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FERRULE, AND METHOD FOR MANUFACTURI NG THE SAME 5 Detail ed Description

the Invention Field of the Invention The present inventi qmumﬂ“' lllﬂl
connector used to connect nufti-core optical fibers, and larly
to (a) a connector wherein the connectlpn ends of the | i nked *(spltss:*cal 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
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equi pnent, devices, and 15 optical-circuit parts in optical-conmunications
systens or optical-application neasuring systems has been increasing.
Optical Xiber is mainly comstadled Ryscriplion of redaxentignd it consists of a core
part, to which Iight power is concentrated, and a clad part that confines
the |ight pPisRI of tRedavrionhe age of nulti medi a has begun, optical fibers
are being used in a, var|et of 20 fields that use cal el e such as
t el ephone I?%E’eseéefr{?{?’&m&eyﬁgsﬁ%é&°m§ﬁt°6b‘§‘?dctglcof‘i‘%em“ ’§°‘H§l9£?‘g§%‘€h5= to an
appr opr i at eanldspeerPagtistlagly e kaliafgnoesterywhasein ghe compertiop gndswefdhe fgkedi nj shed as
connect or s. opticakfiteys arwaenngﬁdkn agvetimensipsalonanger, iandi(b) feimeshed phit o

connectldr s, memifimurigaidcgdnneadoi. cal ferrul es are used to hold the

opti cal - fiber W res together coaxially or (b) mufti-core ferrules - wherein

optical fi %E&rii&ﬁnmf@ﬁ@ﬂela%?\@a}s shaped grooves on a resin-forned
material, and dirrectly coate h resin-formed covers - are used.

Convent i onaRegpptlnmqoaamumqaben meanscusggrapdicaldiben pablohas baen d¢veloped &ich pair of
optical f heasmiisg enhreseivimg allyrge nelugsi diterse infétmatio sk nng timeyandahe t her e
i s a grow nderianddencptichloosmnebtorsito gomeétt varioos piecasdf bqujpmelendeviges, and

opti caltsf i bepticaRiterit,pastnih optichl-codfinmicationpsyisreals ov eptiet-applicatiane been

devel oped smeashﬁhg hieas hawbtdrisgesignd hi ghdensity optical fibers can be
connected a é %}ﬁﬁet her ip order to trans[‘g t an. even ater anount of data.
A mufti-cor Reribmainly compoRseh WATLE 8lash GRS E CONSY sf FOIF PPt 1cal fibers
si mul t aneou¥high lightepoish feconForatady and aelad pﬁétlwasqu@n%%thebmqw of a

muf ti - cor e Beragenthe agoef mulimenie hasheguasontisakitbens arg being yses in grvarietyof cal
connect2r . figlds thatouse opticah rlsoentsssuchas tekepbbreskiries i Beforiebemgtused, fanldptiedlng t wo
types, depefitutr mousoallyt due td abapmsopriade kgt commaspoatiing hovigntsagé, and)its ends

i ndependent are dinishdédeast opprecharst Usually, evieptmakalg the amdsaif optcal fiberatimtoh a ferrul e
for a singl enaedters| €ithés &) chindrieasitbrnaley gre @bedtorRold 1he @ptiealffibbrewirand a gr oup
of si ngl e- clegethteddanialys o) Hiulti-vbre ferrulept | Gatrempiicdl fiders ateplaced in V-

bat ch- arsr ange rofPestonRereSipifeRdd BALHE Condr directlylcoiddoditiptedinaforraed | cal
fibers are §JvsRd_J 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 iGewniepdenally.coptigeldibern ase eepnasted snabiend des eAck Pais APHERlf or m a

muf ti - cor e fiery wheconsectedhby ondwongeiorn A¢ @sesent, boreevsnithesads 4 gioavieg can be
connect ed easddngy toywaad gsinglefi-core and Righytenstyl opticildiber eabbesppukmdltinai nl y of
gl ass @@ar taraopticabosinsdtsrsdfavabesnrdevelapdd sot thatvthesemulii-gbie gndviggh-i s

concent r at edknsigNéptivalfitRes qarbe coldctedalftbg@bertifi Order @hirarRaNedn evegcause the
age of nul tgr@agnﬁn&gﬁ obggun, optical fibers are being used in a variety of
fields that use_optical elenments, such as tel ephone |ines. Before being
used, an opdieal- cpietfeﬂnqcsorug B 4PMnpcion fori conpecaing awH optisakfibersengt h

cor r espondi $ijultanepesdy. Jhagennesies $tyl apdhthe hesie constitwivadliamulticdierea way t hat
its end$ caspnhenter drethesemean those of & singlpicormdoritical conaecter dlicereusual |y used
t o hol d t hecompédtemlcat bbelassifiedestottbgfollbwingaoaxiypds| Jepainding bheheefitbss’ of opt i cal
fibers are lotaliniant eligmiuneql pindepeRéandareulthgpe maldperdenical @nnhedtersf mpe

mul ti-core WRth 8 #mlofnaGimie oréRBtiedfopleadcdz®BNEFultPEbreFbbCald | bers is
basical ly t é}%uﬁ @Fﬁn@&cé&%ﬁﬂbs Sordtifed £ SRAICA GRAERSE B) ba{éhsar%@&%&{tl on

per f of e, (Bl pere bGP ESAL Ered ERLa 2 the
mimber 0 P P e e T s 02
have a | ar BOSVRED © ?ﬁ% ﬁbefwéﬁwgvgef? %%aéﬁﬁv e, §%pe frﬁ@ea? i ew an
i ndependent Offg‘f“? A FRIt-Gorg frrmples sotBtdhe endyiaees of the Qpiis Pebe appl i ed

only for flctﬁ’@ﬁgaﬁja‘?ﬁs% X oEWYEE B vel y few cores - 10 or Iess I n 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 m"\ﬂm@mﬂuwm
However, if the dinensional accuracy of the nenbers that con

connector is not 20 controlled strictly, the end faces of each f doge2*can
cause d| spl acenent, resul t| ng |n bad connectl ons. Ther ef ore, it has been
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Conventionally, said ferrules are manufactured as follows: A m xture of
zirconia 25 powder and resin is forned into a cylindrical shape by

i njection nmolding or extrusion nolding, and sintered at around 500 C to
deconpose resin. After said mxture that is fornmed into a cylindrical shape
is further sintered at around 1,200 C, 2 dianond is used to grind insertion
holes into said sintered mxture so as fo finely adjust the dianeters of
the insertioOptib0hiBeris andpdsee mardLof gle duete and@Eshsi¥RCdTiatReke pait, 3e!6hice way 30
that the oufs pBRet RRShYentthtddNMdSd BhEparPBGPERTnGs MRNLRCHovhdr/BeBuseipyever,
such a ma”“é f‘fﬁdlﬂﬁi %QsOEJe a0 f&%l b%}s'a‘?tl"b 8 o BEQBH S WBriet E@i@&ﬁa%e an
expensi ve p al@e SQel ﬂlé:s g‘g e ic lcﬁb& [y ection

o, abr ad p5f° b e L R eep
to abrasion tallic
mol d nust b%mg?dd%ﬁ‘é‘tha?n‘f’? ﬁaﬁ FhEnge ﬁ%‘HﬁBF“%rfé’ RHIOTS( Eqm 'fé@, l¢s26%r  and
speci al ski yyuallypsedita fold the opte §Eerd“6ﬁ5é%f'ﬁbf”tc@aﬂﬁlbhwh‘miée RSt OPBFRl hol es,
it is diffilhers anegnadgante£oBngst@ducti vity. (3) Sinteri ng at a high

tenper at ur epp &au figg 3e-Bbe SRALEHI DGO omfeblor tma}? dse,fbstant'a"y
nJEH%Elém egte 5'(?58&{%9 pnne ors t

i mpossip e t 40 opti cal
fiber v&lblr esct,oc}m%t Cﬁ)tl%al %EsYca tﬂe@ix% ?E le-c nﬁ% co c%ri’ gm cs such

th as al oL a

as zirconia’ RIR ?Pctﬁ © e&ﬂi’ 8 Blpgli Cso‘hf tessed

into a conv@-l 05& eogl@]ﬁf”’emﬁx Ps"P é"aa ‘lelata face, a
slant flat $opxmlgl ePh\é‘ PPReVhigh reguies féapanrseicmré@ %‘&r\a lagge Otites shape.

physi cal - cofkeefore drenean Pl@ﬁﬁatl@lﬂbpplpﬁr(lfd@é’\s iaf gndspendesi-fermie-typgiBuliF-cfg

cer ani cl$ i sopticel ¢ammeator ggn be apphersondy fog diberishgving sombarativalefew eomesd—pltbbl ens,
"a method farlessanufacturing ferrules, which includes a step for

el ectrodep ound t he ore es b el echrof or forma
cylindri ca?f%‘j{dggblafalggﬂéh gg%gﬁ pFS ?ﬁﬁ té’rg&%g \7\% g_gm

cylindrical %%:éfil%{gen eripf optivgl § f{éé‘ﬂ g‘fﬁy ‘?Vé"ét‘ on
(title of tihe GAASIANRLAS CUTH@P Bam B erhiaAPIIeER Felﬂm_e USED FCR I T

AND PRASUCTSQntyollest sieigtly: the end-fiaesseo )eaclw-f&ﬁémcaua%é@wmwnt despling in bad

publ i cat i oncorme@mgeﬂ&r@f@méd%bemomp@&wfe@tusaghmmve&lpefOf Betica! obt ai ned by

t hi s manuf aeanpe¢tayinensiowting arsystemividra lexgeaptica-transmissign péththaj lhas, fori s
conpar at i vet¢xaniphd, dl000cbewielte di aneter = 2 nm3 nm), there are such probl ens

that it 1s gLLIANN Qid ARLRASE. mfmga w%ugs‘vgsmxtgie Sigeg) i cal 1 bers

in the nnec .of the

cyli ndr ??ﬁeérafl es"\‘ff? e(qlnftPl g-‘g}] ric Sih fil?}é’inhec %%’%aéagcqotg{ l?lhl n a

pr edet erm ngd Q’é q}’lr‘f” # ﬁcot"??é’s’f/feéind Huct s
tends to d o A g ’Yi’é‘Fal her i‘ﬁtﬁfe 3 aroyndd 29 F??NOB lsneeds to
be perf or me¥f 6? ga%weraﬁ%haﬁww%ﬁi SBterqdgnizBirg se ag A Wyrqdw theat eri al |
which is t hdamgises efheinsertion holesand thednserigrnhalesase aisghinefipgych aWani gh cost
must bedMevibrbihe Dter peripheny afthe sinteg beeames agerfec ciisleo Homevest sucha | nvent i on
The pr esentmamfeqtun@mhﬁnsdE)eetherfol&;temﬁg)prObthpur pose of solving the above
Eglog' fﬂg té@%ﬂ%ﬁﬂ% %?: n%?cféb and]amétaﬁitcconé‘%%t uxreﬁ%r s ”Sed to
mai n body c ’ 4 Mg or3 73 r|’5]I0 cﬁb U fp ggﬁ\ pt(’)

consi stjng a%%@fer 8&-& B%‘PP«QHC’FT rﬂgoldlas “@F’E‘*H%Pr H% a| and
(b) a pﬁ%ra‘l’qr’ts’;ﬂnﬁfnl?wq‘ GrEXChangEs-ul es, into each of whi ch each core of

sai d plural (29@&%13 lJbbP%@s;Je%xal m%raF@Qqux?éHjtoVMsEQ o@ﬁh&)d%%ﬂﬁ&ﬂﬁr
characteri Zr?xgexﬁb'x?ﬂolw?ttlf gﬁﬁgmftgdﬁgk Fg;gggg\ggt ed with said 25

t hermal - spra mat er'i or sail ted | ayers under the
condi tion t@aSinterengeatathigh tempemturt requizes meer erieogy dtehesnduscesti d ferrul es are

paral I el 't 0,36 ol ekl RSEHL L £ RSN rél gﬁpg;%v LON R igger | bed [
Cibers g ?m&a A wies 8o b§dﬂ¥§§§{ = HRF S ﬁztd%wgﬁi%? RS SRB or ol

formed by tHECHE - spraying, or consisting of el ectrodeposited |ayers, of

ei ther a reg)ni@bugh iMRleal surfite of aRintkr dust be Qxfocé‘ééled MY b 6&Hvek SpHedgs, into
each of whi gR. eagd €OVex 9 he?l%hl a@J Hfﬂ%' f0P4I LAt il & Sdithe m&ses {Hadsai@nd with
sai d CO””eciﬁt or EPALACH ?%hﬁ’&] ifecton sut pRRbdink RhUH & dpoat ed

wth saj SSCF{F? teri a?t or sard el et trogeﬁom tezgfl ayers under
t he conditi 6n 'Plhaf Central axes of the insertion holes in said ferrul es
are par aI | eAs honeanctl sotvirel thataboyemeitiored prablemsprwmethnd férhadnufacturing



