;e3e: $v2~6T: s?11 2002 |LOM Bl REFRI NGENCE OPTI CAL FI BER FOR USg Yl\ﬁﬁ\PSZOOZ
OPT[ CAL DATA STCRB%WWW | at ed Applications The present invénti i
related to and cl fromU S. Provisional 5 Applications

601 079,903 entitled "@opxal Drive Utilizing Low Birefringence Fiber,"
filed 30 March 1998 and 60/ 088, 192 entitled "Laser Phase Noise M nim zation
In Optical Drive," filed 5 June 1998, which are incorporated herein by

ref erence. Background O The Invention 1. Field of the Invention 10 The
present i nventLioW-BIREFRINGENGE OPTICAD FIRER F@R USheN ANDOPTREAL N dat a
storage systens. Mre particy ar| h t invention relates to

| ow- bi refringence optical fi E)é}aléaﬁloga.ﬁl:g%ffﬁ‘gpa st orage systens. 2.

Backgr ourgklfied Applicatiomsgynet o- opti cal storage system using a nagneto-optical
(MO recording material 15 deposited on otating disk, informati on may be
recorded on tH& AR A VEPRR Ireii‘éeﬁi e §[a3f‘s r?é‘@ﬁ‘é{t ff8md8n£i ﬁg‘.’mffﬂ?i ng

(r]I eadous , ARppledides 6007TH0I0A|chtifaAt OPfidal mﬁduUatiﬂxlsg tBﬂw(HﬁefrE@énclBGibaf,’i‘ 'ﬂﬁﬂ Bon, and a
etection sys c a resulting signal fromoptical electronic
format . - ryagneS e RBEE oo R et Pt SSen B agiRuia ptiod) Begn el ot |+ cal
head assestuny 198, Rhich eaicdthotiedderteingaéferdtdeiat or t hat noves the head al ong
a radial directi c}f he disk to position the optical head assenbly over
dat a trac@kﬂfﬂuga&—fééég‘éﬁﬂﬁ'ﬁﬂand readout. A magnetic coil is placed on a
separ at e fsserFMlyofahe Inkentidgad assenbly to create a magnetic field that has
a magnetic conponent in a direction perpendicular to the disk surface. A
verti ¢8l magnettf PEETHHVETUOBIFIArS 53‘??’“&3‘;9(9&1?%@3 fpruse ipgats iregq FElhdi ng
nmagneti ¢ MateSfarathlafll, thd@redént knveRtbh 4lbied fo 18W-HiREDRERY opScal fib&E kn bgtdhicat i ng
zero or a_one by first focusing a beamof |aser light to forman optical
spot on t $42 BPTakE SYSHBS-opt i cal spot functions to heat the nmagneto-opti cal
material po a HREReImAtAL e near or above a Curie point (a tenperature at

whi ch the magnetization pay be readily, altered with an _applied nagnetic
field). A currBatmagadeepihefagRsYiirR: YrigadrasastewplicahY@hteeording malshalt aneous

verticgl mgQaRHIcEAlb@iInEaitN Sformuéd maP¥d recdrédSorOthk 813k a¢ §faflal PaRERAS 030
occurs in the ,recg\lmo_n of _the optical spot where the tenperature is suitably

hi gh. The ™8FIEht BB oPUPRE RKgifer FAEIeBh deaIe PYtSH aarlpise 8 PRi) he

| aser beapylgzatis]OMEd. defdBomByserni SorRE@SE fesOlin® \SRYnY frérh Vpridal 1d lebfonicocal |y
reheated to the Curie point by the | aser beamduring a tinme the magnetic

coi | creaf¥®y magnetic field in the opposite direction. " .17 SEP

2002 | nf or mat i @ront $ype@IQ Ramkiolob@il fola dystetl 2 mabRdidkoptical IRbEhRSHLIPHs t he
di sk by taki n% advant aq_g of the nalgerr:l?tl c Kerr effect so as to detect a Kerr

rotatidn Hcatefhan @ BRear augtes that mpexesitmhepthalpng 2 radighditsctonhef the digt PHERR beam by

t he magnettezaptitd) Meadt astdneblyBYdf dth trhdkb QU@ recoldifg BRDRdIE A Ghagh@iR JSBNs

rotation is determned by the material's %ro erties (enbodied in the Kerr
placed on a separate assembly on the head assembly to create a magnetic field that has a

magnetic component in a direction perpendicular to the disk surface. A vertical magnetization
of polarity, opposite to that of the surrounding magnetic material of the disk medium, is
25  recorded as a mark indicating zero or a one by first focusing a beam of laser light to form an
optical spot on the disk. The optical spot functions to heat the magneto-optical material to a
temperature near or above a Curie point (a temperature at which the magnetization may be
readily altered with an applied magnetic field). A current passed through the magnetic coil
orients the spontanecous vertical magnetization either up or down. This orientation process
30  occurs in the region of the optical spot where the temperature is suitably high. The orientation
of the magnetization mark is preserved after the laser beam is removed. The mark is erased or
overwritten if it is locally rehcated to the Curie point by the laser beamn during a time the

magnetic coil creates a magnetic field in the opposite direction.
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5 coeffircient). The sense of the rotation is neasured by establi s%ZdSEP 2002
differential detection schenes and, depending on the direction of the

spont aneous nagneti zation at the mark of interest, is oriented clockw se or
count er-cl ockwi se_ Conventional nmagneto-optical heads, while presently
provi di ng access to nagneto optical disks with are=eal densities on the
order of | Ggabit/in2, tend to be based on relatively 10 | arge opti cal
assenbl i es which make the physical size and mass of the head rather bul ky
(typically 3- iffemnatiéh & d:hcmbaad ftth.2 PONGEE WAL loy intkb® hp®e disktbywlakiag pri or
art magnet.o heads chani cal | y ved to cess new data tracks
on a nngn"éit"i)“t%ﬁffgﬁf“a%‘fcgf 5 &]rr% PEe driEHe Hroﬁo’taf‘%%flgv’p“tcﬁlé’ APRal size
of the prih@risdmposshgnet efleped Gaim fwaﬁe nlaprieikAioh @ thpaRHNGE hﬁ&ra.taee Mhe

magnet o- op tical Because the v me avail abl e, | st ei ght di sk
is drives Pgé'“}“?erﬁ?fhégé“rfﬁtdﬁ%‘l Bﬁﬁtmlﬁe&%yé?eﬂmﬁ}“} ﬁllﬁgpcﬁ%"\? 'ﬂ%? “Been

avai | abl ecaeffichb@h TIRpaaéd yf GRMTELGH & nﬁﬁs@ﬂ:ﬂcﬁﬁgstdﬂﬁﬁheﬂxaﬂﬁhﬁxal dereqisner ci al
magnet o- opti cal storage device present]y avail able provides access to only
one Si de. SHOEES 256, SFRETIGSOPE e, Geop fb%eoaiaa%wwﬁ%ﬁﬁ@e’oﬂdmwe 1°di sk, a
40 s di shiepks; @siehtbdBockiisd o colatenclotlanst er rate of 4.6 MB/ Sec_ N_ Yanada

(U5 Patent No._ 5, 25S, 260) discloses a |lowprofile flying optical head for
20 accessing arf “ﬂﬁ?ﬁ%’?agé‘?%“fl&%?cagg?apﬁc‘etulﬁfprgfeb‘iyu?‘m’id%/"ﬁ %Fes A? MY sks.
The flyi ngptRmtdikawithand] dinstitosetie bwer\(aﬂiad@asiemc rt¢daets baMbase oy adlatiglyar m t hat
has a static (fixed 'rnghatlvetothe arm mrror pr.ism mpunt ed t hereon,

for déPivEFes ‘Q’“Fﬂlgj’ﬁi"' yipich é‘(‘f’éﬁﬂi“‘n@‘yF‘Fﬁ rﬂzefa\nﬂrﬁ‘aés ﬁﬁé??eh"t‘;‘ﬁéﬁb% Wi cal

di sk. Wi kt?pl&éh‘l? ﬁtsa&ﬁenemxmeﬁldalgescbhéa@\sin@y tNA BRI 2D WBlith 4RiSr Ak GRERetd-0 bot h
surfaces o a pluralit hase- change opti cal di sks cont ai ned within a

fixed vol GREal Deadreer™ a‘i“§a B’l YR &P %§°5E AR QF% Backs qn RRAengP-opYfal $teccs.

Consequentylsy is didwe Rﬂﬂitﬁ&faﬂﬁﬂﬁ@pi@@ﬁaﬁsﬁ@ onu;a‘@esr &f megletchicalineks ith@imecan be
manuf actured. to function w th gemgqven volunme is also limted, Utilization

of opti calfPaingEFwesnymegnFtopRtical egruge e yplume ayaliableimsiangpidheightdiskopt i cal

di sk disi veriddsliouite, nddhepd-optcal QK drbRd b8! HudMibCheet avhilable € AR cigadiynumber
of disks that can b& vertically positi oned within.a gi ven Farm factor_ 30

Pri or ar t “HEBREELEBRI Y oF( g HERET N JpsEaRpIoBys Sorage device presently

pol ari zat izpAmpRipdvided abgss kdehlyand skRtYr Psy aim (6Re sRe€n ¢ B elphdiey
polarized light froma source to a storaagl | ocation are subgéect to

signifi caﬁ?a%?iép"ﬁélrdﬁkt?‘(591mﬁ8155é°°t’%§§t“31 (datafraesfergate pEhé MESGnal - t o- noi se

ratio. Mde pagtyich#g W9pbaen(MNdbss, zcm) aIE@osépa Mmﬁlé @b APSsLaPRbd ok zat i on
fluctuations, is an intrinsic 2 SEP %‘,hrty of the FP | aser

that % mERTeFEREEMRARS: 200 'ﬁl‘"ﬁh’f“?a‘kﬁqféﬂ"r“ﬁ‘f@’e‘ﬁPP‘é‘faem Eﬂi!S‘F‘éelé‘tfaVFEd opti cal
pat h. Pol &lidclb@édlb@ﬁ‘aﬁﬁdme@.trmeﬂgx ﬁmahﬁgadm(um/).asfal BRIE (fixked r&mude(sthlmm)ver y
birefringent: therefore, Q\% L%cult to elln\]ng en PM fi ber
is utilizdBTRE $TRESm FRUTEE thereo %Ftde rifg HEht £ andpereiying light a(sj'ﬁ)tl cal data
st orage s\his@optiral diskt iWhiteage a@dcioptids dedchBdd ByOrdmad®poeided dcgidsh letneen a

| aser source and. a Stora?@}%?ﬁ‘f atl on of an optjcal drive optical data

storage s ysg’f o ARl P aggenRtiral giskscohtained il 2 fxed Yolupe. {pp

increage iivlinhel b}RdRLe M8 nilbSdfihd dpaits. CRRseEenRY, ARSSErRirhdhcEaridl 18 nt@iberv O u rre

as conpared to t rior art The inproved
P of optical cﬂ&s? hat can be manufactured to function within a given volume is also limited.

