WO 01/38930 PCT/ USQO/ 30609 OPTICAL Cl RCU T ELEMENT AND METHOD OF PRODUCI NG
THE SAME BACKGROUND OF THE I NVENTION 5 The present invention relates to an

optical @igdiakézee! enent and to a nethod of producing thep&pBaoINedoe
specifically, the invention relates to an optical circuit elenent that can

be advant ageously used as an optical passive part in optical comunication
equi pnent and i n opt OFAICGH: SIBGHITMEhEMBNT ANDrMEJIHQDt he passages of

optical signals. Represent tOFl M ]E,‘CS%* optical circuit el enent
[ ﬁcl ude optical circulator, 5 pﬁiﬁ’ ‘32%9 qﬁ tical isolator and the
i ke. I'n nodern optical conmmunication systens, w despread use of optical
fiber alégl ifiers is demandi ng{ nore optical circuit elenents such as

i N

opti cal FM%QM%D%T}% ENQN ches for rearranging the passages of
optical sign Lt ple.division tical ni cation
syst gms t hat ag}% rg%gém{hﬁlgmgot%telj g%ﬁ% gﬁ a gytﬁ%églﬁ%ulqger?ggray%ﬁHW it is

expect edrodhmingths samet Woge specificabyinha aivietibrodel aesnahf Qpti&dBEcuib@tmedd filter
and an aqptical circulator will be required in large quantities. It is

t her ef or'8®t GBRE AR LI UpHersapoPGH! Pass et igropiFalicopmupicstionry
| mpor t andgqulphedit hid ol t?@lvc?a_lté)@iﬁﬂ%erﬁffor r@%ér{“g%{étglgggggéﬁ%g)tfggﬁcaﬁ ¥jisghg1r§5 in the

future and the demand for it Wil further rcal® circul ator
i s an optdpeesenigyivaemylenefithabptital ciniuit ci¢reens mncledehipictli digulaest; oRal
reciprocal. propert: and.has..three or nore ports or termnals therein. For
exal%gl e,saj\}\ﬁghg&Fﬁfe%gé%ﬁr@%ﬁlH}?ﬁp(ful ator has four ports A, B, C and D, the

optical signdh medead bptiaticddmpaisstidbysteR, Hide8sithPiie RFopfcaifivhk B -> C CD
and D -4 A but is not allowed to pass in the reverse direction. The
opti cal 3MHsrsis demapding proreppticabeirguit demenss suchfastoptcatchdgaofs sidr uct ur es,

i.e., t : - e nt-on. the | arization that

corres pgﬁ)gg%? gmta Egso%zrag%?r\%ﬁ%@g ﬂ%ﬁ%&%%%é%oéﬁltcag%%%?ﬁ' ?nlt %‘é@Yﬁqﬁﬁg@M ari zed and
t he one miltiplealitiyipe dptidepemtemicadbn sherpoihar irg @tdvaRg attitiosin kemot
dependent on.the polarizing state of the incident beam Between them the
opt &gal Y@Fﬁscﬂﬂ”&%‘g"%f“ feré‘Pfg%‘seﬂﬁah%Iétﬂé’fﬁ‘Héﬁf agpmpHatipppht haraw-banhas a

f eat ur e gpficiitater bh@Bt ont ; j ; ] ci.r.cnlator is
at t enuat é)dc_l itt Ire. Thglt)ﬁ‘{ag&?l%t?{; ?1 l%)eaeﬁylg%u lﬁqugﬁgg@h%rﬁgiﬁ 51 Ltilgﬂjgfft P'€al
ci r cul atcgnsifered thue thegpitiatleuircilata willplayod eeriy ragodeeanale imthe devetbgnentof and

t he separ d _beans are synthesized again herefore, there does not occur
| oss of P ?‘%agﬁtomé&% IOPﬁeségm&g{,tth 2 %néftil%g?m%ﬂﬁi %Br’f"lflif@‘ﬁlﬂerﬁ)‘%@é% t hr ough

the el ement ark¢ optidal circulator is an optical gyrator (optical circuit element exhibiting non-
20  reciprocal property), and has three or more ports or terminals therein. For example, when
the optical circulator has four ports A, B, C and D, the optical signal is allowed to pass in
the directions of A - B,B - C,C - Dand D — A, but is not allowed to pass in the
reverse direction.
The optical circulators can be divided into those of two kinds of structures, i.e., the
25  one of the type dependent on the polarization that corresponds to the case where the
incident beam is linearly polarized and the one of the type independent of the polarization,
which is not dependent on the polarizing state of the incident beam. Between them, the
optical circulator of the type independent of the polarization has a feature in that light
transmitting through the optical circulator is attenuated little. That is, a light beam
30  incident on this optical circulator is once isolated into two polarized beams in the element,
and the separated beams are synthesized again. Therefore, there does not occur loss of

light except those caused by reflection when light passes through the element and



WO 01/ 38930 PCT/ US00/ 30609 unavoi dabl e attenuati on caused by scattering,
etc. The optical circulators of the type independent of the polarization
can be dwoiod@en30i nto those of several types. Anbong them RCEY$H0B8409opti cal
circulator is the one which has four termnals yet is made in the type

i ndependent .@f ”}ﬁe ol ari zat'lg)n as disclosed in 5 Japanese Unexam ned
Patent POBYEENS & n??&b%?a)us Y KRUYHB BIC- Japanese Unexam ned Pat ent

Publ i cation (rkelkatidal I}Jﬂcu@@@é’fﬂtﬂé)t}ipbli?t&tpéﬁée%ﬁof #e itp_BﬁriEitQ)_n chn @B dRR&dLal

circulator 60 having two polarized |ight-separating prisns (polarized beam
spl i t t efntoglqse 4pevpral syneed Amapgshym ghtyaivel @Bichlovireebitefis therauk twhidtahesr

dielectric fil. |. tlecting ni 67 .and 68 forned of
mut 1| B P B ) el BG Bl L i e e of G5 10

degree fThmmbicigneamimdt Paiéht PablcaiomERbR4i) Nof $ 203 2apuhpLatd OhedRARS ( Not
shown). Here, the Faraday rotor is capable of _rotating the polarizing

pl ane by aiest Bekjicatien (ke SS433RP élélﬁ?réwsm ityFigagaeepica cisewlatanél i s

conpose L Ci;gar : . 45 : I iS5 a
ey hal 1 g o TR R RSBy ik, (RHIR bl PSR oBGHIR elfed

const i t UPBAY Gendgdl farmedkdf 4 inghi-lasepdiclatirio dilpr ivenmstAlydefléing etiadotsys7
reflectin i.rrors is 15 for by ternatingly Jamnating dielectric
films haDf 981 T of apu Pé?xeﬁq?%ywﬁ @@e%fggfa{?&aﬁ AR/ DHigCeMidAt ai ni ng
pr eget ?rd@@@@aiﬂiﬂﬁ%rélt:ﬁieﬁtk’m?ﬁlﬁ& 8 meﬁg?_etﬁc}"?elizl !ala%l?éaﬁ@ﬁ fRald @?Pél@)ﬂ? ﬁgre, the

transmssion lig incident on afirs I nci dent/outgoing port 61 is

pol ar i zd&dradgy paenis eapabheioisyiating shezmdarimng pisnaby 4§ degreesiupenabe a second

| i ght ingj [ Qut Qi ng. port 62. That i transm ssion |i i nci dent on
the 't r appBETH B HRkAERI) aff elREostir wAAEN: 2Rl e A et vo

pol ar i zedsidagplenent iS aadineHalifiav@Rab@Splated ddd RABRIRIHEF didRcirlc RASSES through
the polarized. | itght -separating prism65. The separated |ight conponents

pass t hceugiutiig the pelatizeskliggerarating nrsmspnd ded toglly geflestiog narrdrsae e

syni hesigzed st . r . - pel ani z eght - rat.i ri sm66.
Thei pol A zgﬁ gag%gﬁglg%lgrlgl#gl Uﬁ? g{# %E:rbcﬁtglg?\seﬂr?tv 1gl%adrl fefgrglf/tnrt% ﬁrgcglwze éﬂé]%(gg%?%er , and
t he t husipey titehelsdr nedntbimany Ebdgeesnelfiinl tochdeles.second | i ght

i nci dent/ out goi.n ort 62. Transm ssiaon |light incident on the second |ight
i nci dent/ out 3%?%3“@%%@@@@% s rANSpp§ien gglﬁh@mii%ioﬂéﬁ'tr?tdl&h@oi ng port 63

passi ng iAdMAYethgBinRadads:s Db k&, s@;@arétp@gn& an%gﬂe%fégtgwrag%ﬁmvéék gn |ight

incident on the  first light 1 ncident/outgoi'ng port travels. Simlarly,

t ransm sedond lighgintideméivdgnng pert 6Ae Thathis richnbinggkionilighi tleidentont hoifing port 63

reaches a, fourth, |light incident/outgain ort 64, and 30 transm ssion |ight

i nc?genthg%mflﬁgﬁf%’fﬁ??lg P‘?‘ﬁﬁ? 5 %?Bf‘@%ﬁtlﬂ?gi’*’édﬁo 1Zgd pQmpOpepts A HeRt anglest | r st

| i ght i RGihd@Bhk bowf 80 PasPPthtoudh the ﬁolhhfedOlig@a%@ﬂMingg}xﬂsﬁﬁés.Cfﬂe%bﬁaﬁea 60 as
e

descri bed above, the polarized conponents separ at in the optica
ci r cul atight empoggris Rassithrog gl diffarent aaskagesan the optical circulator and are

synthesized together through another polarized light-separating prism 66. The polarized

and separated light components are synthesized together, and the thus synthesized beam
25  goes out from the second light incident/outgoing port 62. Transmission light incident on
the second light incident/outgoing port 62 reaches a third light incident/outgoing port 63
passing through a passage similar to that through which transmission light incident on the
first light incident/outgoing port 61 travels. Similarly, transmission light incident on the
third light incident/outgoing port 63 reaches a fourth light incident/outgoing port 64, and
30 transmission light incident on the fourth light incident/outgoing port 64 reaches the first
light incident/outgoing port 61. In the diagramed optical circulator 60 as described above,

the polarized components separated in the optical circulator are synthesized again, and the



- 2 WD 01/38930 PCT/US00/ 30609 synthesized beam goes out fromthe sane
i nci dent/outgoing port. In the optical circulator of a general structure,

further mwweo1/4sbs direction of a magnetic field applied tectivsodme@day
rotor is changed to change the port fromwhich the transm ssion |ight goes
out. Therefore, the optical circulator can be nodified into the form5 of
an opt i S¥nthesizadcheam gpes jgat rarsdhasamenacidpntiaugoing pertl at or 60 described with

reference to i : , I evice abl e of changing the
direction of T hﬁeegoe%%cﬁll %gu}ag&r%adgg ggher%%a%rnué:tulr% f‘%%fraloé‘hglﬁe égecgﬁn 8?%ct r omagnet
may be usamheiintidagpbéd ® theFaasaniotdragaeingtdat chah@sthg @oaRIh WhR@eRe used or
a devi ce havi nigg%gﬁi xed direction of application of magnetic field, in

order t &"BPBUPIHB eht gpsionk TReRpiom the apticHercnigtor spr B¢ modifisdtinteahe gwint ch
Lhoush. Wl bidl 3aANHh il BEARIRANER kLA REANC il St TN the

case of the optical circulator , romthe trrst |

i nci dentligut deriexgmply, & device tapsbleaidharigiy the diectant dfalk gsiliegtigiosfta 62, can
be chanqgeg L8 {.rlgm the first |i %ht i nci dent /_outq%oi ng port 61 -> fourth
light incident’ FrgOE %B?t’_fon%a IR S ARt T dReaRrIGhMGENA S cat i on
of magnefai gerferdlybeeABse @ dedvR@tha@RQ\iSixeldldidestiH S Héa'r:tic}ﬁlo?nh%n&?cal I'z€ an

optical switch by directly utilizing the 15 constitution o e optical
ci r cul atftstd. in prdeqie rypyide ah opiieat awielor Inghe thue obiapredioptegemiteh thonkh hbe

ol ari zaf | i w.th reference.tg Fig. and.in .any other
P oneont Sl AERE hRERD Bhiomiibd'of RURMGRES if falspth OBl g e
pol ar i za0i Briyort i el laght ZRitient/Gltkoine PRF | -BGcBérddSIiEht #shdnDEuk9ihd ok
reflecting mrrors are forned of a nulti-laver film obtained by :
al t er nattZnefnyoel changesttp pne e direl| Lt micalehi/dutgoingwbri@ 1 dbffberletighr ef racti ve
i ndexes .on on the other maintaining predeterm.ned_thicknesses. Fromthe
st andpoi' n(ilgeo "ORiSPIRE) Hoérté}ﬁf}’r Iﬁﬁgrﬁingégeowgﬁlgﬁ é’? ??/pﬁb?ﬁﬂon pmpgnetic disldordpert y,
however detdibed abdvlel ithiawes pslistlie@trbalGeahloptib s sWikg 'bkg%‘reﬂi Muiigas fleto the

extinction ratio, to various types of polarizers t peen general ly

used>i n CORBItGEM efdhe opticateitadaers, and tends to deteriorate performance of

the circul at l n.. oyl e nulti. 25 layer dielectric filmexhibits an

extinction rg the dg)fn&rél%g{ﬁk Elgdg Oté%‘et P%Wdf:%enéiﬁ’gth%é]?e Qﬁ%zatnﬂgﬁesc{#% ARPVEagnet i ¢

gar net titirefesencgenBigall layd inisgdote d@nPeitionhidpticNSiculabdrioTshd dhge OPt i cal
|ti-]layer dielectric filmnot only requires expensive

circulator. The ly el | .
starti ném{?ﬁ?‘g{éf‘hggthﬁﬁfla“@t%’ theqalarieed Eghipiepxratngpasros ansrtbdndalivon such as
oo, SR g 40 S0P oRBORTSS AOBLAORL BB ™
opt 2eal duilectud hlnoy Imvirgsdiffent etacpicadddyes bhe up@sthe othephghiginfig pol ari zers.
predetermined thicknesses. From the standpoint of both light transmission property and
reflection property, however, this multi-layer dielectric film is inferior, in regard to the
extinction ratio, to various types of polarizers that have been generally used in the optical
circulators, and tends to deteriorate performance of the circulator. In practice, the multi-
25 layer dielectric film exhibits an extinction ratio of about 25 dB which is smaller than that
of the magnetic garnet that is, generally, used as a part for constituting the optical
circulator.
The multi-layer dielectric film not only requires expensive starting materials but
also requires complex steps of production such as steps of cutting, polishing, etc., and

30  becomes inevitably expensive. In practice, about 30 to 50% of the cost for producing the

conventional optical circulators has been occupied by the cost of producing polarizers.



