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"Laser Phase 15 Noi se nim zati on Drive,” filed June 5, 1998,
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Background of Invention Conventional data storage systens utilize billions
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reside in N&EMber 13,1998, U.S. Provisional Application 60/ entitled “Optical Fiber
Coupler Using A Spliced Polarization-Maintaining Fiber, filed December 9, 1998, all of which
are incorporated by reference herein in their entirety. This application also is related to U.S.
20 Application No. 08/745,095, Jeffrey P. Wilde, et al., filed on November 7, 1996, entitled
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BACKGROUND OF INVENTION
1. Field of Technology
25 The present invention generally relates to optical systems. More specifically, the
present invention relates to noise reduction in the transmission of optical signals.
2. Description of Background of Invention
Conventional data storage systems utilize billions of magnetically recorded imprints
(bits) on a platter (media) surface to store oppositely polarized (e.g., positive or negative) data
30  bits. These complimentary magnetic dipoles (which are parallel to the disk surface) represent
a logic state of either a ‘1’ or a ‘0’. Based upon the industry’s current areal density (e.g., a few
Gbits per in’) growth rate, such conventional disk drives are approaching areal densities as

high as 20 Gbits/in, which results in potential problems associated with a superparamagnetic
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| i ght gnal t AAcasrdinglyahe ﬁrbventmemmdloumonﬁb&lemna%bﬂmé%oiaith}/onj unction

with the 1 alter the polarization of the main ti nsure
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forward pasignalgdagartipidaropyeferradgmitediment of the system includes a multimode laser, a leaky
beam splitter (LBS), a first half wave plate (HWP1), a second half wave plate (HWP2), a
30  polarimetric delay line (PDL), a polarization-maintaining (PM) fiber, a first quarter wave plate
(QWP1), a second quarter wave plate (QWP2) and a differential detection module. A parasitic
light signal is generated by non-ideal properties of the optical system.
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of a preferred enbodi nent of the present 1nvention. Figure ITustrates a
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effect) of the main signal. In addition, the LBS reflects a portion of the corresponding time-
shifted parasitic signal toward the differential detection module. The QWP2 modifies the
phase between the two polarization components of the reflected main light signal to ensure
25  that the logic state of the data signal carried by the main light signal is propetly detected by the
differential detection module.
BRIEF DESCRIPTION OF FIGURES
Figure 1 illustrates an overall system of a preferred embodiment of the present invention.
Figure 2 illustrates a mode partitioning of the output power of a multimode laser of a preferred
30 embodiment of the present invention,
Figure 3 illustrates a polarization-maintaining fiber of a preferred embodiment of the present

nvention.
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30 The HWP2 177, which is coupled between a second end of the PDL 160 and a first end
of the PM fiber 180, aligns the p-wave signal and the s-wave signal, which exit the PDL 160,
with the birefringent (An, = ng, - ng,,) axes of the PM fiber 180 which are illustrated in Figure
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resence r e wave is
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parti il aresulingippignifigast MBNI y arise in individual optical conponents or in
their respective alignnent to one another. 20 In a preferred enbodi nent,
one conponent of particular interest is QAP1 185, which can reside on an
optical recording head. Errors in both the retardation and alignnment of QAP
1 185 are typically difficult to contgol due to the small physical size of
this conponent (e.g., 0.090 x 0.20 x 1.0 nm). The parasitic |light signal
is that portion of the light that propagates through the optical 25 system
and reaches the differential detection nodule with the two princi pal
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difference. In particular, each error in the thickness or the rotational
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parasitic waves will, in the detection system overlap in tinme wth one
anot her afhg Tt Rath.ike Giegwler stafeg e caivgHie backag cqrreprogding lincariaies vathysdi nposed
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pol ar i zat ;g dRERIB R thdid S PRt splitter
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equal .ﬂ?”meqdauﬁﬁtbﬁ'@dn%ﬂﬂﬁﬂﬁﬁwwiﬁaﬂishﬁdLE@@-&'&L{» estprh vgenent, a p-wave signal,
e