Utilization of optical fibers to deliver light to a storage location within an optical disk drive
allows a low profile optical path which can increase the number of disks that can be vertically
positioned within a given form factor.

30 Prior art magneto-optical flying heads that employ a polarization-maintaining fiber and
Fabry-Perot (FP) laser to deliver polarized light from a source to a storage location are subject
10 significant mode partition noise that limits the available signal-to-noise ratio. Mode

partition noise (MPN), in the form of broadband polarization fluctuations, is an intrinsic
2



opt| cal ‘head shoul d preferably provide a high nunerical aperture,]d Hefc002
head site and nmass. Additionally, the optical head should inprove upon
prior art access to disk surfaces, to disk drive access tines, data
transfer rates, optically induced noise, and ease of alignnment and

manuf acture. Summary of the Invention The present invention provides

i nprovenents over prior art optical disk drives. The inprovenents allow an
i ncrease in the nunber of storage disks that can be placed within any 15

gi ven vobwpaty offte K FPr’rmeimm%rnméfcstnrd'leudeighhéviraﬁiegm elbmowt o prleq‘ed itheptinde opti cal
fibers tg tr fer inf fr MR The
irrprovemgn"ﬁ' ﬁ(ﬂ%’ on'm?lncnﬁgogucai]&\ﬂ rgrslgn nce e 32%%£’/ e?‘!?{g’ servo

devi ce oMBEN lsedu@e’ﬂcqmt@éhmxeathwadz Wlmfrblams niilizedwjtum€EP laser. Wi t h the opti cal
fibers provi s to.s ge nmedi L roved . drive
access ti rresde]%atdsrrrpee&)r bve%%cféfssam %ﬁ?‘s & Ora%es§5t§%8mqgﬁleggsp iugaé?ggl Sk of the
pr esent nmﬂemxgmmtah@@ laser stomz:egndﬁastoreg:sloasspeo;ftas opticalimelrpttag dataragnet i ¢ di sk
t echnol o for. e r. venti on,

2"l aser _aree S AR ight ARl R AR A onk o lfe i b 0L D
opti cal sﬁmtslcshhatm b@lpladwr\eldmsa given vqlgm ag @mdmmapmnrunaffht ynpodvedpt i cal

fibers cou ar ns f rnt a flying
opt i cal R Preame iy BRulsRh et i RoaL SRS H, Srr ke HEPRLY

respecti vmsemddnwhalbeaxd optal t:]ehesl?utdpo@@veﬁpuneadn an!gacensdtwmsl?urfgpeef Idatﬁ at a
respective, storage QcC ical .sp i ght

Si gna}0 frdgrlf'ndfjﬁ%a Si) Hﬁesegartrae anSfcr ratcp % 3‘°%‘A’é§&“f?-‘.‘r“8%f§h£§ ﬁaesAgé?q ﬁgad and
opti cal frdnefacturer subsequent processi ng. I n one enbodi nent, the opti cal

source of |ight conprises a ngrx‘ Perfqg *gsnet[oh The optical path of the
light delivered by the optic d by a steerable 30

m cr o- machi nedherptesear invehtia krofvigles mmragmntd oseq:k:Sr 4o opeitjandign tirites.adks ar e

per f or ned a.central mrror rtlo or ;abput an axis
of rotati Wywﬂmem? Tlfégt BETTRE P58 ?@ﬁ@ ?%% %‘Féh a%fcrb(? prrir?acgﬁl ntg‘a Mrror is
di rected @Mougwlrman Tbﬂheptde@hmmmdudebp}ecmsev& lbetireingdnca dptcalRbes (¢ adi ent

| ndex) | en SsPn ? I % At'fa. Culsaed 2 1ta| em? rgvem ns rt]:pxenclu 1?SE
P 2Q02 bal (?q‘m?f%‘ PR eE ORTARAIE roximately parafi &l to the
radi al di mglctrmmanoé ﬁtehzeznsﬁ oracigeg vectd adevica ca:netﬂaarcetermm'de nlmadl , whieha Gk
fs,([)l):, g_\émen?r%%ﬂlgazog%‘f]ﬁl lge %ﬁich%{%@rﬁ@r%n&% brg?rg\féé r?(jceaso tge{ora(ﬁ; metd aélm r?verd %15& han one
m cro- nacdlrmeeadcemttrmasrasdlmniemmdemtahgferfrmesrn each other. 5 In the present
e O eSS IPRPAS Tk LR BLIBL G0 AP S [
to inevi tmbtretxsmslesaswmnaﬁor axaelpéﬁapmredxetad)tetlhaeloem i gie pfrcsbetrlsventxdne aSNR

rati o of o L0 gﬁgraded
when conveyegarpk) a%s’e% Itﬂlpcg{asl {g'g i qﬂr?tcnel Esge)or??é{]'|Eicr)1\rlzgn IE%JFI‘%%,}[OVI es an
appar at usdigevth theelighotd Ofnepf 3 plonabiyf ngmtahﬁbeﬁ\ﬁuplnd rae enpociro@ntarms, sacho pl ane
bend i ndu Iy ife nce [S i

Conpensat o5 Pib ipehIORRGE obfeel Wi LM LARRIEPBOER e oBRAE e 00
bend izaducepkechve erfiral hgalnforthe s:utpesppdnsah@hrﬂmntme of doa eaas eespdqevesmﬁagel n

anot her e I n n n

i nduced blmrgg?rl ngefﬁ’g‘gg%r edcglo%pg ga‘?g%fq?d 1g9\ F gEmrl%ro g‘atggtat‘)ﬁaée %ﬁﬁ &Hq of pl ane
bend i ndubs# tlyounghfthg qvgeaibendnlayoweak:ﬁhmﬁmm@erﬁq:ro_c@yingtr bvandiemfodimendpt i cal
DOl ar ! 22t ko LKA SRR o p A ELpIR, cOTPY € 2 % weve plate o a
bendi ng may beTm'ppleaisvaﬁleﬂ thy liphtodeligéred) by itei apstal gives & altetedrhgtad stommeblef t he
B e g o e L LT T el
and a fi xectatiig avanel pﬂlratreoman@f)thbmabn abautah aalsbf voa:ioh/d refieeted pelttfomand a

r ot at abl e - | eaky
beam spl i tt}fe{ fes %ﬁe ?Fe% %%c&n%é rn%grgé)ig lm{eﬁ thV}? cg&:(ab@gl(rj(’n(g: éecggeggl{

provi di ng seeh opt GBAY (Gediers éndsk) lepghit 2 ooided ilgis. ng. @zcus_g@lbtmaleebol:amcymﬁbr ot
laser. Brief Description of the Drawiyngs Figure la illustrates one

enbodi ment of nagneto-optical storage and retrieval systemwth in-plane
bendi ng and out-of plane bending of a | ow birefringence optical 25 fiber;
Figure Ib illustrates a nagneto-optical storage and retrieval systemwth
out - of pl ane




bendi ng'of a | ow birefringence optical fiber; Figure 2a illust ratLZ §EP 2002

| asér-optics assenbly of the present invention; Figure 2b illustrates one
enbodi ment of an optical phase recorder; 30 Figure 2c illustrates another
enbodi ment of an optical phase recorder, Figure 2d illustrates another
enbodi nent of an optical phase retarder; Figure 2e illustrates an

enbodi nent of an optical polarization rotator; 4 F~ 7 S EP 2pp2 Figure 2f
illustrates an enbodi ment in which a Fabry Perot |aser is pulsed; Figure 3
i Il ustrateskand dpth bs: dodwrewbehpy appragmasly gptalldab tsaatiehdirdetigupétheda- g

il lustrat g ' %ng; and
Fi gures 5§°%gef {nFulgt }ngﬁgﬂfﬁém%ﬁg%ﬁf,%ﬁ?gol%gﬁg%& QJAkg[ea 4 Hnga Ckél dri ve.

Det ai | ed Debonedvitomo@RhaniEe siotegn triedia sméioerarange by opkrdtimg|a sabef stagrablee

drawi ngs wher &l lrﬁa'd%lh@rrs n%gﬁetnﬁenﬂ% Neakyggtion are identified by |ike

ref erence nurrera ere 1's see = gure |l a a nmagneto-optical storage
and retrieval Isybt prsehOlyergjemer &xrthgr lniprqysmmatlmdlenméorpam@mfevm aidew. I n a

preferredce et 9-op Lo and ri eval
system 108 |nc%§§gbt’écasg?ra &%k's 'ﬁ%s‘f f“ggetnze%’ Fzﬁ yIRg @gé%mfﬁ' [hat are
adapt ed f etresses ehawwtehmaimde@ IP@fOPdG’lI iibes, sh@l éblRfraurcsdsf p@tantama nlifb)mhttsk §roﬂ:07 (one
flying he e U The t fl heads

(her ei naf "tagelriu?IEI ee%(ré\&é(a:l Ta aﬁeé}éﬁ% Tea s'?% re C th%‘: ngr? oa% r%fzsent

act uat or megnen paevities an hppasslemm yxemQ@fdnyncepaslegphe(SNRvénsuspebtslmmt,hﬂo and
act uat 0S| d.over t rfaces el of MO
di sks %07%{%%%%5?% c?%r? &Fﬁ%enp lt°¥"ot ge‘?(‘:c‘c’fgcfd are ro “%”85%9 fgr spi ndl e
notor t5 swras the §fERer bt enceter @dgonamcnt |okaf-df-flok Cleead bmhiﬂﬁbfblrtfnﬁgﬂei iof
flying MO heads 106 and the s o] to.maintajn the
set of 1 5P RERES LR h SRy IR A g SR iR b g ool

m cro-inc MSofaiMmteacﬁd]mduqa@ebrreﬁmglenb@mercompéxfsaeeﬁororﬁ lrtci‘h&eSlﬁE SOiR. I\@:@Hfs ks 107.

