;e3ezz@®T H Method and Device for Manufacturing Metal Ferrul es Used for
Optical Fibers Detailed Description of the Invention Field Hmmmmw ’mm tion

5 The presegipCroention relates to manufacturing nmetal ferr i cal
fibers used principally for optical telecomunications and the #ske, and
especially relates to a manufacturing netthod and device for es
used as connector elenents for optical fibers (hereinafter llﬁﬁ%@ﬂ mgmm&s
"metal ferrules") in which a netal ferrule is obtained froma

el ectroforned layer that is grown by electrofornming. 10 Descri pt®# of the
Rel ated Art A variety of cylindrical ferrules (ferrule: A cylindrical part
for coaxially opposi n@/lqthedtaedmﬂwaqeionMamlfaqmrmgMetal Eemulegs to each
other. It is used to connect theagg(F 325 of optical fiber strings.)
are conventionally used as conne BIS connect i ng optical fibers
devel oped principally for optical tel ecormuni cations. 15 Such a ferrule is

conventional | y manuf act ur ed DetailddeDéseliption g thélniventioh xt ure of zirconia
powder and resin is fornmed by injection nolding or extrusion nolding into a

cylindrical _shape .and is, |ater baked around 500 C for deconposi ng and
removi ng thmml eJdR¥enton, qdi tj on the same i s baked around 1200 C.
Thereafter, dianond abrasion is applied to a hole of the aforenentioned

ferrule bairﬁd REGH UilehtisPrekited 10 Msiufsdturiitembal Rridlesdbiomical fiwrs hiéed t he
al | owabl e mar gl n of error, and nechani calmpr ocessing such as grinding is

applied to priecipailytfor optical tebechuinmnicatians eusl tha kike,tand cppaciatiyaelatestto ahe

af orenentioned ferr.ul e tru irc conventi naI thods of
manuf act ur i H@ng%p@gp%geﬁmg@ng-dﬁﬁce@Prtrpgl_gy\feegg{e‘sblpqxﬁ connecéprle PRFYLPT2 (1) An
expensi ve ”Bgﬁidarﬂ m&fiameﬁfsﬁe%& &&ap%étarferrms.s ')‘?ﬁ%%hfaoﬁleial‘fe?ﬁxtlé /N
rmldlng or extrusion nolding and, in addition, such netallic patterns are

‘easi | y abr adetdiney fiolvea nibeshaped ehentwdéormediayer Het asfgrown by etdcabfgymirge ssi ng
such as applying cenented carbide to the nolding surface of the netallic

pattern,is gcessary.. an & brasi on nust constantly be nonitored so that
repairiH% o] Ilic pattern can be perfornmed when
necessary.
A variety of cylindrical ferrules (ferrule: A cylindrical part for coaxially opposing the
terminals of optical fiber strings to each other. It is used to connect the opposite ends of

optical fiber strings.) are conventionally used as connector elements for connecting

optical fibers developed principally for optical telecommunications.

15 Such a ferrule is conventionally manufactured in the following way: a mixture of
zirconia powder and resin is formed by injection molding or extrusion molding into a
cylindrical shape and is later baked around 500 °C for decomposing and removing the
resin and in addition the same is baked around 1200 °C. Thereafter, diamond abrasion is
applied to a hole of the aforementioned ferrule (baked product) so as to adjust the hole

20  diameter within the allowable margin of error, and mechanical processing such as
grinding is applied to the center of the hole so as to make the periphery of the

aforementioned ferrule a true circle.

However, the conventional methods of manufacturing ferrules have difficulties, as

follows:



(2) Tinme and special skills are needed to performthe di anond abrasi on of
the piercing hole, and therefore it is difficult to increase productivity.
(3) The bakorpgToEnperature is high, which requires a great deal of energy
at high cost. 10 (4) According to the type of physical-contact connection
(hereinafter referred in short to as a "RC connection"), the ferrule of
which material is ceramcs, the PC connection nust be processed on its end
face to forma convex spherical surface, an inclined convex spheri cal
surface, a flat surface, an inclined flat surface, or the |like, but the

mat eri al ( c@ram egppntivamoldngidadicenarkaataldio phattpmos eeslied fordjetlieumbldidgorTo

sol ve these problens, for exanple, the electroformng t hod, sho in

PCT/ P99/ O6SHISOR Tpldingandis a0ayis sush metpllic eayers EeeUb SIS De 1 er rul o
used therei UhdrBr {EIRANpIR LR ug& yihe cemesed ciBideqb™ a
ferrule tha%ﬁr('lebs?l§1c1 e o‘?&g mgt alrglﬁf: maPé)r |Esasrd.ées§uc r‘g}(l:leég as ing%uﬁ%g
herein i s otle meldingisaifadenst theetallicparenisiieadssaly pamithel abrasionenst r i ng menber
(the external dianmeter thereof is the sane as 20 the internal dianeter of
the ferriul eyonstaatlyibe manigead sorthatiferaiarg pishsnging of thesnetalicipatters Gan fe

t ube- shaped_el-ect r.of.0or |l ayer, one in which the core string nmenber is

r enoved froﬂ?ljf r@egg%hepsqﬁgegg el ectroforned | ayer, and one in which the
formed el ectroforned |ayer is cut into a prescribed length so as to obtain
t he necessa(?) Timeraud specidbsieilie are nead¢diopesioemitheodiomoind gbrasiph ofl thetfiercingngt h
of the tube:-shaped el ectrofqr 25 | ayer anely, a part of the core
string nenbh?le{%’étth?@ﬁ’d? Hﬂ%&fgﬁ?ﬁtﬂﬁémﬁé@tﬂr UWHKShg 1iquid) is restricted by
the depth of the electroformng cistern, and therefore the vol une obtai ned
by one el ec{3)afeaking tehpsiaBFe ishigh Which rBlSifes a gredt dedl dFaeriytay BRzh cost.

el ectrof or mgr)lg OngTOlgaé processi ng V\Iﬁgr ein é::{bnurrber of&gor e%st ring

menbers are repetitively dipped and taken out, and therefore the nethod is
not sui &bl éihscordirgtothe tipeof physigql-sentagtcogpersion (herpinpttenseterted in short to

concentri ci wioh LUl ari Ly, LEndrici . Qf. I far . |l ayer, it
I S necessar éélé oﬁ%ﬁrﬁrfegfl%ﬁ é *?)?%ﬂﬁ%Pg‘fvgfrﬁ%gﬁ%értlﬁéseérler}%ﬁgsggé g%s PH%%“’l'r%enber as
a cathode affhsEht FrOOEkSed IR erfdl facd fmﬂﬁm&ﬁveﬁ?ﬂelﬁmls@ﬁ‘we?arain@ﬁﬁ‘édi vance
for an electroforning cistern, and placenment of electrodes or structure.

Fur t her nor econvexispheticak susfare, atfint gertece; areinglined flagsprfyce, eythedidte; butthe or
surface roughpess, of t.h e-shaped el ectrof o lLayer within the
rgqui red aggﬁpeél@ (ﬁefaiwlf@.th#ﬁséusﬁpé@a}ﬁf glilc‘r?l\,perﬂ%&’olhglﬁ gﬁglgﬁs/'ed \(,)Mn tlhe

af orenenti oned situation and the purpose of the 10 present invention is to
provi del®s nApyblvethyse pepbilenhd) dek exashplie thecdedinpfovhiingimetiod|shéeninl es are
conti nuouslé manuf ctur&j by _an _el ectrof orm met hod indzfuch a w&y as to
i ncrease t hBCHA®S9968HEkHe AT e IuyrationePaticsl &ibep suuedtapandiequle wsde t he

cost of MNieAth dhd RnlAEYing helfRld of the'BrBIBIMS Gsdd 18 i b A4HIIE YhaPls il
concentricity, circularity, Tcylindricity, and electroform ng accunulation
of the inteshahlettlicmartialliSaciepicess@b indhedelheedie Btonefin wikeh thayetal i second
pur pose of the present invention is to provide netal ferrules to be used in
practice i nagqwamiasedrpioynd p serestring member ((hreexderagciparastecthewpbisiibeisamg ey . A

Rl e ‘ . o _ . : s "
e AP0 Bl Sl Lo UGS UL d BB BB S T 8 o1
el ect r of or naghelsA¥SId cl6tidBsrRA1¥ye Grielin tihech the ebreatringehbmbearid réoved tidth ze

t he depletion of optical signal's by renoving bubbles in the el ectroforrning

liquid in tHes tabe-shaped algetroformedlayeropind enaig valrieh thefponedeleqtrdormadlayss of
the surface.of the core.string, menber.. A fourth purpose of the present

i nvention i ?%%"B?B\W%f@n@e(ﬂﬁﬁﬁpégﬂﬁ ?Pdalﬂé@? l&eé:e?sgw %é}lgel ferrul es that

enabl es the confirmation of the difference of the electroformng 25 liquid
pressur e i nHowevegid thisdledliofereiing mettodnthenémgiis of the tutehshapel ¢lactrofeintddenance
of anodes, and the ow h of the electroformed, |ayer, in the electroformng
process25 by laarebﬁxarrwg', & pertf she qoge sifing mesbes that i dippediia the ¢lecttpfamming st eps

as a miltit lliatrli%\sj isTeitHE el li)? the depth of the electroforming cistern, and therefore the volume

obtained by one electroforming process is small. Also, this is batch-type electroforming



OLPCT012 4 Disclosure of the Invention In order to achieve the
aforenenti oned purposes, the present invention's method of manufacturing
nmetal ferrubBEXCTOR characterized such that, in the el ectroform ng nethod
where a netal ferrule is grown in the electroform ng process as a cat hode
opposed to 5 the anode furnished in the & ectroformng cistern, an

el ectrof ormed | ayer having a cylindrical internal hole is grown in the

el ectroform ng cistern, on the cathode side thereof, with the growth of
said electrofornmed | ayer being guided by an internal -di aneter-fornmation
menber whos ereekssiignaherdinaamingser iof coreatrigrerabert Are repétitiviebl dippadn@idaakenf t he
cylindrical netal ferrule to be manufactured, and such that .a 10

t ube- shaped o6t aed thsrefpreghe mgthed it pofisuitable forangsspreduction. Age.ip oplarted up
fromthe af i . r i.,N L 3Ll Ry, | r aaye the
| ntonded ox/Epaar s aacerEh e, cRbARA Ml bEnlERRoRRmAT R LT o1 de
t he af or enmenédessaeyteingimtainh dixed dijtancsbeveen teswore §thing preamenis a catkddd and' S

nmet hod of manufact urii na said nmetal ferrules is 15 characterized such that,
on the cat hawanadegmdengiectrofomppssind theseforea serstivance o arelertioformiag

el ectroform i it e - di I +f t . I

external di gfrgr%{ rg ra%? g’iat%ﬁrgggtaon%ﬁeé%rg? Seorisﬁ-flngt}lﬁeaﬁugﬁ%r%rlé){ éé) ?t 1%?1 %ﬁ‘élt @@?’?ﬁ%‘i’h& al
metal ferrukRedl@itpecyimdtitide brsigfhck Souptiels iof theatbé skupbd eREtr6RFBedRYBE
upwardly through the bottom portion of the aforenentioned el ectroform ng

ci stern, ar Withth thaireduited ageusegy, limits.t he el ectrof orning 20 cistern and on the
cat hode side thereof, a tube-shaped el ectroforned | ayer having a
cylindrical P e t e N L i £t rom
the. af or omentE BREgR s iE0Red Uk el ctBlemel Rod aRUBERARIR BX phipbld s | 28

| ayer toget basseniifiventibs isfoprevitei nanefdciufing miahodaraindvie-biyartitah hietal "enber ,
the aforenenti oned tube-shaped el ectrof orned Iggyer_, which is growmn so as to
have the i nfandeshre gertinyansiyimansfastured by an electpoforpiag neihed asueiha way as

af orenmenti ope |lectrof ormin i stern t he Lnt ended di ions, Al so,
the. present 4 igeats Bk PLSf B RaioT b risfy s e et e blRL, " <

charact er i zgfangfacturingahem,0R WdlltasGaeheetheivtiefohiay of the @pRGMALLifyOcitdigarapode
furnished in the electroformng cistern, a cylindrical menber whose

i nternal di ayndsicitysandredectrpfiermarg asumulatopaf thiezinternadienternal diametess obthet he
cyli ndrhJ al f(f}Etatl[o fe({J ule to be manufactured is supplied as a cathode core
menber ]EowaF mo APE ]&P{ert he bottom portion of the aforenentioned

el ectroform ng cistern, around which a tube-shaped el ectrofornmed | ayer

havi ng a cylA sedondpdrposet efithaprebent envietign BuWo provideaetal faeriutesftobausg iai st ern,
on the cathode side 5 thereof, and such that, jn the process of lifting
such t ube- sREASHEE B)the forpnng progess of the tbgrehaped elgetraformed el enent i oned
cylindrical nenber fromthe aforenentioned el ectroforning cistern, the

af or ement i oneirt PafsczE8PAR pRéRAL IhMdiToNBEid P eide nY¥idl Fetriles B D¥R a $AYaS té O
have the intended external dianeter, is cut to the intended di mensions when
t he af or eneptaventatie exsing df sroall holtavisan thestuberishiaptd eldetrofiirmed hayet, iespreihlly0

el ectroform ng cistern.. Furthernore, the presept invention s method of
ranat actdr | Ho e SETRLANL P HiBg S theidEp BESR o SRtraLTERIS RarerBHE he

cat hode sid i $.0 1 : j ' : i ng
cistern, ans}ﬂ?]dt’lggrlr%ﬁ? %ggﬁgﬁgp@géﬁggtlﬁgﬁgﬁ%%%e Ogegirgic{rgx&#:%n‘ﬂgl{ﬁ r’é‘?gg] i's
the same as theheethess of tiad surfaseref the cofe striivg mymbadri cal netal ferrule to be
manuf actured 15 is supplied upwardly through the bottom portion of the

af or ement | O&egureth%%};;ocs)g 8{‘ me?)gesent invention is to provide a manufacturing device for

metal ferrules that enables the confirmation of the difference of the electroforming
25  liquid pressure in the vertical direction, convenience for change and maintenance of
anodes, and the growth of the electroformed layer, in the electroforming process, by

adopting a plurality of electroforming cisterns used in steps as a multitiered structure.



