﬂq:oedddmmi ibheducsdchérchy mepasgngcthmﬁNBdaftthr Kére sxzpalldmbteélbnrrent
and di spos n.a nd, .of , t.h t mat i on
st orage Ioggfrggtiawa cet?reﬂs?ﬁﬁe ?e) Afhal%fsP 38%1&@% ?sgg’ })?rgée]?alslga iD(Q)l];lléyls such
t hat the r fodiexempd nutﬁ]élalsﬂrghastd:lgﬁnglc-&ktﬁamcg)kastrlsn@ @@ DFlX leser.f ace of the
corel ess fiber 33 ~ 9 S EP 20U2 section is approximately | ess than the
di amet gp of thgy 99&)?& afi&Switl BEDreS&Ht rvBition, aaaemw;me%m &epgre%(vedlﬁﬁéeé kdper
section has a refractive in ex approxi mately e (1’0 a refractive i1 ndex of
the opti cafliripetingithe effets Thite spusioasmeléction Gpmig IMG’P e 615196 optinabfikes 403 per
section 'STﬁc%QlaﬂﬁxﬁgnaW 1bdhnRudsngRad Hdex Mtéhir%oqechklb?ﬁ tebfihi @%&yag@m of
claim8 wherein the laser 'source Is select fromth grou?) consi sting of a
Fabr y- Per opolishisgr Thesegiddibipnal technidquss malquecr&ympchb}ensesqule@r seute 281 that

di stribute Ps@?ﬁ t signal

bet ween a ﬁgﬁ??@%&ﬁ%@%ﬁgpéﬁéﬁoﬁ (S)t'ri%g%l? {ue}?{ﬁ %%%%OQF%%)?}%H sing: an
optical el errent d| sposed bet ween t he | aser source and the information

st or agé sle aich ) X (he e ilasreh end & £l

An index matching approach may also be used to reduce the effects of the spurious

reflection from the launch end 615 of the optical fiber 102. In one embodiment, the fiber 102

(or fiber bundle) is coupled to a GRIN lens 610 to form a collimator (contziner) 600, as shown

in Figure 6. An index-matching material 605 fills a gap between the GRIN lens 610 and the

20 fiber 102. A capillary 602 supports the optical fiber 102 in the collimator 600. The GRIN lens
610 is used to focus the incident laser beam 291 into the fiber core via launch end 615 of
optical fiber 102 and may have a pitch of, for example, approximately 0.23. The index-
matching material 605 has a refractive index that is equal or nearly equal to the refractive
index of the core of optical fiber 102, thereby eliminating or substantially reducing the Fresnel

2S5  reflection from the surface of launch end 615 as well as from the inner GRIN lens surface 609
(to the cxtent that the GRIN lens refractive index is substantially close to the index of the fiber

102). The index-matching material 605 may comprise, for example, an optical epoxy, gel, or

fluid. To the extent that the refractive index of the core of the fiber 102 does not match the
refractive index of the index matching material 605, a difference in the refractive indices of An

30 = 20.05, may be tolerated between the fiber 102 core and the index matching matenial 605,

thereby resulting in a maximum interface reflectivity of approximately 0.03%. Preferably, the
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an optical fiber splicing neans coupled to the optical elenent fqr
conpensating the light signal for the effects of at |east one Spﬁ BQSEf)ZOOZ
reflection; and a controller nmeans coupled to the | aser source for
nodul ating the | aser source at a particular frequency in order to reduce
I nterference between the light signal and the at | east one spurious
reflection; wherein the particular frequency is determ ned by the equation