The lift f S .ar a an |tesr|n Iledby
The set  ofet seficRiRaaRE-R rRlb orfiRan ity v i Splicy Belfyf

heads 1506 remdonnemena iwhizt nié@ csmmseaar{z byivd plate oS4 aintbipetierOetth fixed v ﬁmymd r om t he
surfaces of S S, Sys tem 100 further .include n_optics
modul e 103 8 mhpgle /ewave Pl \i/l\l;l Slf"?e rl&%n}{‘1 ¥ & SETPLET ek PHEPELPE 2PUS EB’?

t her et o. I-‘r:tgnsiatechbf thd: Irtﬂ;ttndaﬂxgm aPHases extardyibh c&yasslﬁmhdleﬁ H;Oan opiel plaspart of

t he | aser t res i nven GS rmdul e
103 of Fi dgtg{dat%% C%H c°nﬁ’n 05123?{)%“ f?ags %r’gtaﬁ 8 "I‘er ‘8‘199?/6(1 fncl udes
a Fabry Pelat, a(cEﬁ)nnbtame:f adzed t&eva%j:lam‘ma avrataiable V) @mtplzltts omlﬁked<%0|me| n the

art. lp art _ex di ne er source erates at
navel eyt Pf SRR 1R P RB e nA <G P e A5 0 "eRes DrEitTe |1 ght
spect run Yypnewding an dptica soummglucadmbdmm;;d:asmlatsidiabx@@sroopwat| ng at other

wavel engt hs. . ar, _ kLN scope of the present invention. Fabry-Perot
| aser di o%‘gﬁa@%&%&‘% hQIﬂa&%g%y hi gh-frequency fluctuations in 30 their
spect ral out pufjguriia dlusirgesahs embadiment efinigneioroptitatsiamrge and remalel gystemi t i on

noi se (MPN). In the, K | ol ar. ht is |aunched
into a highly biref rIIQtElign l%n%brﬂdﬁrgr}{ﬂo?t or}%? e)éc mg ofalzow%ul'eh'ﬁm exa:eoptlcai"

pol ari 2ati on- mai nt afiteing (PM optical fi ber rmde partition noise (MPN) is

ggpggnfgt; gtg ROLA! b R0 NQUS G- NBLE HoRS! a%,dtranév% ye e QA LAD S, 5 gnal -to

bending of a low birefringence optical fiber;
Figure 2a illustrates a laser-optics assembly of the present invention;
Figure 2b illustrates one embodiment of an optical phase retarder,
30 Figure 2¢ illustrates another embodiment of an optical phase retarder;
Figure 2d illustrates another embodiment of an optical phase retarder;

Figure 2e i]justrates an embodiment of an optical polarization rotator;



the MO disk 107 is desired to be read, it is inportant that polariz

noi se be kept to a mninmum which, however, is difficult to achi eve when
using the FP | aser source and singl e-node poI arization-nmai ntai ni ng opti cal
fiber of the prior art. The | aser-optics assenbly 101 further includes;
collimating optics 5 234, a | eaky beam splitter 232, and a coupling |ens
233. The | aser-optics assenbly 101 directs a P polarized | aser beam 291
fromthe |aseg; gﬁ&%ﬁﬁxs@ﬁés Ao EERerd REWHSRK Fatf PR Re} i bBked232 and coupl i ng
|l ens 233 towards the optical switch 104. The laser-optics assenbly 101 al so
recei ves S an#epregl laﬁ‘iaheaf”i‘%‘Cé@ﬁi}%@ﬁtﬁ's‘%a’a°H“é¥1I5é’Ef‘éd | aser beam 292 from
the surface OFigaredaspiiGustratt a Manghl o2 B¢ preldiink &libs i RHods35&Ys; BAAM 292 i's
directed by the coupling lens 233 and is routed to by the | eaky beam
splitter Z32 f%ﬁﬂ&?d% bén‘éﬂfF‘F@Y‘éﬂ’ﬂ@ﬁ@%@?é%’fﬂé@e&?&?ﬁﬁl§Ishén‘é‘3 pol ari zi ng beam

splitter BafiledDdirigtdh @ﬁﬁ,eﬁmn@nset of photo-di odes 236. After conversion
by the set of _photo di odes the differential signal is processed by the
differential &X§frins ’é\rd%bn%ep the daayripgst Whesein jsymlr Potof thadngptiqieent i al
detect or QBASA BY ik RfRRHck GitherlO Wake Rfsednf Pt 104 GtBhetSoptitd] J?orDé%' aﬁHl zation
conponents of the reflected | aser beam 297, with a differenti al nal

bei ng ~ 5TpIEH SYAET 04 Ecs’éqﬁsllwilwatﬁ%alsw@sp@f%mw|Tila&1?rsﬁﬁrr?dofra‘{°idwn nduced
by a Kerr memagl&to-@smmwéwataa&&ag@fma nenepﬁrss,;tay 8¢ inMuadiaSk: JOW¥inchisie | | e

di scussed bel ow, articul ar enbodi mrents of the present invention, the
| aser -18pt Pes ﬂﬁ%&’éﬁ?ﬂ% ﬁ)ﬁllb% appeadanies forise With @ lselpé d%pbiﬁasrldeétﬁyst rfagpMQdisks
conmponent §07a{oné a¢Rk IHRRS fdr @é}ﬁﬁbedskaiuﬂ%) ARG BR 61‘11y@x§g01\{éa@~ 1 W(h'eﬁﬁi'aﬁé}h ase
retardation and/ or_ opti cal ego arization'rotation of the | aser beans 291 and
292. 20 FFW@%@MW%@ ) 2R €oupsd fto s rotsY] e¢TeRtor R et Fodl asepmbly Bt i cal

swi tCh 104y  KBRcORIdERhsi Y Joahd ok Sinfli SAOSCH RGhYRRR bIF 1R Shrels Gt Cal
fibers 102 and the | aser optics asse mfy and'1s shown in a

r epr esent deis¢tof MQ figks 10 q iy opcraion.ithecse é\éoéﬁés W7 arhetasestbyf spindleinedor i ber s
102, ope_gf asted) n%ﬁte atafodPAaYﬁlagﬁ megﬁéa&n]tﬁ’@setm NR0%tads 166 &ﬁtmeéet MO di sks

107. ;~ The_op 104 provides sufft |C|ent degrees of selectivity

so as to MQ éE’ES %Wea"@lﬁ"g%‘l ‘ﬂgn%aq' Hearet pfeBimp MO hepdn A0 inga flying serdition

proxi mal  epfos@haelyN3itelihdies ABld thdhppbd 8 owd durfal s idlsBYr Ui biderp7beam Z91
exits a distal end of the optical fiber 102 and is directed through the
flying MOTheddt oS ot GPROSSH DY Rl raBd Angpsilg PP rforsesgapplied; by dlbp sek Plre MO

di sk 10T_ sdedsiddls 8.t im\Fin@f nohRbQuRL tHRMNer bPS gtmelmds PChre REAMMRL | Overs
a coercivity of the surface recording |ayer heat |¢R% a sel ected spot

of i nt ¥ esEicy in p SAREF Sxdiionaryy fra t%sudaiaqsé’fﬁmsﬁtt ofdY(Odigks ART-r Bt ng
llayer 349.100 ii@eORtER| anl dPiBNSbAe T3 MHLO0RE BOIWARREINRERM AR Kiberd 807
constant, while a tlne varyl ng vertical bias magnetic field is used to
define a [FRAEHFrEP- or "down" magnetic domai ns perpendicular to the MO

di sk 107. Thi SFﬁg&GhBhI%&atE§a e uptica assEBRIN @D Gsell bopdkk JTRIULRE byfdios il _
Al ternatively, outgoing |aser beam Z91 %/?r be 6 17 SEP 200Z nodu] ated in

synchr oni 29918 the,FrEsent Beentionghs, optigs mgdile 93 ebFisy l220d bagrerse 1$SF"emcat t he

spot Ofs i QEﬁﬁ'ABQ'tIO34thcH 1U16HRE a tFabr Plefof (FI9 Ailef Hurdd 2FRioh aWakibry lne€ & wans and
reduce donain edge fitter. Subsequently, as the selected spot of interest

340 cool s XBP* HePs -1 B WW@WSEQ“"F‘FWGPW?‘GW’F%”ér?éﬁ'a@ﬂaté‘t“c"ﬁlé“%’&r face
of the respagproxfatl 66U A Witk a l&ﬂegén@ﬁhé"ﬁis&@ﬁ?ﬂ%e@&uﬁ nﬁwenai iap, the
outgoi ng | aser beam 29| (at a | ower power conpared to witing) is

sel ect i velWPdsHoREYY 1B FRUrRAS OBsraias fB?‘hE'u‘&Welehﬁl‘s Hpako Hitkin the FCQET Pt rom

the spot cﬁresbm@re@cs&n Fabkyt o [8driioBEsf £ChafedSRA v nighliRRh ey hRMuaGib@lig Of the
refl ected | aser bffam 292 to be rotated either clockw se or counter

cl ockwPle PUSSPRHE QUPETVINFE iF kP refred amin therdtbasarosie gamreon sesdMEPPi Latepath i s

bi - di rect i®Rflart] Whéhalinkafly pOGEHICAD sYlaudchEd §Rd hafit®d birdefgent ClehORM0292 1S

recei ved through the flying MO head 106 and enters the distal end of the
opti cal exampl€, a single-mode polanzation-maintaining (PM) optical fiber, mode partition noise

~~ 1 SEP ZUUz (STIR). In MO recording, since polarization inf or ﬁEP?
002

(MPN) 1s converted into polarization noise, which acts to reduce available signal-to noise ratio
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fiber 102. The reflected | aser beam Z92 is directed by the opti ceil Yf &5? ZUUL
102" towards the optical switch 104 and is selectively nuted by the optical
switch 104 towards the | aser-optics assenbly 10l for subsequent
optical -to-electrical signal conversion. Referring back to Fig. la, in the
preferred enbodi nent, the set of optical fibers 102 of is the present
i nvention conprises single-node | ow birefringence optical fibers_ The

present invention identifies that by using an optical fiber that is

desi gned t%a@'eMl(bW%iilPéfSﬂﬁcﬁ@ehﬁéﬂ“mamﬁnbelwntm thegMRrdaskrl 07 s depizedopt i cal
fiber artg, agq, lpwlmgeﬁim 1 GRER on lBsObe ngmsa,sl mfn'uh@rﬁ’ whRE &R e i1 ON
noi se may be reduced to achieve an acceptabl e SNR | ow bl refringence of
10-bi opt fidluitRe sebieve whet !a%m%thwl’i’Haserfeurmw@rserra*e-mpgehpqimzewvrmgemegof

si ngl e-no as PM
optical fi g?%bwdfwﬂ{ﬁ Eaerrw]egﬁh%‘te@ﬂpt){r&o%l 39%; i(ﬁ%rsﬂ%tﬂﬂ alﬁﬂaﬁ?gwﬁ S spun
from ass| e lepkiiepmfsplittey @3, ahd pequplined nsr2A3.dTire ingr-aptqu B@Fmblvdm diggelsr ocess.
Geone! 1l cgp pbithiahiag: aeémfsz%r@a bl LRe SAURLLDRE Seal 6O ORNS 912 Ay tDe
fibers are spun sufficlent ects o Uced T1near

bi r ef r i ngeyrplingliges 233 tQ‘Y?édsribhomicPlémta‘rloér dbslasezoplicsrassmbbhid] alsp gotivaspi ¢
thermal Sre$8 p6@Hal6n o\p@rﬁ%]smqﬂ&%dm& beldh 863 kY ofid Ju?fd'lbac{fa%;nﬁulglt

bi refringence |ntrocuced e spinning. Most optical ers ex

| i near bi Mﬂishg@nc'@eé%tbsfeél lasgr bgern AR is yliresrad biyrihecqonplingdens3d end is wead f i ber s
are (g eXGRRNERD Searh bptiity U9 RRAithalial diftcRE E5E Hm DY SpiAR: gk not be
limte | o-bi "fibers that are spun, ers nufactured
usi ng ot hephme%ﬂ?sa@F@réﬁ%dn@(nmfphwtctmedeaz-‘iﬁ Aﬁﬂamvewmvmemﬁbbdvﬂent of
t he prese { i

phase ret g& 5%2&%? ﬂTere%.H%Oﬁ %‘tal Qérocgssé& byQR% h'%emfl‘h éﬁ%etlr%7 gr?md/;ge %n th of
appr oxi mataekignas gP. rithe daffezentiof tﬂetmaiemg's the@btlﬁBﬁewﬁﬁ(bf mnor&ognhadﬁchndg’

