6 JUL 2005 1 CONNECTOR COMPONENT FOR MULTI - CORE OPTI CAL FI BER, FERRULE,
AND METHOD FOR MANUFACTURI NG THE SAME 5 Detail ed Description of the

| i'vention Field of the Invention The present invention relates to a
.connector used to connect multi-core optical fibers, and nore pa§tjijful78§5 y
40 (a) a connector wherein the connectlion ends of the |inked optical fibers
are arranged in a two-dinensional manner, and (b) a nethod of 10

manuf acturi ng said connector Description of the Related Art Recently, a
conmuni cation nmeans usin |cal fi ber cabl e has been devel oped for

transmi tti ng GHNNEEIOR; (PHE FORMUILoFI-gORE P TIG Ak FBER, at one
time, and theFFdEﬁHhE,ﬂcNDMTHQDE@R\BMNUF%THRMNGCTH&SAME pi eces of
equi pnent, devices, and 15 optical-circuit parts in optical-conmunications
systens or optical-application neasuring systens has been increasing.
Opticals fiber is mainly chegiled®esirigtioay éfahgmsemtioand it consists of a core
part, to which |ight power is concentrated, and a clad part that confines

the |ight ﬁa\eﬁg?theﬁﬁ%ﬁﬂﬁﬁ the age of nulti rredl a has begun, optical fibers

are being ty of 20 fields that use optical elenments, such as
t el ephone ThemessentBetartienbeateg tais eshneetor uedtté cadneti melti-¢ae uptial fiyersut t o an
appr opr i ata@gd hengphirticaiale &p@hdicothectdr whereits thg @onRblon bads sMEsligted fi ni shed as
connect or ptibl Ybktsyare WSk Roo-HhferBdE] RinRPlana ié) 4 bfog offnt o
conneqborqﬁan%ﬁtcﬁﬁ{ (3 cqg;rl cal ferrules are used to hold the

opti cal er W|re toget er coaxially or (b) multi-core ferrules - wherein
optical fi bers are Iaced in 25 V-shaped grooves on a resin-formed material,
and direct formed covers - are used. Conventionally,

optical f 'l@:‘cé §§5 %oﬁﬁﬁlﬂﬁ%ﬁ@ﬁjnﬁﬂﬁs R¥ndfiicall ﬁ}?er cabiehls Qéé'nrde%lo & fogal  fibers
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mul ti
mul ti oré’ FPd &ﬁm%w%%wgemr ErREL s | t oget her in
order to tl?eé‘ﬁ‘ériﬁgtsyé‘ﬁmé f0 egrigdf@¥ifanount of data. A nmulti-core connector is
a connect qj tlcﬂrﬁ&?m%‘&lhl)n&mﬂiddé&bf Gss, fah@?trc%nséﬂsr&“atc@ﬂz%;k\s{&' . The

connect ngwlﬁ&yhgﬁ Bt RoRATNGte 0&11’%1%!&1&&% b3 cAR AL Ik TERE fowad® connect or
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connect or et ea 53“1‘1 Hgg 13%? ¢ %arf% S%m HE ée%l?t;g on the
fiber gb I ’6’% gﬁlsg Flﬁﬂ]ﬁ’éﬁt Suc}@ 5 %1 8%%%n§e$§er“§%§%uﬁ edod® mylti-core

opt i cal cé’ﬁH PEIS Usy E"rﬁllaapﬂ’éQRr@Feele\‘%P carresPARIIAE &y e usage, /ddist or each
core of a¢ @ﬁf ed pg %ﬂeﬁﬂﬁ Hsuallyovheromaking eeﬁllélépéopté}ﬁl {ibes iMonst i t ut e
an opt i calconmnetvas esher (APJylindtic ferruleaye megsk to bold thp eptigrl ifibat wiresinect ors, in
whi ch pl unedetlmpcoaadllyf arliby mubi-eort feradesd A Wharbiapgticaridewsese ptaced me surface of

a subgsr at\eskped Bafovedien ®pdsincfrmbd hatesial; and BkectBrodartedth fkintfotmép! es  into
whi ch opticgddrsiLBRNEedre to be inserted are made on a square-shaped ferrule
so as to forma nulti-core ferrule, so that the end faces of the optical

fibers calfopsentionaby opticd dbersare gonnegiad gee py pne, 6eJ eachapgf optical
fibers was connected by one connector. At present, however, there is a growing

tendency toward using multi-core and high-density optical-fiber cables, and multi-

30  core optical connectors have been developed so that these multi-core and high-
density optical fibers can be connected all together in order to transmit an even
greater amount of data.

A multi-core connector is a connector for connecting plural optical fibers
simultaneously. The connecting style and the basic constitution of a multi-core

35  connector are the same as those of a single-core optical connector. Multi-core
connectors can be classified into the following two types, depending on the fibers’
location and alignment: (1) independent-ferrule-type multi-core optical connectors,
in which a ferrule for a single core is used for each core of a multi-core fiber and a
group of single-core ferrules constitute an optical connector; (2) batch-arrangement-

40  type optical connectors, in which plural optical fibers are fixed in V-shaped grooves
on the surface of a substrate so that the optical fibers can be connected. Plural holes
into which optical fibers are to be inserted are made on a square-shaped ferrule so as
to form a multi-core ferrule, so that the end faces of the optical fibers can be
connected easily by a guide pin.



2 Optical fiber is conposed mainly of glass quartz and consists of a core
part, to which 1light power is concentrated, and a clad part that confines
the |light power. Because the age of multinmedia has begun, Opt'C%EJU“b?Mﬁ
-are being used in a variety of fields that wuse optical elenents, as

t el ephone lines. Before being used, a optical fiber is 5 usuaIIy cut into
an appropriate length corresponding to its usage, and its ends are finished

in such aial M id donRRES nfadly b sgslcfaartﬁﬁn&&%&&t&fascor@ﬁﬁ Relvhipl ferrul es
are usual Il h{J Sherti® (ﬂf&leﬁjtratt&? aH@E'c af‘ttf?eﬁ oﬂ‘fiﬂe@?hé BWer @ﬁs@ltﬂey when the
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connector, CuEB]ﬁ gr&?mgﬂpr gsponding o g3 ysage, LS s aesi ngl e- cor e
connect or ﬁnl%ﬁ%%?uc advayth %“ pangfunetigneas cgpmackss.dpyl n@HPa fiesees i ncr eases,
each f er r @reusyally nssdrie haldrthe gplicai-fiber wisesdegethercopxiplly winen fherendgsof whi ch
requires toﬂmcaiéibn§@m)mad©lrh@0m0ﬂ0w ge outer shape Therefore, from an
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it had5beeptitalpossictr eait be asdict] balyaoofibert Yipeing topiratwlly fvposrect-or in
constructiio@réessystemwi th a | arge optical -transm ssion path that has, for
exanpl e, 1,000 channels. Conventionally, said ferrul es are manuf actured as

fol lows: AN pddition, éa@fbaﬁmwgan%-tmmwamn%@r hasithe adypptage that 4 a

cyl i ndri cahabiesaplargsynuntties of priivahibers trgberonasetediati hogh densityli Bhgjyevendf si nt er ed
at ar ound thdimEnsional acampaysd themiembernafthat cosstitute thix tenmectonatnoti s f ormed i nt o
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adj ust th%omﬁycm &6rtrtirt sysﬁﬁ{emth QMarBObMifoal- ﬁfﬂﬁlsntugﬁoﬁ Eaﬁ&ﬁdt%s gl es are
machi ned IQa‘ﬁg& Bo0\BanOst hat the outer periphery of e sinter becones a
perfect circ ]However such a manufacturing nethod has the foll ow ng
probl ens: C(oh)/elﬁwmallussalglrfeleulpeaasmzmufmhdcd@ fotlows & naintiraofetcahlai ¢ nol d are
requi 28d fpowder andeaedin informédlintga oylinalrioalrshapeosy imfdcdomenolding obexaasim a

metal lic mmldinkSandustenl abArdund S0IT RSdROMBPOR rkéin ZA fréal mpaivdekiat t he

nol di ng NMagiyied Hio hb?hr{@icﬁﬂ dhafe ﬁ%ﬁh&%ﬁﬁere@@t REufPN36@NE | Vdigmbad gl ned or
exchanged.ygd 2 SRAFHEEidrAEs iffY leﬁ:h ik lurd §of§ kﬂ du?s‘i'tﬁ O use a
di amond g %a%ét If % éeﬁ%o%rﬁdl eftfon'h%l b I &a&fhslu@ffﬁ gner gy at

pr oducti Vi

cnor mofs. dlie o rne{lp %rysﬁﬂgtﬁ, m U} e HoNSERA ) ural [y of
|nsert|onnl"f’t5‘P@sC ngﬁlgf‘é Qphhas oBig aPleMSher wires are to be inserted - on
a sinter f(tyeﬂecmsse%(t&p@{snree}ﬁam St A9 a éthlgieMheld afe‘Sr)eqﬁlrémth the end
surface ofiyige 3 stnQﬁgl% fRdandBRate GANUENicTRNA"E SRbeptibRCe, @ sl ant
convex sp§ ﬁ!)n 'Zi 1a aJhln?etortﬁ'@ﬁe?aﬂ gﬁﬁi it SO that

E?In?eﬁ'ls nt g)l’e Cgrzlisrgannﬁ lnf%ll'l% regc%ange%n[? t connection, SUC pr ocessi ng on a

(2) Because labor and special skills are required to use a diamond to grind the
insertion holes, it is difficult to increase productivity.

(3) Sintering at a high temperature requires much energy at enormous cost.

(4) It is substantially impossible to create a plurality of insertion holes — into which
40  optical fiber wires are to be inserted — on a sinter that is made of ceramics such as
zirconia.

(5) Although the end surface of a sinter must be processed into a convex spherical

face, a slant convex spherical face, a flat face, a slant flat face and the like, so that

said sinter can match a physical-contact connection, such processing on a sinter made
45  of ceramics is difficult.