and the reflected conponent, an s-wave signa PDL 160 then allows the
s-wave si gnal 13“?%%%a@%@b‘lléﬁl‘r@‘iﬁ@letm@r%meé%wm9@1@11*?311@'%%‘%0@8 ain r edi r ect i ng
t he s-wav Ig f r nd the second
mrror 17§gﬁT ﬁhp&\/{lgslgﬁsfl}l&ﬁg?a%&rogﬁam%? ge‘?n do %ﬁFI rPg{?) JV&‘?H@I ength Lp by
direct !5 transm ssion through PBS 1 169 and PBSZ 170. The PBS2 170
receives both the s- and pwave signals and reconbi nes them back into the
main |ight signal. The PBS2170 receives both the s- and p-waves and directs
both of themthrough the HWP2 177 (or an equival ent polarization rotator)
into one of the set of PMfibers 180, which effectively acts as an
extension of the PDL 160. The alignnment between the PDL 160 and the PM
fiber 180 by the 20 HWP2 177 results in the s- and p-waves | eaving the PDL
160 and ent erl ng onto the fast and sl ow f| ber axes of the PM fi ber 180,
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.be approxi mately 401 neters. The PDL 160 of a preferred enbodi new-
however, offers a nore conpact and | ess expensive inplenentati on?}hSEn%Z{]Oz
light, after leaving the PMfiber 180 in the forward path, passes through
QAP 1 185, reflects off of the MO disk 190 and once agai n goes through Q WP
1 185. DoubWe9Bsopssi ng QAP1 185 converts the out goi ngrerusswess®i gnal into a
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ol 2yt e (T BERAASH R sEL s tRRutiRr BeAy BaLorEAE iR SRR one- hi r d
of thezs a%ﬁtenmﬂl#éaaﬁels fHe dERFenfAl détderion Ribdule mﬁh@ﬁtdbrﬁlbfpm%mﬂaﬁmrd

Fotward(PDL) ~f the two path lengths is c(T, as~~)~3. By pul sing the

mul t i node cPraRQEENts havimg gxperienseds fonizaroLpiinakst di@@er@ﬁbmamw@r,a@ &{ToR g h
frequency r @flﬁf“ﬁté 160 to
have such }geﬁhlglm?sg)p?t g‘%&t{s?&rlgiq% Qt Of ependen “gﬁ]ﬁlr o&ﬁ;ﬁggﬁéngﬂ tgr“gx?”‘é‘gﬁ ed

~0~, ar o~ pph:rmaumira,uaag’farge’iirﬁld)rdeesmtdzg RPN)dpe to ome aompen(meengor) Iiedditdam), the PDL

| 60 effectivel m z 0 the effects_of the parasi cllght signal in

the. syst erttPBEONETREEL Byt SEN it g meHECaAR AT PR LSBT Ut 5 Che i n

i ght " 8 grEebelopficthe Fﬁ@m #d th%SPM hterl P80/ lﬁﬁaugﬁedl:h @othisinafion wttm dridginl aser

nodul ati on freguenc an illustrative enbodinment is 450 MHz, a path
nap@ﬁp@[

di f f er enc QWAL embsidinzgns the xtisptignatent tRtyvsen th PMefiher #88dnd ts PBL

speci fi cal f [ bout Olrr} t he
noi se is ggnlsr?g@&eg%g?l h%ggglp Ij I\?gﬁeqse é@?%rg%ﬂnﬁ ?ﬁi@%ﬁtég g&e& k‘

significant structure with noi se m ni ma occun-ing at coherence peaks The

| owest noise region of the illustratiye enbodinent as illustrated in Figure
7 occurs at a path difference of approximately 0.33 m at which point the
two light signals exiting the interferonmeter do not overlap in tinme. As the
path difference increases beyond 0.33 m the noise again increases and is
dom nated by | aser phase noise effects. Such an illustrative exanple
denonstrates the 20 principle utilized in various enbodi nents of the
present |nventi on. Even though a pref erred enbodl rrent focuses upon a
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alternative enbodinent is that the fiber 940 nust propagate a single Trnear
pol ari zation state (e.g., s-wave signhal) with a high extinction ratio.

Figure 10 illustrates a second alternative enbodi nent of the system 100
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from straight-cleaved fiber 940 al'so can be elimnated by using

i ndex- mat d¢ngigthe frawg poermneaenis afithe paRsitie lighhsignal expericaerp capt@pticRe fi ber

ends. The fan [ (P14 on, of -t [ : [ been
present ed p%{glrlé%g@] dg%%%%i%?%&% Pl(%gtp pgﬁ?%%ﬁéﬁﬁﬁhgggﬁe% ;8) idgﬁgfoﬁfn Ia@gc’not