ToorT o0 bbieARREO LRI EE dHint Mnced il AahVisd: Guhdf el Lida APt o7 O
160-190 u an operati onal era ure rang g’,&

field th amfenblnfl Sﬁpipvememteecb@pomn@auamotfand naiumnida' 4 Ketr dffe'lt i the mfacey of

I ess than g (fT lar MOk 107. ~Xs~\§‘ dlsl:ds&l‘ﬁtbre du eln@odnrngﬁs S¥ahe of

| o-bi optica ers 102 are coup t |sta en s to respective ones
of the setPf@meIF‘SFPWyl Y54 Weerd@hq_soeserehhe lﬂbmaeoﬁlamngclu%pefemm@f opégel of the
set of act r nd the
optics mdé&?lgageﬁ%,apgﬁﬁggsr gﬂgcgﬁgltate aatihlt he r%ﬂ%\%ﬂ@% rg%%tgbqoa%?/?gs

nodul e 103ptieépelarizatiagfrotatien ofthe lases b&mis APbme@dBy a |imited vol une present in
the syggem 100 t I e e g ot her
than a (E:o i negtlrg‘ntaé?d)c’1 ﬁ‘}su&és R’Q ({pg%arrngar?zn%%r équgﬁnn%\é i &“ules“{"g}%b‘f gi%é; t he
optical fidpteal svgch h%lstﬂi@s*’fdnbm\!@nbhfr edft roff wgtml:é'lbcrn 1OR eand 3he balr opidser s 102.
In the presgmtny fHel i9Rnovt th £ Rdkesdha t,e bﬁ{éxhﬂa%aﬁ}%{cm@@o&péme ppdel e 103

at illustrated EOI nt A and are group e toget her and wound around the optics
nodul e 103°PUsH Ebeak 192, ong efdhess o WMQ readsrla&taodpnmfrther eehofi MOtdisks 8% | i t at e
assenbly and dpau g&néhf1mqﬁeﬁéérﬁmcﬂéh@dcac%ﬁcﬁ&fmprssfae r:@h!ilreet {h@latngskng n such
d'way that a majority of static bending occurs in a single plane é_iheferred
to her éiaf tlaver f&am A verdsenansersyive proxieehansl of ®fpastigulpy emealbfémulﬂzg et he

opti cal a@% obnglitker be'imﬂ 291 ke @Hﬁgléhtdo'?@ie% tidal fibdd lbf‘%@ﬁ%ﬁ&&dﬁh& gk on, at
sone poi nt e fibers 102 fan out to th respective heads or exanpl e
starting aflying MPdepdi0pnisg WfaBre@m;Eg laxmﬁ@fmwwtyemdlsbhﬁi out - of pl ane
bendi ng 15 bet bar i

o ent at i on of L Ras b eaf B e natind Bk Suspity 1l secin IO | BICKAL kB oFde

suf fi ci ent fuffapeqtespading fayar 349ebyrhepting adé’-‘“@fd qpheoﬁ)lﬂter‘ﬁf 311] mpmxmqm tgence
may be 3pel @b/ dﬁﬁd{o?ﬂﬁ'l\hor@%ﬂﬂné ragﬂagw ﬁier gaéal HEBRPoF Allgdify IEALARIBI ] zed by
(1) a magnitude that is proportional wher e i ber 1s the fiber
cl addi ng r BdFdsonskat Rhﬂeanrne vewgtyewealrbaamsneuaﬁeld(xzyseamo dfinempaiemof such
that one awig® JrSadvht HgedRli@REmSihs Bsggfdnqlaﬁ{admk*ﬁoO&lQ@Eo-ﬁx'rﬁ.s €hAifue is

per pendi cul ar to the plane. Those s In the art recogni ze that if
not for thEnPE7EMegnGF ficldanadifation (M‘p'Ml)céltEl’lee‘wSmllzpzng lambm@dlm@ B§nd t he
reflected | aser beans 291 and 292 woukd in theory experience the set of
optical fibers 102 with lowbirefringence, simlar to a set O free space
optical paths_ The polarization rotation information conveyed by the set of
optical fibers 102 may be degraded by the aforenentioned bend i nduced
birefringence in the set of |lo-bi 25 optical fibers 102. Accordingly) the
present invention provides a nethod and apparatus for conpensation thereof,
i ncluding optical elenments in the optical paths of the |aser beans 291
and/or Z92 to provide optical phase retardation and/or optical polarization
r ot at| on. The present |nvent| on |dent|f| es. t hat phase shlfts are |ntroduced

o NN A o T 1 o Y. Y. .

1. .



of the set of optical fibers 102 should be aligned with the axes ‘@f-] t&\EP ZUUZ
| eaky beam splitter 232 such that the P pol arization of the outgoing | aser
beam 291 will be rotated into the sane plane and perpendi cular to the

i n-pl ane bend induced axes of the set of optical fibers 102. As discussed
above, the set of optical fibers 102 may experience bendi ng, for exanple,
zo a conbi nation of in-plane bending and/ or out-of plane bending. In

anot her enmbodinent illustrated in Figure Ib, it is possible that the
optical fmbdiaedlidZyisbron@atioadvidubé titnk abryig viertiad] bautnagﬁetiplfam:lﬂemﬁbtrcg of the
set of opt 02 occurs, .for. ex if.th tlcal fi.bers 102
are rout elcrj‘lﬁf"%1 Zé{(dl ? e 1’0 B ulef:gonﬁrghﬂ?mmﬂd‘?ﬁ%an%?ean%ﬁ?dﬁ A" 57855 har al | el
pl anes ha&uhsg;uaub'etmlepﬂeamt shiarraag349qusly al tendurface layes P& iinformagénisen t he
respective h I uted (rather than fanning out
at poi nt c?&lgtr%ath%%gfa%n%ﬂ%r%% étn@é’e}nﬁn dlt%TﬁMr?o out - of pl ane bendi ng,

i n-pl ahe bendilDwgingfreadaut b bdorsanery the idulzodgclaser bsars R94s(atur iower poveral

routing o o) t lveflbr 192 s._nodul 03 to the
heads | OGZOITP%ds@RVe%%}d‘Q sgl&? e“r’ueed?rf n'?’m&{é ggp‘@f cﬁa (el Beh it FFS‘ ?])bf"“t he
opti cal f frbmrke $oLofovELests3400int Kc:aleffgdnaaeegepd&c&atﬂancmateraguhbeemmemaded by an

ont1 el Phgseu A (5 £RREOOREL 0 Btld LS L L)

Fr ederi cknmbsﬁﬁﬂ&@ed bmictlpagh sribditeariend! in hhﬂreoptcmraﬂnglphmseeﬂeeﬁeanadﬁr 25S is

used i t.] Wit fhr late 153, bo 0 i ch.
—di sposgd ar p%g?n] eéﬁv |dntnrt°ﬁ%h be ??qél GM%EF {)6859\%"&'? R iaé@ e’ ?T?lglﬁﬁl tter
232 and t Ffber6? a”fhezreﬁlwgtebd;am lsphlzm fsrdxraaei by the thiﬁalﬂiblé‘r ﬂﬁ(l&w(rﬂi thelsgticalt ed i n

Fi gures 2 nd Rr&f axe e_agpt phas
retarder ar %b%ﬂd g se we yz}éoru%eqdlé}b e 1rC@II 3 1;%%21 t°fvﬁrgg ‘b‘i ?aé%f["l’g'i?es of
t he | eaky a&serabﬂvspl fot Subseqﬁ&ﬁ pptacal;ltotd&trmpltsighallcomnof the first '/a wave

| ate 253 | at to th k
beam sol it cer SRR Reflo £i2, B MK FERa S rbamtieph st o SiRe Mres dDRo
ret ar der, tlanprpseakmt@uqﬁea&npm;pmmglehﬁoageovafméﬁ-m@ﬁ?ccv&ﬂtfta ili]fersap'pll;d gégentthi ch

has been sho deguat epnsation f ne 1L nduced
stresses; "SI gn ntla)e\’/1<'glé| gt‘]ﬁgﬁ SS'OF *1 ?P%ﬁ a’ﬂ’gr @‘é‘rfafl?‘fbg“ ‘gi°v%‘é%%‘e§8¥“tff Ppti cal
fibers 1025ba1atyatnequnwvensha ghtichlyfitetr hftesscliotv-brrefringaes or bhg opﬁdSaIl ifibet] mbdevol t age

to be appli r r tical lnikhO zed

pr edet er ni %ﬂoﬁ"@cﬁ& rgay;h%égaqug%dr atalclg]%' D ag%ep'fEIe N(:l)il tzrélézc’vﬁé gg?ﬁeﬁé%g during
t he i nt er vafiel b'@tw\e@nasmtbhthngnhn’rert Haght bireffbgeoa oSmgleane@lmﬁataﬁot her
enbodi en an endi of . t [ ers, 102
occur sﬁeog?%ﬁflﬁﬁ%&a{r%e{ (fg%n 3‘%" rna?lvg PHsH Y eﬁe{fg ﬂ§£ 8‘f‘r§f’ Rar 196 ?‘ f a' /.
wave pl at &smB4ibef.” whigh isi spury from| 4 slilghﬂmbnrafmgmaibar pre@nﬂ danng/mﬁbrtrmdﬂwg
rotating . 0, ch a pose the | eaky
beam spl i tp{mecreyyggeogl %Etﬁh%%% te%’r]fntzllmsr)l mt%e anysp Fget “2%%’ G eIﬁust Fated t5 in
Fi gures 2apameiixionly.|the etffwts Oéh@ddmdmem l;nememngemaﬂumels: wh cirbidar/chssvav e