(d) the surface of said coated structure is further coated wth at | east
one thernmal sprayed |ayer of a resin or a netal. 40 An invention as
described in Caim3 is a connector, with said connector characterized such
that (a} at least two of the connectors described in Claim1l, which are
formed into specified shapes, are piled up to nmulti |ayers, and that 4
(b) the above-nentioned | ayers of connedtors are further coat ed integrally

with at 'eaﬁﬁufégew&a?fn@ﬁﬂdéﬁ’%@ 6k élél‘:Yr%He;SHsnﬁ Gﬁe'iélrzlr théTF&ré‘ er the

S or ﬁg dr?alfn i f ?g@% il
mul ti - E,g& [ zed by
its co rlsx |)c plpe haV| ng |nsert|on

hol es whosq{b\wwe@eac@b@ @rt&s%shda%ﬂ%e@mygGom'et&%r%%édnﬁ bpfitabers to be
i nserted thgy e?g talﬂgﬂjb s A @blilFmehSs HARRR? LEtd VST FhRlhAs been
el ect 1 odeposy| aﬁ‘i@fy‘%m tailiFafila e 1%_9 5 OL swdgfmb Aga nvention

as descrl be qe t ﬁ) 5‘5

descri 4““’8‘??@1 E%B‘P&%‘E%%Q E}éﬁﬁ ot l|n %f"‘gfﬁ‘é‘%ﬁ face
thereof hast ét g7 SUpding the PUics Rerip graseralyh it fyent i on as
descri bed .rﬁstauapcfﬁeetrscgy Jithiy § predeteringd WBB% ias éé?sﬁlt&ﬁﬁh&éﬂh? yigWrofas

descri bed iferralegirdusts tgnds tordecesasee Anptigr pigdlem in ghat hecausg snergizationt  sai d

i nsertion mﬂeéstql@pe@rmaqbéor@@ommdaym order tiornbgain cimdrical degerial,lyduch n O ai m
7 is a ferriskhe Hase matennal ¢fi fevoles royxthitmad arfdi dnemgy st highsast, madt bexd&lotidm 4, and
char actlér i zednaméderdringtfetrhles.i nsi de di aneter of said core wire is 0.05

mt 0. 13 mﬂ An invention described in daim8 is a ferrule for a nufti-core
opti cal in Caim4, and characterized such that a

pl urality Isefifure 1o ‘,e“%gn |l es are (a) held in a condition such that the
central axeEhegfresehbinvergmmtliag hednohade fof thegucpdse of sdhesg theabpes prioblenst o each
ot her at spéxinvestbnpiescritiedns Clamd i b roxleent thaf druveditailseld gheatermpinal bf ¢ r aw
materi al, sslutaheptical filens add thyt @mmed ferr uI es are integrally coated and

nol ded. An inventio s describ a rret hod of manuf.acturing a
connect¥dr, \/}4(?}1"1 r\%ﬂ%ﬁ CHBfIﬁH’@ ‘%dd?ﬁ?ﬁ‘aé ﬁ;j %PEaW’Pf-’ePﬁﬁ?nsésﬂP%yl ng or
el ect r of or riRffeECte %R?ﬁﬁ?qel&yer&s‘? r'Fgt arr€§Pr‘Pr6|meéa - to a plurality of
cylindrical f®yhpluefity HNEBIdEEH FGRIE tntPEach RBWhidA@a&LeirE 3F sa?d(?ﬁxrzﬂ)f the
insertion hglga AvrSiidedt&d;rul es are parallel to each other at specified
positions, so that said plurality of ferrules are coated. An invention as
descri bed i n andayith seil ennectpeehisrrtesizedraurbithel seidifergules sesaaed vith seidt h 30

sai d m2bhodherval-aprared met@rlsluursaltdrﬁéactrpﬂ\@ogmddemwnmwwﬂmedhabwet he

met hod des cgentrelchxeniofhainsegiondoies imssat fermutes arespreallef foesdck theeat sprdfigich t hat
t he surfacqaoesit'mept both ends - of the above-nentioned connector is

t her mal - spr e lLayer of esin o s to form
a coating t‘iwaﬂv*‘i‘i“ as Sci"r?iJ %ﬂk@%f{" gé 4 %‘W?‘Bf{il fﬁ Ugg aﬁcﬁ?oﬁ }ﬁege’g"?@% hod of
manuf act ur i HPUELPHIGHIOSFS anditht S9BSIESPY net hod charact eri zed such that (a)
t he conpect or(g) apa ey wosssthy dfhena@id asinide 5¢ khdpnal-dp Ba}ﬂgabﬂb&)s@.ﬁ?%]pi | ed up

in mul tipl eflefeeBbdepolité] BP&S] dfiefflersd YRR or betdiNe central axes of
insertion holes inthe ferrules fixed onto said connectors are parallel to

each ot her at(bpabralitedl pbisdrgabfrsrulesnatuerch of whish caglrgoze ef sasidRigeght bot h
ends - of stmtmalcfdaqrﬁe@trxwéeds thermal -sprayed with at |east one layer of a

resi I’l_ or a_ Wlﬁ') ngiscotnﬂeét&r%?a&?&%é thEﬂund it. An invention as

described in arm manufacturing a connector for
muf ti - 86re opt) said fefmlesase chasadrwitieshid theGhaispmyed thateriabwrtdaidsai d net hod
char act er i zg¢ttvdepositbdilayers pagderahsreanditionahatfthxtengraf e uf g% issertipdnieki ed

posi tions Qﬁ@ﬂﬂlf&ﬁﬂes@arggbﬂalla 1D @ad¢H btBéH I §pdtEI¥a sk, andthat | onary
posi tioni ng- menmber havi ng projections to be engaged with the ends of

the inserti orldhthesyrfage of srid coated §irugturedn firthey coaed Wit peleast as thermalot h t he
nmobi | e and sprayed tayer §f aygsintor emeig- menbers are

40  Aninvention as described in Claim 3 is a connector, with said connector
characterized such 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



5 engaged with both end-holes of each ferrule so as to hold each ferrule so
that each ferrule is positioned as desired. An invention as described in
Claim 13 is a nethod of manufacturing a connector as described in Cains
9-11, with said nethod characterized such that thermal-spraying is
performed by flane-spraying or electric-arc spraying. 10 An invention as
described in Cdaiml1l4 is - in a nethod #f manufacturing a ferrule for

coupl i ng Opt'%) bngl 35 Spehifor dqgt L ﬁerﬁns@r)ogeg% ﬁéﬁgf&tﬂ%{“ E

appl i ed betwe
el ect r of of NG oL ﬂ&apg-sgaya f G PR o7 A Hisreqpiil ’g@g and (i1)
arranged opisB¥rkaxet gt g dseptondioles amspiq £y mé“éloés%l 8’3‘651915%?8 ejtq align

el ect r odepo¥itl ezrhgriheripad deldrad specified PaFiloBSat hode - a met hod of 15

manuf actur i 0GR ehfdd 44! @sdr¥ed irh 4 2 Feeru@Plol G RhuifilcBRY o i&@am}&rlzed such
that (1) a d&e‘agr?oewl b B18RTP8 3ld Shardot ea 'ifs Bip §51 \’A’L E@&ﬁma%gebc" es,

whose i nsi

d t?%‘ﬁta Ipé%ehaivg’gdgsee 1o haley frﬁgﬁ la Hat ot S
rect ooep e e ﬁ@aew“ﬁké "iwaﬁm e wre
20 An i nverhqeﬁﬁeag geifedugo the ‘@t%ﬁﬂ?ﬂﬂ@f}@ ﬁ‘erﬁ‘Bf%‘B’defor manuf acturing a

ferrul qof OrAﬁlmveﬁﬂUnt ds” dé%‘ﬁ)e@m Clhth 5Tid DRENASOH DI RE# dpfick BlefMsl4, and

characteri éﬁ‘e@ a HARIRG el REdhUAS St Foast &R ch rfac%ldﬁﬁérb at Qe outer
peri phery at s g 8’1% ﬁ) %pé)rsdnta% led@@' Into a cylindrical shape so as to
manuf acture a éJrr fj ore of sald core wire as the center.

25 An invenAn memmrrhsskesarﬂued in @laith diisna februlesfoa a matlfrodreafptica fibkaas uri ng a
ferrul e fordescribelitin Otaimel, apd tiaedctérizo suchshsates toabded dof vaiCimemiohholesisd
charactigr i zggeredibhickiaad. sai d net hod |ncI udes a step - in the process of
form ng the el ectrodeposited Ia er _qn ore wire - whereby said core
wires and AR HVERIRD 3sslgessbed t"é@ 2y df 2 ? & yltirceregptiga fivgr #hat t he

di st ance befeigrdiedin lasra|4da%¢1@rw<?ré'§dmtb%tae wride diepwtgs oS paidgorsoVirayer and
(b) sai d arle@dSimeréadawmor decreases, so that circularity or concentricity

of said el e&ﬁmgﬁp&%ﬁaf%eh eia, gm&wﬂ)ra Dy E%If Lbe ferru'e An
()

|nvent| E} ne S hrﬁﬁrh 1tr5‘? errule
f or arruftl r |c cterlzed
such that <&/ fERI pEY qfwa@éhéé}e gl af“ﬁs ity o i

el ect rodepdif P&4 ?lai%fmhocﬁ At gpesified é‘t %3“ gB ”é“ S"&%FE‘ fe and
sai d el ect rWdpYETitietp thal apPlurality ofseu;feru a% gGrees ree}rd%d as the
center, so AMgivestidnCddldaEdribéd &f CRONOeNE ﬁ]bﬂioﬂbfﬁfanﬁﬁbtdnﬁé @@bmﬁ:pocm ed |ayer
is i WPQQVGOEaldﬂn&BBHIEﬁsGEéiEﬁM shE}?thfaﬁfhEHxllﬁespﬁﬂhnb Y SRLIrOB AR tesitbed in

G ai m18 i 5t Plebiat: AimdRNUIBGIINALRY o cfIfatitd] Fer s, amﬁl&' uﬁ’é cdridftnopt i cal
fiber as decﬁ&fthp‘é@ht}a'ﬂa s%}f'@ﬂéﬂsa é}% B hA IJ él*?éltea &ﬂ?r‘bfi’ met hod
i ncl udes ava?) Hed% sontli]Q 1 ali OJf%ngcfa%e% §8 odeposl te ayer on
said core re - ere

’ysal node | and forth alternately in
t he verti cahn thvestodn asrdesdriblad gthpméthl amethbthiof nanwectiirieg 8 cormedieposiilt ed

porti od0of sallenethed thasr@izidtsech thayhe camecar manufasiesicby the amethtidn porti on of
the el ectr oitegiettie Cldia ek forged ihiat shbeficdab®es and sicApkdtithgsupfact he out er
periphery okcgRivdiehRs L ofeRosolethehdyRl doﬁne‘l:%rﬁ?ﬂ)‘éﬁﬁ‘ﬂ sth yBaRsthaet uring the
ferrule. Arleds%ﬁé‘ia%%f%%eﬂﬁ%?ﬁh%ﬂ sb Qslgi% gafn?g a%x’ﬁgf od of manufacturing

a ferrule for core optlca escribed in daim14, and
char act er i zdnlinyettontdsslesqribed i Cloim 11 lstdrmcth(’dl)ﬁf masufacteomgopommertar, Witr e wi t h
t hat oBSSalsdxdcocthodmlnaeact@bz)edhaﬁ thadi anet er | arger than the maxi mum di anet er

f th | d d | g
becones. r oqaort RCPREOTRRRS g}‘gfefj?ﬁﬁ?.’?%“ Po BEkrBRE SR SRR Y
used as sai HH%&@'“%H& SPRAPCY SPRPS:he degree of tapering of the outer

periphery of (5pind c@h@&hﬁ@ﬂﬁﬁ%in&@ﬂoﬁ RyleY inithe feRRlERledVbRd sARINMEhACHET NG t he

ferrule. ArhréByﬁﬂélth@a@lSotH@rSéfI‘Si)&ﬁﬂ;dfpgm%ﬁg L0 is a nethod of manufacturing
a ferrule for a nulti-core optical ber as described in Claim114, wth

sai d m4Phod dﬁhﬁhﬁéwé’?qezec?@miboimws 16 of 83id gowngetondis thesmpltpsaysy véthr angi ng
and fixing attﬂnastc@mlaw ofix gesirodr 4 inetal sosasrtpifom hodawgiarowndie wires - whose