As a means of solving the above-mentioned problems, “a method for manufacturing



45 of ceramcs is difficult. As a neans of solving the above-nenti oned
problenms, "a method for manufacturing 5 JUL 2005 3 ferrules, which includes
a'step for electrodepositing metal around the core wires by electy g[grmﬁﬁg
‘to forma cylindrical material, and a step for renoving the core wires from
the cylindrical material, has been pr@posed in PCT/JP99/ 06570 publication
(title of the invention: "OPTICAL FI BER CONNECTOR AND FERRULE USED 5 FOR I T
AND PRODUGd$D8, MBTHGRC IntE £&biRtd: Blektroddposivies meddt @Ryt e édde WireS b ubl i cation,
because a cfRRPREHAI tB%n&Q@ﬂﬂRfricEllgné’tQﬁélCaﬁ{d a §te;bf<fr§erﬁmlag ﬂﬁedcowwh

manuf act Urﬂoﬂgth%&ﬁﬁﬁlcfahﬁﬁf%hﬂﬁfhﬁﬁeeh @ﬂors Efinl R PIPS/06 59;r ﬁc ion'
commarat) VYot ek SBICATABER Co i ek pr ool e
in theglo connec or y@ﬁkﬁ\?ﬁﬁen grin |ng uter periphery of the

cylindri ca{owmeeaccairdmgto thisspubilichticeLbécatise 4 @gineatbnfoe comivcting oftycal t hi n a
pr edet er mifibess obedigel, byethisamdrgadtirirgf mwhbd therdihvftey rdbledo dsertfetngepr oduct s
tends to qecngRsaiveRNAldRqbutdide dimmetirs- 2 hih-3 MADANSR ar€ARMPrékiEmON needs to
be perfor @i?ﬂnf@alfﬁaﬂ% lﬁa%as@eme hRuRtEEdenti®) ORhabPLGY Fbadhhagl  material

whi ch{hS r h| h cost
15 rrusp be iet ﬁ {Vﬁ %{‘({H?é{hlé(%gr E@%ﬁ&b e glsurgflggte{l é Ingentl on
The prese ?‘;{\F‘ { r%s raﬂhesccgrégm mfao‘?reéj%%r Iﬂﬁ %e - 8F a§%sgB hl“ﬁ]e above
probl ens. erff‘f %Hroélél"ta ‘Efr‘?aﬁe At qblem 15,bah 8Ca¥Fe manuf act uri ng
a connect GFergWPft“Pfln Foputqng ygrueqﬁiet erbtaip&ykadricabr ayi ng or

el ect r of omateEli Vshlalmﬂ th@basezwat@ml ﬁ@ fegruless ey timg apdeaergy, atbigh gosral ity of
cyl i ndér - shspbelddvetaditb esanuiastiemgtfeimules ondi ti on that proj ections, which are
opposed to each other, of positioning nenbers are fitted and ni pped to both
ends of tljﬁsdl(;b%%;)fgﬁm%mmpf the cylinder-shaped ferrules so that each
ferrule i S_property positioned and so that the central axes are parallel to
each ot herThaprespatdhydngian pasbecnanasle fonthe prtposapicsopving tieiabpvoproblensnder - shaped

25 ferrul 65 306 AL Gkeribld | h{‘&flfé '9998?}%1{1@ 9%%%&@@ aat!ogﬂig’c%ll %vtﬁ WEt hod of
manuf actur[ﬁg%b%écc&rhﬁ CLOL g M t mage ) grag ucfh at
conneéb 3 éa&'eﬁéf qﬁ% ?5@?{ }”ﬁgg %\;ﬁ?]ﬁﬁé grmed |nto a
speci FPed "SHE éeSI%HHa Tﬁ%e it gf pyinger-shape t R - of the
above- mentPyHEeN hPF@IﬁCBPnﬁa thearsrapRaspd icagh gihen of posigening sembske | ayer of
a resin oefrcfittastand nippeddo b@thfe@dﬁpﬁth@mmﬁ’g hetesiof thegylindereshepesh as descri bed
in dai m fariles s thatteaok fapfulevigpadrecly positigned andrsndbatdhe cenviat 4xesafed net hod

char act er ipaeailelstuehch dther 4t apediisthmsitons, sodhatfsaidtplurelitylof cyliedershéped descri bed
in Casm Jeranes e ketdedip in nultiple Iayers in a specified shape, 35 (b) the
central axes of thelnsetlon{;l int grrul s fixed onto said

connect or $0 1gyentionas deseribedingG F\%‘i‘ mg{ SPEGUNEEAGOBREOTand (¢) t he
surfaces Witdhsahmnetbed phaspeierized spchsthpga @Qmﬁ@t@t orgufastaradhyithametiodayed with
at | east dewribediarCleim g is &gined drto a speitied Shepasind sudhothat the sefaderg ar ound sai d
sur f aces. edé&phbothruds+ ofthaabalesoentivadd conrektar iv therma-spraged tvith aof

manuf 36t uildasigon2 182N BES tein of Dmetalisd ds-t6 oren HpPddtglonfit.bers described in d ains

9-11, with said method . . . . .
invention as (c)iescnbed in Claim 11 is a method of manufacturing a connector,

with said method characterized such that

(a) connectors manufactured by the method described in Claim 9 are piled up in
multiple layers in a specified shape,

35 (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) the surfaces — except both ends — of said connectors are thermal-sprayed
with at least one layer of a resin or a metal so as to form a coating around said
surfaces.

40 An invention as described in Claim 12 is a method of manufacturing a connector
for multi-core optical fibers described in Claims 9—11, with said method
characterized such that

(a) a means for fixing ferrules at specified positions comprises a mobile
positioning-member and a stationary positioning-member, both having projections to



characterized such that (a) a neans for fixing ferrules at specified
positions conprises a nobile positioning-nmenber and a stationary

posi tioni ng-nmenber, both having projections to 6 JUL 205 4 be eng eﬂ;gﬁwzg%
the ends of the insertion holes in said ferrules, and (b) the projections of
both the nobile and stationary positi ohing- rrenbers are engaged with both
end- hol es of each ferrule so as to hold each ferrule so that each female is
posi t i onedbeshggld wittlthe 2nds HEth8 @beifon MBIRK firsdid Fdrfifles@akdnnect or  f or
multi-core o tlcal fipers _de crlbed in Clainm 9-11, with sald met hod
characteri z télacpﬁowﬁansgb themabile ad sationAry nositioningsmambers s f i ed

posi ti ons <@AgRdiwidsbeth gadnhibles operchifeiavle sg anionindd caghderulstsarthas saghy

posi ti oni rigrralendpesitianstias Hesiiedg proj ections to be engaged with the ends of
t he 'n%er%ggmp&' ?aamfaéalﬁ hRORHCES for aﬂ&&u%%ré Blisiandt Qeggbiops Of Poth the

nobi | e "an a 0. Botth end- hol es
of each fe égqa‘évy‘[p(%aﬁ(f??} %Cgri}%rﬁ ]rzﬁﬁléuc ?that each ferrule is

posi tioned ag) dleehsefdr fikingiforvelas atfspec&ﬁedip@s@bidﬂs%dmpﬁs@a’ﬂmﬁbﬂ@ is a method of
nmanuf act urpdRBicAingANERBdrAnd AStatidRHS PokiBEning nfdnfefEhoth ha ‘? %Méchoﬁs%d net hod
char act er i geg oasiahvitidk HBEHMBL i ﬁ)Hrh%lé's'i‘lgsdﬁfe?ﬁﬂésOEﬁEP y flame spraying

or electric- arc spraying. An invention as described in Claim14 is a nethod
of mandf act (b) thg psoit&ions b€ betbrthe mobite andgstapniayatositiopagsmembers agl ect r of or i ng
manner f orengpgedywitlgbath end-hokes ofieachrferrulb so wetorhcdd eahddaularsd tiateatthode t hat

are di ppedetroledanpeditiset @f deditedg aqueous  sol ution stored in an

el ectrof or bat h and rranged opposite e ot and for

of oct r odeps I PREPas drscrhs n Llaimy Brc & ihdcl %Fé‘é“‘&ﬁ‘a%%nﬁdea%ode a

met hod of eﬁ%rrhffia%ﬂﬂamﬁ@ -al % ayith faid method chaspeterized suchvihpt barmali per

char adtSer i speayingus penformedzbyditanes spriyieg eogtdearcoprayinget al | i ¢ pi pe havi ng

B lmtlgg?nagcﬁi d;;&m@(fk&d Rl ! Tibers to
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| ayer is fcc?f‘lp#éllg ?ﬂlc?ﬁé ol P\é (ﬁ e SHPHe i%?p y%glegc TECURENS vent i on as
descri bed IHVENANAPQES a mﬁlaalgpqcr?a oamelame%u% o a

mul ti - cor SOBONStAreE M@ %féro bty andharegnger pPRPOSIte gachxethers andker by

i ncl udilng ehecirodgpositing Sélﬁitqﬂpﬁgsqbﬁ@n%@éﬂleﬁéﬁ@%lﬁﬁ?lddﬁﬂ@d%cﬂ metbed pbdeposi t ed

| ayer i nt onanufadtininger fegiubepfer 8 multiksotemptiaal dihec characteriZed snel thatvawdrag t he axi al
core, of swirdcaopmedvof &2metallihpipebatiag insértiondbkksfwehoselissidSiadatersarent i on as
descri bed guftale &riopiitaliftbeds totelinsdriod thepsinb s tuséd nosail Eathidde] smdfr a

mul ti - cor el@plboigsitéd ROEr 18 forflRE GhithesutbipepRérot fhe dhatvivet eri zed by

including a step, for noving said core wires and sai d el ectrodeposited | ayer
in sudl a MaHwentianasdesyibeddp Slaimcle is panatizod of raadietyring elegiale foF adecr eases
in the provdsiscond oftivaldibry as describe@ ot Clotre pdsiharagteriagd by oelwlingd stepore wi re,
so as to ifopcuwiigeg the@utr petplery df/sacd el8Gragopasitad tdyer inyo o tylamiedshape so
el ect r odeprsd iradufastyiey a fiile Inving e bxial cuge bheaid edre wife asAhe tdi@rdfi on as
descri bed daji febralem 17 is a nethod of manufacturing a ferrule for a
mul ti-core optical fiber_as described in Caim14, characterized by
i ncl udiOng An givepion;agidepcsibgd iim i laim 1§ is 8 methad-of mafachirings Eetic@eposi t ed |
| ayer abounultitpere opiisahiaberastidescribedineClaim 44 ceharasterized bnmcprdiegastept f or mi ng
an el ect r ddeposingsaidlcayewirendmnl Wil deadwdeposiiediayer, insuclas ntapnéntpatdhe t he
ci rcul ari tdistarce dmnc exid anadetiycrofses ar decedasestin tltbegrosést o fdraweg the

electrodeposited layer onto said core wire, so as to improve the circularity or

35  concentricity of said electrodeposited layer when manufacturing the ferrule.

An invention as described in Claim 17 is a method of manufacturing a ferrule for a
multi-core optical fiber as described in Claim 14, characterized by including a step
for rotating said core wire and said electrodeposited layer about their common axial
core as a center in the process of forming an electrodeposited layer onto said core

40  wire, so as to improve the circularity or concentricity of said electrodeposited layer
when manufacturing the ferrule.