pl ate 254 Ayl 0 Jdear es i tlc axes of
t he | eaky sg%%& sfp ?%glesg&ofg 'Mé’rmg %‘%se 5 real e’%)b%? %?bytﬁl Hﬁc%‘p 81
rotati#g' /oireluagency inirodud pyribe apigning| aMwst/epihqal lﬁhres axlebn chhcdr rbereﬁmgéuye beam
Spl Itter §&edI gﬂ) H‘?Q}& el'r%l ;ﬂ%&s@; I% V\@\a/r% ﬂ'p exc _ptlons Ipig\lmg r Ilhsa? a / -
wave pl ate coup to an el ectronechani cal or € P O-TTHC

act uat or tthe pigsebt mventide s¢edawt bo limgedito lorbl dibert dmt ﬁaf: spiav @s p:l latcmcaTIﬁbers

particul ar, 16 v ate

particul ar %“gﬁa‘%?mfﬁ’gé’ g@ i'S u{olfnl zed" %}rr)ae\;iﬁbgnp eaerxgé \ﬁ'ga‘{]ﬁﬁr}tl‘)ﬁg a

cal i brati che phs&gbmvéﬁhen,rthﬁtm pOla-bmaptidak filsgopl G2edmtises: rrgpltakmretardaaon/aﬂ Is2 bet ween
swi t ching Q l stil n er otlcal
phase ?d;t ar gxe%%%ﬁﬂ}%fsel-%ﬁ Bér%h}égga‘%gnﬁl&a \?mmmt ’ég Pt qﬁwavc?c sed

bet ween t HE801688 kyn, tﬂedmds}gl ﬂlametpr QBmexﬁnathlg qmlua.ri zihﬂgpcb,%mjapénw:ﬂea 25
239, with i166h S I te pefer bl ned at
forty five %ged%ggefsl%?e %%grlﬁvgpgp E{J%nél F % S O??’ JEgre aﬁy %"egénkgpl itter
239 (i | | ustiamgterchf pppreXimatelz ¢.02mm, andla Qloélt: ﬁdldlelllbncsyvéllesltm 5%.he pol ari zi ng
beam splitter 239 is provided as a dypam cally rotating pol arizati on beam
splitter. The dynam cally rotating polarizing beamsplitter may conprise a
pol ari zi ng beam splitter coupled to an el ectromechani cal or

el ectro-m cro-machi ned actuator that enables 30 a desired rotation of the
pol ari zing beam splitter. The particular rotation to be applied when a
particul ar optical fiber 10Z is utilized may be predeterm ned during a
calibration phase and may be applied during the intervals between sw tching
of the optical switch 104. 10




1 I S ~ P 2002 In the aforenentioned enbodi nents, while static in}gl &ep 24U/
bend induced stress in |ow birefringence optical fibers is conpensated for,
dynam c in-plane bend i nduced stress can be neglected as it is typically
quite small, although it could in principle be conpensated for as well wth
sufficiently fast conpensation. As di scussed above, the bend induced axes

of the set of optical fibers 102 are preferably aligned with the axes of

the | eaky beam splitter 23Z such that P polarization of the outgoing |aser
beam 291 wi | | ApBlusttategne Bigwiat the genef lofbi ohracabfivers 103 dreceuplekasheodisizilendsset  of

opti cal ' A %gg I ligni ng the
axes of E %gé)e&t“?eca%les ;hbése?gp%ﬁ% 0 eacﬁ P&hgg}gﬁé&e?%&trﬁ eHngh%éhde% %egaky beam
splitter sg32 acruarnortanes Hifend st loéswaransions 1300 ercropiagiprduod hefopliesrmoduB2103nd ti e

| eaky be | SmAP I c p d iRt at or 256
may be d?’é%%%e%}ug{gﬁ 8?)%% A3 mo]e&mv\geté\gﬂfg ‘%gu‘g e ﬁbengéc%gf d’R&ho Iteaky

beam spl iimpesed Bg2 IFnitpdrvolulee praset wphé eﬁtﬁHpMQathezm be‘PPhF@itfétﬂtew 12582y

conpri se U p 0 i Igg]% _In

this enbo u%g?l@q H{e&g&\’?ﬁl{a@a Jogx&g'g ofﬂf%% E%‘ %I bers gmtalrg}gs ajg_é

pr e- al i gniesdoprigalefzhets l@ﬂhedr thas thdndecbirefringance 1p|tlatoet1¢aé fiblérs p@se@ tboppmtzi de
optical I i f i i f S am 291
into the Hf) 3{11% g‘%é ?ﬂleglb%gﬁ% }dr?d%gt @E Oigé ng 103 qgflﬂlg#ﬂ%ogﬁ?é a Q fibers
102. In térerped Beaghennd wned amubemempncs roddulg 1;33 Thg exmhenm:gsmfmvnrptaxual fibers
102 a ch [ e und modul e o_res Y ng
opt o ribishe b et Rk Sl B By o8 by SE R R A ol
heads 1065udauwasthaaotna3mpy pitsadtic bextdarg deourt imcavsingiecplane Gleferpbd foyhef2aftatia ner ent
path and pgri.ence nt .outzof pl reI tlveto exit
ot nt A PR Cap Rl Ko 8 e RS aRE L e pB B R aBE s BB bl o
conpri se (hei'rdthe ptisanedwames, at krarte podatyhesfiegdt 02)far qmtmrthenteaaactma headsafarve to

one anot her d/o | i nt r 232. ns bet ween
Che out- oreppttinarts Tharee s5RLH: BER BaR i ook Smefaf o 1S5 ThneH
accommpdakiepech aire dpyicall §beigyl @nwhiph maﬁ hitgp ted 6da¥ Grien@tiorn mmm&ﬁﬁ&cblm ifi s
dynam cal | y. adj ust abl e ta | i pear pol.arizatiop of th Qut goi ng

| aser bea%gﬁg%l, égsrlslle‘ A ‘?fﬁmm{ﬁ'q 917'%’ L\H\%’\?'é‘gr a5 2 eijﬂge UPHRIAIGT %m\ﬁarolgety wel |
known in mh:ebaretancﬂ}aphed Bﬁnddrﬁiu@laelgneﬁmgerelaam heechbmctérimd axels agfagaitgiecond
vari abl e I re ar ed ., |zat|on
rotation I sﬂg %Pé%/‘é tlg { S%lg d}f“t h} %ﬁ ?“h“g‘“ﬁﬁ%ﬂsg £ eﬁ{%g

vari abl e tadops,iagd (:I)y:sbaéntatr.én vigch ittab bree axatis (rathe plaheeufbmalnngcmd rﬂatcalteomas

descri bed above va a n, .LPR 100...660 factured by
Voadod ar REBHeale o Ry chos? B i s R et B oD 5 BB o e of
256 may altscetnd oemabﬁlmh 102; el girtgcmag adthe adflected lam bc}:msdf)l and 282 would ifhe

anount of ypol ari zat i tati. for noent .t o t he i ced axes
of each op°°r3a°fp?1eﬁ °qgelffg°€° N %etﬁl’g'éfié?m aw(?H?’{“n%““ ]tmbr atl Bﬂp%%]ep such
that, in ecgees epticairpathehEhe leritaion ngativatinformetiop tonseled lzstthe st oF optical fibers002

fi bers 10 r i I

opt i ol { Ao b dpBal il atiRdeAihel RIS BRRIE SRRl D RESL T 1 oo
256 i res a bpmdl fibgrsnd02d Aenshilr(zly the q:resem uleertihe proeties @ edthpdlasd rppatatusfor
rotation f.on eprent e R endi fibers
102, suchcans‘peln%aq{aoﬁt[%%’? Clu nte I“ga? 9 etsom'?h N1 'Cal Lﬁsg?t?tg?/lars?ebﬁgﬁé Eflh
optical f ainEorszn(ﬂmesldmmﬂahaecbtmhttionmadxomhcdbeqﬂdtza@qn totatiors under st ood

that the optic hase retar. t ne b ui.r ed
Wehout t he. af SIoRBRT BiraI gt bR it st R TSR et S R HARE s 102,
such as Imsmcmeuanmmcteu laakrlbeah'namlyyacbeﬂdgﬂidkcddcbubhngedoebf thORXtpbs used to
convey,, |nfo 0 j.hgl i 107 nd rst oo hat_opti cal
pol ari Zat i°B {r‘n@é Q{]}&gnm%é{ Lﬁg%hgfe nlef%es abrelcf)mp%léati O%eycfu?cfnécqufatrllpﬁ?ﬁer
enbodi rrentrsa:dmre@nbotsmuhmaquicalmethaxfdmeaaﬁlecceﬂ bpdra 282 abe thell, figthesnope, &gent , bot h

opti cal Biei otrﬁk‘l;%trc';&uon P the MR cRR 1 G BearR AL ALLARLH G 1 pnkiRY be

reqU|red
sh1ﬁ betwcen the P polarized outgoing laser beam 291 and the reflected P and S polanzed
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apparent, therefore, that the present invention should not be IirJJe@EB ZUUZ
t he' enbodi nents di scussed above but only the scope of the ensuing clains.
In a fourth enbodinment illustrated in Figure 2f, it has been identified
that spurious 15 reflection fromthe proximal ends of the set of optical
fibers 102 may degrade SNR, whereby the reflected beam 292 may contain a
conponent of a reflection of the bears z91 fromthe proxi mal ends, thereby
resulting in a reflected beam 293 conprising E(t) + E(t+t). In such a case,
t he pr esegilectetipsanbéann2eshoild bé meiptained P déges modolorme én B8 preffdnd i s pul sed on
and of f w . . 9 - n j | atjo .equency of
appr oxi ngl!tn {éﬁ}ég‘fggﬁp}\/}ﬁé ¥'ﬁizsg re&%ﬁﬁ?ﬁ%ﬁ%}l&eﬁ ﬁé Olfa[hngéér,\eh% %f’qggﬁ%vxfso "t ‘h%lolrd(; l%?tect ed

pul ses 0fl07 hiebringing tRO2¢cteddaset bheaw 282 pahatbeehct phHthe Khe siged and@d t her eby
reduci ng | r - - S ralns_an fectively

i ncr easi ﬁg%ﬁ?&llgﬁéﬂg? eﬁﬁgﬁgé{ﬁ&ﬁ ﬁ%;?&}l& ‘3‘# %ilto. alfonmghrg%(@?rp OaIf y enbodi nent,
with g@n eptiliemhoifeinduccdlyxhe s efoptifal fibdrs 202 byowpemfing at ths bottbre of @mgiéech of each

of the optical.fi j I _be_al nm, Th

rel ati on%ﬂ&%’ lko)g%aggiﬁ% ﬂegagdr?ggrﬁﬁgtb?gﬁ%ﬁrﬁieg %n%@?%%a%%%%?ﬁém F%’r’n‘ﬁ’?h (L) of 25
t he opti owlichfredobyesa ligh? wiage ivywdiosbbgoml liher pojaddatiomconfponanfs2ind pjolddes | =
oo o bR st RERC Rl bl ol B R BBt Bl oL ™
ti me sepgohtizonorofilltthey iplnks ssintensty kBangé in a lghuhmﬂmr;stsﬁr@ihdrhhrbugmﬂﬁyher