I nsi de di anpt ers,Ace, |.arog enougn, 59,13k oRLE &a LALBSES: canche haser ted
TR Ve Bt ARSI 1 ME ? B
boe oal sormullicareonie E?ﬁf%@?ﬁﬁﬁw Ie?j&@ag L b RO EERS and (D

el ectrodepo%?ligﬁ | ayer - onto the outer periphery of sai d core wires by an
el ectrof orm ng nethod, 15 nanely by applying electric current. An invention
as described in Claim21 is a nethod of manufacturing a ferrule for a
multi-core optical fiber as described in Caim?20, with said nmethod
characterized such that (a) plural core wires are arranged and fixed in
such a way that the central axes of 20 the core wires' insertion holes can

r,::




According to the present invention, because the thickness of the netal to
be el ectrodeposited around the core wire can be restrained to a required
m ni rum val ue by meking the dianeter of the outer shape of the cylindrical
material to be 1 mmor less, it becones extrenely easy to grind the

peri phery of the cylindrical material S 45 that eccentricity (i.e.,

devi ati on between (a) the center of the“outer periphery of a net al
ferrule for oa)apteagsfor tikingferrulehanpdifiedpdsitionpedrppizes y mobile egar ded as a
perfect cirgdsRioningheerabdr dnba seridhery p@ﬁltl@ﬁnﬁﬂ&ﬂ[b%t oBtH IRV projetttsmt tqi ned

W thin a spRednkhedd WRNER enBa bt the tsefiol theE &id fefrufes M Thus, the yield of
metal ferrules for optical fibers as products al so can be |rrproved 5A

met hod for usbhieprasetonsiosppihlthe mobilarndopsationaty posibepingfmenthergaresent

i nventi én vingkgedowmith botdiemdhiotss df eathderirnde saketo liad eavh fapule sathat ednbr

accor di ng tferrilees positseret as desret]] on can be used extrerrel y advant ageously for
vari ous pur O}%%Elémeré}?ﬁ%’ gb’hﬁ nts aregocig %83 as Et%Bég

t enpor ari I (?‘P%T g ?F I ause the
out si de di difegrdeddn P@%lmm%ﬁaﬂm bo ?rlzé P“‘:ihltbﬁr Eerﬂ!@ -8RIeBP8i ng to

t he presentls Perfeimaddly flamesspgaing eramectyc- éfﬁép!aémgt han that of a conventi onal

ferrul gg ShvBRATH :Q' cr tef i rEéPa'iH?'l@ns 1 0h30¥ AR5 POEANRINeN) raoféﬁuwt' ng
dlen5| ty Of é ﬁln%& tﬁ:@ ﬁ el &Fof}!%hguﬁﬁe I ée @R% %t dt'?‘t\? asl a

A So, becalEus ﬂf%ﬂil? bt B Ut ing o2 %Sé uﬁeﬁ bors. can
be connect ?8%1{ é ‘fhe time

frhyILansfd PPROSHE
of connecti¥§ Eé C%lsgfsq e %ﬂﬂslt@g éérgﬁ |S%1§ E%F%Er 'naﬁ!o dott he
Dr awi ngs F.r@w:éaquw aaferm!ﬂfprwréwl-ewe@p@w rﬁéert@aarasren@%s élsaém 3 nventi on,

whi ch I's nedous wiregosgossd ctfcaamtwgc pipghaying msmpebolew}mae msideiameteed in

mul ti - st agesss swihtthatrapsical. fibersgua e nsexsechinta s ingertion hdlem isusadessad of t he
present i nvatitddenandwhatdR) as ele@rovpaditd layeed forynedidnithgoutpr pérphbryrafelt
structures ambéarumed in Fi gure 1 and coati ng themvvith an external coating.

Fi gure&ﬁ s,an ex conn r 1 c or a |t]I core optical
{1 ber e a;?fgfé qua ki 65 fg effch a

connect or Imﬂl TQ?Fe ber ag, ‘éscb‘ adtlaim jfpan F ag #iseidnvent i on.

Fi gure 5 i smgtha¢ Hishes & Stepponguiiipedhe gu bewmhéwcrfgmpr@}%gpdqms aibhodi ment
of the predaifta ¢yipaneal dwpeﬁpgmrcemenu gctweﬁn@hlaxw&h theawial cqraof pad ror§ a
condi ti on iwiregetheepwei-nent of the present invention, where the ferrules,

whi ch 3 e fAXGERe mnoas%epé?ﬁ)'eaﬁ ffaﬂxgd%g?s@ﬁg 8d o?ﬁﬁmff?c Sirnd fyhesin.
Fi gur e lﬂq@m o0 éaF%ﬁB’ér% d cribe \615} ﬁf ?‘enz‘é G 1 Eatggldal

f f

s R e
| th ToQe [8)

RPTHIIIN # hat i F@“ o8 Wires A7 X’sctaodgeﬁ%%t.c

verticaPl- sdeYer dn K)vsa'évansﬂe @cmw@é dF%FaSﬁhﬁBﬁ%Fh?‘{ HEY 87 AYICENICEY Pl e f or
an optical Sidelectiodepnsiedlayerds iraprovest inpmsufachiiag thy fﬁv’é}@t ion. Figure 10

i |1 ustratesygy @Eﬂtmdasfdfagcrfb% 17 @ﬁm@m ?s' aeﬁaet@]eaismﬁﬁ Slorhfl ﬁPﬁe”bOd' ment
of the pr esxﬁ{ﬁt do‘?é’ 8 éng‘%er b2k ggs’cﬂb g{bﬁi ﬁd U é’c‘!t J}%tﬁ‘atrgg od for
rotating a es g he 109 e 550 electro eaom&déaﬁg rgéa(ri to
Corrgcést he Conc %ﬂ\{, 1{30 1#/ o%lle 3 {

out si de&”di attet &Fe %é& r(%ee Hgia’? 19 glgetrodepo é\tﬁ of the
present i nAER e"#ﬁ“ e 3sthe cenfer, s fat Gif ”é}HBWFCWQem”ﬂ‘@t 1% or rotating
a cathode SSIRFFOBGPQFHRY lager is improved in 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

40  method includes a step — in the process of forming an electrodeposited layer on said
core wire — whereby said anode is moved back and forth alternately in the vertical
direction at high speed in a thick metal-electrodeposited portion of the
electrodeposited layer and at Jow speed in a thin portion of the electrodeposited layer,
so that the degree of tapering of the outer periphery of said electrodeposited layer is

45  reduced in manufacturing the ferrule.

An invention as described in Claim 19 1s a method of manufacturing a ferrule for a



both 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 13 is a side view showi ng a
met hod for (a) placing a shielding nenbrane on a cathode side and (b)
rotating the cathode side by nmaking both poles horizontal, in order to
correct the concentricity and circulari®y of the inside dianeter and

out si de di 3@2%@5 il ﬁﬁ&%&g&fﬂ@@@%ﬁ haaxaarch%aac@ﬁze%nmﬁ e it e
oy s b o cgr;ﬂgef ’ JBFC%‘T@‘}VEZ?ZD e g%fhe cat hode

coatin a

side by nakPEE AR AR §1$6p(an

concent ri ciVRpsapych pradut irhecomes rougheriip teiregiioEp B itsdAp e itost ROt @Manet er
of an efectmBdepdysedad sridyapas, andithag ) dbe @\@We offtapgimg i dkeepitteri nvent i on.

Figure 15 ipsriphery @€said elacisodrpiositpddayepisrodudedrwhehingdndfactyringtthe firdlss of an
anode wi th gn ]wgyﬁwnaag d@%ﬁﬁ%&%t@lm b8 ;Asihoa@f&gnﬁagnhgs sSRReRALTI ity and

|
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16 is a frdff view showing a method for shielding both sides of an anode
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17 illustrates a net or s ower parts of both

pol es w t h arnb) otidah¢dnnectnestaze maegfal}yadoawg amﬂémwpdr—aldseahlegectrp@methdto each
ot her, and lajer ernateethy capplpgipigrebfaid care owttes Bphn electoofdphming nfetioel es, in
order 19 CQfahfegtb)tdqul}ﬁxngaéadcslh}we of an el ectrodeposited Iayer and to
equallzethele t hs of bot e. apode an at.hode_ i n .an enb ment of the
present i nv&h 6’%’0”23‘3 dﬁf‘g@?é glainll Eﬁégtarﬁftggg %Pf’éf“l’fé‘d”f‘%ag&i B’?%ltoirﬁg an anode
vertically %Prcegep%mtﬁah%b%s feseribedyp Srinim 30 vadh seilyasthag charsctenizgd sughy
correct theh Qtaper ed shape of an el ectrodeposited |ayer in an enbodi nent of

he present \@ysi e i Eublhet) LA S5, 1Ay 1n§eF anode
Q)V AP Ea iy ﬁerggég Eaagm %ﬁfgd | ayer

'tgt 2O‘Se6®: 'tE %}e's f‘l ?aﬁ]eP n@ EL & rect
t aper ed sha e %o {hge &l egep\?fd ecagsbe 'l?lglE aSt n an hd?’%em of the pr esent
i nvention. , (b) ¢eqtsc 2@rrerg mﬁnsea;iphedito ﬂleccbrmmé that 8wt die @nteebfbll fherrul e for
an optical d‘oté)ﬁzire@@d@scbﬁgmtm eﬂd@&odﬁ;@smﬁlayﬂ\mﬂe«mmd Figure 21 is a
horlzontal S ctlonal V|e\% eigg?h ferrulefor an gp(gcal {»l,ber 35
accor d| to F)P%{ﬁaéﬁ%nft “R¢BROh “‘?ﬁ?ﬁf FRE CP5e PUeS OUBAREE LPORY 87%r am of a
connect dityona} ¢jpetradsposyipd B§re9%-ber according to the present
inventi on ﬁ?ﬁ:&/ed‘mﬁhsfd%crﬁad iyClan s 4 Methba veaheBctEAROS FiRId for@f t he
present i nvgiiiicafe dptlch] MRNaDBeRIABET ih TFAmMYIIUD 1 @heCRIsAesRd N At dr awi ngs.

The words "i@gORMBIet 8h said cBre Whee ReGSREed B%ERY § o@@flﬁerwétfébﬁllﬂ@omé d portion
of a Connecshﬂﬁcéc 9 a?@‘@@%ﬂt % f3Hhihb k‘ﬁr f0ef Otl% f\egéro{]églagfeﬁ Jagek GiHEll N9 the

housi n pornt,lé seQanector. |gures w one ‘exanpl e of the
presen i nvent connector Fi gure 1 |s a front view of the

connect or, M/ber;:mlrmnuﬂxirlyr almethydd aedeondmglto tler prasems inveicarineodsd step fone or nore
rows (two rewsrodepdsitggmeetdl aroundnccons wire MRddedf b ageilhepipb whbokeinsige - sprayi ng
or el ect r of @imdteicisWot Bxainpl€D.05 -6, 198im)] byl dlettdfelinlip hedtetidinceligre 2 is a
front view g dfaﬂﬁte?%f'ﬁk?@ﬁt%al i EdcPdso ke ExinBRCh] %iafér'ﬁl%@s% ARdi@d ned in

Fi guresd arg,foLneq to91 RERI, 'mn%*}aam Qf tcs #Piand coated by
ther mal - Spraylpgaltbd By kot aoctonsu %ﬁalﬁlefs aigpnector,
wherei n pl yra xar%” e;s t 1e or Uﬁ 2 ret oget her
intvvostagé ﬁéé ‘ﬂ \?vl Ses?ﬁS
metal . In tH i‘?’ & eas‘iy ‘88 8 d’f’fe ‘Sr"B? e? Y tS’Btu cal
fibers can B¢ B Fi%awarmmet énéé)@t aﬁ@“??%‘tracé’ mgﬁ ln )@é;@ t he
ferrul 48 2 Hiﬂié)p%émfm d”}?@)@ltl ons by elther t her mal - sprayl ng or

el ect r of or i LA} ifenflo hRiRiSbPARRh At 0gL the outer
surface of ﬁﬁgcﬁ”‘ ﬁeg% g}ﬁmc% %Mevre oy £ 2 mgar%fm maxegr' orto
connect or Edyfnd? ]?;Ftrl?ﬁl {aim %ro %?Lf Yat a?ei% l 2%] Pon has n
ferrules i esf5”8f1‘é)”?qsﬁé"?rﬁelé1§§ ﬂ&f‘@gt%ﬁ‘}’qlﬁ EYroat Cab‘?’atf” r°more; in
Fi guredP, rfhat egsenipcityl.g¢ dgjaation eméﬁb@egeﬁﬁwﬁbeev@r P‘Fﬂﬂ‘?ﬁ@’roéf 1 or
nore). Both ends of the ferrules 2 are fixed with a positioning nenber,
descri bed below, in such a way that the axial directions of the inserti on
hol es of the ferrules 2 are the sanme and so that all the ferrules 2 can be

arranged at a specified pitch. A blast effect is specified on the 20
ferrul es 2 by sprayl ng epoxy- base re5| ns bI ended W|th sol vents and curl ng
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30 be inserted in the center hole. A so, the outside dianeter, hole

