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; e3el #F<! 4p! $#6Z#T#H CONNECTOR COVPONENT FOR NULTI-CORE Opab \L FI BER,

FERRULE AND METHOD FOR MANUFACTURI NG THE SAME Det ai | Descr| ption of t he
I'nvention Field of the Invention The present i nventl

connector used to connect nulti-core optical fibers, ﬁm icularly
to (a) a connector wherein the connectlpn énds of the | i nke fibers

are arranged in a two-di nensional manner, and {b) a nethod of 10
manuf acturi ng said connector. Description of the Related Art Recently, a

communi cation bﬁ 8 j ,f $ S | a%ﬁi{for
GRS v ARG R

equi pnent, devices, and 15 optical-circuit parts in optical-conmunications
systens or optical-applicati on msasurl ng s%/stems has been increasing.
Optical Xiber is mainly coRgtdled Descriptign of hedaxentiong it con m‘mmm“wmtre
part, to which Iight power is concentrated, and a clad part mﬂ

the light pRieRIof tBedaveagionhe age of nulti medi a has begun, opti caksdisebers
are being u,fed in a varjety of 20 fields t at use ogltical el e ?E such as
tel ephone | }FFeEreseBE’f“BP’g‘OBé ﬁg E%%Bc’m%&ﬁtobﬁf‘? dqcopRgghmu t'SCQIEBHV‘I[I%‘j €8 to an
appr opr i at eANddREEIPaisHieEY Ho(ridrgnecstarvderaia e coppretipp ndsrefghglinkedi nj shed as
connect or s. Optisalfitieys arpamenged ki mgwwén@msalanampm ard(b) Rimrthed pht o

connectldr s, manufiurirgspidosoinnention. cal ferrules are used to hold the

opti cal - fiber W res together coaxially or (b) mufti-core ferrules - wherein
optical fi bﬁérﬁrﬁiﬁnmmelh{deAﬁ5 shaped grooves on a resin-forned

materi al , I Tec coated wth resin-formed covers - are used.

Convent i onaanﬂm@tqoamumqabem measaisingrpticaldibenerblehias baen developed &ich pair of
optical fi bessmittisg evhreedvied atiyrzorelumenfiduese mfmnnq@pegtanme tinevanddbe t her e
is a grow nipnteaddemapticalowanettars toygomméttviariony geaes df bqupmelgnddviges, and

opt i call5f i bapticaladitoait paasnih opticalicodtimmidadonpiyisizals ot opti@t-tpplatiaave been

devel oped smedshdhg syReas havibédn-is@eaingnd hi ghdensity optical fibers can be
connected all.together in order to.trans ap, even ater armunt of dat a.
A nufti-cor @ﬁﬁ@"ét‘%‘iﬂa‘i“@ COMPEFRTRL BATLE gg]s ?\‘ﬂ@é’?? %4 3FY4P PAt°cal fibers
si mul taneou‘ﬂ“ﬁ Lightpopish o SR 2tedy and agled %t}lﬁh‘é‘P’@n HZhL RV, of a

muf ti - cor e BeFagenrtheagoe! mvlamedia hahprsuaconticalfibersy arg being ysed s ararighytf cal
connect2r . fidlds thatcuse optiesh plements.ssughuas tstepbprsslines. Reforiebewgtused, faslapiedng t wo
types, depeftar mogrsoallytdugtd arbappsopriatelangth comespoading borienvsagé, ahd)its ends

i ndependentaré énishddeastcppeectars.tWsualdy, evhep makalg thoembeff opsgal fibersfritoh a ferrul e
for a singl®naedters| &thesal cilbidﬁeacfémdew&e0fsedaorhofd1iheopﬁ<ml-fﬁbbxewiramd a group
of si ngl e- cegethéredoakiabysorc®N fulti-tére farulept- whirep@peiel fibers ateplaced in V-

bat ch- aysr angiep@ngrodPestonReresifpifbeld reA8iE Cnd drectlyncoatddahittptedinaforagd i cal
fibers are dogvsRd e Yseghaped grooves on the surface of a substrate so that

the optical fibers can be connected. Plural holes into which opt| cal fibers
are to be iGewsientqnally.opisddiber are eqpuagied eppipeenes be.r ¢ACk P3t 046PtER! f or m a

nuf ti - cor e ffhery wheconsestedhbit oneponaerion At peesert, haweveptheralis 4 g168H%E can be
connect ed &asddngy twwaad gengimupsi-eore and hightdensaty dptibalriibes cablaspaglniultmi nl y of

gl ass @@ar tcorenpticabominettsrsdfavabesardevgapdd, sotthatwhése multi-gbte qndiegh-i s

concent r at edensigneptirakfibees qaabe comasctedailftogebertimerder ghtrarpniedn. evBgcause t he
age of nul tg’rgagiﬂndnﬁﬁob@gyn optical fibers are being used in a variety of

fields that %ﬁ optical elements, such as tel eplh e li n?g Bef or e bei ng
used, an optRA-CPreFORNGCEOrss EISQIHHCFSW {COPRRCYNG A “é?EﬁPB ¢/& | ength

cor r espondi srguktanepysly. Jha ganneging styls aphthe basie constituipac |anm§ur99rea way t hat
its end$ caonhegien drethesseme @p Hwse of & singlpicpredentisall cohngaten Multamcereysual |y used
to hol d t heconpédtomlicafi bdeassified ago thgfellbwmgawaxyrds) Jepending bhthedlitbss’ of opt i cal
fi bers are losadmniand aligmene 1 pindepeBéandarenle-ngei mu tperdeptical @mnedtersf mpe

mul ti - core whith & #rmdefonacingle drémtuledfopleackcot@Nepitingorofibecald 4 | bers is
basi cal |y té}Suﬁ éffﬁng?@-cbﬂé%rnﬂés GonSlithed Ar GACE @ARRLEHE 1) batchSarf@BAGEH ON

per f or %nc &%ge&érs B%h]&f ﬁraﬂ:}éwaﬁﬁ&% %em@@ﬁw(%@)apé%@e@’ as the

nunber of ¢ t%% spade a%’és G so th Ghe bptidaf e?.icaneo%c 0 be

have a lar Qi e B éber%ﬁfs? e grsﬁwgi@%pe BC37 %41 ew, an

|ndependent ﬁEE §%ﬂﬂ he & f?éﬁ iR * be appli ed
only for f.%%meﬂ AL DAY ?Bleer few cores - 10 or less. In addition,
sai d bat ch-arrangenment-type optical connector has the advantage that it
enabl es a | arge nunber of optical fibers to be connected at high density.
However, if the dinensional accuracy of the nenbers that constitute this
connector is not



20 controlled strictly, the end faces of each fiber can cause displ acenent,
resulting in bad connections. Therefore, it has been inpossible to use the
above type of optical connector in constructing a systemwith a |arge
optical -transm ssion path that has, for exanple, |,000 channels.
Conventionally, said ferrules are manufactured as follows: A m xture of
zirconia 25 powder and resin is forned 1nto a cylindrical shape by

i nj ection rpiitiahfiberris eorhpased oraimipdithlasg quantalarsli suneist df atcorpartntb whith C t o
deconpose Trlight powé ik @6nceairstedi anti W otadt faed thhtSconanéiatle lightodvee Bechee itiedl shape
i's further SenFaf@nalia BsUeReh, bprof fbersardlbapngd d'n§aU§rﬁe@y Bpﬂad{m@l insertion

hol es into \sgiqd; é&l@kﬁ{eﬁ flicK by fefe Bné‘ﬁn Oséfb&eaeyn laealqh'b ters of
tEe 'nﬁ grii {]al u‘??nt %ﬁ' pﬁr E t@? é?)'?re n%ﬁx %‘?tsr@:f t§ J?)d a way 30
Suoh a mandeR A e atﬁgen R fafe f% 5&?0 o
expensi ve yr}bset% ea?'Rflcél' 31ep EOS’FH]‘: ggPW Cél:t i on
mol di ng or (ﬁq’r&ﬂ BINDLERIF§io™and because a net aI I ic m)l d | s susceptible

to abrasi orggselife FdeFRRERNRANAGHe m&llﬁecd?Pb d&%&ﬁa@&bf‘?m‘&fhoﬁhﬁ metal l'ic

mol d mygt he ?ctl‘ﬁ OBl ibdrs P AHc R re Sﬁr?e'd?o‘? g@bor and
speci al fsfléofi%%c%r pgﬁgmn% did g 8&*’?@% %%1& ox%d%ﬂgectt CHoQas J on ol es.
t enper at ur & ?8 Cﬂ{ﬁ?ﬁ orp ca %Pﬁ? a& ge[rru S P eaga'%ﬁg érf Antially
i npossi bl e %Ofan AL ea‘r"rﬁsa ee??ﬁ”&?j%&ﬂ al?rﬁfau RS40 opti cal
fiber wire ’Ee pE anfg’éFact’é’Ba -Pog of viep, pr ndependenteferla Ly mEBICORE s such
as zirdéma. OPSE&I CRNRGFIRIHN bR aPRlicd @b’rfpaﬁ@réfla‘&n%qulé%fatrﬁﬁb’tfe‘ﬂéofﬁsacéé)sed into
a convex spheesscal face, a slant convex spherical face, a flat face, a

slant flat 1f,366:30%td¥edH- K fangt tr}?é)e lcgl gdnﬂ&é%r Ea@qg tl
physi cal - col é@l a?a? nx%.lc ﬂeQQfﬁuc%ﬁ sto eco ei OWC‘}:gf probl ens,

ceran103|

St d T
t d f B? Gr4 A % E‘LS f
efle(r:r;3 r epcfs‘?lnf %ﬁﬂ" Blt}?regﬂ GPWE g%@ewaﬂééur;g aé’&’E“F’btf ‘ﬁ?‘ﬂ PI{tlﬁmf orma
cyl i ndri calORREE ea‘t hser JpPosERisIP HEE Yf-’rté(P%\,P YUICk om t he

cyl i ndri calCoRagden la|°°n%la!§tﬂb%@ Fwsm%ryag @dargp OP’@F} -ypogpignoyypath that hasafaron
(title of teprampley APY shAnelSPT| CAL FI BER OONNECTOR AND FERRULE USED FOR I T

AND PR@UC"&&H\%J}{% a smlﬁﬁ@%%%ufamw&%rfoll@@§% gﬁx'?fr eld? frgﬂ
publ i cagi 0? F%‘rﬁsf‘e m?5 alc ndﬁ&ﬂ'}ﬁgr &dn‘%ﬂ

