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AND FERRULE USED FOR | T AND PRODUCTI ON METHOD FOR FERRULE ma\yazg P| eld
The present invention relates to an optical fiber connector, a ferrule to
be used for the optical fiber connector, and a nmethod for producing the
ferrule. In particular, the present invention relates to an optical fiber
connector for correctly aligning mutgdcpaspidpns of cores of optica
fi bers and connecting themto one another by inserting the optical fibers
into cylindrical ferrules to support them a ferrule to be used for the
optical fiber connector, and a nmethod for producing the ferrule. The

present invention (ﬁJ P{Lerru]fﬁ{ E‘.’&'fCﬁi Wegqmrdgﬁw ARPyRtus to be

used for producing't groun n recent years, the
el ectric cable for the t el ephone Ilne i s\piei ng replaced with the optical
fi ber cable on a worl dw de scale. The use of the optical fiber is not

limted to the optical comppy dﬁﬁ fHW 6”%6&‘ éﬁﬂ@ﬂfone The opti cal
opti'cal ‘de

fiber is also widely used for Vi Ces, apparatuses for LAN, and a
variety of , "~ 3 MAY 2003 optical systens. Methods are known to
mut ual Iy connect optical fibers in such an optical comrunication system

i ncl udi ng a _per,manent conngction nmethod based on the use of fusion or
mechani cal g%? ‘xgkdﬁﬁﬁﬂgtachable connection method based on the use of

an optical fiber onnect or is . required for the opti cal r _connect or
used for the Iattet® RHFER Haﬁveaﬁttléﬂh %t At to%taafbrﬁ‘% r1lp Rasily
performed, and the o tlc fi er nect or i sta to t envi ronnent .
Addi ti onal | yOR1F gg i Hbs%r%?ﬁ 'iﬁb E‘;P

commnlcatlonsstemtor allzel(? dlsta[ﬁgcco nlctlonlandlarge

capacity, fd© o, 319 & T RIIMETH i 2F F90et SonnEtt or t hat

the connection loss is | and the nonref]ective treatnent is %Egiled in
ohs pei

order to st dATTSR)HeerhT YL fivention relates to an o

fiber connector for correctly aligning mutual positions of
cores of optical fibers and connecting them to one another
by inserting the optical fibers into cylindrical ferrules
to support them, a ferrule to be used for the optical fiber
connector, and a method for producing the ferrule. The
present invention also relates to a wire member-supporting

apparatus to be used for producing the ferrule.

Background Art

In recent years, the electric cable for the telephone
line is being replaced with the optical fiber cable on a
worldwide scale. The use of the optical fiber is not
limited to the optical communication based on the
telephone. The optical fiber is also widely used for

optical devices, apparatuses for LAN, and a variety of
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Conventionally, as shown in (C) of Fig. 1, an optical fiber. Wﬂﬁﬁt
conprises tubular parts (hereinafter referred to as "ferrulgg?) a?ﬁ@%

having a perfect circular cross section for highly accurately hol ding
optical fibers 40a, 40b having a dianeter of about 0.13 nm at predeterm ned
positions and fixing themcoaxially, and an aligning section 42 for holding
the ferrul e%ﬂtﬁ’ca]lb é‘yyﬂé?ns@' | Qi NP kiBKE ﬂB’txM?duﬂbH} EHnedtOr

exanple, the ferrul e has a columar configuration as showi in (A) of Fig.

1, and it i $JP8de107r i3 etld GOt LA St | min i dd K& yshhun ferrule 1
shown in (A) of Fi 1is aferrule of the one-core type. For exanple, the

g. . z
reriate 1 2inchhddig 200 e chi Udiifde tldif WA A ) Crfe Alsd £ =

0. 126 mm whi s for e longitudinal direction at e center o he
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the i nner dianeter Af, the Lroualy holed s dvely allusied, FLpllyadhe

outer portion o he cyl'in pro I's fiac e center
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rovever, L he.ol {110 HLRGES | A MBI Qo A1 Idn LML 88, SKI1I, causing

t he decrease " in prodhct|V| , eén rnot easy to obtain a
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consuned an xhaus

cross section for highly accurately holding optical fibers
40a, 40b having a diameter of about 0.13 mm at
predetermined positions and fixing them coaxially, and an
aligning section 42 for holding the ferrules la, 1lb while
allowing them to make mutual abutment. For example, the
ferrule has a columnar configuration as shown in (A) of
Fig. 1, and it is made of a zirconia ceramic material or
the like. The ferrule 1 shown in (A) of Fig. 1 is a

ferrule of the one-core type. For example, the ferrule 1



A nmol di ng machi ne and a nol d, which are expensive and speci al"'éeﬂ i&thi S
purpose, are required to performthe injection nolding or the?ex AYl 083
nol di ng as descri bed above. Especially, the nolding machi ne and the nold
are conspi cuously abraded by the extrenely hard zirconia powder, and hence
their service lives are short as well. It is also possible to use a hard

rateri al f ofy Jie, SRS A fie MR A ¢ he oIS douger,  he

producti on cost ex y expensive tor a speci al nol di ng machi ne
and a speci al | d. Further, the energy cost is increased, and the energy
Source. s e dptied, i s At L e A (A e ik
tenperature Qf 50Q to 1200, Cin the firi step. I f the production cost 4
13 MaY zoo3 O tor?gluf“}é‘r CREN Hcerrt%tshec?gs%'%b‘grq g% atb e,'rlflﬁee product i on
cost of an optical, fiber connector .includin therﬂ;g errul e acconmodat ed

therein is b idt dd¥e Pt Frd helr 15 e 59 privh | BIR 2V SR,

Al though the ferrul e of the one-core ,te/]_ﬂe as shown ig (f%s of Fig. 1 has
been hit her TP UHRHARS v 'usisd PAARA MG QR ERII R t4Ae IHown in
(B) of Fig. 1 or ferrules having nore than two caores are gradually
demanded. | RYIRViRG ST amieFRy (iR H AR r@i%%ﬂtﬁrqﬁ}}@\g es, it is
extrenely difficult to performthe step to establish the dinension by neans
of the polishi ng e e IHEHRI-30I15 M hgt helflerct Hd prbdi®ti on of
ferrules having three or nore cores has been substantjally inpossible. Wen

optical fibdtOHcedboii il 1y BHe BRI RREMh PP cdoRt ey

connector, the process is executed by neans of the connectjon in which tips
of the opticddt Filfdrs Ml EHYRRL (D FRAL MR BRRGERS 1] . &5 uSRd 3F | ed
physi cal contact (hereinafter referred to as "PC'), in order to decrease
the refl ecti®rfavwdatar kiqje WWbiilecks MPisind itth.have @ darlirdaikdave the PC
connection, the follow ng processing has been perforned. That is, the end
surface of tIRNFFUIAtElQE kb | SUMRY ¥R habRr LAEIRER sHHRR1afoLurface or an
obl i que convex spherical_ surface, or the end surface of the ferrule is

pol i shed t o HEIRCELGN MOLAFFRRE FX DT qiRldIng Qumeakd thegether with

the tip of the optical_ fiber in a state in which the optical 5 .~ 3 MAY
~Op3 cylindrical configuration. Subsequently, a molded product

is fired at a temperature of about 500 °C to decompose the
resin component, followed by being fired at a high
temperature of about 1200 °C. An obtained cylindrical
fired product has a through-hole into which a diamond-
polishing member having a liner configuration is inserted
so that the inner diameter of the through-hole is finely
adjusted. Finally, the outer portion of the cylindrical
product is machined about the center of the inner hole to
finish the ferrule so that it has a perfect circular shape.
In the molding method described above, the fired
molded product is slightly contracted due to the firing,

and the inner diameter thereof is deviated from a desired



fiber is charged in the ferrule. The conventional ferrule nad?ég irconia
or glass has involved the problemthat such process cannot be MAJ yzﬂﬂ

performed. In the conventional technique, when the ferrule is installed to
the optical fiber connector, then the ferrule is installed in a hol der, and
it isinstalled to the optical fiber connector together with the holder, in

order to adjymbnkhenr,ot abiroRalispeehkon) @het Be1fighinge rBoREab LB nbeen
al so pointed out in that the nunmber of parts of the OpFIOa| fi ber connect or

i's Increasednéuasbookh%hesalaho%HCBoa1Bﬁhﬁ%rmeRbS@LC§HBEhCEsTHErEH¥EHE'CN

The present invention has been nade in consideration of the problens

invol ved i nakRerceRuert-engl, E%CBnhQE%s%%rQG%ﬁH'Q%@léB%%%aerf'rSt obj ect
of which is to provide a férrule, a method”for producing the sane, and an

appar at us fQEeHEﬂ@HE'HQHBQ%vé%”Eth@hﬁbﬁh%hEH% E%BE%%% G3n 18gokigduced at
| ow energy cost with a sinple and ch eap eqU|pnent W t hout “any necessity for

the expensiygqand 2856:2kseaNiRTENLARNGR A NG HRLYAG MG ne and a mold. A

second obj ect o e present invéntioni to provi errule a met hod

for prOd“C'BQoHBStiéﬁ%Xtangu Enappagat %sz%epr%%%Cb@g yi S SBTG Maer ein

the ferrule i s excel i n dinendi onal stability, it can be produced 6

~~ 3 MAY Zogér§g UEE?OEH gﬁﬁ%&dﬁ&%ﬁeWbEhc%n@%QﬁQ%gfWh%h 9% ion %R

producti vit necessitating any special ski perator

third objectyaf, &Qﬁﬂpﬁﬁgégklbﬂv8thﬂg i%nk? RLIY dg %hfeEr#%% S?é thd for

produci ng the ferru an apparatus ftor pro ucing t err erein

the ferrul ecoan BRcRaRHLYp egmg FeeRataen o bdi3odiplnedd .008e

mul ti pI e core ourt ect (0] resént “inventiod is to

ferrule i nvglubngeanyex gmahg agagmfdhm%'rm@' pREhed fithe WLLN the

ferrul e can be easily produce t h obj ect the present 1nvention

to provide an; ol nbhigk copieehar ab ngb Ccorgdge%h FPEER 0SS bl :

to connect opfica Ber's Wit h hi'g adcdr ng to a tirst aspect

of the presgqf,; pRYRR! Qe LGOS LALAY g%f@a%s%etéﬂ ARG 1516, 3,q

ferrule to or connect g optida bers d conprisi-ng:

deposi ting ﬁe@%&?llgycgﬁgﬂﬁeafaﬁp % Pg%glng around at Ieast one wire
ec

menber to produ aped e ormed product; and
A molding machine and a mold, which are expensive and

specialized in this purpose, are required to perform the
injection molding or the extrusion molding as described
above. Especially, the molding machine and the mold are
conspicuously abraded by the extremely hard zirconia
powder, and hence their service lives are short as well.

It is also possible to use a hard material for the surfaces
of the molding machine and the mold. However, the
production cost is extremely expensive for such a special
molding machine and a special mold. Further, the energy
cost is increased, and the energy source is wasted as well,

because the firing is performed at a high temperature of

500 to 1200 °C in the firing step. If the production cost



extracting the wire nmenber fromthe el ectrofornmed product. TP% netaﬁﬂaof
the present invention is characterized in that the extrenel y hMAY wi

menber is used as a base nold to produce the ferrule in accordance with the
el ectrof ormi ng nmethod. The inner dianeter of the obtained ferrule is
determ ned by the outer dianeter of the wire 7 i 3 MAY 2003 SUBSTI TUTED

nenber. TheoifnRee deaFRler iaCGncaensed ke dedorilbed sty deleer m ned by
the outer dianeter accuracy of the wire nenber. Therefore, the ferrule,

whi ch has t heoaxbitadml yodxcelt ant optien 1difamRire coda@Edtasy intamdigohind ned
with the wire nenber which has a cross section (perfect circle) simlar to

that of theraptigal ablbginodaticeh thased niidt 31@06 & dirRiey. slightly larger
than that of the optical fiber, and which has highly accurate linearity and

roundness. The ollaithed,f @hiculfe 110w iNde prabliern &1 Jl& WHch as Hyugh
linearity and roundness. Therefore, it is unnecessary to performthe

pol i shing opgkatre@tuiaV g theeBnl-oel @ yRRY far MRfbu0 #NSW)e di&ig. 1
di mensi onal accuracy of the inner dianmetér of the ferrule. In order to

renove the wyke Hembe thie@ol *a%uﬁ'n%%tt&g;%@q RHRAUErr A £ hg it ITenber
may be dissolved out of the electroformed product, or the wire nmenber is

extracted of.gxt q:?g%d als” AR eei(r?ll Q& AfforETRd Ar Qﬁucfte%"%flteesr H%l{ﬂatltﬂiré' S

deposi ted around wre me i'n‘accordance wth the el ect or m ng.

Accor i ngl ¥ crighy ikfiaP@Rsiel G0 AL 1Y QRUIAU.T Caln Bl dbe i | s

formed wth the through-hole corresponding to the crosssectional shape of

the wire MeiEsiyild iSviRe KR B Hid oty ¢ PME it diR1yped 15 a wire

menber havi ng an oute nmeter of not nore than 0.2 mm especially not

mor e than O hdeiity 1l o@f (o1 ddnPRidl e JoPldtab e TG W fierddion by

el ectrof or med product, the el ectroforned product I's cut 8

into those having & REGISIANENGE LAY fnaT R MR- S 1GHTE] SRaha, the
the center

8% o .
el ectrof ornmed product may be subjected to cutting about of a

telhggf?g]; gf'rrg"g@‘}p‘i%diu%tfi%rn”%‘% e QTR B iy Wi RSP Gor d UBALE has
product.
been substantially impossible.

When optical fibers are connected to one another by
using an optical fiber connector, the process is executed
by means of the connection in which tips of the optical
fibers are allowed to make mutual abutment, i.e., so-called
physical contact (hereinafter referred to as "PC"), in
order to decrease the reflection loss at the connecting
portion. In order to achieve the PC connection, the
following processing has been performed. That is, the end
surface of the ferrule is polished to have a convex
spherical surface or an oblique convex spherical surface,
or the end surface of the ferrule is polished to have a

flat surface or an oblique flat surface, together with the

tip of the optical fiber in a state in which the optical



In the nmethod of the present invention, for exanple, when the wre nenber
is made of alum numor alloy thereof, it is preferable that t\?wmer
is renoved fromthe el ectrofornmed product by di ssolving the*

with an alkaline or acidic solution after the electroforning. when the wire
menber is made of iron or alloy thereof, it is preferable that a nold

rel ease tregipent ilsS chlRlgedd iho thike AurYe 1EMDah bR itie il1eddahardn ng,
and the wire nmenber is renoved fromthe el ectroformed product by extracting

or extrudi ngaljee oW 28 reRMIA o’ @Malsie nalse G IVREE HY QbH1 e tt8att he
el ectroform ng. In the nethod of the present invention, a two-core ferrule

may be prodyged BYodkbangangoitV®aMda® iTy s ctmddiat they are separat ed
fromeach other by a predeterm ned distance to performthe electroform ng.

In this procedurgn the Emv\@n&qoﬁ%qbere%rml«au@r%n%%dﬁe ihatrA Pald of pins

each having an identical diameter are interposed the wre nenbers, and

thus the Sp@ﬁ%%ﬁl@'eﬁt %Cfcg] ReLIRER NG 1100 \@orn%er&rmer S e GUinald ed

easily and highly accurately. Aferrule having thréé or nore cores can be

250 Produced Suehaifisly LA 5 ron dFl.C i § IR co ley MY 2003

SUBSTI TUTED arranged in para el to ‘one anot her rated from

each other Byagaldgnpesalooaeicnd dogfanes fidh HRMadd N v A more

pi ns. Accor ng to a secon aspect of e present Invention, ere 1s

provi ded a qgt?gghgpr%h% Wi % %%1e%d§y£r dlquHg’f% 1Bcy deternmined by

an outer diame accuracy er and I's pro uced in accordance

with the mephog:aecand rs%e&,ﬁ a3 gorﬁttees Rt L HA L b ddid A aspect

of the pres i nvention ere | rovi de rru eto be used

connect i ng g@&%gabffkﬂ%rgptEgﬁlf%r @faégﬂ G ¢y %F did Fo

material in-an integrated manner he fetal ferrule e present

i nvention C%ﬂeb%s%rQQUE%@h fo&oeé%gple by nmeans of the el ectroformng
nmet hod of the present Pnventi on extrenely accurately, easily, and cheaply.

When two optical fibers are joined to one another via an optical fiber
connector which accommodates the ferrule, the tip of the ferrule is

pol i shed together with the @p %Cﬁﬁjls&iﬁb%fﬁ‘ el t%M e of flat junction

or PC junction. The ferrule o € present |nvent|on I's polished extremely
easily, because it is made of netal. The polishing operation, which is

hi ghly accurately controlled, can be applied to the ferrule of the present
i nventi on. There& re $ RYSS erfornlt@% RC junct n_in a wel |

sui ted manner, rfesseplosé}lnt‘)’leelt%!tlgnj fhiis op e fHT by sco\ﬂst qrsyLon

e T g Ml e SEP AR
described above, a first object of which is to provide a
ferrule, a method for producing the same, and an apparatus
for producing the same, wherein the ferrule can be produced
at low energy cost with a simple and cheap equipment
without any necessity for the expensive and special
equipment such as a molding machine and a mold.