i nt ended twhidhén @xirasigiroduee SEN thitdedradeas the REm sipnaltbinoide fado.t ln@agicuda) se form
di scl osed.,k Many. . ifications angd variatjons are possible.in |ight of the
above tead'flﬁm&_.mgﬁgvélﬂv o AT t@sﬂefaéedéﬂ @eﬁgrawl %sewlﬁ_@a*%to best
expl ai 5 t hgpdaftd 56 Wil 88 AL adviRePreRBAND tHeﬁ‘r\ﬁ%{‘stégrﬁﬂw@v@@odmﬁo%erﬁi @Gich6ah
application to thereby enable others skilled in the art to best utilize the
i nvent i on taxel hgsaag eptieatpeshl sparally spraking (oe..ween g daserds opsefe it i ons as are
suited to (o kS 4iRie he scope of
he. 1 nventr o Ba s Mty i Sef Qi SRS Sbuyiibn tehaliBhACBRu B Vrge 2°0PS B
P 200Z CLA#iNSn tha detedtisn sysempevdrlapan tithe with bisunothérsad with the alaindight siamelc oupl ed to

a laser (110 rating a in.ight .signal, the systemc rising: a
fibor (160 A0 Sopitufeschppgsits HerLitaB gt mah e Vel PR Wb ot o s
has a g f feasher.t THIBI S EIcO BanTRER th 1hrBS4InduRR of SEIOReusigitifs diffddntlaiSy St em bei ng
characterized by said main |If?ht signal being a nodulated | aser |ight

1

si gnal ; a dsetionimedule i 16 tabpvayliffiuitis detactiog the Ketr ffohyithin themain lightsigngbl it t er
(169) ad a%rﬁ’}dﬂf ;hg lalgr dRE R r1¥c1%ulta &in' T 'oH—o*f 'fgﬂ%n a anTP er {réqgggﬁ% pﬁl tileae?fégts and
e maln gna I'rs 0

adapted to split t Ight sign Into a onent signal and a
second combiShN h¢ owragmal Whemitilizipgbrapedr metiulatongms|dsylobed herein1BOpardsdicng coupl ed
to said fiber.(180); wherein.the polarinmetric delay.line 160) has a first
ol oy pat AL fra MATU it GaPRL P i gt minRielie! el ay pa b

| engt h2sdi fifuerféréi@e botwéth te@aBaGOIRM: dehi indihé MaihHighteReblnwhiaid nser ei n the
first conponent geinfgnal_ travels the first delay path Ien%th and the first
axis and tHehdesthm@measppei et Margspesifically ke RDL Hi cecatenmpptiblengly path | ength

and the sefond axnin WGk g%@tlgx’g%&fﬁen%%}?ﬁ&etﬁtthoﬁ HRtbuRE G Bifa 6 ONd

conponent signal are tran
piece of PM fiber 180, to allow a reasonable modulation frequency to be able to be used to

produce the necessary time separation.
30 With proper laser modulation (the details being subsequently provided), the PDL 160
eliminates first-order SPN due to a component error in QWP1 by time shifting the parasitic

light signals substantially away from each other and from the main light signal. In particular,



_towards a reflective surface via said fiber (180), and when the 2ifr §ERn2002
second 20 conponent signals are transmtted away fromtheir reflecting
surface via said fiber ( 180) the first conponent signal travels the second
delay part length and the second axis and the second conmponent si gnal

travel s t heyddosesy del ay part length and the first axi scTmisswoeday a net
optical path difference between the first conponent signal and the second

conponent the PDh a0 utdizesaphigsind] dne-way delhyymthel ppthodifferertce (Ig-Loef eppsxximataly spect r al

ol ari zat | 25 noj isre e.. 2.. A system aiml, .characterized in
Ito hat sai db'g'gpé‘?elt%wtﬁé“"gélsﬁéjyﬁyf‘f&a%(‘eliyé@%/g?'bgﬁﬁﬁsﬁ“slgé’Sa?asg@%’ﬁla"pﬁrésgﬁ splitter (
170) coupledpie@erdt.Nm abdikay the PHBAS0 midiBiz&ithe dndantDEBAR thobaritisphsitet er ( 170)

is adapted to transmt the first congonent signal and the second conponent
si gnal 302013 Phase e RIESERn e smism] OY Insmpbla the etfests ptlasqengiselpbe 3. The system

of clapm dinifbaya %xiirﬁﬁgy ih@sﬁohﬁ&isélhﬁte@?kﬁdﬁn%E IvQ. delay line (160)

includes free-space propagation in a refractive index approxi mately equal
to the refractnapreferetesmbodimaity the BDI 160Tdvmpyses & frst plarizhtion yeamn sphitiexr act eri zed

in that t larinmetric delay lin incl udes. a tiber, colljmator
(510) " 5. OB B A B pwfefiebeem St RS 1 BEa HF e TR 058 et
del ay | i ngirfor 150)Pribis kHeGiun lixhPgnal dnferihd MBPDBI160 6 thé PevaPpdlsele fiber (940).
10 6. TheH\sKéstem of claiml, wherein a physical |ength difference between