di aneter, and hole eccentricity, and so on are precisely processed at a
tol erance on the order of a subm cron. The outside dianmeter of a standard
ferrule is usually 2.5 mmor 1.25 mm but in the present invention it is
only necessary that a ferrule can be held at its two ends, and therefore,
the present invention can be applied wi h nonstandard ferrules or with 35

ferrul es whage %ﬁﬁéf&hﬁ@;@ﬁc@meerdef@haﬁ%e ofier PESIRE) i§ PdgafRUE AGeiB® CoOating
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can al sg, be
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Co., Ltd. -extzamely gr9alhghesqptmpletbesscanthbe cgmnefcw@iemra;pewseb' anfi¢helopyafl es so as
to fornmf roptdal spndlaatdahe time af torerentie cprbaygigndicamiyreducsfl. t he present
invention using a netal, there can be adopted el ectric-arc spraying and
gas-flanme s t‘r@ybtggcr; Fbtnoftﬂl-,' ,.t\g,"; e high tenperature caused by spraying,
or due to t xerts little 5 thermal or spraying-speed
i nfluence oﬁlgvﬁ?el fSearerﬂte'sth Ofébeom‘leetpedf'thﬁ presens inveetiomaMdbayi ng net hod of

t he present mamwfecturedrbywamgg plurab featulesy whish iare areenged ialmultitseuges, odth iesnadopt ed
gas- 'earre sgf 6‘}@ oqg%fv@@fqonmsérts%mg T R e
suppl i e g )ﬁ rr§F ﬁgp'} ﬁébﬁ%r”eéﬁggw’s F1EdITd la?rﬁ]e r?gﬁ ed part of
the ther rral 157 &% PHE™ ‘Eoé"PP%(I s (melted by the arc) is sprayed as fine
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anot her nozgiegert dlentiéh. bet ween t he abovenentioned two nozzles, so as to
forma coating on the substrate. The ali gnrrent of the thernmgl-spraying

mat eri al  usE@UTeA {5 20 expirmatoryiew pbeomnector 1 d for apeltircont eptical TReASHHE t he

t enper adur ePFeNt HBeplien. The tenperature of arc varies, depending on the arc
15 at nosphegg, d O a%ﬁ&ﬁdtf?:'t% Eﬂwoﬁfﬁlﬁhlo g Sndriifer & &fétern%ﬂxmén*ﬂ%f%ec”' ¢
current, an re§é}1tfuR'reflth one exanple e arc tenperature at a current of
280 A betvve niron electrodes is spectrographically measured at 6,100 K ~
200 K. I n tRigued @istarschenaatis 8gw dbalstmgmgatMdgtlodnmpmee@@oarreergeﬁémairmﬂnmnder
such' a t enpawertiongwhdieehd fesmtesnehiah aresfixed joett £pbsi®ningenesbier Sparmy ed

parti cl3s byoaedcwihraised- air jet and it flies in the air 20 towards the

substrate f ce Jle hete re of the taI decr eas he present
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i nfluences @ﬂaﬂmr e,{urtl,l_cgl% g%@al-%?ri@ RA0EAREs; of electric-arc spraying are
he

(1) that th egree o t he coatlng to the substrate and the
st rengtdd of Fighee Tatschematicswerticahsestignad aiewr oftandenice fiorgeanufacturange: metalyi ng,
and (2) thafertubefoopepptidahfiber as bncembdutmerawy thd resenvimvesioof two di f f erent

kinds can b use a3 t hermal ;s ria t hey can.b o ed
toget her t of €8f BiseeﬁsrfgnﬁtﬁO? P eeg 8t e oo Mg Hyngroosidn

di sadvant agekt g,péesg@ VNP hat the thernal -spraying material is linited to a
conducti ve PFRLRS 118k a sRIBAidw 3hdviAd a mMIRA e aReetkatfods B]I@B'byln{h%rfgfb%th
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conposition_o enents 1 nt y change
fl ame- sprayP?%fWﬁa PRSP t he present invention is a thernmal -spraying nethod
t hat 35 hasFgulektis adione eletvhht wing saméthadnforablaciny gemhadesidaiey makihg

fl ame-sprayi ng nethod of the present invention can be divided into three
types: wre-flame spraying, rod-flane spraying, and powder-fl ane spraying.
The process of perform ng thernmal -spraying according to the fl ane-spraying
met hod using resins or netals as described in the present invention is as

f_ollqws (a) the 40 povvdery materlal to be sprayed is blown out into the
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10 formed on the surface of a coating except for the coating' s end face
having the ferrule holes, and (b) a connector 1 d for a nmulti-core optical
fiber, wherein two |ayers of structures are piled up and the netallic |ayer
5 is forned on the surface coated with the external coating 4. 15 Said
netal layer 5 is forned by electric-arc spraying or flane-spraying a
specified netal on the surface (except Bor the sides having ferrule holes)

of the conngah aresfl,4 al%%ﬁfe w f tHeSoRE 'hfr‘él{‘ganhféﬁc oy %‘PE lifside @nd 1
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menber for |X|n rrules at “specified position Gdi ment  of
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conbi nats onpﬁek@mﬁﬁfémld}ut any other shapes can al so be appl ied as Iong as

t he positi each ferrule's insertion.35 hole ca S cisely. Said
mobi | & pos.ﬁﬁﬁw.lr?aSﬁéméwey yovinrEPad S&tegf]gn%aot aYFRE am% off B’ftgeau ons
8, and is sttinHigmgmatanalip ardgr {srrissht eaFOB?‘iPF%ﬂ“iytay (9fr° Hedusi slide
i ndependent figmetgpand pyfaide diametes o an gleetradeapositeddaysr @ser%pdmra@ #ewn t owar d
t he stati onpresenpowentiami ng nenber 7. At the front of each plate 8a,

Pr 0] €CtyPNS; FAPRGIndhod RS Shiel ik AL uPPeahl %@ 9%}‘5& Biek he
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t

and 8 are f he central

axes of the {eﬁ%age‘ nge% ,g {rﬁ%t e Ei;d% ”0 dr?’

di rection § aPﬁ 88 eldc}?gr‘?n e%]alg\%ﬁ eé‘?thé *?\Wﬁ% he
ferrules 2. r}Q Fiape © ‘Eerf&ta“c? fhe BERRANt IBYFIUPHat has V- shaped grooves
for Sum.mrtFlggret1fseilléﬁrapéstarxaéth6@fdrwltﬁ>§mﬂg, an HodestraichBcontespdndingQueie space of
sai d positi gbieEniBRdIsp&ingSH dri@tito cofréctith@td E@featsh@% of aaR1ek8depositped

grooves Canla?@nﬁﬁr\{%ﬁ:b%m‘éﬁpéﬁﬂé bl%kérﬁ(:ﬁv@nﬁchﬁ ei ght of the plate that
performs the next operation. In the above enbodi nent, the ferrules 2, whose

number can Kigpsg, l9abluai@§q8raelaetha¢ @f@elﬁpg pe@ncge intogeeoilandwiilizipgtheul e f eeder
(not shown) thickressrod apmﬂttaIWCtrhéemmﬂblpM 16 cgpeowitk shegfougihdersity of the colen t he
ferrul 89 2 iaroedgyub comretthibe tapérted Sigpetafi¢chd ¢lédtrobiopaited haysr inanandbotimenhi ghest
pl ate of thdtm)b'relsentpm&:htlbmni ng menber 9, and the nobil e posi tjoni ng nmenber
9 nmoves do P ate et.ween ends of U shaped
wal |5 of tﬁﬁgtﬁ&eaao S haPy PRI Tah Ry SrB M F TR SRGH BenOvaEng ¢ her
down, and tW"HPESELITEHALEC™ and 8 are respectively inserted into the

ferrul es’ 1%&:@%& b BBrifeHt A Se&PnhiNAdw BOL M gm0t fdrhe Jpatd1gbes are properly

posi ti ared b]rg],;gago tHPEfe@édt%b%nﬁérﬁ perfornmed with the ot her ferrules, and
the setting of the ferrules Is conpleted. Under this condition, the

peri phery ontlmenp@mcpmmtlnrgdmmf aangedtpreich mytabferiule fagameptsel fienot
shown) so asccouling evbeprestre imiesidracement of the ferrules, and then coating
with resin and so on is perfornmed thereon. 15 Figure 6 is a schematic
diagramil | Ak 4 C ot re resin is applied onto the ferrules
2, which arﬂ MO0 E: Qi CAR DU BB T tﬁ‘mnber 6. Figure 6 shows a tray 11,
on whi ch saExibpdigientsoftiepratenbisyerdionsvih nawert, deacrihed tvithgrefegenee tdthe a nozzl e
13 for 40nj edavinggst he coati ng reS| n, and a coatl ng-resin |ayer 14. After the

setting of ald wal ferrule e i tioni menber 6 is
20 conveyed ]6 ‘Ev8dlf 8 PPy { 10t fpfeﬁ?rg ”?VC Onf i tgh] e‘?f’g popéo%gi?a the parting
agent 12 unﬂ@Pe"c‘ﬂ’é otrﬁmpn ‘6’ ’}Pfen re, pRuCca fbers, eﬁ‘ﬁlu P8 RHPOUSHIE PO ng 1 esi n
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poI yphenyl enesul fi de-base,resin is ° injected fromthe nozzle 13 by a

fl ame-sprayi ng nethod in such a manner that the tenperature near the
ferrules 2 is kept within the range of 1 SO G200 C for the 25 coating to
be covered all the area associated. Coating can be performed by

fIarre sprayl ng u5| ng a ther mal sprayl ng mat erl aI made of epoxy resins and
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45 Figure 7 is a schematic diagram of a device for manufacturing by the

el ectrof orm ng 13 nethod a nufti-core ferrule for a nmufti-core opti cal
fiber. In Figure 7, the electroformng bath 20 is separated into an anode
(+) and a cathode (-) by a diaphragm 21. The material of the anode 443 is
appropriately selected depending on the netal to be electrodeposited on the
periphery of a core-wire rod (a cyIrndrPcaI ferrule). N ckel, iron, copper,
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preci sely p ’% £ ]8?1%80561% ’égt“ Ees(gp ﬁﬁﬁ?’el‘"@sé’ B éﬁ’%"é tions 31
that are on g é‘ﬁlé'fﬁﬁ the gyl % We(ﬂﬁgrs‘)t ghemerrber 30,
respect | ve:’g t&e?r@aa etaﬂén t3h & deecifisgimtchng C'f‘F")?P $f 29 and the
| ower fa%i ni§mieaBdy sBrRyHIRePaBYtRassiresipishiended NgthrﬁatVéman%cumegm ndction 31
on the uppeso o1, hilg theeletrules 2qr¢ Bxqdrin dlreabganmioptiensdmesition, and the fctive

W re 29a on2 ateeconteddyiflamesspiryings electhiatare spgaying, rettlectaofotming etitbotsine| y

appl i ed t o @avttalsf follbwegpbyr @lindiog ef thiersesfa@f tB@co‘EtiegBhbcaktree&aiof t he net al

t hat is el es;ietlﬁdtepmmnhleds on the periphery of the core wire by

el ectr or n MWays constant at .a e wre,
Gependiatg ohPaRditle Etr B ge e ERE oA ey %gb%rng %Pﬁac RREISEE, of ¢ he
cat hode. Th%ﬂoéirﬁf%es L?Isé 14, ﬁﬁc%f“?rét’éf glass frae?‘Fi‘i‘ hgs a

mufti - core BPES Cap Dickgallov.tand rlashe.an s RBLATY the capgioledbeierEl t o one core
wire that iROp¥ssd vishBighjascuraey odhitahe erntﬁrhﬂleataseeeéar@s Ganceririciyy and; ¢t
forman el edlipdiduithsgroidentaal tothesapfithe pyisidp diamstareef tha egtieah &hertipe cur rent
i s appl30ed woigsesisdiimtheycenisr hole. Aldp.abenutsiledianviterclsole diafnstem and hole

el ect r ocoat écaenttitiey, entso e atelaecisiynrecessatitraxokamcagn derorder ofrtsehr al |y

f ormed wi t hmfceon. The estsideati@heer ol aguanglafl fesruleris esuplhyaR atran yor diBvwnshlewi ng t he
order in whhahe priesent investtn is Rwnlyhdeessayihatedfeirolelchebe hele anits &% enlge cur rent
is applied 4nd thérefopé, dBS plekidvéitidnocandk a@FhéJjOWi'tH hotstahddradernilesdoMiEe 8,

whi ch %lgow:‘,feﬁfmeemggg&tg,fs}ﬁ orEABrh& rul e, wherein in order to perform
el ectrodeposition the current Is applied as follows: (1) to the core wire

nunber ed 1, Awrfisiap fordomming iee eoeringd pthempheserippvantipn dt iadesirpgteterielect(2) to the
core Wwires nawthaeras that atei fhidizadeat peompamtizey dvotemperdterecithathapeigeothunber ed