WO 01/ 38930 PCT/ US00/ 30609 SUMVARY OF THE | NVENTI ON The present invention
addresses the above-nenti oned problens and provides an optical circuit

el ement WHQ 8H388kt ures hi gh performance, is easy to produf€T/Uspb3068d be 5
produced at a reduced cost. The present invention provides an optical

circuit t ical circulator, an optical switch or an
SUSMR e TN IR0

opti cal vention al so provides a useful nethod of
produci ng optical circuit elenments. 10 According to one aspect of the

pr esent invenﬁéon, there i s provided an optical circuit elenent

conpri sing, i AICHRERNAHVEBHON 2dgdeessest the Rbag-enjioned prodleas ang pedddesdns, t wo
totally i ] i 0 olarizin | ane rotating
el enent (Flﬁ%ggéei%ldgqe}%%éﬂl%% le%é} tr%%tg%e?gl?éhofe rﬁ)rr %\%@ © Lsf"%fﬁ té)H]tr? uach ’ néia{g?y ¥ pi ece of
pol a5 zi prgdwledmearatuatd ogpt.el enent  dependent of a direction of travel of

l'ight, a pIur?$it of.Iight incjdent/outgqing ports, and a 15 nmagnetic
field applica ‘%Weﬁ%%HE?.W%bWEVWFS@h?ﬂ“ﬁ PERtbement grrfulesparaaticalg el enent s
and sai ceifcladd, dn bHEdaB Gl itdHor B dpRES) i8f18kor.f OF Med of the sanme or different
nul ti-laver poiymer films. According to another aspect of the present

i nvention, thERrepriesenpiyenidtecaiso previdesia aefubmetiod bfgrodpding aptical ciestiit
elenentslgﬁgﬂgising, in conbination, two polarized |ight 20 separating

elenent§f wo"totally reflecting mrrors, at |east a piece of polarizing

pl ane rotatiAgoediagentnd HeependRifreht RvehtdRCHHRNs BfovidAVRl opfikall 1 ght, at
| east a piece of polarizing plane rotating elenent dependent of a
di rect i dfTCYHt clemenb ForBprifingin combiphtipm|tivopolafized lght-separetingesiehents.gwiong

orts, 6. fie i Fon_neans, wherein, said polarized
7 ght - sapar e TTRanE pfiblschelePRLIGRHE B DRP Bt ity PP ugpidend S
formed off adiecsamef wavetlof g entieasuh pieet ay@ilamohy pRic fddihe;cl@Rehtof sai d
polariz%% | i ght-separating elenments and one of said totally reflecting
mrrors Psn%ﬁb%éaeg’r?%%agﬂ%ﬁtl REHERG & PHIrgIty 9§ lightdneidentfostasteeprts, and a

t henebet eaRic #RMA HpfcattRURiAd Wiegral |y together nearly in parallel with
each ot her; Eﬁe oﬁ??iﬁzd integ?ate%’bptical menber is so cut that the cut

surfaces nai readl polanved 3ighasphmtiof ereemnksyandSaidagratie sefidctig respate t o t he
o sar a Parsf P SPRER Frent PRl ESBERT wREnIR cqrat oo opti cal member af ter
cut is conbi nggtotdgEtd@iothr hhesPbiAh® Bl AENZAMItion, there is provided a method of
producing optical circuit elements comprising, in combination, two polarized light-
20  separating elements, two totally reflecting mirrors, at least a piece of polarizing plane
rotating element independent of a direction of travel of light, at least a piece of polarizing
plane rotating element dependent of a direction of travel of light. a plurality of light
incident/outgoing ports, and a magnetic field application means; wherein,
said polarized light-separating elements and said totally reflecting mirrors are
25  formed of the same or different multi-layer polymer films;
one of said polarized light-separating elements and one of said totally reflecting
mirrors are opposed to each other via a glass plate interposed therebetween, and are
coupled integrally together nearly in parallel with each other;
the obtained integrated optical member is so cut that the cut surfaces maintain an
30  angle of nearly 45 degrees with respect to the surfaces of said polarized light-separating
elements and to the surfaces of said totally reflecting mirrors; and

the integrated optical member after cut is combined together with said polarizing



WO 01/ 38930 PCT/ US00/ 30609 plane rotating el enent independent of the
direction of travel of light and said polarizing plane rotating el enent
dependenwoafi/3g43e direction of travel of |ight, thereby t®dWINEN609
integrated optical part. 5 BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

perspective view illustrating a nventional optigcal circuylator. Fig. 2is
a per spé’i e&%tak}ﬁl?e%e?lﬁ?&}@?l’éf@% Ogﬁl.e c%?gﬁﬁﬂ %fltéaf‘ggi?lﬁ&%’[l?’é F?‘%P?Eﬂ?‘&gor .
accor di pGnk Qothiisy ﬂéﬁl%ﬂtrﬁelpieﬁﬁé%ﬂ@)f 0B dirdQidrl @F-tradell F 118 HiflSeth] BVoin) hyiStrating a

passage of transm ssion [ight froma first light "1ncident/outgoing port to

a secondntpgrglsd opHedldarit / out goi ng port in the optical circulator of Fig. 2.
Fig. 4 1s aside viewillustrating a passage of transmssion light fromthe
second light incident/outgoing port to a third light incident/outgoing

por t5i n BRIEFOPESCRIPANONIOR DHE DRAWINGS. 2. Fig. 5 is a side view
illustrating a passage of transmssion light froma third |ight

i nci dent/outgoing port to a fourth light incident/outgoing port in the

optical circyat i i i i i il ating a passage
of transm ssi oé;l‘ 1ﬂi5 S%%rs}) !r::d(gglhet A mélgtrr%t%éz%cqqﬁvgﬁtﬁa}rﬁ%ﬁggln%l}%ﬁaﬁéoi ng port to
the first |i gt 2iimeipdespedtoatvigoy dpspaitg dorEtdneplopf arcadtical diculaasror of Fi g.

2. Fig. 7is a rspective view illustrating another preferred Exanpl e of
t he opt iaﬁ%ﬂr%n%it(fﬁ’ﬁlpg‘?%?tIBE%PBi ng to the present invention. Fig. 8 is a

per specti ve \Fii%‘g/ iihlsi&tvﬁa& imgtrat_irrg@ﬁ%&ig%%g@sagﬂ%isﬁomiémr&ﬂtaifﬁ?ﬂ 1\11%%‘(“ tch 25

according to t resent invention. Fig. IS a perspective vie

i |1 ust r arqigegt awgpmerpoprierereand lBhamsldenvdutpbieg ppitiic te opsiniltoiioulaseof di ng t o
t he pregent, invention. Fig. 10 is a perspective view of an integrated

opti cal 3Mber used for the production of the optical circulator of Fig.

2. 30 Fig. 1Fid s igaprleSRecilingatvigenbdskddesdrahimBsion SbBPréRthCitkbAg t he
i ntegrated optical nenber of Fl;dg_. 10. Fig. 12 is a perspective view
i |1 ust r dghtigcideni{qugecing port 19 mumdicht Bicidenyowigping partdwthe aptisal ciouletor 38930

PCT{ §JSOGF #4699
Fig. 5 is a side view illustrating a passage of transmission light from a third light
incident/outgoing port to a fourth light incident/outgoing port in the optical circulator of
Fig. 2.
Fig. 6 is a side view illustrating a passage of transmission light from the fourth
20  light incident/outgoing port to the first light incident/outgoing port in the optical circulator
of Fig. 2.
Fig. 7 1s a perspective view illustrating another preferred Example of the optical
circulator according to the present invention.
Fig. 8 is a perspective view illustrating a preferred Example of an optical switch
25  according to the present invention.
Fig. 9 is a perspective view illustrating another preferred Example of the optical
switch according to the present invention.
Fig. 10 is a perspective view of an integrated optical member used for the
production of the optical circulator of Fig. 2.
30 Fig. 11 is a perspective view illustrating a step for cutting the integrated optical

member of Fig. 10.

Fig. 12 is a perspective view illustrating a step of cutting for forming a precursor



for the integrated optical part followng the cutting step of Fig. 11. Fig.
13 is a side viewillustrating the outline of the integrated optical part
producedwWa138dh the cutting step of Fig. 12. Fig. 14 i sPGI/ESWE0eM9ew
illustrating a step of further cutting the integrated optical part 5 of
Fig. 13.. Fig. 15195 a.side view.illustrating t outline of the integrated
opti cal f%ratr? HB?%%{? ggtlc;{ll??%:ﬁ%} Owlﬁgt}?ﬁwwt&@%fﬂﬁ g. 14. Fig. 16 is a
side view il IRgtinat bREled il BRsR4tind 106 UGiline of 1R ifRE a6l optitiipaldh8ducgll Fi 9.
2. 10 Fig. 17 1s a side viewillustrating a step of cutting follow ng the
st ep of timoygh thg cuttmggtepi Hig 12- per spective view illustrating a precursor
for the opti i P ced 1 hr the.cutti step of Fig. 17.
Fig. 19 is aqg%rlgplégg J|d\%revg)({/vlv ngle? h%s% Srtg ?fn)%’gtgersctuebn% eé[ﬂggr Tﬁ’g opﬁ%alé’fﬂ cursor
for theofdpd.ildal circulator of Fig. 18. 15 Fig. 20 is a side view
illustrating _another preferred Exanple of the optical circulator according
to the presentilVeAtidsyievElfstrang the quding of {headieprafedptist)inggt naodhsai f i ed
Exanpl e 1&bu mgwqﬂ&h%%h:qﬁq%%hq;or shown in Fig. 20. 20 DETAI LED

DESCRI PTI OF THE I'NVENTI The optical circuit elenment according to the
present i nveriig.d isenipicivems jllusmatinpondiemaf prodycihguhe poptiedl icredator of Fig.
Iight-sgparating el enments, two totally reflecting mrrors, at |east a

pi ece of " polarizing plane rotating el enent independent of a direction of
trayel of 25Hijahtis adidev@ashilBuRiRCestOf oPQl@rd HilBgikY BPSpFald ng. el ement
dependent of a direction of travel” of light,” a plurality of [7 ght

i nci dent / out didg-rl§ 1paperspecaive vievwrdlgaieating & pre¢usapgpt the apiicn cirowates. The
optical _ci i the i.pvention can be constituted in various ways
SO farpggﬁgﬁ%ﬁgﬁgggggéﬁgﬁ%ﬂgaOtgﬁ%g?tuent requi renents and the constituent
requi r enent s Figsi9dnt ipatspdddifve /ey illlﬂl‘s’@z{tiﬂg%té}f 6f GdtirigSthé Bfbcutsoffor thhe
polarized,light-separaxing el enments and the 30 totally reflecting mrrors
are for PBRHCBLIEHa0E ahB1Z08.di fferent nul ti-layer polymer films, and can
furi{ber be r i I i i nstitution
the%gof and %ﬁ%g@ﬁgﬁgﬂ%¥@%tgﬂﬁgéﬁ{ |ggﬁPgﬁ%%g%gﬁgggg%%ﬁhgggﬁéﬂincorporated
t her ei n.cirDasior atdoyding kethe pfeseMOnGhtid8930 PCTI USOQ 30609 optical circuit

el ement of t resent, i nvention. can be realized in the formof an optical
}11-%;.%1 1S a side view 1 ltustratmg a moglﬁeg Example of the optical circulator P

shown in Fig. 20.
20 DETAILED DESCRIPTION OF THE INVENTION

The optical circuit element according to the present invention comprises, in
combination, two polarized light-separating elements, two totally reflecting mirrors, at
least a piece of polarizing plane rotating element independent of a direction of travel of

25  light, at least a piece of polarizing plane rotating element dependent of a direction of travel
of light, a plurality of light incident/outgoing ports. and a magnetic field application
means. The optical circuit element of the invention can be constituted in various ways so
far as the above-mentioned constituent requirements and the constituent requirements
essential for the invention are satisfied, i.e., the polarized light-separating elements and the

30  totally reflecting mirrors are formed of the same or different multi-layer polymer films,
and can further be realized in various forms depending upon the constitution thereof and

the kind of the magnetic field application means incorporated therein. Desirably, the



circulator, optical switch or optical isolator. In the optical circuit

el enent of the present invention, two polarized |ight-separating el enents,
two tot amop13@sdoecting mrrors, at |least a piece of pol aPCRURY/I6@Ne
rotating el enent independent of a direction of travel of light, at 5 | east
a piece e rotating el enent endent _of a direction of
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travel 01% 1 %brﬁ{nlt éﬁ“%flﬁ?fatg? PiPSgt Ry <gHen F?’fbl?ed@ﬁ]tl%gdfl &% Ry ebre epticahg a
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depending upon a field in ich the optical circuit elenment i's used and

t he desilmeatiapfiaeipplarizad bahﬂapaltaang elements. d’esiiOtaéld rt:ﬂaitmgnmrmfs atleagpal ari zed
light-s A ts d ogne of. the totally.re rrors are
opposed%'?% Z’gkﬁﬁfgmgt a[e}’re r\(}iiagn%lef%fnaE%c indenGndent of 8@68%%‘31 ‘fftﬁ gb‘gl@éﬁt and are
coupked léast £gicad bﬁlpdlﬁxgﬁh@pranélﬁﬁﬁﬁng cleMeR@epédd@ht ¥ 4 dirRa6MoPERRI of I N the
practlceI of the present invention, it is desired that the |ight

t

i nci dentieBlegbiabty qidiehsingidsnienigoing Rexs.nd & dnagpetic field appledatiph geenbheam
system i cal er..as i erally
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advant agepus fromthe standpoi nt of eventing the constituent el enent from
bei ng g‘ﬁ’g E?FH}‘H&&EE&@&G H&e élﬂgrtf’%l ﬁgefgqcaﬁémlepaﬂr%@msed@rﬁach ndependent
of the QHeetd Q@aé%fplﬁt(a%llpoﬁ’éd ﬂhkﬁb&twe@ﬁ'%&ﬁ'a?@é g[edﬁhl% aﬁ?fé@%eg‘f‘egn&ﬂ dgy