A second object of the present invention is to provide

a ferrule, a method for producing the same, and an

apparatus for producing the same, wherein the ferrule is

excellent in dimensional stability, and it can be produced



13 MAY 20D3 t heret hrough, the holes being machined to have a ti Wﬁ@
‘configuration, and it may be used as a sleeve for a nechanicaﬂ;ggl ezmﬁhe
ferrule may have a col ummar hol | ow SBRSTITYERetrating in a | ongitudinal
direction of the ferrule, the ferrule may have, at its first end, a first
openi ng whi ch has the sane dianeter as that of the hollow section, and the
ferrul e may i cotidance EAMNG Prdcessseciand MNP Tt igs wi tthoutet er
| arger than the diameter of the hollow section (see Fig. 20). The hol | ow
section may nieiedssde aa ifg Anyh@dediHeeidian, o sweopehaldraw section which
has a dianeter larger than that of the first hollow section, and a third
hol I ow section havitmdrd (oApRIcad PR Praldeiit WG 6E £d hrdviicd

hol | ow section and the second holl ow section. In this arrangenent, a coated
portion of taheeaptiled! & inkehdds RECYPIBRRIERT ithd ergeaend 4l law section,
and a clad of the optical fiber is accomodated in the first hol | ow
section. Thalppatatifde fHAC P iV IRC N JIWChindI% i85 the aatailiconal
ferrule holder. The third hollow section facilitates the introduction of
the clad of dehe HePldAll Y IFAIIED dtd firlest 10l OWSEBRN tARRFdi ng to a
third aspect of the present invention, there is provided an optical fiber
connect or f @f189Y1RCIHAY@Lptical fibers, conprising: a ferrule forned of
only a nmetal matérial in an integrated manner; and 11 13 MAY 203 a
housing for accommdatitig dffediedlthe Preadt shivEhtiafess dPpRvide
connection can be carried out easily and highly accurately, because the

opti cal fibey £OMAM o1ty R BRIrduiaN i o et diiey fenigd e mde

of netal. Therefore, it is possible to realize the optical fiber connector

Wi th | ow refil i on JikS%al LW aSte1 JTheMldle iy & SRR bed above is
preferably produced by neans of the el ectroform ng nethod according to the
present invention i PNYSiNG Ut Wi PdSAt fRRIMCINEE Yo Prdhiie
an optical fiber connector at low cost, which makes it
possible to connect optical fibers with high accuracy.
According to a first aspect of the present invention,
there is provided a method for producing a ferrule to be
used for connecting optical fibers, the method comprising:
depositing a metal by means of electroforming around
at least one wire member to produce a rod-shaped
electroformed product; and
extracting the wire member from the electroformed
product.
The method of the present invention is characterized
in that the extremely thin wire member is used as a base
mold to produce the ferrule in accordance with the

electroforming method. The inner diameter of the obtained

ferrule is determined by the outer diameter of the wire



present invention may function as a plug or a jack. The optical fiber
-connector may further conprise a sleeve for aligning two ferru]8§sMAYN2003
optical fiber connector may further SSREITITEEIN adapter for making

det achabl e connection to the plug. In this arrangenent, the adapter may
include a sleeve for aligning the ferrule at its inside. The optical fiber

connect or NMa¥mbikt, herheOMRhieYe dRintRidrC AcduilRly @Dlthe AGIAING E A1B0
fourth aspect of the present invention, there |s provided a wire

nmenber - SUpp‘a%tt'e'iﬁl%%@a'b%t Y Quthsl Qﬁalxk%tder""%‘%ﬂ%\?fafc%f o4 &Heaviing mul tiple
cores for connecting optfical fibers is produced by neans of electroform ng,

the appar at 4 gpr i %‘h’é&ef%r%’is%r@ HefvrA Al i%h fHa{sSttth)%xtﬂﬂ—ﬂdél

proj ections prOV|ded nut ual 'y ‘opposingl'y on the base plate, each of the

first 12 = elygen@%n@rm Gl %%Wdl%c}ﬁwc%ﬁﬁtﬂecﬂbt‘%q{éh Wit M wire

menber s stretch In parallel to one ano the pair of first

posi tioning t he

pr esent |nvéﬁt?%ﬁﬁ%g££§€iekﬁ{geﬁf%%gﬁﬁggp%; eqﬁgegﬁ%or tLe prog%%t|on of
the ferrul es*l%‘ié%& e HRUll I} & HePI i ddie ARpar a%aﬁ? INgf@ldiE G A n an

el ectroformng bath. The two wire ers cont act e projections, for

exanpl e, sugh il t%Qe%lqr%t%%%%t ué‘:‘rf Nt %@Céﬂeg:b%é:t‘&%ﬁ 3 gl er ence

pi ns provided on e base y opposite I ons.

Ther ef or e, tatﬁ% &%&n%r%%erhigﬁ%% %%Sdutf eqth{eé}qb tweensfﬂcync{%%&r Oj.ﬁf:él ons

respectively. AcC spaC|ng ance WO Wireé

nenbers s Rl aeGu r&aﬁ' L h As0nnes itind e dharpter of the

ref erence pi n or to chan e e spacin ance between lurality

of i nner hollgL%ea(}rl d | n I‘eI‘SLg. éxQeqf t]_J]ae @Htléoluqmceocr ?Salrrffftecf]ence

pi ns having @ Variety or dicanst érs may be previ‘ousl y prepare

G st ance. ot e ich FRI i R R R SR AR EPTC S pai
of second posl.td o0 il @rﬁﬂe%esdiangluagédasnﬁoa%gg Ufde apddie base

plate, each e Secon projections havi'ng an

i T o Tomoer 5y SLLALNEE WhPUAEle. L0 A1 AN N Pl NPT Second

posi ti oni ng

member from the electroformed product, only the wire member
may be dissolved out of the electroformed product, or the
wire member is extracted or extruded from the electroformed
product, after the metal is deposited around the wire
member in accordance with the electroforming. Accordingly,
it is possible to obtain the cylindrical metal tube which
is formed with the through-hole corresponding to the cross-
sectional shape of the wire member. It is desirable that
the wire member to be used is a wire member having an outer
diameter of not more than 0.2 mm, especially not more than
0.13 mm.

In order to obtain the ferrule by machining the

electroformed product, the electroformed product is cut



13 .13 MAY 2003 projections interposed therebetween, wherei q ?gﬁwﬂ@
menbers stretched in parallel to one another with the first pro

i nt erposed t herebetween are nutually parallel to the wire nenbers stretched
in parallel to one another with the second projections interposed

t her ebet ween, and the respective adjoining wire nenbers are arranged and

separat ed figEbearbset havihy anprdasteenlinddstangeh.Aceaedongky, it is
possible to produce a ferrule of the four-core type in which four inner

hol es are fegjpedmaadeacbangedhkoeleverafioirfiedt peabduspamhpgbdi stidjeeteBRl EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows cross-sectional views illustrating

an optical tbbeunteengesbeutantef eehtkesorWaetBirBugh-hefieFiviich gBows a
| ongi tudi nal sectional view of a one-core type ferrule and a sectional view

thereof takeprihBdaByXr&méiifgt tAB, wiB: Abmbed. fiomhene a1kergbirdened
sectional view of a twd-core type ferrule and a sectional view thereof

taken in anpXpXudtrection, and (C of Fig. 1 shows a schematic sectional
view illustrating the optical fiber connector for connecting optical

fibers. Fig. 2 shgwsnha pekfBAt b¢ ahkapgesent 9hvaRtebaGt Fefoxhpgianpar at us
according to an enbodi nent of the preSent invention. Fig. 3 shows a side

view (A) an?h@np'tﬁa VieW hBhbié is~m§db!?gfzgQﬁmiihhm%&ataimyatﬁ@&%%rft, jig

to be used tor the apparatus shown In F

it is preferable that the wire member is removed from the
electroformed product by dissolving the wire member with an
alkaline or acidic solution after the electroforming. When
the wire member is made of iron or alloy thereof, it is
preferable that a mold release treatment is applied to the
wire member before the electroforming, and the wire member
is removed from the electroformed product by extracting or
extruding the wire member from the electroformed product
after the electroforming.

In the method of the present invention, a two-core
ferrule may be produced by arranging two wire members so
that they are separated from each other by a predetermined
distance to perform the electroforming. In this procedure,
the two wire members are arranged so that a pair of pins
each having an identical diameter are interposed by the
wire members, and thus the spacing distance between the two
wire members can be controlled easily and highly
accurately. A ferrule having three or more cores can be

also produced such that three or more wire members are



Fig. 4 shows a specified enbodi nent of the supporting jig mhigp I s usabl e
for the apparatus shown in Fig. 2, depicting a side viewillu BaMAYlQm]@e
support jig suitable to produce the susseareTEPpe ferrule. Fig. 5 shows
sectional views (A) to (F) of a variety of wires of those of the

nul tipl e-cor ariyAgeat har phitan1ehose baw Baozheir’ ¢Hlide Gedshy Sephir@fed
according to the present invention. Fig. 6 conceptually illustrates a

procedure fokrent eHdhngthbe Wy anf ia@nancahesbaefidgmad skagdect fof
accordance with the nethod of 'the present invention. Fig. 7 conceptually

i['lustrates bhemphavi &ieR @lot apemoz@ giippQsed at predeterm ned spacing
di stances on the wire when the wire is extracted fromthe el ectroforned

product in accordapegrwihl theamekbeddohsphetPbesehe pregRntonnvEhEioR,
conceptually shows the wire in a state in which
there is provided a metal ferrule which has an inngr
diameter accuracy determined by an outer diameter accuracy
of the wire member and is produced in accordance with the
method according to the first aspect.

According to a third aspect of the present invention,
there is provided a ferrule to be used for connecting
optical fibers, the ferrule being formed of only a metal
material in an integrated manner.

The metal ferrule of the present invention can be
produced, for example, by means of the electroforming
method of the present invention extremely accurately,
easily, and cheaply. When two optical fibers are joined to
one another via an optical fiber connector which
accommodates the ferrule, the tip of the ferrule is
polished together with the optical fiber for the purpose of
flat junction or PC junction. The ferrule of the present
invention is polished extremely easily, because it is made
of metal. The polishing operation, which is highly
accurately controlled, can be applied to the ferrule of the
present invention. Therefore, it is possible to perform
the PC junction in a well suited manner, and it is possible
to join optical fibers with low reflection loss.

The ferrule of the present invention has, at its both

ends, holes for allowing the optical fiber to penetrate
10



the tape 20 illustrated in Fig. 7 has been peeled off after the
electroformng. Fig. 9 conceptually illustrates a procedure b8 HAngmg|ng
the wire fromthe electroformed product by using a jig when the wire is
extracted fromthe el ectrof ormed product in accordance with the method of
t he present invention. Fig. 10 shows a plan view illustrating a schematic

15 ~ 3 MiRetdR B rdulghdeRNthdfes? bRRROMadh iGeld the Hased d rtatﬁ&é‘cpurt h

enbodi ment of the present invention. Fig. 11 conceptually shows wireto

be attached oo rlild@ ratRRe,! andd ithaey ive dskd He dFid.eel stavs a pl an vi ew
(A) and a side view (B) |Ilustrat|ng a hook to be attached to the support

jig shown i geldh@nitd1 splice.

The ferrule may have a columnar hollow section
penetrating in a longitudinal direction of the ferrule, the
ferrule may have, at its first end, a first opening which
has the same diameter as that of the hollow section, and
the ferrule may have, at its second end, a second opening
which has a diameter larger than the diameter of the hollow
section (see Fig. 20). The hollow section may include a
first hollow section, a second hollow section which has a
diameter larger than that of the first hollow section, and
a third hollow section having a tapered configuration which
connects the first hollow section and the second hollow
section. In this arrangement, a coated portion of the
optical fiber is accommodated in the second hollow section,
and a clad of the optical fiber is accommodated in the
first hollow section. That is, the second hollow section
functions as a conventional ferrule holder. The third
hollow section facilitates the introduction of the clad of
the optical fiber into the first hollow section.

According to a third aspect of the present invention,
there is provided an optical fiber connector for connecting
optical fibers, comprising:

a ferrule formed of only a metal material in an

integrated manner; and

11



Fig. 13 shows a sectional viewillustrating an el ectroforned prPQUﬁh
obtained in the fourth enbodinent. Fig. 14 conceptually shows a'gal Y 2003
Wi re support jig to be used to produce a ferrule having three or nore
cores. Fig. 15 illustrates an exenplary structure of a sleeve for a
mechani cal splice, wherein (A) of Fig. 15 shows a sectional view of the
sl eeve, and (B) of Fig. 15 _shows a nethod for pernmanently connecting two
optical fibers mFtHoPgéngl585e?CEPﬂmoﬂégéﬂgw§h§ §85§H§Frc sectional view
illustrating a structure of an optical fiber connectqor plu ccording to
Lhe pr esent i nvoRPPoROLEE 817 PERERE S EOEN ERmt PEREECAPBNSRTY Ponsar 1ad
iIIustratingHa stryucture of ,ap_optical fiber Eonnector according to. the

present invBREi BAS1EYgandghdgaly 3CSURaRELYe DECANSRAILhE ORTALRIsELREENg a

structure of an optical fiber connector-equi pped gptical cable according to
t he presentcpﬁ9§ﬁEPSn9f the present invention includes the ferrule

made of metal. Therefore, it is possible to realize the
optical fiber connector with low reflection loss at low
cost. The metal ferrule described above is preferably
produced by means of the electroforming method according to
the present invention.

The housing of the optical fiber connector of the
present invention may function as a plug or a jack. The
optical fiber connector may further comprise a sleeve for
aligning two ferrules. The optical fiber connector may
further comprise an adapter for making detachable
connection to the plug. In this arrangement, the adapter
may include a sleeve for aligning the ferrule at its
inside. The optical fiber connector may further comprise
an optical fiber cable.

According to a fourth aspect of the present invention,
there is provided a wire member-supporting apparatus for
being used when a ferrule having multiple cores for
connecting optical fibers is produced by means of
electroforming, the apparatus comprising:

a base plate;

a pair of first positioning projections provided

mutually opposingly on the base plate, each of the first

12



16 13 MAY 2003 Fig. 19 shows a sectional structure of a ferrule obtain
by performng the electroforming with an apparatus descri bed ig MR? si xth
enbodi ment, followed by machining to give a rectangul ar 2003
par al | el epi ped- shaped contour. Fig. 20 shows a structure and a net hod of
use of an integrated type ferrule conprising a ferrule and a conventi onal
ferrule holder .which are formed in an_integrat ﬂ.nan er. BEST MODE FOR
CARRYI NG QUPERHECEADBRTIENIRE AP AeNEAEPInMERER \wAPR be made wi th
reference to Fig, 2 for an apparatus fo roduci_n he ferrule of the
pr esent inventioﬁWBywﬁESn?eHBgFﬁes F&EthﬁoﬁﬂiHﬁ?g%hgiaﬁﬁaPQFuéngﬁbﬁﬁ in
Fig. 2 conprLs%s an el ectraf orm ng bath 50, an el ectrqf orm ng solution 3
charged in Vh&Ret8E: PBREr Rtng1BSLhPBS It ARGLRA0BES IRCAAGNS dALREBESEdnhi ch
are arranged in the electroform ng bath 50. The four anodes 4 are provided
to surroundthEECLELHEEE -on a base 52 which is installed on the bottom of
the electroform ng bath 50. As described | ater, on, the cathode 8 is

provi ded on a supp&rePpPRgatusapd ithe) Preseat Loy 108nAec C&F el Ywi r e
menber 9 which is stretched between upper and | ower ends of the _support jig
5. Air nozzP&SeGLiygi &R BPeuSrFEvitQEdtoR PROINGEdODn O tde|itexssds at
intervals of 90 degrees in the circunferential directiaon of the_ w re nenber
9. 17 ~ 3hwngqg9eméléneé@r 6§P&LRIr n§hSoPRPRER LY S| bedadelRisitad 168pdAdi ng
on the quality of the netal material to be subjected to the el ectraoformng
around the @ &lgespefogmingr bagihch Thej $Weo¥dirls BefbheFse condacsy wikhbe, a
metal for electroformng such as nickel or alloy thereof, iron or_ alloy

t hereof , copper pspigctdpnshefest exappaty @PCQIFé@ttﬁéﬁﬁbﬁFE{@ﬁ@§@en al | oy,
and fine particle-dispersed netal. Those usable for the el ectroformng

sol uti on 3 PY@inEE &heobroiiectdiensasichgag wFeferede®Ids paovdnesq@dous
sol ution of nickel sulfamate, nickel chloride, nickel sulfate, ferrous

sul famat e, ft&er baseppltieuodindauiypgdy PPPesidspldtrectdomser sul f at e,

copper borofluoride, copper silicofluoride, copper titanofluoride, copper

al kanol sul f hgrefogghalthes wifrgt BenbedisuMEURPSEALONGD tite Hotbe siges &

sol ution obtained by dispersing, in the foregoing solution, fine powder of
silicon car bih@e Prodiggéiensc IESPEEL INGlyn cACKiodeingilycotihgms®acd®g sil i con
nitride, alumna, dianond or the |ike. Anong them a bath containing a

maj or conpoRdsitagienbetarcesythengte Wi res pesParsy 1§ frighdivataequrak of
the easiness of the electroformng, the small stress of the el ectroforned
product, th&agRgedcdn acgpirdange aidh Abeesdiageteroo inding gfenanaset al
conponent of the electroformng solution serves as a material for

constituti nPitthe dineerdsforteed &he jspacinghdisdgange betgafss & i bed
| ater on, the ferrule is subjected to the PC polishing in order to effect
18 plurality of inner holes formed in the ferrule having the

multiple cores, reference pins having a variety of
diameters may be previously prepared, and the reference
pins may be appropriately exchanged depending on the
spacing distance between the inner holes.