An invention as described in Claim 18 is a method of manufacturing a ferrule for a

multi-core optical fiber as described in Claim 14, and characterized such that said

method includes a step — in the process of forming an electrodeposited layer on said
45  core wire — whereby said anode is moved back and forth alternately in the vertical



when manufacturing the ferrule. An invention as described in Caim18 is a
nmet hod of manufacturing a ferrule for a nulti-core optical fiber as
described in daim 14, and characterized such that said nethod IECE@EE@QZ
step - in the process of formng an el ectrodeposited | ayer on sai o
wire - whereby said anode is noved back and forth alternately in the
vertical S JUL 2005 5 direction at high speed in a thick
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mexi num diRRRcemndn dxtd cefeasiti AHepORId @fle Wk SliasanHambies Rrddk tihage becone
sequentsi al hyef AHGRRIM 8RR B?tﬁe%@ec%@eﬂo@itéd’l%y&%hﬁ%Ho‘é‘é‘ﬂit esPadghcoi |, is
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pl ural ity dimgeaisdrelargs enongsso bt rtical) fikent ¢andhedssented thezeintoserareon hol es of a
pl ural ity weéd,g8) profotiensv—+ whichmee pusfijpadd byposiacathf dthérng oferfbéng (b) a

cat hode i snérable abyfitdd @rgingndand tie ixsefgort decehi plataliaxeSsaldf coe pligs,al i ty of
sai d 260r giil)ibodseriddo@teqhsetfidhAart 0810 Iity3df saideord Wads ReSiippeany; and (c)
optical caopfeslifs meffer; Ntegrally coated and formed - as an el ectrodeposited
30 layer - onto tThe out'er periphery of said core wires by an el ectroform ng
met hod, nartk) g cathodegpmade gy araggiegand faxiog theenentralmxes olaphurality esaitbscr i bed
in dai m 2brd wires pazélhed ovithf eantn nthenattspedified positemsydrel for a nulti-core opti cal
fiber as de g):il%edlrin Claim20, with staid thog charac(ﬁg i%ed " uch that 35
(2) g al, SoHIG ol bt 24 i o gl Hitithe cent ra
axes tIR¥T £6 PBIOF guier PHIRbERY QfsaKloEs WiFEb L3 dPstEaforing ;other at
speci f i ed 1388ht Porrplyingan clegfsls cUEeRt. t he core wires are piled up so as to

make pl ur al, [AYREGH asdberRd B R A i6 YHiRMd dfSnddubsturfiRpl fadid @ hhe core
wire that thilti&ord &ﬁicﬁ%é?ras (afescﬁlbled fnr@laim 20, with said method characterized

such that

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

(b) an 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

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

An invention as described in Claim 22 is a method of manufacturing a ferrule for a

multi-core optical fiber as described in Claims 14-21, characterized such that the

initial bubbles of said core wire are removed so as to improve the wettability of the
45  surface, so that air holes are prevented from forming in the electrodeposited layer



core wires, so as to forman el ectrodeposited |ayer thereon, and 40 (c) the
current is then applied to the adjacent core wres outvvardly one by one so
as to formadditional electrodeposited |ayers thereon. An i nventiofg RH 2005
described in Caim22 is a method of manufacturing a ferrule for a

mul ti-core optical fiber as described@n Oainms 14-21, characterized such
that the initial bubbles of said core wire are rem)ved so as to inprove the
wet t abi | i twh@fmidm&oﬁﬁl@uhé fgmle.so that air hoI es are prevented from forn ng
in the ele rodegoo& Iag 2005 V\? uf actur(ﬁaﬂ? the ferrule.
An invent |§h Bcéﬁ’e {aélin %acgn%ctf’é) 1-¢@F g P?racore

opt i cal é‘iace“ F‘i’é‘H RO cwgsi@r- il eém bimagylar ek byshaped
ferrul es dreheghfos ffﬁégralrlﬁéﬁp fsiiesia plyrality pespidifarplesdathesgaland forning a
plural Pty snrayma@dfelﬁcmfoe;@mgmsmearwﬁﬁﬁosmﬁaymg:rlahdm@réb@ c@fcbtmn ng using
any resi n that pnagectionsatavhict gre pnsidonadeppositediach other +-haf a podfi@dog ons - whi ch
are posi t imerebkr appiiised amdedppedad beth endobdf the ositiondrlesef sardyindear e fitted and
ni pped t o shaped fermalss.of t he insertion hol es of said cylinder- shaped
ferrules. An invention as dges i n CIalm 4 is characterized such that
10 (1) sai mw&tmneasdgscaﬁ)ﬁg %glse}c‘ﬁﬁ?ﬂt‘?f%?ﬁ Spth &al fibers, with said
ferrulg _bel ) said s AreduleYodbugl 1§§615tﬂﬂcapﬁ98r§‘9m'ﬂl?§ah&)%rﬁﬂ'&9€1h at (a) the
ferrule isgy umagea Qﬁ‘e @dr@fshﬁﬁ %émwsueﬂuﬁ@ tﬁé)fe%lé)i@d f%tlad N an

glnggterg‘;grergcﬂg o eut%g gscﬁ r?c%fnr }}l;@cgd? rrﬂxtl be?t aa‘?g( 8&&%@6” an

| ectrod SRR AT oh Y S3{idned ppposity fac d 15
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ferrulle g manuf actured by a nethod for formng an el ectrodep03|ted
layer Ont 0 tb)?sa@&‘fe%ﬂlle 1@%%19@1%%& Phufli- &9‘5 %pﬂ\éa!l fiber, With\didR iR Hlifpat hode a
core wre Fachited rf‘orm léé{ro gﬁ}’a ngor%' He 4t on hol e
Mheert. 'egS'tHﬁ i V§ aﬁ%dﬂ o rii? eri zed
such t lﬁ o] }‘Iagmgﬁflénsle 10;1#}? g‘?’? lf‘?} @Hﬁfﬁr r’\sg aﬁﬁﬁ‘?@'a{gh‘f wi th
sai d f2 1065 Capbf dfssEs F}’QEFI ~an el ectroform ng met hod such that (a)

t he ferrU|&1in$e1ﬁidﬂl3h@‘31e!sdi'1b@6'1n€la§ﬁ@69§@ﬁaﬂd%hz@ﬂ@ﬁ‘&ﬂtﬁa§0| ution stored in an
el ectroform ng bath, and (b) an electric 25 current is applied between an

anode and a (bawitbigauleias ferde feysopplingseptis % &vitpeer! fegulpdbeingy as to

el ect r odepomiufactuedibnandectsafbaniag seetld ik thag (4) dhecfeonlesiadippedithate; and

that (2) shicttofoeming aubsussofwionstoazed mranzlevtiofdrming eathpniddh) arf ¢lbaric wi t h sai d
ferrul2é beufrgnt israpplicd betweed ahynedeaidrogtiode thanhegroaltioyed oppdsitg eavhd f or m ng

an el ect r QiR 86 hi BklSBrodapy®it seidtMolddSubstah&d orPBE isiffde)of Qhidathidde.ama Wi re,
using as gpgathode a plurality of core wres conposed of a metallic pipe

having an insertion hole - whose inside diameter is |arge enough so that
optical fi bé?ksaichigrmyle is aderrule dortaapléi-gpreoptioahtiber, with Séldrfgdﬁrtllﬁé’ﬁlngt hat (a)
pr oj ect i omsanufaghirechbyaa eefwsli foi mtegtallyppeting andefavhingtanexlectrodépasitéd xi ng  nenber
ar e f 30t edayendntoitipeder geriphédy of said cofe wins esing@n alvathede ablhaaljty of edret y of sai d
35 core Wwigs composed dalhétaltit pijei IeRinglah ihdeeticrelivile al whvesingide digdawral ity of
said core 1§\lafg%5eno¥}?s@ﬁh&%tﬁﬁdl s EdndRdnRaedthe@bintoo—eafddr Met8hdidibn Speci fi ed
posi ti ons ¢ A08 drbieltidns)—abhich are positioned opposite each other — of a fixing

member are fitted and nipped to both ends of insertion holes of a plurality of said

35  core wires, as a result of which (b) the central axes of a plurality of said core wires
are arranged and fixed parallel to each other at specified positions, and that (c) an
electric current is applied to the cathode.

More particularly, a method according to the present invention includes a step for
electrodepositing metal around a core wire made of a metallic pipe whose inside

40  diameter is, for example, 0.05 mm—0.13 mm, by electroforming in accordance with
the diameter of an optical fiber, so as to form cylindrical material whose outside
diameter is 1 mm or less. Also, when a metal ferrule for an optical fiber is
manufactured by electroforming, a conductive core wire is used, and a stainless alloy
(for example, SUS 304) pipe is used as the material for the core wire. For such a core

45  wire, there can easily be obtained a core wire that (a) is manufactured by a protrusion
method using dies or a wiring method, and (b) has an accuracy of being about 125.0



electric current is applied to the cathode. Mrre particularly, a nethod
.according to the present invention includes a step for electrodepositing
metal around a core wire made of a netallic pipe whose inside 40 @i et 25
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fiber is umaﬂ@fﬁamhundmnbyerel ectroform ng, a conductive core wire is used,
andastarnle I ex 4 |sued as the material
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circle - eﬁqme(m}i f@msn@gemtr@tal Erirrudifor s epti¢ad iberoddhe presens snveatioewillvi t hin a

speci f i ed noangadesqibedi The fertulesor 4n optical fiberraccbidisg ta the pyésehtdnedntiont al

ferrul es fean bepiadeatrefnelyerdyantdgeoasly forodumiotspwpsses sdrrdepticapelements A net hod

for using age twifealsed & patsdof @Mmparardpbi Fednahdndlgconhecting opti€s EBErsi nvention wil |

now besdesgddiRe BechliR the biitdlde 2idnRterdT tRPthbePferullS6r Gtleal fbed@ to the present
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connect ! gy il ety gl Bt et i b e UpE R CORIE ) on 1
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fiber for opHedl siggalgiahths tivhe elionaeatiae san by signidisantlyyedvcedype connector, a

j ack-type connector, an adapter, and a receptacle. Al so, because such

eccent ri CiBYefil¥es ﬁéﬂﬂbﬁﬂﬁh)’ras;@g%, the optical fibers can be connected nore
precisely and the loss of optica g@al s at, the tinme of connecting can be

si gni fi cadiguye | v Eept Vigy o PCB@}!?@WS PIESEnY IHECBOAWIVALE 1% gure 1 is a front
vi ew of a nemfasbiredt bigoating ppraldemules, wlaeh e arrapgsiddh multi-stagasi Mty ur ed by
coati 2§ plrdsnml ferrul es whi ch are arranged | n multi-stages, with 25 resin.

Figure 2 :Ps oY E a,sonne t Vé)resenh rlaventr on, which is
manuf act ur &g %‘}K)J' A Vlfr Cﬁ? rpﬂecsFﬂ 18 (% in F.gure 1 and
coating 1&}&2 é‘P FHYTUIRS %tl}?l@e%lq guty ¢ é‘?%ry view of a
connect or them P ag exisral coaging. optr cal fiber of the 30 pr esent i nventi on.