“"first polarizing plane rotating el ement e5|ra ara
rotor. Anpyatlelbyich Rwhadey. rotor will be a 45 degree Faraday rotor capable

of rotatlngt e pol.ari | ane by. 45. deree n netlcfleldls
appl i ed ther e{l(lg)ll ﬁcme élb%ageeeﬁ BRIy ity Ec‘fr‘rearélgf glll?l qu{ QYePHE
manner genekheldayh agieipi€dby A phifalls] lfgh@bélan@fsystérﬁﬁjhﬁlﬁbﬂ’éib}ﬂen@am%nb andlgsi rably
made of a thick filmof a Bi-substituted garnet such as GdBi Fe garnet. More

desi r abloptical fiber a5is geprspliy prplagedindhis fradd of teplnodogsmdntthd parallattighidzam 25
r ot 95 nggﬁeﬁte %Cl@en%gféﬁoﬂrgcl %1?"[.)9&% h}é' }/éé E%lam(f%& a?g%ergggaf)(res%l% el 1% curve. The

magnetic’ garnet suite rmng ar‘aday e, for exanpl e,

a Bi - suhdtarttageeds framehe smhdpoikterf gesvestingihe coitithadk aleinént fFohioBipeGaO or the
| i ke. Use .of the above magnetic garnet makes it possible to naintain a
magnet | PRUFDN GMagBbut 3500 Oe after it is magnetized and even after an

external mag "I%te'p%lafrfzﬁgq)la&e IJBPatlln QK en@ﬂfdlebé?l(dent-rd}{tﬁe {iﬁ?ééc?lgn bk trgﬁeﬁ 3k B%lgt to 30

elimnate the use of means pplying a magneti c gnet,
and g| véhereladﬁtermlsmge&rﬁeddm$ hf?ersspcamdqmg planofotinotaelahent¢y isrdesieatdy gost  of

pr O% ';I%ﬁdg_n ro&Pr A s 1ttab@ﬁ@r%d%/§r§% v% Flﬁé%og %q)]gar%aeysrgtr(])tr czllpna\l/)leengfl on, there

rotating the polarizing plane by 45 degrees when a magnetic field is applied thereto. The
45-degree Faraday rotor may be constituted in a manner generally accepted in this field of
technology, and is desirably made of a thick film of a Bi-substituted garnet such as
GdBiFe gamet. More desirably, the first polarizing plane rotating element is a Faraday

25  rotor composed of a magnetic garnet having a square hysteresis curve. The magnetic
garnet suited for forming the Faraday rotor will be, for example, a Bi-substituted rare earth
Fe garnet and, preferably, EuHoBiFeGaO or the like. Use of the above magnetic garnet
makes it possible to maintain a magnetization of about 3500 Oe after it is magnetized and
even after an external magnetic field is no longer applied. This makes it possible to

30  eliminate the use of means for applying a magnetic field, such as magnet, and gives
advantages from the standpoint of both structure and cost of production.

In the optical circuit element of the present invention, there is no particular



limtation on the neans for applying a magnetic field to the
above-nentioned first polarizing plane rotating elenent. Generally,
however , WeV¥9¥an be advant ageously used a nagnet, an ePEEUSHHEWet or a
coil. Furthernore, in the practice of the present invention, the polarizing
| ane r endent on. .t irection of trav l'i ght
Fherel ncalgrﬁﬁétn)g’l Osnothfge erredg?ﬁy%l§am%%lc?8ﬁ§e d[Pél?q hoxg nﬁﬁ“&ﬂ’é&r@?htl ng

el ement "Polarfuitly §1hﬂMi(ﬁﬁﬁ@Mb&héhtV\G%ﬂethﬁ HRbRVE: tHE%%dn%%@lviﬂtég%uﬂ?'u@éd zi ng

pl ane rotati n% ?rrent is desirably a one-half wavel ength platée. The

one- hal f2 RA& ?Ftrﬁfréig%etoéatcﬁﬂ one that is usually used in this field of

t echnol ogy, Iﬁl%ﬁﬁ Sredi e | ate.. 10 The

pol ari zed |i ght ggar?atnﬁﬁgf)e té(%re(ynfts[éggreg&ﬁ Hl? ]?{ ﬂ)oﬁg%lré%g a% IHH%r s are

formed oflermemndepéndentyerthpdiryerion dfitlane] oTh@ht (h}fcelrenwtﬂeh@lrso tdferr@bloadsi ng oot
reflecting. mrrors are dielectric
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ref | ect i OR-OGHPCELIZING RItRETO R URR glemspt” &Sqﬁi%l@ilh‘l“}??éfryﬁ%‘lhﬁ%ﬁb(ﬁﬁf m and are,
desi rab'r}ientib?l@&j fikdd pb Bz AR fro@tiflk SleREhL ﬁscdersfarzlﬁlﬁgito'ng—%alffdlévmen%@x guer. t he
mul ti-Ilaye mer filmused for carrying o present inv on 15 may

be the o (fU@r dvafelangth Haes thie ode diat polsyaliy usdimtns fieliof tdchaolpgy.ar i zed
I i ght - S8 gsagllrf eIe nt s aﬁg ft tlgllyreflectlng mrrors, or nmay be
the mul t7 =1 ayef'p §1 onpihalevavsienat Riftei f f er ent pol ymers for each of the

el ement s. TheTHeqfdleﬁiHedQ@httsé@Qraﬁﬁg e@tﬂeﬁfstdnmhéiﬂoedn@%ﬂé&lng%h%&tdr@g film
swtably used for carrying out the present invention is a nulti-I|ayer

opti cal Prmed of smplisiayen nolyragdHes el teo isaithas e p@@lmedd@ht -sapatadobyo) No.

ol tornatary Pl RER ERECEDnd B B Thieta Bt S LeiaPERE ol

t he obtaamnbﬂlayulmlymayfem tund aRchdsirable, fitnm afe farmaf & ureh@wreﬂ@&twger film
obt ai neg,g%/ | am nat i ng tfle films in_the order of --- ABAB ---. The
mul ti - | BT YIPTRYs TraH-ay s nglvarer thmi used fr £RIreing Ut the dresaRtigventiono of

aboyt 5! rﬂa;z/ Rthe lofie RHned a2 ﬁh@%@&mﬁﬁ&fxﬁaﬁﬁ)‘%é né‘fi}%(ﬂaicﬁ g&a,f%éesc{} ht angl es

with the X-axis) and is, hence antially
1:1 al caparatieg Melaﬁmts and thetttiaBy sqileciifg oatromsnor hinebothaxindtiilsyer edefteed t o as

"drawi ng.,di reectio xis is.referred to as "transverse

di rect | GHMS fﬁgﬁﬁne&ogﬁé& @Ipa??yci’flf‘efﬁg%rﬁaf%of‘é‘?le §%y filmuwhich is a

mul ti-layer fiThielsc@@sspt Qﬁf&ﬂe&b@/&elebt@wg@@&ﬁlﬂg’ﬁlﬁl@ﬁltﬂﬂ ulRl geprer B has an
apparent refractive index (e.g . does no substantially

change tqarrbswgwu{ He piesa inyensiondes s1udti- layenomdaéﬁlm/drsdb,sedmslamnes@t ically
Icflg%ggg Iﬁ%tﬁ)r o%{?ﬁ%ﬁm 2& Oﬁl}/ Dg pr oé%@r ét? g‘%&%&‘?’% ?eléetﬁ?ﬁ%ﬁé&ylgﬁrwg’ﬁém !
sheet ofpré¢pagedig) yiteRiatibgly-ladinating two kinds of different polymers A and B. That is, the
obtained multi-layer film has the form of a multi-layer polymer film obtained by
laminating the films in the order of --- ABAB ---. The multi-layer film is drawn along an
axis (X-axis) at a drawing ratio of about 5:1, but is not drawn along another axis (Y-axis at
25  right angles with the X-axis) and is, hence, drawn at a drawing ratio of substantially 1:1
along the Y-axis. In this specification, the X-axis is referred to as "drawing direction" and
the Y-axis is referred to as "transverse direction".
In preparing a dielectric reflecting film which is a multi-layer film as described
above, in general, the one polymer B has an apparent refractive index (e.g., 1.64) which
30  does not substantially change through the drawing process or, in other words, has an
optically isotropic property. The other polymer A exhibits a refractive index that changes

through the drawing process. For example, a monoaxially drawn sheet of the polymer A



WD 01/ 38930 PCT/ US00/ 30609 has a first refractive index (e.g., 1.88) in
the drawi ng direction and has a second refractive index (e.g., 1.64) in
the transue§sgos rection. In the nulti-layer polyner fil mpétrusod®Ré®d ---),
the refractive index related to the in-plane axis (in parallel with the
surface of the film is defined to be an effective 5 refractive index with
respect 138 adRstrplkaqigindsadmet. Ha®) insthg dzaveing direstioneruid hand sedvad pefkativei ng

| ane i s} | kgl wit above in-plane axis. After drawn, therefore,
p sm{i&fka@gai .¢LIS|HI’IH \M(e t&ngge%%\%(%rec%
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subst ant.i allalﬁé the.sane inter-layer refractive 1index in the transverse

di rect i dAPlaps @St Rarakle] avith the sunfagg of the film) updedined go ke petffedvieon 10 type
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transm sgl@fohr operty) of the reflection-type polarizing filmusually vary
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the film |f Qiésetpohymelighater isshavpaseql thealghtthd eeesses pe polfiespondi ng
to ? pl Lé:al.i g}i%wa\éillg ths of the beans or, in other words, have optical
25 thi cKHBIS HE neagized ig tn}g%)’lréﬁﬂ:??c%%m%ﬁtoﬁsﬁt righteangssi with theustact eri sti cs
ef f ect i vwolayize@sRastion. N ibhahit KRBG i irfdck these
| ayers \kil)gvelzopti cal 19[ hi CIE_nesstes g’?rt%a%?éehr?&? an }tlé%\eég&mgggge}%&%ﬁg%%urﬁcﬁht ,

t hen, t o&thetfilocalongtheidaisf arden ceflecd byehaisdtionsethrhingtfhen el difftedce

I 1 [ tical t.h flectjon-t
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t hi ékne&& '1ght hapageaserecistd nodgried opcriadorB or golasizgbdirectibahordpe- hal f t he
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reflection-type polarizing film usually vary depending upon the optical thicknesses of the

polymer layers constituting the film. If these polymer layers have optical thicknesses
corresponding to a plurality of wavelengths of the beams or, in other words, have optical
25  thicknesses expressed by such wavelengths, the optical characteristics effectively respond
in their specific bands (wavelength bands). If these layers have optical thicknesses smaller
than the wavelength of light, then, the structural interference can be utilized in the selected
wavelength for improving optical performance of the reflection-type polarizing film.
In the practice of the present invention, uniform layers can be formed having
30  optical thicknesses smaller than the wavelength of light of a visible spectrum. The
structural interference occurs when the thickness of the pair of layers A and B is larger

than one-half the wavelength of the incident light (A + B > A/2). The half wavelength



- 9 WD 01/38930 PCT/US00/ 30609 condition gives rise to the occurrence of
structural interference of a narrow band in a predeterm ned wavel ength. By
| am nat i W @r38ezwupl i ng a plurality of polyner |am nates REVURYY/I6r ow
bands, it is allowed to obtain opti cal performance over a wide band, For

| f t h K A B =
AP bt e Y B GRS et s (A
di ff er erfredefdrikmRSsaverngthB By Mﬁ)matm@ﬁk'%bﬁp’lmgmmdfaﬁ%/soﬁ;olﬁﬁérﬂﬂfﬁfna{egyer s (---

ABAB ---) are integrally | am nated or coup to éeffectively obtain a
respons élaésmérnaaow hpadpahig allwed ®© qlughn peacatl fwalthItntﬁélCc efdracvyide hand plor
pol ari zi sQ d

| M as to refl ect ht at ,an e of
i nci denceé(grgﬁif mﬁ TR aY: %\\SPQE' edtl?\‘/ersﬂi‘f‘vﬂ‘%g ?rgeqygttgf’qkye%ééﬁéd:a?ﬁggaq%
refl ectijgRidag@tara &Eoﬁd"@roﬁ bF E&Wn‘éflr gyﬁ%amb%rdlgféﬂaﬂt tfﬂcqu% (& sgallp 7} than
20% nore preferably, smal er t han 10% and, nost prefera smal " than