lm . y n
t he secondWdd 13y otsatsthellighigignaldnds degaees foregsurethataie P@&? A63. 8hishE i s | ess than
one er : l : i Lanfdli si cal
I eng'[nzb di ?ofu @? %t}égge %‘é’?{?ﬁ%ﬁ%@g%@b ‘}? th'?ﬁ ﬁ%ﬁ%ﬁ?ﬁmln&g{aﬂ ag%(l:iﬂ? %e second
del ay pat ¢onipenrytshwithghetrapsmistédrampdngntegipraiave signgle Fiddheoeflec®d cattponent,@ni s t he

speed of light.i | Io@n i ase~ is the nmodyl ation [ of. the | aser. 8.
The syst esrhw%fe Sl@f’%i ﬁbﬁ‘?ﬁ%ﬂ@}%&a@?ﬂ"%‘@" "lv?ﬁvetsﬁﬁ# q ?{%palg%{ggl?n qg%ﬂ’lu%a%l Paglrll peri od
T, aser hagngh 2hbyQetitéctiny tee-wale dfnal 18 adflectbifSf b&th thEHfiest Syredr@6d A tiel ai m 2,

characterized in that the first beamsplitter 169% and the second beam
splitter fetondymigeicds Feirovrye sigpbpapagaiengonsdbadelay pathtepth Labodireqto0) . 25 10,
The syste sy 1 i J a litter (169)
and tﬁz sg%?gl%gﬁteam éhp}l)]ﬁl? g?h‘%dq?%?q%a@ﬁtplﬁggIlzdggceye%?)%t%@?zi%%pspI itting
fiber (94®jve sighals Fideecopbinesthenf back miothd Bain dipht sigoal e TheAR$213§0 fecriveher

(948% M

comPr 5Lty LR AP R RGO TIR SRl vl 0 1o
second GRpdvarizetivs rétA2f) intOaHa of the set afkNI fibéls 180, whicleeffectively forsapagat i on of the
o SN S VIO s e e A bl B b ho Bt 1119 11 ber
20 HWP2 177 results in the s- and p-waves leaving the PDL 160 and entering onto the fast and
slow fiber axes of the PM fiber 180, respectively (or vice versa). The resulting optical path
difference Ad between the p-wave signal and the s-wave signal components in the forward
path is therefore:
Ad = (L+F) - (L+F,) = (LL,) + AnLg,,
25  where An is the fiber birefringence and Ly,., is the PM fiber length. In a preferred
embodiment, with L, = 10 cm, L,=50 cm, An = 10°, and Lg,,, = 100 cm, the forward path
difference Ad would equal 40.1 cm.
In an alternative embodiment, the HWP2 177 can be eliminated if the axes of the PDL
160 are mechanically aligned with sufficient precision (e.g., less than one degree) with the
30  axes of each PM fiber 180. In an additional alternative embodiment, this system 100 also

could be constructed from one long piece of PM fiber 180, but the corresponding length would

10



.2 7'S E P 2002 12. The systemof claim?2, characterized by furt
conprising a first quarter wave plate (185) coupled to the seco?g?bggntm) 2002
splitter ( 170) via said fiber ( 180), wherein the first quarter wave plate
(185) is adapted to reorient the |ight conponent signals. 5 13. The system
of claim 12voemesdsacteri zed in that the reflecting surfacBusyengis ses a
reflective nmedia ( 190) coupled to the second beamsplitter ( I 70) through
a hal f wadeapplogitvately 467 netesaiThe FDIDESO of 4 BRJerrad emindinttnt hawdver offamse pl at e

(185), and wherein the reflective nedia ( 190) is adapted to direct the
light confoiR&pmPashayfh ersexpepsive implgmentaite second 10 beam splitter (170). 14.

The system of 1§} ﬁth‘hgﬁ’aﬂ@n v?r%ttﬁerPM%gerllﬁo InhRd folwRd gaif *:ﬁé‘efs't}h‘&xgm?dl a ( 190)
i ncl udes a nagnet o- op tical ia adapted to transfer |ogic state

i nf or mat i @WPé ig.+ mﬂem@ﬁ@ftth@épldykd?p %ﬂd@nmﬁég@ﬁs peusk & ﬁaDtN&’lft he
conponent tem of
claim1l, mlr ?Qi/sec E‘lleﬁé {ﬂga‘%{B@%&é‘Pl be%ﬁ{ 1@%§§?‘73¥ﬁ sﬁaﬂon et gﬁ%{ ation
lr)nai Pt aE[ EI mgtmmngomg pi\nabe?gx(am?ﬁ)ﬁn s-?aﬁve sTgnal. Wshﬂgtgnnzt}iglg&mh 135 lhas?a:mc: ﬁrl fzed t
y further conprisi IS al f. wave ed to the firs
beam spl |'t“te1§li‘°r;§’f yda g%ﬁ%ﬁeitsrphﬁﬁé ift; departs Iq'g?’%b\%&?‘?s &% i s adapted to
orient th&leﬁﬁhﬁf {)z&ﬂtic%vé%fwﬂtl BEst Mhdle ﬂ)draﬁhﬁ: w@bé!@&%s?&d@@tﬂ&%oﬁlb@oﬁhé st beam
splitter to spli he main |ight SI% into the first conponent signal and