ci stern, around which a tube-shaped el ectroforned | ayer having a
cylindrical internal hole is grown in the electroformng cistern, on the
cat hode si dgpthe@nreof, and such that a spacer with an intended pitch is
previously furnished in the aforementioned internal-dianeter-formation
menber, which is pulled up with the aforénenti oned 20 grown tube-shaped

el ectroformed | ayer, and such that said spacer is such that at its upper
and |l ower ends there are fornmed the necessary faces of the upper and | ower
termnals of the netal ferrule to be manufactured. In these manufacturing
met hods, a Disiclosiire éfithe Imasgiohr om t he out si de of the inner space to the
circunference of the electrofornmed | ayer at any position along the I ength
of 25 that ]Jayer is secured.by rotating at ap appropriate vel oci during
Che. or ocessircratnih SeReve AT BRER et Brmses e HRRSPERAAPaREBRBEE shaped
el ectrof or ngg fﬁ&iﬁﬂ%ﬁé&l 't‘e'?nﬂéﬂ‘é‘@hQXct@Iliféats(blgﬁ Halllifl the eledbBSrAfd2mBtton t he

sane way, in these nufacturing nethods, by neasuring the external

di anet er of whére atmdial-fetraleds gedvacinrthé elecreafotning iprodest as scathddeegpdsedo t he

af orenenti oned el ectrofaormng cistern, the liftjin el ocity of .the

af or enent i othe@nedpfurnisheddn the deqtrofpraHng aistery; ap ek&ﬂ”é’émt?‘gﬁﬁy%\‘ar"é‘bg #nd the

i ntended di 101 |3 BB . | j -out of the
af orenent i o%@a}ell%e]é@r %r#agﬁ%gif]%?@tlgﬁ]e canleog%mﬁ%é E%ﬁg?ﬁg)g%%{cdst@(ﬁg Ilﬂldet)e first
enbodi ment thereol) evifh the ghdwihrofeait ietestroformbdizayet being gdidsdibhahhat, as a dummy
of the aforenentioned tube-shaped el ectroforned,|ayer, a cathode core
menber whos@tesraleligmetertformation mepbenwhaseaxternadiamgier i she ameas she intranal

af orenenti o kit = di - i ro fcally
Supported | RERw?of B ARG RS ORI CLIRE heRu AR adCulfERE G5 Y 1 e
upper eryl ofubtRBapRi AR TBRIrhed &lel tHaf im e plocRBbESeii@pulidipratefiRer at the
‘begi nning of the el ectroform ng process and so that a tube-shaped

el ect r of or nafdrdnegnsionedselgetonfprmaing cisters, is gepven s9fasdg jhave the intended external

internal -di aneter-formati on ne .. 15 In this cgs it is desirable that a
power suppl Sapgtegiy @ e rplr%sﬁf'g%(e)é@pngﬁﬁsp‘fvb?n 8‘?t31§ﬁﬁ'§|§f%rfﬁ’§ml?f§gcurrent
pover suppl Yetthdbrrhisgdfsidst €d to load a certain biased voltage between the
cat hode and the anodeé) is connected with the aforenentioned

i nternal -di aneter-formation, m,srrberﬁingl or cat hode ,éore E&g‘ger, so as to

appl y cat hoddsoythepsgsent igventionz metapd At mamactyragseie mstal P$Ed | ayer. 20
Al so, i an i 0, i : Dedgqﬂ[t"'f t hode
core nenber ?ﬁ\?\%?%#ggg%d‘o%a{’ ﬁﬁgpe{)cga?lfos%hg%ig?fﬁ#éé g@’solséa; It;fzIg ?l?l a cy Sl(ﬁﬁgg} {glgl
shape, and glectrsfomhiag clredt saaihierial-danpdtsr-fopRLINT mainberavhosp eeteaial diantesérde so
as to prevent the electroforming liquid in the aforenmentioned

el ect r of or nisrthe same asrthe intesnpl diemelar aithe aylindrical metsl Ermin todsawrnufastiredt or med

| ayer during the.ar.ow r S r i t of the
o acent 1 nuBpPiet R Atk RR e WAl ITBAh e Bonal pSHRACR
connect ed WhafoRerhdiftioh&Pelp@idfomming ciste?e, arb@idenkioh isoftem, in the electroforming
internal -di aneter-formati on nenber, that said snmall-di aneter nenber is

pi er ced2q hr oigtgm andcyr the ¢athede sidetheraos actobe-shaped slectiofosmed lnyeshaving aipwar dl vy,

d t hat . QIPCTO12 7 . lied t i nt ai
The vert i oo tRirig et igle Rl SR8 Hiah ih TnSRedS B iRty BR e bRoiBIeAL ™ O,
as to prevegfectpbdlhing cistéifl s&élﬁﬁxﬁ@-f)ﬁhépﬁd eetrefTRed MgefiopEthbrwith the

concentricity and cylindricity) of the aforenenti dned '

i nt er nal - di afoe¢reentiooedrintéroal-diemeter-forhatibs member,ithe aformmwntioged tubeshaped! , in

the bottom portion of the afor.enentioned el ectroformng, cistern, the upward
f9 R (PR e 2

movenent of SRECRMBILIRETT: MOHYIS BIREY 10510 PaYRPE /1 fiamsts Giev
speci i g6 veef bhiidend AYBraMARBRS Qlettdibinifg cislif, 40 M nfeHlBSr ARRAGENS.

el ectrof orne ayer. In order to conpensate for the unavoi dabl e depletion
that is generated by electronic or mechanical waste in the electroformng
10 process, Adoethepresentinventionis method of manyfactairingsaidingteldferrulevismat i on menber

shoul d be characterized such that, on the cathode side that is opposed to the anode furnished in the

electroforming cistern, a cylindrical member whose internal diameter is the same as the



within allowable error limts. Also, cutting is done of the aforenentioned
t ube- shaped el ectrofornmed | ayer only under the condition that the

af orenment i opyegtHnt er nal - di aneter-formati on nmenber is not cut (in the case
where an internal -di aneter-formati on nmenber whose external dianmeter is the
sane as the internal 15 dianeter of the sylindrical netal ferrule to be
manuf actured is used as a cathode core nenber and only the netal ferrule is
renoved after cutting), or cutting is done of the aforenentioned

t ube- shaped el ectrofornmed | ayer together with the aforenentioned

i nt er nal - di QERLAdidmdtErRSfitRcyTRabesl méthl feheleddbe miefetirbisGpplivdrak aal
menber whose internal dianmeter is the sane as the internal dianmeter of the
cyl i ndri cal catieads| cofeemember upwardly tterongin thedottamenpriien ofsthg afpsergentipnpdde core

menber and i.s left .inside the tal, ferrule). . Lin [t [a..1:he process of
removi ng buﬂﬁ?t@W‘Pg f’ﬁger’?’r‘?r?lﬁge‘gﬁ?li’??‘é eés_élgg%df el?‘ﬁg& llérbe?;l 1 a‘c’)lP gtahe o

af or ement i opag dresltihtealRol8 iSabwaliR i dektioToriifg LidReh, onhEe efioden@iear i si ng
of hollows i'n the aforenmentioned continuously electroforned |ayer is

ef f ect i Vel ythereef,ant suich thst, Fhthe peocabs ¢fdifting suchtthix-shaped etectndfaomed lagetby such
manuf acturi ng net hpods and that are constituted of a,cykindrical ,netal |ayer
havi ng a ho?oée'ﬁkﬁb‘é’ggF}Fﬁ%?rﬁﬁenﬁ?%ﬁﬁlétygf‘dr ??;B}e t ﬁ@matpf)%é)r%rﬁ?r?tl%g& opti cal

fibers to bge tcﬁgﬁﬁqg ol tﬂg%réfiﬁérﬁi%hé fub¥-sRapdex bl iied IyRHUALEY st V-

OLPCT012 8 Fur rnmore, to attalin the above-nentioned purposes, the present
i nventi on' sgex soasftehaveethe fmeided ierigrmh i nesdraik chietorthd mtended flimens®hed wi t h
(1) a neans of lifting a, tube-shaped el ectrofor | ayer that . is grown in
the af or emeWhenthepfarmentioned cyit IC@FWQ‘SHT, 15@25s“£§%ﬂ%3§§er6?nt’t?€%uri ng the
ext ernaj, di forenentioned el ectrofornmed | ayer 5 outside the
af or erreinQi ogigg}%ﬁrec%gtg gerr?ﬁ ng cistern in the process of the lifting the

el ectroforned layer, and (3) a neans of controlling the lifting velocity of
t he af or emeRtitherewrd, ithiet presensinventicnés methotl of ofanefacturing asid mestalfernales &

predi cted neasureqpent val ue in said manufacturin evjce jch, i,n the

el ectrof or nfhagacterize rS\_‘l‘,’h %}P‘@ﬁga}f %tjt%iﬁﬂﬁféﬁ@’d 1%?@@??(@?&%%@%%%%% an
nternal Nobebiaiifind Iofieh S ihRrdd! Qi AIE-Bmdddrd MEmb& P xRN Rlaferd! the
cylindrical netal tePrule being manuf actured on the cathode side of the

af or ement i ofxate sdmeeiythé tnternalgliameteeofithe oplpolicakmetal fehmleatodstananufactured case,

it also is desirable for, an enbqdinent of .the.present inventjon to furnish
an int ethal lsd“HPrlﬁdéﬂ’-"Yaéﬁ”bféa}FPB&h ﬁ@r?&étf’mtﬂ?é't‘o’h%fstg?ﬁ TILeRiIong Slreﬁté‘?flof)‘f"&ﬁet er

as that of ' - [ : o and
fhat s abl SonkAnl i ZRERRaf dEoRipicd AL bR o TN icePhlofha

af or ement i oheMd i$ proevnsih aipeslet forinting oisteed] dnahecathadedsidecthénenf)iandh suchrtbatres  of
suppl ying the aforenentioned,internal -di anet gr-_f oEngtL@i{on rr,enbcﬁr upwar dl y

t hrough t hespaset with gbintensied pitch Heprayipy pisherin the aforsmgntionsdy ci stern” and
to grow aro he circl : f L:ch | Sl 3 fon menber
-t abe- shap IR ESpRsE HRHBE Hfner AEh L BER Sy MHARE LB A IREL PL T T he

20 el ecpgof ?fdﬂnﬂﬁhbé-isﬁéﬁéﬂ Rlec@bforied byt afé ssohdhattshidrspader idueh thatasitead of
the internal-formation nenber, a cylindrical nepber whose internal dianeter
i s the sameuppertanddowsar enfetheretase formedithamacessant fagescofhevpneeand e net al

ferrule can_be.ado d a cat e [ er to be used as it is for an
i nt er nal - cof¥M %tﬁmgaé?ergﬁe Pcﬂge r&?'gl\lleﬁag%gg- shaped el ectroforned |ayer.
25 Further, it is recommended to furnish, in the process of lifting the

t ube- shaped Iethesd manufactering meerods raomifona thicknessfoti the edtseleat theihoemi ng

cistern, a neans of cutting the tube-shaped el ectrofornped | aye hat, i
grown so as spage keithe cércg@gqggqqeéﬁ thg %[%{cgpr_?ned layer at any pos%n alox%/g t|i1e Eength of

25  that layer is secured by rotating at an appropriate velocity, during the process of the
aforementioned lifting, the aforementioned tube-shaped electroformed layer that is

grown by electroforming.