2i ned by
t hi s manuf 618 &?Ce{o

conparativ

18 ﬁﬁ a1d 1%1&{&11 ﬂ]a 1rs|| S
probl ens t 8%'“? mposa ‘PF?% ap%s”{% ?reséf’&%reg#{aarr%ﬁ 1" t he

gl
optical fi insection, 9:1? e i ur‘?NT‘Pe?ft ?flg out er
per i phery ﬁa”ﬁ‘ﬂ@s@y Biereq) b é’? ¢ mspgtiondiolgs are ’t‘i(’ﬁhfn dn ‘{;i‘tar‘%ﬁyn
eccent Plci tthatipe pptsr aermh@a/eq dhersiptetibecamge 2 padecs cirgleloWeNeryFRA t he yi el d
of ferrul e Prodstimerasibad has thefollewing prablembier problemis that, because

ener gi zat i Q1) Beefse hie ng@é&lerd cﬂfne%mtatmém }ﬂdrgr sirea g0 obtai n
cylindrical; rrh@l mg %Eﬁfsleﬁ ot i me and

energy, at eV

Di scl os,gre %a% nﬁ, OZI % t% glen }r’f\?}ce% o g%ﬁdrﬁra Eor t he

pur posé-of CBFGF gm?lﬂtémﬁsé’vé fems. An inventi on descrl bed in aim1lis
a connect or(2} Bataukslabsieshdtspedisllskills B requirddnakse ®tiaplodd 8 gt fheal fi bers and

that conpriisRsticithdié) itds disfichit R hércagnsroghétivtyof a material fornmed by
t her mal - spr@]{i ? or consisting of el ectrodep05|ted | ayers, of either a
€

resin or a Tingfg 2 high temperatusg Feayiresrmesh) NALEY;at SPOrTONF 6P%s, into each of

whi ch h t s o o
Connectgr C(Q%}t%f}%g:st%ﬁh Jgﬁgg&ku% e mﬁrﬁfoms&ﬂiﬁ{gg ﬁ,wglmég h sai

t her mal -'spr erl al e or sal rog‘é%om ayers under
condi tion tzhrﬁfﬁ Mhe central axes of the |nsert|on holes in said ferrules are
paral | el tq5paithowghhee erd susfreebf a datepmakttbeqprscesso intovedtnvensperickkscri bed in
Caim2 is face@BRBCEMet blerita fats oAt FadeOh @labitfat ffehd Meslikef sgothar ald opti cal

fibers and ghatcaonsirsd shydfcaBOrtR) chndBidh, BRUY6QRSHS bh BEined; pbdemter i al
formed 48y thel el 15%%&}{! ng or consisting of electrodeposited |ayers, of

either a resin or a netal
As a means of solving 'the above-mentioned problems, “a method for manufacturing



(b) a plurality of cylindrical ferrules, into each of which each core of
said plural optical fibers is inserted; and with said connector
characterized such that 35 (c) said ferrules are coated with said

thermal -sprayed material or said el ectrodeposited | ayers under the
condition that the central axes of the jnsertion holes in said ferrules are
parallel to each other at specified positions, and that (d) the surface of
sai d coat edfefulesoiEieinchidédis blop forelsairedepakitifg aletd] emvhd divecordeirembyspr ayed

| ayer of a g&sidfordin g@tometala cyRdrRal ket A Asp R $GhdIRDihe Rofd kel 3 1S a
connector, f%rﬁq*?hé SONREEAT h‘&é‘@éeﬂ%ﬁ sl P%W?P@Vt%tsmghblﬁ%u&? e two of

t he conneCt&I’ fdn PT le b e %@gveﬂmgntl oned

shapes, sar ep

| ayers of con ectors are oat d |n Iy with at | east one

t her mal - spridywever,aacesrdidg ta th]@$>ublhdaflorﬁ. beinsd 2 cmmﬂetror fdreonmdng bptivat hat t he
central axefbepd obitiifed Bs@id mefufitwhf hahsh(Hdrditettefdredito 2 feg@MMERt Or s are
made to al 'cQﬁn attfﬂel étFﬁBk ?&Rﬁﬂe él'aﬁ]efé%@ 18-S BES), tHeﬁ‘éjarQ@ééH}!)r@E'I%ms that\il

i nventi on a§d 'o% ol 1c510ffb mtteteonﬁarta oRy | cal
f1ber 31% det%tr hﬁ‘dl ﬁe%t fY1 Qrﬂﬁl%?gil% ttts%fﬁétm’o's' ng (a) a
core Wwr e thih t lt w hw& neld! side

di arreters ﬁrfg T%\F n t% hf § 7@:8&% S £ pEl t° s%?flé’ t herei n,
and (b) a ’t“demf “éi‘setéf' éj PiS S oplemys ?;’S%aélﬁeét BE4tfeposi t ed
onto the outesf S °rta gu thS‘FéaW“r‘ederltG oRtpin exliadrGah mategialy ibed in
Caim5is lathfrehaﬁ«nmétefl ofafewlptumttsbrn@e@ﬁé|eaagy,f4ttbah cast, gwstche dsvatedn O ai m
4, and l8hartaceamfagagingdernulehat at | east one end face thereof has a flat
shape, a donme shape, or an angled shape. An invention as described in Caim
6 is a ferrpis@lobite off thdfdventighe optical fiber as described in Caimd4, and
characterized such that, at east one of said |nsert| on holes is 15 tapered
backwar d. AhPe RgAt inyention hae beqn mads fertheputneseof solang e abeve problegs.

nuf ti - cor e Apinvertionideseribeddn Glara diipe gonnecter Biahisaisedinchdhthedeminalyeld such

t hat the i rgwrdbopticalnfittesy ansk thatadothprisese wire is 0.05 nm0.13 nm An invention

describgd in S‘lnﬂ?njaod §n§1.ﬁfnglf)|§€ a%naiifo'}%fe:?]b &%Eﬁalosgfdgﬁg {&&g{snr‘?ﬁ 20

descri bed Ior}'eec?r € er resin % atal Hhd

cyl i ndri cal PRIy )9 fea LA E ﬁ’ such that the central axes
of the msert(bbmlucdlm;sobdyhsémal feenutes e mh&of)whmhleaadh dove ebaid @tilabr at

speci fi ed posichlifivess,is Beertdd)) el ect rof orned usi ng a metallic raw materi aI

so t hat aplur | i, of said ferrules are.inte coated nd mal, ded
Cnventign 3 15‘1 - IARE %@tﬁftzeﬁj% g ferl 88??? nBHonnect or.
with 287sait e emptarit eqr.SilQ&'egﬁe PPRIERC RMFEY wadk

el ect r of or ricAG2 @%%h? Byertigabales ip salderiulss arg naeal at to ea%oaewtfpaqlﬁ

cyl i ndri calPoE@opY| es, under the condition that the central axes of the

insertion holgs, Atftmsd@'d@scfr%ea @lﬁm?i aocﬁ{nﬂ&%t&l thhCis G glbet%e@émﬁrﬁfsc' fied

posi tions, E‘l 1122 el Aa3hds jerrules are coated. An invention as
descri bed |O%%& l?@ |sega net S Manuf act ur | ng a connector, with 30

sai d m30hod dhpa mamdmtdzednssslmg olf hartat&rhbfommndtby:t}mrmm;]wymgt d:re:dlsistjmg he

met hod desmfetmdodepoﬁteaiilayé}s|<ﬁ”efthnrrmdsm ot omatagpeci fi ed shape, and such that
t he surface e ce ?t hf egé % Fhe abov}e B’§|’ ned conpec ar Il

t her mal - spr ay: %’tuf of qylindcal, Duesy B0 GEn gt v O REPHI PR as to form
a coating APHGHd ’tS‘S‘Rﬁerfeﬁiventlon as described in Claim1l is a nethod of
manuf act ur i NGna weANARICRhect¥y dHaradtedz&Rdudh ik hod characteri zed such that (a)
t he connectors manufactured by the pethod described in aim9 are piled up
in nul 8°pl e |(a)widfermiles acgpaatdd; with spichthermal sprayeematerielgisaixes of t he

i nsertion redgcirodenesit¢rklayers nodesshe ¢ondiion mhad thegentrelmxavef e snsetionpaleal 1 el to
each ot her 1asa1é[5@mlé3|aedpqtral=}¢lttoom otlmdt gecified poheorsumfcaﬁaet - except bot h
ends - of sal onn ctor.s .,s 18 | ayer of a
Fesin or a mif g, 9 e ol sEBkerE ARG ke o SBRL o Pt le
described iSRTRFLIaNF"% 31&S18 OF a8} of manufacturing a connector for

nmuf ti - qor e Aptveiontas BedcsibEEHOCIREY isl dtdrh@dtd® wihkaid cowhdoforsai d net hod
characteri zggh,sU4fbed Hak that

(a) at least two of the connectors described in Claim 1, which are formed into
specified shapes, are piled up to multi layers, and that




(a) .a neans for fixing ferrules at specified positions conprises a nobile
posi tioni ng-menber and a stationary positioning-nenber, both having
projections to be engaged with the ends of the insertion holes in said
ferrules, and (b) the projections of both the nobile and stationary

posi tioni ng-menbers are engaged with both end-holes of each ferrule so as
to hold each ferrule so that each ferrute is positioned as desired. An

invention as (syﬁﬁrabbe@mbﬁtlcﬂeaweas%ﬂc%mﬁ:cfmt BeduRhervBaef @ﬁ&gtﬁuyn\gmaatconnect or
as descri begd,g Bth%hﬁrﬁ s ra éd Ia & Skl o B hlied (HARf AelBhdiAGHharER t hat
ther mal - spr @%{ﬁ&%ﬁ? fnl 2\ igr grBfe?%t Ry %nn%kt%ﬁ} %k fr#aé‘é fo eﬁghay' ng.
i g g
5%%% caafpeﬂ

10 An |nven manuftact uri ng
aferrule 10 grpgm ‘iz“e| ectroform ng where (a) electric
currentsis Aapmlvexﬁcbnlmtdmmedlm @il ¢ isnftralecfat banldt-codeiophicalfiber(ds) di pped in
an el ect r ofdesd¥ited i QUAAY 53 Ahd thAhct&iH 84 its RoMPri ggf(?d:)ractfo%\ﬂkélﬂ)abélbf‘ and
(ii) arr anQerﬂet‘aH’iEWetlﬁv?n% 1ﬁééﬁ|ibn%61@>rwho§@gls{dg)dla§%t ﬁﬂqgt%ew% %Pﬁld S

el ectrodepg 'uEﬁ%@Fh fofd ‘31 Hﬁéﬁﬂ%ﬁ?ﬁ a%&‘é a%&t fd %ectfr@%

manuf acturl ar act er| zed such
that (1) a c%} glevxf‘?%eﬁgcgtedq{m@t u‘iér I It‘ Bt tlh % oAV ng insertion hol es,

whose 1@si da mwentmrmsiemnbed; m:@latnhtans zoiermt&ibr {1 ntmatt-soxceajptxbaé fibersssr t ed into
sai d i nser tdesuritedlie€laih 9, wsbchaptaRediswhthndeleastthe tehd@face Herev has a

el ect r odepgrt gmelau@ﬁegjﬁa Eodsrr@ob Rdtshgpeout er peri phery of the core wre.
20 An invention as descriped.in aim15 is a nethod for, manufacturing a

ferrul e forAbinyeatianasseseribpd incGlain b iy feprylefos @ muiegonerppbpal fikeras, and
char act er i Zeseribed in Chim 4s andichesactasized sushtlrigt leasitang of said insertipngolenis out er
peri phéby ddpesed backiverd. r odeposi ted I ayer into a cyI indrical shape so as to