Fi gur e 4 i FRgué13 %ﬁlé}&ﬂ%ﬁ oty VeQM6 1 coRn&RHIRAbPE mhulki Lo optibM I fiter 606 OPt i cal
fiber ; tr')ﬂ%entﬁ &S6BhL I nvention. Figure 5 is a schematic top view of a
p05|t|on| I'n one enbodi ment of the

Flgure 4is an explanatory view of a connector 1d for a multi-core optical fiber of the

present invention.

Figure 5 is a schematic top view of a positioning member in one embodiment of the
present invention.

35  Figure 6 is a schematic view illustrating a condition in one embodiment of the
present invention, where the ferrules, which are fixed onto a positioning member 6,
are coated with resin.

Figure 7 is a schematic view of a device for manufacturing a metal multi-ferrule for
an optical fiber by an electroforming method in one embodiment of the present
40  invention.

Figure 8 illustrates the order of applying the current to core wires when a metal
multi-ferrule for a multi-core optical fiber is manufactured.

Figure 9 is a schematic vertical-sectional view of a device for manufacturing a metal
ferrule for an optical fiber in one embodiment of the present invention.



present invention. 35 Figure 6 is a schematic viewillustrating a condition
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an i N9l atanEslRiehabridl in OfdéLTo doPreBOhE B6ticehiiRits aRE BRENAR LY fRNd circul arity
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met hod for sides of an anode with an insulating material in
order to doguredb 1$mﬁom0nc\elshmwmgtaynah«zﬂfoirsh:ialdmg hoth eiles btarPdmoida siitie di amet er
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et hodof ortaperddy shapdf AeledtREpdsatd 1ad dnd t6 efiitisP aedengthd of BAIE the

anode and cathode in an embodiment of the present invention.

Figure 18 illustrates a method for vibrating an anode vertically corresponding to the
aforementioned tapering, in order to correct the tapered shape of an electrodeposited
layer in an embodiment of the present invention.

35  Figure 19 illustrates a method of making an anode into a coil and utilizing the
thickness of a metal electrodeposited layer to cope with the rough density of the coil
in order to correct the tapered shape of the electrodeposited layer in an embodiment
of the present invention.

Figure 20 is a vertical sectional view of a metal ferrule for an optical fiber according
40  to the present invention.

Figure 21 is a horizontal sectional view of a metal ferrule for an optical fiber
according to the present invention.

Figure 22 is a connection diagram of a connector of a metal ferrule for an optical
fiber according to the present invention.
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processed with high accuracy so that the center hole has circularity, concentricity,

35  and cylindricity that are identical to those of the outside diameters of the optical fiber
to be inserted in the center hole. Also, the outside diameter, hole diameter, and hole
eccentricity, and so on are precisely processed at a tolerance on the order of a sub-
micron. The outside diameter of a standard ferrule is usually 2.5 mm or 1.25 mm, but
in the present invention it is only necessary that a ferrule can be held at its two ends,

40  and therefore, the present invention can be applied with nonstandard ferrules or with
ferrules whose outer shapes are deformed.

fx‘D

As resins for forming the coating 3 in the present invention, it is desirable to select

raw materials that are fluidized at a comparatively low temperature, that have good

heat resistance and corrosion resistance, and that are composed of thermoplastic
45  resins having a small coefficient of thermal expansion. FORTRON®, whose

coefficient of linear expansion is 1~2x107/°C, supplied by Polyplastics Co., Ltd.,
and IDEMITSU PPS, which is a polyphenylenesulfide-base resin supplied by



havi ng good process ability (such as alum na, zirconia, or crystal glass), a
netal such as nickel or a nickel alloy, and plastic, and so on, and the
center hole thereof is processed with high accuracy so that the §ediler?0ibl e
"has circularity, concentricity, 35 and cylindricity that are identical to
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that, when the speed of supplying the thermal-spraying material is too low for the

40  output of the material, the thermal-spraying material is overheated and oxidized,
causing the composition of the elements in the alloy is locally changed.

P

The flame-spraying method of the present invention is a thermal-spraying method

that has a heat source that is a flame of oxygen and fuel. The flame-spraying method

of the present invention can be divided into three types: wire-flame spraying, rod-
45  flame spraying, and powder-flame spraying.

The process of performing thermal-spraying according to the flame-spraying method
using resins or metals as described in the present invention is as follows: (a) the
powdery material to be sprayed is blown out into the airflow from the central nozzle



towards the substrate face while the tenperature of the netal decreases. In
the present invention, a Low Tenperature Metal -Spraying System using Arcboy
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fl ame- spra%ln?”gr ectric-drc spraying own i1n Figures 3 and 4, a
connect or & present invention incl udes (a) a connector |lc for a
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the surf adégweaisysckicmatie P EQY of Agpsitierag megnber for fixing the ferrules at
specified positions in an embodiment of the present invention.

35 InFigure 5, a positioning member 6 for fixing the ferrules 2 at specified positions is
composed of an alloy of metals such as iron, nickel, and chromium. Said positioning
member 6 is constituted with a mobile positioning member 9 that has plural
projections 8, and a stationary positioning member 7, and the positioning mémbers
are inserted into the respective ferrules so that each of the ferrules can be positioned.

40 It is preferable that each of said projections 8 be formed into a cone-shape, a
pyramid-shape, a needle-shape, a semi-spherical shape, or a combination thereof, but
any other shapes can also be applied as long as the position of each ferrule’s insertion
hole can be set precisely.

Said mobile positioning member 9 accommodates plates 8a having the projections 8,
45 and is structured in such a way that a plurality of the plates 8a slide independently.
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35 of epoxy resins and curing agents.

At the time of thermal spraying, Sabnor (made by Arc Techno Co., Ltd.) composed
of epoxy resins, solvents, and curing agents, can be sprayed onto the ferrules so as to
roughen their surfaces, after which the ferrules are coated with said
polyphenylenesulfide-base resin.

40  After the aforementioned coating is completed and the temperature is lowered, the
outside of the coated layer is ground so as to precisely position the ferrules in the
structure. Thereby, a connector 1, shown in Figure 1, is obtained.

Said connectors 1 are piled up, and the ferrules’ holes between the piled connectors 1
are positioned and fixed. Under the same condition as that described above, said

45  resin or a metal is applied by flame-spraying or electric-arc spraying onto the surface
(except for the sides that have the ferrule holes) of the piled connectors 1 so that an



by a fixing nenber (not shown) so as to prevent the displacenent of the
ferrules, and then coating with resin and so on is perforned thereon.
Figure 6 is a schematic diagramillustrating the condition where ge nlf) 2@5
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nultr-coreferr Iefog ngltr-;}(re optical fiber. In Figure 7, the
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the upper fixing member 29 and the lower fixing member 30 are made of insulating

35 materials. Each projection 31 on the upper fixing member 29 is independently
connected to a conductive wire 29a on the negative side, so that the current can be
selectively applied to each of the plural core wires 28.

The thickness of the metal that is electrodeposited on the periphery of the core wire
by electroforming is not always constant at all portions of the core wire, depending

40  on the structure of the electroforming cistern, the anode, or the cathode. Therefore,
when manufacturing a metal multi-ferrule for a multi-core optical fiber, the current
should be applied first to one core wire that is positioned in the center of plural core
wires, so as to form an electrocoating on the core wire in the center, and then the
current is applied sequentially to the adjacent core wires to form an electrocoating

45  thereon, so that dense electrocoating can be integrally formed with few pores therein.

Figure 8 is an explanatory view showing the order in which the current should be
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the core unbered 1 n cqr es. nu re Thus, the
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need 36 uslorasformé hédibd.dAIFyYgurd@, 41 is an electroforming bath whose inside is

separated into an anode chamber 43 and a cathode side by a partition membrane 42.

In the anode chamber 43, an anode 44 is set opposite the inside of the partition

membrane 42, along the inner wall of the electroforming bath 41. The material for

the anode 44 is appropriately selected according to the metal to be electrodeposited

40  around a core wire; usually, nickel, iron, copper or cobalt is used for the material.

A filter 45, usually having a pore size of 0.1 pm~2 pm, circulates and filters the
electroforming liquid 50 — which is usually water-based and contains some metal
ions corresponding to the kind of metal to be electrodeposited on the periphery of a
core wire — via a pump 46 at high speed. In Figure 9, there also are a valve 47, an
45  O-ring 48, and a motor 49. Nickel, iron, copper, cobalt, tungsten, and alloys thereof
are examples of metals to be electrodeposited by electroforming. Therefore, what can
be used as an electroforming aqueous solution 50, which contains metal components



ot her part (whose thickness needs adjustnent) of the el ectrodeposited |ayer
w.ll be 15 exposed to the el ectroform ng aqueous solution. In

el ectroformi ng under the condition where the electroformng bath 20 is
filled with the electroformng aqueous sol ution 27 described abovd, jthe?(s
core wires 28 are dipped in the cathdde side, and the current is applied to
the anode 443 and the core wires 28 so that the current density will be
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of nmetal s Lo gdigct rodeposi ted by el ectroformng. Therefore, what can be

used as an el ectroform ng aqueous sol ution 50, which contains netal
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Se‘fg‘ngﬁlm@@ 8‘?ect rof orm ng aqueous sol ution 50, because it is

extrenely B

chem @4l | yBeehadeltke édrel wire is a factor that determines the inside diameter of a metal
ferrule for an optical fiber, namely the size of the diameter of the insertion hole into
which the optical fiber wire is inserted, high precision is required regarding to
maintain evenness of the thickness, circularity (proximity between a desired diameter
and the actual diameter of the core wire), and linearity.

40  Such a core wire can be obtained, for example by (1) a method for protruding the
above-mentioned metals with dies, or (2) a wiring method, or (3) a centerless
processing method. In the case of a stainless alloy, a core wire having accuracy of
about 125.0 pm + 0.5 um in diameter can be easily obtained.

Also, when a shape other than a circle is desired as the shape of the insertion hole,
45  the above-mentioned metal materials are protrusion-molded with dies.
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el ect r of or§¥ W& 18 Eigre by §E?IP°S%’61C§IS cirgflarity of theinsids 51 are

di pped i rﬁnfiweltse&%aétessmféhe elegirqdepesited dayamwilheqesiraiped withisrthe ar e appl i ed
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pr ef er33bl \2 Bclding memang 53ysplaced pn esf‘ﬂ)‘“ééﬁof‘ﬂwlt? ey Rinesandoply
el ect r odemesiiqreef the electrodeposned layer to be corrected is dipped in the electroformlng

aqueous solution 50, so that the thickness of the metal electrodeposited layer is even
throughout.