= c¢(2i+1)/4Ln, wherein c is the speed of light in a vacuum L is a length

of the opting&lmatieiPiteridl 60Sha af}@éhro%ﬁ&dl q@ahtyrtd%vaft améaﬂu&{stdre@her%eu@nt and
I is an integer having.a val ue of at Zero net hod of

pr opagat i nijtdaiop; '@F\ta“§9%‘??a1 S‘ﬁ@f?/\é%"fac}{% éet"s 8K F%@e%ﬁﬁlyé?a‘ieﬁf“ﬁﬁhnaé‘t in

storage | OeALdion (AR Watisy 1 Fartf minimiz2 réflcEidR. 2 AR Eaa@m%m tdrieRanfidlany | ght
si gnal across an gtlcal el enent; conpensating the light signal for the

ef fects of supble bipshlmydelectyia ftack der rrdurme eafiedlons-r om t he optical el ement via

refractive i ndex matching; and nodul ating the | aser source at a particul ar
frequengy in OI’IdﬂIhotted)tHaEdm&&:ridﬁhtﬁiffxeﬂ&ﬂ&eﬁhﬁtlvmrgohﬂgeaslelil@ﬂatnB’ilgm&lstiﬂmd t he

at | east one s ous refle nthes t he

T ght i gnieu f gie B GG e ogice Sh VP oL e e it AR RNt Bt e
i ght si gnmammmnathlcalmﬁideﬁmﬁna&e doB @t epedilyalormed] éntiiaticeythen the geflrctionrf | ndex
(CGRIN) leng throu noi i al haV| ractive. i ndex
opr oxi ot e oEae s dea PSH sl Sl BB o R i B dheb B bRBpRng " T
met hod of Béaai mzlmmreﬁltlﬁb lbrbbabimﬁ@(slifeat}ﬁhthlgau@mhgnasad bdas zsnnwu menhcof

mat eri al fro t he up. consi st of opti cal XY, nd
fluid 194 5 G SPHTA eGP NG 1 e AR Eksed
conpri ses abo@e)vmé otpdif 1addy beadth eon@ilhEdthefsugicaicos dikoib angle Bf inbideovern slip
I's conprised o

f. gl .. 16._ A pet hod of ropaatln a l.ight, signal between a
| aser sour &eéulh%tgégiﬁ)ﬂ’f"ﬁr Hﬁﬂ‘gﬁm ‘?18‘?%15 Rt lfeﬁhthg&?ffr}?egvﬁi t&%‘%}ﬁ‘ﬁﬁt ting
]'Ehe | ihght f fsssgméd REHcheAd (U3 oFRichTGdkr 100 @R Aber bﬁkﬁlﬂ]ﬁﬂ&&?ﬁ&h@s%ﬁﬁl dfiRgire c.;i gnal

or the effects e ne.s urious, r ion from the opti
el enent vi Herlefr "é‘f’iéﬁé ﬁé&&&ﬁ'&i’d q‘?ﬁtsuéfﬁrcf‘{% JPPPRGeRE }I"ﬁéd@ ““soufce at a
parti cubkar ldsér@gat R8Y wilnhiDihe @ir-idciientestitian 688 at diff&en® alpldd PDKE2dence depending

on the coordinate of a particular launch end 615 that receives the laser beam 291.

As shown in Figure 6, the index-matching material 605 causes the spurious reflection

E(t) to not occur at the fiber Jaunch end 615. The spunous reflection E(t) will instead occur at
non-conjugate surface 609 at the interface between the index-matching material 605 and the

20 GRIN lens 610 to the extent that a refractive index difference occurs at this surface 609. Asa
result, the spurious reflection E(t) does not spatially overlap with the signal-bearing beam 291

and also does not spatially overlap with the reflected signal-bearing beam 292 from the MO

| disk 107 (Figure 3). Since the spurious reflection E(t) is spatially separated from the reflected
signal-bearing beam 292, the differential detector 240 (Figure 2a) will be able to detect the

25 components of reflected signal-bearing beam 292 without interference from the spurious

reflection E(t).