D e gl Yot deg’}frﬁ)@d gy Etﬁefet PilfsGucpittBean, Lne Center
ferrule for: rgﬁ? Eaé?e 5?) ?}t‘?aqc ZB‘Een?uc f‘%é*ée ‘PF‘8%§ @Ongf 1%° "Ad
characteri ise t"™&ai d nethod includes a step - in the process of
form ng t heusheeitioatizpaibiet &x6lClagy 8ris ofermidd fbr @ At Wbfeopticifidecdy said core
wires and seidtibRl acCRAAapPAs diRchctaribed sikh ehdTRVRehalit) oF UFithdAcWdrnil&adre t he

di stance beiyRadin AdordRiod s%@l’i EhaVHeQSntAll dx &R heetne&tltsm&@p@ﬂstaﬁcteﬁr&et ayer and
(b) said angd aﬂapé]rté’@a%‘?t%tf?éra %écﬁﬁ% sitiSfy, hiR¢ %l o%kri Usi aﬁt@ﬂiﬂﬁnt ricity
of said el %Lé;? A°4CeE d ARl G shidREaVEd arhrhéé%'? Ai%diB Terrule. An

escribe

i nvention as Is a net rranu actunngaferrule
for a nmult |Aruoweltmpta8da$crrbcfmelasn Besszemethed of madifagtnringla cemdctohavitict eri zed
such t &t saiddnerbodclthracterizgd esclathst thermal-spraying opelectesfermifig fsappliedy—an

el ect r odepasinpaedetiayen nemalsaitd aphbalitpofcylindgcal favheesebydes seonditienwi re and
sai d el ect tigdeposdnt@atiateay€thednirtic leddn adid tirchldshee paraikd] 8 evhrogherst t he

center, so spé'tﬁlﬂedlpdsﬁldn@rdottMat(HaldeMtﬁﬁt@Toff&hﬂéﬁ @& c6aédl el ectrodeposi ted Iayer
is inproved in mapufacturyng, the ferrule. knventl on as descri be

d ai m 18 i $HPNEURSES SESHbR frh@@mil%g aanttétaqia WARHACIYIIRG 4 §MIEHPR W) |caI
fiber 38 déaidraesbed charatenzsd such thathe penngetor mapelactyrdibytthamedigdd 40 net hod
i ncl udes adesasjped in Rlaim@ ipfasmed inton spesifiedrsharenard swh thed dpowirfeest— ayer on
sai d core wkeept botbthardeby of giechbanadentimedovawctadkthamklfspraydd witbhetr nately in
the verti cedasdbmeeleyérmﬁaaésulnbghn&me@aﬂas' to farrh Bicoktingeirabndat.ect r odeposi t ed
portion of the electr S r and, a eedlnathln rtion of
(he el eptr ABIEIERG) g? il Tisanciugy ebPantidpen hearciphatut er
peri phery &tiddusthodrhacaciestrsg é‘é‘fht‘éﬂ | ayer is 45 reduced in manufacturing the
ferrule An invepd t&ﬁteaérs%wfac%@d b?tt@rﬁ’étﬂ&dlgesbﬁbéi ielipd 9t pn@dttg Acturing
a ferrule fnﬂfu aﬁ)@rsrm tS{, i;ﬁ)gdeshg ical fiber described in Caim 14, and
th

characterize a co - that (a) has a common axial core with
t hat of sai d(bbthe contrab axgstof theugsertion botest inrthd rykes fixpdiontotserd marbeetars di anet er
of the tar gstpatalidl ¢ctachdepost sEdified pesitiomneand ¢c) whose pitch gradual ly
becone orougher, in he direction fromi en t0|ts botto ed- i
tsed 220 sai d (e bh g S volh sl d8§?a§fi: PGpds éwg"e}fwmsg‘

peri phery &F 688 PedEE PT B HSPLYi% Be2) RyAs O BERALBE 2 tranuf acturl ng the

ferrule. AndiRvanionQs desrides i Claed12 B aGh@hd e0mbsufdcrimiPebmabctBRiHf act uring
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(c) the current is then applied to the adjacent core wires outwardly one by
one so 25 as to formadditional electrodeposited |ayers thereon. An
invention as described in Caim22 is a nethod of manufacturing a ferrule
for a nulti-core optical fiber as described in Cains 14-21, and
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coated with

manuf actur.a i e V'i“df’ od% jF 0TS ﬁ}ae} g fougleefhakdly in; GVﬁmca‘
electrofor ’Qﬁﬁt PR SHt CROiLE ‘Eg@g ﬁventlo Figure 8
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Fi gure 10 | ?R%b%?de&h@%#méﬂ@ﬂfﬁ%@gﬁﬁ%gﬂgﬂﬁgﬁI cﬁﬁ éposgﬁgéb{%yer in an
enbodi nent of the present invention. Figure 11 is a 5|de vi ew showi ng a
nmet hod for rotating a cathode side by making both 40 poles horizontal in
order to correct the concentricity and circularity of the inside dianeter
and outside dianeter of an el ectrodeposited |layer in an enbodi ment of the
present invention.



Figure 12 is a front view showing a nethod for rotating a cathode side by
maki ng both pol es horizontal in order to correct the concentricity and
circularity of the inside dianeter and outside dianeter of an

el ectrodeposited layer in an enbodi ment of the present invention. Figure 13
is a side view showing a nethod for (a) placing a shielding nenbrane on a
cat hode side and (b) rotating the cat hdde side by maki ng both pol es
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20 ferrules 2 by spraying epoxy-base resins blended wth solvents and
curing agents, and so on, while the ferrules 2 are fixed in the
above-nentioned position, and the ferrules 2 are coated by flame-spraying,
el ectric-arc spraying, and electroformng with resins or netals, followed
by a grinding of the surface of the coating 3 so as to obtain specified
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Figure 2 shows a connector 1 a for a nulti-core optical fiber, with said
connector manufactured by cutting the forned structures (the connectors for
the nulti-core optical fibers) into a specified shape, piling themup, and
then coating all of themtogether by the external coating 4, which is also
conposed of resins or netals formed by flane-spraying or electrlc arc
sprayi ng. As shown in Figures 3 and 4, & connector of the present invention

includes: (Rih polePREBOhEM mlor@emrco@femtq&lco&@ﬁelcﬁptm@eqtcuterfﬁthw/ﬂﬁrdel n the

netallic | t or the
coating's ad%{]etér éri%%?étg&tgﬁgte? gft%ﬂ?eeattggeg&s? a];t r(ﬁ%% %gﬁﬁf%th% d for a
I cal

nultl-core 0 wherein two | ayers of structures are piled up and
the netall |R1gttra)léns & side vieor simodinga tiathod diorf @ placiog b eblieldirtgméerhimramexdres nal

coati ng54. chthoBaidenrd &) rbayieg tHe dashdde kite dy yakelgehotli polealiqrizoptayn ng or

f1 ame- spr aydroé ta cdReeithé eshodBiriaity ot &Ry bBwe ifskleckphetéramdtodssidei des

having fer rdi'irﬁetonéfea%)el&iroﬁgﬁ)sﬁ@d‘ﬁ?@ﬁﬁ an eﬁlﬁgdth}%meéff 186 biedént irflenfig nf or ci ng
the connectors 1 and 1 ion di spl acenent of the ferrules is

event ual | y Higund4 iy héroatm\aébowgtahn@fwﬁbfoal(a)lc&y@mg & shigldingenegitsans®ngo as to
make a fi nadathedp ta@temach(b)dbtatlhettm@thqdomld@foymwlﬂgémlmpe!ss hczrtzomahm hod of
manuf adOur i axderdaocomeeichocomentriogy pudssmlaritnoithe insidewlidrhetercand letsdiescr i bed.
]\c/\hen Imanuf aﬁztmlétiarn@fh@ mm@eﬁd@ftfcﬁ?ngtdiaﬂ@mb@dlt‘déﬁt G ts prsert i nwentﬁc}mn t he
errul es | I.ch t tica I bers re.t e Ilpnserted are fit
posi ti onedq‘I‘%Pr\Aqéb%%?‘ F 81§ aﬁhP&’f'f@ean%‘ Aihod ey %htegftwgeb‘% S‘éie%tog top Vi ew
of a posi t i BrNFHALRE Mpaterial B’r°ffifo‘i°rF@”t6F1‘ethFéPIPCt?PTé’@té@n%ﬁ‘é%tlﬁ’fttléa %‘Béristdieons in
an enbodi meditmeer andeoyssidesdiameienoben ¢lemrodeposted layer B, angnpedinenbefi thy nenber 6
for fixbng pressnfisvendions 2 at specified positions is conposed of an alloy of

metal's SuChyagelibqia sBhCUh s @@ﬂ %*H&é?HEScP sfﬁ@t‘ 91 o LGN o fih 6 1S
constitut e?ngﬂiuﬁatxggamagéf i c?r%ert r%?tt g%eé’e Tict %nd]a%lagztfﬂﬂﬁe 0 xde

proj ections t'i oni ng
renbers ar & THLEPUPY %?%dltttg ?8@?}@@?% e LR o R S v
ferrul es caiCHB PEEMOPoned. It is preferable that each of said projections
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the ferrules 2, which are flxed on said positioning menber 6. Figure 6
shows a tray 11, on which said positioning nenber 6 is placed, a parting
agent 12, a nozzle 13 for injecting the coating resin, and a coating-resin
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At the tinme of thermal spraying, Sabnor (nmade by Arc Techno Co., Ltd.)
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by el ect r o2mareceajed hBarsé-oprayingirdectiicasrcisprayimgdandselestrofiramingrwitloresinfg aqueous
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(cylindri cai tHegrésehtcifiyentin itifloall natelsapy et & Gdryulp e eihelted itoppoehdse each

ot her i nserhe thebsfoteh thePr&iefCinl @SN 3dn b)@iplied it mohdgnddpPRIrufel i Rgthnenber 29

and 253% he fiaviey whoséidueertRiHee hre3Rfori@gpect i vel y, work as the cathode. Both
the upper fixing menber 29 ‘and the |ower fixing memrber 30 are nade of

i nsul at i ng Ardesns far formingthe spatingch indbe Breseh vRRiapppés desiradlaty selather 29 is
i ndependentray madsrisbscthatcare Suidized atiucermpasatiielydowgamperatung thas gavd 8aodsi de, so
that the cheatentistarae abeé cegbsion resmtapceaepd that atecoppobedaff thdrmoplastical cor e
wires 28. 3éinklavinpiacka#sseffitiehthe thertnal extplaﬁslon §O&1’1§t@N®de4hom ted on the
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formed wi t kuffae-rpoglesingtagest compBsginfep8xy ssian (tbxplaaetting rasing), solveiiaw ng t he
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whi ch shows an exanple of a 25-core ferrule, wherein in order to perform

el ectrodeposition the current is applied as follows: (1) to the core wire
nunbered 1, which is at the center of the specified arrangenent; (2) to the
core wires nunbered 2, which are positioned around the core wire nunbered