As shown in Figure 15, the width of the anode is made smaller than the diameter of

40 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
causing tapering of the electrodeposited layer, the length of the core wire 51 to be

45  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,



on the periphery of the plural core wires 51 within about 12 hours, normally
3 to 8 10 hours after the start of applying the current. Organic inmpurities
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| ayer to be correcte _ |ppe Int aqueous sol ution 50,
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t hr oughou reqip th of e i smal | er

t han t he p)%?r%pn%\ﬁ Tee ntt}lblbgeé atel?e ?‘71(513 05|°t%° Olft @?e bogt??gf‘ P cgimgﬂ in Figure
16, insul 8P aterials 54 are set on both si des in the width direction of
t he angde (Fosciflatihgd e coRewirdirCths agseons sdligoi@h@l el ectrodeposited layer is

even throughout. In the enbodi rent shown in Figure 17, in order to forma
cylindrick rgwapéﬂmom)mre a&‘é\lﬂhlspf’gf t apering of the el ect rodeposited | ayer,

the I engtlg,p orfv@fﬁeﬁ&rl rﬂwnen 3 chfinddfor, A3y £GbLA FoQ;Q%ﬁéﬁ@cT;ﬂa% dpde equal to
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17 supooufMdedengih éffike sl faiile1§5 fataaroptital Sibess tabe hadp apprepiiate
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thr oughoutshép a 8&5@ ?)e, dr angled shape. Or back-tapering of an appropriate angle
35  canbe formed on one or both of the ends of the insertion holes 56 for the optical-
fiber wires, so as to facilitate the insertion of the optical-fiber wires into the insertion
holes 56.

The outer periphery of the metal ferrule 55 for an optical fiber is ground so as to
form a perfect circle at sub-micron precision, within + 0.5 pm to be more specific,
40  against the center of the insertion hole 56, by NC machining and the like, as needed.

How to use the metal ferrule 55 for an optical fiber of the present invention will now

be described. The metal ferrule 55 for an optical fiber according to the present

invention can be used extremely advantageously for a variety of purposes where

optical elements are used as parts for temporarily or permanently connecting optical
45  fibers.
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wire 25 (¥ é g e %eraétat tfﬁel ust eesetttoerho S0 (4)

rotati hy tﬂ@ ceppastagiSdar tbwh m eeﬁthe peticaéxftbeewnehé’éalil%?rﬁﬁbliowlghta

connect or , indg cantddt wakh gaoch oﬂnpr dhe optieal Mbeheominecidr thus pkiniged can beussdiasi de

di anet er oft ig, beitren bt uferbyuheurBingf for eramplpid geaeral-ipbeross jaokdtdholder,ef er abl y be
1 mmor | eﬁfbbelamﬂdem@f@rcﬁiﬂér)COﬂalﬁﬁtmept&aFﬁdean&@toThﬁnb&ﬂﬁt h of the netal

ferrule 55f r an optijical fi opriate according to the
structure tstfésee ?IBIrSqu?‘F lfffl)l??ﬁm@éggtaﬁgﬁé agt{er%o% ose, for
exanpl &0 sSI%WqU YRigu eQ@faCth ¢ msil ferpiles Hoand2h farctbs oical e et al

ferrul e 55fibgrer— o oot exsanple. aronver sphedc facsemslantppberigad faceanfligdags: oc essed
into, for exastmhtd]atéfact! at shape, a dome shape, or an angled shape.

back-taperjng .of an ap e 35 can be for med o oth of the
ends of 't hif THSEPEY fﬁtgyh B9 Ra e legio g Fovg pabbligore, o
facilitat eSYrfee Phd r“flfeo ol ?nggdB‘?%néﬁ?n be PPHEG $05e WG dRPt | on
hol es BB. anktakigg éroubef.iagnequy splutipn seviepal simes avhilgneangging ghe Wmpststyreal fi ber
i s ground elothasolution,f(d) gengraping fasge buwhibleslaad allowing-thém tego prueledmitem, wit hin
0,5 mto bbotton ef hpeoicfwics, (3 ¥dbmgag Hetcordwire @ntheraqodous selutins epwamwn  hol e 56,
by NC nmachamd dwgviewdd tdr€4) doksingalke ¢cvee dad.at higspeeduse the nmetal ferrule 55 for
an optical fiber of the present invention will now be described. The netal
ferrule SSE; AQ opt ical fiber according to the present invention can be
used ext rerretgy'p?gvant ageously for a variety of purposes where optical
el enrent® are used as parts for tenporarily or permanently connecting optical
45 fi bers. E& JUL 2005 18 Because the outside dianeter of the netal ferrules
for opti ca( * according to the present invention is significantly
smal | er t h@Re filtRice-Bdugheriapugsit t@Pehselief tHetal-dpkaylisg (product name: Sabnor;

produced by Arc Techno Co., Ltd.), which is composed of epoxy resins, solvents,

and curing agents, was sprayed onto the ferrules, which were fixed onto the

35 positioning member by the method described for the above embodiment, so as to

roughen the surface of each ferrule. The ferrules, which were formed into a specified

shape, were coated on their surfaces (except for the sides having ferrule holes) by

flame-spraying polyphenylenesulfide-base thermoplastic resin [FORTRON®;

produced by Polyplastics Co., Ltd.], and each ferrule was formed into a specified

40  shape, so that 20 connectors (each of which has 1 stage of ferrules in it) for 8-core
optical fibers were manufactured.

At this time, the nozzle temperature was set at 300 °C-330 °C, and the temperature
near the ferrules was maintained at 150 °C-200 °C. Measuring the eccentricity error
(i.e., the error/difference between one ferrule hole’s concentricity/direction and

45  another ferrule hole’s concentricity/direction) between the ferrule holes in the



possi bl e to advant ageously inprove the nounting density of the optical fiber
for various kinds of connectors, such as a plug-type connector, a jack-type

connector, an 5 adapter, and a receptacle. A so, because the eccentrl Ci { bﬂsﬁ
significantly small, the optical fibers can be connected nore preci el 5
and the | oss of opt| cal signals at thé& time of connecting can be reduced

significantly. Figure 22 illustrates an exanple of a connector for
PC- connec tobti@inedohédtor fobehe 8-cods bpicabfibat(afteriths eainectobwhoforaRd dtbiacal fi ber

of the pr %g&ﬂﬁed §h‘é§é)t1’e%hled3t§atlthé eigb ah@Owhd: 0D9umi-0¥naes 20 and 21. First,
opti cal - er wwres 57 and 57' are inserted in insertion holes 56 of rretal

ferrules 55 and 55' for optical fibers, and under such a condition, the end
faces of tﬁﬁmﬁﬁ%@k ferrules 55 and 55' for the optical fibers are fini shed
into a convex spherical faces. Then, the optical-fiber wires 57 and 57", to
the tebni ridie surfats-tobghaningagentior thermpl-speaying SsbBs; aredusst by att ached, are
i nserted iTechiveCo.nkek), whichhe cempaded Db epdny reony) eclivents, 5hdwenting agatd) ti p ends
of the optwasabrayederitothy fesrules, whidh Svére fixesl dmothghiositioning manbeadly thid t h each
ot her. Then@Rdd detriddoer te@BBRCEMboditbst, aPisAb Reckhenthdirfadedf @sh it is, or
it can be fusqd The IPMBIS JFhe fePilc8X teforﬁ:egﬁié%ﬁxlun rRS Rolkd) C%ﬁ‘fcth' der a
rubber ghol Q&g for ed?xﬂo% &ifi& éﬂﬁé Wire 0GR aly} 1% &{}Q? i f needed.

I‘
gmm“%Mﬁwwﬁ @ewww gl éﬁgﬁzm

55' for tﬁ‘es EC ec r’ aﬁf’ﬁ gne mo é face

sl ant sphéPl Fﬁ’&‘?"toés hag, Stﬁgeél ?mf F%’t‘“f W9 to renove

the initi diPCHUBYE Sany C‘é‘r re wre and to i rrprove vvettabl I | ty of the

surfags Olekfﬂ@inﬁ\érétﬁre ﬁd&?tﬂe%ﬁﬂ\é&, BRI A-3Pr a %'duﬁﬂtan{eé)at goerping a core

Wi re into,sqogSyang, fgkhdigc fﬁtn?ﬂ} el‘? rbe@x%!e%oc é‘ﬁél@é‘mstﬁé/ ?Bt% ne&' mes whil e

menagi ng. (e, {KIRETAL Y Srore s Ag (05! AR 6T Yol e and
AT

i
211 owi g et Hedita B et LG e e ned hat

vmward or (4) rotating the
core wire at high speed Exanpl es 30 (Exampl e 1) The surface-rougheni ng

agent to be used in thermal -spraying (product name: Sabnor; produced by Are
Technd0co.( XEEPIdeﬁ) whi ch i s conposed of epoxy resins, sol vents and curing

agents, wag, % Mt%g \91% weREotft&GhEdbeSutti Qoi’l‘ﬁ‘éc?or% @4l phekNe 35
: f }gg;aﬁ% ﬁ% )

posi ti oni tﬁ’@& ﬁ Héent SO as
to roughen fl.{ let (% g v]\?u re fornmed
into a sp &CF 1f”é‘:sdo é’ﬁ ’é“es Su§ F?a‘%ég %‘i % %Yor the sides
havi n ferwq&? thep spie }6951“1?158%% 1%% £% (eyeenb fle

t her n@p| adhs ddesdavingfentule holgs) po AVag omtﬂ dyiptopsipeeidiedshape; sod. |, and

each ferr tha 1M9me@m@aﬁh1@f)whlcb |bé$:4 ﬁﬁaw czf(ferslﬁasw 1t)§gr iGrgereptieddnnect or s
(each of \ﬂbcrshNdramanuM‘alg‘ei of ferrul es init) for 8 core optical fibers

wer e rranuf ed e sat ur, S t 300 C 330

C and théA S8y her“é’zgl %entlpetr?\tg %‘é@s Se%%% ke ;{g@ P T BesEhe 00 ¢

Measur.i ng o & Slﬁdr agr}n(gr %l?“fcf:%‘ir'é gﬂﬁfe ween one

ferrupl h&ﬂéﬁeen e‘H rho stif flag qléefv‘fdownaﬁmom@r dhsokoneare plical

concentri %hg ;ﬂﬂd%?g%‘b’@%fﬁ))m%t%@ pacHiedisbppa) reveplst dlatithe erpa relgmasz*zm 19
pum—0.5pum

(Example 4)

35  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 —
electric-arc spraying (Arc Boy PC 120i low-temperature metal thermal-spraying
system; Arc Techno Co., Ltd.) — onto the surfaces (except for the sides having
ferrule holes) of the connectors for optical fibers, which had been obtained by the

40  methods of Examples 1 and 3.