In contrast, if an index-matching material 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

30 E(t) generated at the fiber launch end 615 will spatially overlap with the reflected signal-
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I nterference between the light signal and the at | east one spurious

refl ection; wherein step of conpensating the |ight signal fron1a. % gpgz
spurious reflection conprises, upon the light signal exiting a head end o
the optical elenent, passing the light signal through an index matching
material having a refractive index approximately equal to a refractive

I ndex of the optical elenent. 17. The nethod of claim 16 wherein the | aser
source is selected fromthe group consisting of a Fabry-Perot |aser, a

stabl e si nghénd 6&AHEOEY THAS BRdeHRNl iR NEnetioh ﬁ@nbmeﬁdrine@mlaaqiﬁolta&er 18.
A et hod of propa ating a light signal between a | aser source and an
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one Spuji opariceebBetiorOR() acktarifinch éﬁmeslpat‘bptmhllﬁmrfmemmmmswdbmmned by

the F = c(2|+ 4Ln wherein c..is m Lis a
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st or age | oLd&t §is CSV%pFP '?6095 au u \Qﬁ( gac§ 7%§%13t i& aﬁ?'rcarﬂsrtﬁ%t |lhneg°p¥ Fo1e li ght
si gnal acrﬁm 1an (amptto cal suﬂb@ﬁﬁg‘ﬁamllﬁ@ﬁﬁé)‘lﬁrﬂh | fagextatnple] argbyiticali qymaht lfammgt he
effect§ us,reflection.fr ' Vi a

t st. one a el
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signal from at ‘?‘ %wré‘ﬁ}&f”i" Z l‘\;\g‘fqvgcsgli’?}hgg%’ %‘Sdfﬂﬁcﬁﬂ‘g Br el ess
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t he corel ess fiber secti di sposed bet we head

optical ele [ ein e

end of 1 he BT L5 G BPEREIHEE REmDIRE Covat UPAb: 6 » SrBh STSPROR TSRO HG  of
the | engt hdeds nohgatalyedveds withee r&'&elkcil 6iBndl-Beatilg Bednh 202 f&m tead OUdskoX07t he

| i ght signal. mhgg Xlth gﬁgn ou e of the coreé él ? sectipn is
appr oxi mat &1'F'F e5s>1 2Ot ’3 8’? ‘stsﬁaé‘a FeBfaiee TPl redgdtq Bl and
wher ei n t hecaing He@s S292| hier digkeahiidndchan:r 240 qF;rga@tjayemnmebextalap@r@mnaieel y

equal to a refracti | ndex.of, the optic ment . t hod of claim
T oher o ncisngs of SeleZrl Sisheisiomeo R 202, BTGOE digresion o5 6. upes
mul ti node tdfleefon E().

20 In an alternative embodiment, the front surface 760 of cover slip 700 may also be AR-

I~

coatcd to reduce the Fresnel reflection at the surface 760. The reflectance from AR-coated
front surface 760 may be, for examplc, on the order of about 0.25%.
As another alternative, the GRIN Jens 715 may also be AR-coated to further minimize
reflection in the optical system in Figure 7. Since the refractive index of cover slip 700 (and
25  corresponding mounting cement) are chosen to substantially match the refractive index of the
core of optical fiber 102, the only reflection occurting in the optical system is the reflection
from the AR-coated front surface 760 of cover slip 700. Since the front surface 760 does not
contain a conjugate point in the optical system of Figure 7, the spurious reflection E(t) from
front surface 760 does not ipterfere with the signal-bearing beam 292, as mentioned above.
30 Angl ishi reducing the effects of fi nd 615 reflectio
In accordance with another embodiment of the present mmvention, an angle polishing

approach may be used to reduce the effects of the spurious reflection E(t) from the launch end
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21. The nethod of claim19 wherein the |aser source is selected fro,,n %
group consisting of a Fabry-Perot |aser, a stable single frequency & EP
source, and a distributed feedback laser. 22. A nethod of propagating a
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conprising; transmtting the light signal across an optical elenent; 37 ~
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ca] ca] ca] c MQ détecddrderdsc80%4i by dny of the photodiodes 236 (see also Figure 2a), and is then

éj]SZa} \égi gg%ﬁ%dﬁkg@%ﬂ%ﬁglcg&fiﬁﬁkﬁgg g:% Cfi] ca] ca] c*a] ca] ca] ca] ca] ca] ca]

The noise component E’'(t) may be prevented from transnut‘tmg into the differential