OLPCT012 9 Also, it is effective for an enbodi nent of the present invention
that (1) the aforenentioned internal-dianmeter-formation nenber that is
lifted wi thotPCEFOES or ement i oned grown tube-shaped el ectroforned | ayer be
furnished with a spacer having a specified pitch, (2) appropriate surfaces
of the upper and lower termnals of 5 thé netal ferrule to be manufactured
are fornmed on the upper and | ower ends of such a spacer, and (3) in the
lifting of the aforenentioned internal-di aneter-formation nmenber, there be
a nmeans of renoving the tube-shaped el ectroformed |ayer fornmed between the
af or ement i ohetlie sprae eng, iftse hixauficturagmnithadsgbly mehsringlthaeaemblediaheterat i on
menber. Furthernore, it i s inportant for the present |nvention that an

anode opposekthe @-‘l{eh%aéléﬁ Aecsrodermed; layss that isdaiedfrn tsgatpegmsntipaeds) aced so as
. ( . . . d ]
to maintai nel@%tgcgﬁ{'rﬁgg cflieth aRe ﬁit‘t{p,rg%c}cﬁg rcl)?ftﬁ%ra %%gﬁ%ﬁ? ytﬁﬂfeﬁ-%&a?% ornmed 1ayer

SO as to inpr circulari conc rici city of the
af or enent i oglectrefbradd layardar te cantesiledaad ahisiatenbed difiehsiomog tevexbgnalf t he

| ayer by electroformation is disordered if the distance between the anode
and | ayey véiemeter pEthsegian lifed autrfitherforemantionedeelestenfarming cistesp £l ve to
use an 15 i&z&l{té{m(p el ectrode such as platinum gold, or titaniumfor the
anode. Also, Tt IS'inportant for the present invention to furnish a neans
of rotating, at a specified velocity in the process of the aforenentioned
l'ifting, thAlsafthedirstrdmbodanert obthegiregeatineteonriotiarasterided\sach thagtasas bei ng
grown by electrofgormng, and to secure gqual t hi ckness from the outer edge
of the i nnefuramyf theatprementipnadnbe-shaped glectseformed gyero @ cathade care MestbsF ned

ayer at eagRoRtl i i M 16 tecalllls LIRE SPlhe sefiEnthdyror ove the

circularity, concentricl rndricity o or énment 1 oned

el ect r of®@r nigerhalydidmetet+foriati o membkots varticaltp eaipseset irfhetafisremesssied
i nvention, the aforenenti oned purposes are attai ned by adopting an
el ect r of or n¢lagirefoaniag gistara po as wudoptact e agpertand of thecaforemeptioregd Descri pti on

of the Drawn OLPCTO12 Fig, 1. sche ' ertkhcal section view
of & devi cerpanaigRrEL Rty Meiter aBe Praif B BHE il fhneligkiR aed
optical fibgfhat a tubeshipedieh@traforel e RErowh oh ik MrRSEHE saidivention. Fig. 2
is a plan view of the electroform ng cistern of the sane device for

manuf act ur i imgersalrdiameter-formaties membgr. 3 i s a perspective view illustrating
the principal parts of a rotator of the sanme device for manufacturing netal

ferruleps nthis case, it is desirable that a power supply (a direct-current power supply, or an

alternating-current power supply that is adjusted to load a certain biased voltage
between the cathode and the anode) is connected with the aforementioned
internal-diameter-formation member and/or cathode core member so as to apply

cathode voltage to the aforementioned grown electroformed layer.

20  Also, in an embodiment of the present invention, the aforementioned cathode core
member, which can be in a bar-shape, is desirably in a cylindrical shape, and it is also
necessary to apply appropriate air pressure inside so as to prevent the electroforming
liquid in the aforementioned electroforming cistern from intruding into the

aforementioned electroformed layer during the growing process.

25  Furthermore, for an embodiment of the present invention, it is better that a member of
small diameter is connected with the top portion of the aforementioned
internal-diameter-formation member, that said small-diameter member is pierced

through a cylindrical cathode core member so as to extend upwardly, and that upward



Fig. 4 is a perspective viewillustrating the principal parts of a cutter
of the sane device for manufacturing netal ferrules. 10 Fig. 5 consists of
five separapgpgrbjustrations that of the five steps of the el ectroformng
process of the first enbodi nent of the present invention. Fig. 6 is a
schematic vertical -section side view of tthe principal parts of an
electroformng cistern, illustrating a second enbodi nent of the present
invention. Fig. 7 is a perspective viewillustrating the principal parts of
a cutter, used in a second 15 enbodi nent of the present invention. Fig. 8

i's a schemapiegsur€istdpphéd GREdd SastodRaittaBithe W ertiaglit lolf ¥ dfatenRatibgedof an
el ectroformng cistern, illustrating a third enbodi nent of the present
i nvention. imternaledipmetgr-formatian imembsr 5¢ asio-psevent ghekinigdand theygbyito frcsease

princi pal parts of .an el ectraof onngin, i ster I klustrating a fourth
Erbod hent " B SrriepRe sERER e AP sHhdist B e gt Bl .,

verti cal - seghérafl-Shbterfsimatibn hidenter i nci pal parts of the nultitiered
structure of the electroformng cistern of the present invention. Fig. 11

Is a transverse, cross-sectional_ view of the principal parts of the

mul titi e} edAdsos ifds Decesssry torontghin edettpRiRortiemef toe atossmemsonehe present
et on.cpShETARE bR, AR Pl B bR nvent on, The
acconpanyi Nghtérngludiedeteydforetatioh ehetfet bi Hstcifiviadioatt ¢ iny/the @révkss of lifting the
grown tube-shaped electroformed layer. In order to compensate for the unavoidable
depletion that is generated by electronic or mechanical waste in the electroforming
10  process, the external-diameter of the internal-diameter-formation member should be
within allowable error limits. Also, cutting is done of the aforementioned tube-shaped
electroformed layer only under the condition that the aforementioned
internal-diameter-formation member is not cut (in the case where an
internal-diameter-formation member whose external diameter is the same as the internal
15  diameter of the cylindrical metal ferrule to be manufactured is used as a cathode core
member and only the metal ferrule is removed after cutting), or cutting is done of the
aforementioned tube-shaped electroformed layer together with the aforementioned
internal-diameter-formation member (in the case where the cylindrical member whose

internal diameter is the same as the internal diameter of the cylindrical metal ferrule to

20 be manufactured is used as a cathode core member and is left inside the metal ferrule).

In particular, the process of removing bubbles arising in the early stage of the beginning
of the aforementioned continuous electroforming is included, whereby the arising of
hollows in the aforementioned continuously electroformed layer is effectively

prevented.

25  The metal ferrules that are manufactured by such manufacturing methods and that are
constituted of a cylindrical metal layer having a hole whose internal diameter enables
the aforementioned optical fibers to be pierced, have good workability and excellent

productivity.



The First Enbodi ment 5 The first enbodi mrent of the present invention is
described as follows, with reference to the aforenentioned figures. As
shown by FigPCT01220 4, the present invention's device for manufacturing
netal ferrules used for optical fibers grows, in the electroformng cistern
1, a tube-shaped electrofornmed | ayer (fedrule material) FE that has an
internal hole whose dianeter is the sane as the internal dianeter of the
cylindrical netal ferrule 10 (it is a connector elenent) to be manufactured
on the cathode side of the electroformng cistern 1, with said cathode side
bei ng opposFiirehdrmere toateai? thewibbedr mesticreegl puaidsys, chaesant] iventdon’s dsdteifore

mat eri al such as platinum gaold, or titani ur,r&l.r Sai d manuf acturing device is
furni shed, manyastiringsaid mefglderrules is furmished pthy (132 msans of lifting aguhesthapehaped
el ectrof or ! i . -] i n 1,
(2) a neas 3?1 g?tl-(ﬁx’?%erﬁg%%arg ﬁ%til%grot%ngl\ﬁg?(éf gokéﬁenél?gﬁde?g% 0 Hlﬁlﬂ% @gfeg}é’f(r&géor med

| ayer FE ouimghnboftnheaserisgthe @ketml dankitatofitie dfotementiongd ddesforaded!layeri ng t he
el ectroforned | ayer, and (3) a_controller, 5 for controlling the lifting

vel oci t o of outpide theraferenmgntipagd plectroforping, cistert inghe praces< thekibing she 5

predi cted asur ng,.val ue rth . Lch..s opposite the
el ectrof or gg‘&?‘?‘é@%?eéﬁé,y t gndpq:;igélg&g%ogédq’%nﬁéﬁﬁggﬁhé’av#\!&&c? f(?? esjt ance from
t he af or enegforifiohéd/ BfrerQidirighttie et 08 Suchi g sitnicifasd prebicRidahsisi@nenst er n
1) and is constituted so as to inprove the circularity, concentricity, and

cyl i ndri ci t yalu int daid mhoufactoring dendce, athiely, irothe retestiofcagning ¢isternf grovesaanpl e, by
bei ng placed.in, a qylindrical or arc sha arqund the aforenentioned 25

ol ectr of or nii Shitefeeestorrid 18 Being S REwRA (helh where ameFORAne T tce)
bal I's cph bgheysRhaPialRie? oF fle dyARdhiGE nRBR¥G1ule beitk Rlahlfrétukéd 5P the@athode
nore-detail ed description, an internal -di aneter-formati on nenber 6 whose

ext er nal di sidevftheiaforeimenticned elestrofoemingt astern) oppasitetethe@fiodene netal ferrul e
Fis furnished in the electroformng cistern 1 and with growt h-gui dance the

t ube- shaped; el ect rof.o I ] : [ [, .the.. .

| nter nal - o HERGPF SPHET de Bl b oh SpbRE AR O e bR YBion o gl n an o
material of indral-diaétdt-Formafib thedfbef BIAERAsHe SAROEHErM diBmeter as that of the
corrosion-resistant plating, or stainless steel is used as the nateri al

t her eof ) . Finternalidiametersofithe afoseraentionédimefad Festileand thet is@bledmgpisletthon of t he
el ectroformng cistern 1 ole 1 a thraough which the

it or nal S ot BOEE G dass B RmTherOr it 1B E o] Bseirahames s epd

el ect r of or Mg@irfiét4 fenslof supPlylaané AMPEm&tidBe@intdrhal-EhRefef-RirffaflbAY Cistern
1. Further, 10 in this enbodi ment, a support 7 is furnished to vertically
support t hemember wpwardlyshesugh tliebattom pertine oHthe aforemnntidned eldetrefosmpysor t

th [ dopt ed k I j t hat . cl h .

nter nal - di SRETLA G EY PRSI RO & i POT PR PHrREiohng ¢ hat
i's rotatabl geffpef i‘ﬁzb@&hgéafelédﬁ%férﬂ{eﬁflziﬁl- h%iﬁﬁﬁk?ﬁﬁcfrwamiérﬁil HoRRgke Here in
particul ar an el evator (for exanple,” a known el evating device is 15

adopt ed20 t helectoafotming sistdre, @i the asthode sife thereof Wblsarinstdad of the epar ed, and t he
i nternal -di aneter-forpati on, nenber vated at ecified

.is el a sp.
mi cr o- vel ocl"ttif“%lr‘fPHHgFPnc‘H%mE?reMY]b‘Fd?@afWe‘?’ SpEhRsE 1 tgral digmetests te §Ef s 1
fromthe co : p@ﬁ i | | t.he
af orenent i o%%{?g{:%ﬁﬁ féﬁpgfa cé?m%tg t télg%frbggg%r?%?%(\i/glﬁﬁ? %‘%ﬁ%}%ﬂo]?@%#g{ésa%sgort 7
sw t ches betahede @rampmber @itk used essd isfyr an imaaplecmstituentamefib&@itheogrosingnal
S7 fromthe control system 9. Electroforming liquid is supplied to the
el ect r of or nfubg-shansdeslsctrofarmed dera punp 10 froma storing cistern 11, and,
in order to keep a constant |evel of the electroformng liquidin the .
el ectr 0por Nkpghd! i iselortmehdi 8iGRIshOinAh&bRZeds! ST B teSshhpQv via a brim
| b that 1s furnished on the upper edge of the electroformng cistern 1.
Sai d over f | elestdofdfined lagenfodmoiti afgreimentionkd eleatmfaimingl cistery armeans of agtiog st er n
12 that is furnjshed der the ectroformng cistern 1. Sgjd feceiving
cistern 12 fh¢ tg‘b"'@@ﬂ%‘f &FEH rrafgf ‘IF errté{‘éf GOWIO 35113 AY%R Wﬁi@‘r‘?a diamgiery t hat
is flowng domm fromthe hole 1 a (thereby the surface wetness of the
cat hode core nenber (dunmy) described later is inproved in the early stage
of el ectroformng).