5% wi t h Ussipdundeeds pfpelyinenkesieds y--paBayB zexare mtegralily kmnnaned mmoplprealtb el with

the Y- The . reflection fact | desi r ed
el ongt R SpediaRi e pLfoR g pin ol SaLgrebesr Herddice | n a

speci f i ol filinisdo Fefha asus Sefldct gk a@ls§y sl ém&ldéﬁt‘% aha of §hy €cti on
factor of the reflection-type polarizing filmat a desired naxi'mum angl e of

i nci dencaviekng®: smal l er than 30% and, nore desirably, not smaller than 60%

t t
\év: e? 8(r:t6?|pgcrel s%st\élﬁh(iefslr dr’]nﬁﬁg s rgtgﬁ!ct cq r qf?hegregfﬁg)&tyﬁap%p%%g E?mon t he
ot her hamanetrm@anrzﬁ% aﬁéne\;ﬁeﬂeﬂdtyx sx(ilalflér&hé‘n 10voahd, Host peférapls. ANRS thdnn t he

pl ane ofsj he film ? Accor di ng the filmdoes not usual 6(?/ exhi bit the
pol ari zigaPreyect i lgP%l‘%e@élVrPé?&Pr{Zﬁ‘étn%ﬁ’éecnloaylép%ra%#l wiHethpof-grer The and t he
layers qbaddi@nRRlyiTeLy Byd V%Féﬂ ' £ Lpr have
substanti al | ynl sot roprllc 58‘%’{ ca 1&&;%%&?%@{/'@}%&%{%?%&&1 alﬁg 8@){1 ion of the
film anigsirgbangicswif ardidenpe ef @sm@bific, usexhirba terer sbant isdesired that thame
refractiv |nd§x as asglred al ona the -axis and the Y-axis. For exanple,

wher>t hd“THJardager iy COHEY YRS R ]&“tz‘l’ilg 3 gt agleseedgpayimenysiglseh B are

used, thRcil@xeisn&fsnialer tlﬂﬁ)tll YO%RIanB, RAbR &RFHIPED Wnhflerih é@%%{}tﬁ‘h regiec{ he
pol ymer A having a refractive index different fromthat of yers of

t he pol yedight lBleaﬂhpt)hrlgerdQ@thetX1aSISdeS| red that the two polymer layers are

b 1y,_und desired th
The 1ot ecti ohaierfyeeing HAUE Pl et et b hdietr t nan

30% and,haf®tRe fufﬁtﬁvamayx difits sl d@bu&ﬂﬁ(@x&ﬁ)% ke pfand @$ tHe8Am30 maxi mum
angl e of incidence. The dielectric reflecting filmis obtained by preparing
a weB V\Aﬁ‘tcﬁrdalllﬁlérthéf im glpg,s not usually exhibit the polarizing effect. It is desired that the

layers of the polymer A and the layers of the polymer B included in the totally reflecting
mirror have substantially isotropic optical properties in the in-plane direction of the film
and, particularly preferably, exhibit substantially the same refractive index as measured
along the X-axis and the Y-axis. For example, when the layers of the polymer A and the
25 layers of the polymer B are used, the layers of the polymer B are combined with the layers
of the polymer A having a refractive index different from that of the layers of the polymer
B. In this case, it is desired that the two polymer layers are substantially undrawn or are
biaxially drawn. Usually, it is desired that the reflection factor of the totally reflecting
film 1s not smaller than 30% and, more preferably, not smaller than 60% at a desired
30 maximum angle of incidence.
The dielectric reflecting film is obtained by preparing a web which alternatingly

includes the above-mentioned polymer layers like --- ABAB --- according to an ordinary
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i ncludes the above-nmentioned polyner |ayers like --- ABAB --- according to
an ordinary - 10 WD 01/38930 PCTIUSOO 30609 nethod of preparing .
nul ti-| ayeroif3pxes, followed by drawing. As required, furtPEFEBIS06@E third
polymer, a fourth polynmer, ---, may be used in addition to the first

| ymer n he second pol yner to,t{herehy prepare olarizing film
ch?/udi nrg\etf} %cgg% rsgﬁry}gerpulﬁllé@ggﬂr%svﬁgﬂ?vﬁﬁ)%graéyﬁ{%f\é r?&“ﬂf&@ﬂ I}é%'tl"ﬁﬁ}%’i?ré‘r s are
used in tapdBoRater tfoutth PoBMELr--Otnaly ¥uR&T inNAdRidhNE tk&oﬂi%’tﬂrﬁ(gl?n!n@yﬁraﬁd@?ey be
variously changed dependi ng upon a desired effect and the Tike. Concrete

exanpl esSeeANd LY RN Brrta theretyprepain 2 pelasiging £Bmyingludhgfthese fpobymien daytetse

di el ect ry ect | i i i.soners of .a_pol yet hyl e napht hal at e
(PEN)  sunRer o mh e g BrpBE S SRR Rl E e riaine
t er epht htht¢ polemes lagbrsasaypied yeeiohylly ehgnget! depfaitiakhne, ddeRby Sisdcy hed e like.
t erepht hal at e, and gol ;%é 4- cycl ohexanedi net hyl ene 10 terephthal at e;
ol

pol yi m des sdUcHCE &5 9l therpolymersibatsan pe swedtlyierdSor fomyng the ene such

as atactdifeRAk YStHifim WIN&QF&HQQBF? p%@&'r}]lg%% ?gﬁﬂtﬂiﬁ% G(‘?EI[%ES‘]Qh%Ss 2,6-,
pol yi sobutyl nethacrylate, polypropy thacry e, polyethy
met hacr yll.4t é,,S-,@oT-wtréQh%fPEIl’ﬂei }hﬂy}rl}y}rl.ametat;erepbgllagamrs%dﬂahfpolﬁaﬁﬂeﬂé pg)lhglbut yl
| at t hyl ate; C ul ose derivatjves such as e
ool T ur oderePRiAR, B0 RSlats Redinilins falaour chrinaneinedmeinbee acot at e
but ybat @ereplthhlele0p6lykRided $uchiad poRéry Ainkdds @0E pPREMIRMIdSUEA &yrell _LIYC‘ﬁt hyl ene
y?’ %yl eht ene ;

propyl ene, polybutylene, polyisobutylene, poly(4-nethy
f1 uor i na@tcpe PYlrely eengupdy eisbqrares] prdyweathkoylatesrsesh as polyisobutyl

| yt et t fLuorinated ethyl enel/ yl ene pol ynmer,
D nyl  adnantBURs: RILREL R, PEL I HEBeb IO SeE e Gry e Batepol yrrer s
such as poblagmilaiyd sudkae polgbl@r il(fi?l,atep?d)lyﬁiemyh a€ia@d: icBBulo RO FRRES, as
pol yet her, sul fones; polyacrylonitrile; 20 polyam des; silicone resin; epoxy
resin; 661138?/\9?1?‘%9?5@&%%{‘)1&95@;ac‘f)‘é‘ley“eet“ﬁk}se arindesie. colhdpisracetateshutylael edlutaser s such

as | yRy i i r : Lyureth s..and the Iike,
thogghy? F\ltréﬁg’xlarlrpE ilke}g%aeﬁe&?ﬂ&ﬁgg%%%ﬁ?yrﬁ%ggmfﬁgg}gf; %” ﬁ&émyh?snet he pol yner
mat er i alpslyisabutyberenpole(4-keypeneye b @uadvasd pggﬂlafrz‘ﬂ) Mchl Sﬁﬁerﬁuo@ﬁlk?iﬁy mer

i nstead of. the abqve-nenti oned pol S or in conbination wt e
:oglsyrergr §gsm’2’:§’?yfﬁtéa%b%ﬂ%?e’ ﬁﬂggn%%égeegg@pﬁl@p%cmyrg@r, me’héer@orrponen;
copol i r . ferre
B T A SR S TR et PSR S TR
napht halchlogidg AENyvisylehlaiieapdppdfopas mobethep shlfess;grolyacsdemailbed

"COBBI yester a sy, t hesi zed froma 2, g, . J[ 4-, 1, Ef 2, 7-,dand/ or

2, 3° nap%t h’a ene’ lgﬁor}:ﬁrggpb%?iﬂ/ir??“bé’lo VORI aretdet Y Sheramiden m8met hem  t wo
or nor e régin;dgasih@C b dsipRMbub@iene. polyisoprene, neoprene; polyurethanes; and the

like, though the examples are in no way limited thereto only.

As the polymer materials, furthermore. there may be advantageously used a

copolymer instead of the above-mentioned polymers or in combination with the polymers.
25  The copolymer that can be used here may be a two-component copolymer, a three-

component copolymer or any other copolymer. Preferred examples of the copolymer

include:

(1) a copolymer of polyethylene naphthalate (PEN) such as a copolymerized polyester

(so-called "copolyester") synthesized from a 2.6-, 1,4-, 1,5-, 2,7- and/or 2,3-naphthalene
30  dicarboxylic acid or an ester of any one of them, two or more acids selected from the

group consisting of (a) terephthalic acid or esters thereof, (b) isophthalic acid or esters

thereof, (c) phthalic acid or esters thereof, (d) alkane dicarboxylic acid, and (e)
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group consisting of (a) terephthalic acid or esters thereof, (b)

i sophthalic acid or esters thereof, (c) phthalic acid or esters thereof,
(d) al kawe oddgmoboxylic acid, and (e) - 11 WD 01/38930 PCTVUBOSPBI609
cycl oal kane di carboxylic acid (e.g., cyclohexanedicarboxylic acid), and one

or two or re glycols selected fromth oup. consi sting of al kane
gl ycol s€ “r’.a?qg nec@‘é%ﬁ%ﬁy i56id (&Igyééﬂ?lgh?’@%d.e‘?e%w%ﬁﬁlébﬁ%ﬁéﬂiOH‘gPHE’H‘bPr di ol s);
(2) a caRpt yRBHIsQblepOl g@?kﬂsk eRRIpLBhERIHIGH Al e %%Blsaaﬁg@r gg&&hx rized

pol yester 5 synthesize romtwo or nore acids select om t he group
consi st Bhygolsf(e.garyelehayghedhmeihenolaliold); or esters thereof, (b) isophthalic

i d t t f ht hal i id t th . (d
a1 kanedfHar bRy EREEtpI iR BeepbricuRbal S sPhduprre aotirstt g.
cycl mhexpnkdiRarrhox o 6r MeicthcidsGBRcRE oM tHelorély @ngilsﬁmg)&ﬁawlkéw}%cf romthe

group consisti n% of al kane %g‘col.s and/ or cycl oal kane gl ycols (e.g.,
cycl oheR€f Oarstaisibaiert. 0 iwpbi g;C agifl @r e8yrsshaseqfoloy plthalyd acid gr esters such as

styrene i oSty 1 Lo copol ynmer, or the like.
In the g?ﬁ%@%???%aﬁgg e%?$%§a§PI%ﬁﬂgggﬁﬂ%%?yﬁ%¥&%§XéFz@hé%@%bnstitutes t he
fil m mayyclcloxtaédicarbexydib avid), vaaior oneor poteydiecol Osel g otieiie gbup Si ngl e
kind, or may. contain two 15 or nore kinds of the above-nentioned pol yners
and/ or E‘brﬁb%ﬁ?ﬁé)?@&?ﬂe ghgols shdPhatclastikans elgolsi (e8d cyatpkexgaedimethapelyer s t hat
congd i t Yioks)th|y dielectric reflecting filmmay have any thickness that

wi dely vary dependi ng upon the pol arizing effect and the reflection factor
for the(3ot ak chpghmebelstyrehtsutthast styrsna/butadieye ¢apoipnadsosayrefie/Bdrytomitéile’0 m
When t he Ip(?llémer @g | ayers are lam nated in nmany nunber to forma

di el ect FROTYEFT QEWEAECF i1 m furthernore, the polymer layers are | aninated

in a number asthemMlbctAs rdIRESADE RN lAcE PHIFREE Il Behhl RASITLRS iR InPhal 1 ght and
to obtain desired optical characteristics. The nunber of the polyner |ayers

| ani nat &entain thhebayeanatiopeEpelemeret ¢anglymidriof a singkudnd.yor srayl dostairt tven 5, 000
, : han..1,000 and ticularl. ferably, f 100
o b, B E0R YKy o IR hORbate R andP R cbb bRl it aBY ENGORRIH e pe

wi dely abbimged dependi ng upon the desired polarizing effect and the nunber

of the pol yr’r%hﬁ]lpaléers that are |amnated, but is usually fromabout 0.5 tm
to about 0.5 olmer haersdha copstuisdhadieleewici reenting dbmmay bayeangnment s and

the tot ﬂlié%eg%bﬁgﬂkﬂgvar%éﬂeﬂﬁ%woh B SR b AL reARYGH cRRLyTer Tilm

used in the present 1'nvention
for the total light beam, but that is usually from about 0.01 to 0.70 pm. When the polymer

20 layers are laminated in many number to form a dielectric reflecting film, furthermore, the
polymer layers are laminated in a number as small as possible to enhance the transmission
of light and to obtain desired optical characteristics. The number of the polymer layers
laminated in the dielectric reflecting film is usually smaller than 5,000 and, preferably,
smaller than 1,000 and, particularly preferably, from 100 to 500.

25 The thickness of the formed dielectric reflecting film can be widely changed
depending upon the desired polarizing effect and the number of the polymer layers that are
laminated, but is usually from about 0.5 pm to about 0.5 mm.

Furthermore, the polarized light-separating elements and the totally reflecting
mirrors in the form of the multi-layer polymer film used in the present invention may

30  contain additives such as ultraviolet ray-absorbing agent. antioxidizing agent, anti-molding
agent, rust-preventing agent, hygroscopic agent, coloring agent, phosphorescent material

and surfactant so far as they do not impair the effect of the present invention. So far as the
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30 contain additives such as ultraviolet ray-absorbing agent. anti oxidizing
agent, anti-nolding agent, rust-preventing agent, hygroscopi c agent,

col ori ng vagerdsezgphosphorescent material and surfactant S@Cﬁ*ﬁj’so@ﬁmﬁghey do
not inpair the effect of the present invention. So far as the - 12 WO

01/ 38930 PCT/ US00/ 30609 effect of the present invention is not inpaired,
furt her nEFe&! ok the PESEIHERYERLARYS T vRPaIred; @mhennmntshmetemmgs mpayhaeta lgghtf i | m or

sur f or on
bot h sur TAgant phRREGY R ditr hfte A LARET nt AR Ry TBRERRS and che
total |y suglatecoi mrgbcrﬂlrsnm@slthferédfe 5 form of the multi-layer polymer film

ch layer is.c 0 pol ymer having a_ double refraction. Therefore,
1(:a ﬁe | i n)e/arl y pb ﬁ‘g&’i‘);@‘@ ‘Eéélﬂﬁ TRV %le‘élﬁpttslaé@uﬂﬁrw@i]b’é‘tﬂqctmg gfirrogsah thei zat i on

can e, ARSI AL OYalm Tt BRH LR Lo RRLAL 266l AEAMAL, 11 9Nt andl es

therewith can be reflecte Besi d
li ght ardpubkupfirativsed hereforeoths hhoarlyc;btéamzedémamylapmgarpaztﬁdﬂdrlcm{abudd}ﬁt has

t t t OTh tIC it element of the present
vont 1 daiznlbEtare debsiBauER arthE e e van b Arub M GRERE at or . By

changi nghébeitieanbe fedlecRBPIBLEAESS, e RANAL! doek h6l HmokHAsRAY, #Qﬁjd therein,
furthernore, the optical circulator can be provided in th ormof an

opti cal SRPRessss tharless for thedingerdy pelarizest ligho ttiat bast thensoyttédathtoughr CUI][ e![renlgnt
in the form tica electri
field appli cgltlfeoofr?%rreé%)éaggle en?o%tge@ r%ﬁ%‘ﬁ HHF%P%W(’?’HPF%‘S Ws‘fllﬂ?eut ed by
t he yokeoof ofahapticahairailaragniey tieanaizant aieanmuhﬂﬂf»ﬂgwrhégrﬁu@ gegent device
capabl e .of changi hg ovg}gﬁthe direction of the a cation current and of

r ever si HGCYRY2IrH Jrretinthermese. theeppel slrri:lﬂatﬁgcam moYld?(ém Tthg fermeofant .
Mor eovergp titN 8wtk Whe% 1‘215‘?1@&1&&134) 5%%% Hle%%ﬂcaql ﬁgulpgle g‘tl 1:11 gﬁeogs ng a

magnetlcfleld application nean Tferrite
equi pped:XWInph alamerellbptdei/sweC}Q@eceiﬁabt ﬁekdfappheamhﬁgea@yegedtlhe direction of

t t f th
por &e1 oi8GopERe T Foc ey vt ofs TeiTeRbrrEnRIuHaRHe | ¢
mat eri a|qufpp§d3fV‘ith RRGASA dévfc%rcrabzlkﬁe W&lﬁlﬂ fn Q)%El' lthlﬁ."h?re&tn)% HUSapHREN!  onal
S"EhE 36 I oy

material can be used. For exanpl e, magneti C
f ormi ng Gtuﬁémwré@frftvﬁéﬂﬂ@ @ammemaébeméﬁiewoiwamg filame mxamgle&m@m Vh- Zn type

f te, ite e ferrj 25 an N -Zn type ferrite

aﬁ(r:lr:an IEYI&% !’\% %éﬁ? err| puclgﬂswnlf-}é ﬁ%%l%eereab@s@ Ysu¥rd ‘F’éi%neﬂ’ésfl?i/‘r I ,
t li@rion tiedesmad lefarefishaRRe fdriitel AippRl Wil a Glrfehitidvi&! emen

g?g?ﬁel ??gl Y i nvenrtnl oehgpzloflol s desi re?%hgt theeéal g%nstl tuaentr eeremlsnt S,

. e20 ¢ (fap %frqhg@@ng PY#itthe disagtioni of gheanpliesiton, cursnbdridyofrevdrsing ifng
magnetization of the polarizing plane rotating element. Here, as the half-hard magnetic
material or soft magnetic ferrite which constitute the yoke, conventional material can be
used. For example. as the soft magnetic ferrite for forming the yoke, there can be
preferably used. for example, an Mn-Zn type ferrite, an Ni type ferrite, an Li type ferrite,

25  an Ni-Zn type ferrite and an Li-Zn type ferrite. This is because, these ferrites describe
magnetization curves of good square shapes.