1; and {3) Hhesat tehstancor smdwioresionuedieaned, 81d thiti athcanmspd sf theonedastiar t hest from
the core W resinhavixgy £endll deffiiemht afmuﬂﬂaltelsapan@mneFORTR@Nmndol&rsed 2. Thus, the

plural 4@0recowm" éflliheEP afi@5Fis 142 M0 GSL, ar tttts% Ltd.

el ot rodepa el ph ULt Ao e % ?@sr et Teckle

t hi ckness ietroc T 8% (;nc zgr’ ca b ﬁe aélpé%;%ﬁ'aglﬁee (o134 8: g%q,plzp Cﬁ'sue ‘core
wires can BRESHSS ?t"é%l[ g‘ﬁéwwet ﬁfﬁét@f’ﬂ%p e f&ﬁ‘fé@?t%fa' 4% ®PVFayer in an
appr opr | at eNelHioNed PhsIcel EPSTHEDEIR TSI gie RIFIEEE IMBENEIONn

shi el di4dg ndlserthenmabpprehearpker Rerormedusing e&ttermiépesrrneéwteml ayepowt@ge

t hi ckness dpesy msins neédurad) agsbiseln addgiont bidhe tme pf thegherntaésprpyng, & whose
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to the el ecindebfinggtaqueiindr @eddetniame) suppliel Aot ethroConle) —t ban
condition where the electroformng bath 20 is filled with the

el ectrof ornung aqueous sol ution 27 descri bed above, the core wires 28 are
di pped 10 in the cathode side, and the current is applied to the anode 443
and the core wires 28 so that the current density will be about 4 A/ dn2-20
A/dmz At thrs trrre when the pH vaI ue of the eI ectroform ng aqueous
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Figure 9 shows a device 40 for manufacturing a cylindrical material by an
el ectroformng nethod. In Figure 9, 41 is an el ectroform ng bath whose
inside is separated into an anode chanber 43 and a cat hode side by a
partition nmenbrane 42. In the anode chanber 43, an anode 44 is set opposite
the inside of the partition 30 nenbrane 42, along the inner wall of the

el ectroform ng bath 41. The material fdf the anode 44 is appropriately

sel ected agco a core wre;
usual ly, Cb srg?ziyggroéghé Qﬁfagg}a%rr&g}(’) Ef’?le?(s% ﬁé)g) ?ﬁ%}ﬁ g?l al. Afilter
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i nvention ithefaimses. a 10 step for el ectrodep05| ting netal around the

per i PROKy Ofv,3 480kgbh belk lémﬁ aw % A LadoAle SAMLAG A HYt Si de
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struct dPe dﬁ)f%ﬂ@ﬂ&w FRSPXH’%] ajggiphis Gpmied e am@twn@@%% ot (2 HBL| ar ger
t he out si devifindhesraed of sunp "es,ﬂl meramalngprainganateriglds tpodgw for the oytiyt ee of

eccent ri ci tof the mateaial, theahermshsprayieg maksvielie pyerhentest shidpyidieed; heuspiedbent
i nvent i on, doepasisen ofithealamsintion theatioy évlocdllytchenged. cyl i nder rrat er| aI is made

to be about ]e Osr ri r?os htﬂo&’%?'&r Sé%eﬁﬁ%?@enhlaﬁxs aWh&Er%?%ﬁra%

el ectr (} S | t is
si gni fi anﬂh 35% ofme ]éasft'ﬁ' c‘gﬁg? %’? ama akfitdl ‘Pﬁ(‘ﬂ?ﬁ%% en (a)
the center t“b"ieB“O“‘?@; dc"ﬂ edjpiod %¢é f? h@i’? ﬂﬁ’i“eéprﬁ?é‘f‘éi Mfie for an
optical fi bS@FaYi% prRA Ml 3mesPingect circle - and (b) the center of an

insertion hmee;)mééas 8f mdoqﬁermngfm Mg aéuofulgg‘itotxh@ﬂém ﬁ%@%m&
speci fi c, @lalg H@écﬁteélﬁ&ﬁéleﬁr@&ni v eARk'i€ foglﬂg fig Products

can be j| ”p“’ %Ex%ﬂk‘ﬁ& ﬁraf’é)cf ‘EbY&f\J dt?nt8t1§e6‘8 %r Alih Eén‘? &t va% the
i nsi de si ze of
the d arret:aEE‘ %‘fthf’ﬂ’éa ey Bondb) s el ety iked c%nf%mﬂ e m’g ‘e i
i nserted mg BWP 1 AXYEYY OF B QF'Eﬁ?ﬂj’at'r af?eﬁom nsied 98 S Qfffess of
t he t hi ckned#&umgsrencs|oerarilop: Whiemitheymplainipung 1§ Padeimed i fmeadd thind t he
actual di arfetierarepdiupied eothat Hierspyayedimateriaeayder yan BufRed— oF @Ief re can be
obt ai ndd, fapprapriatehl whinth¢ meterial powder olidéowitithstsudfaéenef thheubabsatee - ment i oned
met al s wi t [Futtibes it iopref@hble that thietbemmphastik; resin (p&yplenglendselfidesasqesicessi ng
nmet hod. | n ih ke praseat dikermion thaiusédwithialalfogion-gengerunst rasgedfi00gCasutGacy of 35
about 125. Qolho obtal - idRal Bodling"Withra thémaleprafiss menRiatatsamhg tdlso, when a
shape other than a circle is desired as the shape of the insertion hole,

t he above-nentioned netal nmaterials are protrusion-nolded with dies. In

el ectrof orm ng under the condition where the electroformng bath 41 is
filled wwth the el ectrof orm ng aqueous sol ution 50 described above, the
core wires 51 are dipped 40 in the cathode side, and positive and negative



45 nmore preferably at pH 4-pH 5, netal of a specified thickness can be

el ectrodeposited on the periphery of the plural core wires 51 within about
12 hours, nornally 3 to 8 16 hours after the start of applying the
current. Organic inpurities can be regularly renoved fromthe

el ectrof orm ng aqueous solution 50 by using activated carbon. O, prior to
electroforning, inorganic inpurities, ddch as steel, can be renoved from

the el ectr ofrohi MYerARUEN AN A Pfeh@R oalnORrRRRY MRS BfofBRtontAdbot h the
cathode anehfg A aibicRal AW L ELHerHANRAY RleBRYE Biamef AT, where a
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sub-m cron b@‘ﬁah@ébréyi:%@r&é@tri@!rc'{%m&hi ning and the |ike. According to the
present invéntion, because the thickness of the nmetal to be
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A R L
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cur r entl SvalSaed instapByernai denhedy edstimancspRygg oe lame-sTraying a specified

' concent ri ondtsl carttie sanfazgl(erdeptyfoo thet sides ihagngl fermiechades) of the abheeredrearsi of t he
el ect r odeposeffeztive &yreeinfiartihg e domatatasrienhd\iiat Ini additioa, ddsplaegmahe of the of
preci si on. fétuledi eventealyffolind, e girfabe ofihdahétaldgpeSicag e kpouat sbds ttds shown

in Figures rakeafhal Zdjufmedt of tROpbsitidh &ffthé RgruRkect rodeposi ted | ayer to be
reformed is dipped in the 25 el ectrof orm ng aqueous, sol ution while

adj ust PRg xBedod\of meanefasing paonagrior oftbe preseahBpntion willgwrde 13 and 14, a
shi el di ng ¥fasibsthe 53 is placed on the el ectrodeposited layer 52 and only a

portion of Wwh& ShRFLGOAGPOsIIRE of AR dibP 1 e PRERGIRALLS, 1A RPGEsifot he
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(0]

el ect rodepgﬁlagg yer 1s even throu ure 15, the
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the enbod ﬁ@ﬁtg%%@p%jl AR flfg‘zﬁgﬁf yc&?ﬁéﬁaﬁﬁa S hape
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t hr oughout e cat e. Iment shown in Figure 19, there is
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el ectrodeposited | ayer of the cathode has a tapered shape, (1) the anode is

wound into a coil (a coiled anode S), (2) the coil is wound densely at a
thin nmetal el ectrodepositing portion of the el ectrodeposited | ayer 52, (3)
the coil is wound roughly at a thick portion of said |ayer, and (4)

electric current is applied 10 through both poles, so that the tapering of
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For convenience in nounting a connector, as well as to inprove the
mechani cal strength, the outside dianeter of the netal ferrule 55 for an
optical fiber should 20 preferably be 1 mmor less, and preferably 0.50 mm
- 0.75 mm The length ofthe metal ferrule SS for an optical fiber is to be
made appropriate according to the structure of the connector. In addition,
according to the purpose, for exanple d% shown in Figure 20, one or both of

the end facgg mfulbd® ofRhAY -shefddPrEoves cdrbe ﬁ\BvéZiHI;J &ahexﬁl'apﬁo ok ha@@tcmesent
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for an opti ﬁﬁ&ara tlRafigheSt SlBRWItheSRAolAR positibAhgm3thber @%ﬁ@ﬁé m@bxl&' e at

sub-m cron pr&ciiOfemBbridinBvds ddwa so%a&@h@ at@%‘?s tﬁ'%x‘idst he
center of t 10 dt\bzﬁﬁot?%est ? vegs needed.
nventi o vl Eeh °W & ggaons %%ﬁr reSPsc“ve n%ge : S‘?Scm {1 ber
accor di g t'(?sefrﬂgn ?]8§§‘?1 af r‘?ut;ﬁis TTHeS 35 °8§(yr ageously f or
a variety o@peﬁﬁe%géesp ptherferrules Aod the S&Fté’&&fé |’5ts for

tenporari | ycqsmo Ipfed n‘dﬂ@r’it’fmﬁceﬂﬂlﬁf@e herpgripsry ehihefpopiEpRing 5@@@@5 ifedout si de
di anet er of by féxingmemifee (raiishawm)sp 2ot preuent thendispacgment of the farmlashandpr esent
i nventi on i thesicoatingiwitntdsy apdwd bers gen@armedtiereoh. a conventl onal ferrule, it

| t t t |
(bor Tt i@ﬁ aefﬁf’é%@ﬁ 8% grgrféﬂf %@%&ﬁ“ﬁﬁec S AER Y BBt o o
jack-type c :f%r@flf)sr ﬁrﬁ P&F On 3 pglsnl’% ?‘8’3 %r Al so, because the
eccentri ci tyighge css}@msfa €Nt 1, Yo Svhedhl sa;dtﬁa)em@mnge@dmtfer béy slacsdna bertiggnnect ed

nore preci sgleyit 12nchdzbR 1|3Q'§ﬁmjbf:tn§§3ﬁxb ¢aating rgHR| shd Atcohie:-FdsiiBayef 160nNnect i ng
can be reduced significantly gure 22 illustrates an exanple of a

connect or f oFephe setHpg of F%plaml feéaqlesﬁ 1p gp@pigtadniiie pogioninggieaber @45 yl e 55
for an bt i eanveygdputo gie trayel lp At SBhtme, rits Reltento saisthe Pritigg rgerd 2iunde gur es 20
and 21. Fi ribe thespel-spapying brse SQ\N'@SPTQV/BHEWG cB7tingaesinilAswhichds forbe spravedi on |
hol es 56 of fromtcidselyerdheringstoShe ] 5T hef,ghe pplypleaplendsblfids;basewdsinnler such a
condi tion; infeetedrfcbrl deamzele 181y arfletrelspfayingurhebodim sanlla bEinnérahattthe opt i cal
fibers are fempesied neatthe ferndes\2ax keptsyithén iheahngeada$0 0200 Chfer dpat i cal - f i ber
W res 5 anebabifg to b@cds\maedﬂrm Btk assaciatedf which the netal ferrules 55 and
55' are attached, are i sert n the lnsertlo?l hol es aof the connector 58

until both Pi}m@rf’&g Sﬂ’e e yI He-Prayde WHNSSinermas spyayng MaeiapMaifght i nt o
contact wi tPf PRENTSINEAAd CYIRE B5PScal fiber connector thus obtained can be

used as it APthe@md &f tBéndPSproisgl sfaunmhhlaaé B%Ard‘ DéchBS T 18d.) @omposed
gener al - pur pase,d, AGKS! sdhn End amrn &its, JeQ kﬂﬁyed &anﬁfeﬁalﬁg s&&ltbar of

the optjgcal mhgf?aﬁhs@ &few bl B ieladt e iAot e L1 &nds of the
opticcal -fi ﬁ@‘{]@t ﬁ s";;an e groun simul taneously with the end
faces of t a r%erru E%3nd 55' for the optical fibers - into, for

exanpl e, a Afievthx afmhaentmbd taatieg issccosipdaied aphtde taglerdtaxess lawdréedytthed ace, or a
slant flat éwaside oflthelcbated deger i @raundny @s tdipretisely paditidribblfesuleninahecore wire

and to i Wprﬁf«(ﬁtde@t’tlibbéﬂyl h ¥oitfectoh @, shdivhag Bigate 1 Heombined. the fol | owi ng neans
can be applied: (1) ing a core wire into, and taki ng it out of, aqueous

sol uti o se¥iid apmtepmfsﬁjmnﬂ@d HRrangitheyfermiest blescheiveanghe piled eonaggtonsilon, (2)
gener at i ng #apgetipraAsnddixatdinder theisage chredtionasgbatalescrited b Yre s fessm of the
core W re, ¢r3)mefabisapplng hyrfameepeaywigrar elastidiarc spuaging ontothgtsidaceupwar d 20
and dovmvvar(cdxcaprt fqrahe sidesthatigve e feroule holes)eofabe hileghcosperors 1Boahglass