Output voltage: 7 V-10 V
Wire-feeding speed: 3.5 m/min (® = 1.3 mm)

Jet-air pressure: 5.5 kg/cm?



obt ai ned connector for the 8-core optical fiber (after the connector was
formed into a specified shape) revealed that the error range was

0.05m 0.5m (Exanple 2) 5 The surface-rougheni ng agent for thernal -sgfrdyi ngijs
‘(Sabnor; produced by Arc Techno Co., Ltd.), which is conposed of epoxy
resins, solvents, and curing agents, 2Qas sprayed onto the ferrules, which
were fixed onto the positioning nenber by the nethod described for the
above enbadéasarig ths @camtridtyreptog betveth eheSurriiia helesfin draidtaifil donhéctorThe
surfaces @hftdriige éhestbemad REBEPIntd @5pdcifedshdgs rédicdghdtahd etvét thdees) , whi ch
10 were fapdged).05tR-@s5saeci fied shape, were coated by arc-spraying zinc wire
rods and alumnumwre rods [using the Arc Boy PC 120i | owtenperature

net al -spraying system Arc Techno Co., Ltd.], and each ferrule was forned
into aSSp?EkJIhﬁQS hape, so that 20 connect ors (each of which has 2 stages
of ferrules In |t? for 8-core optical fibers were manufactured. 15 The

t enper at urdeatoforntingudieg nigkelswithuthe methdeofith¢ abyeanénignediemhedinteat ned at 40
C 50 C. Meayperfbmged dreSkecdmdticalandtyl femrvlos, iesoaemgehent was U0 ewsalbes in t he
obt ai ned seges)eThoobtiiaed sthetde oas graptiittala shedified §tabe emdttheswetioaect or was
formed i ntreughehipgapéritd6r theM@SprayRIgeBAlR 1 I P1aduced By Art TeckidNOS, V@),

0. 05m@. 5%m%@sefd®f@ﬁ&k)ere§1hs Ecweﬁfsraﬁatdﬁmg é’ﬁi!; Q%s‘éﬁfa ePBh ﬁie"k%ﬁfa&yofc utting

0. ’ Rf Ex le 2
e conneqﬁ@geﬁu ()R:Q # HthelsiRE hivin a§ ?forl?lgig& ?I/llssouﬁ g_‘%(eéﬂ?ehul esanp °

into a sp
i nsertion e}%@ Jg)g%{‘lﬁ £ dvfl\jlere t hen coat ed
by flarre- @3‘:&3 ﬁ'gi%e% Raé ?Wé e>§'(’: 408 25 the sides
havi n cﬂtré? SheInLG :ﬂ f evsi§ enstpﬂiaén% Pétifi ed shape,

so t t Ué@ﬁr%él?%téOQ dac? 0ot (Whichrvasdhe sanag §teémper@uﬁemeérsthpﬂpt| t) for
16- cor e oprorde) and thsspgacgde@mperaius aiciaid saictyse mﬁa@ustpdm ahoe 15b%z| e

t enper at urMeasasngtht et@n8iityCri®8 bet@ecmtint fetmale helep én thelnbérinateannedter f er r ul es
was adj ust(aftbritiee domileco2®s formbdasan spagifiddesheps) eevenledithat tes ¢reor radkebet ween t he
ferrul e havgs 0.051mMe.Olhai ned connector for the 16-core optical fiber (after
t he c%nnect or was forned into a specified shape) revealed that the error
range flas t 0.05m 0.5m (Exanple 4) 35 Alumnumw re rods and zinc wre
rods, bot EQE{meyQ%ch were nmeant for thermal - spraying, were sprayed by a
Iowterrperature netal thermal-spraying nethod - electric-arc spraying (Arc
Boy PC 12diifty exdindengencielfeaulgatvehose peanesmespvay | hepwsapdidestggepreerfechno Co.
Ltd.) - orlwtrofoemsdiby theasethek ofbtht abave antwdanetd sTheehtaiged ftewatwrk avakol es) of

t he connegtamd ifitora spptifiedbhape exdshe shfact-rivatichiag ngaty tfer thedhdbypiahmg 40

et hods of(Sibrafpréducdd B Ard TedubCY., al)f whieh 1s7co\41pb@ed/oﬁ/&{ﬂoﬁyfr@ﬂﬁ;i ng speed:

3.5 ' m n sbkveAts)and chridg BFEnts, $RE sprafeddEhS Yirfaced oPthé Féis & fc?1005 20
NBASUT | NG fNeq&GEeRbIh A BI1E rn%q%zqan QtutEREUl &eﬂﬁiﬁ% géy%?ft obt ai ned

connect or e‘?lr SetGHRS P B&HPC 32654t reveal ed

that the bt Phetal thermaiJ spraymg syste ec o Co., Ltd.), while aluminum wires and
30  zinc wires were used as materlals to be sprayed onto the surface of the ferrules.

Output voltage: 7 V-10 V
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
35  (after the connector was formed into a specified shape) revealed that the error range
was £ 0.05pm-0.5pm.

(Example 7)

40  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 described for the above embodiment, so as to roughen the surface of the



5 (Exanpl e 5) Electroform ng using nickel with the nmethod of the

above- nenti oned enbodi nent was perforned on 50 cylindrical netal ferrules,
whose arrangement was 10 rows (5 stages). The obtained structure was ground
into a specified shape, and the surface- roughening agent for 6 JUL 2005
t'her mal - sprayi ng (Sabnor; produced by Arc Techno Co., Ltd.), 10 conposed of
epoxy resins, solvents, and curing agents, was sprayed on the surface of

t he ferrul fsruleexTlapferiites vidiecsitedietsy Mané-ngafing tHensdyphepyleteshER)e,bas® as to
roughen t hﬁlenﬁdplis@@eesﬁrhﬁoaquom@eﬂlpphb@mePslgFﬁwld%g:dvaﬁtdqani&tharﬁd t her eon,
usi ng the gyt ererdtifitdtviasRrrilRebiRPaas tidh faalefwdsHEM TRl PPS;
suppl i ed bé{ Sp e'cﬂﬁeﬁ‘sh E@EHaP&&ﬁ@&tS%' (edch: owalﬁéix ad 3T§1§ %rm &élﬁﬁ %r the

1 ame: spr oy 55 e o BN RlnhBe b . same as
the terrper%tdélgr% c??ra oob'ta? as echZ ap ae soft es T I? of said
structure e en get error
bet ween th@aﬁ’(g?l ‘ﬁti eéwi %Intg?{go% ?lﬁfg‘é &LE(E[%, lf:‘%/)nnect or
was for rredp‘lleﬁ]t‘lP FFustrey ) copted By ey ﬁ%ﬁynxgﬁel
0. 05m 0. 5niherEgn ey |ecoesleqﬁ?rﬁ A ) S
arrangﬁfrenAt VEEGAD 0N AT e?attlﬁ‘a%»s Sl S0 @ 20101 GTBE ket 100 o
the above gnbadigent . Ih §d9 E&‘id“?ﬂ)‘@ Qb‘@%’rﬁeﬁ%ﬁn%f{eoe‘é@ thi& Spec' fied
£t So?% étu% fi regISﬁtS)nor

; ?ggﬁcegngbetﬂgen iﬁ ?‘@r?ul 8 ciytaehqecf'é b &liof
sol vent s, éﬁﬁal% %CSEBHaggeW% q@ ﬁné’ﬂ“the surfaces of the ferrul es
(except fops stafe@ aBb et $heidr Rghgelis Q{ddoﬁﬁedml oF3hle pré&ean idventdrewnes at ure net al

t her meis spo @Efmrtﬁ 148 SconPRhirtARGhdYorRk&6E &1 the PFeSert RERNLIDE wab Shil®Id g Arc Boy
PC 120' R AG8. dl:g?e{d%{nghpﬁftﬁgl)ptﬁﬁ[ fi¥d09 system Are Techno Co.,

Ltd.), alum numw rés an zinc wres were used as materials to be
sprayed onto the surface of the ferrules. CQutput voltage: 7 V-10 V
Wre-supplgﬂﬁ(glql ieD@ed: 3.5mMmn ((D=1.3 m Jet-air pressure: 55 kg/cnR
Measuri ng B ntricity error between each ferrule hole in the obtained
connect or Fidy cyhfidrival inbaal éerulaqivbbse@anbernhemdvdsiiaows $Pp& slage vesdrape)

reveal Byl t fladtrdfhi@neArisiHg ity By thiBifiethd 651 QbS8 ent BodARBAETHY okthindde

surface- roéiﬁl%ﬁﬂé Wes gﬂﬁﬁ& aﬁ@forﬁﬁé@ﬁﬂ’f@'a sﬁ&ﬁﬁé/d dMdp é%ﬁ?@%nn&’t& H&ﬁﬂos@& Are

Techno Co., %505 1ﬁg A curing agents,
was spr ay ‘E xg i_tioning
nmenber by 8‘&&% Ogeg[f };8 e abo%&gr%od ROIQI&%%I o roughen
the surfac Btpe{:ﬁgrrf?geew‘gw b‘gl— & ul es. The ferrul es Were coat ed by

fl ame-3prayi ng the pol yphenyl enesul fi de-base thernoplastic resin

FORTRON(T ) ; sup&vl ed by Polyplastics Co., Ltd.] onto their surfaces (except
for the SI ng ferrule holes), and each ferrule was forned into a
speci fi ed shaggs, cé% @ﬁlnggg@iﬁ%r%én{aﬁ@%aylﬁ (Wbn6h phaithc3d By ages of ferrules

t) f | f be
ngr: p)hersro?éipﬁﬁo Qz%ll:t?ﬁ cohd ?st%f"g 4 ﬁg‘;eglfsggnd E&Hné %I%g’rghapee and

) urf Vf@s as, 2dBhta s 0 T
ﬁo: gse O‘Na ﬂ) ygslcrg;%f]oé : %Pé’?’ge pvé,lg{egg g)a% (?er%%g erllléc i{snﬁr acf: o%?ihe e insertion

errules The es were coated by flame- spraymg 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 opt1ca1 fibers were
35  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 = 0.05pum—0.5pm.

40 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,



piled up. Then, the structures were coated by flane-spraying said FORTRON(r)
t hereon, so that 10 connectors for 72-core optical fibers were manuf tUé%gI.
10 At that tinme, the nozzle tenperature was set at 300 C 330 C, and mb i
tenperature near the ferrules was adjusted to 150 C 200 C. Measuring the

eccentricity error between each ferrulZd hole in the obtained connector for
the 72-core optical fiber revealed that the error range was 0.05m0.5m As
stated above, ﬁt)h%n@alr - §Prayig\Gelbdirdftienif OB Rt Ga @btal BRORKESEMUritalvent i on was

f 15 0.5M OferfufS %t ofOffhk FRiIBGhd fedrulcs RE: HARNAEIIAh aQbedifi&d s@t%ﬁﬁt i nvention
was suitable for__preventing the axial displacenent of t op fical fibers.