OLPCT012 13 Al so, the electroformng liquid in the receiving cistern 12 is
fed back to the storing cistern 11 by a punp 13 through a filter 14.
Further, imiacrt@adi ng hole 12a that is forned in a tube that protrudes
upwards fromthe bottomof the cistern 12 to above the level of the liquid
and that is used when the internal -di aneper-formation nenber 6 is pierced 5
and a liquid-sealing nenber 15 is furnished to at |east of the top of the.
tube (the internal -dianmeter-formation nmenber 6 is free to slide against the
af orenenti oned |iquid-sealing nenber 15 ). Further, the control of the
driving of Ahe, ipigifectife fordn tdbbdinat bOthewdesont iavention tiedt (5 thaal S2 from t he
aforenentioned control system9. Furthernore, in this enhodinent, in order

to assist taferegrestipney isternal-giameserciommationgiembenthais liftgd with thee begi nni ng of
| t r of i .cat j t t ith
The upper cHaRmeRRRd PEn TSR Rectt Tt e AR SRt RnRR S 0BREE. L1 0o

nenber 16 hgiinpoa siecEied9itoR! (2yhpprepriite AutthcaxbBtht Dpperané ldvie temiialasf t hose
of the internal-dianeter-formati on nenber, and said cat hode nenber 16 can

be i nsery edtheanstal fermwiryo be nxan@fa@tyrfétam&yrmd@pébq vRses pRlpWeagads Hfsuch At o the
L7 or et BB R i s R R BY e

y
af or ement i ofP&GET I ent I's conposed of
(1) two superdise alrheaihf tdmoviag KikQube-SHapBd elRbtrofEheiNay froforBitBb@wetdithe
cat hode core nmenber 16 fromthe surroundi ngs thereof Is adopted) that are
t he upper asfdrdnmntioned spasers foar the pfortmentibned interaalediemetenfomatiog nednghesr n 1;
and (2) an elevator 18 (for exanple, a known el evating-system 20 device is

adopted). Further, t i 0 ator 18
whi | e t he sﬁ'b%‘%ﬁ’?"biermf EHRRARE tof fnd PrefER filvefortili SOMBIEYpbAEa FAUD. OF 19
fixed pgpitaforenhtidnéd bR rdfe@iedIhpstng pladdtesd asao mabRaiahajeadinaligaioedfam ned

|l ayer FE is grown in the electroformng liquid. That grow ng stops when the

el ect r of or nthe afergmentitmet] slegtroformed layense astovmpraye the gifculasityfcopegatricity,

el ectroform ng | qui. ile.the dqu i s vertically upported through
the suppor t 27yAiRgriet e%%@@fgper%?%efgft&f?@%&%ﬁrr P%cg}l?e t{ﬁge cat hode core
menber 16 (@hifdrhPgRwisgd s60thTayeeby aléetkotbimatioh i9BMEEIetdd iOthelidtincatbetveen
specified velocity through the support 17 by control signals S3 and S3'

fromthe cotheraobdsymst leyerdvates bdyong aserain limit; and therefom it 15 efigeidve tofuse pe
supports_17. and, 17’ PCT012.14 cl anps or. rel easgs 1 ndependently by neans
of the cont %&“Eéﬁ%trg%i‘%ﬁﬁ pgimufq, gﬁi&t ﬂ%tlt%wmﬁfﬁwg?n 9. There also are
furnished rotators 19 (19') for rotating, at specified velocities Rl and
R2, the tubaighapeinmiraat foptierprestnt myedtidnHo fumishudhenms af dotaning, asa an obj ect

to be lifted) 5 that is_being grown by the el ectroformng process.
Accor di ngl yspecified;viglasity an ﬂ’&ipéﬁ’&?ﬁ%?fth@)Pf%@‘ﬁ@ﬁ‘%ﬁ%gmgﬁﬂ@égorﬁﬁ‘%tﬂ%eﬁ a

uni form thigkne f f : i its
i nner spac e?q‘ﬁg-sﬁg%e%cql%c% frﬁ%enr%gﬁléé%; g{ag%e.k’%&é‘ﬁﬁ? & iﬁ%{epﬁg{}ﬁn%tdﬁ%g?%%rgess of
the 1iftingeqietReineByir6MIhd lterSédye ) theSndtiPadsto tifecifvaniferehdendifa¢tion be
circularity and concentricity of the electroforned | ayer FE. The rotators

19 10 (29') theeslesinoformed daysr atagsick peiohslong thecantirg lspgthytberpofe so astodmpiayei n Fi g.

Cotate ar oult SRUY epehnilyotnd ppact B REn LB bRedotbmhe ™ ) 10

tube-shapedlag,[e@ctroforrred | ayer FE (or a dummy) and the
i nternal -di aneter-formation nmenber 6, are supported by a support frame (not

shown) through bearings 192 (192') on which, a rlght-aa?d-l eft set of
Furthermore, for an embodiment of the present invention, the aforementioned purposes

are attained by adopting an electroforming cistern with a multitiered structure.

25  Brief Description of the Drawings



15 two clanps 193 (193') are furnished. Further, gear teeth are fornmed on
the circunferential edge of each of the rotators, and they connect with an
el ectric mogipeThiA for exanple, a stepping notor) through an appropriate
gear transm ssion system (not shown), and the starting, stopping, and
velocity thereof are controlled by the cgntrol signals SS and SS' fromthe
control system 9 as described above. These clanps 193 20 (193') axially
support levers 193b (193b') that axially support rollers 193a (193a') that
are drunms having a narrowin-the-mddl e shape, under the condition of free
shaki ng on pigl $i9DsuheRdtic verties sd@noviéw b3 device fdrfeidctraf@ming masifectutig t he
aforenentioned rotators 191 ( 191' ). In addition, pulling coil springs 193
d ( 193 d' Jf metel fenmisaisedifoneptieat fiberseillugtyating angmbodiey of tiespresent hi s
constitution the el ectrofornmed | ayer FE (dummy) and the

i nternal - di B¥E™Y™ f or mati on menber 6 can be sandwi ched and hel d between the
rollers 193 a ( 193 a' ). In addition, the rotation of the rotators 191 (
191' ) can Bg. 12ﬁﬁmpmtvte@doﬂttheteleetreﬁomtrrgaﬁstemeﬂtlheegaere defrice dommiydufactdringre

i nternal -di aneter-formation nenber 6. OLPCT012 15 Further, in this

embodi nent , metpbfeffulelct ure of the rotators 191 (191') of the el ectrofornmed

| ayer FE and that of the internal-dianeter-formation nenber 6 is the sane,
al t hough di ans can
Be. subat i Ul e B b R B i shed
for cuttingdédies for aanofatmring dhdtdfenrule&, in t he process of lifting thereof,
into a specified |l ength as a ferrule to be used. Such cutter is

constituted r. exanpl so as.to cut, with.c [ 8¢ 20 eedi ng _f.romthe
Cant and | Eie: 345 AES Rty SR Dl PupB bl it Sr £8heh b8 e dgicd!

Each of thEﬁﬁq&ﬁﬁﬁﬁnﬁgérh&aﬂ&hﬂﬁg back and forth by an actuator 202 in
response to a control signal 10 S6 fromthe control system9. Further,

after the elevator 18 is elevated in accordance with the cuttin Iength

(1 engt h1&f Fige Stcepsist ef fivg seppratesiilusirations thab af the five steps of the elgsgpirmingy | s
first clanp e C the support 17 in the
lifter 3 ch ngegs?;qntf%}3 ngﬁﬁﬁﬂgsaﬁgﬁﬁ g%%@%ﬁ%ﬁﬁ@%e el ectrof ornmed | ayer FE
(lowering the clanping region). Therefore, the 15 cl anping of the support
17 is st oppEtg bys asdmntatioh/eﬁiicgimbticsnsidé viem afltbe pmmipajlpaﬁtyef am 9, and then
t he eIevator S Lnh response to a contraol S3. Then, . after the
support 17 & ea rm Sél%%plﬁﬁitfaifﬁg arSSF‘E’gseé%quHBe’E%gﬂE RIESEALUNEIAR o t he
control signal 4. Al so, an optical sensor utilizing | aser beans (for
exanpl e, a FRATYS a?&sﬁl&mselewlnlhstzatmg the priiitiipal Paits bf Neutebr,afted @f a §dednd i Ke)

i s desirably used he af orenenti oned measurer 4 20 for measuring the
ext er nal5 di embodimest of the peesendinventiemed | ayer FE outside the el ectroform ng
cistern 1 in the process of lifting the electroforned | ayer. The neasurer 4
herein is n is b L it ot her

avai 1 bl o KAt it sEoatafe VERCAIBROTREL LR IPb R bal 3RS Bl [

embodi ment , elebigofoufiingcistdmdidinstttinga thivdembsdipny of the pasbarigembibs. 25
buttery, or pomer obt ai ned through a direct- alternating current converter

froman alt t.i ovver suppl y obt ai nabl t he or furthernore,
such power %HW awt'aarﬁigﬁécm fie Yo %EOB?IP?%%P Pfglhppl y as

menti oned b%iee% o%l sgé}ﬂeill(ﬂh{tﬁ%ta fsu&ﬁeﬁbommehamne ?fes@ﬂttlﬁk‘e'ﬂﬁBh.ng current
vol t age adj uste a certain biased OLPCT012 16 vol tage between the

cat hode and the anode) appl i ed between the anode 2 and the el ectroformed
| ayer FBO afig. tlAds aeehematio vertisalceetionsidoviewgy thegmcamaépaltthaﬁt p sndidtired| | ed

by a control ructgr%%f thSe6e1£ctl%%rmlr?g & 8% the Bf)resergp ifivention.

Fig. 11 is a transverse cross-sectional view of the principal parts of the multitiered

structure of the same electroforming cistern of the present invention.



The process of manufacturing said netal ferrules F by neans of the
above-nentioned 5 manufacturing device of the present invention is as

foll ows. Fi@I®CT0l2s shown in Fig. 5, the cathode core menber 16 (dunmy) that
is clanped by the support 17 (see Fig. 1) is inserted into the

el ectroformng cistern 1 by the action ofl the elevator 18 (see Fig. 1) so
as to make contact with the internal-dianeter-formation nenber 6, which is
pl aced over the bottom portion of the electroformng cistern 1. Further, in
this enbodinent, at 10 the end of the internal-dianeter-formation nenber 6

is fornmed aBestModefos Careving Gat thve Thvesitionh t he end of the dummy is to be

engaged under the condition of free engagenent/di sengagenent and of free
rotation (otherw s be se the.internal, di ter -of the du corr.esponds
o ¢ he ext oPREFm bR EmeRE s Preht imBRPRLR asheufbEl & o Genea o REpERRGRE e
engagement {FHGeLAhitH&8 deldi®ed Mftediafly Bélow> possible sliding to the end
side of the internal-dianeter-formati on nenber 6 is possible). Under this
condition, when el ectroformng begins, a netal |ayer begins to be forned by
el ect r of or nikgyFirs# Bphodimenton of the cat hode core menber 16 that is di pped
in the electroforming liquid and on the external circunferential surface of
the 20 int eyt dLABGdiflent OF B bie3sht HRERAON B deB@ibedSs BEIRIWL! dithGefeRinRe 1€

el ectroformT%hIs?ung&l%ge (2) bof Filg. 5)1.1 At the stsage va’lerle '?I?e ©

el ect r of or mid afaymaentidnet figugpsoAmstiowrt e Hasebsad,y thhipedsetasventibn Gldeereugh

not to give_ rise to danmages such as cracks d to exfoliate snpothly
agai nst t hefor magphgiurggmetidernlss nipdi fsmf&ﬁﬁﬁ?ers BIQI3, Bbﬁhﬁé}?e&ﬁgg’f%gr otat e

with the du Sj i i .
tut ot ng o5t Subl sigba SHERYcHTed B8 Ritnlld ot WA nak et
i nt er nal - di gélewhbsd diafeter Wtheeahess the idiemial diamet of theayBadridahfietal Serfule say,

around 0.5 pmthick, for exanple), the rotator 19 is caused to rotate and
al so th¥ duaw ajconnecterealerpgnt} focbe manugactured ap thegathade side of Hee ¢leptepforming

also is rot na 1 h I VI eV R t oI M of each
of the rot a?‘%)tr%g1 !L’Sm?i%‘”fcafsl&ds/ee%%r'ﬁesr«lﬁocgﬁpc%lﬁ?{rhglapg%pe%g‘g f(‘:lgirllgsr%[ﬁgﬁ%l nals from
the contr ol comgdBEIPIRinkdlublshasiA stéh &Splatinuimigold, be titaahak), Saidspeed

di fference between the two rotators either zero or a specified amount. In
this |iftinmpapfacturng deviee isdwmisheddn partichlar,dvithy | eaves the upper end of
the internal -diameter-formati on nenber 6 while the tube-shaped