enbodi jrent.§.. t he .| th of the.optic fiber 102.can .b el ect in
accor : anc“g‘ﬁwﬂ“%pllr%aﬁ%%elmﬁgf?:lgzag rp%%?’?%ﬁ?frg?\ﬁ%ﬁ(ﬁo Vé‘%c%%’ﬁ‘“gﬁ 87 ﬁ%"f‘%& ucnci es
and, t husanbéef yfrxed ervtariablv earietyoand steoytichllp @vBAblk hshitedthgem| yhidxjalt he scope of

t he cl ai t.h t he. present.. i-nyent ,on descri bes use of | ow

o 1 E Bt aOE T d AfRhGSERtvd QUER 0B TG S s liBErentyr 5Tl | aser
and sel ectniaap] ewstappquape ciystel, omicaaemafic hend trgng] dn eestraloptiythAieihl,ian t he
fourth enbodi mjnt mey al so be used to 12 17 S E f~ ~~e~ increase SNR i n
an enbodi'?rgt’ st idava ??b” hi gh birefringence optical fibers (i.e.,

pol ariizat i on IThe piesenninnentiopidemities fhatxe hdhievitifHsé amddiang the lbkndSihdubdaxes

magnet o- opti cal head, of t r nt. invention in_yarious views._ The set of
f1ying N[&kalheeas !s° it ‘f/cab{éjbeirﬁ ussF?‘gfgeuéW‘%ﬁ“pb#’%?’@ﬁ%%f Efdgl{%eﬁﬂﬁ?lgt“ 232
r epr esent sath thet tbe P pyiampuditr fbaslngbify. lashr i@ wilk e @essdtimb thécarhé plaieg MO head

|06 is sho in Fiqgure.4b t.o he positioned.respectively abaove a surface
recordi ng“ﬁwzéy rencg%\%:('{) Ih%ﬁlép]?ﬂ‘e te?fgm "leCFCl o) i g?)‘%ﬁ?f?ﬂ ° q&l}é‘é’ﬁg 07. In a
preferred enbodidmeutssd dboee, illeysktrud opfidalfthark 100 Galy eperiehs ber@ingpfby exbéple, an ai r
beari surface.447,. a. steer.abl e, m cro-mnmachi ned i nor, ass |y 400, an

obj ec{1 fgvea %°&qﬁl%ag°rhﬁfé?'p aﬁﬁg%{'d%?ﬁﬁﬂdé?ri °é“'%%‘?q?a"eg’§5£“5' :?“5?\°%‘3¥§W§+T‘£T§“enbodi nent ,
t he magneiilugragdiin Figa@ 1b,3t inpessiblecharnthle bptichDfitieds 102 be rdutqdaadt thamasimaear t he
air-bearin urface.447.so as.to. er a netic field th i S:

Sonr o b et planBeRaine fe B8 <8 5e el BES BhLodud BN Bl i s Spiribiee of
about 4ns102zndroae reoskitrvt aptiys peduecidd iatdidra maintriiddalonk el plahdsdadpg ani ng MO

commonl y e REE pAEE sl s TPt B s R SGShk F FREE B o ca
her ei 125 by are efueddrather then Enwming bt pdittd) nEghis teinbodimient, slen with nooit-oEplanat er f er e

with the P flect | aser . beans 291 and 792 dur|.n ssage

t hr ough t ﬁ%h?%ylg%éﬁ%'{?ggcf?%g%ﬁ% mtaﬂé“lis)%clc‘r’]rh F‘h"g af&%'rﬁ‘lgélﬁmlag'f,u l“&% Vice versa.

As det er mienefomtigalfibels 462 farn tgh apecssna@ing 108 the haagds iwal properties of the

af orenenti oned,el enent s. compri sin he flyin head 106) .t he, hody 444

i ncl udes a hei ghe™esF™ ‘BFB{Z‘?I?‘F&C['ler@“%8@'95‘%)(3358"5'0'}%"2%5?"??%@?%W? area that

cor r espond&utsQoptioaltphast r@frdion Mhay bd ploVidedmdy dhepticAl\phide ketdrddr ngREvRHriGRE i cal zo

;Inbg)r(iéog Iv%srhzg[eel\{qglrdaép)l/s}/al lgc(t)alfl&)elr,%gchtag artx E%Rfllox I\Hg m%@&%gd g'yol\Gdeaadpagrlalrks held al ong
Optics, Frederick, CO 805030. In this embodiment, the optical phase retarder 255 is used in

combination with a first )4 wave plate 253, both of which are disposed at point BB in the

optical path between the leaky beam splitter 232 and the polarizing beam splitter 239
9



body 444 by a v-groove 443 or other suitably di nensioned channel. '31 EP
optical fiber 10Z is positioned within the v-groove 443 to prefer I$ 2002
direct the outgoing | aser beam 291 as an optinally focused spot of interest
340 onto the MO disk 107. The optical fiber 102 may be subsequently secured
in place by using an ultraviolet curing epoxy or a simlar adhesive. Use 25
of the optical fiber 102 within a V-groove permts accurate alignnent and
delivery of the outgoing | aser beam 291 relative to the small mrror
assenbl y (Mograred ineFigiresciaand abniPesferalie e nptitatvixey efitheapsiestiphase s@dea@dh obj ecti ve
optics 4 d B RfBREYr GAVPRGH L SR bi; Widdin @

physi cal %%Q %%e dzgoi r?g% argprgg?naﬁ%f]ga_l t)%\évof%cta glf%grs?@h%%%z’gl}dtn%énsi ons of

t he body onux! amepfystiirguit mavd mate PSS wrariigaed a 245 degreesaelftivelto b s ofbet i on of
the out 0QlRobaRlpi: boL I 1RGh Bk AP lchPRATbarkd 10 Al Rfcddah pilhca mal pover
is lost and significant distortion and aberrations in the out 50| ng and

ref | ect edpeakanmyt vejeamel 123 1vodts ib appliedawkichius béentshayduie eeduTirdcqu@chead 106
profile, ' won 6L -GESd :0R. & R ' (RANS yse of the

| ow bi refc\réﬁhg‘g%grel optfllcal1 ?llll beré%%%fn% vatﬁ'kgpl%rofeﬁsrg ﬁ%g&elg?‘f%ﬂ&nl n that) a'/
wave pl atset df opticalfibersd 02 may r¢qgire slightly-different 20 Biken STherparmidelat voiagelto bpt i cal
conponent . VA : _ I ] en using the
pol ari zat'l %‘%rdr‘r’}lj’?ﬁ% g@ﬁ#%%ﬁ% @%r'i@l %E@gc‘%&% ﬁipgﬁfﬁt{)ﬂ%ﬂlﬁ '? . \ﬁg steerabl e

m cr o- macdalipretibniphase.oFheckoltegryhay MeGbaged dnripf dreatybryalabétyeenck witphinghef the

represent at-i thgal path so as to direct the outgoing |aser beam 291
througﬁ tcﬁ%&gg\r%gtllbve S optics 446 towards the MO disk 107 and so as to
direct the refl motherknibadarenbebare @9@mdl ournfphee b4Ddide oK tht OFtidakfitierstl€2t he | aser

optics as Y el i nen h i ILYS QP y be a
m or of ene i hica{hasc R SRR BRI b QP D X £ 3Pl By SR

f1yi ng hevagkty wah nevtih ¢heziryand @ dypangcaiy rdtaing V4daveipiata2fi7Tnb el ofochichiard a
constant wual ue, ' r ' () ar | i used in
he magnel geiaoeden Sy RUBhAR R 320 ISREARE bisky ot A kel 100
short 1seehFiguesdeardPy). tIndiok snbydimene ticorprieall axey of e & wavg plter 28 lect | ve centr al
mrror poptio i.dd dot t lLines in ELg.,.4a f the

ot cer abl ok g P HEM Bl WORD ool 200 B el S 238 e B

const r ai nemliciyxes of the dyrfanti¢ahly ecsatitz(: werelplatd 287 rothte ryiatopaytht pxes ofthgl e of t he
out goi ng %g{g{] I !ngggg : 1,351 Lblective
optics 44%@%@9 rze%%ég-tﬁ ?ge cenﬁf gﬁ?“f"ﬁé%S‘tr’“n’gg‘?ﬁ%z"“%26&?%&5?%(’3‘?4&’ about
ai<est fo Ei neldtebzupids_e} :f“ mzmﬁ@nibz& Oap\pdtly'rmg;an@hihﬁ@rma:dr@n Znabi!aadgée‘i 0 '?[1 i ;/e
el ect rgdes, Ther il £ (BUEMhearny gld; - LOSLALhG. 7297 ce tha
enabl €s tﬁéatlgocdsed sp_o{;ll of | n?_er%gat?mg%%gtog@ ag&%i\;ggael n t‘% Ilar_ea i al

di r ect i onwher peficulaeopvic fbar K2 igmilizedmarbegxwimstmingd dumpp dcalibration phase. cent r al
mrror pokhd A RAbeS I oo @ , j L §o£0ui val ent
o appr oxi e ey S BHER SRRE BB erdien LA TR opl Sy 306

Al t hough, in tlheulbsoethpt embpdendsd ¢pheahphase ratendeticnris profided by alYstwaseatei s

di scl osedsflehRRIdgoRE nhiRerGs ihfrhds! AL bold Sfiegt the
steerabl e rﬁgcr_o- nacg%? ned m ?rork4 0 eg'gss lﬁegg%caglgg\t}g#ﬁghﬁgh%ged%ﬁnmvenent
great € 0oR3%, &b thetontigsl axes ofgthe yeawavs plate 25 pirgfesablyoalignesi a farty flye dgasessi bl e.
Consequentdyive RONESFRBS 20ds of iR 1EARG YSGHFRAL38 fin) Gtigna 2364 25514 he MO
di sk 107 ar]dw(e:k_at ecﬁﬁon_qfsot he re?l ect gﬁﬁ?ﬁ?éégﬁm sgg%EZQZIgnay “be u‘_:ge_ 25 in
st orage afits yestiqn e pelangfing Bemysplittar 339 is proaisikd fsod dynwhisglly mtingeeddgationom one
data track.L,os R0t REL ayi@inialiy ALK - ' sDBbAlpidaed by

adj usti nglﬁg cl rrent to rot gr{/ acFEgggﬁﬁﬁa%%gtg&g%mggﬁ@Sgg y IT20 (Fig.