(Exanpl e 1)exitrfalsobfeddgrer augfoanediiergenthelieby betaingché torreetonb siagwmyi ng
(producty namgFigupabnor; 25 produced by Arc Techno Co., Ltd.), whichis
conposed of epoxy resins, solvents, and curing a ents was sprayed onto the
ferrul es, P@WC%&@W%&OMP&%‘rﬁberpséglp{ti -RIE %@nﬁ@hﬁw ¢ he net hod

descri bed foANRBUISEHY elesirpioaningrtpluraly oF cylndrigal grees ferﬁ@e%lﬁr mgded & each
ferrul e. Theafudaaturingss coumecthr wishen febcm@”@rmmgm@h@p\wl rfoivebe é¢sapteed widh e

coat ed on trefdrencs uo flecdrswingxcept for the sides having ferrule hol es) by

o oadiea Tthects PGP G Bl 00 et e lIRE R BF e Rl RI | i

speci fied shape, so that 20 connectors (each of whi ch has 1 stage of
ferrules init) for 8-core optical fibers were manufactured. At this tine,
the nozzle tenperature was set at 300 G330 C, and the tenperature 35 near
the ferrules was maintained at 150 C-200 C. Measuring the eccentricity
error (i.e., the error/dlfference betmeen one ferrule hole s

-, oy o o o o L B T R R



40 (Exanple 2) The surface-rougheni ng agent for thermal-spraying (Sabnor;
produced by Arc Techno Co , Ltd.), which is conposed of epo~ry resins,
solvents, and curing agents, was sprayed onto the ferrules, which were
‘fixed onto the positioning nmenber by the 19 net hod described for the
above enbodi nent, so as to roughen the surface of each ferrule. The
surfaces of the ferrules (except for the sides having ferrule holes), which
wer e for medmettod aanglfienrd fegdlesonp enultivese opoiodl€ileld¥n BigareSPrtyi Ng zinc wire
rods and al M%t%ﬂﬂn?%aﬂh@@ﬁslé tahéH nttearfirfo dBeY) d%@alo%modk@lpﬁb&%rrper ature

met al - sprayalagn% gRYAT $HE mAtehiall GGRE S doR 443% oprifidy ewl yps for med
| nt gefnsgoggeh n‘?&?ﬁtﬂ R3le ﬁedegp%ted% BHORBS egr fa(@o%mf m%ﬁé stages
tenper atur o zﬁg i § gﬁ réocb %%orfwa 535 egnwg%a‘ﬁ 419 o 40
C50 C. Measf é”8 ¢ lq&,‘i 15 B?;*{ etf ér &P%‘aﬁ‘él ®in the
obt ai ned 10M&H Wé‘éf’%‘ireslpB 19&5’ eé’é‘F’éx feddg e g{slfe(glroqqlqu Bttor was
formed i nt 0o%ke &q7eaVirg 28 isstinsplaiedras thyvatye 2R and ﬁhﬁeﬁ@r rusvaligef Resg size

0. 05p, m O %mmtmw@umm& st indicated asFigwiesith wer e obtai ned by cutting

t he connect f r o I anpl e
o Y Spﬁfc?t dg &akot%—, % gstf%;? a%’&ﬁéﬁ%é} ﬁjaéggx r%ﬁ?%ﬁ{n?eq%g ?c{ bEX
insertion h Fcégo a?ﬂ S'e U n§c V@\? %Plifuse ?éo PHEHE coat ed
by fl ame- sp?“é&?PH%gsq SUhfflb§°8WE‘1§ The CP"’@GP?%%‘& @& V?B’F ¥E%si des
havi ng ferr¥fe holes), and each ferrule was formed into a specified shape,
so that 10 cogfa Q8 sdIBAGHE Fhicdbl lfalidR, Mcied ameﬁd@fmcﬁ(emﬁt@%must) for
16- cor 6 50pt b ﬂlh@%r%u%&ﬁe%mﬁu%ﬁewc% pe e nozzle

t enper at ur g, @?{ 5)%%8 %8 ggdgcoﬁ.%g b ﬁcaﬂ& petferrul ﬁs
was adjuste eccetr C|ty error et ween the
ferrul e hol eosb ﬁn he B tsa?lne %Sn#&é{ or for the 16-core optical fiber
(after the cofbhadlooationdiguidarbeased byt dispersgenivwitadinepapepr ofsleahedrbideat t he
error rangetuwgﬁerrcédﬁldeflﬂi\igrrmhr&dépzlmon{uﬁxa?aé thﬁbn Hn:m AL, lof dfagdad.and .
zinc wirer oth o i ch were, nt r thermal spraying, were spraye
by a I&ﬁ-teﬁga"r"'é’gﬂ}"é 2R@fiBous H%IPH%W mglgs iSHGAHEE Kot rgy@el& eélé“t‘?‘!tés & c. spraying
(Arc Boy PCEleItRiompng egipsus salutien %tba‘{’auﬁ%lér’%ﬁlemé% n§tabls 28¢ seeiEpfofpiag Techno
Co , Ltd.) or ¢spolyimgeandgrepgibyeperfoanedpithitor t he sides having ferrul e hol es)

of the Conn?ﬁ:é Blbﬁal £ofe vﬂpets'(gﬂind;lbeﬁ ?érﬁ:les Bc\b}naﬁgret}ﬁ@d"se%%%jz%gd BYpdshe.
A

met hOdS Of Ea S a%g?eo th& upper Jr%faﬂﬁd' ng ,
speed: we 1} mamﬁer@o' 5)(" o 2384 : YaAshri ng the

eccent r| C' t1¥1 r% 0{9 an tWeFower ‘)éuéag Rade | 2 xrésﬁ\lagx rageen f%”é}fhgfrt he
Pg ’HPgiﬂf ﬁf% ChlgtRer |

(after the C
error rang usi ng ni ckel
with the mﬁﬁﬂ%‘fe Vi B‘dﬁ‘ﬁﬁ‘ﬂf{e%%“ %F?%?F‘H‘géj on 50

Eewvsrﬁ@a
cyl i ndri cal 2RpEgdito sashof theplurghense vares 2Bgenent was 10 ~ ows (5 20 stages).

The obtzpi neﬂhéﬂﬁa&&gr&tmeﬂrmmg eleeﬁ@de%oﬁ&%%nfth@germ%ftﬁ@gor%h;ﬁre

sur fracer oughe aea is rl%'i al ?E BB stanP LI :érﬁa&f@ﬁ’é eor@‘v@ﬁe niiYig Ar C
Techno Co. ct%P r%ﬂ&? clsfe h“ﬁ n%%e técatﬂ ﬂeﬁg agents,
was spr aye i‘:% uf%‘fux Caemg al %8;% oy, xe é %Sen aving the
i nsertl on f 4

fl ame- ra ﬁ 6??1%) r{ehé)Fe wHe s{ ’ﬁ’@e‘g %ﬁ%ﬁﬂ ér? %rﬁl %e- base

t her m) Past 1 sré%iaﬁ OBEW rpeaating o { OB cal Co
Ltd.) The t @58t %&taﬂp Bedoyequenbially tanibe ag) P‘é%ﬂt ﬁ@feMECSéa Q8 AHeleBroghing 300 G 330
C (whi ch weiderens, sothat degse electrasapliiganbe inegrally fsmpdwithdew peyes thyieint he

surface tenperatall e, koS Gy Shdw d%f? WA rad; %?cﬂtﬁé’ K hohiPi C 10
Veasuri ng ¢ @&96@%%&'@%5 406,k agg) iR be ﬁoE\ Dlabie obal e

Connect a025acor9?erm1e erein n rdg eveal ed

that tHi er Bsrt'j’ @? § Eﬁt‘
ormelectrodeposition the curren apphed as follows: (1) to the core wire
numbered 1, which is at the center of the specified arrangement; (2) to the core wires
numbered 2, which are positioned around the core wire numbered 1; and (3) to the
core wires numbered 3, which are positioned farthest from the core wire numbered 1
45  and around the core wires numbered 2. Thus, the plural core wires (in this case, 25
wires) are coated with an electrodeposited layer that 1s dense and has no clearance. In



(Exanple 6) 15 Fifty cylindrical nmetal ferrules, whose arrangenent was 10
rows and 5 stages, were electrofornmed by the nethod of the above enbodi nent
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 conposed of epoxy resins, solvents, and curing
agents, mas sprayed on the surfaces of Yhe ferrul es (except for 20 the

si des havi ngerfdiafd él@&roﬁr&hﬁ@on&@%ré \Q%stﬁrm@éea{rwrﬁme%cmgm spraying
was per f or r%‘lcmé % G‘cff& ec%fo‘aeﬁo%é‘c}’la & r}m@&e ?es'%%u‘f %

ddby
| owt enper af U a 5 g ), while
al um num w 1mmersm e el ctrodggosnapfa é(rx % %g ro%ré te am nt peblergta orin ed onto the

surface of ?W@o‘ﬁ%ﬁhﬂﬂ(’é’sﬁﬂe 08 2y F aterigy o (5 evpeaég F8 ?‘ﬁ& speed:
3.5 mimih (4yervhoss thighn e:‘Jse e3Pt Bred adiystanent; SBt he,RthELP3

eccent ri ci t {rickpesmepds B akiustmens.of the pleiredepesited jayer el W’@P?ﬁé‘d nect or
(after the @%ﬁﬁ@t@ﬂgmoﬂbiﬂmm nto a specified shape) reveal ed that the

e”O{ ][angt ﬁQ (:Jﬁ)é fmé et}of Hx%ng?r% %‘? l‘Pe‘d fH“' ng
conposeg of &5 mg;kafOD &QH? on 20 05 pgscg S’ %%&ewﬁx& aé%f’% 2 onto
t he ferlr ul e’§ 5{%‘3 1%?& ‘Eﬁ net hod

3 5 descri b%th £l etCH%Ee’&tSiGO%W S8 i2hH HantmpevhSitheice of the
ferrul es. TP vhlae of theselssirobormugtasye spltéwelgm lirlwgledhv@the acid side, at

pol ypheny| epldSupHiGenbmoee priatsrabhypitadt #-epH ésmﬁamga'lmlﬁérd thicknesssph bed by

Pol ypl ast i celed®mdepdsited jon olmet meriphaiy rof sher flammbsoré suree P8 irf airout h2heurdeferhavi ng

f errul e shol #hs xtarasfthpplyiilg thecurtine Ovganit anpetlies Riobaregpledy tanaled ffape, so t hat
connect or s tfheartroforimtiiglquend sSlutibage by afing e¢tivdiedcaibani Oy, prief ta24- cor e
optical fi bgedrABmiBg SndrRIME Refurities. sucﬁﬂistsh@l R Be rdriveB&onpider y of the
structure V‘éléctﬂff@HﬂQ 2§uedds §cﬁ’ut%t239' ufrieﬁfjtosélﬂpﬁwe @idSarder s of the’
structures, ad@!@@raﬁh!b B‘f‘rré?a@% sit Bfa utb d‘?x{2r hé‘rea el lgﬁdhéﬂrﬁxgat%@d the