The apparatus may further comprise a pair of second
positioning projections provided mutually opposingly on the
base plate, each of the second projections having an
identical width, and two wire members stretched in parallel

to one another with the pair of second positioning
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13 MAY 2003 the PC connection. In view of the PC polishing, it is
especially preferred to use a nickel/cobalt alloy as the net$l3 pmﬁpgmmnt.
The el ectroformng solution may be filtrated at a high speed in the

el ectroform ng bath with a filter (not shown) having a filtration accuracy
of about 0.1 to 2 umand it may be heated so that its tenperature may be
controlled Lt hin, r .t r an f.about 505 C. It is
pref erabl e &%ggggﬁhég%i&gtgggggﬁdt§g§?ﬁ§%¥&§§§’bgggggégigﬁglV&rgpplied to
remove orgapic,iopuriti .1 s _des that the, el ectri

s, It Lrabl wer..i s
oopl | od b BeRBRTBLPFEREC NS iy PAFRLB0: 26, 0% GRBTREE: Lhbie R, AFESt
inpurities such _as.copper.fromthe. el ectroformng sol uti in_the. bath by
Ui ng car bob 84 °Br 1 §RBaa P KRADE=Ea, FISREET CeRED: SA8dRuSH TS, Ba A i ¢ h
ni ckel as a,cathode. The anode 4.is, selected de ding on the al
Mt ended t o BotBReBiF 6T BPRBAT SwktER B Te B PEEBIAgY SRARBFe SUPERFni ckel
iron, copper., and cobalt. Those having a _pl ate-shaped configuration or a
spheri cal B Roths: PBRORy BE8 8B ST GRS APLFS PaSEd CIRERDERESEBhePPda
el ectrodes are used, for exgngLe“ the.s%here% may be used such that they
are placed tH®arFEBRECINEIEYP L PINIERT BREPEREY a4 Fe aCEPR9EE FCGh a bag
made of polyester., gh suppor% jig 5 gill be ex%Lained_in detail with
reference t 5SRPHATLS %gymopag gOt8eLnBYs 28 LA§BIFaY, ddffalse. 13 MAY 2003
(B) of Fig._3 shows secgti gnal vieg of a lower plate 11 as viewed in a
direction ofCBOBAIRALYsupforf PPFSEPLEN5PI BESIYFCUApEPTEAEe ©f0 thRd t he
| oner plate _11 which are cqupl ed %o one anotheL with four support pillars
12 i nt er venfRYFTRBFELEYRECAD ERLFNofONFe 10PFEr DRSS 26 LRIMERe 3PGver pl ate
11 may be made of an elegtrically insulgting mat eri.al such as pol yvinyl
chl ori de re@FRang6Ay 4Ri ddVEe @My 1d69)5adt SPAFLEFNA1§4ETE8 yet hyl ene resin.
The support pillar 12 may be nade of a netal such as stainless steel and
titanium or plastic. The upper plate 10 and the |ower plate 11 may be
fixed to the support pillars 12 by the aid of screws &not shown)
respectively. A stainl esBRIEFeREPSRIPTH O, OFc FHiEs DRAWINGScat hode 8, i's
provided at a central portion of the upper plate 10 so that the stainless
screw 13a penetrates through the upper plate 10. The stainless screw 13a
fixes a first end 7a of a spring 7 made of stainless steel at the |ower
surface of the ufper pl 8hews0CIrSEEIEEFILy-ONalsvarHsedd LEtaRtiRg i@® provi ded
at a central portion of the |ower plate 11 so that the stainless screw 13b
penetrates PRESGGR £RBEroRENNELALE ANd: egryledde Whegmithd Apedr Fdgrf dce of
the lower plate 11. A clip 15 nmade of plastic is fixed to the screw 13b. As
descri bed aBbp¥s @i Aenpatuddrad PLcrdPnailr VAEyz Pés 2araeysoa@® &ty rour
positions through the |ower plate 11. A first end of the wire nenber 9 is
hooked by afs&&8d& end 2bsertipdadpriigy thexgefofakea dinesd Kdel. A second

end of the wire nmenber 9 20 ) ) )
direction, (B) of Fig. 1 shows a longitudinal sectional

view of a two-core type ferrule and a sectional view
thereof taken in an X-X direction, and (C) of Fig. 1 shows
a schematic sectional view illustrating the optical fiber
connector for connecting optical fibers.

Fig. 2 shows a schematic arrangement of an
electroforming apparatus according to an embodiment of the
present invention.

Fig. 3 shows a side view (A) and a plan view (B)

14



"I ~ MAY 2Q03 is grasped by the clip 15 while stretching the wire nenber 9
and extending the spring 7. Wen the wire nenber 9 is attach$d MAYt 2803
support jig 5 as descri bed above, the wire nenber 9 is supported in the

el ectroform ng bath 50 in a state of being straightly stretched in the
vertical direction. The support jig 5 shown in Fig. 3 is ajig for
performng t, el ectr.of orm ng of .the one-core type ferrule. \Wen a two-core
type ferrul étliplélsé'flr@&w&f & FEEPOESry Jdgalky ga,e |ulsely‘£ 193 i @PPRLEEES, support
jig 5 having a structure _as shown in Fig. 4. The support jig 5 shown in
Fig. 4 incl §48¥Pad® Fil€ry 4renbers 17 made of plastic which are provided at
two positions between an upper plate 10 and_a Jower plate 11. A )

wi re- hol di ng nenBeéd-1¢ ¥ Sof SPeSfdeduimrdiaentotds the sypegrting

t heret hrough .at two pqsitions, is enbedded in a central portion of the

auxi | i ary mdiFeWhigh dSausadds Lofeldel 2PRAF auSHShos i FiGvi ded at two
positions respectively. In order to _maintain the predeterm ned. spacing

di stance an8ePA€tdadald SLdemVdeW Hd LORS TRt Indhse SIPPO o Jder sydidrle 25
for integrating the wire menbers 9 while being separated from each ot her by
pr edet er mi né@ BrEANSCedhg EWOrGArFedYH® tHeE e menbers 9 supported
between the auxiliary nmenbers 17. The support jig 5 has the sane structure
as that of the sdpgor® jShews Sieekionglrivgews didepe (&1 He astviardaive as
speci fied above. 21 13 MAY 2003 In the case of the ferrule having three
or nore cor &f wigesniofe theisg of ridveb &ultgd gy asar arddine eFhespddigimng on t he
nunber of wires in the sane nmanner as in the support jig 5 shown in Fig.

4, and the Fhose hayiinghe stigicwléds cIesenwsers 1o atqwrdgli% ts they be

i ncreased. However, the nethod for holding the wire nenber 9 is not limted
to the net hGdegendr iByendd®Pe. For exanple, an el astic nenber such as
rubber may be used other than the spring, or a weight nay be attached to
the | ower end of Filge Wi c@ndeptivad Lyetiddaisitgiatas et dnaapduie iare. | n order
to control the spacing distance between the two wire nenbers nore

accur at el y, e¥trusiinge Mige FreFe a QUmsdmofarmpethiraidyat ige expl ai ned
in the fourth enbodi nent described later on. In the case of the ferrule
havi ng two @CCREdanser adth fidehimgit hgidhefsitdealPresanadnvVentiequi red as
descri bed above. Therefore, the cross section of the wire nenber 9 is not
linited to the ciFigul dr cossERFWwadilivord-1 lnst r@tqfpltdie irrqwisiiody qf dfampel e
to use wire materials having crosssectional configurations other than the
circul ar corfl gisPossd & PreReterMined gpastimg glistanc®s shovidhe Wkke for
producing a two-core type ferrule, having an elliptic configuration.

Phant om | i nedi&im thiee wdrgniiisg eedmasdsshd non dhe cllegtandrarmgd diraductal | owed
to pass through the inside of the ferrule to be obtained by the

el ect r of or nilfy AR d3Re epivrid hmdhge metbpyd off fhg Brepfis M wrthivhal vi ew

of a wire nenber 22 13 MAY 2003
Fig. 8 conceptually shows the wire in a state in which

the tape 20 illustrated in Fig. 7 has been peeled off after
the electroforming.

Fig. 9 conceptually illustrates a procedure for
extracting the wire from the electroformed product by using
a jig when the wire is extracted from the electroformed
product in accordance with the method of the present
invention.

Fig. 10 shows a plan view illustrating a schematic
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for producing a three-core type ferrule, having a triangul ar ,
cross-sectional configuration with rounded corners. (C) of FI@.M&XSHE@S a
sectional view of a wire nenber for producing a four-core type ferrule,
having a quadril ateral cross-sectional configuration with rounded corners.
(D) of Fig. 5 shows a sectional view of a wire nmenber for producing a
five-core type ferrule, having a pent.agonal cross-sectional_configuration
W th T oundeBEEBNAEMEnt B gt SEROTE S on Ko CBn Al VL TR A 1 e renber
for producin% a six-core type ferrule,, havin% a hexagonal cross-sectiona
conf i gur at i GRPRALARENG Rde FNEPRESENY BRAVEREOR . 5 shows a sectional view of
a wre nenber for_ .producing a seven-core type ferrule, having a heptagonal
cross-sectional &3 ddr &ﬂ“&ﬁ%“laﬁ]fyo&ﬁ’(?é@@o%res Lo e attadied thows a
sectional view of a wire nenber far producing a four-core type ferrule,

havi ng an obEn§UPPELS- Jd@t SHRMM ddnfidgur dt%on. In (G of Fig.5, it is
assunmed that optical fibers indicated by phantom|ines are arranged

nut ual | y adj acen®iig -atl 2t §howssiad @1 HEYHHPR e fPersidee Vi Bres shown
in (A-(G of Fig. 5 my have a shape w thout any rounded corners. The
wires may bdlddsdratigidade hork ke Ke ataah@d dosHAGh SWPHALfs.Jig shawn
Returning to Fig. 2, the air blow nozzles 6 discharge a small anount of air
fromtheir A® &¥dt-0l&fgitate the el ectrofornming solution 3. However, the
agitation of the electroformng solution 3 is not limted to the nmethod 23
13 MAY 2003 basedign di%r shogis whisastionad peey blld usd Ladodig Gither

t echni ques based on, for_ exanple, propeller, ultrasonic wave, and

ul tra- vi br agl@stefipadies product ohfadinegh|ia theydownd nbaodigant wave
agitation in view of the maintenance of the linearity of the wire nenber 9.
Those appropri at @i -sdlde Cod¢eptdaldad shews e Rante Or%rﬁ)éfllgﬂ iFHIRME  for
exanple, netal wires made of iron or alloy thereof, alum numor alloy

t her eof , andigopebeusgd @p throdaste a HeyeyWlaathay Wig Hhree @olmdre on such
nmetal wires, and plastic wires nade of nylon, polyester, Teflon or the

i ke. AnbongCoR&@®- in the case of the plastic wire, it is necessary to apply
el ectrol ess plating based on, for exanple, nickel or silver, in order to

gi ve conducti vitFigo tihe iddnfsdd@teas ans exfmpiadge cisrug-use it udigame
plastic. In this case, when the electric power is applied to the conductive
plastic to Heat a meghagyiaade silld@aofiaiig e ik thigrt i g SN rel ease i s
easily perforned for the electrofornmed product. The wire nenber 9

determ nes #seehigmal Fiigvetadr tdre Hesv@r dAndd ot aiHed - the shows a

el ectroform ng. Therefore, the high accuracy is required for the thickness,
t he roundnedethadd fiare panmaRantlpfcanneciing the Qi hehtbers wtlkearri ed
out for the thickness, the roundness, and the linearity of the wire by
means of , fd&heedd®siVe- t he net hod based on the extrusion with a die or the
wre drawi ng, or the centerless processing. At present, in the case of a
stai nl ess wire h&idg 1& dihavs & sehena@iqRedoenal IPs i ugtoratelnmpl e,
a stainless wre nmenber product, which is in an error range of about 0.5 um
i s avail abl & strugtaireasd o iRt igalesdier ORI R4 aesped iR i %R t he
cross-sectional configurations other than the circular configuration as
shown in Fi ghes prgseny gauili©no obtai n an accurate di nension by neans

of, for exanple, the extrusion based on a die. Next, explanation wll be
made for the operfaitd-orl ¥ gthows a schematic sectional view illustrating

a structure of an optical fiber connector according to the
present invention.

Fig. 18 shows a schematic sectional view illustrating
a structure of an optical fiber connector-equipped optical

cable according to the present invention.
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form ng the tubul ar nenber by neans of the electroformng with the
el ectrof orm ng apparatus 100 shown in Fig. 2. The el ectrof orn‘ig thﬁﬁ i's
charged with the electroformng solution 3, and then a DC volt ge
applied to the anodes 4 and the cathode 8 so that the current density is
about 4 to 20 A/dn2. \Wen the electroformng is perforned for about 1 day
at the current density described above, an el ectrof orned product having a
thi ckness of a difafet &P FMo¥sHA i?cé'ill%\ﬁgd FFYTHr R kHE WS e nenber
9. After conpletion of the electroformng, the support jig 5 is taken out
of the bathOFaighd% ReIFIEIRhfdte FIaCHEHRLTS oft tthel s ARRAAGYSy 5.
The wire nmenber 9 can be renoved, for exanple, by extracting it fromthe
el ect r of or nEESHIRRS 1oty sixdblamhrsl inent + Al rngd Padiaikin gl i ne
aqueous solution. In the case of a nmetal wire with solder plating, the
netal wire YOS SETRNBH AthiRar HelRiaRirad-sRaRFhAIVQUL- the wire
menber 9 can be al so taken out 25 13 MAY 2Q03 of the_ el ectroforned
product by means 9 @0 EhoH FaEtic e, and cemgtthen @f Bisk ¢ B2 and a
gui de 21 having a through-hole 2la forned therein as shown in Fig. 6 are
used to arrdffeanidesuitd fefnnl g aqmriising e BrEtkofantded product 23
so that the through-holes 2la, 23a of themare coupled to one another with
t he cenent e¢gwesitdensiln fexr peleethalider Wihighetdre ugprmethush athe wire menber
9 can be also extruded fromthe el ectroforned product 23 with the cenented
car bi de pi n ixtegnatied qeginetbl e that this procedure is carried out after
the end of the wire nenber 9 of the electrofornmed product 23 is slightly
di ssolved with a chem cal agent. The procedure, in which the wire nmenber 9
existing at the center of the electroformed product is extracted, extruded,
or dissolved with theBEREMMEOBRE HEBnCARRENGe OHEt HE ANYEYEFONdi ng on the
selected material of the wire nenber 9. In general, when the wire nenber is
difficult to be dissolved in the chem cal agent, and it has a large tensile
strength, then the extraction or extrusion procedure is preferably
utilized. When ttre viiires tnendbgrldsateias (will dsolmvade iwitheretenense tagent
the dissolving procedure is preferably adopted. For exanple, when the wire
menber i s madigy.of2 iffaan axr slpayattdersnf piduiudiod ovhegf grocksius £ tilse
avai lable. That is, after the wire nenber 9 is subjected to the nold
rel ease tregimesent tirevelteicdn diyommearg ict cahe | €ldeotto fisrmlasgy | bBide above
whil e 26 .~ 3 MAY 2003 covering parts of the wire with the electrically
i nsul ati ng repdEaratdts sucdwrasivimiyg . t2psomsr sesvan ne Fegt rdfonfiemg tiweth
electrically insulating nmenber 20 is peeled off fromthe el ectroforned
product to é&hosa tdieeatirefommiey Hlast shrowh ¢maFged Byp theis easy to
extract the wire nenber 9 fromthe el ectrofornmed product 23. In the case of
t he metal welectppificauning batol ded, pred iangpdaesl 4 hangl astathede e8 appicled
with electroless plating, the wire nay be extracted in the sane manner as
descri bed aboee anrtdroged piar fiorern ekpd o fofming| lbaslke 50 eathieatfown t he case
of the nmetal wire applied with solder plating, the wire nmay be extracted
whi | e bei ng dmeataesd. 4 \When pihev Bled aot i sgrneihddthe cseldlodé hen wa rivasend2r 9
is especially desirably a stainless wire as an alloy of iron.
Experi ment alwhyich hies existactied) qn ocdesl et vers cfictliessé Létyrpfofoingdbdbh a
stainless wire having a dianeter of 0.126 mm having a |l ength up to about
100 mMm WerbG.he Ag rdesrenitisrd datsenrrage, ofhe foatsodeps eis ap vow ided oon ah| oy
t hereof, or copper or alloy thereof, it is effective to performthe renoval
by neans of sligsottutiion,S beaaliset tie alectmbrdEly Scosneased ytdi sswived in
an acidic or al kaline aqueous solution. It is preferable to use a strongly
al kal i ne aquesmsers o uth orh ass tdter elf sisad Viverngwesenh uh ppar wand hl owssoénds of
al um num or all oy thereof and which scarcely affects the el ectroforned
netal . Specitheadpporithejig re. camibeneasi ey 6 seviokdanadprevdied by
effecting heating to about 100 3 C by using a