el ectrof or I : | rL,m.ng: Kk

cont i nucs. {5 diinees iifink dbod habll AErotirh el il R gfaniin' e

i nt er nals di ele;teforohiag kistéran, menber 6 (see (3) of Fig. 5). Wien the dummy is
el evated and the tube-shaped el ectroforned | ayer FE reaches the | evel of

t he nmeasuref,.4 (see k.and (5 f Fla. . the t er nal. di t er..of the

t ube- _shaped(zéla qa's%rfggrf%rang E?’gg’ée t@%g@%ﬂ— ‘ﬁ%‘?ﬁe‘?ﬁé‘ff°‘3?e§dg§ﬁ’ I]I'fe) lifting
vel ocity of oiilige kiief dl&troforhing 8GicHe S irf 1he pPodesy SAIfIAE BHERA &iroBdrniel Qayer, and

t ube- shaped el ectroforned | ayer FE that 'is being ITfted fromthe
electroformng liquid. Then, as a result of the neasurenent of the external
di anet er of (dEeontiplter Srfap centeqliing thedifingevelocitycaf thedifter 3 paingghesgpudt ofs when
the specified,dianeter (ferrule external di ter) is reached, the lifting
velocity of # °ﬁén?ais‘frtegllgnéasi asprgglﬁEeﬁéﬁaé‘H%B‘fg‘I‘%ﬁ'back control so as to

mai ntain the value thereof. In this 15 way, the neasured val ue by the
measur e20 4 Fertheseitle asode ivedelcisepposite ke ¢legrofomhesinibydrd’R, eplserd seas @) t o

keep a constant .external dianeter of the tube-shaped el ectrofornmed |ayer
FE. In the BSHIIEAKeqMistacE Hoibs S{RreToRIGRas et F Hhode pidp rsthe

t ube- shaped r I - F i 1 {: | .val ue, when the
| engt h of tﬁlgétfﬁ%é&égacgg%nﬂg@q 1esé:t'c:nr1 %??%tre{lrg% Q??f&&rﬁftﬁga{rﬁggﬁf ter 3 reaches
the prescri baftehtgioldy,andfcylihdridigroftheafoidneentiopgabsléctioforntdddayes FBNéori nredi at e
upper region of the cut portion of the tube-shaped el ectroforned |ayer FE

i n r esponseexample,dyrheing plagegriae oylindriceher asshansiareynsitbepfpremgngioned hi s
conditign, in._r onse.to contral, sj I t CQNt S he
cut t1 ngoeageet P BnRE sitin a8 Bl niep LR T e s S SR AT By e

Later, by i B meeHan®e tHehnode).




25 control signals fromthe control system 9, the aforenentioned support 17
changes the holding region (that is to say, release of the clanp by the
support 17, ojpeid ng of the elevator 18, and reclanping at a new position
by the support). Further, the holding region of the support 17 is changed
after cutting in this enbodi ment, but inj4he other OLPCT012 18

enbodi nent, cutting can be done after the change of the hol ding region of
the support 17 after the clanp of the support 17'. Also, the part that is
first cut fromthe tube-shaped el ectroforned | ayer FE (including the dumy)
is renmoved For fmoAl eI dseripTRANET inbdrhAl dismEteASira@tib tealben® wilbsé he
support 17', and the pieces that are cut later fromthe tube-shaped

el ect r of or nexteinalydinmpter isrthe satkeas the intemaldiameter pfithgrmespl feswie iFais durnishedind
are placed in,storage as specif.ied. .IJhen ain, | e cour f the

Gr owth of ¢ 1ah BietSRaRte Bt SrrlgrrafehiRhes e BoSTeqior A

el evated wh agér RS HHAPEIHREN Hetihthal-diafRi M BHRAbnIMehhE SHRRRIS héreid as
descri bed above, the support 17" is in a clanp-released condition). 10

Furt her,5i na¢ ftathede)entl awemterial behigh nigiditys suvblas oementad cirbolmwitte upper end of
whi ch a pressurized gas (a.gas such as ajr) is s | i ed, to preyent.the

el ect r of or nFPRRPHIHIESEA0E Bia! ’rﬂiisﬁ@q?sﬁlst?e{ﬁéls?iﬁsetggﬁgb“éﬂl éﬂeé%tﬂr %PB d | ayer
in the el ectdof PiHUOG fhimiHeh At §l1e Ho&oﬁlgﬂo?ti&?‘éﬁhe glekiOMAniBaNterAll SkRRhYI Ng

t he pressurized’gas (not shown) can be used. The purpose of this is to
prevent t hetlebegh whiththe iageral qivmetérformalicat meinbegs ishertiatigiptatnrded intaher e

the internal diameter of the tube-shaped electrofornmed layer FE_ is retained
at a preci sthelctrefonningeistern bfrem thgilomesside gt sherelestriorming sistegn 1. Further,
Furtherpore, it | i.b f di anet er (not
shown) oOn thnetlh[soeﬂﬁb ﬁé‘i?‘??‘ghllglf‘} pt% ng'?%ﬁsgg? %Y%atllgrsy ?‘ggrﬂrr{aei on nenber, and
for the sangtémab@hmbRrBoraiation nvhibiegb, drdefoeitis fippbr ahere hiddoprd aknewnenber
(dummy) and be extended 20 upwardly wth an upward pressure so as to

mai nt ai n t helapping system thabelampetheinternabfiametardpeanatioprmembes dramier 6 so as
to elimnate the shakin her eqf har, J ha. ci I j b
concentri ci tg'glf,m“é'rqﬂlg&t/lﬁr cﬁain itlge%? lso'%"att%égg(%/tg\%\ngﬁé %g:ﬁg%? feg#a(l)—rﬁ}?gﬁde t%?ﬁ@?‘ﬁ“w% so,
consi der i ngnieher. iHée in ParBOlad Aelévabst BE6 ex@HPRS @knbWn leltRafimpddieceds the 25
el ectroformng cistern) of the internal-dianeter-fornmation nenber gradually
becores1$ hi adepted)rhativontpels theselevation o thersupprhy isgprepared, andtheect i ve to
control the.internal -di ameter-formation ne r. 6 sothat. it is.elevated at
a mcro-vel HEFrPgl'@9mFWE& 2p 5 egglﬁéeYagg‘g?to%Sé’gﬁlﬁteg e~ a?i“?"b‘\)(é |0é1g§)(t ent
nto the tubgabaRas fIrepohef ©/deAol FACEIERn thelcBiifel bkt 9 & formed. Such
control of the elevator is effected via the control signal 1 fromthe
control systemp@terifes comtnol system, iimcleding thecifenementionsd conollanise of theypsesent

el ectrofornmed | ayer, FE 10 be Ir_pa/nuf.aﬁt Lgeﬁd inlt hi s en&oqi nent. i s fort

exanpl e, 0. GECAACH A%, thg supparty/sRvithesheRwpenclamping and relgasingdp respongefo a
exanpl epgl RPEtdolZi SPRSRY the @5nttdI8y&emot rof ormed | ayer, such materials as
ni ckel, 1ron, copper, cobalt, tungsten, or alloys thereof can be used.
Therefore, as for the electroform ng |iqui the netal constituents

e el ect . qui d .
ment i oned aBdsetroformingliquid isswpphied todhe elaeirefpaningcisters 4 thiousha grmp| 18 at i on

l'iquid (suspension.liqujd For, exanpl.e, there js, used S..sol ution
such as ni c%é’l"n iNR ‘(Shenz h-andy "‘p“ﬁ{"%rt? kgep alﬁonﬁ*agktejelvglsoﬁea%g#?@grrn?lggs oxi de
sul fam ne, figh{dQH thePtb@RITSNAL URfendl €, the ERBESfoPMINGIRRATPEA rerfloRPPiaIa brim

bor of | uori de,” copper silicafluoride, copper titanfluoride, copper

al kanol sul f dhaba is fuotished anuthe apperedgsofthe slecuofysmingeistern 1a Stidwvarflosved| i qui d

(suspengion |iqujd).that.is conpased of .water wt e kin owder .. of
Sili _conaéar 5 ea&oi’q‘%}{@g{%& BAPHYE, yb"’o‘?BSﬂVE’&rcbﬁtﬁfE,lgff‘%}d%ﬁﬁrﬂﬁq%ﬁ\?@gf th; | i con
nitride, al Y- Tngddiﬁé‘i?n”ld -Saﬁ%&é?ﬁﬁg ctelR 13 Y ¢ doRBkithRAla3 kdteREive e amat e
is extrenely usefu s an electroforning liquid because it enabl es easier
el ect r of or mietegtrofosmingdiuidithay isstombhg down drodi the dibleel ag(flwiréby. the surface

wetness of the cathode core member (dummy) described later is improved in the early

stage of electroforming).



Further, in this enbodi nent, because the netal constituents of the
elrectroformng liquid are to be materials conposing netal ferrules used for
optical fib8HTOZ s desirable that such materials be easy-to-cut
materials, for exanple, nickel or nickel alloys such as 20 nickel/cobalt
alloys, if the metal ferrules are for opi¥cal fibers used for PC
connections. Also, for the internal -dianeter-formation nenber 6 or the

cat hode core nenber 16 as a dumry, such nmaterials as a stainless alloy
(such as SUS304 in the JIS Standard) wire rod are used. As such wire rods,
the ones havilseythe elecireeraingliquiddn the-recriving pistarahiscfed baekitoghe storiegt r usi on

obt i ned eagigh TABEa PP B aTEteh A Rkt alaging 16 EBR s 6t

anode 2 thatn} &b@@ﬁmgﬁtﬂmew\baﬂbﬁoapmrboﬁ&amfmeaaaeﬂm %%B@véﬂ@@&@l of
el ectrofornmed | ayer FE of the cathode side that is electrically connected

to the powethedigupd gndxthat ik neadgihenthe intermalrdiamdteafotmeatioh onemshiar Gris piefERCT012
20 nenber 6 o he ,cat. hode ¢ t he. case of which the current
density hor ﬁ‘é Q)qwée*aa'f%g ‘He‘? erA]liI‘E?‘!t‘) sthﬁﬁ?go ?fggaét oqtﬁ‘ét‘tﬂ—f’f{we %‘W@Q

el ect r of or Mpgphi @ingtet- ?orKﬁBEn E{Erﬁﬂ%? 63¢ file & e 6P fhﬁs;t tgép atiopern?écn‘tll{)ﬂm y pH 4-5.

In this case, for exanp 12 hours after I cation of power,
and usual | thmﬂknealufglaembcnhﬁ) Fb&heruﬂremhaqﬂaﬂ the driving bbthepdmpayorandE3can be
thi ckened to the intended diapeter in the electroformng cistern 1, though
the result issvegﬁﬁneégy 2 sontrRd stegpt B2 Gom the a &r@aw&%ﬁl remEplsysemd. Al so,
organic inpurities are regularly remved fromthe electroformng liquid, by

using, for e¥ARRhRre, ¢ tHiYEmEGiReR: irfbraer tomsslgrthé Broviifg 6F QB&FSTbMER Bger 11 1S
reconrended to dip a different cafhode such as a nickel-plated iron

corrugal@d pt tane of thetbkgineingaif etectroforming] @ chuhqdn cbranentber 46 iH adaptedito ect
current betvveagn t hat Ia e and tgﬁfg?r}ade 2 current gensMy of

a l
around 0.2 Raspceyag flbt Fé‘PrB‘?f@n 8‘??5‘@] 9(? I#EPD e &frfp, ¢he
i mpurities, .sug GO Eﬁ:ler Shagpa?eﬁ ﬁﬁf &19@%% it (Hat e th/EA L thbde |

possible to utilize etu ed electro orrre ayer after 1t hasb
cut to the pf ﬂmc:ntiebmlidiamgﬂr#fonmatmmrﬂbmpmdmidbatﬁmle|mrimiml€!d c}dﬁbet her eof ,
as a netal ferr%{’e 15 without any ot her pro;;esm ng, but usually cutting is

applied to infertediaspdumgyy of the tubk-sharedalectiofsmed hyar FEyigto thet h sub- ni cron
accur aCYS (%fegﬂrﬁfgwgﬁ 1s\14%rH71 lﬁe pr espge{:'&lf@ct%ntaﬁ&' ﬂ]eﬁllif’f&h%gQ5 F};&rém&%ﬂ

processing or t I nvention erence tvveen

t he inter naliftengl Iextieembodicheatyelieclifber s is cbmpbssdaf §yapodupperes I0indr 1meda | ayer
is 2 mor less, the eccentricity of the netal ferrule as a product 20 can

easi |y be wWKEGWRCclompingsystem that qlamps the cathpde eergimegbsr 46 from the§pa@vendms\/veen
the anode 244 P&gﬂiﬁ]g gﬂﬁf'fﬁ’r@‘?ﬁe 1&%95 Io%ewgﬁuMFdl¥§[lg% @gd' tion,

rotating t he ect ro ayer
eccentricit ylecmfohﬁmgemerh ayand (20 Iaﬁ elevator 18 (for example, a known elevatlng-system

20  device is adopted). Further, the support 17 is moved up and down by the elevator 18
while the support 17’ is maintained at a static level so as to be held in a fixed position
by a frame (not shown). Then, a tube-shaped electroformed layer FE is grown in the
electroforming liquid. That growing stops when the electroformed layer FE is at a
position above the surface of the electroforming liquid while the dummy is vertically

25  supported through the support 17 and the elevator 18 is elevated.