2002

detector 240 by use of an opaque light blocking element (not shown) that includes an aperture.
Thus, the reflected signal-bearing beam component 292’ will propagate through the aperture
and into the differential detcctor 240 (Figure 2a), while the opaque light blocking element will
block the noise component E’(1). Similarly, another opaque light blocking element may be
30  used to block the noise component E**(1) while permitting the signal-bearing beam component

292"’ to propagate into the differential detector 240.
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on the head end, or (2) from some other optical component surface on the head. The spurious

reflection Ey(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
30 partition noise (MPN) is the dominant source of noise. MPN arises because the spurious
reflection E, (1) travels a different optical path length before combining with the signal-bearing
return light 292 in the detection module. If a DFB laser is used, then MPN is no longer of
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1099° 10% g)zmodﬁyf)eo/ ect Jn E (t}?l‘(t))/;% tl()g head end1 ‘5)0%«%1’ (ﬂl)crﬁll)g are@]\llmm%%y-agle cleaving
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 910 (Figure 9c) determines the amount of the

15  spurious reflection that is coupled back towards the fiber launch end 615. In Figure 9b, a
graph 902 shows the rclative reflection amount from the fiber head end 900 versus the angle
by which the fiber head end 900 1s cleaved with respect to the optical propagation axis 910. If,
for example, the fiber head end 900 is not angle cleaved, then approximately 100% of the
spurious Fresnel reflection E (1) is reflected back towards the launch end 615 of optical fiber

20 102. As another example, if the fiber head end 900 is angle cleaved at an angle of
approximately two (2) degrees with respect to the optical propagation axis 910 (Figure 9c),
then approximately 55% of the spurious reflection E,(t) is reflected back towards the launch
end 615 of optical fiber 102. If the fiber head end 900 is angle cleaved at an angle of
approximately four (4) degrees with respect to the optical propagation axis 910 (Figure 9c),

25  then less than approximately 10% of the spurious reflection E,(t) is reflected back towards the
launch end 615 of optical fiber 102. The fiber head end 900 is preferably cleaved in a range
between approximately six (6) degrees to approximately fifieen (15) degrees with respect to
optical propagation axis 910 so that the spurious reflection Ex(t) that propagates back towards
launch end 615 is essentially extinguished. Anti-reflection coating (AR) coating may also be

30 applied to the fiber head end 900 for purposes of further reducing the Fresnel reflection at the
fiber head end 900.
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shown in Figure 9c, the steerable micro-machined mirror assembly 400 is oriented at an

10 appropriate angle 915 (c.g., about 43.0 degrees) with respect to the optical propagation axis
910. In one embodiment, the measurement of angle 915 is an acute angular value other than
forty-five (45) degrees. The reflected beam 291’ is direcled perpendicularly towards the
recording layer 349 so that light is efficiently coupled between the optical fiber 102 and MO
disk 107. Furthermore, the position of optical fiber 102 may be adjusted in the X, Y, and/or Z

15  directions for maximum fiber coupling.

Note that in Figure 9¢c, the angle cleave of head cnd 900 faces downward. In another
embodiment shown in Figure 9d, an optical fiber 102 has a head end 900’ with an angle cleave
that faces upward. As a result, the angle 915 of steerable micro-machined mirror assembly
400 1s set at an appropriate value so that the reflected beam 291’ is directcd perpendicularly

20  towards recording surface 349 of MO disk 107.

Altemnatively, the fiber head end 900 (Figure 9¢) and/or fiber head end 900° (Figure 9d)
may be altered with respect to the optical propagation axis 910 by anglc polishing in 2 manner
as similarly described above with reference to Figure 8.