the base 52, are disposed at intervals of 90 degrees in the

circumferential direction of the wire member 9.
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27 9 3 MAY 2Q03 strongly al kali ne aqueous sol ution corrposeql if, for
exanpl e, sodi um hydroxi de or potassi um hydroxi de at a concenth i 2003
about 5 to 10 wv % Experinentally, an alum numw re having a | ength of 10
nm was successfully dissolved and renoved in about 90 minutes. In this
case, it is unnecessary to performthe extraction. Therefore, it is

unnecessary to performthe el ectrofaormng by._covering the wire with the
TP PAGCIERS i eiRRER 157 depp

el ectrically insdfgt PAGCHERHEFTALISKE Bg 157 defFrpd g  d§RePLBEr f or m

the electroformng for .the entire surface of .the wre nepher 9. Further, it
is unnecessSqubS BB?&&&%\P%eEhﬁlHegéﬁe5§§eFF§§tﬁﬂn%efSPgBﬁgtﬁprgonﬁgﬁer 9.
The obt ai ned_el ectr.of or.ned Erodgct can .be useg as a ferrul e gfter.cutting
the product SHRESTPABERIAGY PRGUAp LBk RERCEENGr h LOF oML Ampite 15wi th a
thin blade cutter. Especially, when the nmethod of the present invyention is
used, the dPREALPSRatCalefracfTof*afRlennér Ngtatefor &lech&oferrdng is
extrenely high. The accuracy is_determ ned by the dinensional error of the
wire menber S§CHe8&r PBEHCALOVe aLLRYOLHEE SO e HERRC Ot RELPEURIRESSTnf t he
outer diameter of the ferrule, it is preferable_to performfinish machining
for the out EPPPRECOkF eldRyi &nepsPLiiofOPRlE Pirtndhoxndhiesierd f SMnER&edut er
circunferential portion may be perforned such that _the outer circunference
i s subj ect e@li8YeupPAng B¢ RRENICIL-RESPEIFCH AGtadhen ThReewusabAentier 9 is
removed by neans of the dissolving nethod, 28 13 MAY 2003 the follow ng
procedur e i $hgyglpsbireforRingi §0l8tden FedSiidRy at FOlatdenr SPLRALAGNIt he
|'i near el ectroformed product is cut into those having a desired | ength.
After that, a RaI®Er EompRPEnto ofs agopguerdsy sgilsddrne@fi mickelaci dic or

al kaline solution to formthe through-hole at the inside of the

el ectr of or né81pBater . nagkedqglArrydeyh@igkedr sgilifakef e f@€¥&@USan be
finished by neans of, for exanple, NC machining. In this case, the

di ssol vi ng §udpamafehe fegrpued bege fitpeidehe CoOPPEr PYLOPROSPERES /i s

subj ected to the machi ning. The obtained ferrule may be fitted to a ferrule
hol der in ofFg@@Perh&ulfRé e orePPEeFabogiciddordheof comPperesidiicqtduoride,
positionally determned, and the ferrule is accommodated in an opti cal

fi ber conne€PPPeKotditA§OIINOEidEer COPPEInadkaned sydifiodaitef,i soballi th t he
optical fiber _connector based on the use of the ferrule, it is desirable to
use the PC &¥3RateiroRCeiuhEupgeitese Prbéhe Jilke ead & Beludsofescri bed
above. In order to performthe PC connection, the end surface of the
ferrule is RRERILREd Pyt 8igressiag, in the foregoing solution, fine

powder of silicon carbide, tungsten carbide, boron carbide,
zirconium oxide, silicon nitride, alumina, diamond or the
like. Among them, a bath containing a major component of
nickel sulfamate is especially appropriate in view of the
easiness of the electroforming, the small stress of the
electroformed product, the chemical stability, and the
easiness of welding.

The metal component of the electroforming solution
serves as a material for constituting the electroformed
product, i.e., the ferrule. As described later on, the

ferrule is subjected to the PC polishing in order to effect

18



spherical surface or an inclined convex spherical surface, in a formin
which the optical fiber is inserted into the ferrule. The mcﬁiym ?m be
carried out with an end surface grinder. The ferrule of the pres

invention is a ferrule made of netal forned by the el ectroformng.
Therefore, the ferrule is advantageous in that the PC polishing operation

b f i d.29 9 200 .wi. t.h ti |
o et b P BB R i gR  Jes ViBl, pfathel P RO S Ndav s o8 Lhat ¢ he
hei ght of th ti | fib ti ft the PC [ i i imately th
sglrrg asot haFnggﬂhi?éfoP:r§%r§5 r|§8r ?80?581‘ ate I’?écikgﬁr/ IG?’ I.arl%hlé‘ié“?’gf «%‘%X;tg‘é gp%/i caIe

fi ber can be cognect ed extrenely accurately by using the ferrule of the
present i nvBRtRInCIRBONKB Y optical fiber connector containing the sane.
Accordingly, it ﬁl possi ble to reali zfel t he connﬁg’ti gn.at low reflection

| oss. An al uni nuh8l EFhirPE OFRL PGy S UEIPPeMaYmBgnddilimatadd 3k Gnitd @R of
[err] = 0.126 mm having a_circul ar ¢cross secti.on was ,prepared.. The wire was
set to the FP§SY iR &D&t LECSHOBLIAGNS: PELan¥d titn & Hd L&t (@Rt &hosayi on by
means of the elasticity of the spring 7 as shown in (A) of Fig. 3. The
surface of hbhwiakl ey hiltgakdondegrazacy by ebbfuitciOsdt Ity B pimg amide igur f ace
of the alloy wire with gauze i mersed with petrol eum benzine. An

el ectrof or nmag Hel hea®@d3 seofthaitniiie &efpedh tOeeD aagN beoicomitdledll ssultcanat e
was charged in the electroformng bath 50 shown in Fig. 2. The four anodes
A, whi ch wehe GaTRGHEd Bfopletktlemalrat uRledcathdeN o REbuREY Qf stkgani um
encl osed in a polyester "bag, were installed at the four corners of the base
52 around t center .of i I r.9. | e form,ng bhath was
heated to ogt%ail%’ g’%teéf%ﬁg%’glgu\rggagf g@gg%gl%emﬁgﬁg%%%ge%nw 3tb|§erforrri ng
hi gh speed filtrati t fi.l trati accurac f. 1 ~lm..The jig.,5 .attached
with the al 8%033%05%{1%3 aPpdiedl o, 2Ragbe o qande mpnPitils | 2 | A
installed a h in Fig ,2. A | t age appli Q.t he ,cat hode 8 and
t he ni ckel §ﬁ§ %\s%&et (J)C%Si%vé&ae g&rgrget\r%gcdgnsﬁeﬁgﬁgf% &31%"2 o a2(}0,&'/ dnz. The
el ectrof orm_n arri.ed out for 1 _day er._the ndi tipn,as descri bed
above to obtai ﬁvélgscn?(??&l%é’l é)%t P%’P(l)lrtrrgdap%\z uctt%aﬁ?ﬁé"% Tﬁlgéi'{ness of ~ =
about 3 mm 'Ilh% e__:LIte__:L%tsr ofu%rhn%% Rr OdléCt £as tt%[ en %lé':ttr%ffot kllne bat%, q:nd it was
washed. Af t dFPEEAT 1P EUEPeEFr SPEPTEd f5P8 TR WS S TR th S8 Haithg a

| ength of 8..50 ' n NC.aut o i c nmachini_ng machi ne. The cut

el ect r of or méd 5?%#8@1%\,\%%’ iu%’r%élrgsgg%ﬁogrn ?sh%&rgn?)ﬁiea 2 scé)cﬁrl}lrﬂahtyeﬁ' oxi de
aqueous sol yt.i t ed t 00 .3 to. l. l,y .di ssql and renove the
al um num al gté‘)?%\[}]‘vi E‘%%%%&s?rt%ﬁepéﬁggﬂg %?‘%&%%%&dﬁcst é:\?:{-'ﬁ‘é’daé ‘t ubul ar
configuration was,abtained. b tly | ect r of Qr r.oduct was
wel | washed V\,ith%vt\%t tg?m%% ép%gy%%gléﬁﬁtefiagghggd\%é%e,Onf othﬂe(r;g‘/gecf%oly bei ng
dried. After t | ectir r roduyct. [ it he NC
automatic négtﬁ??ﬁhﬁg %g)c%ien(eélte%ft%g\%qg%tdﬁi g’%rllé:\sﬁgsl(sgﬁst%relre%g:%gr/fmetéebr of 2.00 nm

and a | engt gxghpggqa%@gal y]#%ela fiirrg)ints’ﬂ%q}g%re(}du L avas,obtai ned. | The inner

di ameter wa pmdl ong € Ial’ direction, alt éﬁﬁ% no
machi ning was RE’ 9" 30 A Akbel L8 rilfrS Qe SOt diertbal
configuration may be appropriately used. When the
spherical electrodes are used, for example, the spheres may
be used such that they are placed in a basket made of
titanium, and they are covered with a bag made of
polyester.
The support jig 5 will be explained in detail with

reference to Fig. 3. (A) of Fig. 3 shows a side view, and
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.13 MAY 2003 This fact neans that the inner dianeter dinensional error is
determ ned by the error of the wire nenber (0.126 mm 0.5 firr)1v31411mﬁ&03

nmet hod of the present invention is used, i.e., the ferrule having high
accuracy can be produced with ease when an avail able highly accurate wire
menber is used. A wire nenber 9 conposed of SUS 304 of ~ = 0.126 nm havi ng

a circular cross sectio S prepared,. and the wire nber 9 _was t to the
TG 5 in thdodant Bfiner B0V ohe st Ao & ACYE ORI G filg 257,
the wire nemher 9 was covered with a vinyl adhesive tape 20 at intervals of
40 mm The Vi§¥SdE RaSHEFWIOR Rt &-B -anﬁ%t%ér\lﬂﬂo%s? 1fegy SOURY 155§
washed with water. After that, a nold rel ease treatnent, was applied b

i mrer si ng t R& WPPEIHEde d Capndodhie dETatled & drl 116 @& Savpde
aqueous solution of a m xture of comercially avail abl e Ni kkanon Tack A, B
produced by tRi R&® REGHhETSHHE o feyr, suRPOTSuRddiiei® 142, HETMad Menber 9
was sufficiently washed with water, and then the el ectroform ng was
perforned athgrgbglers ofdcdapf FhendpPak Hafiferl Gand, thee awedt

enbodi nent to obtain a nickel electroforned product.haviana t hi ckness of ~
_ about 3 mpligtealdr 8§y, brh&adee &l doeies PricRidy aswlating Mrteriadet i ng
jig 24 fornmed with a through-hole 24a as shown in Fig. 9. The wire nenber 9
was gr asped S¢ hpiage @od yyany 1) They i2i50 3 §sg- pulHo iamigied 95 ias ext r act ed
fromthe el ectroformed product 23. The el ectroformed product had a

t hi ckness ofPolyais@al3 nadiand and aedivietdy lapsutrefinym Wiheh spRO%E (i nner
hole) of ~ = 0.126 nmfornmed at the axial center. The outer circunference
of the el ectoidflemmdd prayddne mage Qubjeedaddlt suah tash@raimlesscEfnadt NC

aut omati ¢ machi ni ng machi ne about the center of the pore to obtain a

fini shed pr@ddcitiftaning a athipdiasdsis .of TheoMRprAamlatd difytandithe dewan The
error of the inner dianmeter dinension was 0.126 Mmm 0.5 ~min the axi al
direction, @lafteudhd maymdshifnined wees tdysplsumpant Pl lgnserl2 fy the aid
electroformng, in the same manner as in the first enbodi nent. An al um num
all oy wire RdvissgFens dindtptsheowrlogwespaatiisielas sHowtainlens gfcr@vy. 13 mas
prepared. The alum numalloy wire was an oval having a cross section with a
m nor axis &high zenvasas$ dhepjcathwds of I B WHedrRt & aantgfak mi ng was
performed with the alumnumalloy wire in the sanme manner as explained in
the first emeddiigentof Adies unpan tblate d & £hafpeiergtia i less FRxRWsful |y

obtai ned. This enbodinent is illustrative of a case of the 33
13a penetrates through the upper plate 10. The stainless

screw 13a fixes a first end 7a of a spring 7 made of
stainless steel at the lower surface of the upper plate 10.
Similarly, a stainless screw 13b is provided at a central
portion of the lower plate 11 so that the stainless screw
13b penetrates through the lower plate 11 to protrude from
the upper surface of the lower plate 11. A clip 15 made of
plastic is fixed to the screw 13b. As described above,
circular holes 14 for air nozzles are bored at four
positions through the lower plate 11. A first end of the
wire member 9 is hooked by a second end 7b of the spring 7

made of stainless steel. A second end of the wire member 9
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.13 MAY 2003 SUBSTI TUTED production of a two-core type ferrule as shown in
(B) of Fig. 1, especially a ferrule including two pores whi c &rM\SQgﬂg at ed
fromeach other by a partition wall in the ferrule. A support jig 60 shown
in Fig. 10 is a jig to~be used in the electroformng bath in order to
produce the two-core type ferrule as described above. The jig 60 has a pair
of reference pins 64a, 64h for .adjusti t he spacing di st ance between the
wi re nenber $OGFAHKE @fyeréﬁcgl&%g%6fg%]§4b“&%atﬁdl edtfed’ dt® rﬂﬁl‘\‘ﬁ%ﬂﬁ y
opposi ng posjitions gn a .bas | at e .62 de of plastic. Each of the

ref erence pi n?"éﬂf,x(%@d’ghi”é; gf{femwg in r?&lfépotf%%t"ﬁirrﬂ SRS ¥hying a
di ameter of 500 =, and each of themis enbedded in fhe base plate surface
Lo make. pro@HIGIBIFR(to T GRPRSIE 'S 14§ Fo dandasiht Y e difeace.
Qui de pins 66a to 66e nmade of tungsten, which are used to quide the wire
menber 90 aMEMb&Fove Lgh P WRPQIE S 'hetr}\ﬁ e SO IR R HY AA ddY Dn the
base plate 62. The guide pins 66a to 66c maintain the tension of the wre
menber 90 disfFdSef ey Std@ightlie SRS W FaaeBnfathe gui de pins
66d, 66e nmaintain the tension of the wire nmenber 90 di sposed on the side of
the referende5§9Fi®4b. A hook hol der 68 nmde of metal is provided at the

| ower end of the base plate 62. An opening 62a is forned at a central
portion of the bdd AURRCIE2 119 & FdPWD Y i ¢+ he Ehidot¥dpiPHf t he

el ectrodeposition. The wire nmenber 90 is a wire made of al um num al | oy of
34 13 MAY PRIER r8UBST IthETED ec o R h 84 ddia Aeqnes rrasfaedtion. As
shown in Fig. 11, rings 90a, 90b are forned at both ends_of the w re nenber
90. The wi rgﬂw i Wprated e e dtiort siereriarnedl oir ermngle st
end 90a of the wire 90 is arranged at the upper end of the base plate 62.
The wire 90 jits if RRFELRIE S P SUEHRRINVel LB DR Fet PIFH1BSC,

66b. The wire 90 partially circunscribes the reference pin 64a in the

count er cl ocldfi $hqust &l dhed - i + e B URRRES hekd i1 ishewn ekt i Hovthwar dl y.
Subsequently, the wire 90 partially circunscribes the |ower reference pin
64b in the dawiiusies cekvilsiambmanbarg i made onf Rrptemhichateal |y
circunscribes the guide pin 66d. The wire 90 passes through a hook 70 as
descri bed | &@visied atd two masitalans et rabePRee AR B mBdedin the
cl ockwi se direction. Subsequently, the wire 90 partially circunscribes the
| oner ref er dif¥epit ad4h Hgai P ivH- i el e remain s& mpde et anlaghic ¢ hen
it is directed upwardly. The wre 90 partially circunscribes, the upper

ref erence piigdh haf tHpresoult st it ratah At Rl Reektienparifal |y
circunscribes the guide pin 66a to arrjve at the upper. end of the base
plate 62. THEIRAdERNds DEENOFY FOXheEMHioe e Twhhbkled nekee hhot her
on the guide pin 66c. The wire 90 is pressed against the surface of the
base pl ate GXIHNLaHS AU DS dhaAnd P Paitk® BroRIREehAt et ence pin