Further, the cathode core member 16 (or the electroformed layer FE) is moved up or
down at a specified velocity through the support 17 by control signals S3 and S3’ from

the control system 9 of the present invention. Also, each of the supports 17 and 17°



accurnul ation thickness is |large. Second Enbodi nent 25 The second enbodi nent
of the present invention is described as follows. Herein, the cathode core
menber 16 (ePewyd2 shown in the first enmbodi ment is not used. As a cat hode
opposed to the anode furnished in the electroformng cistern 1, the
internal -di ameter-formati on nmenber 6, whbBke external diameter is the sane
as the OLPCTO012 21 internal dianmeter of the cylindrical netal ferrule to
be manufactured, is supplied upwardly through the bottom portion of the

af orenenti oned el ectroformng cistern to be directly supported at its upper
end by the dappoot reledseslinddperdeitlydiyrméans o thg dontrol signady Siaetl S4iftbm the

i nternal -di anmeter-forpati on nenber 6, a tube-shaped el ectroforned | ayer FE
havi ng a cyfqmWH® p¥stem Pnt ernal hole is grown on the cathode side of the

el ectroform ng cistern 1 (see Fig. 6). Also, the support 7 and the el evator

8 are not U$R&e afsdlatdRnisidgoidiNo CONPIIrirtteiies aBEsbciRAVeRIcRied RA dndRBane
as in the first enbodi nent and are not described herein. In this case, for

t he cutti ngthedgfee-gaped ¢le¢teoformpminayerdd(itadudiog smdamot asi angpbgedt to bolifked)t o 10
cut only the tube:shaped,electrofarnmed |ayer FE, w thout cutting the

it er nal S i LSRRI PR S Ao gaE ErswActariel Be for oxanp! e.
Then, the Pf&erﬁaé‘&&ﬁe&ﬁg{rﬁﬁh&ﬁ)neﬂifbes@%aﬁ HRRtAR2RAoRh %EE&E@&(}EQ layer
after cutting are upwardly taken out by an appropriate nmeans en the

hol di ng r egele¢trafbrmdiclagerfibfromlike ostsidbafigethneiltpacetyyits ¢itvamference along its

internal -di aneter-fornati on nenber.. can be reused. 15 Third Enbqdi ment The
third enbodfHipiength inthe progess of thelifting Flt‘?ﬁequ’ycfé%?li SE%HPSa%5 4!54 $53\ﬁ/§.as f®rein,

thi rd_embodfHER{cnath iiee PIOESEIR herfing 1 .
emhoa nent , TeyT IR EhorRiq R, ARARTEmRed Byii: TREMRO 0 o

t he i nt gy na{19dy lsEih@fe ddsirhl9 coatieedfyr eRiniple, faeslicwein(Figry.ul e) is used (see
Fig. 8). Also, the material thereof is desirably the 20 sane as the netal

P kel al | oFbitas Hesebin b eoog kmentusingemmaged oy ToM T ah ot sfilf P 1" °
this case, {Heeveﬁg%)% 81131@%9 vifleh Mbﬁx%dnswi‘tﬁﬁfithtfb-ilﬁ?eé besthofeReiapBNE (See

Fig. 4), cuts t together with the electrofornmed layer in the
sur r oundi ngértatdaanyg). andeheinterndlhidtametehformétion membeprare sfppbtted begarul e, is

cont rol's. ar SIPPRE TGHELIELSoN By oyl EsanibiSR (94D clriingh & BB LB Fhad

herein. 4 OU{&@CIEWBQ%}'%@%’) arS e IR Further, gear teeth are formed on the
circumferential edge of each of the rotators, and they connect with an electric motor M
(for example, a stepping motor) through an appropriate gear transmission system (not
shown), and the starting, stopping, and velocity thereof are controlled by the control
signals S5 and S5’ from the control system 9 as described above. These clamps 193

20 (193’) axially support levers 193b (193b’) that axially support rollers 193a (193a’) that

are drums having a narrow-in-the-middle shape, under the condition of free shaking on
axis-mounted stands 193¢ (193¢’) that are furnished on the aforementioned rotators 191
(191°). In addition, pulling coil springs 193d (193d’) are furnished between the levers
193b (193b’)

25 Inthis constitution, the electroformed layer FE (dummy) and the
internal-diameter-formation member 6 can be sandwiched and held between the rollers
193a (193a’). In addition, the rotation of the rotators 191 (191°) can be transmitted to

the electroformed layer FE (dummy) and the internal-diameter-formation member 6.



22 The fourth enbodi nent of the present invention is described as follows,
wi'th reference to Fig. 9. Herein, in the internal-dianeter-formati on nenber
6 that is lgifpteeshzt ogether with the grown tube-shaped el ectroformed | ayer
FE, a spacer S (conposed of a nonconductive material, such as ceranic)
having a specified pitch is previously 55 urnished, and there is forned in
t he upper and | ower ends a necessary face (such as a taper face, back-taper
face) of the lower and upper termnals of the netal ferrule to be

manuf actured. Al so, as shown in the second enbodi nent, the tube-shaped

el ect r of or nRgtHen)if this 8mbEdisient, Ahednrnde bDtherctatoes (191 hofdieor enent i oned
spacers when the internal -diameter-formation nenber 6 is lifted, 10 Al so,
in the uppeslesteaformeddpyarFE andgbatasithy inferppldiameterformatippmemper ¢ ifthe shed an

ol ectrof or niels AR RIS urd TR R BRI A a0 be.e o

for exanpl egybktngteddopt ed nmethod is that the internal-dianmeter-fornmation
menber 6 and t he tube-shaped el ectrofornmed | ayer FE of a specified length

are previously left by such contrivance for 15 spacer-renovin y adopting
a di vi si%n- flspeinghiseaibodimagiba autting meéov%ﬁtrmélaﬁf @r ghtting the; Wg,,o?%‘il at er

t he tube-sh l. r L. i

i nt ernal -di l:aﬁgrﬁ’ e]fu?%hé@?éé%@ﬂ%@é?ﬁ%gﬁgﬁq Tilgé@}{feﬁelgéﬁqﬁlé‘% Qg%rﬁusl? fot%ee%ste g and
control s argudhhttepidRongitited  foeetaniplé, s6mabasturavith amidrsl0a piodeedidgdionbed
herein. O her Enbodi ments 20 Further, in the above-nentioned enbodi nents of

t he Ipr esent thegighhenddaft sides of theslqctrafarmad dayer RE. a8 shewndn SignitnBadiafttee n i s
10 % ver't + SRRGRNR BV Pack "B SR DY b BuabhS 267 nhspoR oo PeRBP Yl 0 09

the spape bgé WesIthe B6nthellsgstbd & hat ext ends through the
i nternal -di aneter-formati on nenber and the el ectroforned | ayer FE conveys

the flow of the el ectroform’gg_l iquid 25 fromthe, u;)per cistern to th
| ower ci st eFyrtheny afisr therelevatqrdSdnpkewriediin aseordgaceqyith theitting Igngsh £lepgthodm t he

upper tier i i fq dj i verfl ow
the el ect ro#hgrfﬁgj %%F%Eﬁ?éfoﬁﬁ%dufgaﬁ% tifl{lgltpgg ‘g??nigsr}??tts%lé?%edi@dﬁ%&l he

| owest ti erctfind osdu@sMThireaftier] He\suppdiel Pinahe fiffeod chanigts thalholdiig sigloan of the
wat er pressure 1 s solve OLPCT012 23 and both the exchange of anodes and

d, CT ) . .

mai nt enancethgesok on the elentofermed|lgyes FESIyaripgdbe clampingdegion) eithg the
di anet ey, of . ar Q\W I, I : t J he
ar ou h_Bonar el O eBbaa7i€ahiy ol fanf S ROl B o4eR S o
el ect r of or mymithen BeasiSratdTuBtdI6ps in iréspbiieTo QEbAMbINERIHal SRSTHEROAerithe Suppugr Se
section (a) of Fig. 11, the nultitiered electroform ng cistern is conposed
of sem - cyl 1helempalthesenpest §7h seleasewthe slmcingeaspopsasiortbogontrel sigaali$4ange 1 O 1
formed therein (see (b) of Fig. 11 ) or are open sideways by the hinge 102
furni shed o n ' o [ ihSdAES i
consti tut edﬂ%sg’ E%éét%%!sgeér%géﬁgfklzhd r'?%g?)?asnfq\a e %’%n };1%? q{\?\n@dtsﬁmltl%% i ntdet%%g?é wal |
of the 10 eh éightrahieting digdeosthe tike)lis (sstablya)sed forffhg afotcentibhedmeasurdrie early
stage of the present inventi og_‘ s met hod of el ect rif%}’??r m ngéiﬁ)u'gbl es arising
in the & ectaroregsyringgthe exigrmal diamgteg obthecdrtoEumsd layiss EE Qe @8y al
prevents th LS] l{1. I
el ectrof or n@g@tféﬂf@éﬁﬁg%&t pgrltlﬁ\gﬁ Ig:acetsggt; ﬁg@g{)@i\% %%&golf%’gl?e?sﬁgﬁp? emgisblcr)eg ed
surface of #iherepfsmotRmired to e AHEVe-htMONIY BPlical Serkdr (dthe available known
internal -di ameter-formation nmenber 6, or the cylindrical nmenber 6) so as to

measuring devices can be used).

Further, in this embodiment, the number 21 denotes a power supply (a rechargeable

25  buttery, or power obtained through a direct-alternating current converter from an
alternating-power supply obtainable on the market, or furthermore, such power supply
as an adjusted alternating-current power supply as mentioned below) of voltage

(direct-current voltage, or alternating-current voltage adjusted to load a certain biased



i nprove the wetness, for exanple, the follow ng process can be used while
controlling the liquid s tenperature. ( 1 ) Mve the cathode core nenber in
and out of ¢IpeTs ution several tines. (2) Release a conparatively |arge
bubble fromthe | ower side of the cathode core 20 nenber. (3) Oscillate the
cat hode core nenber in the solution. (4)1Rotate the cathode core nenber at
a high velocity. Herein, because the dummy 16 as a cat hode core nenber or
the internal -dianmeter-formati on nenber (cylindrical nenber) 6 determ nes
the internal 25 dianeter of the netal ferrule, that is to say, the hole

di amet er of vdltage betweh fiedtaghbdelang bheddpbtl€adppfiedbétwatn thednode 2 asdtteed, hi gh
accuracy is needed to ensure the uniformty of the OLPCT012 24 thickness,

y
ci rcul ari t yeleatppfeanadiaysrdi. aag theaumbenda deqaies 3 veliage sepudatanibetds caniipliede
obt ai ned di (N r), and linearity of the ferrule
F. Al so, in%fn%ég%ﬁégl&%?ﬁslbﬁgénqlﬂgﬁ(,gﬁfogsgsr?%g?'to keep the concentricity and
circularity of the internal and external dianeters of the el ectroforned
| ayer FE wi The process of mesofactueihg saidimeatal feireles Fiby meamypf i@ absve-mentiatddode
core nmenber or the .internal -%i anet er-formation ﬁrerrb%r, (cylindrjcal menber)
6 is rotat etanyfpctuEngdedeepiing preseftinyenting 1nas folows, Fimst. ad shavnin lg. 3.0

h h . . . ¥
Further 1 Efchfighe ¥atedferifhr 18 (BBl Pifal f Sy HE bibeokt 170SREREDY
the 10 el ecinsértediffthé aleetrofosmingfdistétn 1tAsHhe activr dfahe alevgtontmGee Big. bysd he

measurer, it is recomended to decrease the lifting velocity so as_ to
prol ong t heas formpakersgntachwith thecintesiabndipgepteralpapationpmBer 6 vhieh isipkaced of or ni ng

liquid. Al's i i 0 . e | BeRE | Dy ef, to
maintain o e puRoR o pheilestiSrAbing el HERAE TE ot BEACs
| ongi t ugh najhe@hnd B€ theQnteffal-diagnetérefoimaion mEdbéraye fornedtdenl petdgetay 6ung 15
liquid, it is essential to place the electrofornmed | ayer and anode are

paral | el towithothieh theend vfitherdumamy fsdp baleagaged andesthe pandétinneaf fegecor ding to

th t i tiop that i itut ' hi o)
RN RN NIRRT R
fibers, ei tﬁﬁﬁleﬁe‘?gPﬂfe%ilﬂrﬂy B6rrEPOARTS e ékterﬁélrdiﬁn?téf ofthy of uses in 20

optical devices. Also, when necessary, the netal ferrules produced

accor di ng t mtéerhd-dgareetenforimatiemtrieorber Githe kngageamkrtstheneef wndeetheadonditianmof er
t hereof _ 1 0o be Il a ossi,bl e, and small er than conventiaonal ferrule,
can enh&%cep?%@?epa%@ tg%ﬁ%cfflﬁ}e Etth‘gF’E’g? d@méef-ggrgéa%gnm? eTodte ferrule