In the optical circuit element of the present invention, it is desired that the
constituent elements, i.e., the polarized light-separating elements, totally reflecting
mirrors, first and second polarizing plane rotating elements are secured together as a

30  unitary structure and, particularly, are joined together with an adhesive. Though there is
no particular limitation, the adhesive used here is highly transparent and exhibits excellent

intimately adhering force. The adhesive agent that is used here has a light transmission
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mrrors, first and second pol ari zing plane rotating el enents are secured
together as a 30 unitary structure and, particularly, are joined together

wth an gh@sisysy Though there is no particular |imtatipgyrukhgsoggdhesi ve
used here is highly transparent and exhibits excellent intinmately adhering

force. The adhesive agent that is used here has a light transm ssion - 13
WO 01/ 389gor picrsuadoonacender thae 7o, pleferatdpaldt ymahotthand% end trasicul0D)

prefera rth 0% and, particularly preferably, not smaller
g ARG

t han 85% 0 nsparent adhesive agent, there can be

preferably usgdswh alaghly hﬂaﬁsp&ﬁﬁﬁ@&&h&@iv@ggéﬁt. e dafl be phifstbNagEe s, of _
transparency and a large intinately 5 adhering force. The acrylic adhesive

agent i LHSadhaHYe snhhavare ¢ highdseice o€ travwpareac pidd largeointimatdlng an

i ' n.wWith 4 1 b 1 h
" oocry BT WAL bk ABHE 2l Indt ifch 53h FifactoRRyedt " &S

( et h) acoptaatieg aaowkre mhasherhagingGinaikyg ipeatip, wishis o 84 c4rbBi hbas! sdc'hdcas af:ikdi
car boxyl.al kyl th)acrylate, hydroxyal kyl (nmeth)acrylate or N, N-dialky
acryl am ‘a‘é",CYYA Pgrg(?aé%r%b@ iafliyiﬂﬁe ew&w%em astdpes9da ek aey latmosomene wor d

" (et h) agkol Lo A& Houp. isBA 44 L C:aACH ijc.acid as is

w del y knowr%,anand,é;?]%pnée, (geﬁ}t%ﬁ?g{:ry% g%lg’ %agboﬁggmglggt&%%ﬂ t|e’ngl y thereto.
The el erfydraxyalke! Gugtibleey ld4to geNRedidlyyl msiytegnide, @erephiposididhesntainy suahy ot her

adhesive inh a ner., of or anpl.e, .appl ying an.adhesive to the surface
of §§ elaepnog%‘flert CTEHEY 8“8{1(1 f<8}eﬁ$a%9£aﬂ%@ i @éyqugé?y%%%@a‘%wﬁﬁ?fw gfid

pr essur es iaRaicnekn@ie ABMheARS, Pmbiac ﬁa@liﬁﬁﬁatcoﬁesﬁefﬂaﬁglytm@re&ﬁheSi ve layer
has been forned. Here, the adhesive layer has a 'thickness of, usually,

from5 to 100Mhfesmsntpisfehend pgetheohy aong en BOyliv adtivsivadhesy vter | ayer ~ can
obove. meapiyERR ity o8 B LIS e ap BBER G St O b Sesletag” |

above- nent i oned polyner

sol ut i onherelonfoamninnghediee aeacindadhemie Wit presuRPRdies cldnint BeotRs €, t he
pol Xmsri%ation %b carried 20 out on the elenent. O, the adhesive in
t helPor fIBRE™ op Whish GF pdlestis lay s dpnpendopaed. i gre. thy Réhasky lbeer hasmsf er red

from thayggl 88 LD 80RO LIRORLSTRR SO P10 iewd FanSRanGRG | o ot

| ost, the adhesive agent |ayer y caontain t’he above- us

addi t i véayer kan belflirticd by appigin@pbhie@he €lbment b cedtRIFRBIutioh chbhBinedent
i nventi %ﬁ may be equi Eyped with additional |enses, an optical fiber, a
casi ng dM8VETHENTPIES PR of EhfeRoAYmer eoampositiont ittt tirscopting splation echnol ogy.

e S Dy ARG g1 ARt B BT e o
t ot aP| y ouebh detdlargenti Orahs adhyesivsiimgie form of a film formed on a separate peeling

film may be transferred from the peeling film onto the element. So far as the transparency

1s not lost, the adhesive agent layer may contain the above-mentioned various additives,

In addition. the optical circuit element of the present invention may be equipped
with additional lenses, an optical fiber. a casing and the like as is generally done in this

25  field of technology.

It 1s desired that the optical circuit element of the present invention is produced by
forming the polarized light-separating elements and the totally reflecting mirrors by using
the same or different multi-layer polymer films, coupling one of the polarized light-
separating elements and one of the totally reflecting mirrors integrally together in a

30  manner opposed to each other and nearly in parallel with each other with a glass plate

being interposed therebetween thereby to prepare an integrated optical member. The thus

obtained integrated optical member is so cut that the cut surfaces define an angle of nearly
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the sane or different nmulti-layer polymer filns, coupling one of the

pol arized |ight separating el enments and one of the totally reflecting
mrrors iwHgps@key together in a 30 manner opposed to eaggraidigtosasd
nearly in parallel with each other with a glass plate being interposed

t herebetween thereby to prepare an integrated optical nenber. The thus
obt ai ned4} etesepsavidurespact tathe wenfines of iegolariatd tipatsepireticyiélement anés def i ne
an angl e qof rly.- 14 01/ 38930 PCT/ US00/ 30609 45 degrees with
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integrated optical parts in a nunber of two, at |least a piece of the first
pol ari zi gt prlaneng paat refgting epmant aad@t leestagiede of thi seendpolatizng plaoad

pol ard zi r i .ar onbi ned together in a

pr edes!t er %gaﬁ@g%%%rt agés @%A]E%F(?gog};ﬁigt }nucPrEfléei?rml ag(r)\r,deli et TIH{TEY %B{Cé‘i‘rﬁ"ed

I nt egr at €igenpthedbet olitsinsdintegratbd ptodubieis saltushitiReas sd@hdendeffe Ao &f
nearly 45 egr.ees with respect to the surfaces of the polarized

i ght - self4Far Prﬁ’tjgfé?%%ﬁhtfgspe%a s reestirthapdaried lighesersratingyelenediiect i ng
T oy s IR ST LIBBL BB s IR Sheb 6 B D' 01

el ements. 10 In general, charact Ics O T or are
det er mi nadntyy ofthealptindmircuh alenegist he poorest extinction ratio among the
For exanp] e, a conventi onal

el ements constituti t he aptical. circul ator.

pol g?’i zed lig tg.egarﬁﬁga%ﬁaﬁtﬁﬂgw%ﬁime ?Pé‘&gi %‘fcu{aﬂé SFLPFPINBSERY anselemeri ric film
exhi bi t shavitfoerht pborextexffét N Yafi@hm@ng theQlBiEntkiNLENRh L ﬁ%ﬂﬁﬁ%ﬁl&% .
elenments_in either the light transnmtting property or the [ight reflecting

pr oper t yForeyaapist e pgnvspeendl pglarized kglutsepareomyvaemewmaddepditiar mpkidlayer

| i ght - separ.at.i ‘ n.extinction.ratiq of about. 25 dB which is
very s rraip?lg?&ltc Eg%leégﬁ{ggtgil?@ﬁ@?ri e%irﬁmrc AT %8fto pher ﬁ’&éﬁ%{ the patépﬁ‘é‘ﬁ elqmgnty i@

usual | y cithsethedighamarsheni@tpromityconisd lidh réMQtihP Bropeiry CabnGhiefUWpRLIQRe, | N
contrast thereto, the nmulti- |layer polynmer filmused for the optica

cirdai t BrRASARVEHORH @Ok esd Hehtsepamtingplement has s exfinctiontraticef ahour 21 i o of a
| evel ofgmgnhingh - ‘ ' | i ght - separ at i 20
el enent 1s used tv @gg%gtg llt tthgt§3ﬁ]t %I}éggﬁir%%ﬂogyéﬁ% l(?églg Ugrg,% i tghragfso‘fsg?lp}?her eis
real i zedisadhas sotlamienifor ofnsasutiegald dival @scufordBn chedsptiveet@fthd haltpr esent

i nvention wl h, now be d CrbbEd‘ia{] detail with reference to the
accorrpa%‘}?’%@o R Sse it be PPlicat CIEH Rlemens of iegticIsat B veHian reHepps ent
i nvent i astinktfor MALHOF Wael bidstieh 50atoesd gB! o Shl i

parti cul arl,n it sﬁoul d bee 25 Scogrﬂpr ehended thgwe{ﬁ%e@g%%ggﬂ%h{glgg?éﬁnwel enent

of £Re pleBents isedeéncomhitite theaptionloyreinlatar berefare.nthat iareabiptdi anabolaiigre ul at or

but al soofiage;(&?lelgtoa{srggoJB'an optical switch or an optical isolator

Examples of the present invention will now be described in detail with reference to
the accompanying drawings. However, it should be noted here that the present invention
is in no way limited to the following Examples only. In particular, it should be

25  comprehended that the optical circuit element of the present invention is not only in the
form of an optical circulator but also in the form of an optical switch or an optical isolator
depending upon the kind of the electric field application means incorporated therein. To
simplify the description, furthermore, all kinds of the magnetic field application means

used for the diagramed optical circuit elements are not described but some kinds are

30  described.
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incorporated therein. To sinplify the description, furthernore, all kinds
of the nW@M3BWOfield application neans used for the di aBFEHHBW B cal
circuit elenments are not described but sone kinds are 30 described. - 15
WO 01/ 3%‘3‘?}% FClT/ US00/ 30609 Exanple 1: Fig. 2 illustrates a preferred
Exanpl e © %S Gur-term nal optical circulator according to the present
invention. Thegdi iflgsed@cth sipferea Exanpfibat Bur-dmias op el chafsbpal s (ports),
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fourth |j 4 Ncj - [10U i t 4. Though ,.not . di anmed, the |ight

i nci dent %{E}I’glbep’(r\;‘{gg%g%}gq%ggéng/g}l%?[ngl p%fnl 1gﬁltSe enélrrl%%?lyﬁcé%g{%%gglpglpﬂﬁgda by
non- Sphehird Ahtliendes/ candimgnidrcRlanttiatfensh 1igks: i8¢0 outddgngOfdri £airh&ighcul at or
is consti thl.t ed ay t {)"Ol arized light-separating elenents 5 and 6 forned
of a nmul™Cf YPEREIC p@Fm ingidppyoutg g peRs #re PRrsdiel It Ream systems egngtiBitddor ned
of a mulpkin : Fanfil i.e 0 12l i ng

ol ement L ol o e B PR B b LY S MDA, D,
di rect i &y teb potazmzed lighit-deparhting elepiens & anfl Gpiokaed af agupl-kiyer podyati filgh, el enent

d. pol arj zj | i t) 16 t of the directi
o -t avar s eGP mGR S sad R0t Sttty B p gy f g “@ ot | ¢ 11 el 0.
ATong t helaeienstilintatiaiah IR (R oldtSY PRSeb iR T} %inﬁ%%ené%n 13, 17.

18 and 19. The constituent elements are joined 15together w an acrylic
adhesi véf thesbisetign obieavgl af leghica piktecobwilatizngplayermtatingi afgment { seaomsdri ssi on

factor hout 9 : are cured, integrally.together...1n th

1 ust r aPisR 2R e AR Bl AR B o8 Bttt St P gl ane
rotati ngneaat @resiiovld fosayplfiag adaiene®d HEldC ARG R 8bnsatBht SRSkt hiit ed
magneti ¢ gar net i ar net é{ havi ng a pol arizing plane rotating angle

(GdBi Fe _ Ot
of 45 dégfFesed gtpssiplates llugénl%ad I8 angl BD- obhaneppsiéiupt sfqredngs are reingd| ar i zi ng
pl ape r ' el : ; ' i,z - 45.. degrees. In the
casggof Q%%?iéﬁgﬁﬁ[%wég%gﬁéﬁééﬁoﬁé%@%&é/%érgﬁg%pé??gpog%%ﬁ g%ﬂ al ong a
di r ect i eransmiswhin ¢drtdricgaboutrod¥el and arbeequadduniezdlly pgaha. rot ati ng el enent 16

is aquartz .crystal one-half wayel ength plate and has an optical axis
i nclined at éﬁﬂédg}lgr%?d foyr-ferm P%Ié‘??ﬁﬁr‘f atpp Ly dbs pelarizipg plape extelingn of

pol ari zafenRimt 04 id d Bhthddyhdtor ReSpERIEA BilvuBMe el %ﬁ%éi@%rﬁ&i(éﬂ iFe

| i ght-separating el ement conposed of the nmulti-layer polymer Tilm The

mul ti- lzaspet) howingmenroldrizing plamstoratingiangletdid Spiokeees. 2 bt s, ghon sgpgingtai ng

le;renﬁrﬁ 2{ ?%agﬂgxﬁc; E%g;[ t@%@%faﬁg%n%&;ﬁ%%&%ﬁqggg Clement T3 turids iftsojggorirz'iargzirll3 plgrllet g}t érl]? tingly
degrees. In the case of this example as shown, a magnetic field H is applied along a

direction in which light travels. The polarizing plane rotating element 16 is a quartz
crystal one-half wavelength plate and has an optical axis inclined at an angle of 22.5
degrees with respect to the direction of polarization of light that has passed through the

25  polarized light-separating element composed of the multi-layer polymer film. The multi-
layer polymer film constituting the polarized light-separating elements and the totally
reflecting mirrors, is formed by alternatingly laminating the polymer films having
different refractive indexes one upon the other maintaining predetermined thicknesses.
The elements are capable of transmitting light having the same direction of polarization.