64a and the opening 62a. The wire 90 is 35 . )
positions respectively. 1In order to maintain the

predetermined spacing distance and the parallelism of the
two wire members 9, solder members 25 for integrating the
wire members 9 while being separated from each other by
predetermined distances are provided on the wire members 9
supported between the auxiliary members 17. The support
jig 5' has the same structure as that of the support jig 5
shown in Fig. 3 except for the structure as specified

above.
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9 3 M-1Y 2003 SUBSTI TUTED hooked, under the guide pins 66d, 66e, by a first
engagi ng section 70a of the hook 70 which has a shape as shawyéhﬂggﬁﬁ and
(B) of Fig. 12. A second engagi ng section 70b of the hook 70 % % by
an end of a hook holder 68. As described above, the tension is naintained
for the~first part 90a and the second part 90b of the wire 90 by the aid of
t he gui de pins 66a t% 66e, the reference pins G4a, 64b, and the hook 70.
The spacing di st 3fAcé SeFﬂégnOFhéﬁﬁiF?Frﬁéﬁthgﬁéngn& & S&cBRECpEPLEESOL of
the wire 90 stretched in parallel to _one another aover. the opening of the
base plate &3€i §’l§&r99tléi&%ﬂymFH‘§’e1ref1§r BRde bs Hodgtdeds flgpeprdngp e fbe

di stance between the first part 90a and the second part 90b of the wire 90
can be easi PYUERENGED VBY SFepPalilfy SEHE FEPERENEE FitndPe4SUPRAE tWIER St her
pins having a different dianeter. That is, when it is intended to produce a
t wo- core tyg&orar Afl &iavitng 28 FA6 AyTredtande the 366 1Glassascaeys e
outer dianeter of the through-hole, it is preferable to use reference pins
64a, 64b of and=tBgoclips lPh@ayypsodncriegss -shSRvavietr fheineided doral | ed
in the electroformng bath 50 showmn in Fig. 2 in place of the support jig
5. In this perdddagr &he wdreomemberd Soflst Be thadd@ifiest &6 hst mefdosupport jig
60 was fixed on the base 52, and the upper end of the base plate 62 was
support ed atdegcydbed ghoyeer FoE XENPIE, Re ediasdticomMsmeaty ssishuEison 3 36
13 MAY 2003 was charged until it arrived at a height corresponding to the
hol di ng pl at@bberofmayhbes ysgsr otheg dhanTides|s@ating.00H fg Wedialiti 19Y3 and
the el ectrof orm ng apparatus 100 were constructed in the same manner as in
the first etsoditiraghedx&epithiorlomes amsh@ft ghey varex po vdla agthrss o3l i ed
to the cathode 8 and the nickel anodes 4 to give a current density of about
4 to 20 A detretigdiagedheotidmei-ng Iaere@lr ited contuadr they@pagider t he
condition as described above to obtain a nickel electroformed product

havi ng an eldiispaineec bedaresacitihen tiWot Wixerimesoens dagfe Assnratgdy Hhuh and a
maj or axis of about 2100 mm The el ectroformed product was taken out of the
bath 50, andsi Prederaddifedo ASter SH@POnthd id ethiadf otined R ekrdia g cut
into those having a length of 8. 50 nm by using an NC automatic machining
machi ne. Théncfhee fopritdf emhed ifreaducdesgasibiaddd@r Y- 3 hours in a 20 ~
sodi um hydr oxi de aqueous sol ution heated to 100 3 Cto conpletely dissolve
and renove the all@ntiemcaisleop fnithe fRrley hayidartwa eut Mgt e gsv-oduct
was obtained. Fig. 13 shows a sectional view of the obtained el ectroforned
product . As tdieoWrigibn diimgnsi®nalh@csiug@Pofisr mafiWistlicas 9B gnndhed an
elliptic cross section had through-holes 95a, 95b having an inner dianeter
of 125 di m fabavied afTherefiors .ddhghidresseiseftsepnrah dhe omeameanehdé by a

spaci ng di stance of 500 Eim 37 ) ) _
is not limited to the circular configuration. For example,

it is also preferable to use wire materials having cross-
sectional configurations other than the circular
confiquration as shown in (A)-(G) of Fig. 5. (A) shows a
wire for producing a two-core type ferrule, having an
elliptic confiqguration. Phantom lines in the drawing
correspond to optical fibers which are allowed to pass
through the inside of the ferrule to be obtained by the
electroforming with the wire member.

(B) of Fig. 5 shows a sectional view of a wire member
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13 MAY 2003 Subsequently, the electrofornmed product 95 was sufficiently
washed with water by neans of ultrasonic wave, followed by bei1r@ N’AY%B%
After that, the outer circunferential portion was subjected to cutting by
using the NC automati c machi ni ng nmachine to process the product to have a
perfect circular configuration of an outer dianmeter of 2000 E~-m The
product was nachinﬁd t.o hav% a Ien%th f 8.&0 nnh The i nner di aneter

di mensi on of OFhBTPARGIGA- RolFBL e§55CLE55YRE dE T8 Eet PB¥EPFed product 95 was
0.126 nm 0.5 .Eimalong the axial directiaon, although.no machini.ng was

appl i ed at SEiABAPLAT REOEFEEEFLAoPAInG O HICHIALAPIYARS EREPAERe | nner

di anet er dinensional error _.is.determned by the errqr of the wire nenber
(0.126 rm 0CBTRERF +i n (CheOLafddmainaRoRS i SERE L6RICIE™ Phe of HITH o
obtained in the first enbodinent, i.e., the two-care type ferrul e having

hi gh accur aB¢™R&X E8TpPEAHREANGE £h IONLs O &N LRSIt BRJHPY Bccurate
W re nenber is used. In_this enbodinent, the electraoform ng was carried out
by using th8ugsgkdletesalofrsPisngeCoddrdilofoRid JuFetdgmewith rounded

corners. (D) of Fig. 5 shows a sectional view of a wire
member for producing a five-core type ferrule, having a
pentagonal cross-sectional configuration with rounded
corners. (E) of Fig. 5 shows a sectional view of a wire
member for producing a six-core type ferrule, having a
hexagonal cross-sectional configuration with rounded
corners. (F) of Fig. 5 shows a sectional view of a wire
member for producing a seven-core type ferrule, having a
heptagonal cross-sectional configuration with rounded
corners. (G) of Fig. 5 shows a sectional view of a wire
member for producing a four-core type ferrule, having an
oblong cross-sectional configuration. 1In (G) of Fig.5 , it
is assumed that optical fibers indicated by phantom lines
are arranged mutually adjacently at the inside of the
obtained ferrule. The wires shown in (A)-(G) of Fig. 5 may
have a shape without any rounded corners. The wires may be
used in place of the wire member 9 shown in Figs. 1 to 4.
Returning to Fig. 2, the air blow nozzles 6 discharge
a small amount of air from their holes to agitate the
electroforming solution 3. However, the agitation of the

electroforming solution 3 is not limited to the method
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el ectrof orm ng apparatus as those used in the fourth enbodinggf except that
a wre conposed of SUS 304 of 0.126 mm having a circular cro QY 2003 was
used as the wire 90. 38 13 MAY 2003 The wires of the obtained

el ectrof ormed product were set to a jig which resenbled the extracting jig
shown in Fig. 9 but which had two through-holes. The pair of wires were

grasped by pincers respectively.t Il them .and fhey were tracted from
t he electrogﬁ? dOBr%ﬂECt£°56w§ﬁ8&mgﬁn1%iBQg%ésT?htoeggePio?gﬁﬁﬁd pr oduct
had t hrough- ho] es 95a,, 95b having an innei dianetei of 123 ~, mat the

i nsi de, thetPARBEGNEROPRECYSAN 9EBT hEXAPPLEpaPLPRE L FEM BAERABPREF by a
spaci ng di stance of 500 Vi m A Subsequent]ly, the_el ectroformed.product was
sufficientIVaﬁﬁsh%ﬂde}FrﬁﬁYéPrﬁ§lQBplyF%BeﬁF?}§¥onFE hwavEes 5P oReliChy
being dried. After that, an, NC automatic rmachining machi ne was used to cut
the outer chF&ukherBAEFaPORLFt VBKE éﬂﬂt?ﬁéoﬁrbHqueWagprBEessed into a
perfect circle having an _outer_dianeter of 2000 hum The product was
processed tBakaberantengfntBe 81088aratYTRE FRReV1IHPaRETRBELdPensi on of the
t hrough- hol es 95a, 95b of the el ectrof ornmed product 95 was 0.126 mm 0.5
~.min the axiaITEP?%cﬁPEﬁ?PEFﬁﬁﬁhﬁhsﬁbeﬁﬁﬁﬁiﬁpﬁguﬁﬁg 4Pppl £BE Wirg11l after
the electroformng. The fourth and fifth enbodi ments are illustrative of

t he exenpl aR§mBeBAlciNGhude  t hert RS2RBL e, t PpEaleVLLRE. MAPReQér 1XPBr PH| es
having three_or nore cores can_be produced bx i nprovi ng the apparatus shown
in Fig. 10.2akbpy3bheregfppylyppuiyxafppélorstBRERALI naRdgcoppers eker ence
pins 98a to 98d are used in place of the reference pins 62a, 62b of the
support jig2shewntharep§, thoseyplated Wikh| £ALD §858@rppﬁsSE92,m$G4&, 104b
are used. In this enmbodinent, it is unnecessary to use the guide pins 66d,
66e. Wen tHérﬁﬁnsaaﬁepéaﬁﬁhgeulﬁgsd@ééﬁiBédﬂﬁﬁeve,Ppﬁ¥e§§§éhn§eéﬁ§ﬂance
between wire portions 90a, 90b of the wire 90 stretched via the pins is
deternined By the biker dhEABHeEhEM,t kB FBPefBfiBeCpi RBSOBAASHAE. WiKE,
spaci ng di stance between wire portions 90c, 90d is determ ned by the outer
di aneter of iEhésrBeeeefpaEyYptAsapBby 9dactrpiespabilagingsbased pavwEer wire
portions 90b, 90c is determ ned by the spacing distance based on the outer
di anet er of ekABPlef epépkelpPAsSO8HCroghnafngdeReteopdévRg cONSUERET 16 sEQ on
the outer dianeter of the reference pins 98c, 98d in consideration of the

t hi ckness ofhehgutfpee-\Whéh @ﬁeaéVééEﬁﬁﬂéﬁésFPiBﬁei§OﬁéﬂﬁéﬂN€dPB?SG§an t he
jig having the reference pins as shown in Fig. 14, a four-core type ferrule
i s obtai nedintwkhéh @aser hvbaBhth6l edesEpaFrapererr afm aRPA i6chée E%e
predeterm ned spaci ng di stances. The central positions of the four

t hr ough- hol €8nflaeridei Rlapticetpuheakr dtaafsrit b8l By eFerOiRirAdd by thige

di aneter and the enbedded position of each_of the reference pins 98a to 98d
of the suppBrErar§inghepéforglense] dspsasihyePesIprdgdcéothéherrul e
including the optical fiber through-holes which are formed and arranged
extrenmel y hPYBRFYraéeangtePyCdyRE -f efhgl WifRyBember 9 determines the

inner diameter of the ferrule obtained by the
electroforming. Therefore, the high accuracy is required
for the thickness, the roundness, and the linearity of the
wire. The adjustment may be carried out for the thickness,
the roundness, and the linearity of the wire by means of,
for example, the method based on the extrusion with a die
or the wire drawing, or the centerless processing. At

present, in the case of a stainless wire having a diameter
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40 .13 MAY 2003 obtai ned may have, for exanple, a cross-sectional
structure as shown in Fig. 19 by appropriately machi ne the confliMAY 2803
the el ectroform ng. The wire support structure shown in Fig. 14 is
illustrative. It is possible to provide a support jig which nakes it
possible to formferrules having five or nore cores by neans of the

el ectroform ng highly accurately with ease by appropriately increasing the
nunber of refeléhcuipi ASr FHABPERbodI FEALNLSSE| Wiser aelbperopradugte in

whi ch a sleeve for a mechanical splice is constructed by using the ferrule

nmade of ni ckRlcRr edueadahnetberf khfiet 8t Bbbdterbodi pRNt $s dBgishpeue for
the mechanical splice is a sleeve for pernmanently connecting two opti cal

fibers. TheIﬁI?ggecg?g Be EﬁénﬁgreEoBfe{P%ghﬁitgﬁlgﬁggé?gggpbtBQ@ing 3

t hrough-hol e "ot the terrul e produced in irs 0 hav

forrure as ShovaePRarapSETohelIcbhtTRRgeR 1oheT ok BT ah e ne BBt ar "

ferrule as s Ao ( easing a

ortL 2l | OEDRSSRRRIEDL L, SAMRLIS,POLE 3005, nahRamb Ol ety

central portron rn ongi I'na i"dnof

machi ni ng as_d [ ve_i.s_perfor tr I asily, .because the

ferrul e of ?Hegégg gﬁg ?%@8ﬁ?%§ gg ﬁﬁg%gegﬁdlgg%a§§%8§lﬁét§ €obt ai ned by

the 41 13e ;ﬁ%oog Elg trofornin%. The sl eeve (ferrule 110) thus obtained
4ETEROGR PRSE :

can be used g)ogfaFPé. 15 such that two optical fibers 40a,
40b are inserted_.into tapered. holes.110 llgb t the both ends of. the
sl eeve, and they C cent p I o] e )
| 0"t hoy VERE " cSRRLETE BP° P LBk PARSEPE SieoPPRRE tepBere 1 10

The optical _fibers 4ﬁa, 4%3 can ge relkabh fix%% i§ thﬁ fg&rgle bé
forcibly i nS8FPRY EtRE SEPREAr FPBRPE REaS285, Cbetlfs S1ERETPEPFIIEI110 of
t he present L@ée@hion gs ngge of. ne%al. gherefg%e, it ii upnecessary,to
make adhesi 8ftBy “§i FYCSHhy CAGHEINTe 2PPREASSE 80 FPRYRs 1R0E 19206 car e
fi xed by means of | di.nqg, , becayuse.the ferrule.i de qof netal. This
enbodi ment FingFﬁggfgﬁpgebSE%ag?a§§ CRAFRE hw&ﬁ%ogﬁﬁcgﬁeFﬁﬁg C¢BHREct or
(connector pl %.acc nmodat i the ferryle prqduced.i.n the first tgo third
errbodimentsglogg 6ﬁ§tgucP8§ %ﬁgﬁ ?ePSrgﬁigaE% BSgabpgled to the anodes

4 and the cathode 8 so that the current density is about 4

to 20 A/dm’. When the electroforming is performed for

about 1 day at the current density described above, an

electroformed product having a thickness of a diameter of 3

mm is allowed to grow around the wire member 9. After

completion of the electroforming, the support jig 5 is

taken out of the bath 50, and the wire member 9 is removed

from the support jig 5. The wire member 9 can be removed,

for example, by extracting it from the electroformed

product, or by dissolving it with a heated acidic or

alkaline aqueous solution. In the case of a metal wire

with solder plating, the metal wire may be extracted while

heating it.

Alternatively, the wire member 9 can be also taken out
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Fig. 16 shows an exanple of the optical fiber connector struct V{
been previously subjected to the PC polishing. The optical figtéﬁﬂgﬁﬁhgfor

115 conprises a ferrule 92, a ferrule holder 106 for holding the ferrule so
that the rotational position of the ferrule is determ ned, and a housing
108 for accommodating the above conponents to function as a plug. The
ferrul e made o%hnic el %r$duce ! %he first enbodinen% was used_as the
ferrul e 92. °Fh&hgoc1estESPFIIFEDPI AT §0§e€HF08§h? FESEE™ i dER&d to

f t d fi ti t the. . 94 aof _the.f le 92 t hat
Lhe opti cal SFPBELSr < JoRaMFY CERs GPEBAISTRAT a7 878 AoBUSFS 83 BAY 49 &

t hroughhol e _106 for in.a coaxial .confi.quration having.a dianmeter, for
exanpe of tHEGUARIBALEN 218 EATHER LHSA oHibe PeanouRd 608 G natrerae o2
The optical fiber is inserted . intqg the through-hole together with its

coat 68 port EBnAAGANIR LBAnELLRRG 20pHIEll TERREEtAGE. LR EHOrS TORORME ¢ han
the entire Iength of .the f%rrulg 92, has bigq alrgady i.nserted into the tip
of the ferrBFEYSt FReSPi thay she fbredghaholes i2dasr adrodl FheBpaTrEd wi t h
t he PC polishing to have a convex spherical configuration together with the
end of the SBPPgSﬁ frpenes8RothrE petholtinenCRryCREE o EALELNEI PA™ ¥ 2an end
surface grinder. The ferrule 92 was polished by neans of the PC polishing
extremel y eRSNPyrakdng Gheyeibeorgbel y Thscakde wiger Bembed §2 Sfds beade of
ni ckel . As descri bed above, the optical fiber, which is shorter than the
entire | engPASEf eXkEVASHr dremorhe) £leCcdFosedmed RIOAUSE 23t ¥itthe thst i cal

fi ber connector 115, and the PC polishing is applied beforehand before

shi ppi ng. AEEBFAtRYI Farbides Pads<i2h| e Ito 1§ndesigabpe fdatskihd§ operation at
any connection job site. At the connection job site, the optical fiber 40a
i s i nsert edPFREEIIKE dFeRPng Led6QU oY e &nde Pyt enliger megberTife
optical fiber 40a is connected to the optical fiber 40c at a fiber 43 13
MAY 2003 cofRfe&lioflgsitroipgmen PROduSt: ¢3e g2 s1tgdtdpt [dd@soflivigsy YWdddhect or
115 constructed at the job site as described above is coupled to anot her
optical fib@r cbeRiEdloAIdrEaEk, a connector section of an optical device, or

an adapter for the optical fiber connector. ) )
The procedure, in which the wire member 9 existing at