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

' 25 of optical fiber 102, then the outgoing beam 291 exits the head end 900 with a central ray that

is substantially parallel to the optical propagation axis 910, as shown in Figure 9e. In order for
the reflected bearn 291° to be directed towards surface recording layer 349 at a substantially
perpendicular orientation, the value of angle 915 is typically about forty-five (45) degrees with
respect to the optical propagation axis 910. The optical system shown in Figure e is

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

Index m ing i ¢ effects of fibe 9
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10%& () -, 1&%@‘&@ 90%1293/ ﬁc(g}a_ss plate 1010 is filled with epoxy, fluid, or gel 1015 or other suitable
material having a refractive index substantially the same as the refractive index of the core of
the fiber. To the cxtent that the refractive index of the core of the fiber 102 does not match the
refractive index of the index matching material 1015, a difference in the refractive indices of
10 An = *0.05, may be tolerated between thc fiber 102 core and the index matching material
1015, thereby resulting irTa maximum interface reflectivity of approximately 0.03%.

As shown in Figure 10b, the judex matched fluid 1015 causes the spurious reflection
E,(t) to not occur at the fiber head end 900. The spurious reflection E(t) will instead occur at
a surfacc 1012 of glass plate 1010 (i.e., a non-conjugate surface), while a second spurious

15 reflection E’(t) will occur at non-conjugate surface 1013, As a result, the spurious reflections
E,(t) and E’,(t) do not couple back into the fiber. Since the spurious reflections Ey(t) E’y(t)
arc cffectively extinguished from the optical system, the differential detector 240 (Figure 2a)
will be able to dctect the components of reflected signal-bearing beam 292 without
interference from the spurjous reflections E,(t) and E’,,(t).

20  Fiber splicing for reducing the effects of fiber head end 900 reflections Ey(t)

In accordance with another embodiment of the present invention, the effect of the
spurious reflection Ey(t) from the head end 900 of fiber 102 is eliminated by another type of
index matching approach as discussed with reference to Figures 11a to 11b. Referring first to
Figure 11a, a coreless fiber section 1100 is spliced on the head end of fiber 102. The coreless

25  fiber section 1100 may, for example, have a diameter similar to that of the single-mode fiber
102 (e.g., 80 microms), and is coupled to the fiber 102 by, for example, fusion splicing. The
coreless fiber section 1100 is then cut along lines 1105 so that portion 1110 of coreless fiber
section 1100 is separated from portion 1115. Thus, the portion 1115 remains spliced to the
fiber 102. In an alternative embodiment, a large-core multimode fiber (not shown) may be

30 used in place of the coreless fiber. The length of spliced fiber portion 1115 is preferably
chosen so that the radius of the outgoing beam 291 output at the face 1120 of portion 1115 is
less than the diameter of coreless optical fiber 102. The portion 1115 may have a length of, for
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10 5  between the fiber 102 core and the spliced fiber portion 1115, thereby resulting in a maximum
mterface reflectivity of approximately 0.03%. As a result, the effect of the reflection from a
conjugate point (i.c., head end 900) is significantly reduced due to the index matching, as
discussed below. In addition, the light wave spatial distribution of outgoing beam 291 is not
distorted in shape (e.g., circularity). If, in addition, AR coating is placed on the face of splice
10 fiber surface 1120, then the Fresnel reflection from surface 1120 can be suppressed down to
about 0.25%, resulting in a more efficient (i.e., lower loss) optical system in Fig. 11a.
If, during the splice process, the core size at the head end 900 (of optical fiber 102)
changes due to the heating applied to the head end 900, then the effective mode field diameter
of optical fiber 102 will increase. As a result, a proper objective lens may be implemented to
15  compensate for an increase in the effective mode field diameter.
As shown in Figure 11b, the spliced fiber portion 1115 causes the spurious reflection
E,(t) to not occur at the fiber end face (head end 900). The spurious reflection E,(t) will
instead occur at the interface between the surface 1120 and the adjacent air space. As a result,
the spurious reflection Ey(t) does not efficiently couple back into fiber 102 and is therefore
20  effectjvely extinguished. Since the spurious reflection Eyt) is substantially eliminated from
the optical system, the differcntial detector 240 (Figure ia) will be able to detect the
components of reflected laser beam 292 without intcrference from the spurious reflection
E, 1.
Figure 11c is a graph 1150 showing the reflection from the fiber head end 900 versus
‘: 25  the length of the spliced fiber portion 1115. It is shown that the interference between the
spurious reflection Ey(t) at the fiber head end 900 and the laser beam 292 is substantially
reduced if the spliced fiber portion 1115 has a length of at least approximately 100 microns.
In accordance with another embodiment of the present invention, the above-mentioned
techniques for eliminating bead end reflection are not required if the laser source 231 is
30  implemented with a DFB laser and if both media noise and laser phase noise are sufficiently