14 performng electroformng on the core wires in the central part, the

t hi ckness of a specific part of the el ectrodeposited | ayer on the core
wires can be further adjusted by imersing the electrodeposited |ayer in an
appropri ate anmount of el ectroform ng aqueous solution after placing a
shielding material on the part of the el ectrodeposited 5 | ayer whose

t hi ckness does not need adjustnent, solfhat only the other part (whose
thickness %@ dloHShd Rt ke rafyertmh@%e%tesggﬁpaﬁfomq rbggﬁurmél be exposed
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fi ?er Cort sttf?e fz&rlé Bfa} Qoﬂﬂe m(QQl rth ed with
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a cat hode f tsyp r .lstf?fs efaUﬁedt ‘ﬁé‘ %@aan @ﬁesag an
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ni ckel sul f, ent Sl did d]{O et rgﬂa & pul fam ne,
f errous oxi ["uori de,

copper sili BaafyFﬁo? Owcegpﬁrenre SB atyaﬁfl uor| de copper aI kanol suI fonat e,
cobal t sul fﬁtegzro@asdoﬁpnifdnmdguhgstams}ﬁaymg adcordibg tathk flaimatspeginginggthed obt ai ned
by di sper siudfhgirssinpérafethls B d@MB&T in@lie Srekdnt Hivemamis defollbwiga) e car bi de,
boron @ar bigeuder ;&lﬁ&ﬂhlqmb@& ﬁ ed SibldviPsutHhiblthdGirld) BoNAe cfiratlhgyrnd. 15
O the abo"o‘?fth@ﬂi‘:eﬁ%% fh@rau EGH 1 c&ga MEEARANG oh SheSperiphEF oy usef ul
as an el ect, Mfarﬁio)& énOB pg ee?x?duﬁre écdn?ogiiéﬁ%hq bitest abl e

and electro orrtlr_rl%.] 1 r% g t al
conponent s BF" Fﬁﬁ" é%‘ﬁ SP%P( 15003 oy 49T one a
metal nt el dF ¥R Juét fhtab § paferg & piHPe bt PC™ Iber of the
pr esenf i nARRIIPHALEITH "r’b BIRLETIRhRAY fﬁﬁlléFsYV the PEFrOa‘R "8'4l . fiber
used for PEUEGRREdS PEierae dus thedhermoplasic ks (Palypkenylsnessliidetgpe Bxghpl e

ni ckel or an thegiesentinvenpios beusedswihiniadkeon-tastperatuzetiange of0CH—p 20 ‘é%lsy to
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invention includes a 10 step for el ectrodepositing netal around the

peri phery of a core wire to forma cylinder material having an outside
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di ameter of the cylindrical material into a perfect circle having a
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the metal el ectrodeposited around the core wire to a required m ni num
value, it is significantly easy to restrain eccentricity (i. e., deviation
between (a) the center of a circle - when the outer periphery of a netal
ferrule for an optical fiber is regarded as a perfect circle - and (b) the
center of an insertion hole) in a speC|i|ed range, within 25 ~ 0.5 ~mto be
nore specific, and the yield of netal férrules for optical fibers as
products canesbst inngitiovethernse iflusieet e tioofetrules (Rch & defbapdtion ahdiat det erm nes

the insi de vwdhdngt @n RfaveideBtaal ah @UéithernhDspRfedRydr ¢ah bé bb@ied.nanel y the
size of the dianeter of the insertion hole into which the optical fiber

wire is i ndégwed shAvgR cprrestosilafon ampliigeare eptiGabBkerdvivg saié ComiIeAHoRi n 30
evenness ofmankfacturpd knewing tierfermes stupthures (the apnpsctase forthe maltiteeser ed

di anet ep arngticdl dibacsh imd a dperifed shapef piling theor ep, whd Ben caatithg dllhefahémy. Such a
core wre cagethe byhihaextedhal doatingsanhikle istyso(cbmpasstedivedingd @rmgualoformdd ng t he
above- ment ibgMathersprBlisg W didttél-&8,spRfing?) a Wi ring method, or (3) a

centerl ess processi met ho In the case of a stainless alloy, a core wire
havi ng accyrsagpwan 5@%&@ o8 conigeiqr of the present WVetiRRda@desan be easily
obtai ned. Al %Q,a YHBRcRr $EARE Mil&brd SAltaPhtel WHlefeil ﬁteqﬁéthm@ﬂiy@:% she shape of

the inggrt 'f&'?rge& (gﬁhetsﬂr?dﬁe \é%pﬁﬁgéxggﬁq"?%gﬁ atfﬁgt ?r 4 (/ﬁ"lﬁéhe ferrule

protrusrongpz ectrof orm ng e cofdition where
the electrorormng bath 41 is filled with the el ectroform ng agueous

sol ution 50 (Esccormectoabd i, hile-wos eptdal fiser Stheneie twio pryed of Gtructutehe cat hode
side, and pespilddug adchasgailicigyes 8his Rningd ah eheanffhicedbated Wikletharewdmai4 and

t he core chbgiing&ﬂ. respectively, while the core wire 51 is rotated around
t he axi aI core in the longitudinal direction of the core wire fas necessary,
so that? théa@drlrféhh.\/%rem.f?ryﬂerhbr|elestrwa455aprawnsxpaﬂ@n%prﬂwa&e specifisdi s tine,
when the pmeidlionehesurface (eicerttfpothssidenfavieg ouls holasnof Ga ngeic@fn@idnt ai ned
on an aci dis¢fistivaforpein®reipg Bie canuectds hond 1prisfadditibnyf displpsemenpef the net al
of a speci fiérades hievkmedly foan, te sifect ofttiBpotil taydr Hoan begpend phayty of t he

pl ural cor makrbrad‘maﬁﬂdjudtmhﬁtmfa}hacprtsitfbﬁ dfolnar&rrulemr mally 3 to 8 16 hours

eoul affy ?barg‘é’? o PR ok BT i EBL e BB Gt B4, i ng

acti vated , prior to el ectroform ng, inorganic inpurities, such
as steel, mrtnhﬁamﬂwmocgémmdtbxea&bﬁﬁxtg@ftﬁé PicBéht AL 5fetthie® Mt S0 by

appl yi ng cwrﬁ@ntxetogumtﬁbertstae odeRdfedBrt firiGodMBHS iAta Spetif¥d current density
of about O.ZaA¥Med: Where a nickel-plated, corrugated iron plate and carbon

are used as_the cathode and the anode, respectively. The el ectrodeposited
| ayer B2 c&igupes iseechsmatic tapagw pEe posisoning mambeyder Being thederulgs tlect |y af t er
it is cut ispacified R@pét@m ineap errmgtmpna@émecnrmnttqunh@n purpose but normal |y

the outer § ya Jsxt} lrﬁéﬁ%er'ésffgﬂﬁﬁg @29{3 %]glt% 1sat the
k el,
r e at haa gl ra

preci si on ofja a mg{raﬁrsg chpo ing and
t he I|ke ACC ne s of the

present. nve

net al bé 8] 6c 19c n%u thamt? r!ie P?tsétlo rrgemW ;é equal to

t he ou i d& f‘ar“gt?éltgr atthtéonéw RRHOrE S Mo th 9\/ﬂ %f rs nm or

| ess, ecceffsiPesTied 1pte the FRspesfive farnilgssogthat ey ‘8 ‘?E?é.m qslcﬁ% 8%51%0“5 oduct can
be easily &telpprfvfrtahtert at eachsofisaid prajegtions Boker Otr@)edrlé@tar GaNs-ShARE. @oncentricity
and ci r cul aviapyd-shapehe nepdlesshape, drrgmi-nphedisalghanve s gombingting thereef, Peideposi t ed
| ayer 52 wenhpther flepdeeinradnd béegphes asflopg scthe position ¢feeadh Srabel pinbertioken t he
cat hoda5 antiolzrmadbeisst mbasa@ed or the rotation- angl e speed of the core WI re

51 i s change izin rayerse T nth

With the rots %W’edros trrgmgu egltttrrt‘ & nﬁotﬁ%mg c%f’gvf the -
current vaf ‘SS awa)é lﬁyp P tasOSa B depgde Shcentricity
and circul }FW & ?Télsﬁethé @ﬁﬁ%ﬁ‘éé VA AR dheft2lianEPstionEde posi t ed
| ayer will nw@heéZtAbthqéwntmf ¢aCh P84 @Eo)petiong 8 greedisspedrlewrafieh. At the
time oft0f opesitions drpositetotthe gerstionedr dithe staBonarppositinning mambergliSeld 11 and
12, only appmedtionn7ahd Sraee firmed atoaheqposiaty dn theyoedertod abicroaf andbd i s di pped
in the 25 et aodsasfmha@satorehelss sfahel fdraesvind placeaidh tist Japg dvecwssi veness and
shortage, amdnaschséandpidjechbT 8sd 43 iadeeked dto elesmﬂrellegmng nmenbrane 53 is

pl aced on the eIectrodeposrted | ayer 52 and onl portion of the

el ect r odepdshit &8 thad e 8¢ 8P Bedewpradd it hag Vasha rphvetsrt@r BIPREEIE R ni ng
aqueoud’ soblwraldpmeles 2.ss instadled attibe tavres ikprosof 64id ppationiesmerberct,sedbosi t ed

| ayer is even throughout. 30 As shown in Figure 15, the width of the anode
is made smaller than the dianeter of the el ectrodeposited | ayer, and, as
shown in Figure 16, insulating materials 54 are set on both sides in the
width direction of the anode 44, so that the thickness of the netal
electrodep05|ted Iayer IS even throughout In the enbodlnent shomn |n



17 oscillated at | ow speed, while both the cathode and the anode are in
synchroni zati on with each other, so that the thickness of the netal

el ectrodeposited | ayer is even throughout the cathode side. In the

enbodi ment shown in Figure 19, there is provided a neans for correcting the
5 tapering of the electrodeposited layer. In this enbodi nent, which is
nmeant to deal with a case where an elecgrodeposrted | ayer of the cathode
has a taperefehape o the U-Hieipadgar vescaneditbvied Lp séqueaiidlly(ta tkohdigd oanode S),