| a). The tramiplifterichuplidrig am plgeredmechanisd! dr eleftol-inirre-magidmet jactudterrthat eeables of t he
MO di sl 107G 5RY rddfhiof 6f h¥ il atstidWKbafQPfHel ' §lhgp, Servo

t echni ques f atrapg vve[I Iﬁﬁ_nownéll%n tﬁﬁé{d?ﬁeq)%g{cagrx%{r%gflie%O%g aé%%pl eﬁgasect or
servo f or maticgg ontigal fiker §8%ig utitizedaniay be predeterkgned Phtingsaegalibrafien phate andly i ncl ude
ei ther enmhasqed, pkd Surd £dnanty "K‘g' ' o' e tic domain
orientations t%pt are %ea Sf‘)ﬁﬁ gtr\Jctt*gs atlgéﬁgﬁlg@m?lfs“re%g@éed pits are
used, an adder output circuit may be used to supplenent the differenti al
anplifier Z37 (Fig. 2). Those skilledgin the art will recognize that
conventional prior art 14 17 S CP 2002 nmultiple magnetic di sk Wnchester
magneti c di sk drives use a set of respective suspensions and actuator arns
that nove in tandem as one integral unit. Therefore, because each flying
head of such an integral unit is fixed relative to another flying head,
during track follow ng of a particular magnetic di sk surface) sinultaneous
track followi ng of another magnetic disk s surface is not possible. In
contrast, irrespective of the novenent of the set of actuator arns 105 and
set of suspensions 130, a set of steerable m cro-nachined mrror asse[rblies

v o N e e, " -




woul d al so preferably require use of separate | aser-optics assenl)l7i §5EE02002
an optical switch 104 for switching between each of the separate optical

pat hs woul d not necessarily be required is Figure 5a illustrates a

magnet o-opti cal data storage and retrieval systemas part of a

magnet o-optical disk drive. In a preferred enbodi nent, the nmagneto-optical
system 100 conprises a conpact hi gh-speed and hi gh-capacity MO di sk drive
500 that includes an industry standard 5.25 inch half height formfactor

(1. 625 inch), Indlic dfeasintisned ecdbudiinents, velk sMil ﬂip&hsbéxﬂﬁndmaﬂsr&ts ihdmst twel ve

flying di scusse ov,e h 20,106 may be
nmanuf actlvljglrrgﬁg%%ceo lljeéer%lstc?c \iat e‘gé’F sd}"’fﬁﬁc spf'aﬁgb?%dfll\@m?e/%fefﬁ?ﬂﬁ nmass and
| ow pr of |nb§edtndgnh1tﬁékymmlvqanltc snailt driosgh iasoutdan ereliplebadompedsated dor 290f nul ti pl e
MO di sks 7 Y gse spacing within the MO disk drive 500 and;

t her ef ore, e w“% su{ﬁqeﬁ{g fasgc%mpaﬁearlg ®%real and volunetric and stor age capacity

t han iss per m As éd:ussnd mveqhn bhead mdncedcaktsmﬁthafsetbh@txpallﬁbbrsam areln t he

preferred SD. aci en each sks 1 is |less
t han or é’aeggbbq¥ al‘gﬁ%‘f““‘i@‘ﬁ he gtge Pe‘?%y\/\gﬁ‘?’esg SHt Z#rf‘ cehnlgatonp"qﬂgﬂ?‘i’"fq g*? that a
pol ari zatoutgnmgﬂaaerebemgslbellcbetahgyzedmhyoné ﬁﬁmélbehefnﬂudagem@fﬂﬁtsetmabptfchlber s 10z

vm'thred i . that, wh nve rlzat nmatn i ni ng

opti cal [19? ﬂ“s e h"e’f’f‘?’aﬁﬂ? 'e‘é %Eﬂ]ty 'fﬁ‘efsf’tfgffgp@a e hal f
hei ght fanmofaatmherm tditiglse dsnhelmals,aﬂa:ﬁaylmeﬂmzuqiemaefsamvaiﬂsafm@ di sk
cartridge portjon fixed i n ernal MO 30 di sks IO? By providing
t he rborm\PzEBTaﬁehkﬁ d‘@‘ﬁ?#ﬁ ] 't“f'&ﬁ gg gt Afigpsdsan,oRcal RelaRsatipn and

r enovabl eoaniRstrdybedispaedratfBin® AlAcKehoden tHfcOlping leAdRI3nB ehebdidy GLait | Y

del i vered dri.v 00 for subsequent tr.ansfer to the internal

VD i ske ol TR 01 b SR Pl tafhio S B OB A Bt B ¥erTed. back

onto the I:I‘lﬁémﬁ/aahh&y wal RitoSr i6 @felaftl 0 thiskaibbiigindhOoptiRhl akds of theldptitdli bution to
addjtion, the renovabl e MO di sk cartrjdge

ot her co ter ) 19&9

portion 5154 &l pial Yo BSOS W ithe i 217 Rige 'S SisBepen sRaovipe 'Eﬁ“ﬁar]age of

the im el’rﬁ&hod\@tl‘&ﬁi -poldriaglickli o K obfbing T436r Hehnt 26h iniditRy fale TR HeRARMRRA ©

conbi nati on aflt erm ts aigrage of data files on the renovable MO di sk
R

cartri dge™pdt qﬁcoblé’ﬁw eeM% i | es and software applications on the 5

internal MO srmmehfaﬂ:n{éhtsdﬁs:i dfidodithéhe 3NAIE NE fthedtet dbpttal MRrENRQM SEt  (not
shown) an NO di sk drive 500 ]éﬁgl ncl ude: any nunber gl ncl udi ng_ zero) of

i nt er nal TECYrewE heppticimedie Whyo mrsprsiye W“W‘Eﬁl heads 1067 Reuting of ey nunber

of renova&;inealmrdnmoqarspmaiweﬁdslmasausasbechrab@&emerwﬁmisbe@hgﬂgzs not
necessarll?(f %glre use of rotary actuator arns, faqr exanple, |Inear

actuatdr 4 b aph thpssgpenepes ¢ romfrpéansbmdwelﬁmcﬁ%e’ai RN A &BF by t he

t0 presensutiohyiid iefds cHEY et 16-5E6h1tA ALONMRYo EorfpRtd Brhd Qiau&.ea aR&AndtveHn a
st or age Igﬁg{ﬁlon W|thou requiring, objective optics (e.g., _using a tapered

opti cal Y Gerigatgpfs El’f‘é’F G s EPoRFrARd/gr Vidhke ?J‘rYrPf?EF“éPI‘ 4R 23 and/ or

reflecti veariaiidis bedtashd Gur-9f-plabSbend irfucddlX Qb1 0Rh bkl filcp £62 {8 beONVvey
i hformation al ona?qqsurfaces of the magneto-optical head 106? It iIs

under st 0offSPRRPIAHdorhy Jupp an P‘H\‘r'élrmil‘ﬁ‘ﬁat@&ﬁ°‘f‘t)‘iﬂ?t§6 thet ssidypamcallvpdiostaly of

envi r ennefatrstate liness pellrizAGor0d QY oukgbfSladef bR o8 Fbr SirhMe Dy LRNWARpGRAL | ONS
systens, and,th Ilkewfg?gref ore, although the present invention has been

descri bed™f&3eE PiA YRFieH PEHEdhe a5t epypled E‘L?P&Fgr%eﬁﬁ%ﬂwﬁ%’{h% XHefeof, a

| atitude a;comdhxuxmfunmysta\xadrzarwsmﬁhemelsF@{&é 29U Ps1atitddbh PASiGRIE i ntended in
the foregoing disclosure, and it wll be aﬁprem ated that in sonme instances

sonme f eat ALYy qasmcaly AORFPIERE Ui Ftardence phthoyreebleliquid efysal do¥ai@dipondi ng use

of other bgaRhloRSization rotator as described above is available as an LPR 100 660, which is
30  manufactured by Meadowlark Optics, Frederick, CO., 805030. The optical polarization rotator
256 may also be enabled through mechanical actuation of rotation. The amount of polarization
rotation necessary for alignment to the induced axes of each optical fiber 102 can be

determined during a calibration step such that, in operation, when switching between optical
11



20 without departure fromthe scope of the invention as set foﬂt?l.SEfP 2002’
S EP 2002 W Caim A systemconprising an optical fiber exhibiting a
| ow bi refringence when in an unstressed condition, wherein said optical
fiber is disposed to convey a beam of |ight along an optical path between a
source conprising an optical head adapted to fly over the surface of a
magnet o-opti cal disk, and a storage |ocation on the optical disk, and neans

for conpensatlng for in plane bend induced birefringence to increase the
SNR of pdiber 1 $05°H 3 RPBH YRk4s6 AOBTPRLing IOhe partisular Pl fiReR A9%heingused means
for conpengptiddig we@phdal s@&iAAudnabiior ISk ih/aZeiBy @ akd fadh@nitd pooBtRAt i ON Wi th a
static 1/4 wave plate. 2. A systemas clainmed in claim1l wherein the

rot at i ng FARTedRRIFIZBHONTREAM coupl ed in series with the static 114 wave

plate. 3. A SYSthemMEOIREhSHRSd3RpRAL b&ding om%pt@ﬂmﬂafstmmu@h as in an
| owbirefri ngence when in an unstressed condition, wherein said optical

fiber § s cHPSHBSHI e BooRisyl PANYAETIEPY theghticah flopsyl 021 Bpintaings wHht h bet ween a

source CQRRfntadbddingit RRhdsAdodIRAhe3PARA fithsd RtafdalorOVAId A1Bettafigee Of a
magnet o- opti cal _di sk, and a storage | ocation on the‘&éﬁtl cal di sk, and neans

for compdPRUET nYTha e igsrasmuonsd OR-¢rlRRe bendineroé fherRaheers 12 ek Base t he