low in the optical system discloscd above.
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5 intended in the foregoing disclosure, and it will be apprcciated that in some instances some
features of the invention will be employed without a corresponding use of other features

without departure from the scope of the invention as set forth.
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compensating the light signal for the effects of at least one spurious

reflection; and

a controller coupled to the laser source for modulating the laser source at a

particular frequency in order to reduce interference between the light

signal and the at least one spurious reflection;

wherein the index matching means comprises a gradient index (GRIN)

lens disposed between the laser source and a launch end of the optical

element, the GRIN lens being coupled to the optical element so as to leave

a gap between an inside surface of the GRIN lens and the launch end, and

an index matching material disposed in the gap, the index matching

material having a refractive index approximately equal to a refractive

index of the optical element.

2. The system of claim 1 wherein the index matching material is comprised of

material selected from the group consisting of optical epoxy, gel, and fluid.

3. The system of claim 1 wherein the index matching material comprises:

a cover slip disposed in the gap, the cover slip being coupled to the launch

end.

4. The system of claim 3 wherein the cover slip is comprised of glass.
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a controller coupled to the laser source for modulating the laser source at a
particular frequency in order to reduce interference between the light

signal and the at least one spurious reflection;

wherein the index matching means comprises a glass plate disposed
between a head end of the optical element and the information storage
location so as to leave a gap between the glass plate and the head end, and
an index matching material disposed in the gap, the index matching
material having a refractive index approximately equal to a refractive

index of the optical element.

6. The system of claim 5 wherein the laser source is selected from the group
consisting of a Fabry-Perot laser, a stable single frequency laser source, and a

distributed feedback laser.

7. A system for propagating a light signal between a laser source and an information
storage location comprising:
an optical element disposed between the laser source and the information

storage location for transmitting the light signal;

a refractive index matching means coupled to the optical element for

compensating the light signal for the effects of at least one spurious
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a controller coupled to the laser source for modulating the laser source at a
particular frequency in order to reduce interference between the light

signal and the at least one spurious reflection;

wherein the particular frequency is determined by the equation
F = c(2i+1)/4Ln, wherein c is the speed of light in a vacuum, L is a length
of the optical element, n is a refractive index of the optical element, and i

is an integer having a value of at least zero.

8. A system for propagating a light signal between a laser source and an information
storage location comprising:
an optical element disposed between the laser source and the information

storage location for transmitting the light signal,

an optical fiber splicing means coupled to the optical element for
compensating the light signal for the effects of at least one spurious

reflection; and

a controller means coupled to the laser source for modulating the laser
source at a particular frequency in order to reduce interference between

the light signal and the at least one spurious reflection;

wherein the fiber splicing means comprises a coreless fiber section having
a diameter approximately equal to a diameter of the optical element, the
coreless fiber section being coupled to the optical element and disposed
between a head end of the optical element and the information storage
location, wherein the length of the coreless fiber section is such that the

radius of the light signal when exiting an outer face of the coreless fiber
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section is approximately less than the diameter of the coreless fiber

section, and wherein the coreless fiber section has a refractive index

approximately equal to a refractive index of the optical element.

9. The system of claim 8 wherein the coreless fiber section is replaced with a large-

core multimode fiber.

10. The system of claim 8 wherein the laser source is selected from the group
consisting of a Fabry-Perot laser, a stable single frequency laser source, and a

distributed feedback laser.