(2) the coithe bRteyRkH rgerﬂ§gteyleattc§ﬁrgtmhn nmet al el ectrodepositing portion of
t he el ectrodeﬁ)osrte | ayer 52 ) the coil is wound roughly at a thick

portion of l8aheabioyyembodiment Hye ferreles 2 whesgmpmher Gag vapp RS Besired ardir ough bot h
pol es, so tsuppliedie atsapeemndemile féeder(net shovae pod arcgut bayhke Visbapedr rect ed. I n
order té regroveesiofitheilsft 10bMldnabe fnndds@ arepet ov the i&nd, the lifopd aseendshe

wet t abi | it yowbrdste tighest @laté bfthé elobdeboririchinty Membkase andileensbileagi ng t he

t emper at ur eyftiohig mdnsbiet d mc(veéldc)wﬁl EPManthetpe €9Ts@nBAded Yell&n bdfferdaki ng i t
out of, aqugqlsmpe®Walld Qﬂhé‘a\éﬁé biBshind A }mgétnrefr% hghtleAH GRvRYbbI eS and
oLl ow 19, %38, 9 ol %1000y bAs AAY ek ool i %@fme;

osci I g4 ng, } Tl e o Aashds Sy -gf HTEERIR, e

core wire ary ochdesso €nce-ln S]c;a as wel |
a5 £0 |npro(<P§raﬁlﬁgs E%{gﬁ ﬂt“&%t'rw@t ﬂléﬁrét o Ietrles. 3 a&tﬂﬂsaﬁﬁt 6% he et al
ferrule 55 $O5PIEL f Scromlepn, BFTiphsty 39% 1 goee*t i§fiX¢%hss, and
pr ef er abl y@%@“‘?ﬂﬁmm DerABotshowWRh &0 PIRJIREH theﬁeplrﬁ%rarmwérb PHUSS g an
optical filben ‘F@“P&“ﬂﬂ? rﬁ%’dé“ fb‘ﬁppla@r@eédb‘ﬂﬁ@i ng to the structure of the

CP““eCtlg Fi r@@!qé l.; ﬁnh %ﬁwhfe reﬁﬁw ﬁe@é gghown i n
Figure 20, .9 ?er 1eded?1 10 N ferr Tor an

: g

optical fiber the nven |on be processed i nto, for exanpl e,

a flat 25 slhgtpeé shodmama; h;h,pm which aaid anghmdn@imamber s phexed -4 papeng ng of an
appropri at egamgl2ea aerzlde3 forinjedingnhocwatiop rdip Bndd cohmgands layér the insertion
o G L L D S
the optica riphery o
the metdl fCé’PY‘TYP@ OB Brrataﬁ t s gime; rta%Pet €& 10563 (P g, asenh i CEFI' a
perfect cirtbt eHpalSURYBREFFOHede PEVER, theyeeating resiml 4 wiich i§ tp&e spypred.

speci i c,. 4P Aosely pehesiag tethedrayilie Thens dierncbphreiieesdiidyhasicesinishi ni ng and
the |ike, dseetedfen. theoraloliiea fiaree- mmaangn@rhqdrleswmﬂmwnﬂepthecar fiber

of the pregemperatuvengar the firbles Aovkepewidbimohé trode off h¥) 21280 *Ederthte 55 for an
opti caR5fi twatugt@dmchonged callttteenrpﬂrasmmed nventi on can be used extrenely

advant ageo f ur pos. wher t| c nt.s are used
s parie 1 otk S ?;;{Pr R AN R A s
t he outsi dé §P aps (tuh8 ‘i’ﬁ? ferrul es for optr cal fibers according to
t he presentAtithy gimikiof therBalspgWin] Sabnbt fnsdedlyl A Tebld CHRALtdS c@mpusay ent i onal
ferrule, Itoflepo@oeﬁhblservms aed 20fiRaeHE| Yan Hepeed bhe thetrhiletodensi ty of
the 0pt3DCa'rougﬂéﬁ&hé‘xﬁudﬂ@es@&dr%ﬁcﬂ%@%?nﬂés £OBERE] RNtk saiguch as a plug-type

connector, gg EX1dn¥RBAEORMIeRdsRY . an adapter, and a receptacle Al so,
because th eccentrrcrty is significantly small, the optical fibers can be

connect ed rAftes thy efefementjonedieqatings completsd ap thetgmpsiaaissiomeredhthet i me of
connect i ng cntandenas theechatesdaydr gngriobndistt dsytofpirepinely [giition|the fermiassn the exanpl e of
a connect orstriamréeeChersby) econngstapl, ishc;m\m fnlbgurre lusrobgamed18 a et al ferrul e 55

f t f b f ot h t t.r at ed 20
Lou 5138R G aa&C&P %tﬂ p\gaesgi 'OQS%: 'eﬂéuef Sfoschebl o0
hol es 56 of‘“"r’r%‘tsa1 ong F? el eBa"S“ PIOB descnpg °V§nﬁ“ ¥e#8r such a

condi ti on, O REEHdS ¢ é b APErEPTRPNG O £ rtrleraé%srssv%amee € facE he opti cal
fibers are (£xagpisiosthe;sides that davetbg farupheles) ohthermled sonnpgtass 1 spghat an
optical - fi lesterwal ceatedayerdis farmeditieredre thezehyi abddinieg the epnewidcla shawnnet al
ferrul 8 55nﬁrgdre5£ are attached are inserted in the i nsertion hol es of

t he connect oth / Eﬁb ﬁgl he 0 tlf% er W res 57 and 57
are brought Oré ‘trﬁ %r?ﬂp i %t - h § cﬂﬁg eer co tor t hus
obt ai ned cé‘i‘?“ﬁ CHEabREeqtEof: ?rénm ?p“fa ’(%ﬂf‘B’ F% xanpl e,
a general - BINg @ICANGGHAT WHh ange r%@é@mq&mﬁepeéwl ngy b&rrieatrt@ w4l | ar of
the opti calfeﬁfebé‘?t%‘bhﬁéﬂ@tlﬂﬁs i f needed In this case, the tip ends of the
opti ca f| k ram QuUng, I he end
faces tﬁ r% cérzwgﬁrpdlg dA qggtcgg or tugdcoptnrtgg@q mfgltéllggtrrego{]ﬁrn to, for
exanpl e a convex spherr cal face a slant spherical face, a flat face, or a
slant flat face.



15 In order to renove the initial bubbles on a core wire and to inprove
wettability of the surface of the wire, the foll ow ng neans can be appli ed:
(1) dipping a core wire into, and taking it out of, aqueous sol ution
"several times while managing the tenperature of the solution, (2)
generating | arge bubbles and all ow ng tl?emto go out fromthe bottom of the
core wire, (3) vibrating the core wire'In the aqueous sol ution upward 20
and downwarmethod a frijti-caederrulg farheemalar@revbpteabiibeni lgFimpe @dthe Exanpl es

(Exanmpl e 1)eclcthefatiigineh 20isgbparareg itgantanéde (B¥ and€cathodd Retyal - sprayi ng
(product naii@hripaPDPIThedRat BB GRMANBYNe M Lis hFFOPAatER selebted dipendib @l i S
conposed ofth@%mtd@e%aéﬁmd%pésyt@%ﬁ theipEety R E cBREWES rod\@TyBRIrRYed onto the
ferrules, whirgh lge lfaﬁe %rtcta@am@%bma% LBH ﬁ%ﬂpﬁ{a &Mx% erE%BH'é)d
described {05 ThecRMs H%'? phiERiARul NG %Qd fe0f each

ferrule. The 110 Oe d 1t§ e é/vere
coated on tri}eéii %ﬁﬁq’r ? U ?x 8 Ci f eHBPé% by

fl ame- spr aﬂ ﬁgfoé?)WHB dﬁ@ ¥’&|t ‘? ‘é aé‘ﬁ‘i PEBYT S[Z?CRT RC]\I~
produced byP-PEMyT B8 B8 eebmp Ptag Indicatgglgn & é&‘:‘ﬁe errul e was for med into a
speci fiygd ?‘h’!@l?é? iréf) c g}ﬁ} c%gal?q{?ﬁg‘s?énoﬁrﬁi e(]%?é"huef;gof Wi &hmbRS oﬂm%faﬁgs pef

ferrul es i nydetbalQls L Ectitbingat 6 ecaHBQH UhefctrbformiiES ti e,
{ne’ nov21 o A %pmééﬁtmﬁga?&’@% koot asﬁ SNS A A3 neai

the ferrul s Was ‘ral nt ai’ne o e Ve ng e eccentrl City

error (i.e?%the error/dif~erence between one ferrul e hoI e's

concentri ci t YAaqueeis solutidnsl ofuiickd) eulfantitd, wickelbldids, woket ewlfatd, ¢ertgusdi rect i on)
bet weenst heyxidr silfhRing e Sud @qa&m@ha@;ﬁcreedo;fp@ﬂﬁﬁﬁpms hay, dobperS core opti cal

fiber (aftafpréfiRrioenig ércyihcmrfder et {HaRRdrRBOEI) eslicHpamngieveal ed t hat
the error rapgesiise tinds ‘(Exanpl e 2) "The surface-roughening

agent for thermal-spra (Sa nor; produced by Arc Techno Co., Ltd.),
which is conﬁbh%ﬂOT@floménxﬁgObtésﬁdby dispervieg irswaten Ancpowdes o gliperscarkidess spr ayed
onto the faungstenscarbidd, bhromegaebifi¢, mdommncmxtdleesﬂmmu itridej algmmendrediagndt he 19

et Qogggrezfdftgg JV%L@; o Bhous o lgglga*fﬁmufag%ﬁgg i BRE gL 2ce of

ferrule hoIe e§ ?“E‘SP Bie lts1 qu?l?é 2 Wect”ré’ ¥LEed b

ar c- sprayi fg ¢ ?llc‘fm\&ncf’ Sﬁgyaﬁ‘g%ﬂqﬂm”gwn vvlﬁre rods [uselpng the Arc Boy P>C/:
120i | ow t emeghethlidoze Wirka{cybiirityl RerukY)S18 Mhichife fREREP petitionddtappbsiteand each
ferrul e wasaéibifBLinkdHed b3 tRORGidctiors PiNAREare R th\@pelfxinp RAieadeOISardeach of
which bas 2hsiRgesixiab nte%!brerb@sres,dfecﬁ\te)y furk 8s ﬁx@&:@th@@é g e ppesnives €

manuf act ur egmpkReo LEMMRNGHE S RE Hembbies o aﬁEHé esfﬂkgmatﬂ% &meﬁmlmpraw ng was
mai nt ai ned %eé‘tﬁan% 5 %e? L ﬁer%@(}ﬁﬁ lyecroméct E%e” the
ferrule ho'cgﬁ’ddc[?iv 53 ﬁen t {Q@ee% ?Hat ﬁrh %%rsaeawe ycal fiber
(after the cohnegt or speci ape) reveal’ed that the
error rang@ 9\/5 Oeﬁc%é}qﬁr uéa |°ﬂ{e‘(”|§§<s Ie 3) The structures, which were

obt ai ng@d byrheuhitkiegs bhaemmhdmweed&mﬁemttecta:h tHel;ieapBergthﬂnmafeawimr ed by