30  The means for applying a magnetic field is a magnet capable of changing the direction of
application of the magnetic field.

In the illustrated optical circulator, the optical element unit has a size which is as
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Fig. 3, reicpr 1 10 . §an g ?%ré&ﬂée%ﬁomﬁée Flid? §te“rs| cgﬁftlgs 3106.
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pol By i zablatived @Qﬁ}ﬁfn@ﬁt&@@ss&ﬁfbu@bfﬂlﬁt@éﬁﬁ)assta?@s i Yt &}ﬁﬁh?&fku@ﬁ&r@ng%?é out as an
out goi ng beam L20UT from the second i nci dent/outgoing port 2

Ref er ri AYthesized ggain thlloﬂélhéli*ﬁth%ﬁmllﬁrlfﬁféhghttszmwatlm:ﬁldmnt @nAftbethsecond | | ght
15 | nci donl ok OR:00:BALh &l BeBRIS A% LnPBSSSs, Lhrough g pol ari zed

| i ght-separating enment A=
ri ght ahgbesfrumntthe smohd hglhtenmdél'xhe)uthﬁgaderzEd conponents pass thr ough
i inthe optical circulator and are synthesized again

different pa es

t hr ough anot ﬁg‘%gﬁﬁgé‘? F'ige ‘ir?rﬁﬁ%ls%‘éblé&}ﬁ ng‘n@ldéfiiféﬁ‘tth?)se%fl@ deht he

Ut ol 1R A ST AU T PirSps el ARTAB AESRRAED, o5t o o
out goi ng bea

Ref gr ri glgmteot tﬁngo V&) pelasirgindosgionants gl mekt at)riglhlt aﬁgdemmﬁ eamh dthee. tiherd |i ght

dent/ t t rated as it ssest h the polarized
T oht - o RSB i Erodih BT AS sorabts B Ao OHU Llense et ot

right a@gh@@lzeﬁragalﬁmu%& mhermeam@@hgﬁtts%sgaﬁﬁgae&%m§ R# tﬁéhrough
e

different passages in t optical circulator and are 2S synthesized again
t hr oughPalABEHER. 3epREEPE ead pYngkasiss Bgay pihisizeddicamegrtes ut Afanarutgdieg beam

P13 1285401t ATRARA 2 ARYALDGRL Fon'sNe SYLNEST 2ed beam goes out as an

Refemng to Fig. 5. transmission light L3y incident on the third light
incident/outgoing port 3 is separated as it passes through the polarized light-separating
element 5 into two polarized components that meet at right angles with each other. The
polarized components pass through different passages in the optical circulator and are

25  synthesized again through another polarized light-separating element 6. After the
polarization, separation and synthesis. the synthesized beam goes out as an outgoing beam
L4our from the fourth light incident/outgoing port 4.

Referring to Fig. 6, furthermore, transmission light L4y incident on the fourth
light incident/outgoing port 4 is separated as it passes through the polarized light-

30  separating element 6 into two polarized components that meet at right angles with each
other. The polarized components pass through different passages in the optical circulator

and are synthesized again through another polarized light-separating element 5. After the
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L40i , T fromthe fourth [ight incident/outgoing port 4. Referring to Fig. 6,
furthermore, transmssion light L41IN incident on the fourth light

i nci dent WQUR1P8P¥g port 4 is separated as it passes throughCT/HENIPWr i zed

i ght 30 separating el errent 6 into two pol arized conponents that neet at

ight a rized. conponen ass through
I:I: 19 fer eﬁ% %%S@%%ES&‘? %ﬂ% gflﬁhgggpq%?&él {283 beap, goss Q! §§/%T ﬂ‘é‘g?%‘%g’e%@al n
t hr ough Ialm;@frlfi@mtbmlfastllmdldcldght/mﬁgmﬁg@bﬁng element 5. After the - 17 WO

01/ 38930 PCT/ US00/ 30609  pol r| zation separatl on and synthesis, the _
synt hesi zed 48 ’&B@%at%?& %‘FF“&E‘?rg]cq H5 nsdatiied IcOmPERSNLF sepanatedan thier st | i ght

I nci dentyp@bdl G RE i Akd syqathelsﬁe(ﬁ 11',1 J[d %(ﬁ(t)lft‘"ﬂq%gt QLG Rhci étn'i/%H %‘}n%;pyrx]tt ﬁgtSIhge d
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aral l el t ed as an i.nci dent/outgoing
Beamto SOITna[10 S& ﬂbe%chPlg gEOpgﬁ?li ﬁﬁagﬁﬁﬁém‘{l%?ﬁﬁépﬂlﬁ@ﬁ filmyer pol ymer
film The optiiealpticilreelatn 0 Hsdpse hbhedn LN ah Be $GliR hlo%?f;%dtlﬁ further
nodified in various ways wthout departing fromthe scope o e

i nvent i ORTIOYWRAYs Wishait depariiemirom the pesipy iof thetieemingn #hien the éirettion of hanged

t t he ow,.H i.n the 10 dr.awi n passage of
;Paﬁsﬁl ggf)%ﬁ{g: Hﬁggg%fiﬁ@%ﬁ han (ﬁlnj?’m 7 GLyiPB OPROTIRGO P %’Hén g@cond |'i ght
[ ncndentd/ramhgomagas{mgd oﬁraﬁﬁﬂlﬁﬁ)nﬂg&ﬂgﬁﬂrst lije 1ﬁé1H§rIt/o'uiggh% ﬂoﬂcf degd LRyt goi ng
port 1 -* fourth light incident/outgoing port 4. Therefore, there is

provi dedigh hlnéﬁﬁ@hfé%tg@lm; et 2pan bdichaeed Yike Sira gxghh?cﬂeMmgMg pc:ﬁ (DLf)t Pﬁ

t I t i nci dent/.qutgoing ports o e
o o A o L, S oo BPRRPRAR ST
i nci dentdirectlg@diRgthe @ohsttu@dth SBE okl h@&ﬂiatbﬁc‘w@@m}{e%%ﬂ?%}ﬁg port 2, there

is provided an optical isolator with a fiber independe
pol ar i zARGigmUowgemanaasodihe Qnﬂghltcnicnbﬁdelﬁta/r@hng@d fgthp owo pom eel |ﬁmtt ed to

t he,thr |dent/ 0| n t&}ﬁ sec d l'i ght

i nc%%len? %gﬁ?léitg?rﬁtédm%m?g Eb cii nfl Ri (Illd| éh’tnci ‘Elﬁ%g?ﬁg redBP’EOV there is
provi dednaptidul éldter mtnaIﬁbepmue;adndemrdflﬂllls?qgcqﬁnzaaan Exanliee f%ur fibgt

illustrates another preferred Exanple of the four-term nal |caI

ci r cul atMidenyeRIgPHERY E 37e aitpd @s‘éﬁfhri?%}ﬁﬁﬁ i- @nﬁrsﬁxslmlméermoamm mrt of t he
i1 eul At o B e B R o S P e Bl R DG By BB TR R (e
above Epzowdes athwictthrminel extceiptifcotat@f usi ng a Faraday rotor conposed of
20
Example 2:
Fig. 7 illustrates another preferred Example of the four-terminal optical circulator
according to the present invention. From the standpoint of the arrangement and operations
of the optical parts, the diagramed optical circulator 10 is the same as the optical circulator
25  described in the above Example 1 with the exception of using a Faraday rotor composed of
a magnetic garnet having a square hysteresis curve instead of the Faraday rotor composed
of the Bi-substituted magnetic garnet (GdBiFe garnet) used in Example 1 as the polarizing
plane rotating element (first polarizing plane rotating element) 25 independent of the
direction of travel of light. The magnetic garnet having the square hysteresis curve used
30  here is a Bi-substituted rare earth Fe garnet. EugoHoy.1Bij.oFes2Gag 042 having a thickness
of about 0.1 mm which, after once magnetized by applying an external magnetic field,

maintains the magnetization of about 350 Oe even after the external magnetic field is no
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a magnetic garnet having a square hysteresis curve instead of the Faraday
rotor conposed of the Bi-substituted nmagnetic garnet (GJIBi Fe garnet) used

i n Exanplywo d1/883¢ he pol arizing plane rotating el enent (fipc§luseerbabd zi ng
pl ane rotating el enent) 25 i ndependent of the direction of travel of |ight.

The magnetic garnet having the square hysteresis curve used 30 here is a
Bi - subst iopgeregpliege earth Fe garnet, Euo. 9Hol. 1Bi 1, oFe4. 2Gao. 8012 having a

t hi ckness of . . which, .after once etized by appl.ying an

ext er nal malgnIentat:Hg%tilc%l1 él,rmr%f Hf%fi"ﬁés ’Wénp(rfr%é}?%f?ﬂrg(gatyi rBFPr(B‘Fe‘g%B? fig0 0 even
af ter t hpolavtisg pahe ragNetdeméited fapmined whiSa sWBREN3ER3QRSEh 40609

| onger applied. In the optical circulator 10 of this” Exanple, the Faraday

rotor usSdPRécdthereq framp thegiterpplAidrang ia seuratadaven gftel therprgnéts findisatd zed
when sa sphbdGlhsidd Vinl Le.fiel s applied thereto fr t he
ext er nal s?ofebgrlld i tgéat&{égg{ g@g%gﬁpgictugartgrtlhdé%ﬁﬁg 5t P R 1§ P ey | onger
appl i ed. applying theguapmené fitldits tlapidradly roior cinl ahodevi, is tdx@ibef Rr L5urther Means is
required,for qa§£ldg/idn(1:1 the magnetic field to the Faraday rotor, and the
devi ce | FOFE8GY FefMA 4 degrepsrd costy duptberamare dhe eptigalicigeulaionsen dased cost .

Fur t her niro@uceli batcBRtdefadt aGicbCHiALQES can be produced batchwi sely at a
decreased cost. As will be understood fromthe foregoing detail ed

descri ption, Aupilhbe mdesstoachizomile tipegiimedetaipd deadriptione firdkmhiors athe be
operat ed ical . swtch, an optical i.sqlator or the  1like, as
r quIL i%r ed?%gd]n%qqgggqmﬁlaé?r @nidk opgRef &taé@é’ﬂ?“%(iéﬁ’f}fjé agropfifaliselpter or the

f our - t erlikenad regpitédcal circulator of the 15 present invention descri bed
with reference to Fig. 2 is used as an optical switch. In the diagraned
Exanpl e, a yoke (magnet) 24 made of a hal f-hard nagnetic material on which
a coil 23 .seund is used as neans for applying a magnetic field, and a DC
power sourc 21 is used as a current device that is connected to the coil

23 through a Kt ths2aes MhExamplbes ofth Gl foGi-febnal tichDcikSila6 gged in
spa ring-like yoke 24 and the 20 direction of the

ﬁg at_the center qof tha , ke 2 a .

applPcathi BT PRI qescriird iy lueheice sy Fign @ it usedenan @pusa ewitch. Insthal | owed to
rever se diflafBIRLLHZat A ril 2 | ting elenment

i ndependel%i?a of t helhl;lgi %gﬁeﬁg}?ﬁgﬁ) ??g%gk%gggﬁli@g {He?%é}ieﬁg rr(l)% el 8P Wiyl at or |
Accor di rgiojl, 23tihavoupd iscesed a8 meahsafbo nprl Oing @anadmetio fieldatugtla BE gove@ybaricer M nal

(52) o0l ol A TR S0 E20TBLE, A 2.2, o o8, Suf el con oo
L(r)"r t dri the\gptidabcietedi6el 0 18 afhh @GR ApAR o iR QHiPbr ﬁlile?ngfket)n)%e 9RLLER f ement
20  direction of the application current is changed over by the current device, it is allowed to

reverse the magnetization of the polarizing plane rotating element independent of the

direction of travel of light in the optical circulator. Accordingly, the optical circulator 10

can be operated as a four-terminal (2:2) optical switch. As a modified example, the 2:2

optical switch can be operated as a 1:2 optical switch. In this optical switch, the

25  mechanism for driving the device is arranged on the outer side of the optical element unit,
making it possible to decrease the size compared to the conventional optical switch using a
coil. In the thus produced optical switch, furthermore, the magnet maintains the magnetic
field even after the current has no longer been supplied from the current device; i.e., the
optical switch of the self-holding type is realized.