~. val | rf n}él‘éﬁra%d% #bdii Fe %Hode gé ?Bly res were

coat ed sprayl ng sal er eon conneci o~s for
72-core opt Thadtnfcture cempesed ofralmca‘l ay.lumdmed fearsuleg andhae electmedepohied hayez | e
t enper at ur ecande appliedo tBOMUIG-GBEO féTrulafed optieal fiberpeafit grieding the cnear t he

ferrul es wasirfadg ufthedayepsolthar he Z&E0h€s ard/prsisely pgsitibedaheent ri city error
bet ween each fe%%g?femhol e in the o&t ai ed connect or for he 72-core optical

fiber reveafdft Hwfagpyr ar % PT HMYIHIRTE OB %Cg‘irglf‘eaoabove
the error rBRGESEH PHEUIEHRH gfscv %imt%gféﬁ@nqeﬁeégq f@Wng&s ~ 0. 5pm or
| ess, confiFighR® $Hoals atd%elcgﬂﬂﬁtﬁ%&fuf&furlﬂgeh PNA&RAL mhfdMEINyian Was suitable
for pr eVentélé@r&f&%ﬁ%hﬁiho@' BiHiaGEER] is0h eﬁé&eoﬂﬂﬁﬁx@adatﬁ Msz@sresn31<(el§g<arrpl e 8)
Fifty cyli n&bhﬁ?édl bes Eﬁéln%ér 43’@&?&& rht Mﬁéﬁ hn S
!{l ttl}ﬂa O‘{ Ttlrtlgﬁ’\ above
I

st ages) wer RbQ A HRJdRA4NL &k
embodi ngnt . ﬁﬂﬁ’raﬂ ' c? tﬁ& fn&l&l £1FPW%§ efb nﬂ{e?la;’fg?&%c' f' ed
t he

shape, "and &

Iaygrs) foranzg %cagés szé)r ? feetc qp %Qg’ n"ﬁg‘lé Ltloe 1&5&5

eccentricit 1 I rror range
3OS {FOIE A TR B2 t“r‘?“ @PRET ¥ B 6‘&& ”éad 9 e pptgria

was t 0 O5pAme Sprsual lﬁ@sgwbﬂe Sle Jitel b peecrougbemdeieagmet for

t her mal - spraydtRGordmaPRQid SOLOURERds Bihafly GvatkBRRE 258 conthind sdme Welafh 1S

conpos ey Ofloﬁsoé’dﬁ/es &?dx tﬁ@iu\é%?ﬁwetﬂ@b&blédt%e @B%n t}‘{@p%r Ré >6?E' Onto the

ferrules, Qieas :d %Qtﬁ H? deli! ¥ 4RO

descr i bed f r tths %‘baoa 9 N”?c 1r %0 er%\gobaﬁu ﬁer d% %;ereoqf the
ferrul es. ] g x’ ge 5% surfaces
(except forarF ﬁ)éafgl? ef%??t{ﬂ EPoRte 2’ fﬁtéo Hejl%ﬁaf EX\R@% Yhteri al
cont ai ni ng BPHES 2 %%Pﬁ%“ 1ng RqHEOHY SelyR 30, Jieh é&BW“TSé’P‘?I I8 e%r med
into a‘@pec‘isft %ép%’l‘ia{b‘s’ém% .@Kat 20 connectors (each of which had 1 stage of
ferrules in ipg) 0ol sGle:@nsod?trﬁcq(@f suﬁ&ﬁﬁ{esmw @h]%ﬁdmfelaﬁﬁfﬂtreeﬁno@@ this

time, the t dh'xin% {%%%5 18 BOH S’né{@% Oi t the
tenmperatur orgfjllf cr{per uhcéﬁ%%ncfe@?éﬂ%sgz uon ide; ;Echoé)er% an ]su r"ﬁﬁg“ ng the

eccentricity & imed corinect or for
8-core optiCRPLFY @é‘? ap % PREMETES Che error range was t 0.051Zm 0.5 pm 30
| ndust risal  Ape) b flalitibh liyuidebEsRE by RedeabRVe wattr GaO pOGEETof3TiCHI Eirbige,t O t he

present i NVgRLkANcABIA@ bokdd GIBE ARbahRaskidY sifién Blrid@NiBSiNR! 8 dhmond.
cylindrical ferrules by using a precisely-adjusted p05|t|on|ng menber and

using both end holes of the ferrules as a reference points in positioning,
35 (b) thermal -spraying or electroformng a resin or a netal onto the
cylindrical ferrules at one tine while the ferrules are naintained in a
speci fied position,



(c) piling up at least 2 layers of a resin or a nmetal on the surface of
said structure, so as to forma thernal -sprayed | ayer thereon, and (d)
piling up at least 2 layers of a resin or a netal on the surface of said
structure, 40 so a s to forma thernal -sprayed | ayer thereon Therefore,
with a connector of the present invention, axial displacenment of the
optical fibers or bending of the opticals fibers will not occur, thereby

preventing §pRRAGELIL I aqacoul bILHELind in%%ul?eﬁﬁ!inpg%jx{ LBk RGefAf 2t i cal
fibers. In gao}ir S svu%%ugs 1§ (?bXVEEJ & g kafE e felloiming cause

any problem I'n carryr ng out. e.pre en I nventi on -as

ci rcul arityoro‘ﬁssf)ﬁ'én @ ﬁleés’ﬁcﬂegb?@ecﬁ‘gi deformed. If the arrangement of the
ferrul es i sMetsl tdmperR@RMLS the ele@rdfomshd hqueods SAstidnys(CoRrRBfualEChecameapt i cal
system af nRey| HRRANGhS: cohfR¥REAThA ferphiakdri 6 LA TibbhGtthapRsémde of

conductive iﬁ%ﬁbgﬁhé‘%ré’"@\%ﬁ al g hide ol 20, 'cé’rrﬂ%]fxsﬁ’é besk @Eix%n:é&?dr}i on of

tical fib : ’ ¢ 2 ~ -
opt i cal fiblgff%’% TR R L £ ek b ARl sl 1" ¢

t he .present . I nvent
connector o 8°bparl eaélg?ﬁt‘%.ﬁﬁvésnﬁa%ﬂ" érén different froma conventional,
nonconduct i Xedestfibandboey ke Fiavefacteriagimethod of itk preseht Aavenivveniidesnal
conductiiove g elechb@SRsipihg eieed] iafiuint S erBBery o€ 2 RBEH Wir@fpformabor  of ,
drawi ng a cgligdeMrifePiihafthg bh SuRldeGlnReGRITDOHRY hAYS Ness, [HarEhp foPy adopting
the metal corpag 'iheoéutgit?@diﬁﬁﬁ?e?%?tHngﬁ%lcﬁ’ﬂaatU?ﬁ iﬁtﬁtaadeﬂg&sctirafe%vihg greatly
reduced due Iﬁ?m% o NEXREPRLYe materials used and the reduce I'abo
expense. | K nexpensive et al pi pes that are conductive materials and
whose i nsi dEhalthahetss of tiarmeetsiuthttad efectrodepsatetlionnhoperqpberyoalthd cdyemdret her ei n
are,usdd i noyt dectrofdrading Bmov klevalyotheasainel lat AlLpdsitionpof thelcotd Wige, depertdirg pr esent
i nvention. dthetstriGureastahe eletthcforing bathand € ModfTHeRoR] B eitperthyention is

di fferent faaMiadianeiepnr HR3linddd deRANUES bi¥Lor tRNEkgPEGNRLURIGHAML
product, orpséGoNgational, "conductive product whose production requires 20

the additional |abor of drawing a core wire out of its el ectrodeposited

| ayer. TherdpYysvesyacaaising toght peesens invientiem heeauss theoutsiie direseraf thewent i on,
the tot2d codindaanmtésial trioadd tp beadauteldmeuer less in heder trelgepribé thicknessef i al s used
and t he r edthe etttdl alzotrodeppesitsicarotikbthaedrm! winadot d refjereduhmiriiom valme,opisi cal fi ber
of the pressgntifidante adsy o resamineecemntifya@ ey dedationibegyveendy) thadenteradf af er r ul e
bef ore or aditcky—cwhén thg.ouldr pEEpiesid bhgmetil fehtlefoRge optivabfibdr idrephirded ad he end
faces of thepdiricatirdieit bnd @) ik &ntedlof b Biseibh Balk) ini DPecifiedrage, Wideessed

into aJsl atx 5l33RR to Be AOFEspebiBBCandChe FeRNGINRe FRARS: folbph@tkbdraper i ng of an
appropri at ey g€t iBpréwamed on the inner wall of one or both of the

ends of the insertion holes for the optical-fiber wires, so as to
facilitate Befauserthecereanireis atfaconihet deierntingsahe ippide diametes of panseal feis¥e t j on
hol es. So, fonen aptical fibar] namedpthecsizelnf thecdiameser ofgbelinesttion releyntadvhagit ageousl! y
for a vari ehyopficapfibgosiesiswiserted,dygh watisieh smeqiisedargardisgdo amingan t s f or

t enpor @0i | yevennepe pitha elnthkness eivodetity {groamhityctet wédnledesired Hameet ahd the

mul ti-ferr udcenal Giamietee o el codd wirejjand bieatie present invention can

significantly,inprove the nounting. densi of..optical .fibers.in, various

ot o eSEB rBts Hire ot B BHARER R SRS (1) S et foF Pl ding it e opti cal
fiber of tAPOK$-BEBHENSITIEAL VB BT G vUrne Aehivdy O3 @ic8PIsHESS n connect i ng
optical fi HEpeessipgawthod. mbe case i standess aflpy,iacorewire hayipg aecurasgdf t i on hol es

are pr@per | apour F2n¢Gpnh 0. Stmin dikwgtenea hapasilyl ditained. each ot her and, as a
result, the,d f i cal. si j f ecting i

signifi cant’?‘JS(g)’fi}(le(tﬁl aesglgbé 8%? élag%%ksr%\ﬁé ?éslf}gd %:% tﬂ?ﬁ%@ ei%?mllgge%’] c%]o}lhoﬁl%é}tl%r for
connecti ng ﬁ%f"f'f"ﬁeﬁ‘?f& d?)?tfldg‘f P f)grresvr%ﬁ‘éﬁ’%'wgﬁfg?wﬁheﬁ%srred to sinply as

" connect or "Th,elatd{drainghalddi g cohéitibetvitereahs eledtrdibimiiag batht41dafiliddiwier s, with
sai d connech@EleE@dmirhing Aguedud kot RE0 dBRAYed HoVEAhOEorR WikdsSNiapd dippedred by
t her malsosprigyhd\@ihdde skRNEASHdsRBeQhd BELAIVE eeeRRSik 8Fplcd8 B afde @4t her a
resin or a getal .o @R0etB)Y Rsplctival eorpe ok WA 168 othRETHO g thd REA each of
o L B S Tl
t her nal - spr&yd BE PP [ ag/ T8 88T FHR Vé %8%}] he

condi ti onps of YFHNG QYU ONRLS MBIy ‘?’h%’earcfci ggﬁ 3P E—IP £§P

ferrul 43 araoisayeleraly &t gHetrphl ot metal ofia sppebied thisdness san e plgctrodeposite

on the periphery of the plural core wires 51 within about 12 hours, normally 3 to 8



15 2. A connector for connecting nulti-core optical fibers, and for hol ding
the termnals of plural optical fibers, with said connector conprising: (a)
a main body formed of a thermal -sprayed material, or el ectrodeposited

| ayers, of either a resin or a netal, 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 chara&erized such that (c) said ferrules

are coat ed Wouirb af & e LR FBbAI %QN@QJ %?Qﬁ &l fhp el o8] ks Sjr%pos' t ed
layers undef, the: gand) eh o2 E g‘fm T Béfoﬁ%sﬁ ,ﬁ ana&a 5}%9%#0' es in

d f | nd 25 (d
Chesurt acelgra 4! bl s gngesf e b s o
t hermal s 2@% pg 89”%9”? é%thorb & G300 Q:H“ i s
char act & GER low Gprrent)dengity| of 3 @ut sé{*i are@orﬁ -Plied, a%leﬁare&ed in