(ferrule) iPos%ibY riety of connectors, including jack-type connectors,
adapters, or recéptacles. In the sane way, the extrenely small eccentricity
25 of said netal ferrules enables optical fibers to be connected nore

accur at el y, Undefhissgnditien, when dectipiorming begins, ametaldavsrbaging tp baformed by

connecti on.

electroforming in the region of the cathode core member 16 that is dipped in the

electroforming liquid and on the external circumferential surface of the

20  internal-diameter-formation member 6 that is protruding into the electroforming liquid
(see (2) of Fig. 5). At the stage where the electroformed layer FE has grown to the
necessary thickness (thick enough not to give rise to damages such as cracks and to
exfoliate smoothly against the internal-diameter-formation member 6, by being able to
rotate with the dummy side if the dummy is rotated by the rotator 19 and a twisting

25  force is applied to the metal layer between itself and the internal-diameter-formation

member 6 which is not rotated, that is to say, around 0.5 pm thick, for example), the

rotator 19 is caused to rotate and also the dummy is lifted by the lifter 3. At this time,

the rotator 19’ also is rotated, and the driving velocity of the electric motors M of each

of the rotators 19 (19’) is separately controlled by control signals from the control



Al so, the length of the netal ferrules (ferrules) is appropriately selected
and set in accordance with the connector structure or the |like. Further, in
the netal fewCubes of the OLPCT012 25 present connection, according to
the use thereof, such portions as one end face or both end faces of the
nmetal ferrules are desirably processed, fdr exanple, to be flat-shaped, or
for the purpose of easier insertion of optical fibers therein, to be a
back-taper face with an appropriate angle. OLPCT012 26 Clains What is
claimed is: 1. A nethod of manufacturing nmetal ferrules used for optical
fibers, w tiystened sethtadnaltethacstetionzgbes differédvatbetweepnhetvactotNbreithérg
process whereby a netal ferrule is grown 5 as a cathode opposed to an anode
that is fur#TeREASPesilied ANt of or mi ng cistern, an el ectroformed | ayer
having a cylindrical internal hole is growm on the cathode side of the

el ect r of or Min\isQifihE procedsSitBIowSiGendor ki QS 140Es MeApblt Gl T
el ectrof orned | ayer, an internal -di aneter-formati on nenber whose external

di anet er i sintdipalshametasfarmatiommembat 6 svhilethetubethaped etegtrofuimied dyenEE al
ferrule to be manufagtured, and whereby, in 10 the process,.of |ifting such
el ectr of%r n’glﬁt ’IrsTg?rr e%fqbry&hf’ F"?&trﬁgB‘P%‘ﬁ?‘%d’H%m@Pé‘bGW  IARIAGINgG the iptemal e

t ube- shapedy; r: | s i t & i er is
cut out of e Sy et BPURBthal BstletértBlmirionth lr (o8 B BE Fll 31 WWhlTat

di mensi ons. diinmag isrelebared arid the mubeashiaped ¢lectrofomiedfileyer FEaRaces thef level ofthiec al

fibers, with the nmethod characterized such that, in the formof a cathode
opposed t o HA2HAB eS¢ anil(fr%@.f Kig o dha extermabgiampter of e duba-#gped stern, an

i nternal -di -1 or i di - me as
the inter na@gﬁfcggrrlé éearlgg% Pﬁ}grﬁgy I ﬁ%ﬂ%@éﬁmaﬁﬁ% ﬁ%;lﬁh e @%q%é’%&%eﬁﬁ’?%?t ured
i's, as H caddvidts tieosgeriElndighetes otk tbd-shapalr dléotrofbried 0y er IFE thadtis emgor ti on
of the electroformng cistern, and that around said

i nt er nal - di kited Bpmsthe elaetrofarmingtiapids Then, tag B sesuitnf e mpasyremang ofithe | ayer
having a cylj i in nal, hol e j 0.-9r own_on e cathode sjde of the
el ectrof or mé xr'igrqéli @%]é’?tﬁf %’%&1‘8?%bﬁéﬁaﬁﬁaéeéwg&g?ewm rﬁﬁ%&fntéﬁ "feﬁﬁ"ggs}llra e
el ectr of or nid shevifeéd divbreh (feAtleRkReiindl daietér) ifreddhRE] the Bftifd WIRISTofitRe t he
process of |ifting, fromthe aforenentioned el ectrofornmng cistérn, such
t ube- shapedli¥¢rekis contoelled byl fagdbackagpatakso agite maintainghevalne terenfidd this
internal-di aneter-formaiion gegber. is cut outside of the electroformng
ci ster ﬁiss 0 ey éEe F’Sa%lée(%)‘fa %epl@&{f%né%s%ehg rlfslfsS# 85 jag.redgt?]gt‘.{aﬁlb%tegpwaf)ent to
manuf act uri ipg ssee\taale? tekdepl BonstafCext @hal WMt &d offthORIVS.shipdrbid @ fdtRiepod
characterized such that, on the cathode side opposed to an anode that is
f urni shed ilayen¥E.

In the condition where the measured external diameter of the tube-shaped electroformed

layer FE maintains the prescribed value, when the length of the tube-shaped

20  electroformed layer FE by the lifter 3 reaches the prescribed length of the ferrule, the

support 17’ clamps the immediate upper region of the cut portion of the tube-shaped

electroformed layer FE in response to a control signal from the control system 9. Under

this condition, in response to control signals from the control system 9, the cutting edge

20 is caused to cut the tube-shaped electroformed layer FE. Later, by in response to

25  control signals from the control system 9, the aforementioned support 17 changes the
holding region (that is to say, release of the clamp by the support 17, lowering of the
elevator 18, and reclamping at a new position by the support). Further, the holding

region of the support 17 is changed after cutting in this embodiment, but in the other



OLPCT012 27 electroformng cistern, a cylindrical nenber whose internal
diraneter is the sane as the internal dianeter of the cylindrical netal
ferrule to bwcranuf actured is, as a cathode core nenber, supplied upwardly
t hrough the bottom portion of the electroform ng cistern, and that around
said internal -di aneter-formation nmenber,1& tube-shaped 5 el ectrof or ned

| ayer having a cylindrical internal hole is grown on the cathode side of
the el ectroformng cistern, and such that the aforenentioned tube-shaped
el ectroforned | ayer, which has been grown to a specified dianeter in the
process of &mbddi@ns defing ¢hebs daeatdtet lIRCIhaNEOsATRE hdldiR refiog OF BRI suppdd t he
af orenenti oned cylindrical nenber fromthe aforenentioned el ectroformng
ci stern, isltafterghe elpap ofthe swppertddtr of orning 10 cistern so as to be of
specified dinmensions. 4. A nethod of manufacturing netal ferrules used for
optical fib , thl 141 ode
si de opposeg'[st%bth\glﬁE grﬁf(l) gs ?ﬁ? E@%}ﬁﬁﬁﬁ%ﬁéﬁéﬁggf?% gﬁrﬂﬁ]gy%isl:s]% Qrﬁﬁlﬁa{g

i nt er nal - di thewluemy)as remtoved imemiyspropvivns maandraafientelchismgrheclamp dfflee sane as
the internal dianeter of the cylindrical petal ferrule to be manufactured

15 is, as aSWPRPRdde a8dthe piesasdhat akg gy laterdfroip s tybs-shaped glestrofosmpd tayeim
ortion of 1 i . t i .

Pnt er nal - di gﬁng{egéra gﬁés%ﬁ%?ﬁg%éé&ég?ﬁgg& J ﬁgg%r ! éejéczzlﬁ Pg 5%%?5 SP%%}%erd'havi ng

a cylindri cghed, ag&inialthe\edugsd of the @tk bf theeulsashapétbelsitetfodhied IBger FE, the

el ectroform ng cistern, and such that a spacer having a specified gi tch is
previously ¢layaipshels elayatedavhiledhe plamped pendition ismpintained bis the supperdi(en 20
menber that (S .4] t t hth t i.oned. tube-shaped

el ectrof or w%%?gﬁdé%/dfeérb,%g%ntggg‘f??’ﬁht]‘r\?afsf}ngg??rﬁ%%dg%ggtcéﬁr)ldgﬁ&av\er ends of such
spacer, the faces of the upper and |lower termnals of the netal ferrule to
be manufCact Burtleer ginehit embedinent, nbe daamy\is hdllovd and tfivedthefuppeamenidasfiwhiting net al

ferrules used for optical fibers, with the nethod, as set forth in _any of
the O ai ns Rreyrized gas (@igas suchas jayd i supplied e prevenkthg elsctpionmingliqnid fom

t ube- shaped_gl.ect | r ' I f ar m [ t at ed
at a speci ffledgggrftgféﬁtgg?rs]ﬁ%\ég egetrcggfeogfgé%?a yt8 ‘\r@ tggglr%gtﬁé\;fh o é:ggt {}lgflt ;fnn%l?sso as
to secure acdid)d liowir MeadsnFsspplyiaphdisreautiesd ghqBotshowhpcdnbtised PRe to its
circunference at ang_ point along iIts entire length.  OLPCTO12 28 6. A

nmet hod of nbyaeecafithis hytorarevant therelagtreformingiliquid frept distyrbipg thercondifionh t he
met hod, ;@s f ' l?n%g al I t hat
by rreaslusrai ngﬁérﬁetf?%x Itqeerlrl%la |tglfn%f¥tg$tu§fg %b igpéedge llj{ger_og%né%gyy%ﬂégtlé 0 %rru?%@ ayer
that is |ifpreeisévalle b ehedheteNiinaacfrahts mefbems.ng cistern, the lifting
vel ocity of the aforenentioned tube-shaped electrofornmed |ayer is

controll ed, _and the intend external diameter of the portion that has been
pul | ed out BY¥rthermors &rlémﬁa?%we@n@%@tmmabﬁw? ﬁ‘@aléf’?fféﬁ‘% (pat sharmi arted. 7. A

met hod of q JRalop | 4 i i Lt h the
mot nod, s Ropart S BE A b fbleptdiataf thepiter 3Bl Kithe fighempth &
cat hode cor piereenhenghtiesgliaddel bathodt e irembantummy) aad detekendedre as t hose

of the aforenentjoned 10 internal -di ameter-fqrmation nmenber, as a dumry of

the af of@&neRVHANIVER BR UBHEIMCSSHIS SO 28 1 MatRIn Mraverticalitysofiher t ed vertical |y
inth f i . } ] . { i.fh th
upper end_ ot T GAEAeERERRHH BiefBs b3l &f dinfiRa¥hd ol B ShSEH Afenliiby!, ("¢

time that ein&fﬁaﬁ@ﬂlerclfblﬂﬁri??%mmri@ﬂﬂ and eRlihdridityeofithdgrosinpelactedfemedof or med
| ayer is grown on the surface thereof. 15 8. A nethod of nanufacturing

netal ferrulage)used for optical fibers, with the method, as set forth in
Claim7, characterized such that, a power supply is connected to the

af orementi o j ' = ' ,ggﬂp ode core
menber, so 'ggsgt %&{gg%ﬂgé ;ﬁ%gﬁ@@g%@%gﬁ?g e tcgfottﬁgq{esﬁigco??%%]or m ng | ayer.
9. A ne2hodeleétraformihg cistsrh)of theimérniledismbtesforradoh atenbet gradhalfyi heebmes Wi t h
the nmethod, as 20 set forth in any of the CJains 1 to 8, characterized such
that, the atheREhhepRRgss of electroforming, it is effective to control the
internal-diameter-formation member 6 so that it is elevated at a micro-velocity by the

elevator 8 so as to proceed to the allowable extent into the tube-shaped electroformed



cat hode core nenber is shaped |like a tube, and such that air pressure is
applied to the interior thereof as is necessary so as to prevent the

el ectrof or gipgTdizqui d of the aforenentioned el ectroform ng cistern from
intruding into the aforenmenti oned el ectrofornmed |layer. 25 10. A net hod of
manuf acturing netal ferrules used for opi cal fibers, with the nethod, as
set forth in any one of the Clains 1, 5 6, or 8, characterized such that,
in the process of lifting the grown tube-shaped el ectrofornmed | ayer, the
el evation of the aforenentioned internal-dianeter-formation nenber is

control | ed jayertthe i9REMRETuEh cobtblGTPHCel &htored Briffeyted ata thb eotted]tsipmalp®T t i on
of the aforenentioned electroformng cistern, in order to conpensate for
t he unavoi diigihéheiegsiteol Bystere Aat i s generated by el ectronic or mechani cal
waste in the electroform ng process, the external -dianeter of the

| nter nal - di AEBleeind QR RAI ARG OGhe ABRUhEHAII WidNrthedlthuaBl g bgr T Or 1 i s,