30 According to the findings of the present inventors, furthermore, it is desired to use

a Faraday rotor composed of a Bi-substituted rare earth Fe garnet having a small saturation

magnetization, e.g., a GdBi Fe garnet as the polarizing plane rotating element independent
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making it possible to decrease the size conpared to the conventi onal

optical switch using a coil. In the thus produced optical swtch,
furt her nBOH1/3893@ magnet maintains the magnetic field evePCHUSWA30609e
current has no |onger been supplied fromthe current device; i.e., the

i ngSt B FRefin SGE o ialfe ShE% iRiinernbrcearie Tl qedEpou g eie o
Far aday fielt d1250 @apeseshdfvhan BedSit s priebkin® chvieAiéh, BRIkt FBsHAL REliedi@nt N9 a
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the dir vel of light. This is because, such a garnet has a
1caf 9 g

saturat? ncna()lﬁfgte%lgsa field of 250 gausses and, when used in the present

i nvention, rrakes it possible to decrease the application current when the

magnet i % i e d is changed over by the nmagnetic field application neans. 5

Exanpl eEX3MPiEG 9 || ustrates another Exanple of when the four-terninal

optical circy Ogﬁbquué%xfates aH@thQ{ E;?gﬁﬁglﬁbf*}iﬁl%% E}%"fo%ﬁéﬁﬁln@?@ﬁﬁ(f ar(‘]u?atg efngﬁet 0

Fig. 2 is used as an optical swtc
(magnet )heznemdmvcﬂtmx dofribedugtietefaredceno iFige 208 us/ddlaslan@pﬁwl Iswﬂt@h 2t tihs wound

i s used,as meay or,_ap ic.field, and _an AC power squrce 26
is  used BB M‘? &pé{% ggri‘i’a)t |‘§a‘i%?ﬁ?e§9t agnetie fmifesrn Wb@ 288En t he

optigal 28iy Gt i9fusddlasi icand@ FérapPRGnd AnBPAGR Ad1d.1hE af St E{)wﬁrfsoh Jelifg-11 ke
yoke 24 and the direction of the application current anged over by

t he cur Beastas@eprient dgvicethatas 13@1}09@16@1@) theverl 98. tWéemﬁgnmlchmmhatomﬂO i he

pol ari z i el e in epe f the d|r i on.of .travel of
li ght Ihﬁﬁﬁh%ﬁgpa%gt%ﬁha{lg%tﬁ% afIB?I 5\8/8]8‘?%{0 ﬁ@cf ¢ dirpatign it E%lf‘pﬂl’i"?‘é‘lﬂ ator 10
can be Glmedfrﬁﬁsedlaagecho\fdﬁbﬁl tiedutieRBdievick, R)is W&o r&WirdeGhe nﬁ%n@flzﬁ'ﬁgﬁ bt ed
exanpl e 2.2 optical switch can be operated as a 1:2 optical switch.

In thi sﬂﬁrﬁ" ERINGRIPRGIPIALRG &l egment H@ep@l@énh%fdbe areciionof travetmd hight io therri t e
makes i hpfRas §1'r&h§tof OA&&)%lﬁgﬁ/ethtﬁ Q)%t@é’i‘c LG 1 @Qgﬁ fe f)]ﬁeratecrl1 Gs 5 Us_produced

optical swtch, furthernor gnet nmai ntains ¢ field even
after t Feemount fzemo;ﬁ@a}mstaho Asarngedlﬁbéenarﬁuieptlheem Sptied siv'v”i&hciidﬁfbent devi ce:

.e., theoalcal S af t eself- ?oldln eis reallzed Accordi ng
t o the f’P‘?{i’i §8adf ?Iﬁ@a %Cé‘n n iy eRS §W“‘fh.1|u€fh theyeke mads of axefi red to
use, amadn&RiferrMBANREI £ ph&IHIL tFinclhS @R %ﬁcﬁlﬁ%g}?}é@ﬂeﬂl {H@}\tﬁf ﬁbglﬂ:@w ng a
magneti zation curve of a good square shape, as an ype ferrite.
By usi n@ptidabswitehnfienthegingreatheanaguleemaininans the magnetic field even after the current
20  has no longer been supplied from the current device: i.e., the optical switch of the self-
holding type is realized.
According to the findings of the present inventors, furthermore, it is desired to use,
as a soft magnetic ferrite, the above-mentioned material having a magnetization curve of a

good square shape, such as an Mn-Zn type ferrite. By using these materials as a yoke, the

25  switching is realized over a wide range of from a direct current through up to about 100
MHz.

Example 5:
Figs. 10 to 15 illustrate the steps for producing an integrated optical part used for
30  producing the optical circulator of the present invention shown in Fig. 2.
Prior to conducting the steps of production that are shown, the members for

constituting the optical circulator are prepared. The polarized light-separating elements



25 switching is realized over a wide range of froma direct current through
up to about 100 MHz. Exanple 5: Figs. 10 to 15 illustrate the steps for

produci ngyagy/Isedoegr at ed optical part used for 30 produci pgrikeRdsl cal
circulator of the present invention shown in Fig. 2. Prior to conducting
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factor ¢f eth@pg}u Esn?é %Msﬁ;ll-g| ﬁ%nﬁt-él.gatﬁp ta%ﬁ%gg R4 hagl 5 %%r @ﬁ%n raﬁfég (F:%Efggl%gtgﬂ . §|8 of

a rect angul ar shape ( e an cml'ong
menber 2pont ¢1&tng|asdpina@piaexambtladv¢rl§lﬂyl affeitt themiuhilayengilymestim, dlel, 8¢tuk@p al ong

. d 2 in Fig. 11 in order to prepare 20
|t2te lrjg%%g‘gﬁlb FIVB ‘?@CWI&CU@%&@&@W@C&drf@p%meéaﬂ light frapgmisses facpgof easy
h 9,).Fi owever,
Chore are mam crr g | nosm Aot hler B8P R W oS

Exanpl ecmiwide pd é@?@tle@g)optl cal rrerrber 28 is cut mai nt ai ni ng a gap of

bout 1.1 c Thi s |s bec netic rnet used as an optical part
?no'tjhe pr olegP? RS FbeB}bGE?if g?ﬁgfs RF s tRgicgt &sthag%r}géfawsa rcul at or,

opt i cal dswdtioallong the cuttmg lines C1 and C2 as shown in Fig. 11 in order to prepare

20  integrated optical parts for producing the optical circulators. For easy comprehension, Fig.
11 shows only two cutting lines. In practice, however, there are many cutting lines spaced
apart by about 1.1 cm. In this Example, the integrated optical member 28 is cut
maintaining a gap of about 1.1 cm. This is because, the magnetic garnet used as an optical
part in the production of an optical circuit element such as optical circulator, optical switch

25  or the like, usually, has a size of about 1.1 cm x 1.1 cm. When consideration is given to
the handling in the subsequent working steps, therefore, it is desired that the integrated
optical member that is cut has a width of about 1.1 cm. There is obtained a precursor 29
(1.1 cm wide and 30 ecm long) for the integrated optical part shown in Fig. 12.

Then, the thus obtained precursor 29 for the integrated optical part is cut

30  maintaining a gap of 2 mm, so that the angle of the cut surfaces is about 45 degrees with

respect to the polarized light-separating element and to the totally reflecting mirror 7 as

represented by cutting lines C3 (only some of them are shown for easy illustration) in F ig.
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25 or the like, usually, has a size of about 1.1 cmx 1.1 cm Wen
consideration is given to the handling in the subsequent working steps,

t her ef or WO P13893Y desired that the integrated optical nmenBET/USAMI0NS cut
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Fig. 2 are produced in large quantities at one tinmne. As will be understood
fromthe forldgoighghelabaiciaentivast sdriss obmmpfleiptodectivor eepst the intbgraieded

i ntegratsd.onki re ..advant ageousl y .used not.only for the
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Fig. 2 are produced in large quantities at one time. As will be understood from the
foregoing detailed description, furthermore, the obtained integrated optical parts are
advantageously used not only for the production of the optical circulators but also for the

production of optical switches, optical isolators and other optical circuit elements.

25
Example 6:

Figs. 16 to 19 illustrate the steps for producing the optical circulator of the present
invention shown in Fig. 2 by using the integrated optical part prepared according to the
above-mentioned Example 5.

30 Referring to Fig. 16, the integrated optical parts 30 and 35 are integrally bonded
together sandwiching a Faraday rotor 15 and a one-half wavelength plate 16 therebetween.

In order to integrate the individual members, the acrylic adhesive is used in the same
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production of optical swtches, optical isolators and other optical circuit
el enments. 25 Exanple 6: Figs. 16 to 19 illustrate the steps for producing

the opti eabogisvmul ator of the present invention shown i npEr@socisoed usi ng
the integrated optical part prepared according to the above-nentioned

Exanple 5. 30 Referring to Fi 16, the integrated optical parts 30 and 35

are i nt SBAEET 35 1BSixaegple i-olj’etbﬁgbtaé@ddﬁmﬁmed@r@@aﬂlmjw}arizaﬂdigh&&pamding
U v e RAEET O o R 2kt ind RFEEAE AGE Meera L 89 foF bt Traantss el

i ndi vi dua ers, t a h_eS| ve _ _
01/ 38930hPEiitd 500480 6RJocavmtunehe diagornl Bdnipse [Bdestiibdd i coRhaatipgdidhnt egr at ed

product, the polarized |ight-separating elenent and the totally reflecting

mrror it 'é’é%ﬁati:‘ﬁ?ré’ ol B 1y penated| ongsalipags simygtapequalycraid thrpgh the pettisane

el enent siepRsdredtabGvedlith Reedh : bl cr Ly Qnection

W th thee%i ntS ergr at ed prloductﬁ‘.nfé ?‘%@qﬁéﬁtlggég%%gg%lﬁe?fggﬁﬁ%f% gﬁg%c% ftzl_ﬁeousl y

cut t hr ongkalphes ewtiodatgl & Stepndeboei hedie abovedwntefratedR6ARE @hdroford,g. 12
parts are | ocated on

t hat,. t. f f th tical
the samoRarE ot iab P ing 4 A B SISERE (e e PR PERBFE] beame. t wo
pol ari Z%ﬂhéﬂﬁre.&ﬂ@ﬁfaﬁ%&%aﬁle@ USSR atFaﬁ‘ﬁlﬁar}TfirgtopfnuE@gé c%%%:dt\lﬁﬁl SRMePo!l ari zed

beam Furthernore. t gnetic garnet usSed as a Faraday rotor nust be
coat ed WkesIvE AR copEng. ek noediaRamedt i ng, though not di agramed. 10 Next,

t he, gbt ai ned d_product .is cut. and renoved at hoth epds al ong the
cut:tngng Iine%\5 e&?%\@t%ge‘?ﬁgﬁr%t.edf’?o.d%FHStCHﬁ ?déﬁlf’f?’?ﬁjgat ﬂb?n SE{ngttWe cut
sur f acesudefilines @6 ananglie Fof. 1abowithiddudRYECE SoM thdc i 88A8EE dbfnd Hie POl ari zed
Iight-seﬁaratin elenent 5 or 6 and the totally reflecting mrror 7 or 8

li ke in3&eE ot a‘PCtgla_t fig JEiEps Wi spsppedo e motarvst dighi-sepmating elemsnes ot hendut
ona CrehAbRIGREALRL RO F SPGBl ) BN ERARS ST p 1 >

and the to-the-air coating is ap T four s . of the
i nt egr atfedhgmode dhe thatrfadeasrdgeivalbppolished Yikp ol the BBske-héntichell Wxhiagle

| bl.e t I |.at e hayi a to-the-air_ AR coating on one
Surt e St M b1 AL AR et Sragplisd e qllfopnerizees ofthe buaraigd Prdertthits
obt ai ne@asab&h%gmaﬂ@rp&isﬁw. 21 RRh&ECHowahleGy Lt lea%@!ﬁg HaOitng aHSftgeD-Sﬁt lve
18. or or

view of Fig. Then, the thus obtained precur e optical
ci r cul at\d¥ coating gn oak swidacs théreofabistlstit@e fofthe tt-theraly ARrestig? Eersfsown in

9, 15wl {1000 BESER. LA TR . 200, 2, DSl g0l Ut
depth of the Tapi.ite@ihus bb@iHeapasoursbh D Audie PGkl BirdBhitbER Rf aBhPIPRIAIRY St eps,
' he2r Oe a%? cutting lines C7 as shown in Fig. 19. Here, the gap between a cutting line C7 and a

neighboring cutting line C7, i.e., the gap between the cutting lines, corresponds to a

desired depth of the optical circulator. Through such a series of production steps, there are

obtained the optical circulators having the shape and size as shown in Fig. 2.

According to this Example as will be understood from the foregoing description,
25  the optical circulators of the present invention are produced through a simple method and

in a large quantity at one time and at a decreased cost. As required, furthermore, the thus

produced optical circulator can be operated as an optical switch or an optical isolator.

Example 7:
30 Fig. 20 is a side view illustrating another preferred Example of the optical
circulator according to the present invention. The optical circulator 50 shown here is

basically the same as the optical circulator 10 described with reference to Fig. 2. Inthe



obt ai ned the optical circulators having the shape and size as shown in Fig.
2. According to this Exanple as will be understood fromthe foregoing
descri pt ix@g1/389%p the optical circulators of the present i pyfikb@ived €
produced through a sinple method and in a large quantity at one tinme and
at a decreased cost. As required, furthernore, the thus produced optical
ci r cul atcase efzhisxanple. épé’é\’fasthaﬂigbmpkdam/mamglpmts amsiopefi ctatal b tirat or .
Exanpl e Flg viewillustratin ot h referred Exanpl e
of ¢ he BT S B iy AR o theiens e  Siod HERCho Bhe e Bt | ool
ci rcul atSQranBQI tﬁh@\yvghmelaema)utm pat byidshad SR 3l &I’I%upiehhﬁﬁi &'ffo%“ at or
10 descrjbed with reference to Fig. 2. In the - 23 W 01/3
PCT/ usod%%ﬁ@@?? fourth dight inpipay/ keaipg BOTUh ol llgm@qxd@ﬂpungamgdnemﬂloat goi ng
ports c |rs t
i nci gen&? %‘ld?%do?r}gat&%ﬂefﬁ Etlﬁ%@?ﬁ?{ 7e§a @?\%P% aosg gaé?sn% (?{}’ 52 and a
third | |sg¢n'nd|lrght dmdehtziomgmnggopdlzhs 1513)Vld&€tvﬁ&ﬂa tb&altyheﬂé@hglmﬂfor four
termnals fr st to f | i ght incident/out ports The
et T isgntviehid e Aot BBG Spoh ek S met bed HTh Saestely
reflect| &a Qf I cond
Tant i fe i o bt ATAMGRER Reibott 28 e lgélfi%fé*/%f’%}%%ﬁﬁéﬁl%
m rror 3&thesaigsiive Mddcdnying hreappliad & qhbénghsmﬁiﬁientwmtgchag shrfaces) ghougytmool s L1,
@ﬁd 'd? denr}o&e the passages of light that is incident and is going out.
In % inci dent/outgoing ports, the to-the-adhesive AR coating is
appl i ed to t hie thd @hdrainbe bpent LRLISeH NG U ﬁ%%enI/B&g&hg'fb%s eAitt iflloggr amed.