(Exanpl e 8) Fi) pilingypighinesichlayers ohp reser o1 108tal o surpgeat, Wewtucm 10 rows
in5 stages§0 o dornp @ therweltspadysd daygr thereey, aidckel by the rret hod of the above
enbodi ecified

shape, rr%d Rgﬂ%%g% aStgﬂcf erél?rfgfr%ﬁfelg{ g%%glgtte@g e(?frslﬁ1 Qm@t éﬁ)l ckel

| ayers) f or *5%8- %18?’%1})6 glcaﬂ AR ereOnmanuf actured. Measuri ng t he

eccent ri ci t Yherefoes, witht aaminectacsdf the presére im@htion, exhliglacéhait of tee error range
was 0. 05m Gpthal fikdrs bENeHAR gLofhe dftRabAbdra el heusber) ﬂfweb@zqsw&enhﬁ _

t her mal - spr@afme&l&ﬁa@m@rdue@dQmﬁld%g%f%pu&mg Co., Ltd.), ichis

conposed of epoxy resins, solvents, and curing agents was sprayed onto the
ferrul el whiadditipasevenecigrralerwhase pyisiis displhery wélrﬁ@é eaysg apy prodenrst hod

descri bed f emryingeow ita/gresamb orvention 3s leong assthe circwlanity e thehlerrvlgrifodeis nof t he
ferrul es. Téefofmsrd: if thes ammmrgemeotdfatle fyyrulldsdsmultpstayedy it i posiilbie ¢asdyr f aces
(except forcoxish@ct&hd@ﬁcahayétglg off @fanyl lcBarielses) t hg t hemeaI - splr ayi ng ][rat er ijal
contai nin OXy resins . an curi ng agent nd eac e e was forne
into a s gc S’é’ﬁé‘if‘églhgalpfsﬁglat QTG my rﬂ%@%‘?‘%‘ﬁg"? watepiah ?n‘i\)ﬂ\l{‘?ﬁﬁ IBACF 1 stage of
ferrul ek in Wlﬁterwe suiges fer msertion of pptkf@} gbegp therein groysad imbegpcdel fermplet nj s
time, the tfmpendtiver optigal fibes ohteresenkigvensiont BorithB regsonsitic tetalt enper at ur e
near the fecombesr oftbe prsergtimdntion Is5HffGef0Mord.a dveretiohalgnotendwdsns ri city
error bet wvaglexpandivd @rarmicerbdice ora coheentibha) coaduatbrecduat whose 8- cor e
optical fi bﬁ"odﬁ@ﬁbﬂ&b@ﬂres&Mdﬁthﬁaﬁrab&foﬂmﬂg%@re Wir@out &rikgm 40 I ndustri al
Appl i cajy |1 EpyctRRicpGsed 1hed ]ﬁﬁ@fé‘%? ‘é%etﬁ%ﬁﬁ&'td}gnfttﬁb bdgenpr esent

i nvention i gy ay&h Hl%ttaaﬁcosgfmeg%@ust e AT DGR AllehRLTEGR!

ferrul es by posi tToning u3|ng bot h
end hol es o?ﬂfﬁg ?$L e@ﬁa % reference points in p05|t|on|ng, 6 JUL 2005

22 (b) therekpensivaydtg piseseha ated @hdoctivegnaerigs amd whos insidalianitess drbe
cylindri cal suife@ férih&stict ofsiichl fileryhitetn 4rb@sddinithd f3tad f@rul@fdttaahiad in a
speci figy pasé bpﬁ’dﬁl fib&)ofRhd pﬂégenltllihv%hnérﬁﬁﬁﬂm?s TR theRhetdl doBRéRorf tRe Met @l on
the surface enz n& r{ i Ent fr a%émte?n Qilrﬂcﬁlctﬁlﬁ{cﬂ% -l eRy&divkayer
thereon, ang, g, ocmc '0p9 cdydtlioh#3&indict \%Vﬁ & sers,g(zauctg)ar Jfikal on the

T
surface of (éu t her eon.

Therefore, taj '8 ?Pé’&f)gflraévfm’%ﬁgor r“@%ee?ﬂtom% ftf% ‘Iiye :P%'Errent of

t he by adopfing the metal connector of the present invention, the tota Cost can be breat y
30  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.

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.
35  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-
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.

40  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
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

45  and, as a result, the loss of optical signals at the time of connecting is significantly
reduced.



optical fibers or bending of the optical fibers will not occur, thereby
preventing connection failure due to bad positioning of optical fjiﬂ?%@@ 10
In addition, even a ferrule whose axi 23is displaced will not cau@e any
problemin carrying out the present invention as long as the circularity of
the ferrule hole is not deforned. If the arrangenent of the ferrules is
multi-staged, it is possible to easily construct an optical system of many
channel s. I nexpensive netallic pipes that are made of conductive nateri al
and whose inside 15 dianeters are suj {aed for insertion of optical fibers
therein arve# in the metal ferrule™fr a multi-core optical fiber of the
present i NVaHES JAMSESS t hi's reason, the netal onpect or of the present

i nvention sgﬂ}eflpéroéﬁi‘amfaﬁﬂ%r@g@(ﬂﬁ‘%‘?ﬁ‘?rowg Sa‘ﬁéﬁ‘?ﬁbﬁ’fgﬁ@?*}c\?’é’lzedé\‘l& t£9< tpensi ve
cerani ¢ prieamel-spraying o gcterfomaping is anphﬁ@ucvsméaﬁma%% mgihse to pr oduct i on
requires phealit i cylinst-shaped feroflesy uadwrrﬁlge eondition thatpsojectionsf—iwhictpgre

el ect r odepositibed dpppeite cathetleby- oby pasitpiing mentber aetfatedandmgpedto of t he
present  ibovtedtids ofthetiferti@t ldlesafhe cgihdoestapedidmnldsesbiharcadh éerhule fshe

i nexpensi \WeogBalyPokiibfied fficdthe défral Beesr: a1tk kabeh ot angRcifiedexpensi ve net al

pi pes thatpoehsné:Q@Mfs,alaﬁwahw [fhdeficha ?&mné@%éi@oa%@rret ers are suited
for insertion of optical fibefs therein e used 1n the netal ferrule for a

multi- 25 core optical fiber of the present invention. For this reason, the
met al conrfedtmethod of menphetseng a comentor,omith saidinfeftedehbraf teadmedsucbthetnt | onal ,
nonconductthe/énnadior mamehcaured byake meihod desedibed in Olaira 1¢e foraediintoal , conducti ve
product whpeRfigd $HPE,tan@RBudtedbi the Surficae—aslekp: bemaindt aber tHefabevawi ng a core

Wire oul GheribReldmbEBrRAASIIEDhANAYith HELEO La y&%f%%ﬁﬁ'oﬂg nidhg sget al

connect or of, the PlERFP LAY §Ntion, the total cost can be greatly 30 reduced
due to thé |ftonexpensQ| vegma(t)t erl?[al S used and the reduced | abor expense. The

metal nult) - ec for an aptical ber. of . re?lent |nv n.can be
nmanuf actur3eé‘ g& E‘aﬁ%gftﬁﬂ gaa?m}eg F’UW ﬁng) {Spizes ﬂch " Dependi ng
on the usagd® cmlﬁlaef agthee éw& éFS mrﬁﬁfFPﬂ‘F Rule for
the opti céP nqultile layars (B\emﬁ]?%é%e%llqymsbmaa fnegificd Iﬁh‘}‘i@; a dome shape, or an
angl ed shapdb) thesemyal paeskofithpmsentign bpleam the feropes axas gﬁ@saedee;lmeb@rs ormed on
t he i nner awapdralddl toerchmthdoat $peoifietiipesibnas and t he i nsertion holes for the
opti cal - fi bet) themes-spegingsvitioatileast bhd Ry oftaltesin oS hictadis applibhen ezt i cal - fi ber
Wi res int guifi@se- dxdssiokPehdR0l-&F saidRontiddore s & toToiink b codtBig dbhdcald be used
extremel y gay@nt ageously for a variety of purposes where optical elenents
are used as parts for tenporarlly or permanently connecting optical fibers.
40 The meta It rr for th e t Sen i nvention
can signi f4 doffrg lflac‘%m—tl Con%ﬁ?qg}a %@mbe?%gﬁlmﬁg%c&ﬁjf ers in various
rrultl-coré]&e Eat% 'i’fdfjtlon the Itl-coreferrulegr the opti cal
fiber of thdé)ABEP Oﬁweatpi% prBles dlepecifipdpesi l?ﬂsec@“g’i”éFMWO hnect ng
optical finggitieningapeae apgde S&a@ﬁnwlpoe%e@nsﬁnqm@rcwlé hayipg pepjectigaetot i on hol es
are pr operuewnaageérvgﬁnbcgbemclsaafthmmyerao@hplasmsaei fermlesaatd ot her 45 and, as a
resul t, the (bjths pofieatiphs afiboth tlgnablsilexindtthe stafiorarppositbomee: triendpetssare

si gni fi caripyped el en®Boles dfbacB@é&tule 63 ad wothoWhedchiferrgle 8o e each: 1. A

net hod of mﬂgﬁ@iﬁisﬁwn@g a connector, with said nethod characterized such
that thermal -spraying or el ectroform ng is applied - using a resin or a

metal to & PRl dopaheeHiRde o ianes d&hih SPeiMRgers, Wil wendi tion that
proj ecti Ori'ﬁetﬁo afe{lte?‘fzgd such that thermal-spraying is performed by flame spraying or
electric-arc spraying.