t he seconehtgaingdighishat lssnogmﬂerly p@varied by RAVRIVISE anamely otigeings-waveg ek act eri zed by
(110) T EREAS A SRSt e B o b 3605, ERYRBLBRARGH Aiplhebl'c ' 25"
character ofzmnhyhgmmgrhe Ithemﬁdm pkophgages alofld Bottedetaytphta llendiht efthé RDL tdddul e coupl ed
\tM? e£ gian g%ﬁ,i%gﬁgg‘ e t : Ei‘ﬁlp l‘?‘ﬁ@‘?%&‘amaléggégﬁggt%g'ltw:?%t@g{aéf:t 1t2 g)e | ogi ¢
6 25 i’“é“ﬁ'g?ﬂom‘f%%’%ﬁﬂwﬁ"ﬁs’?tﬁt‘g? e ey e by f ur U her

conpri si nekperievesioaendduptime shifeelaivpto sheanaimlight egnal sdithemselyesst beam splitter

( 169) nd t hethIS&Fﬁ{plp %@Hﬁ?{&'tedtlﬁ §urg %2@2)1? )éﬁ\qi}\?rtﬁéo sétrent?of%%'ilgﬂ?l&%mﬁ S Wave

pl at e |s ada proxi mat e ITst and second
conponent remngprmi botR the s-ﬁantiﬁtvh@dcofn@bndh&dﬂﬂﬂe mgmtltgbt stdnhlesd 0 havefpropagappdat r al

pol ari zati o i.se on ated | aser Et Si na , _the method
conpri si " 32? %1?‘?5‘g8°§f;+gog' hrg Sinee tepprsi %‘fs‘%‘}% RTaRas ‘c'is pngithesame. o honent
si gnal anfiha ARk e PRP RARA of bAR B forwkkd bidRM faths,hp-WAR phradid Conponent
S|gnal and the second conponent signal through a polarlnetrlc delay line (

160) in alight pigeal $3rwomlshpmepagates shpiies netopti@blengtinpfe2F 2k, andan s-wave
20  vparasitic light signal 620 would propagate the longer net optical length of 2F, + 2L,. This

difference in the net optical length between the two components of the parasitic light signal
and the main light signal results in the p-wave parasitic light signal 630 being time shifted
ahead of the main light signal and the s-wave parasitic light signal 620 time shifted behind the
main light signal,

25 To ensure approximately complete time-separation of both the s-wave and p-wave
parasitic light signals from the main light signal, the multimode laser 110 is pulsed on and off
at a duty factor of approximately 33%. Such a duty factor ensures that each of the three time
separated pulses (e.g., the s-wave and p-wave signals of the parasitic signal and the main light
signal), which are of the same temporal width, each will separately monopolize approximately

30  1/3 of the laser pulse period. Failure to utilize such a duty factor causes the components of the
parasitic light signal to overlap with other light signals. For example, in a continuous wave

laser environment, the parasitic light signal components would temporally overlap (e.g.,

11



. pol arlrretrlc delay line ( 160) has a first delay path | ength and
delay path length differing fromthe first delay path |ength, f%gﬁéﬂ&ﬂoz

the first conponent signal travels the first delay path I ength and t he
second conponent signal travels the second delay path 1 ~ |ength;
transmttingobysesdii rst and second conponent signals theopgfesaisd fiber
(180) in a direction towards a reflective surface, wherein the fiber ( 180)

has a fi rQ¥erigpdn dmghwitheeaghoethss as ‘&@Jl%“ﬁtﬁ\ﬁ}ewl%‘l@mﬁhf@@bamﬁ%@&ﬁ N ffering

fromthe fdLst rﬁﬁ&e?ecnmdﬁf@l.er ein the first conponent signal travels on the
first axis ancln e second conponent signal travels on the 20 second axis;

transmtti ng thél the fosivantpaﬁpﬁffermw(sd@mﬁ&ouhmdhﬁtm ¥ddomprefeorponent si gnal