the center of the electroformed product is extracted,
extruded, or dissolved with the chemical agent, may be
determined depending on the selected material of the wire
member 9. In general, when the wire member is difficult to
be dissolved in the chemical agent, and it has a large
tensile strength, then the extraction or extrusion
procedure is preferably utilized. When the wire member is
easily dissolved in the chemical agent, the dissolving
procedure is preferably adopted. For example, when the
wire member is made of iron or alloy thereof, the following
procedure is available. That is, after the wire member 9
is subjected to the mold release treatment, the

electroforming is carried out as described above while
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The mechani cal strength of the ferrule of the present invention is higher
than those of conventional ferrules made of ceram c or gl ass, bddhd#ﬂ'QmH
ferrule of the present invention is made of nmetal. The ferrule of the
present invention inproves the durability concerning repeated PC junction
and the durability of the connector itself. This enbodinent illustrates the
connection between the optical, fiber connector (cpnnector.plu ving the
structure assTHoWH'9 Phe® e?ghtfrhe b e %ﬁ% %ﬁ%ﬁﬁ]@rc%]pf}f cgr}s‘Pf"btéJr'gg
connector. Fig. 17 ows a situation in which the optical fiber connector
115a (herei H“‘%@?%IF ri@ Fechas ¢ ttb‘?p‘fz)l?r@"%]h%%cjr' b9 1 n;t hew%?’bh"?lhe
enbodi nment i s, connected tp an optical fiber_conpnector jack |30 to be
coupl ed to tREETURHRILY HPELAYERT DEmRSE i 2% 19 Besla doﬁgsfﬁﬁﬁnt%?ready

i ntroduced into the connector @Iug 115a, and subjected to the PC polishing
at the tip FLIHLIERTIFS RERAAUGHLR GPHRRT B r ERACKITSONEBIPF | L3S st er
140 and the 44 , ~ 3 SAY ?,003 connector plug 115b, The adapter 140 and the
connect or pliRy Bi%h & elbietictRdY yt‘&o%’fﬁ’é‘g’:? ot BRI ERBtRERPRY nEERM ntfan
engagi ng hook 132b of the adapter 140 with an engagi ng section 134b forned
on a housi ng®h®BHr foxmed RE¢bridt uglnishe e cohnkke drebrligvi48b has
the sanme structure_as that of the connector plug 115a, The tip of the
ferrul e 92b 3RPLIA ettty ToLdPe PEEHHRY shhgER® PLIBLAC cHhTexaRPhErd cal
configuration together with the tip of the optical fiber 40b. In order to
coupl e the cohrRcebeCiERIeIBPIJLING, cHRPcttb? PRYGPE 18R ragkednyRghhg hook
132a of the adapter 140 attached to_the connector jack 130 is engaged with
t he engagi ngS &R tMIANAR LS e FRELRRA t OIS ULl HrubsRehf o ¥REng ohhe chetd pl ug
115a. When the connector jack 130 is coupled to the connector pIug_llSa,
then the ferFeleasPtEeritReRt f er IRyl BhO2PR%e O h| tRRcBetabxvhreyappliad aid
of an alignnment sleeve |42 of the adapter 140, and their tips are subjected
to PC junctidhthighlderncelabingy. thecotae bty , Pehextragtedswhibasheingd at

| ow reflection loss via the PC junction fromthe optical fiber 40a to the
optical fibereappdor Wherhehej exbraghlpppbstiedt bstneedpovre Wheeopti cal

fi ber connector of this enbodi nent nmay be recogni zed as any one of the
conbi nat i on ®eMkeR 9 wbsS cofPReidtlyl desiasly a15b2 dndesheWhBEapi®rand0 and

t he conbination of the connector plug 115a and the connector jack 130. 45
alloy of iron. Experimentally, the extracting procedure

was successfully performed for a stainless wire having a
diameter of 0.126 mm having a length up to about 100 mm.
When the wire member 9 is made of, for example,
aluminum or alloy thereof, or copper or alloy thereof, it
is effective to perform the removal by means of
dissolution, because the wire member 9 is easily dissolved
in an acidic or alkaline aqueous solution. It is
preferable to use a strongly alkaline aqueous solution as
the dissolving solution which dissolves aluminum or alloy
thereof and which scarcely affects the electroformed metal.

Specifically, the wire can be easily dissolved and removed

by effecting heating to about 100 + 3 °C by using a
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.13 MAY 2003 SUBSTI TUTED Fig. 18 shows an exanple of the strucy rﬂ ggmg
optical fiber connector-equipped optical cable (optical cable{eau ég
optical fiber connector). As shown~in Fig. 18, the optical fiber
connect or- equi pped optical cable 120 is constructed by connecting the
optical fiber connector 108 as shown in Fig. 16 to both ends of the optical
fiber cable %14. Ebmeigr .a single conthngous oEticaI fiher 40a has been

al ready int PoHOREYYi ALEALARR BRUPRYST 8PLUFASD TREPSBPAC]F c&BFe 120 can be
connected, for efanple,.to gnathen opti cal cabl.e Oh anoth r optical fiber
connector b§*eRBLGr dSBALIRNEELAXEAC195 ROERGHH™ AYREGX192 AEi §. 20 shows
anot her enbodi nent of .t he ferLulg Sf th pr9sent i nventi.on. A ferrule 150
shown in Fi §ONSBRFEaLiLB| QindPOREr P8 MEd¥/ ¥t *ni cREPEESREPEALY oy 2P0r ned
by the electrof orm ng. A pore 150a_havi ng di aneter of about 0_126 nmm

t hr ough whi BRUBANER: FeEP BPHéngQSQQQStBeHZtFQt@§ VREoGYRCERELREAYer of the
colum. The pore_15Q0a is wi dened i.n a tapered gonfiguration_ at- one end, and
it continueS18°AVREI PBY E6BPVEA 1BOBPRAV A Bi8N&RErer 18f tH1§ RASSThe
optical fiber 40a is inserted fromthe side of the hollow section 150b of
the ferrul el¥585 ANBESEEF2EYr LPoRCEEOTRf SheeREfPREE QN oTHERRFOEE t RE
optical fiber 40a is al so 46 '13 MAY,K 2003 SUBSTI TUTED inserted into the
hol | ow sect F8nURBEESSTRAY €, PEREOKBr thPeei56troforméng RY cR¥erdppul e 92
(92a, 92b) and the holder 106 (106a, 106b) shown in Figs. 16 and 17. In the
case of thetBenvénei Bakh fBer gllectrpeaddyt dpsylatpagppembes agcERPFC Wit h
respect to the outer circunference. Therefore, the reflection | oss has been
prevent ed fiBnFiiAer daselby ifofBPLAY TRePRSEQER $her RAectreiprmday $6%i ti ons
of the cores of the optical fibers are coincident. However, the ferrule
obt ai ned bythReeBLé&er 6RELATHYCSF thge WaLes BRMPEKY 8nt | EHIRASTYhd tedstr enel y
hi gh di nensi onal accuracy of the inner dianeter. Therefore, it is possible
to onit theURBPEEFSaFH &§PhePTRErAsthenhBoldr rgleaskolmertmeny. fog &&6 be
recogni zed as a holder-integrated ferrule. Accordingly, the ferrule having
the structuuWérgsmepbes Pn Fig. 20 can be accommpdated in a connector
housi ng wi t hout using any holder. Therefore, the use of the ferrul e having
such a structur eThekebtpingds sileré redormecherosiugyl cap bife uSedu@su@e of t he
optical fiber connector. The ferrule having the structure as shown in Fig.
20 can be pfedtdég BftREaFYLEANghENS PECAYCEr ARG WihoF ea hdivi@dndnber havi ng
a shape corresponding to the pore 150a and_the hollow section 150b, i.e., a
wi re menber PEBEREEMNREY LT Ns AP GXaMPLEr ¥adhy én tddiy &d@sieding to the

pore 150a and a | arge dianeter section corresponding to the 47
cutter. Especially, when the method of the present

invention is used, the dimensional accuracy of the inner
diameter of the ferrule is extremely high. The accuracy is
determined by the dimensional error of the wire member 9
described above. 1In order to enhance the roundness of the
outer diameter of the ferrule, it is preferable to perform
finish machining for the outer circumferential portion.

The finish machining for the outer circumferential portion
may be performed such that the outer circumference is
subjected to cutting by means of NC machining. When the

wire member 9 is removed by means of the dissolving method,
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13 MAY 2003 hol | ow section 150b. Alternatively, an electroforned product
havi ng the pore 150a is forned by neans of the el ectroformng étg ﬁ Y&éﬁ
nmenber having a diameter corresponding to the pore 150a, and th é 083
menber is renoved to cut the electrofornmed product into those having an
appropriate size. Subsequently, one end of the obtained el ectroforned
product is chi_n to _apply cutting so th he p 150a i deforned to
have t he shggﬁ SPEEHE1H8IB5§F§§BFF03 1%531 pregéﬁF RveAEtSh has been
specificaILé xglalned gbovi in a cordance emhodi nents. However

t he enbodi gfogmdngef ﬁgﬁﬁp PYmLA[d i ﬁ% &Qﬁ@ﬁt &ﬁ&rHSQFWFéatlons
within a range of bein concelved by those skilled in the art are included
in the scopBrB#uFﬁelﬁrg&@nﬂntﬁvéﬁpﬁﬁnhaYﬁggeﬁbSGFﬁ§ﬁF dE8Gtped AdhEFe s
illustrative of the optical fiber cqnnector which accommodates the onecore
type ferrul Ehatonther wire pempeEdPeds £oMPEFtEdyt difgodyedcdn thSer
connector can be constructed by using the nultiple-core type ferrule_as

pr oduced |naFH€l€n86d?%ﬁﬁﬂén&e§94PBé8na68véorEx§P§n§@F8H9%a§°B€eﬁtn§@@ as
exenplified by the case in_which the alum numalloy and SUS are used as the
material foAnehder efr the. em§ﬁ§¥@ﬁ°rﬁﬁﬁlPFQﬁycﬁateﬁﬂﬁs§qﬁﬁytﬂyru§@@ provi ded
that the electroform ng can be perforned with the materials. The optical
fiber connefB&Eri RérgyBEexgnce gan hryfindshedhivyr BRRNSpOiLealfoti ber
connectors accommodating the ferrule, including, for exanple, plug-type
connect or s, eragRleyp¥CcBarddndng - caRbIthdsi 6ASeCof thigeMiSEOMYIingt iSEEP of two
plugs and an adapter, receptacles, and optical fiber cable-equipped

connect or s. MRRDBSTRRAL LAAPPNEABELETY tiige opitese AL ICHPERTenss dsbased on the
use of the electroform ng nmethod. Therefore, it is unnecessary to use any
speci al nol guhjertiedi ke &he FAFhadIL@dwhi ch are expensive and which require
durability. The ferrule can be easily produced with the cheap and versatile
el ectrof ormi ng apper abtained frarglesany bevditited tot a fammdeedodden o
fire the nol ded product at a high tenperature of 500 to 1200 C as having
been hitherti® paArsr At the Fodaftfiogadndireckden ife theedarsrdeniing
solution to about 60 C. Therefore, the present invention lies in the nethod
for produ0|Egsﬂﬁéoﬂéﬁﬂwléeﬁ@DWhm@ﬁrtﬁ@deﬁ@ﬁg¢e€6§dq §8 @Rcomedaiederer gy
is saved. In the present invention, the dinension transfer perfornmance is
extremely erfebpéicalpddhese conaegitest heusrfidng et pgders tegsepnnect s

unnecessary to polish the electrofornmed product with the grinder, and hence
t he 49 the optical fibers with the optical fiber connector based

on the use of the ferrule, it is desirable to use the PC
connection of the optical fibers with each other as
described above. 1In order to perform the PC connection,
the end surface of the ferrule is machined into a convex
spherical surface or an inclined convex spherical surface,
in a form in which the optical fiber is inserted into the
ferrule. The machining can be carried out with an end
surface grinder. The ferrule of the present invention is a
ferrule made of metal formed by the electroforming.
Therefore, the ferrule is advantageous in that the PC

polishing operation can be performed easier as compared
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13 MAY 2003 manual operation is omtted. Therefore, the defective ratio is
decreased, and the productivity is inproved. Especially, the dpn@qﬁpmﬁa
error of the inner dianmeter of the obtained ferrule is determ é
di mensi onal accuracy of the wire nenber used as the base material for the
el ectroform ng. Accordingly, it is easy to manage the di nension of the
product. Therefore, unli ke the con entlo t echni que in which the hol der
(caplllary)WFBP F89¥?§5F9n§&p58FFPx§Stﬂé FePFuFérF “ﬂﬁeOSpﬂﬂéSF fiber
connector is used when hhe ferrule is_accopmo ag %he optlcal fiber
connect or, FPrFEeﬁoséFb éstBGSHIFeyﬁélﬁgetBPtsG o QeHS dePIbfhEsi ng the
ferrule of t he present inventian. us, the ferrule of the present
i nvention nBRELCAL 66§§FbFéPt6f§PﬁpFPPyPFh8°§ﬂ§QéPGrésoﬁPPHQXéH?¢€&V fiber
connector. In the case of the conventignal nethod, it has been extrenely
difficult t&h8bfamg afethpteRd| 6heb90%é§h§do1su56|aic§hpﬁgtﬁl@r feggydenf the
mul tiple-core type, giving the problemthat those having three or nore
cores are | RBEEBBPESof thPoARELLaR. THOREVEAN BEcRONBECHESs exirenel¥asi | v
produced in accordance with the nethod of the present invention
subst ant i al PgchatréYskife vgdndeithgs ferrupe efesbee Prpsentednyeatiphen t he
el ectroformn Eparatus eqU|gped wi th the supporting apparatus of the
present invaRei Rei eptdedl £AbeFurPnpEELesr eonfpdniagr fhe samebe produced
easily and 50 13 MAY 2003 accurately at |ow cost. The optical fiber
connect or oﬁcﬁﬁéd9n€§¥mtltn#énppéﬁlbéepﬁ@vwééélﬁﬁtﬁh@h€0m@ﬁpﬁﬂénnﬂ&e of
metal formed by the electroformng. Therefore, it is easy to performthe PC
pol i shi ng oRowhefllgetponi dRisEg t heref or, and thus~the productivity is
excellent. Further, the PC polishing or the flat polishing can be perforned
hi ghly accurately, and hence the highly accurately controlled connection
can be nmade between the excellent ferrules. Thus, it is possible to realize
the optical fiber connector with Fongt dimkediment oss. Further, the ferrule
made of metal is excellent in nmechanical strength. Therefore, the present
invention is al sénadtamiagaoad loy whize t(hdleyr afi cioppeaf, magnREjumect i on
and the durability of the optical connector are inproved. 51

and aluminum) of ¢ = 0.126 mm having a circular cross

section was prepared. The wire was set to the Jjig 5 in a
state of being stretched in the vertical direction by means
of the elasticity of the spring 7 as shown in (A) of Fig.
3. The surface of the alloy wire was degreased by
sufficiently wiping the surface of the alloy wire with
gauze immersed with petroleum benzine. An electroforming
solution 3 containing a major component of nickel sulfamate
was charged in the electroforming bath 50 shown in Fig. 2.
The four anodes 4, which were composed of nickel balls
placed in a net made of titanium enclosed in a polyester
bag, were installed at the four corners of the base 52

around the center of the wire member 9. The electroforming

bath was heated to obtain a temperature of 55 = 5 °C while
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13 May 2003 CLAIMS 1. A nethod for producing a ferrule which is used for
connecting optical fibers, the nethod conprising: depositing 4 3reMAY 2063
means of el ectroform ng around at | east one wire nenber to produce a

rod- shaped el ectrof ornmed product, the at |east one wire nmenber having a
diameter slightly larger than the optical fibers; and extracting or
extruding the wire nenber fromthe_el| ectyof orned product wthout a chem cal
appl i cati on B ?Eﬂﬁ%ﬁi%bg?h%pﬁf?efh£ﬁﬁ%Fl%ﬂdaﬁj?h%bft5$5+9Pnﬁcﬂ%5chor
degrading the wire nenber. 2. The nethod for producing the ferrule
according torEl himmd, Therdla 3 hettwekedewbeh the alehicwharlteys€isection
and a dianmeter of the wire nenber is not nore than 0.13 nm 3. The nethod
for produci ngag headleed ubhel hoedtii watéop, chadntAenf itthaes toapalsedgasutting
an outer circunference of the el ectroformed product about a center of a

t hr ough- hol esliowmein bgigendyi ng the wire nenber fromthe el ectrof or med
product. 4. The nethod for producing the ferrule according to claim1,
wherein the wre mepbevolsage\Wwse appbeednadethé orthbdersphadtthe 5. The
met hod for producing the ferrule according to claim1, wherein the at |east

one wire nenppEkéed dMb@Es W I'€o Ngibers @ik £bntr@ensianpoed 4bohe separaved
fromeach other by an identical distance. 52 13 May 2003 6. The net hod

for produci ng/dffe famelled ex@a@ g i wilsidariatheyal redhe widye JRider is
made of alum numor alloy thereof. 7. The nethod for producing the ferrule

accordi ng totkéaédhdit ORI &5 NdésBPiPed chBase toe8bORDA ASnapRkied to the
w re nmenber before the el ectroformng.

electroformed product having a thickness of ¢ = about 3 mm.
The electroformed product was taken out of the bath, and it
was washed. After that, the electroformed product was cut
into those having a length of 8.50 mm with an NC automatic
machining machine. The cut electroformed product was
immersed for 3 hours in a 20 % sodium hydroxide aqueous
solution heated to 100 = 3 °C to completely dissolve and
remove the aluminum alloy wire. Thus, the electroformed
product having a tubular configuration was obtained.
Subsequently, the electroformed product was well washed
with water by applying ultrasonic wave, followed by being
dried. After that, the electroformed product was machined
with the NC automatic machining machine to have a thickness
(outer diameter) of 2.00 mm and a length of 8.00 mm. Thus,

a finished product was obtained. The inner diameter was
0.126 mm + 0.5 um along the axial direction, although no

machining was performed at all after the electroforming.
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8. The method for producing the ferrule according to claim?7, ¥here|n t he
wire menber is made of iron or alloy thereof. 9. The nethod fa pMAMQMﬂeg
the ferrule according to claim8, wherein the wire nmenber is made of
stainless. 10. The nethod for producing the ferrule according to claiml1,
wherein the at | east one wire nmenber is two wire nenbers which are arranged
to be separaéed fromeach o redeterm ned di,stance. 11. The net hod

t
for producih lﬁhéaFErWGPésaEgéFdFﬁﬁ ﬂgHEFaﬁﬁPTGte%h ABeRSERBal 6 THPF e

menbers are positioned so that a pin having a predeterm ned size is
i nt er posed ﬂﬁed@b?rmlnedAbNetaB E§rpa|@fp¢beuweda meabesr ddndeé bwmnmh=t he
nmet hod as defined in claiml, wherein an inner dianmeter accuracy of the

et al ferrubeslﬁm'e%ﬁehh%ﬂeométHbH‘o%3th£h$r@§bBQd1%9%n&&%%“§bn the
ferrule according to claim 1, wherein the netal is one sel ected Fron1the

I , I d
2 Toys. tnor dof osshe” AATIE 5y ity hfﬁ'*l"%&fh%%%@? P B, h i E%%t ]I:'éFIIﬁIIe
di I mh | wi2e & t
o1 oduci ng 1 RESPorTER, B A RdTAY o fepiin ReChEAER.s onpr.eae”%gl%uflﬁ‘)ﬁgthe

el ectrof or ned product into t hose having a predeternlned | ength. 16. A netal
ferrul e produced in accordance with the nethod as defined in claim1. 17.