t he et hod b9feldeirafipihgds hott Dwayssfpastati £ dll pbAPRAs aftthe @8fFdsiré, Rigpérddingposi ti ons
of the ferltpsstnidhsieof tHereldialotss lgtbﬁs Welaho@dibF BfeeathéRE CTIRIfER, Up. They
vere then caaheshnlawk a8 -refiayhinSelnBEM, a%{x]PPc%rQQIBt%aI f?l?érﬁh@'éﬁrfréﬁes (except
for the si %'ﬁéulh‘%g' gyﬂle %‘%Jﬁ Snd0b2Sire @RS thoxieﬂ HleGe Fofﬁlﬁﬁ?@orh”to a
speci fhed %vf’ae?eso :?s e&Pc{L'B%fgo th%:% S lyifd in égght §ncfth§rtngges of

ferrules in At this
tinme, the r?B”% “Si‘ﬁg %‘i"ﬁ e?J%CS“‘ﬁbeag’ﬁf g %h HePeRber at ure
near the féli"?rfﬁ”béo SHF & téaccfaﬁ)‘“&ﬁﬁl@’?f?@r Y VPR e &Rt ricity
error bet wegiuré Bes ibéxplangtonpliew showina@hebider medhiciomreieit shoildbee 16-core
optical fi Bppliddabird cdrBRie® MR SFent32 ;Bl%fﬂ?dae'd?aﬁ f?orﬁp abf(3 st shape)
reveal gl th trtaﬂ n?F feff%vrl'g& %%vsta %x Mle of‘)a 5- cof? rrul wHer@nﬁE’éﬁﬁpl e 4)
:[Alhg;nngr;np\rma ? y {)‘3 C["q tj] dQ {O s ﬁ‘;e}%B (v rayi ng
method 30 FE E?fed 3 cﬁ % ?mr ShEe w %ng egﬁ? lr%Pt A

t her mal - spPdPPHEI é” @ a te‘i."t’%l ren” gisd kl%ﬁ‘@s (except
for the si A8 WACTHURPEredry. mf@cwwgngetﬁm finmcboraremare BymieEed)! i pers,
whi ch fad BBATQYBE Aierrede pires membrsedh dBhust thEphig| cete wirghidn 8us @gse, &ét vol t age:
7 V-10 V 3vares wecheledivig apstastrodendsited layer tiiaths denise aigl hasinoJadearanice Ipressur e:
5.5 kg/cn2 Measuring the eccentricity error between the ferrule holes in

t he obtai ned connector (after the connector was fornmed into a specified
shape) revealed that the error range was t 0.05pm 0. 5p. m



40 (Exanple 5) Electroform ng using nickel with the nethod of the

above- nenti oned enbodi nent was performed on 50 cylindrical netal ferrules,
whose arrangenent was 10 rows (5 20 stages). The obtained structure was
ground into a specified shape, and the surfaceroughening agent for

ther mal - sprayi ng (Sabnor; produced by Arc Techno Co , Ltd ), conposed of
epoxy resins, solvents, and curing ageﬁﬂ , was sprayed on the surface of

the fernilgg Rllectrefortig &itﬂ@@oﬁawéagn {Reehthg Pakt 4O ﬂhahﬁg:s)ofaso as to

roughen thes ¢ ﬁ%?thterlferc QHe odit&Naver oﬁ'ﬁ?e SRE Wi G2V PSRBT TR hereon
using { gebgﬁ.ﬁp @ gtk edqaf %! %ésfﬁodrg%avae tkwﬁﬁgf

flame-s rayanH é\(? Fr &¢ r&ﬁ %nel ing eéxaé %s‘:r%dﬁ osgce as t he
t enper atur @

pogjnee U%twsmsm PRI VEPSSs ai d
structure k’é“r‘fﬁ B%?dé& Jtuéméf’ﬁ% %f‘tfle tr(?deﬂ‘lﬁ“%%ﬂr‘i" eteﬁﬁosééé%mer icity error
bet ween t hesldciofQing#sueaus 9lutiva. obt ai ned connect or (after t he connect or

was formed Ih’%i f | {a€0ps o W8 éé?x%tfo e{tﬁ% rfﬁfég%éﬂas t
0.05pm 0.5, %%Eé i b eﬁ%t,v et
arrang @Eﬂt %j{es % the e44 e ore wir hod of
the ab E aEpP %tlff lj 5‘3(% C|f|ed
shape, and SPH atst ‘éréeé‘t S‘EF P‘lé"ﬁ LAV th E 4 "nd"h\ei%

pr oduced b;p Y uere &ee*cso orming aﬂ“%ﬁﬁ%’ﬁ“?% thippianed Pngmﬁ @:sahs

sol vents, dgaretpselerahly a g Hefyrobl %ﬁnqtﬂeﬂfwmcaﬂ@sth@kn%hém@r rul es
(except forelfzm‘ oﬁh@osyadje@th@axserm@eryn Beplusal dord wishs Zhisrabpoin 2 kavpeafter ur e et al
t her mallSsprthy stayg ofapplpiag ftir euetnt WOredrecimpucitiay candprreguilay eosivedfrome Arc Boy
PC 120i | owht eleprecfatming aqedoak sélemld bysywimgydchigatsy sirbon. @y, eridiewohno Co., Ltd
), While aldettrofdhming Gforgdnit impaitivy, ERh d68feel, baLlk ®moved fbmahé to be sprayed
onto the Stméc%%rﬁﬁ £&§e$@sf sroHth@§ 27@9 %g@hir&ﬂQo béthvthd QatModdand the

Wr e-suppl YinB8e 8P£R ent Hndiy m(ébout am, wiklre @hrckat;ﬁaayrc%rm ated Kg/ cne

Measur B9 tifg SSEqRE thrbbh Yre®is &P£s RELNBS: £RAGKe §fSde Ue ﬁy' n the obtained
connector (after the connector was forned into a speC|f| ed shape) reveal ed

that the erFhsrstiuaivgecarpposed of e cylipdiicad Geriulssaang the lyctmideposited layer
sur f ace- r oughéniappliedde the multi-conefernmile-fop pptydahiipef Sabrogrindngsdie cedr by Arc
Techno Co. ,sutfack c)fthgtamﬁdatdhe fepoiey areemecisely poditiceret shereind a curi ng agents,

was spr aye/h réttho dtor}e u c{élrm etg%?rruqe bee 1fcg)r(eed On erlagco%x %Pm ng

menber

r ougherf thé %B‘Fef%l{%é“&fm?’h\ﬁf’é’r“? f °“ eufrr&s e rE‘B‘é‘S%d by

f | ame- spr ayHigige Ohshowe b ipvieayd ﬁjﬂ@mhfabﬂangas:ﬂmdhﬁﬁlrmnb@ﬁtby@nr esin FORTRON-;
suppl i ed byel&Rplofdrhagd métho&dn Fiduk€l9] 41086 elebrebforrfimp bageshdse xarRtEs f or the

si des havi ngpdréfeti 46 ah%@c&)ohaﬁﬁ@r 04 af&fHoUE eld%? afp(aftm%ﬂ rhéMifae gpeci fi ed
shape, so tjhafe &%@%95%54 eacdnoat 4y s% optRsit th% fQhe pRAGis €S in i t)
for 24 360" emé?%x’aﬁ@ 2 alolﬂ "tRe %Qer"w:{lleof*m@ & b'rrnﬁ b!i:tHr4t1 ?E t%rlaltfg C}ilger' phery
of the’ 5”%&8‘& 34‘1&@5%% H{lii s%f%cf%a aE:forﬁ’ é%p: %F] i%'b e i3 89 egdnd 3 layers

of the struc n hol es and
the wal |l sdr a(‘:j(ea V\é%mrgdus&;a@yeéuc Her e &Op%ed % Coﬁ%t 3 uset grg}} m:%turgs wer e
coat ed by fA fier&pusadjy lhgvxs@a fofeGREERON] firhel emncxrcsﬂmémw filtersab&inect or s for
72-cor e optd&alofdrimey quidkes E—rwhich acisuslBdwder-Bisell AAd cortiiBs sdniemerakz z1 e
t enper akur §oNE&rEShording 3@%6@03{3&' faetaPfdCheldh@trb@ENAIEL b the peApheigafa t he
ferrul es V‘Bc%r@QferSI-%é Pundp s b 1BOsdeed. Nﬁﬁgﬁ% QgthErQ%ls%%gﬁ'%]\/é:h? Yan€r ror
bet ween_eagh éﬁ wsuén% Do =l bRl 1‘?%9 sPnd By fie? ée opt i cal
fiber r eveq txﬁ]p‘?és el {0l Jl@c@r%? cy%ﬁed by el F res\tv It above,
the error ran Qq ! m or
[ ess, conf .brem% o3 g S Ro g el 91RO P Bichish ﬁ?ntiaweg}%ﬁ ﬂmmengsu. tabl e
for pr é@entais ye-mENLPes; &6i acement of the optical fibers.
(a) aqueous solutions of nickel sulfamate, nickel chloride, nickel sulfate, ferrous

oxide sulfamine, ferrous oxide borofluoride, copper pyrophosphate, copper

borofluoride, copper silicafluoride, copper titanfluoride, copper alkanolsulfonate,

cobalt sulfate, and sodium tungstate; or

45 (b) a flotation liquid obtained by dispersing in water fine powder of silicon carbide,
tungsten carbide, boron carbide, zirconium oxide, silicon nitride, alumina, or diamond.



(Exanple 8) Fifty cylindrical netal ferrules (whose arrangenment was 10 rows
in 5 stages) were 10 el ectrof orned using nickel by the nethod of the above
enbodi ment. The obtai ned structure was ground and formed into a specified
shape, and a connector (conposed of el ectrodeposited ferrule and nickel

| ayers) for a 50-core optical fiber mas manuf act ured. Measuring the
eccentricity error between each ferme 8ol e reveal ed that the error range

was ~ 0. 05p0F fle 2B&Re, &§aé@©@5rp<L1eu&)lnafb&ngl§ulfﬁﬁﬁe TsQHGHﬁE]i@QeféI%% for
thermal - Spr@é’c‘tr’%@or eouPEdhst Qé’ca it -Eec?lgrlﬁf&a stabl btk Qlect?’gfbrﬁ‘%l
;peuring ag was sprayed onto the
oSl

conposed of

fe;nr)ul es, WA cﬁéx’mr |xe§a§&tp\é%h§)ed |on| ng menber by the nmet hod 20

descri bed fMdetat tempbhers of nixodeatmidrmigpaqeot osolwicghrevettealguretameaof t he

ferrul es. Thealfrastetihlebatwohstitceat ekt Yerhllafoeaa ppaydl figercfitee priesdnt sur f aces