t hrough a rter wa at 185 dlrectlon omard t he

ot oot vertfiPienSethi BepE e Bisdea 1f SRl sl Bt e drawere. second
conpongnt c)g¢ gppdkintate Jtdﬁetﬁlﬁfdfe@uasafenoaunaﬁ@c‘pemodzﬁ,,,{)r fh@ﬁiﬂl tifferrficetdde first
conponent si gnal the second conponent Si ough the first quarter
wave pl at ewa-ém_b83§th? W%Pa@l]?néﬁlﬁ 1SSl gy BY pwgtth%mvlamp%lﬁevbl0§araa%fém

transm tt be‘rgﬁfrglﬁenfﬂoﬁlﬁ{ent%f‘gm ﬁiﬂghi ref &G:hmﬁt'eﬁ}rl@b ﬁodofMﬁ%%hQHdt he fiber (

180) in t I rection avvay ective surface, erein the first
conponent desiggingthe PPaV &0 ® have sulﬁmnapmoprdtdrcqmn@ndtpeﬂdentsiehth differpmaeent si gnal

travels on the first axis; and 30 transmitting the first conponent signal
and the sggon onaat, sianal—thrguqo.7 m@bﬁm@éfrewve ﬁmegne (160)
and in the | r(mgtlo’ﬁ/gawﬁ’”"d I)1m the(ér)ggflec{@ve sur f ace, Qﬂh ? SE P 20W2

wher eizp t@@e?fécfs%?th@ mmgfn s?%pgl%‘}he%s ‘neﬁelfOﬁ, &Q&géﬁgx%ftﬁé ?%I\rl] o h length and

t he secon conponen sl gn avel s I st , Whereby a
net opti cetherpat bnrnhpifsﬂtemcl@hbsgméeﬁor e)damplbjasﬂtuswdﬁmﬁigme Tswhpnahe and t he
second cojrponent 5| | S .Ie u ed to.a,val ue zero and so
Spect ral  BGF Rpaibn draiey B5et D alnRyogas FasGRB £ p B L 20,

char act er hzg, ,d(pE{}’offayﬁrB)bﬁﬁtelggU&ﬁ is$éqaBed Morsipeafidly,oranmll phth dif@reh@gi C state

i nformation st or ed netically on a nmagneto-optical nedia ( 190) to the
conponent (e dsuthan 4&9\“ | ) g neipRom derpigat rmcélf: patition effsctpgnd thgslorget hod of

cl ai m;20, : | : : eTapels ng the

mai n Illggh%}ﬁglgél {i&éﬂo&rﬁ g{é%gfn*i {;lééshlh‘g%am gj;l) hEJQ:‘E'c %%%g ?ﬁel lle"?éss&gbtk‘lég mai n

| i ght si gregion pftheillpsuetitd endbdimenteoiilesitated mjhgire Aoadutslata mcd)ffctelwcni)onent
signal. 23. The har act er i h urt conprising the
ot o or aupay S 08 wnh PhRES e TR SRS e O R brent

si gnal s. Mrlapﬂhﬁnﬁﬁ&hﬁdpaﬂf diffet¥nce incebsdé H5ond®.33Gn, A nolsb agancCineredsgsadd i N that a

s-wave parasitic_|light
1s dominated by laser phase noise effects. Such an illustrative example demonstrates the

20  principle utilized in various embodiments of the present invention.

Even though a preferred embodiment focuses upon a free-space version of PDL 160
having propagation paths with a refractive index approximately equal to air (i.e., n=1),
alternative embodiments of the present invention achieve the same necessary frequency-
dependent optical path differences by utilizing guided-wave propagation paths with refractive

25  indices greater than 1. For example, Figure 9 illustrates a first alternative embodiment of the
PDL 160 comprising the PBS1 169, the PBS2 170 and a fiber collimator 910. The fiber
collimator 910 enables the system 100 to be more compact and manufacturable. In particular,
the fiber collimator 910 comprises a first GRIN lens 920 (e.g., with a 0.25 pitch), a second
GRIN lens 930 (e.g., with a 0.25 pitch) and a fiber 940, which has a refractive index of

30  approximately 1.5. The fiber collimator 910 accepts and outputs a collimated free-space beam
of the appropriate diameter. The fiber 940 in this embodiment of the PDL 160 can be a
polarizing fiber (e.g., PZ fiber), PM fiber, or a suitably routed low-birefringence (Lo-Bi) fiber.
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~conponent and a p-wave parasitic |ight conmponent in the reflect eg Z|§§]p520{]2
second signal conponents arc tine shifted by traveling al ong sai d
delay path length and said 20 first delay path | ength, respectively. 25.
The met hod of any of clainms 20 to 24, characterized in that nodul ated | aser
mai n Ilght wo®neds | S pul sed on and off at a duty fact orcrafsomgempw oxi mat el y
33% 25 AAF9AF9€An9AAYY dAI H.AAL.AgA