The netal ferrule according to cl.aim 16 r.ein.the ferrule has a col umar
hol | ow section which penetrates ' direction of the ferrule,
the ferrule has, at its first end, a first op enlng whi ch has the sane
di aneter as t hat PoWifReMEBPES s OMPOSedand SHE Pddr @ife Ohas 0-a26i M8 second
end, a second opening which has a dianeter |arger than the diameter of the
hoIIOMIseCtheMan8a Thecmdeal ciressulsecidonr diasg prepalraidn Bnd wher giiret he
hol | ow section includes a first hollow section, a second holl ow section
whi ch has amginbeet 8r whar gett ttlhathehgtigof time thier sameolmamneseeatsi am, taed a
third holl ow section having a tapered configuration which connects the
first hol |l oWisett eobodndientie sdsosthowal liowFdget i7onthe wire member 9

was covered with a vinyl adhesive tape 20 at intervals of

40 mm. The jig 5 was washed with water, and then it was

degreased and washed with water. After that, a mold

release treatment was applied by immersing the wire member

9 at room temperature for 10 minutes in an aqueous solution

of a mixture of commercially available Nikkanon Tack A, B

produced by Nihon Kagaku Sangyo Co., Ltd. Subsequently,

the wire member 9 was sufficiently washed with water, and

then the electroforming was performed at 9 A/dm* for one

day in the same manner as in the first embodiment to obtain
a nickel electroformed product having a thickness of ¢ =

about 3 mm in average. The electroformed product was set
to an extracting jig 24 formed with a through-hole 24a as

shown in Fig. 9. The wire member 9 was grasped by pincers
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19. The nmetal ferrule according to claim 18, wherein the OptIOPB ﬁﬂﬁqﬂm3
connected by the metal ferrule conprise a coated portion, wherein

coated portion is accommobdated in the second holl ow section, and wherein a
clad of the optical fiber is accoombdated in the first hollow section. 54

| 3 May 2003 20. The ferrule according to claim 16, wherein a plurality of
hol | ow sections for allowng the optical fiber to pass_therethrough are
forned. 21. t?hEuﬁér#GPeaéécéFdWﬁé F6tEPSFﬁ#1§r°WhE @lﬁlﬁSFéngSWegllomﬁng
the optical fiber to penetrate therethrough have a tapered configuration at
bot h ends oprbHecte2Bul eTheneéleberbéormed produed hed a tbdkanessl ofpli ce.
22. The ferrule according to claim 16, which is used for an optical fiber
connector. 23apbAatopt meaknti Belengrhestfoabbat ¢onmrckiivg appoeal (finhets,
conprising: the nmetal ferrule defined in claim16; and a housing for

acconnDdatlﬂg%E? &aL beibh! fim %§EP§ thEa%élhﬁeEeEQEEECt heaccordi ng

to claim 23 ther conpr|5|ng a ng the ferrule and
posi tioning t Q ferrul efln a rot naI dl%ec ion i.n thg u5|ng 25. The
opti cal fi b&M ESnfi&EtEM 5588F§|ﬁ ScFaF 23, OF@FPh@FO 85% ?an, in the

ferrul Bt fib h harter th Lengt h of the. ferrul
whr ei n' ot PACSFCERE A ?Jeﬁ‘%fflqbéﬁt Bnd 5OMPRSr MPnatrERASs RASHBRTPC

olished. 26. The o i ber connect accordin ¢l aim_23, ein
Phe. housi ngMASRARE: BHOUEy then GegERRCaE FGoPoLtniBePBEAAcedr daRlg et ai m
26, further cogBrls n%l%n ad%%lc nL%E ”%k'”%odEtaCh%bgel%%gth of 8.00

mm. The error of the inner diameter dimension was 0.126 mm
+ 0.5 um in the axial direction, although no machining was

applied at all after the electroforming, in the same manner

as in the first embodiment.

hird bod
An aluminum alloy wire having an elliptic cross
section as shown in (A) of Fig. 5 was prepared. The
aluminum alloy wire was an oval having a cross section with
a minor axis of 0.126 mm and a major axis of 0.252 mm. The
electroforming was performed with the aluminum alloy wire
in the same manner as explained in the first embodiment.
As a result, a two-core type ferrule was successfully

obtained.

Fourth Embodiment

This embodiment is illustrative of a case of the
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13 May 2003 connection to the plug, the adapter having a sleeve for

-aligning the ferrule. 28. The optical fiber connector accordi nja(m}m 2503
23, further conprising a sleeve for SUBSJHITUIRhe ferrule. 29. The optica
fi ber connector according to claim 23, wherein the housing is a jack. 30.
The optical fiber connector according to claim23, further conprising an

optical fibgjroeRiitSone & twdlddrOfeydie odikale fddhdln tiie @pfigal fiber
cable is located at a tip of the ferrule. 31. The optical fiber connector

accordi ng 1 g i¢f.aiim AUypaphigiaiy 4 Neerlhd ©fi ddi&iPild G@lo TPdds afideadd P of

the ferrule have been sinmultaneously polished. 32. The optical fiber

cOnNect of  aGaiaied & SufldAcH o s Gy 4 Aol 84 AEaT S 14 Anol i shi ng or

PC polishing. "33. A wire nenber-support’ing apparatus for belng used when a
ferrul e havigpg ldiple cores for connecting optical fibers is produced by
means of electroform ng, the apparatus conprising: a base plate; a pair of

first positioning g 'pqﬁlg ] W@Vérﬂﬁﬁx Lba:ﬂiy I DO the
plate, each of the fuﬁﬂ st p?f(}]%ections a\r}}%lg a iﬁgﬁca?jvﬁ%; and two
W re menmbers Strel Céle‘ééﬂfbwn?i'dgego&tﬁl of &f}féé‘e{os‘éiﬁxtéhd&f B e -dd St
positioning projections |Interposed therebetween.
type ferrule as described above. The jig 60 has a pair of
reference pins 64a, 64b for adjusting the spacing distance
between the wire members 90, the reference pins 64a, 64b
being embedded at mutually opposing positions on a base

plate 62 made of plastic. Each of the reference pins 64a,
64b is a columnar pin made of stainless steel having a
diameter of 500 um, and each of them is embedded in the
base plate surface to make protrusion at a height of 5 to
10 mm from the base plate surface. Guide pins 66a to 66e
made of tungsten, which are used to guide the wire member
90 and remove any slack of the wire member 90, are provided
on the base plate 62. The guide pins 66a to 66c maintain
the tension of the wire member 90 disposed on the side of
the reference pin 64a, and the guide pins 66d, 66e maintain
the tension of the wire member 90 disposed on the side of
the reference pin 64b. A hook holder 68 made of metal is
provided at the lower end of the base plate 62. An opening
62a is formed at a central portion of the base plate 62 in
order to avoid the anisotropy of the electrodeposition.

The wire member 90 1is a wire made of aluminum alloy of
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13 May 2003 34. The apparatus according to claim 33, wherein the two wre
‘menbers are positioned by the aid of the projections, and a sp@cMNgzmﬂa

di stance between the two wire nmenber3/BSTIJ8ITHed t hereby. 35. The apparatus
according to claim 34, wherein the two wire nenbers are connected at their
ends respectively to formone wire nenber. 36. The apparatus accor di ng to

| ai 33, t
claim ereign ° nf toe,q1tn§0g é%r%uﬂ'a'} RRYded Q1 df1e %ura

The appar at Us accor further conprising a p |ty 6#

gui de pins faor w.nding the e nber there n ord rt intain
tensi on of tFH@‘\erqe ﬁgﬁ’@eﬂr 9\,8338 #ﬁ’e a&gt“lf’:da?c%cg?% lgt:ha%é”re
further conprisin & pai.r of., seco d ositionin ro ctlons rOVJde

mut ual |y opptt %r?d? O %Bﬂs@rﬂ t nﬁf‘fﬁg’% ectid
havi ng an identj wi dt h; two Wire ne stretched | aralle|l to
one anot her 4% tfﬁ’cjt Syai ri Tt rgerét?nc?'lfi)s%qa} c?rﬁeﬁ}epr"b‘[reect%%rfss ’ﬁf’"@rr}:ﬁ%‘bd

t her ebet ween, wherein: the wre ne rs stretched in parallel to one

anot her wi t R% A& (HRREL @R @Y dhe iBASS RIS thfer etGwEH &r¥ nkft ual |y
parallel to the wire nmenbers_stretched in parallel to one another with the
second proj SRS % SXFCRH FURGSTERIeh, 2L t1Hhe B8R (BiRs &K% ni ng

W re nenbers are separated fromeach other by an jdentical distance. 57
ASL A@Y. AS.6Rbx. AfThe (wizse Afy pgridaldy /Sylr/sun)ﬁéqrqu Ads tefeygnce £im . A

A A An. Afa. AHY. A; . AS. Af. A5. AH3Il . A@ A@ . A@

AI A@ . Al SA3@imnfthe wwnmclﬂgwmﬁ@m@ww% HEREEAB0 D Then A 9

INk{$ 129<@G # .
it is directed downwardly. Subsequently, the wire 90

partially circumscribes the lower reference pin 64b in the
counterclockwise rotational direction, and then it
partially circumscribes the guide pin 66d. The wire 90
passes through a hook 70 as described later on, and it
partially circumscribes the guide pin 66e in the clockwise
direction. Subsequently, the wire 90 partially
circumscribes the lower reference pin 64b again in the
counterclockwise direction, and then it is directed
upwardly. The wire 90 partially circumscribes the upper
reference pin 64a in the counterclockwise direction, and
then it partially circumscribes the guide pin 66a to arrive
at the upper end of the base plate 62. The both ends 90a,
90b of the wire are connected to one another on the guide
pin 66c.

The wire 90 is pressed against the surface of the base
plate 62 by the aid of a holding plate 72 between the

reference pin 64a and the opening 62a. The wire 90 1is
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52, and the upper end of the base plate 62 was supported at

a position over the bath 50. The electroforming solution 3
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embodiment except for the support jig 5.
A DC voltage was applied to the cathode 8 and the
nickel anodes 4 to give a current density of about 4 to 20
A/dm*. The electroforming was carried out for 1 day under
the condition as described above to obtain a nickel

electroformed product having an elliptic cross section with
a minor axis of about 1800 um and a major axis of about
2100 mm. The electroformed product was taken out of the
bath 50, and it was washed. After that, the electroformed
product was cut into those having a length of 8.50 mm by
using an NC automatic machining machine. The cut
electroformed product was immersed for 3 hours in a 20 %
sodium hydroxide aqueous solution heated to 100 + 3 °C to
completely dissolve and remove the aluminum alloy wire.
Thus, a tubular electroformed product was obtained. Fig.
13 shows a sectional view of the obtained electroformed
product. As shown in Fig. 13, the electroformed product 95
having an elliptic cross section had through-holes 95a, 95b
having an inner diameter of 125 um formed at the inside

while being separated from each other by a spacing distance

of 500 pum.
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Subsequently, the electroformed product 95 was
sufficiently washed with water by means of ultrasonic wave,
followed by being dried. After that, the outer
circumferential portion was subjected to cutting by using
the NC automatic machining machine to process the product
to have a perfect circular configuration of an outer
diameter of 2000 um. The product was machined to have a
length of 8.00 mm. The inner diameter dimension of the
through-holes 95a, 95b of the electroformed product 95 was
0.126 mm + 0.5 um along the axial direction, although no
machining was applied at all after the electroforming.

This fact means that the inner diameter dimensional error

is determined by the error of the wire member (0.126 mm =*

0.5 um) in the same manner as in the one-core type ferrule

obtained in the first embodiment, i.e., the two-core type
ferrule having high accuracy can be produced with ease when

an available highly accurate wire member is used.

i Ft] bodi
In this embodiment, the electroforming was carried out

by using the same electroforming condition and the same

electroforming apparatus as those used in the fourth

embodiment except that a wire composed of SUS 304 of ¢ =

0.126 mm having a circular cross section was used as the

wire 90.
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were extracted from the electroformed product. As shown in
Fig. 13, the electroformed product had through-holes 95a,
95b having an inner diameter of 125 um at the inside, the
through-holes 95a, 95b being separated from each other by a
spacing distance of 500 um. Subsequently, the

electroformed product was sufficiently washed with water by
applying ultrasonic wave, followed by being dried. After
that, an NC automatic machining machine was used to cut the
outer circumferential portion, and the product was
processed into a perfect circle having an outer diameter of
2000 um. The product was processed to have a length of

8.00 mm. The inner diameter dimension of the through-holes

95a, 95b of the electroformed product 95 was 0.126 mm = 0.5

um in the axial direction, although no machining was

applied at all after the electroforming.

{ xt] bod
The fourth and fifth embodiments are illustrative of

the exemplary production of the two-core type ferrule.

However, ferrules having three or more cores can be

produced by improving the apparatus shown in Fig. 10. For
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109%& 10%&' %&' L!'10 - V\Y/\Y/\Y/\Y/\Y/\Y%?(
1o|@p$10%&'@f ,ﬁ§%§¥3 f%%%gﬁ% o ?9 Q%? of the support

& =11 v &
10% () - XXYY\\\\s\h\okung\ln Fl%#lq{?.& (E)ur%:her, auxiliary guide pins 102,

104a, 104b are used. 1In this embodiment, it is unnecessary
to use the guide pins 66d, 66e. When the pins are arranged
as described above, the spacing distance between wire
portions 90a, 90b of the wire 90 stretched via the pins is
determined by the outer diameter of the reference pins 98a,
98c. The spacing distance between wire portions 90c, 90d
is determined by the outer diameter of the reference pins
98b, 98d. The spacing distance between wire portions 90b,
90c is determined by the spacing distance based on the
outer diameter of the reference pins 98a, 98b and the
spacing distance based on the outer diameter of the
reference pins 98c, 98d in consideration of the thickness
of the wire. When the electrodeposition is performed by
using the jig having the reference pins as shown in Fig.
14, a four-core type ferrule is obtained, which has
through-holes separated from each other by predetermined
spacing distances. The central positions of the four
through-holes formed in the ferrule are automatically
determined by the diameter and the embedded position of
each of the reference pins 98a to 98d of the support jig.
Therefore, it is possible to produce the ferrule including
the optical fiber through-holes which are formed and

arranged extremely highly accurately. The ferrule thus
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as shown in Fig. 19 by appropriately machine the contour
after the electroforming.

The wire support structure shown in Fig. 14 is
illustrative. It is possible to provide a support jig
which makes it possible to form ferrules having five or
more cores by means of the electroforming highly accurately
with ease by appropriately increasing the number of

reference pins.