(except f orinydngon TiagefBAY When b eididl if@nhe @ eh dphieal iberu¥ed fsFYydnngctivat er i al

contai ni ng 1§H%§édr@§'d&§1rm9toaus€ufo'r@ﬁh £HokePoth GGl bk g yas f or med

into a spegjf HE? bsa aa@g i %tdézﬁ% @(ﬁgnectors (each of "which had 1 stage of
i Yor

ferrules in it e optl ers were 25 manufactured. At this
tinme, the tAnscabadrabomeahe mlamlfnaztmzrhgemmgd séthetppestHin@ntian thetudes ¢ enper at ur e
near the f etepufoesletrasdepdyitisg entad arohbdtie-p20iph&ly o asnerwingtotfosmaccentricity
error bet vvag lindeaGihtdreal havige Rob@side diahrtedbF abdied i@ vh 638, ahd kQtepdocor e

optical fihgbcdsgugdeeshtiifi@biabbRr 8F eyl RINGR @eriat iflo Q%eﬁﬁ@‘t@xraemm’mg’@
I ndust r ~~~~ 4iAnBlet 6APhIn bY1efs descri bed above, a connector according to the

present invention is a structure obtained by (a% al i gni ng plural

cyl i ndr i cal Thedhickness obtheusstrlghat ipelegtrasiepgsitad jonshepreripberytal 8 49ge WisRber and
usi ng B6t h byrelectroferming istriot alivayy thesamest all pasitione nfdbe gorenwise, idapgrdiigt i oni ng,
3 5 (b) themnhe sspatanei afghoelea@tafotnniog bathiandjthe anede. Therefaethe trganhe t he
cylindri caloutside dibmstenbf theeylindee materibk thetggdee titd degseeanfeceamirititgiofie® i n a
speci fied n@gsgrﬁorp}lsble(c) piling up at least 2 layers of a resin or a netal
on the surface of sald structure, so as to forma therrral-s rayed | ayer

t her eon, r@"t’b‘)er AP ¢ eipreé%{’étn"leoé‘yE?Cé“%ﬁt § Opigide fliggpet &l on the
sur f ac@of YEPAFT staterial trraaded bsgbed Iramyesleasdn exisr telieen sheatfichnesapbr t her eon
Therefore, the Wt%e]@mpdied@rothbﬁ@%’me torpeairedrmingmavalge.dpfacenent  of
t he opti calsignifirantly easy te nestraig estentiatydpe.i deiationtherveeeni(2) the Faxteradeur |

t her eby pr eirekt-+—ghaaheeoter periphepPoffaanttal ferrdledot an btitabfiler isi rogarded o

optical fi epesfebnciedich+ amh(b) ¢heerenter bear nbatiodnbale) iaxi spedifeddiasgd, acehch wi | | not
cause afy pr0blpemtd e mare gpecific,cumt thdndeldrof aendl férnilenvr opticakfiledngs as t he
circulari t)pr@dudtﬂ’l@nflﬁhmlphﬁvehm e is not deforned. If the ar rangerrent of the
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23 Cains What is clainmed is: 1. A connector for connecting nufti-core
optical fibers (hereinafter referred to sinply as "connector"), and for

hol ding the termnals of plural optical fibers, with said connector
conprising: (a) a main body formed of a material forned by

t hermal - spraying, or consisting of electrodeposited |ayers, of either a
resin or a netal, and (b) a pIuraIity of cylindrical ferrules, into each of

whi ch each 1pQFearef 1A ah BY &4 Elc@,aémfo@%ﬁ inpuitshA séire &farignd with said
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surface of veughisabeuteldmar eressuecsentacityofiaaetalfsanledonan optisel fibeass a one

t her mal spr yediict aarebe esfilypkeps siithinoy 0.4 ymet al . 3. A connector, which is
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al i gnedOwi tchargsdnaschpep imRigurrel X Thes, Siscroneensdcipoandicirgwlatity 25 the infd¢ er r ul e

for a muf t iand optsidsptianeetersfof Herelestrodepssitédoleyeriwill &F a¢straingd @ithimithe act eri zed by
i ts conpri Siesited(depre Qf(prmsmrre formed with a nmetal lic pipe having insertion

hol es whose, i pelde o? eﬁrﬁ ogf% A &esf? had Lper's to be

ted th
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shape, or §,lpcgﬁ§q:g§>dlt 52 an only a portion of the electrodep051ted layer
corrected is dlpped in the electroforming aqueous solution 50, so that the thickness of
the metal electrodeposited layer is even throughout.

30  Asshown in Figure 15, the width of the anode is made smaller than the diameter of
the electrodeposited layer, and, as shown in Figure 16, insulating materials 54 are set
on both sides in the width direction of the anode 44, so that the thickness of the metal
electrodeposited layer is even throughout.

In the embodiment shown in Figure 17, in order to form a cylindrical shape without

35  causing tapering of the electrodeposited layer, the length of the core wire 51 to be
electrodeposited is made equal to the length of the anode 44, the height of the end
point of the core wire and the height of the end point of the anode are made equal,
and both poles are set parallel to each other. While both poles are, for example,
surrounded by the insulating material 54 so as to prevent electrodepositing, the

40  electrodeposited layer is formed while alternately changing the direction of the
current applied to both the cathode and anode, so that the thickness of the metal
electrodeposited layer is even throughout the cathode side.

An embodiment shown in Figure 18 shows a means for reforming the tapering of the
electrodeposited layer, where either or both of the anode 44 and the cathode (core

45  wire) 51 are moved up and down while keeping them parallel to each other,
Depending on the degree of the tapering, a thick metal electrodeposited portion of the
electrodeposited layer 52 is oscillated at high speed and a thin portion thereof is



6. Aferrule for a nufti-core optical fiber as described in Caim4,
characterized such that at |east one of said insertion holes has
back-tapering. 7. A ferrule for a nmufti-core optical fiber as described in
Claim4, characterized such that the inside dianeter of said core wire is
0.05 Mm0.13 mm 10 8. A ferrule for a nufti-core optical fiber as
described in Claim4, characterized suth that a plurality of cylindrical
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such that +40jeps58 nmethod of manufacturing a ferrule for coupling optical
fibers by an electroform ng nethod of applying electrical current between
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Clai m 14, d&hesacterized such that it includes a step for cutting the outer

peri phery @cecéfle‘?heetlﬁﬁﬁéé? Q5 bf 64 gLl i%r%E 2 hE'QE%&%'rdxﬁg?d)ﬁxe cent er
t

el actir & At ST E N AT e 5Pt S S W
ossxb éto advantageous]y improve the mounting density of the optical fiber for

40  wvarious kinds of connectors, such as a plug-type connector, a jack-type connector, an
adapter, and a receptacle Also, because the eccentricity is significantly small, the
optical fibers can be connected more precisely, and the loss of optical signals at the
time of connecting can be reduced significantly

Figure 22 illustrates an example of a connector for PC-connecting optical fibers using



16. A method of manufacturing a ferrule for a nufti-core optical fiber as
described in 25 Claim 14, characterized such that it includes a step for
noving said core wires and said el ectrodeposited layer in such a way that
t he di stance between (a) said anode and (b) said core wires and said
el ectrodeposited | ayer increases or de\c‘lnr eases in the process of formng the
el ectrodeposited layer onto said core so as to inprove the
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10! p@@o%b@”@)m Me@rf@ B%B dgvi 19W*tF”1‘B©I@IU(9 mEghSPraivg’ () -1 kS 10
%+& ()3 ( EystenpvAg) Fechno Co , and each ferrule was formed into’a specified shape, so

that 20 connectors (each of wlnch has 2 stages of ferrules in it) for 8-core optical
fibers were manufactured.

The temperature near the ferrules during thermal-spraying was maintained at 40° C-
50 °C. Measuring the eccentricity error between the ferrule holes in the obtained

10 connector for the 8-core optical fiber (after the connector was formed into a specified
shape) revealed that the error range was £ 0.05um-0.5um.

(Example 3)

The structures, which were obtained by cutting the connectors for optical fibers
15 manufactured by the method of Example 2 into a specified shape and adjusting the
positions of the ferrules’ insertion holes and the wall surface, were piled up. They
were then coated by flame-spraying IDEMITSU PPS onto their surfaces (except for
the sides having ferrule holes), and each ferrule was formed into a specified shape, so
that 10 connectors (each of which has 4 stages of ferrules in it) for 16-core optical
20  fibers were manufactured.

At this time, the nozzle temperature was set to 300 °C~330 °C, and the temperature

near the ferrules was adjusted to 150 °C-200 °C. Measuring the eccentricity error

between the ferrule holes in the obtained connector for the 16-core optical fiber (after

the connector was formed into a specified shape) revealed that the error range was +
25  0.05um-0.5um

(Example 4)

Aluminum wire rods and zinc wire rods, both of which were meant for thermal-
spraying, were sprayed by a low-temperature metal thermal-spraying method —

30  electric-arc spraying (Arc Boy PC 120i low-temperature metal thermal-spraying
system; Arc Techno Co., Ltd ) — onto the surfaces (except for the sices having
ferrule holes) of the connectors for optical fibers, which had been obtained by the
methods of Examples 1 and 3.

Output voltage: 7 V-10V
35  Wire-feeding speed- 3.5 m/min (® = 1.3 mm)
Jet-air pressure: 5.5 kg/cm?

Measuring the eccentricity error between the ferrule holes in the obtained connector
(after the connector was formed into a specified shape) revealed that the error range
was £ 0.05um-0.5um.

40
(Example 5)

Electroforming using nickel with the method of the above-mentioned embodiment
was performed on 50 cylindrical metal ferrules, whose arrangement was 10 rows (5
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polyphenylenesulfide-base thermoplastic resin IDEMITSU PPS; supplied by
Idemitsu Petrochemical Co., Ltd.). The temperature of the flame-spraying was
adjusted to about 300 °C-330 °C (which was the same as the temperature near the jet
nozzle), and the surface temperature of said structure was adjusted to about 150 °C.
10 Measuring the eccentricity error between the ferrule holes in the obtained connector
(after the connector was formed into a specified shape) revealed that the error range
was = 0.05um-~0.5pum,

(Example 6)

15 Fifty cylindrical metal ferrules, whose arrangement was 10 rows and 5 stages, were
electroformed by the method of the above embodiment. The obtained structure was
ground into a specified shape, and the surface-roughening agent for thermal-spraying
(Sabnor; produced by Arc Techno Co., Ltd.), which is composed of epoxy resins,
solvents, and curing agents, was sprayed on the surfaces of the ferrules (except for

20  the sides having insertion holes) Then low-temperature metal thermal-spraying was
performed by electric-arc spraying (using the Arc Boy PC 1201 low-temperature
metal thermal-spraying system; Arc Techno Co., Ltd ), while aluminum wires and
zinc wires were used as materials to be sprayed onto the surface of the ferrules.

Output voltage: 7 V-10 V
25  Wire-supplying speed: 3.5 m/min ($ = 1.3 mm)
Jet-air pressure: 5.5 kg/cm?2

Measuring the eccentricity error between each ferrule hole in the obtained connector
(after the connector was formed into a specified shape) revealed that the error range
was £ 0.05um-0.5um.