A F. A@ ppm cg‘nggm@\ Pgipspas ¢ embodiment Is that the fiber 940 must propagate a

6E {vaql gbgi)kd lﬁ@lrfp()ﬁ]u&ﬁ])&ai@é]gc@]»ﬁa& §g}h9a&ﬁahfg§kﬁtﬁfeﬂx&ﬁhﬁ@] ca] ca] ca] ca] ca] ca]

cal] cal] ca] cTa%cTaU] cal] U] ca] c,
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e e o ol obaplase o o )
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r vV WWX IXJIXXXXX- y~ysnhc a ca al cal] ca] ca] ca
(L:]J] 22] c* alﬂ%’da]%?i*]‘%gm%%l] ad]wrtera]l%%}f@aﬂﬁa}@a}’ Ea%%é}rea}gé% sf%@a fca] ca] cay] cau
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a polarimetric delay line (160) including a first beam splitter (169) adapted to
10 receive the main light signal from the laser and adapted to split the main light signal into
a first component signal and a second component signal;
said polarimetric delay line (160) being coupled to said fiber (180);
wherein the polarimetric delay line (160) has a first delay path length and a
second delay path length, the first delay path length differing from the second delay path
15 length; and
wherein the first component signal travels the first delay path length and the first
axis and the second component signal travels the second delay path length and the second
axis when the first component signal and the second component signal are transmitted
towards a reflective surface via said fiber (180), and when the first and second
20 component signals are transmitted away from their reflecting surface via said fiber (180)
the first component signal travels the second delay part length and the second axis and
the second component signal travels the first delay part length and the first axis, whereby
a net optical path difference between the first component signal and the second
component signal is reduced to a value approximating zero so any spectral polarization

25 noise is reduce.

2. A system of claim 1, characterized in that said polarimetric delay line (160) comprises
a second beam splitter (170) coupled to the fiber (180), wherein the second beam splitter
(170) is adapted to transmit the first component signal and the second component signal

30 with a time delay between them.
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3. The system of claim 1, characterized in that the polarimetric delay line (160) includes
free-space propagation in a refractive index approximately equal to the refractive index of

air.

5 4. The system of claim 1, characterized in that the polarimetric delay line (160) includes a

fiber collimator (910).

S. The system of claim 1, characterized in that the polarimetric delay line (160) includes a

polarization maintaining optical fiber (940).
10
6. The system of claim 1, wherein a physical length difference between the second delay

path length and the first delay path length is less than one meter.

7. The system of claim 1, characterized in that a physical length difference between the
15 first delay path length and the second delay path length is approximately equal to
(cThaser)/3, where c is the speed of light in air and Tiaer is the modulation period of the

laser.

8. The system of claim 7, characterized in that the laser modulation period Ty has a

20 duty cycle of at least 1/3.

9. The system of claim 2, characterized in that the first beam splitter (169) and the second
beam splitter (170) each include a polarizing beam splitter (169, 170).

25 10. The system of claim 2, characterized in that the first beam splitter (169) and the
second beam splitter (170) each include a polarizing splitting fiber (940).

11. The system of claim 10, characterized by further comprising a first GRIN lens (920)
and a second GRIN lens (930) coupled to the first polarization splitting fiber (940),

30 wherein the first and second GRIN lens (920, 930) are adapted to direct the propagation
of the first and second component signals through the polarization splitting fiber (940).
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reflective media (190) coupled to the second beam splitter (170) through a half wave
plate (177), said fiber (180) and said quarter wave plate (185), and wherein the reflective
media (190) is adapted to direct the light component signals back toward the second
10 beam splitter (170).

14. The system of claim 13, characterized in that the reflective media (190) includes a
magneto-optical media adapted to transfer logic state information stored magnetically on
the magneto-optical media to the component signals by relying upon the Kerr effect.

15
15. The system of claim 1, characterized in that the fiber (180) includes a polarization

maintaining optical fiber (180).

16. The system of claim 1, characterized by further comprising a first half wave plate
20 (130) coupled to the first beam splitter (169), wherein the first half wave plate (130) is
adapted to orient the polarization of the main light signal to cause the first beam splitter

to split the main light signal into the first component signal and the second component

signal,

25 17. The system of claim 1, characterized by further comprising a leaky beam splitter (120)
coupled between the laser (110) and the first beam splitter (169).