11. A system for propagating a light signal between a laser source and an information
storage location comprising:
an optical element disposed between the laser source and the information

storage location for transmitting the light signal;

an optical fiber splicing means coupled to the optical element for
compensating the light signal for the effects of at least one spurious

reflection; and

a controller means coupled to the laser source for modulating the laser
source at a particular frequency in order to reduce interference between

the light signal and the at least one spurious reflection;

wherein the particular frequency is determined by the equation
F = ¢(2i+1)/4Ln, wherein c is the speed of light in a vacuum, L is a length
of the optical element, n is a refractive index of the optical element, and i

is an integer having a value of at least zero.

12. A method of propagating a light signal between a laser source and an information

storage location comprising:
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13.

14.

15.

16.

transmitting the light signal across an optical element;

compensating the light signal for the effects of at least one spurious

reflection from the optical element via refractive index matching; and

modulating the laser source at a particular frequency in order to reduce
interference between the light signal and the at least one spurious
reflection;

wherein the step of compensating the\—light signal from at least one
spurious reflection comprises focusing the light signal into a launch end of
the optical element via a gradient index (GRIN) lens through an index
matching material having a refractive index approximately equal to a

refractive index of the optical element.

The method of claim 12 wherein the index matching material is comprised of

material selected from the group consisting of optical epoxy, gel, and fluid.

The method of claim 12 wherein the index matching means comprises a cover

slip.

The method of claim 14 wherein the cover slip is comprised of glass.

A method of propagating a light signal between a laser source and an information
storage location comprising;

transmitting the light signal across an optical element;

compensating the light signal for the effects of at least one spurious

reflection from the optical element via refractive index matching; and

modulating the laser source at a particular frequency in order to reduce
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interference between the light signal and the at least one spurious

reflection;

wherein step of compensating the light signal from at least one spurious
reflection comprises, upon the light signal exiting a head end of the optical
element, passing the light signal through an index matching material
having a refractive index approximately equal to a refractive index of the

optical element.

17.  The method of claim 16 wherein the laser source is selected from the group
consisting of a Fabry-Perot laser, a stable single frequency laser source, and a

distributed feedback laser.

18. A method of propagating a light signal between a laser source and an information
storage location comprising:

transmitting the light signal across an optical element;

compensating the light signal for the effects of at least one spurious

reflection from the optical element via refractive index matching; and

modulating the laser source at a particular frequency in order to reduce
interference between the light signal and the at least one spurious

reflection,

wherein the particular frequency is determined by the F = ¢(2i+1)/4Ln,
wherein ¢ is the speed of light in a vacuum, L is a length of the optical
element, n is a refractive index of the optical element, and i is an integer

having a value of at least zero.

19. A method of propagating a light signal between a laser source and information

storage location comprising:
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transmitting the light signal across an optical element;

compensating the light signal for the effects of at least one spurious

reflection from the optical element via optical fiber splicing; and

modulating the laser source at a particular frequency in order to reduce
interference between the light signal and the at least one spurious
reflection;

wherein step of compensating the light signal from at least one spurious
reflection comprises coupling a coreless fiber section having a diameter
approximately equal to a diameter of the optical element, the coreless fiber
section being disposed between a head end of the optical element and the
information storage location, wherein the length of the coreless fiber
section is such that the radius of the light signal when exiting an outer face
of the coreless fiber section is approximately less than the diameter of the
coreless fiber section, and wherein the coreless fiber section has a
refractive index approximately equal to a refractive index of the optical

element.

20.  The method of claim 19 wherein the coreless fiber section is replaced with a

large-core multimode fiber.

21.  The method of claim 19 wherein the laser source is selected from the group
consisting of a Fabry-Perot laser, a stable single frequency laser source, and a

distributed feedback laser.

22. A method of propagating a light signal between a laser source and information
storage location comprising:

transmitting the light signal across an optical element;
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interference between the light signal and the at least one spurious

reflection;

wherein the particular frequency is determined by the equation
F = ¢(2i+1)/4Ln, wherein c is the speed of light in a vacuum, L is a length
of the optical element, n is a refractive index of the optical element, and i

is an integer having a value of at least zero.

38