SNR of  pah & brddirdhr inVIREHGHY Odingd 1052 iBerQD? isGi8dd th EdMREy infdiRbRInto hhe means
for conpensating colggrl ses_a llﬂhw d crystal retarder and a fixed 1/2 wave

pl ate. 4. soglaMOdith10hihis pedergped thabprticalolarizasion reiation popld gt pecessarily be

| ow- big ef ki BR8N MR BRbd dinds, WREE B&ﬁ%ﬁﬁlm%g'oﬁtld?ﬁ}lan!maﬁigﬁs fredefh, Bk i cal
fiber is disposed to convey a beam of ht al ong an optical path between a
source copealphasg reaardasion pedthe priigel Pabaﬁac‘ﬂéﬂ rqtﬁwflrrwb%eaquﬁie Iisheyldbe of a
nmagnet o- oa,tpaxgﬁl lh@ksf%ke t}ﬁnqe eres%mamaorl Qoldindbelihited & RPLhERImGksSk, and neans
for conpensati gti or in plane bend induced birefringence to increase the
SNR of potigaupseaehayp brtpnlyrthaaicPr P 8ie cagiing af.cal fi ber, wherein the neans

for conpensat '15'9f&u&ﬂ@ﬁxb%ent(i‘n\xfsiraié‘djxnﬁﬁué’@?ha%@én@denﬁﬁéh Rat'sPhfuabl e | eaky
beamsplitter. 17 002 A system co |S|ng an ('{YQH\ICEH fiber
e

exhi bitf i n@ﬂephpbxfmi%ﬁwpwglewé@f\mfesﬁw 1PPHGH! fbrst #iediNB-gtherehher ei n

sai d opti ﬁ,@keffebtb@semﬁlﬁpqwmLgorﬁﬁaaxﬁ%féréﬂe&ﬁhgfmé bl 298! FROmEN opti cal
path between a source conprising an optical head ada&[ ted to fly over the
surface oProaimshefdetterrehytresehing i %ﬂ?ﬂc%ﬁ‘}d":ﬁn 3PbtompasnHE@ T B OnIt e dpt i cal

di sk, thecRean Rschdifthiidemsll ihQed-QF PSP RAR S8 Harsé ﬁg%nla.ﬁ)@&ﬂvﬁﬁ‘aand sai d
at Ieast one optical fiber by a steerable m cro-machined mrror, and neans
for conpef¥AEYHPHGY> QSL’ﬁSS ‘ﬁfheﬁtré°q“ma%§6‘l“l§i‘qyé’f rRPFRYEREEY 860 Mitr ease the SNR

of polgri pakihgBf thefa0d- 781 is@fe Sfcfld PRisdsGRinebERS192 WOSHRE RephRRd rmaqns for
conpensat i H%FI ncludes a 114 wave plate and a liquid crystal cell A

syst em coHSPFET AY WrreBpEtHcHS “F‘F‘IS%?“CE?WE?“H‘?\‘Q’%"‘STJW"H ﬂnéfﬂl‘”is ﬁ&&%@y when in

an unst reﬁfc&dsm%)mslsmwmcwb@&ed nersggﬂu Olpltah GRémpldrp @hibddimeh, SRASAGplicl Convey a
beam of an_optical_ path bhetween a source COEH Si ng an opt| cal

head adap®Bef 103 ‘WF’W@G@?“‘%@ ‘s% lﬂ?eé%“‘cﬁf cachpd iseperabih igifelr
storage | Qg 7085 R, e r@ifohdhdd betb etk thelhRiuRga ey ?htana &xedénrgﬁ\qt.psk bet ween

said storage location and said at |east one optical a steerable
ni cr o-Iac Micrr@Hcakfipers 02 %Ffab‘?%ﬁ&r&%‘hFGﬂ“aBB‘?rﬁe'ﬁézaT‘?’ﬁ‘g“ o Ldut W&Ffeﬁl-efpée i nduced

bi ref ri ng@pEgt = thaitER SRlet BRhNR: OThdIOAR bZRY deDdT obtifaDEBERS 102Ns fectai d
optical fiber, wherein the neans for_ conpensating i1n¢cludes a fixed 1/4 wave

pl ate and t%leqsblp&tpwprenqg/@fpmw 06 fl'gtpélsesltgms It 1s understood that 1n other

A A AL?. Abodimélts ARAcAlih AAnHBI A lcar (R sBieA@in AcoohBME@it other
| wr | gb] XS] c*a] ca] ca] ca] caU] ca] ca] ca] ca].ca] ca] cal] ca] ca] ca] ca
U] c~a] ca] cefiecs pEEf eware%fi &ﬂxw&ﬁswafremceaewe 1] B pIpeR| IRy StipR Fhouig be
gF[ s- . {d { Lindied BhiY byereal dfedk trkindd calheadniad &é&eﬁﬁﬁ&ﬁﬁ&?&c@c’ﬂb@@ds@ﬁﬁ@] ca] ca] ca
]ca]ca]ca]ca ca] cal ca] ca] ca] ca] ca] ca] ca] cag cal 7PcA7H f
WARNRRNETC 52 ga&e 13t§ﬂkt’{l\?tﬂ gtﬂweaafzd]atrt&aywpe the lpeE Apse|cHIEH c, a] ca] ca] ca]
ca] Ca] ca] %};{éa&ﬁ@&&f&ll%]:ﬂ@&éﬂ@lsc&scnbed in the fourth embodiment may also be used to
U c”a] ca] ca] ca] ca] ca] ca] ca] ca! **W++$, ,, @E-HT-....]////0}0000014101S1d1h1
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birefringence optical fibers 102 of the present invention, in that, a Y4 wave plate is not required
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446 may be a microlens with a numerical aperture (NA) of approximately .67. Because flying

YB&

height above the air beaning surface 447 is maintained with a constant value, 2 focusing servo
is not necessarily required.

10 As used in the magneto-optical storage and retricval system 100, fine tracking and
short seeks to nearby tracks are performed by rotating a reflective central mirror portion 420
(shown as hidden by dotted lines in Fig. 4a) of the steerable micro-machined mirror assembly
400 about a rotation axis constrained by a set of hinges 410 such that the propagation angle of
the outgoing laser beam 291 is changed before transmission 10 the objective optics 446. The

15  reflective central mirror portion 420 is rotated about axes formed by the hinges 410 by
applying a differential voltage to drive electrodes. The differential voltage creates an
electrostatic force that enables the focused spot of interest 340 to be moved in the radial
direction 450 on the MO medja 107. In an exemplary embodiment, the central mirror portion
420 rotates approximately +/- 2 degrees, which is equivalent to approximately +/- 4 tracks at

20  the surface of the MO disk 107. Although, in the exemplary embodiment a movement of +/- 4
tracks is disclosed, depending on the desired performance characteristics of the steerable
micro-machined mirror 400 described above, a range of movement greater or fewer than +/- 4
tracks 1s understood to also be possible. Consequently, movement of the focused spot of
interest 340 across the MO disk 107 and detection of the reflected laser beam 292 may be used

25  in storage and retrieval of information, track following, and seeks from ome data track to
another data track. Coarse tracking may be maintained by adjusting a current to rotary
actuator magnet and coil assembly 120 (Fig. 1a). The track following signals used to follow a
particular track of the MO disk 107 may be derived using combined coarse and fine tracking
servo techniques that are well known in the art. For example, a sampled sector servo format

30  may be used to define tracks. The servo format may include either embossed pits stamped into
the MO disk 107 or magnetic domain orientations that are read similar to data marks. If
embossed pits are uscd, an adder output circuit may be used to supplement the differential

amplifier 237 (Fig. 2). Those skilled in the art will recognize that conventional prior art
14
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-veouldOK€agpré ferably MEQURAEE of JepStfate} theet-B3Rs aSEmblies 101, an optical switch
104 for switching between each of the separate optical paths would not necessanily be
required.

Figure Sa illustrates a magneto-optical data storage and retrieval system as part of a
magneto-optical disk drive. In a preferred embodiment, the magneto-optical system 100
comprises a compact high-speed and high-capacity MO disk drive S00 that includes an
industry standard 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 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 equivalent volume of the pror art. In
the preferred embodiment, a spacing between each of the MO disks 107 is less than or equal to
.182 inches. The present invention identifies that a polarization state may be conveyed by low
birefringence optical fibers 102 with reduced noise over that when conveyed by polarization-
maintaining oprical fiber.

In an alternative embodiment shown in Figure 5b, the half-height form factor MO disk
drive 500 may include a removable MO disk cartridge portion 510 and two fixed intemal MO
disks 107. By providing the removable MO disk cartridge portion 510, the fixed internal and
removable combination permits external information to be efficiently delivered to the MO disk
dnive 500 for subsequent transfer to the internal MO disks 107. The copied information may,

subsequently, be recorded back onto the removable MO disk carridge portion 510 for
15
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disks 107. The fixed internal and removable combination also permits storage of data files on
the removable MO disk cartridge portion 510 and system files and software applications on the
5 internal MO spinning disks 107. In another aliemative embodiment (not shown) an MO disk
drive 500 may include: any number (including zero) of internal MO disks 107 and/or any
number of MO disks 107 within any number of removable MO disk cartridge portions.
The present invention does not necessarily require use of rotary actuator arms, for
example, linear actuator arms may be used. The low profile optical paths disclosed by the
10  present invention may be used to convey information to and from a storage location without
requiring objective optics (e.g., using a tapered optical fiber or an optical fiber with a lens
formed on an end); and/or reflective substrates (e.g., using a curved optical fiber to convey
information along surfaces of the magneto-optical head 106).
It is understood that the present invention can find utility 1n a variety of environments,
15 such as other types of optical drives, communications systems, and the like. Therefore,
although the present invention has been described herein with reference to particular
embodiments thereof, a latitude of modification, various changes and substitutions are
intended in the foregoing disclosure, and it will be appreciated that in some instances some
features of the invention will be employed without a corresponding use of other features

20  without departure from the scope of the invention as set forth.
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10 10 106 10%, fly over the surface of a magneto-optical disk, and a storage location on the
optical disk, and means for compensating for in plane bend induced birefringence
to increase the SNR of polarization information of said optical fiber, wherein the
means for compensating comprises a rotating 1/2 wave plate in combination with

a static 1/4 wave plate.

2. A system as claimed in claim 1 wherein the rotating 1/2 wave plate is coupled in

series with the static 1/4 wave plate.

3. A system comprising an optical fiber exhibiting a low-birefringence when in an
unstressed condition, wherein said optical fiber is disposed to convey a beam of
light along an optical path between a source comprising an optical head adapted to
fly over the surface of a magneto-optical disk, and a storage location on the
optical disk, and means for compensating for in plane bend
induced birefringence to increase the SNR of polarization information of said
optical fiber, wherein the means for compensating comprises a liquid crystal

retarder and a fixed 1/2 wave plate.

4. A system comprising an optical fiber exhibiting a low-birefringence when in an
unstressed condition, wherein said optical fiber is disposed to convey a beam of
light along an optical path between a source comprising an optical head adapted to
fly over the surface of a magneto-optical disk, and a storage location on the
optical disk, and means for compensating for in plane bend
induced birefringence to increase the SNR of polarization information of said
optical fiber, wherein the means for compensating comprises, a fixed 1/4 wave

plate, and a rotatable leaky beam splitter.
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location and said at least one optical fiber by a steerable micro-machined mirror,
and means for compensating for out of plate induced birefringence to increase
the SNR of polarization information of said optical fiber, wherein the means for

compensating includes a 1/4 wave plate and a liquid crystal cell.

6. A system comprising an optical fiber exhibiting a low-birefringence when in an
unstressed condition, wherein said optical fiber is disposed to convey a beam of
light along an optical path between a source comprising an optical head
adapted to fly over the surface of a magneto-optical disk, and a storage
location on the optical disk, the beam of light is directed between said storage
location and said at least one optical fiber by a steerable micro-machined
mirror, and means for compensating for out of plate induced birefringence to
increase the SNR of polarization information of said optical fiber, wherein the
means for compensating includes a fixed 1/4 wave plate and a rotatable 1/4

wave plate.
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