18. The system of claim 17, characterized by further comprising a differential detection
module coupled to the first beam splitter (169) via said leaky beam splitter (120), wherein
30 the differential detection module is adapted to detect the logic state information contained

within the first and second component signals.
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laser main light signal, the method comprising steps of:

splitting the main light signal to a first component signal and a second component

—

signal; .
10 transmitting the first component signal and the second component signal through
a polarimetric delay line (160) in a direction towards a fiber (180), wherein the
polarimetric delay line (160) has a first delay path length and a second delay path length
differing from the first delay path Iength, and wherein the first component signal travels
the first delay path length and the second component signal travels the second delay path
15 length;
transmitting the first and second component signals through said fiber (180) in a
direction towards a reflective surface, wherein the fiber (180) has a first axis and a second
axis having a transmission speed differing from the first axis, and wherein the first
component signal travels on the first axis and the second component signal travels on the
20 second axis;
transmitting the first component signal and the second component signal through
a first quarter wave plate (185) in the direction toward the reflective surface;
reflecting the first component signal and the second component signal of the
reflective surface;
25 transmitting the first component signal and the second component signal through
the first quarter wave plate (185) in a direction away from the reflective surface;
transmitting the first and second component signals through the fiber (180) in the
direction away from the reflective surface, wherein the first component signal travels on
the second axis and the second component signal travels on the first axis; and
30 transmitting the first component signal and the second component signal through

the polarimetric delay line (160) and in the direction away from the reflective surface,

17



Y10 2 109 ()-" &10%: ()- @ 10 10 10: 10%& () - 710% () - S6#10%& () - SrbedEP 2002
Y1094.0%& () - @O0%& ()- 10%& ()-, & 109%& ()- 109%& ()- 310%&: () - hqdEbC
Y1096310%& () -!y10%& ()- @ mOY%& ()- @O%& ()- 109%& ()- 10%& ()- GbdEbC Y1092
109 ()-/ 109 ()-, 3. #10%& ()-)10% ()-2z' - 10%& ()-,f& 10%& ()-\xmbhC
Y109940% & ()- 10 10 10: 10%& () -, 710%& () - @#109& () -1 4! 10%&' () - YdENbC
Y1094.0% & ()-110% & ()- S10% & ()- 10% & ()-410% & ()-z 10% & () - n¥@BmbC
Y1096#910% & ()-1110% & ()- @z10% & ()-!,, T#10% /& ()-zT 10% & ()-g
10% & () - 4D3 0% 10% & ()- . +10% & ()-).10% & ()-

"10% & () -y f@%é st §ompogent %1;%“%9&%8@ %‘6‘)9156 feéh}l&m&t? andithe segoRd () - of
10% & () - Fééiﬁ}/én%n( ngﬁzfl HaV8 Sine first- d@ég%a(ﬁl&et@th 3ifereb aneto tical path dlfference
Y109 * 10%& 1 109&7 () - f &L0%& () o o & () T10%4 & EbC
Y10% 10%&' ( etwegmm f@ﬁ-@mm«r&s‘t@lal@@df«ﬂle(S)ecq!@tmn(ppnglt m)ﬂ ig yed}lmddemalue

TS B o B B sl 0 ) S0

"Headi Ag 13]c" "Headi ng 23] c" "Headi ng 33] c" "Headi ng 43]c" "Heading 53]c"

"Headi ng 63}c".." i 3lcy, "Headi ng,83]l.c’ "Headi.ng 93 " Def.aul t
Par agr aph F%ﬁt Qég%m% @3& %%ylg Fﬁ?fﬂw& @\‘?JRJCER olffrﬁ?"*femng
" $% */ ° 468; pE@dstatKR{tVingioh 'stoted mbatleviatl ohBitmShieyz dpticabrhbdie 8199 V8 the
RomanAri al Courier New'h Root EntryWrdDocupent (y

| #$UR () * +Compenenbsighppghy relying upon the Kerr effect.

<=>?@ABCDEFGHI JKLM\ICPQ?STUVV\XYZ[ \ ]~ _"abcdef ghi j kl mopqr st uvwxyz{| }~

10 22. The method of claim 20, characterized by further comprising the step of orienting the
main light signal so that a first beam splitter (169) splits the main light signal into the first

component signal and the second component signal.

23. The method of claim 20, characterized by further comprising the step of detecting the

15 logic state transported within the component signals.

24. The method of any of claims 20 to 23, characterized in that a s-wave parasitic light
component and a p-wave parasitic light component in the reflected first and second signal
components arc time shifted by traveling along said second delay path length and said

20 first delay path length, respectively.

25. The method of any of claims 20 to 24, characterized in that modulated laser main

light signal is pulsed on and off at a duty factor of approximately 33%.

25
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