30
(Example 7)

The surface-roughening agent for thermal-spraying (Sabnor; produced by Arc Techno
Co., Ltd.), composed of epoxy resins, solvents, and a curing agents, was sprayed
onto the ferrules, which had been fixed onto a positioning member by the method

35  described for the above embodiment, so as to roughen the surface of the ferrules. The
ferrules were coated by flame-spraying the polyphenylenesulfide-base thermoplastic
resin FORTRON®; supplied by Polyplastics Co., Ltd ] onto their surfaces (except for
the sides having ferrule holes), and each ferrule was formed into a specified shape, so
that connectors (each of which had 3 stages of ferrules in it) for 24-core optical fibers

40  were manufactured. Furthermore, the periphery of the structure was ground so as to
obtain a specified shape, and 3 layers of the structures, wherein the positions of the
ferrule msertion holes and the wall surface were adjusted, were piled up Then, the
structures were coated by flame-spiaying said FORTRON® thereon, so that 10
conneciors for 72-core optical fibers were manufactured

45 At that time, the nozzle temperature was set at 300 °C-330 °C, and the temperature
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manufactured. Measuring the eccentricity error between each ferrule hole revealed
that the error range was £ 0.05um~0.5pum.

15
(Example 9)

The surface-roughening agent for thermal-spraying (Sabnor; produced by Arc Techno
Co., Ltd.), which is composed of epoxy resins, solvents, and curing agents, was
sprayed onto the ferrules, which was fixed onto a positioning member by the method
20  described for the above embodiment, so as to roughen the surface of the ferrules. The
ferrules were coated by flame-spraying onto their surfaces (except for the sides
having ferrule holes) the thermal-spraying material containing epoxy resins and a
curing agent, and each ferrule was formed into a specified shape, so that 20
connectors (each of which had 1 stage of ferrules in it) for 8-core optical fibers were
25  manufactured.

At this time, the temperature near the nozzle was set to 150 °C, and the temperature
near the ferrules was adjusted to 150 °C-200 °C. Measuring the eccentricity error
between each ferrule hole in the obtained connector for 8-core optical fiber revealed
that the error range was = 0.05um-0.5um.

30 Industrial Applicability

As described above, a connector according to the present invention is a structure
obtained by

(a) aligning plural cylindrical ferrules by using a precisely-adjusted positioning
member and using both end holes of the ferrules as a reference points in positioning,

35 (b) thermal-spraying or electroforming a resin or a metal onto the cylindrical
ferrules at one time while the ferrules are maintained in a specified position,

(c) piling up at least 2 layers of a resin or a metal on the surface of said structure,
so as to form a thermal-sprayed layer thereon, and

(d) piling up at least 2 layers of a resin or a metal on the surface of said structure,
40  so asto form a thermal-sprayed layer thereon

Therefore, with a connector of the present invention, axial displacement of the optical
fibers or bending of the optical fibers will not occur, thereby preventing connection
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production requires the additional labor of drawing a core wire out of its
electrodeposited layer. Thereby, by adopting the metal connector of the present
invention, the total cost can be greatly reduced due to the inexpensive materials used
and the reduced labor expense.
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15 Inexpensive metal pipes that are conductive materials and whose inside diameters are
suited for insertion of optical fibers therein are used in the metal ferrule for a multi-
core optical fiber of the present invention. For this reason, the metal connector of the
present invention is different from a conventional, nonconductive, and expensive
ceramic product, or a conventional, conductive product whose production requires

20  the additional labor of drawing a core wire out of its electrodeposited layer. Thereby,
by adopting the metal connector of the present invention, the total cost can be greatly
reduced due to the inexpensive materials used and the reduced labor expense. The
metal multi-ferrule for an optical fiber of the present invention can be manufactured
using a cylindrical ferrule before or after cutting

25  Depending on the usage, one or both of the end faces of the metal multi-ferrule for
the optical fiber can be processed into a flat shape, a dome shape, or an angled shape.
Or back-tapering of an appropriate angle can be formed on the inner wall of one or
both of the ends of the insertion holes for the optical-fiber wires, so as to facilitate the
insertion of the optical-fiber wires into these insertion holes. So, the metal multi-

30  ferrule can be used extremely advantageously for a variety of purposes where optical
elements are used as parts for temporarily or permanently connecting optical fibers.

The metal multi-ferrule for the optical fiber of the present invention can significantly

improve the mounting density of optical fibers in various multi-cored connectors. In

addition, the multi-core ferrule for the optical fiber of the present invention provides
35  higher precision in connecting optical fibers, because the central axes of its core

wires’ insertion holes are properly arranged so that they are parallel to each other and,

as a result, the loss of optical signals at the time of connecting is significantly reduced.
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10 and with said connector characterized such that said ferrules are coated with said
thermal-sprayed material or said electrodeposited layers under the condition such that
the central axes of the insertion holes in said ferrules are parallel to each other at
specified positions.

an

15 2. A connector for connecting multi-core optical fibers, and for holding the terminals
of plural optical fibers, with said connector comprising:

(a) a main body formed of a thermal-sprayed material, or electrodeposited layers,
of either a resin or a metal, and

(b) a plurality of cylindrical ferrules, into each of which each core of said plural
20  optical fibers is inserted,

and with said connector characterized such that

(c) said ferrules are coated with said thermal-sprayed material or said
electrodeposited layers under the condition that the central axes of the insertion holes
in said ferrules are parallel to each other at specified positions, and

25 (d) the surface of said coated structure is further coated with at least one thermal-
sprayed layer of a resin or a metal.

3. A connector, which is characterized such that

(a) at least two of said connectors described in Claim 1, which are formed into
30  specified shapes, are piled up to multiple layers (to make at least 2 layers), and

(b) the above-mentioned layers of connectors are further coated integrally with at
least one thermal-sprayed layer of a resin or a metal, under the condition that the
central axes of the insertion holes in said ferrules of said connectors are aligned with
each other and held at specified positions.

35

4. A ferrule for a multi-core optical fiber as described in Claims 1-3, characterized by
its comprising (a) a core wire formed with a metallic pipe having insertion holes
whose inside diameters are large enough for said optical fibers to be inserted therein,
and (b) a metallic electrodeposited layer, which is electrodeposited onto the outer

40  periphery of the core wire
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5 6. A ferrule for a multi-core optical fiber as described in Claim 4, characterized such
that at least one of said insertion holes has back-tapering.

7. A ferrule for a multi-core optical fiber as described in Claim 4, characterized such
that the inside diameter of said core wire is 0.05 mm—0.13 mm.

10

8. A ferrule for a multi-core optical fiber as described in Claim 4, characterized such

that a plurality of cylindrical ferrules are (1) held in a condition such that the central

axes of insertion holes of said ferrules are parallel to each other at specified positions,

and (2) electroformed using a metallic raw material, so as to integrally coat and mold
15  aplurality of said ferrules.

9. A method of manufacturing a connector, with said method characterized such that
thermal-spraying or electroforming is applied — using a resin or a metal —to a
plurality of cylindrical ferrules, under the condition that the central axes of the

20  insertion holes in said ferrules are parallel to each other at specified positions, so that
said plurality of ferrules are coated.

10. A method of manufacturing a connector, with said method characterized such that
the connector manufactured by the method described in Claim 9 is formed into a

25  specified shape, and such that the surface — except both ends — of the above-
mentioned connector is thermal-sprayed with at least one layer of a resin or a metal so
as to form a coating around it.

11. A method of manufacturing a connector, with said method characterized such that

30 (2) the connectors manufactured by the method described in Claim 9 are piled up
to multiple layers (to make at least 2 layers) in a specified shape,

(b) the central axes of the insertion holes in the ferrules fixed onto said connectors
are parallel to each other at specified positions, and

(c) thermal-spraying with at least one layer of a resin or a metal is applied on the
35  surface — except both ends — of said connectors so as to form a coating around it.

12. A method of manufacturing a connector as described in Claims 9-11, with said
method characterized such that

(a) a means for fixing plural ferrules at specified positions comprises a mobile
40  positioning-member and a stationary positioning-member, both having projections to
be engaged with both ends of the insertion holes in said ferrules, and
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method characterized such that thermal-spraying is performed by flame-spraying or
electric-arc spraying.

14. A method of manufacturing a ferrule for a multi-core optical fiber characterized

10 such that — in a method of manufacturing a ferrule for coupling optical fibers by an
electroforming method of applying electrical current between an anode and cathode
that are dipped in an electroforming aqueous solution stored in an electroforming bath
and arranged opposite to each other, and for electrodepositing said anode substance
on the surface of said cathode — a core wire composed of a metallic pipe having

15  insertion holes whose inside diameters are suited for insertion of optical fibers into
said insertion holes, is used as said cathode, and that an electrodeposited layer is
formed on the outer periphery of the core wire.

15. A method for manufacturing a ferrule for a multi-core optical fiber as described in

20  Claim 14, characterized such that it includes a step for cutting the outer periphery of
said electrodeposited layer into a cylindrical shape to manufacture a ferrule with the
axial core of said core wire as the center of said ferrule.

16. A method of manufacturing a ferrule for a multi-core optical fiber as described in
25  Claim 14, characterized such that it includes a step for moving said core wires and

said electrodeposited layer in such a way that the distance between (a) said anode and

(b) said core wires and said electrodeposited layer increases or decreases in the

process of forming the electrodeposited layer onto said core wire, so as to improve

the circularity or concentricity of said electrodeposited layer when manufacturing the
30 ferrule.

17. A method for manufacturing a ferrule of a multi-core optical fiber as described in
Claim 14, characterized such that it includes a step for rotating said core wire and
said electrodeposited layer about said ferrule’s axial core as the center in a process for

35  forming an electrodeposited layer onto said core wire so as to improve the circularity
or concentricity of said electrodeposited layer when manufacturing the ferrule.

18. A method of manufacturing a ferrule for a multi-core optical fiber as described in
Claim 14, characterized such that it includes a step for reciprocating said anode in the

40  vertical direction at high speed at a thick metal-electrodeposited portion of the
electrodeposited layer and at low speed at a thin portion of the electrodeposited layer,
in a process for forming an electrodeposited layer onto said core wire so as to reduce
the degree of tapering of the outer periphery of said electrodeposited layer when
manufacturing the ferrule.
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(a) a cathode is made by arranging and fixing the central axes of the insertion holes
in core wires — whose inside diameters are large enough to have optical fibers
inserted into said insertion holes — that are parallel to each other at specified

15  positions, and that

(b) optical connectors are integrally coated and formed — with an
electrodeposited layer — onto the outer periphery of said core wires by an
electroforming method, namely by applying electric current.

20 21. A method of manufacturing a ferrule for a multi-core optical fiber as described in
Claim 20, with said method characterized such that

(a) plural core wires are arranged and fixed in such a way that the central axes of
the core wires’ insertion holes are paraliel with each other at specified positions, and
that the core wires are piled up as plural layers,

25 (b) electric current is first applied to the core wire that is at the center of all the
core wires, so as to form an electrodeposited layer thereon, and that

(c) the current is then applied to the adjacent core wires outwardly one by one so
as to form additional electrodeposited layers thereon.

30  22. A method of manufacturing a ferrule for a multi-core optical fiber as described in
Claims 14-21, characterized such that the initial bubbles on said core wire are
removed so as to improve the wettability of the surface, and so that air holes of the
electrodeposited layer are prevented from being formed in manufacturing the ferrule.