Seventh Embodiment

This embodiment is illustrative of a case in which a
sleeve for a mechanical splice is constructed by using the
ferrule made of nickel produced in the first to third
embodiments. The sleeve for the mechanical splice is a
sleeve for permanently connecting two optical fibers. The
sleeve can be formed, for example, by cutting out the
through-hole of the ferrule produced in the first
embodiment to have a tapered confiquration, starting from
both sides toward the inside of the ferrule as shown in (A)
of Fig. 15. A slit 112 for releasing air when optical
fibers are inserted from the both sides can be provided at
a central portion in the longitudinal direction of the
ferrule 110. The machining as described above is performed
extremely easily, because the ferrule of the present

invention is the ferrule made of metal obtained by the
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The sleeve (ferrule 110) thus obtained can be used as
shown in (B) of Fig. 15 such that two optical fibers 40a,
40b are inserted into tapered holes 110a, 110b at the both
ends of the sleeve, and they are connected at the central
portion of the sleeve 110. The optical fibers 40a, 40b can
be reliably fixed in the ferrule by forcibly inserting the
optical fibers 40a, 40b, because the ferrule 110 of the
present invention is made of metal. Therefore, it is
unnecessary to make adhesion by using any adhesive. The
optical fibers 40a, 40b can be fixed by means of welding,

because the ferrule is made of metal.

Eighth Embodiment

This embodiment is illustrative of a case in which an
optical fiber connector (connector plug) accommodating the
ferrule produced in the first to third embodiments is
constructed with reference to Fig. 16.

Fig. 16 shows an example of the optical fiber
connector structure having been previously subjected to the
PC polishing. The optical fiber connector 115 comprises a
ferrule 92, a ferrule holder 106 for holding the ferrule so
that the rotational position of the ferrule is determined,
and a housing 108 for accommodating the above components to
function as a plug. The ferrule made of nickel produced in

the first embodiment was used as the ferrule 92. The
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through-hole is widened to form a tapered configuration at
the rear end 94 of the ferrule 92 so that the optical fiber
is easily inserted. The ferrule holder 106 has a through-
hole 106 formed in a coaxial configuration having a
diameter, for example, of 0.9 mm which is larger than the
rear end 92b of the ferrule 92. The optical fiber is
inserted into the through-hole together with its coated
portion 400.

A connecting optical fiber 40c, which is shorter than
the entire length of the ferrule 92, has been already
inserted into the tip of the ferrule 92. The tip 93 of the
ferrule 92 is previously applied with the PC polishing to
have a convex spherical configuration together with the end
of the optical fiber 40c. The PC polishing was performed
with an end surface grinder. The ferrule 92 was polished
by means of the PC polishing extremely easily and highly
accurately, because the ferrule 92 was made of nickel.

As described above, the optical fiber, which is
shorter than the entire length of the ferrule 92, is
previously inserted into the optical fiber connector 115,
and the PC polishing is applied beforehand before shipping.
Accordingly, it is possible to omit the PC polishing
operation at any connection job site. At the connection
job site, the optical fiber 40a is inserted into the
opening 106a formed in the ferrule holder 106. The optical

fiber 40a is connected to the optical fiber 40c at a fiber
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connection point pp in the ferrule 92. The optical fiber
connector 115 constructed at the job site as described
above is coupled to another optical fiber connector jack, a
connector section of an optical device, or an adapter for
the optical fiber connector.

The mechanical strength of the ferrule of the present
invention is higher than those of conventional ferrules
made of ceramic or glass, because the ferrule of the
present invention is made of metal. The ferrule of the
present invention improves the durability concerning
repeated PC junction and the durability of the connector

itself.

Ninth Embodiment

This embodiment illustrates the connection between the
optical fiber connector (connector plug) having the
structure as shown in the eighth embodiment and another
optical fiber connector.

Fig. 17 shows a situation in which the optical fiber
connector 115a (herein referred to as "connector plug")
described in the eighth embodiment is connected to an
optical fiber connector jack 130 to be coupled to the
connector plug 115a. An optical fiber 40a has been already
introduced into the connector plug 115a, and subjected to
the PC polishing at the tip of the ferrule 92a. The

connector jack 130 comprises an adapter 140 and the
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connector plug 115b. The adapter 140 and the connector
plug 115b are detachably coupled to one another by engaging
an engaging hook 132b of the adapter 140 with an engaging
section 134b formed on a housing 108b of the connector plug
115b. The connector plug 115b has the same structure as
that of the connector plug 115a. The tip of the ferrule
92b is subjected to the PC polishing to have a convex
spherical configuration together with the tip of the
optical fiber 40b.

In order to couple the connector jack 130 to the
connector plug 115a, the engaging hook 132a of the adapter
140 attached to the connector jack 130 is engaged with the
engaging section 134a formed on the housing 108a of the
connector plug 115a. When the connector jack 130 is
coupled to the connector plug 115a, then the ferrule 92a
and the ferrule 92b are aligned coaxially by the aid of an
alignment sleeve 142 of the adapter 140, and their tips are
subjected to PC junction highly accurately. Accordingly,
the light is transmitted at low reflection loss via the PC
junction from the optical fiber 40a to the optical fiber
40b or in the direction opposite to the above.

The optical fiber connector of this embodiment may be
recognized as any one of the combination of the two
connector plugs 115a, 115b and the adapter 140 and the
combination of the connector plug 115a and the connector

jack 130.
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Tenth Embodiment
Fig. 18 shows an example of the structure of an

optical fiber connector-equipped optical cable (optical
cable-equipped optical fiber connector). As shown in Figq.
18, the optical fiber connector-equipped optical cable 120
is constructed by connecting the optical fiber connector
108 as shown in Fig. 16 to both ends of the optical fiber
cable 114. However, a single continuous optical fiber 40a
has been already introduced into each of the ferrules. The
optical cable 120 can be connected, for example, to another

optical cable or another optical fiber connector by the aid

of the adapter 140 as shown in Fig. 17.

Eleventh Embodiment

Fig. 20 shows another embodiment of the ferrule of the
present invention. A ferrule 150 shown in Fig. 20 is a
columnar ferrule made of nickel-cobalt alloy formed by the
electroforming. A pore 150a having a diameter of about
0.126 mm, through which an optical fiber passes, penetrates
through the center of the column. The pore 150a is widened
in a tapered configuration at one end, and it continues to
a hollow section 150b having a diameter of 0.9 mm. The
optical fiber 40a is inserted from the side of the hollow

section 150b of the ferrule 150. A coated portion 400 (for

example, ¢ = 0.9 mm) of the optical fiber 40a 1s also
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inserted into the hollow section 150b. That is, the
ferrule 150 functions as the ferrule 92 (92a, 92b) and the
holder 106 (106a, 106b) shown in Figs. 16 and 17. In the
case of the conventional ferrule, the center of the pore is
eccentric with respect to the outer circumference.
Therefore, the reflection loss has been prevented from
increase by rotating the holder so that the mutual
positions of the cores of the optical fibers are
coincident. However, the ferrule obtained by the
electroforming of the present invention has the extremely
high dimensional accuracy of the inner diameter.
Therefore, it is possible to omit the holder. In other
words, the ferrule shown in Fig. 20 can be recognized as a
holder-integrated ferrule.

Accordingly, the ferrule having the structure as shown
in Fig. 20 can be accommodated in a connector housing
without using any holder. Therefore, the use of the
ferrule having such a structure makes it possible to
further simplify the structure of the optical fiber
connector.

The ferrule having the structure as shown in Fig. 20
can be produced by means of the electroforming with a wire
member having a shape corresponding to the pore 150a and
the hollow section 150b, i.e., a wire member coaxially

having a small diameter section corresponding to the pore

150a and a large diameter section corresponding to the
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product having the pore 150a is formed by means of the
electroforming with a wire member having a diameter
corresponding to the pore 150a, and then the wire member is
removed to cut the electroformed product into those having
an appropriate size. Subsequently, one end of the obtained
electroformed product is machined to apply cutting so that
the pore 150a is deformed to have the shape of the hollow

section 150b.

The present invention has been specifically explained
above in accordance with the embodiments. However, the
embodiments are merely exemplary, and improvements and
modifications within a range of being conceived by those
skilled in the art are included in the scope of the present
invention. The embodiment described above is illustrative
of the optical fiber connector which accommodates the one-
core type ferrule. However, it is needless to say that the
optical fiber connector can be constructed by using the
multiple-core type ferrule as produced in the embodiments
described above.

Explanation has been made as exemplified by the case
in which the aluminum alloy and SUS are used as the
material for the ferrule. However, arbitrary materials may
be used provided that the electroforming can be performed

with the materials. The optical fiber connector includes
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arbitrary optical fiber connectors accommodating the
ferrule, including, for example, plug-type connectors,
jack-type connectors, combinations of them, combinations of
two plugs and an adapter, receptacles, and optical fiber

cable-equipped connectors.

INDUSTRIAL APPLICABILITY

The present invention is based on the use of the
electroforming method. Therefore, it is unnecessary to use
any special molding machine and any mold which are
expensive and which require durability. The ferrule can be
easlily produced with the cheap and versatile electroforming
apparatus.

In the present invention, it 1s unnecessary to fire
the molded product at a high temperature of 500 to 1200 °C
as having been hitherto performed. It is sufficient to
heat the electroforming solution to about 60 °C.

Therefore, the present invention lies in the method for
producing the ferrule in which the enerqgy cost is low, and
the energy is saved.

In the present invention, the dimension transfer
performance is extremely excellent, because the
electroforming method is used. It is unnecessary to polish

the electroformed product with the grinder, and hence the
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manual operation is omitted. Therefore, the defective
ratio is decreased, and the productivity is improved.
Especially, the dimensional error of the inner diameter of
the obtained ferrule is determined by the dimensional
accuracy of the wire member used as the base material for
the electroforming. Accordingly, it is easy to manage the
dimension of the product. Therefore, unlike the
conventional technique in which the holder (capillary) for
rotatably supporting the ferrule in the optical fiber
connector is used when the ferrule is accommodated in the
optical fiber connector, it is possible to omit the use of
such a holder by using the ferrule of the present
invention. Thus, the ferrule of the present invention
makes it possible to simplify the structure of the optical
fiber connector.

In the case of the conventional method, it has been
extremely difficult to obtain the dimension by means of
polishing for those of the multiple-core type, giving the
problem that those having three or more cores are incapable
of production. However, such ferrules can be easily
produced in accordance with the method of the present
invention substantially in the same manner as in the one-
core type ferrule.

When the electroforming apparatus equipped with the
supporting apparatus of the present invention is used, the

multiple-core type ferrule can be produced easily and
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accurately at low cost.

The optical fiber connector of the present invention
is provided with the ferrule made of metal formed by the
electroforming. Therefore, it is easy to perform the PC
polishing or the flat polishing therefor, and thus the
productivity is excellent. Further, the PC polishing or
the flat polishing can be performed highly accurately, and
hence the highly accurately controlled connection can be
made between the excellent ferrules. Thus, it is possible
to realize the optical fiber connector with low reflection
loss. Further, the ferrule made of metal is excellent in
mechanical strength. Therefore, the present invention is
also advantageous in that the durability of the PC junction

and the durability of the optical connector are improved.
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1. A method for producing a ferrule which is used
for connecting optical fibers, the method comprising:

depositing a metal by means of electroforming around
at least one wire member to produce a rod-shaped
electroformed product, the at least one wire member
having a diameter slightly larger than the optical
fibers; and

extracting or extruding the wire member from the
electroformed product without a chemical application for
degrading the wire member and without applying heat for

degrading the wire member.

2. The method for producing the ferrule according
to claim 1, wherein the wire member has a circular cross
section and a diameter of the wire member is not more

than 0.13 mm.

3. The method for producing the ferrule according
to claim 1, further comprising cutting an outer
circumference of the electroformed product about a center
of a through-hole formed by removing the wire member £from

the electroformed product.

4. The method for producing the ferrule according
to claim 1, wherein the wire member is a wire member made

of metal or plastic.

5. The method for producing the ferrule according
to claim 1, wherein the at least one wire member is three
wire members which are arranged to be separated from each

other by an identical distance.
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6. The method for producing the ferrule according

to claim 1, wherein the wire member is made of aluminum

or alloy thereof.

7. The method for producing the ferrule according
to claim 1, wherein a mold release treatment is applied

to the wire member before the electroforming.

8. The method for producing the ferrule according
to claim 7, wherein the wire member is made of iron or

alloy thereof.

9. The method for producing the ferrule according

to claim 8, wherein the wire member is made of stainless.

10. The method for producing the ferrule according
to claim 1, wherein the at least one wire member is two
wire members which are arranged to be separated from each

other by a predetermined distance.

11. The method for producing the ferrule according
to claim 10, wherein the two wire members are positioned
so that a pin having a predetermined size is interposed

thereby.

12. A metal ferrule produced in accordance with the

method as defined in claim 1, wherein an inner diameter

accuracy of the metal ferrule is less than 0.5 um.

13. The method for producing the ferrule according
to claim 1, wherein the metal is one selected from the
group consisting of aluminum, nickel, iron, copper,

cobalt, tungsten, and alloys thereof.
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14. The method for producing the ferrule according

to claim 1, wherein the metal is nickel.

15. The method for producing the ferrule according
to claim 1, further comprising cutting the electroformed

product into those having a predetermined length.

1l6. A metal ferrule produced in accordance with the

method as defined in claim 1.

17. The metal ferrule according to c¢laim 16,
wherein the ferrule has a columnar hollow section which
penetrates in a longitudinal direction of the ferrule,
the ferrule has, at its first end, a first opening which
has the same diameter as that of the hollow section, and
the ferrule has, at its second end, a second opening
which has a diameter laxrger than the diameter of the

hollow section.

18. The metal ferrule according to c¢laim 17,
wherein the hollow section includes a first hollow
gection, a second hollow section which has a diameter
larger than that of the first hollow section, and a third
hollow section having a tapered configuration which
connects the first hollow section and the second hollow

section.

19. The metal ferrule according to c¢laim 18,
wherein the optical fibers connected by the metal ferrule
comprise a coated portion, wherein the coated portion is
accommodated in the second hollow section, and wherein a
clad of the optical fiber is accommodated in the first

hollow section.

54



I 10% u-u& ()-!'f 10% u-u& ()-f!'y 10% u-u& ()-! 10% u-u& ()-! 10% u-u& ()-
#s10% u& ()-oz[PE:51 ! 10-u 10-u 10-u>10% u& ()-!4y

10% u-u& ()-010% u& ()-!s-y 10% u-u& ()-f!% 10% u-u& ()-fzXBREy2bs !#y
10% u-u& ()-4 'y 10% u-u& ()-!f 1@%L|u&() Tl y 10%u-u& ()- 'y

#0;{%;@ ﬂg 8 f#%g% ligT_I(é ferrulk! %céor%.llng ZolWphh& §) - MI%Q% U u& () -

plurality of hollow sections for allowing the optical

fiber to pass therethrough are formed.

21. The ferrule according to claim 16, wherein
holes for allowing the optical fiber to penetrate
therethrough have a tapered configuration at both ends of
the ferrule, and the ferrule is used for a mechanical

splice.

22, The ferrule according to claim 16, which is

uged for an optical fiber connector.

23. An optical fiber connector for connecting
optical fibers, comprising:
the metal ferrule defined in claim 16; and

a housing for accommodating the metal ferrule.

24. The optical fiber connector according to claim
23, further comprising a holder for holding the ferrule
and positioning the ferrule in a rotational direction in

the housing.

25. The optical fiber connector according to claim
23, further comprising, in the ferrule, an optical fiber
which is shorter than a length of the ferrule, wherein a
tip of the optical fiber and a tip of the ferrule has
been PC polished.

26. The optical fiber connector according to claim

23, wherein the housing is a plug.

27. The optical fiber connector according to claim

26, further comprising an adapter for making detachable
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30. The optical fiber connector according to claim
23, further comprising an optical fiber cable, wherein a
tip of an optical fiber of the optical fiber cable is

located at a tip of the ferrule.

31. The optical fiber connector according to claim
30, wherein the tip of the optical fiber and the tip of

the ferrule have been simultaneously polished.

32. The optical fiber connector according to claim
31, wherein the polishing is flat polishing or PC
polishing.

33. A wire member-supporting apparatus for being
used when a ferrule having multiple cores for connecting
optical fibers is produced by means of electroforming,
the apparatus comprising:

a base plate;

a pailr of first positioning projections provided
mutually opposingly on the base plate, each of the first
projections having an identical width; and

two wire members gtretched in parallel to one
another with the pair of first positioning projections

interposed therebetween.
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34. The apparatus according to claim 33, wherein
the two wire members are positioned by the aid of the
projections, and a spacing distance between the two wire

members is defined thereby.

35. The apparatus according to claim 34, wherein
the two wire members are connected at their ends

respectively to form one wire member.

36. The apparatus according to claim 33, wherein

the projection is a pin provided on the base plate.

37. The apparatus according to claim 33, further
comprigsing a plurality of guide pins for winding the wire
member therearound in order to maintain tension of the

wire member.

38. The apparatus according to claim 33, further
comprising:

a pair of second positioning projections provided
mutually opposingly on the base plate, each of the second
projections having an identical width; and

two wire members stretched in parallel to one
another with the pair of second positioning projections
interposed therebetween, wherein:

the wire members stretched in parallel to one
another with the first projections interposed
therebetween are mutually parallel to the wire members
stretched in parallel to one another with the second
projections interposed therebetween, and the respective
adjoining wire members are separated from each other by

an identical distance.
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