Claim i1, V\hif@hp larecandsarhon Fraveed3e tharatiode aad HraAnede, respectpelyed up to

mul ti pl e 'afx‘ﬁéaeétl-é%ieﬁﬁé‘if%d?{ aﬁaan@eds@ %ﬁhﬁ@? blory B ¥germent i oned
lavers of cpANOGLALS ?srcf%t r!‘il LABLif AL bR eyH} ol SRkpne
pe Rigp

t her mal - spr

central_axe Pte[r ”P § "iq ?iﬁc 808 ficdtors are
al i gned % thS E‘F‘FrB’Eh % - &F‘gq’ggﬁvi ’?‘P%EI” ?cﬁ‘&cor WA ferrule
for a multi Pr@&“é"ﬁ’ﬁ{“i‘%l e?aiuﬁ“e?heé@dﬂ@%? fithemetah @f‘a‘F perofepositedaioned er i zed by
i ts conpri sthagoreayiraisgasde taibeeqpalitorte amtside dametenpf the cylinddcal avaterigli nsert i on
hol es whosewhitbiabout &muen er &sareecedntricgy of a et féroule Saiad oppical Sh¢r dsiaber s t o be
i nserted thmoéuc;t canbel e@shﬂy kapmtthlhlil(b5 ginect rodeposited I ayer whi ch [ s

el ectr p er .40 pe

Ferrul o or Mo @ re%f%l;ﬁ& Pty REs CouT Sh*l? S

characteri z%&m%&%"fﬁ Fe‘étf X §§E“' e ey 1thindhe desirg FF%{FGS 851%{? &1

shape, or afSRH ]?félwg% fh& catgodaandanpde is chensed, oR fibe rotaiinnsangls jre i ber as
descri bed | WeEPEs wira 31 iyehangaddyi %@ams@éwv‘erﬁaff ot the 848 of ghanode 44 alaps

i nsertion hmtbéheffé?éatl@acﬂflh%%ﬁ wing.5 1 7whiah fised gaghades & that e lcedrers ypkie épt i cal
fiber & degengdskds shova miligure 160 WBinacthe conesdtrisity land biagularing of theindiledi anmet er
of said coradoeutsdé diahe®ss ofithe eltBrodeposi®d 8ayeAwilEbe nebteaificirwithimtifet i - cor e
optical fi bé&sir%de@sc:bf;bmcismn c ai m 4, characterized such that a plurality

of cylindri ferr s ar condi tion su tt central
oxes of i nedFt eaﬁn%%'fl fggme}sef%eai%mfo Fpostad Pyt b 4 B@é S B2
speci fi ed pYuY PGHLN ofihe glsgtr e@ﬁ%‘tre Fh@ ed'§‘h ed1s raw naterial,
so as to i ntegrefer ns:a%ﬁeoaﬁao IHgerywhits adivstipg @rq%vasssaa dhartaseadas 9. A
met hod of nENWER Eigur %ar@dﬁnééhlélldmg\m%nl"br%%ﬁﬁﬁﬁ@ﬂ BHoR Higr act eri zed such
that ther metledndanesigd fverdeend ot r norigniof theppleqteadeposited lgerdodesin or a
metal - to eprpctadds dippedin thy elepdelioraing keweous sglutioméid so thie theghiwkneseaf t hat
t he cent r al thaxesal glectrhde@Bit¢digpertis even hloloeghoun sai d ferrul es are parallel to

ggg?egtﬁer ﬁ Lfg ('(?]:f %C;efﬁgs 'ht '\&9 % of' Oe e;[gp) et:ls igmaﬁer% rrIe ! r Iges are
characteri z@&e ttf PSR erc%rﬁinéﬁh gf“gg c?(ﬁe téscri bed
in daim?9 ‘P“s CP 35 1HE o 215""'% F]i‘ee%l‘o ’ﬁ:ﬁf R f ace -

except bot ht %‘ﬁﬂ’é’epo%tF {3y&r 5%%%?&&}’6%d connect or | s ther mal - sprayed with
at least ong hakgbodinet H8Sin lgufe MRhRbraOABrkA cfyf?ﬁdﬁcﬁ‘l sqa@ﬁet\wwﬁround it

. Agret racterized
such that 3‘% ﬁéiamﬁggﬁ%&wcﬂgd oi%ﬁ!sn Otlhe] g ?t Sgﬁﬁ %%Bl%bed in
Caim9 are ant Sthé/Bore Jilland ﬁelg}%y?’the d p01 ?the a eare madle% garls) 'n-a

speci fied sf an F?aoth 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 tapenng, a thick metal electrodeposited portion of the
electrodeposited layer 52 is oscillated at high speed and a thin portion thereof is



(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 | east one layer of a resin or a netal is applied
on the 35 surface - except both ends - of said connectors so as to forma
coating around it. 12. A nethod of manufacturing a connector as descri bed
in Clains 9-1 1, wth said nethod charddterlzed such that (a) a neans for

bos! t Poni ﬁraj%lfer % Sf?eed oI el ggg" ORP e HRAC 55 BelRisBich
DSt o g ffg Eﬁgm@m s hihe mofe! PR SBRRISIIR R BIRE | 1 sai d
ferrul es, athﬂmg ouf thp athade $¢%j ecti ons of both the nobile and the

stationary pogl &ms&alﬂ)gnmmnm:%?e BNIRIER phbvillediBa Ry &S?H%ﬁn fheeach
ferrule 50 E@Q%L S1Ghé cieatdteh &St es Gn mi@ggg hgﬁt%ﬁﬂh theank ioned 13.
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i nserti gn erating jugy %Seﬁ“& SVHéd emémao H‘a‘f fORITR PPEERELES ed

| ayer i f FORR/IEN the out er peri phery of the core wire. 15. A nethod for

manuf aCtUrl?%&xﬂa@ifnglﬂﬂn@cdr@wx%1mﬂetdqu€&fs%omﬂbh%ti fiber as described in 20
Claim 14 aracterlzed such that it includes a step for cutting the outer

peri phery df)&iptngthecoreonepsidigbtreedyer into a cylindrical shape to
manuf act ur ep@ cheldime W MBurkthe a@&'nﬁéct&%@w@f asS@li F&fe%%'é&aﬂﬁalt he center

of said ferguley oubdi Hid fd’?a Qi xosrhofi'ld”“ft' core
opt i calyqf i B %%ﬁesﬂdfdleks“a Eﬂt\f&g Ei °Such that |t

i ncludes a s or novin B es and sal electrodep05|ted | ayer
in such a viehe ltﬂx@h of tte lﬂctaltfannle Sbdommeoptical)fibenisdo brouvde appropbitesai d cor e
wires and saberdelgeotthesteyumsrieto thel avysectomy alditis, accodding aeathe puiposd, lier process
of form ng dxampr Sahowd @pPighieedd, bay &bl bDthe @nd faes ef the heetal F@nas53 0 i nprove
the circul oot iy optical BheiTitlid Sredeyt Bleriidn@asbe pidceded dssd, fBfedadiphd, a\AEN

manuf agisur i ghgpd, RQIcHE shepd, bk 8n adefed dhap® s ck-HdperiBa bf @&ﬁwrb;ﬂm@arf rule of a
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it incl Udesﬁb%r% ? do%s t6 BlctidiP eslﬁée‘xjn&%fqh%’]‘bﬁt?ca?‘ﬂger%ﬁ'éi ifb8hd {nQé?ﬁ si geg

| ayer abouty errule’"s axial core as t center in a process for

form ng an eﬁ ectrodep05|ted | ayer onto said core wire so as to inprove the
ci rcul ari t yTlerouwternmeiphery oif the roétalsfairdleSiSdot aroaieisakiitiee ts grayrat sodsan form

manuf adour i aygpriebecifde atdub-miti®n phedividd) odthif + 0BMth &g beimongspacifieragainet f or a
nuf ti-core taptémed offth@m@emnﬁe}s%l beNCimadkindignantidhe ikanaaéeed zed such t hat
it includes_a step for ram ﬁ?tl ng salol %nod in the 40 vertlcal

di rection AtONIYHSIHESRFA W eyl dberoh the arssent iR iR VI Yor t he
el ect rodep(ﬁl deseriedy Ehe mptal fi‘{mleo% fopan gptigal fébecrﬁF?Pr%BttPHW resephe

el ect r odeposyenggn |caryb¢ used wxa:erpf:las@éwtafg@eusﬂ)bfownf@n@m of pepopesIdIssi t ed | ayer
onto sdbd captiealvdlerecnssara sis¢chasrachs fer tempordalyrareenharteape comgetate amtiealout er
peri phery dibesai d el ect rodep05| ted I ayer when manufacturing the ferrule.

26 19. A nuf ctur core .opti fiber
2o descr| btetRiseas SRS ¥ aa"q% iifh pal E‘gl?ﬁ%ﬁ?&ﬁlgqf%’ %; ,ﬁgéinﬂ B () has
an axial cAVETHEMeRAS Senfcantysmaler dbandhetpia ‘iﬁ”‘r"x’é’“o 1h154i anet er

| ar ger tham%ﬁ@eﬁaﬁﬁwmgapaﬁ%mwowh@ﬁ@umarr eansty ef @e@p iere HBYI PR | ayer,
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end to the ddeptenmndndecepiasleuddst, hecaswitte asrontecitpsdigifatany2imalhehedegr ee of

t aperi ng ofoptihd fibetseranbe rcopdeeted mdre padetbely| et the depof bpidd] Sigyydy atitke r educed

f or manuf aqimgom@rﬁq&gmg@aﬁ Uéeedu&,&j ﬁQuf@Qmﬂ’jat hod of manufacturing a ferrule

for a nufti-core qptical fiber descri be? r&CI aim 14, w tfq) sai d net hod
char act er i Z88PTe #enilysyates an example of a connector for PC-connecting optical fibers using




(a) a cathode is nmade by arranging and fixing the central axes of the
insertion holes in core wwres - whose inside dianeters are |arge 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 fornmed - with an el ectrodeposited |ayer - onto
the outer periphery of said core wires an el ectrof orm ng net hod, nanely
by appl yi nga gletad foriute Slifaramntoptidd) fiBdr ofAh&rptcbal imventigan b Mastthtedy Fgurey rul e
for a mufti2Ced2 s dbtibd B8Er RiedeSEd e drd ifscle@hmMnaQtionhslBs s@bd met hod
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el ect r odepoiit eah beyssd by mmainting fogxample, A gamertlebrpsfse pekelf hddanya mgbex ferrul e
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i nprove the. 4 %’ lggat%é% R of t he
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ferrule. . T, mA I OW’E 3 KPRYVEK. SpT er;@gla ace,
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ca]yca] ca] ca(j%l‘%%f%rg{ ’(’,’éﬁ é‘}" SEJa ermal- Lray %YO%L I'Ja §§1]n

. yg- ObB 9:*511 EafWéﬁ%fgaf@éﬁ%P%] ca] ca]

ca] ca] cha B8ty T@a & CHPER P POBLPRAG) +++- | Y-\
] 01% 22] éggc%ﬂr ] dg] thﬂneip Ea((}c(i]:escn ed for the abovetmbodlment $O as to roughen the
<>} xsni d_Z] sfheaptedch roug. i derndes, sdijchaywa faraied ajte ajspedified ape ajecs] ca] ca] c
a] ca] ca] ca] m]eciaqmtapmaqxia]ec@](cajtda]tbabldm SByldRHI¢ fameddprd2ig33e4V5669
;1 30 polyphenylenesulfide-base thermoplastic resin [FORTRON®; produced by
. <>} xsni d_Z|rdlypladealCeqled ] call cadiceirakvea]|fomadahwal spatiiad siapeapbardt 0] ca] cal c
a] c"a] ca] cadmmaﬂsqaélchaif@»a]mia@a]sc@ café@m@slﬁ)% for®)code agﬁ&?/ﬁbe(ré wekl0%& () - &
0%& (0)- 'kjfga@@r&tlgr)ed' 10%&' ()-LJbzXo!'t "10%EE& ()-!'p "10%& ()-!'t
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0%& ( BSM friean tnxnfergnley whg iaptaingediat 35(1@@0@)°C4Mehsunngm ¢crer@higity error
10%&' () - @(ME., tHeO¥Bsr(diffetnce®ebwetn (Ope fetMld NSIT's whibcntricity/direction and
another ferrule hole’s concentricity/direction) between the ferrule holes in the
obtained connector for the 8-core optical fiber (after the connector was formed into a
specified shape) revealed that the error range was + 0.05um~0.5pum.

] ca] ca] ca]

40
(Example 2)

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 were fixed onto the positioning member by the
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(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 lJow-temperature metal thermal-spraying method —

30 electric-arc spraying (Arc Boy PC 1201 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
methods of Examples 1 and 3.

Output voltage: 7 V-10V
35  Wire-feeding speed: 3.5 m/min (& =13 mm)
Jet-air pressure: 5.5 kg/em?

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 1ows (5
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"109& (1f-1 g:tspvwvg{mzqcoqntncl@ekm ,l?ptmthe rrule holes in the obtained connector

(after the connector was formed into a specified shape) revealed that the error range
was = 0.05um-0.5um.

E_

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

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.

(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 insertion holes and the wall surface were adjusted, were piled up Then, the
structures were coated by flame-spraying said FORTRON® thereon, so that 10
connectors 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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5 0.5um or less, confirming that the connector of the present invention was suitable for

preventing the axial displacement of the optical fibers.

(Example 8)

Fifty cylindrical metal ferrules (whose arrangement was 10 rows in 5 stages) were

10 electroformed using nickel by the method of the above embodiment. The obtained
structure was ground and formed into a specified shape, and a connector (composed
of electrodeposited ferrule and nickel layers) for a 50-core optical fiber was
manufactured. Measuring the eccentricity error between each ferrule hole revealed
that the error range was £ 0 05um-0.5um.

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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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,

10 and expensive ceramic product, or a conventional, conductive product whose
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 Jabor expense.

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

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.

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

(2) 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 Jayers 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 1s electrodeposited onto the outer

40  periphery of the core wire.
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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 a plurality 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 (a) the connectors manufactured by the method described in Claim 9 are plled 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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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

115  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
v 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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direction from the top end to the bottom end — is used as said anode, and that (2)
the degree of tapering of the outer periphery of said electrodeposited layer is reduced
for manufacturing the ferrule.

10 20. A method of manufacturing a ferrule for a multi-core optical fiber as described in
Claim 14, with said method characterized such that

(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

115 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 parallel 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.