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



posi ti oned opposite each other - of a positioning nenber are fitted and

ni pped to both ends of the insertion holes of the cylinder-shaped ferrulii
so that each ferrule is properly posisui oned and the central axes afell 7005
parallel to each other at specified positions, so that said plurality of
cylinder-shaped ferrules are coated. 2. A nethod of manufacturing a
connector, wth said nethod characterized such that the connector

manuf act ur ed by t he net hod described in Caiml is forned into a specified

h th f -
rent oned G ALt IEgE El G Dyl mied %ﬁbe Ra resin or
a netal s t‘(‘)haf figy2 iep foy cukmedhe guteppe Acturing a

connect or Sa‘\% eéqetreémsm ]I%S‘H IE“I‘?e?r %Y@P@F‘Fai &heps i@ mapRigeturq ferpuewit ﬁl?‘?ect ors

manuf act uegig! pgreohsaifeersorreesbe pouer afsaidifairwel are piled up to multiple

| ayers (to nake at least 2 layers) in a specified shape, (b) the central
axes of t I8A inmeslerd ofomaruddoberirign fetralef fer a mludts-coieropdcariiber sadacdiominact ors  are
paral | el tClaigde,thataberized suwpeledt fiti includesd dtépofos moitt dald cdrbavirBbnd idyi ng Wit h
at | east Q[h%trbd’éﬁéht&lf lager’iff hdh PRa@thaBihedistihce Bethwicesl (HRaldRodsid @Fe - except
bot h ends sald%resxﬁiré’s ARNARCH &R dEFosEd la";’zexf ﬁl&%ﬁs %Péédré‘&e@fn%@ o%@és%f surface.
4. A et ho%xgﬁ ‘E&Héﬂ%ﬂe& ‘%(?E 8 c6r3 ?es%h f%) i xﬁy W th
said nethg o { er| L % e neaarrllsf ﬁl ﬂ?ﬁef?gl@? Wrarferrul es
at spemﬂéﬁlﬂ)gg ?grqb & 58%?8 and a

stati onary posi ni ng er, both havi n projecti ons to  be engaged wth
both ends %of*® frrananuinctiggasteryl |ade€r°I°Eﬂ eticabiber@gflesopiged b ect i ons
of both t Kdaifbbi qheraﬁmzedmewhtﬂ@at|lbndn965ﬁo%¢n fob Fotalinsitheqrs wareeand éﬁlgjaged with
bot h end- leldctredepositeiclaydrabouf seidslorrake’s axid obre asdbhcdnéerinkeraess foat each
ferrul e | dJomaag tn elketodepositedriegdn odtochi dmineifvire tso g tugingprovmnthe cirowladty descri bed
in O ai ns ot céncemiricity 98bald cleetrbdeposibdriags e athngeturingake fehatoral - spraying is
performed by flane spraying or electric-arc spraying. 6. A nethod of

manuf act urjiong B&I BPIIanIfQEtuﬁn frhaE Rl 8 cAfficoRl opichPfinghsbachised fed | such
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an electro or an anode

and cat hogf %%{%ﬂ 5 g%c r"i1 % 1 Sl egﬁe’é’ bﬁf ion stored in
an el ect r SSPR{TRGS yeréﬁ £\ 68 °’i‘8 cgp (g“;gor
el ectr ode;5’6§ipf9°ﬁ§f fon famingee E‘f} B‘P?été QYRT HR SYd cPEECKire O §>S6{‘i°de hode - a
core wire thodqgoeecef tareriagmé tha quter neripkeriialsaid cleptradeppsited laxsr #dienhose i nsi de
di amet er s nanafastiringdh¢ Garrulemiserti on of optical fibers into said insertion
hol es, is used as said cathode, and that an el ectrodeposited |ayer is

formed on 1t1heneticdrofPemufRairihgef fefriR 604 ful-Eére opticdl fibekas?@&ribed.in A et hod
for manuf EISJBM{G rlﬂha?acfeﬁ&éd’é&hftﬁ%{t(ﬁ) dTéHJthatC(QIl‘i‘as%tab&ﬂkorfe'1H€6mﬁﬁ>ndoﬁ?d3r' bed in

a ai mh6 o?%&éﬁ ds %aﬂ% ei“'ﬁl%ﬁtl?e ﬁ&ﬁ g‘. et he outer
Prglr’llufagiﬁt gete?@fe (fe%‘&él ?Sinﬁ f}v s%r 1tcl[1'l dﬁal&y écg er8 he? atgﬁe cent er

/
of said féf atllél %mAenIQ 88 %ﬁ’erP& 8@%}5 ! sega'sg )ﬂil core

opti cal f|d|8%1ieea£ aas%%%?‘{tgaomrp%& d&gcar@flsm% aé’ﬁ‘b‘ﬁ r?qﬁ’ﬁ? qr i ncl udes
a step fomapsfachyingdheifeemie wires and said el ectrodeposited |ayer in such a

way that the distance between (a) said anode and (b)
12.A method of manufacturing a ferrule for a multi-core optical fiber, with said

method characterized such that

(a) a plurality of core wires composed of metallic pipes — whose inside diameters
are large enough so that optical fibers can be inserted thereinto — are used;

(b) projections — which are positioned opposite each other — of a fixing member
are fitted to both ends of the insertion holes of a plurality of said core wires, so that
both ends of the insertion holes of a plurality of said core wires are nipped by said
fixing member;

(c) a cathode — to which electric current is to be applied — is made by arranging
and fixing the central axes of a plurality of said core wires parallel to each other at
specified positions; and

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



said core wires and said el ectrodeposited | ayer increases or decreases in
the process of formng the el ectrodeposited |layer onto said core wire, so
as to inprove the circularity or coneéntricity of said el ectrodeposited

| ayer when manufacturing the ferrule. 9. A nethod for manufacturing & JUL 72005
ferrule of a nulti-core optical fiber as described in d aim6, ~ ‘
characterized such that it includes a step for rotating said core wire and
said electrodeposited | ayer about said ferrule's axial core as the center
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ferrule. ofaefdigionsl e HB@%P@FW lﬁ}gera Byl e for a nulti-core optical

fiber as descrl bed in Caim6, characterized such that (1) a coil that (a)
has an axiltA gwsthod of nowfasturig dhfermiledfor afmuitacorepticaldibeeas dasyribesisina di anet er
| ar ger t h&aitnké- Ifecharactaridedserhahatdhe infteal bukhlegedreshidt@e twire atepasovedd | ayer,
and (c) wkesetodinpedveghadieaibilitylsfcionsirface)@hé ko that hivdolediof et i on from the top
end to thelcb@édepbrifddayer hfe proRaASTSAR bEing TSGR iA Ahnh PRturing)thd Rerulddegr ee of

tapering of the outer periphery of said el ectrodeposited l'ayer is reduced
for manufacturing the ferrule. 12. A met hod of rranufacturlng a ferrule for a

mul ti - cor ?Soﬁkbﬁ%to} 'f&ear mum ddte St lﬁHEI WG HeBShE] izt at (a) a
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said cor elwﬁl@ghaleéOﬁsgé@ﬂlwrﬁhamdf¢W¢mg menber; (c) a cathode - to which
el ectric current is to be applied - is made by arranging and fixing the
central axésAokrralefbricaiplihy opficad fibersCehagactttrizedssyvhrthdtl el to each ot her at
speci fied popisidRfileddthabtfacRRid 8adn deideshiismanRdivieedyah) thecoat ed and
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a way thafUides of et rahods,@8dof  the core wires' insertion holes are paral | el
with each ofDeeidferrylsds pferade f<mulreore epfical fibgrs with saiddesulgibe@g are pil ed
up as pl unt@lnllfaagﬂet?(hby2(m)ﬂth@ﬂefmtﬁorlnmtgwmreéwtmd@o‘sﬂfrdshaqum thd outert he core wire
t hat i s abetipterceiv ere afirealH usittpeas seidroathatle e soresoirathat 18 chmposerof a

el ect r odeprtdlliepipt Aydhg bh@senion hdaldwhdsatinside diameter is large enough so that

optical fibers can be inserted thereinto.

17. A ferrule for coupling optical fibers characterized such that

(1) said ferrule is manufactured by an electroforming method, where (a) said
ferrule is dipped in an electroforming aqueous solution stored in an electroforming
bath, and (b) an electric current is applied between an anode and a cathode that are
positioned opposite each other for electrodepositing said anode substance on the
surface of said cathode, and

(2) said ferrule is a ferrule for a multi-core optical fiber, with said ferrule being
manufactured by a method for integrally coating and forming an electrodeposited
layer onto the outer periphery of said core wire using as a cathode a plurality of core
wires that are composed of a metallic pipe having an insertion hole whose inside
diameter is large enough so that optical fibers can be inserted thereinto under the



(c) the current is then applied to the adjacent core wires outmardly one by
one so as to form additional electrodeposited |ayers thereon. ﬁgﬁﬁth%%S
of manufacturing a ferrule for a nultiyqore optical fiber as descn

Clains 6-13 characterized such that the initial bubbles on said core wire
are renmoved so as to inprove the wettability of the surface, and so that
air holes of the eIectrodeposited Iayer are prevented frombeing forned in
manuf act urj ng...th tlcal fiber,
char act er {98 tlgn?hatfﬂ Ct '\%:r‘gp]i OSﬁggF‘il ﬂ}gpolsie%gﬁ%cél g;re?fa?f are

manuf act urBg™ ‘?aﬁe tﬂtb8 %ﬂ Sftien OEHB POrRIY gt spIdrRRcal i ty of
said ferr lﬂ"é"sg’ W— aéqsé}flarpé‘frélr‘% §oidSPHGVEAYACr esi n or
netal mat e¥fange W@?ﬁdwllébmaﬁh Q?het #apepfie] pesitionssand (ghieplegifie opposite
each otheﬂmnfnﬁwapmkﬁiwmhﬁﬂam@dnenber are fitted and ni pped to both ends of
the insertion holes of said cylinder-shaped ferrules. 16. A ferrule for
coupling optical fibers, characterized such that (1) said ferrule is
manuf act ured by an el ectrof orm ng net hod whereby (a) the ferrule is dipped
in an el ectroform ng aqueous solution stored in an electroformng bath, and
(b) an electric current is applied between an anode and a cat hode that are
posi ti oned opposite each other, for el ectrodepositing said anode substance
on the surface of said cathode, and (2) said ferrule is a ferrule for a

mul ti-core optical fiber, with said ferrule being nanufactured by a nethod
for formng an el ectrodeposited |ayer onto the outer periphery of a core
wWre - using as said cathode a core wire that is conposed of a netallic

pi pe having an insertion hole whose inside dianmeter is |arge enough so that
optical fibers can be inserted thereinto. 17. A ferrule for coupling optical
fibers characterized such that (1) said ferrule is manufactured by an

el ectrof orm ng net hod, where (a) said ferrule is dipped in an

el ectrof orm ng aqueous solution stored in an electroform ng bath, and (b)
an electric current is applied between an anode and a cat hode that are
positi oned opposite each other for el ectrodepositing said anode substance on
the surface of said cathode, and (2) said ferrule is a ferrule for a
multi-core optical fiber, with said ferrule being mnufactured by a nethod
for integrally coating and form ng an el ectrodeposited |ayer onto the outer
peri phery of said core wire using as a cathode a plurality of core wres
that are conposed of a netallic pipe having an insertion hol e whose inside
dianeter is |arge enough so that optical fibers can be inserted thereinto
under the 26 6 JUL 2005 condition that (a) projections, which are

positi oned opposite each other, of a fixing nenber are fitted and ni pped to
both ends of insertion holes of a plurality of said core wres, as a result
of which (b) the central axes of a plurality of said core wires are
arranged and fixed parallel to each other at specified positions, and (c) an
electric current is applied to the cathode.