In the d| agranmed optical circulator 10, al g i nCi-dent/out gol ng ports
exist i® %’ﬁemabllnérh@osﬁﬁ%tﬁga\IetSpp@s‘s’h@I lélima@ala yslp%ibte foime n systerns In

practic urtherrmre it is
desi redq}'ltuhgtx HI?IE% E&gglﬁ (fé{??aéthggtp netﬁc §n@|1? %p&l egﬁn SHB%’SOH e to that

of the mpesmafto mwoﬁmmca@l ofaher epticat arcmmlcddsble&d/wﬁ}hrdf@fe@de%wgtzo Ag 2
As 15 re aStLurther the optical circulator can be operated as an
optILEaI T ghfu eré‘?‘PreﬁgDPE%ﬂal F%%Ilﬁf’b‘fan eanepted @aUFQIﬁlPaIZSYVIIC ozasi de vi ew
i1 ustrabling i@14mdi fied Exanple of the optical circulator of 20 the
present invention described with reference to Fig. 20. In the diagraned
optical circulator 50, the light incident/outgoing surfaces of the three
I | ght g%l der 2{1out going ports, i.e., first light incident/outgoing port
Si. sec i nci dent/outgoing port 52 and third |ight

I[ Egl dgp{ /sogaw g PRkt VR iIRERatigld RdMiel lExahRsSo RhabfaPEirdgasmmnl y for
2 the present invention described with reference to Fig. 20. In the diagramed optical
circulator 50, the light incident/outgoing surfaces of the three light incident/outgoing ports,
L.e., first light incident/outgoing port 51, second light incident/outgoing port 52 and third
light incident/outgoing point 53, are fitted with glass plates 56 (commonty for the ports 51
and 53) and 59 (for the port 52) having the to-the-air AR coating applied on one surface
25  thereof, instead of the to-the-adhesive AR coating.
Use of the glass plate having the to-the-air AR coating instead of the to-the-
adhesive AR coating, is effective in preventing the properties from being deteriorated.
This is because, when an adhesive is used for adhering the members for preparing an
integrated optical member by integrally coupling polarized light-separating elements made
30  of amulti-layer polymer film, totally reflecting mirrors made of a multi-layer polymer

film, and a glass plate, the adhesive must be capable of withstanding high temperatures.

Otherwise, the adhesive layer becomes defective in a step of directly applying the to-the-
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and 53) and 59 (for the port 52) having the to-the-air AR coating applied
on one surface 25 thereof, instead of the to-the-adhesive AR coating. Use
of the gVé381/393t e having the to-the-air AR coating insteRATASIYINEX o-t he-
adhesive AR coating, is effective in preventing the properties from being

deterior h au ive | s used for ering the
nenber s a?iorgg‘p’)ef éﬁaér()?ﬁag a"/'lrrfg?h Sb%%jlpm?%@“%’&lfcé%ﬁordﬁ% Pe B’SPPF‘?i‘teé“g}na?“Pd&n%upl ing
pol ar i zetle hivhlayeepellaict gn ebBRIE tH@E&a%deghﬁséﬂdeng|e?éfﬁénts°é?ld%ﬁ@r film
totally reflectln mrrors made of a nulti-layer polymer film and a gl ass

plate, tRE! éidﬁ%ﬂvé THITSES: B8y depsamerertess bingradfeatedibridridhi gmpeetyes. dnur es.

ol yi ng e rart he e 65 P wiF YB0E0n GEk Aikutfiab BpBoc RS UEhAR codti ng,

and the aiticali ahcanlempmntamthedirrat sthgd mrthﬂpmdha&ﬂl depeptidabsircullo2ded 8é@n, the
multi-la erarp élrrer filmconstituti t he polarlzedllght Separating
el enent $94R © PFORCETISyO Pe AP lEPT t?ﬁ“r‘i"é‘r@ Capged ydueh pmpseatereas bei ng

af fected by hir@liep ARLEBEHESrovkRentS : te with
the to-the-air AR coatllng éa%robe ae?ta %fré@‘ﬁ}é@%& Oftﬂn? ?‘J'%ﬁ%?r@rll unit in
t he fi nahe sr-thgeii ARtcheatingy, okt iod theab- thdf}ed}ceptveeﬁ&l cmtmgmaattmra,cc@ﬂplhsme@s not

permt t. roperties f be .deterjorated that will be caused by high
terrperatlgr?heegafO efnefn P’t)ﬁ%i Iﬁ)xaggg%srfﬁ’gﬁ? °%-nprovenent stemming fromthe use of

theigl ass pl ad@ovdihfto thB@rdsenttiRendibh ad\FeLABdd Mwe'tﬂ&%‘?@ﬂro@fdeﬁ R oprical
t o-t he- adhesi ve AR coating, can be acconplished 1in the af orerrenP| oned

Exanpl esSitult glegient prying an %@B?@leﬁgn@t@nﬂh@o pBessdast thismpeingli oruaslaescr i bed
above tCQFI‘IBg ¥(§/1(ngd%}{lt]9€e%ﬂ%%fglg pﬁcatl Clrgl:llglt%ll’“t elp%gllag r@vdegggf?n eXCG| l ent

extinction ratlo. Besides, LAIS ica Be'Bbvi ded in

t he for nhofelamionpt b tedgnetid ﬁtlliapplﬁca@bn aftafPincpbrasd thelid epedding ipen the
sel ection of a mag neE g field application nmeans incorporated therein.
A

Accor di RySERt PRENtogy TRV of 8, PoartacA dighseparating elsmeniseanddhar i zed

| i ght- sqpanatime cll rs, formed of
the mul ti-| gyer %E% %@g?ﬁ)ﬁ@%ﬁg@s&lﬁm %g%]sé(%}]&g{%ﬁ %‘?‘g ugéostslnée toptl cal
circuit m¢®¢emesopmall Q@rcge etpuadmid llnllﬂ!getqbammghthiﬁlu@ﬂayeaayldndihiﬁﬁil@ production
met hod and a% gcrea ed ost . %0 - 25 WD 01/38930 PCTI USOO 30609 CLAI MS
1. An optrdusfion pegipdean Iaé Rte3E0 Y %onpri si ng two pol ari zed

| i ght-separating el ements
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(5 6), two totally reflecting mrrors (7, 8), at |least a piece of

pol ari zing plane rotating 5 elenent (15) independent of a direction of
travel oWO 18930 at | east a piece of polarizing plane roPa@l/URY WPBnent
(16) dependent of a direction of travel of light, a plurality of |ight

i nci dent/outgoing ports (1, 2, 3. 4 a magnetic field application
nmeans; wherein, said polari zed | gh ating elenents and said totally
reflecting mrrors are formed of the same or different multi-layer polyner
films. 10 2. An optical circuit elenment according to claim1l1, wherein said
pol ari zilng pIfhrh@ptl%ﬁﬁ@qlhﬁe@ii@r(é@ﬂtCqmmlép@rt&i@momfzeéllehwﬁpanaomg dementavel of

l'i gh I i t di t
cl ai m 2. aeref R SR iRy o b2 B R BB havi ng 2

squaske @e&hﬁnesﬁ)an&mﬂ&ntéf a&ie@i@hldf&{avélldf(hlghi aflegdiRMiecBGE BoMliBEgt © any one
of clai lto wherein said_ 15 optical circuit elenment is an optical

circul at ne(TS@)mg glemggt Gét) idE%ﬂnd%mr%C@.dﬂre@m@mfﬁfavab@ﬁrgﬁ rigpluisligrof lighe of
clai ms 'm&@erf%ﬁou}’g& uge%&“[ss("i" sl 3 aptihea éna%hétgyhélp%%ﬁ]n%ﬁg 2afid) Widigal sw tch.

6. An optical circ el 'enent accor erern sai d opti cal
switch is a ka@l pcxtqmzedéllghswmmlmngrelemeﬁtSQandmhidaaialls\Mﬂe@hn@ﬁﬁirroﬂsraret hi s case,

saidma eti eld a ation 20 nmea sco rises a yoke nade of a
hal f - har'g "ﬂﬁég‘?'fréb? ﬁa%{%p ﬁgTené’Ei’l}th%é( Ylﬁera %% rent device capabl e of
changi n@ overat il Eieatit @8t a@ébréfﬁ@ltb @erﬁqr{‘wﬁgtte ?Jlaﬁﬁﬂ%hﬁh@g the

magneti zati on of said polarizing plane rotating e enen opti cal
circuit réllaén@ﬁltenﬁébmﬂelwﬂrmgem@f@ldaneml@l oftteekoflighnich E‘madiayabtos\(\li)ch isal:?2
optical swtc nthis c sai d nmagnetic

field appli cé{ln %mﬁ%c”cunnege%%%ﬁff%g@géo ?}%H’B % ’Zh?re%ﬁfll ra ysr8?°tr magnet i ¢

ferrite ceaprisgadmabidic@atitt hefhe a dQERyLetddis 6@arabl e of changing over the
direction of an applied current and of reversin t he magneti zation of said

poI ari zi‘ng pléhertst eifGuiielaparsaeordisg t(Aﬁnsopmd efxlaigisricaidt wakrsmesaid accor di ng
BY PR lcithitbBhelt £%nt 8‘41%‘8& Pto??lﬁ)d {ot aa' d pol ari zed

Ilgt separating elements and one o |1y reflecting mrrors are 30

opposed & o eahhopltdabmrwnaelanghas&)rdnlngtt@a1ﬁ§181)e ofil@mRased, Wheeabgiaveen, and
are coupled . int eg%al | y. t oget.h nearly in parallel wt h each other. 9. An
opt i cal PP GHEUEFISHSA 155‘8@8F‘Eﬁ ﬁ&‘tfji’) claim8, wherein said polarized |ight-

- 26 Wg 01/ &ﬁ@@&@mm&aﬁq&oraﬁ % el ng, @hs%gmd eﬁﬁgfgs&l %Lghz

reflecting mrrors and said glass p te are jol ned toget
adhesi veoptical switch or a 2:2 optical switch and in this case, said magnetic field application

20  means comprises a yoke made of a half-hard magnetic material equipped with a current
device capable of changing over the direction of an applied current and of reversing the
magnetization of said polarizing plane rotating element.

7. An optical circuit element according to claim 5, wherein said optical switch is a 1:2
optical switch or a 2:2 optical switch and, in this case, said magnetic field application

25  means comprises a yoke (24) made of a soft magnetic ferrite equipped with a current
device (21) capable of changing over the direction of an applied current and of reversing
the magnetization of said polarizing plane rotating element.

8. An optical circuit element according to any one of claims 1 to 7, wherein one of
said polarized light-separating elements and one of said totally reflecting mirrors are

30  opposed to each other via a glass plate (12) interposed therebetween, and are coupled
integrally together nearly in parallel with each other.

9. An optical circuit element according to claim 8, wherein said polarized light-
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10. A method of producing an optical circuit elenment conprising, in
conbi nation, two polarized |ight-separating elenents, tw totally

reflecti Rgogifgosy S, at | east a piece of 5 polarizing plangciRisgésdee €l ement

i ndependent of a direction of travel of light, at |east a piece of

pol ari zing plane rotating el ement dependent of a direction of travel of

| i ght, aseppatingelempnisf said ghallyirafl¢dimg miioetgpoidrsgidpdass platamd jeinsdegpethee fi el d
appl i cat‘kﬂqaﬁrg i;Vvaherei n, said polarized |light-separating elenments and
said totally refTecting mrrors are formed of the sanme or different

mul ti-1ayer penyikdd 6 groduicitkOartsiical cifdit¢ it toRpdsih, IR tomBERAGE, thg
el ements and one of said totally reflecting mrrors are opposed to each
ot her viRPlaf1%5 dight-saparaing glegeptss wep tordlyasBesiimamirarns agleast agaesgloéd

i nt egr al rly.J it h her: .t.he oht ai ned
i nt egr atlé&darg%?%e%:lgﬁé rr%!ﬁglgrey?&é&é %g%&%h%&at{qlée%gg? Ogﬁ? eéggéglﬁa?tﬁ?aﬁ A an
angl e ofpisearlpplaGinggdaeastaning blehenpagientient bhe daustfoncdsra0tl Faigdt, ROl ar i zed

| i ght -separati ntg 15 el enents and to the surfaces of said totally

ref | ect | FIGFAHY ¢gtelt IgHignY pieoing egrtnad agpeansys fiehd mpplicaipn areapsitwheseisonbi ned
toget her W t hagPdAaPRH MehZ RLa [ i of the
direction of taf(g}%/e? of 1I‘(f’i ghe’lti)g%?rtfdksgsl?nder n%g?‘arslg%tﬁgﬁ%%ﬁggg gﬁ‘g{’]ﬁ%ﬁ“‘gé el enent
dependerformogd efiibe simeet difarenf muttalagkr wflyinegfims; t her eby to form an

integrated optical .part.. 20.11. A nethad of producing.an tical circuit
Iel e(riregnt accorpodller?gs%l p8fa5]izﬁ‘?k ,I'S\?B%rﬁré‘i‘%gle@ﬁi“agf‘%?’éﬁ?ﬁ%&ﬁ“’ VitgR¢ctRgnbers in

a numbermifors ¥ .opp@de 1P GARIJtHdrREh P LRBEPIARLIAkIT9 EILeIBRvech NEGRENdeENt of the
direction of travel of |ight and said polarizing plane rotating el enent

dependerfoupled iiegrally igethsnnestrlytin aeellebwith eeghtothar e conbi ned toget her to
brecursor i s 6 Obilined bltorki0h 830N Rk AR OB P Bl eI sl SRR Shear 'y a5

precur sor IS so cut t surtaces
degr ees angletofmesipeds dégedsheitlstispat estholsudaded opsdi@pbraided i @hisepaaRay at i ng
el enents and to the surfaces of said totally reflecting mrrors in order to
si miPt arfeSBRAy AP ihasHinper! Bid oY irsllesgpadgospaidal parts. - 27
the integrated optical member after cut is combined together with said polarizing
plane rotating element independent of the direction of travel of light and said polarizing
plane rotating element dependent of the direction of travel of light, thereby to form an
integrated optical part.
20 11 A method of producing an optical circuit element according to claim 10, wherein
said integrated optical members in a number of two. said polarizing plane rotating element
independent of the direction of travel of light and said polarizing plane rotating element
dependent of the direction of travel of light, are combined together to form a precursor of
the integrated optical part, and the thus obtained precursor is so cut that the cut surfaces
25  maintain an angle of nearly 45 degrees with respect to the surfaces of said polarized light-

separating elements and to the surfaces of said totally reflecting mirrors in order to

simultaneously form a number of the integrated optical parts.

- 27 -