11. A netho acturing netal ferrules used for optical fibers, with
t he met hod, masufsettirelan this emb&dimient i8, foc beanzpe,€).0F puh-DulBhmirih and thel exteriad

af orenenti oned tube-shaped el ectrof ornj | ayer Ls .cut and th t he

i nt er nald- di dAweter thessakds, erf"xﬁ@ﬁifeg "P‘E%g?“‘e 150; tlﬁ’.r the elests g‘d’“@at‘ayef’ such
manuf act uri S Lcal i ' t hod, as
et forth | MG sleREL ioRPediplt cofll, AREHER, or ANGR! Rercbt G eled®

t ube- shapedTH@efole @k Foifthe eleetrofaptaing liguidy thetmegsl doastituerth mehtomidaibeveatei oned
internal -dianeter-formation nenber. 13. A nethod of manufactur i rllzg net al
ferrul es usentfined ipghe eenditiomefiassolugionier fletationtiqyid (suspessen figwidh Ko any of

the laim1l1 to 12,, characterize . tit r

Femovi ng. buBBRBISTREE TLREL 8 pfFORE i Ricp s ol A1 5T, RickERARd |

af or emeqy i ofigke] LolffeetroUObiside b fniiné, Femdurdhxiddberdhipridgecoppérsi ng of hol | ows
in the aforementioned continuous electroform ng cistern js prevented. 14.
Met al df err upsergplmeuatemoppgtb@@ﬂuqrxdsempewlilQﬂﬂuaflée,fceppmté@fﬁ»eﬁd%zf@t)mred
according t met

th nuf acturi n hod set forth i ny of t .
af or enent | oﬁgﬂ“%‘ﬁ ORRte169 8& fﬂ&atﬁ o) S‘Wﬁ‘f[& ﬁune%_s%t% SLa "f'][ogat%g (rtqug@t%%s&e 1A
fibers, W t{yslfihatRcBnpb&id dfiviaterGiitd e iRk pdRdeSefiticon carbide, tungsten
carbide, boron carbide, zirconium oxide, silicon nitride, alumina, or diamond. Further, a
15  solution containing sulfamate is extremely useful as an electroforming liquid because it

enables easier electroforming, is chemically stable, and dissolve easily.

Further, in this embodiment, because the metal constituents of the electroforming liquid
are to be materials composing metal ferrules used for optical fibers, it is desirable that
such materials be easy-to-cut materials, for example, nickel or nickel alloys such as

20 nickel/cobalt alloys, if the metal ferrules are for optical fibers used for PC connections.

Also, for the internal-diameter-formation member 6 or the cathode core member 16 as a
dummy, such materials as a stainless alloy (such as SUS304 in the JIS Standard) wire
rod are used. As such wire rods, the ones having a diameter of 125.0 £ 0.2 pm,
manufactured by an extrusion method with a die or wire-drawing method by ductile

25  extension, can be obtained easily.

Also, plus or minus direct currents are applied to the anode 2 that is connected with the
power supply and the tube-shaped electroformed layer FE of the cathode side that is

electrically connected to the power supply 21 through the internal-diameter-formation



20 that they are consist of a tube-shaped netal |ayer having a hol e whose

i nternal dianeter enables the aforenentioned optical fibers to be inserted.
15. A devi cePC@&912manuf acturing netal ferrules used for optical fibers, with
sai d device characterized such that there are furnished (1) a neans of
lifting a tube-shaped electroforned layed0 that is grown in the

af orenenti oned electroformng cistern, (2) a 25 neans of neasuring the
external dianeter of the aforenentioned el ectroformed | ayer outside the

af orementi oned el ectroformng cistern in the process of the lifting the

el ect r of or nwamber/eer thagathpdy cere snpmben 1 6.dn theosase ofiwhishithegurrene density i ng

velocity of the or ene n |ifter. usin esult of
such ne)e/lsur‘é ly§§ed§sﬁ—cg@%§p‘3 8 ﬂﬂ%lga(f?etﬁ’éﬂﬁ égli‘%%lec"‘ﬁfﬁr“%‘f}%ﬁq?lﬂdf {(?ﬂji %Phe

el ect r of or NGl sideQpH 3-5)Profhbdy pi3es Shanedagl asitekath en@ﬂhinalwouwat has
an internal hole whose dianeter i's the sane as the internal dianeter of the

cylindrical aﬂmttm agpd;pzrttdneoﬁp@m amd msdadlytwitienl 3+-8 hois, thatubeeshapddde, opposed

to the ntlo el.ectraform cis . 16. devi ce
For mand acHEsaTg IR By cantedhig et £ ihedpieniad Seme 8 e elepirariidey. ce.
as set fortfelemh CifbuphlRe rééﬁ'l@'isas%ﬁu 68 &%Hﬂ‘?oﬂ%@teleg{}@formn hqsul

internal -di aneter-fornation whose t er nal I anet e the sanme as

t he af orenmenti oned net al ferrul e |s furnished in the af orenenti oned
el ect r of or nilsg, engsrie impuritiestararegbiarlyrempvedyiipmahe eleattoforming diquida by using,

af orenenti oped t uhe ed, el egt rof orned | fornmed. 17. A devj.ce for
nmanuf act uri&?@ ﬁ"é?@ Bygﬁ?rggn dglé?i RoF “b*S‘F @éﬁqurﬁg& i lwetcﬂn"g%ﬂnée‘g ‘Ee as
set forth I@di@eeémétﬁod&mhas&%rdkéﬁﬂaﬁa%ntc%ﬁh it@@?ﬁtél%tﬁé’él@ét%?@ﬁmﬁ means

of supplying upwardly through the bottom portion of the aforenenti oﬁed

el ect r ofQr niiquyd end tocapplyamdiredt enmenit-bdiveaen that plave amd the anodetbatra lotveareakt er nal

dianeter is,the s a h nternal 15 di aeter of the aforenenti oned
Tec Al fer oIS TRARROHI 02 U0 85 FAreRe VAR A S S SPATEHR TREADES. a

tube- shapedgghaetiaf 86 eRYEEfRAMNRuf CY! i ndrical internal hole is grown
in the el ec%ro?or r%ang igi?(glteern gn ]t eglcat hode side thereof. 18. A device

for manufacturing netal ferrql_es used for optical fibers, with said device,
20 as set fBurther,ihisgoasible 16 utilizethe tubershaped electioformed layesrafter i hasiberngived a

o or oment | ofvahe bfSettB T inAtepidince vit DR hRRR sk Fiferfora mytel frelk node
core Nepper whhAaRAny BiRF Pﬁicemrﬁgpgﬁtqrsuausy &Jﬂﬁ’ngsﬁfﬁ?ﬁﬁ‘éd foltRe binkige ppl di ameter of

the af orenmentioned netal ferr and "t hat e electroformng cistern,
on the cat htobe-shipgd eleatroformed m'dr with swhtmderion acourasyr(atithit £ 06 |em) §coastat | on 25

nb th ) - sh | ect r of ..
Cy1 i i i cal PRER SFHRAE S NG BechTE) PRSP SrarLRE Lot Ao ek Teriapy ) es
used for opiheGnterbnddPetiveenithdlintdhal 68 bkefhal adinedrs bPtht *euuenshaﬁea of the
Clainms 15 to 18, characterized such that in the process of

electroformed layer is 2 mm or less, the eccentricity of the metal ferrule as a product

20  can easily be within 0.5 um. In particular, by keeping a certain space between the anode
2 and the tube-shaped electroformed layer, and in addition, by rotating the tube-shaped
electroformed layer by the rotator 19, the eccentricity can be kept low if the

accumulation thickness is large.

Second Embodiment

25  The second embodiment of the present invention is described as follows. Herein, the
cathode core member 16 (dummy) shown in the first embodiment is not used. As a
cathode opposed to the anode furnished in the electroforming cistern 1, the

internal-diameter-formation member 6, whose external diameter is the same as the



OLPCT012 31 lifting fromthe aforenentioned el ectroformng cistern is

furni shed a neans of cutting, outside the aforenentioned el ectroformng

ci stern andyjppThfre necessary di nmensions, the tube-shaped el ectrof orned

| ayer that has been grown to a necessary external dianeter. 20. A device
for manufacturing nmetal ferrules used forp optical fibers, with said device,
5 as set forth in any of the Clains 15 to 18, characterized such that a
spacer with an intended pitch is previously furnished in the aforenentioned
internal -dianmeter-formation nmenber that is lifted together with the

af orement | %ﬁﬁ'naﬂ@%’iﬁbt&r‘kﬂﬁh@iﬁ%ﬂcﬂ'rﬁ&hlrf@frﬁrefiﬁ@e havefactred issppliéhat the
necessary faces of upper and lower termnals of the netal ferrules to be
manuf act ur edpwardlyftbrowghl thet battosm prppen ofithg afwemeniéaned nbgtrgfor@mgrmsgad@ be and

h that th ft t t di.amet er- f t
venbor |t hefBecd SppesrteddiieSungetved by VRIRBRr R4 inslls SRAT B RRTREonca

i nt er nal - di AERKEEd Hﬁéﬁ&l%é‘m%ﬂ?&fnabﬂﬁﬂeﬂ%r8@%@4&%}5@8%[&{@{‘&%% haxer that

is formed between the aforenentioned spacers evi ce

manuf actdur i A§ havhgla c&hndndabmtemdd]oﬂems gopvi omthefdatheds sideiof theﬁctodm&m'mg 15
as set forth in t ns 15 har acf eri zed h that the
anode pppos%‘dtef‘b?{%ég 8? %waog%ea&?lrt@q %FY?é‘dr#?ﬂ?é‘r"t pEedn %léed Y8 as to
mai ntain a 8@@&&%&@ %Hd‘E&]th‘fé etk LAk AP HAChRALA!AIBA hdihed

el ectrof orne ayer, so as to i1nprove t circularity and concentricity of
t he af or enedéscrb@bhetiact r of or rred | ayer. 22. A device for manufacturing
netal ferrules used for optical fibers, with said device, 20 as set forth
in any of the.C ai 15 to .20, .ch cterized hat there is fur i shed
in the pr ocﬂ%@‘sd“lasﬁ%r tgf’ S'FtEH%ﬁggeoﬁg I FSOmig™ & §mc?f°“5’]‘br g{;ﬁdig P

speci fi gl V&h C)iehettﬁb% - bR RLBRLJroMRA myb@@rﬂskmasd Qg thef or rred Iayer t hat
is grown by electroformng, so as to secure a uniformthickness in the

ci r cunf er eninterhalediaraeter-formatien sembent,oa shdwn mpF @vé fohexample.ul'ten; thy cahd
concentricity of t el ec r med vi ce

for manuf acP@F?%{&rEQQSSP%}gg\?@é :%@Be glgctf P"B llag%aﬂ,ef %\étpgg aW‘{pPVaé‘ﬁVgﬁWBvi ce,
as set fortp, af;hﬂ&cf:ﬁpd&) &1 gxﬁ%uéﬁ cﬂdr%% reé}QﬁBPﬁE%ﬁf)ﬁﬁpl'?HQﬂaﬁ ﬁt an

i nsol ubl e ano at1 num tantumi's used for

af orenent i oﬁheteaﬁodexntemmaéﬂfo%ﬂaﬂm mémbler¢anebefreusedanuf act uri ng rret al
ferrules used for optical fibers, with said device, as set forth in any of
the d a chz%r acteri zed such that the aforenentioned

electro s the constituted so as to be a vertically

mul titi ered di vision type so as both to permt the electroforming liquid to
fl ow down amHe thirddrhisudithéret oﬂ)‘tlmllﬁbielnmﬂvaglcml iedescabed as fodjoivs gidierdint msfédadw down

to the I owest tier for, storage. . A devi.ce for nuf acturi ng net al

ferrul es us@ﬁthpdmtewk—gil@meteﬁfg@eglonmqmbeg§| 18 tléfei?F‘é'gF emgodiment; B%Yll'f‘di"ﬁa]any of
the dains ] ) f the
external di aie 5% B(F%eﬁt%g%wé gbezgéz{ﬂfatsg? orrre L@gbeﬁﬁe elqlg?/%%arg

vel ocity of nichg férhié gBﬁUIeB nged eeeig. GD Q&ls’@dhé mytfial therdf issdesighbdy tHeeedback
10 control. . A .A 9. AAL. AsY . A{L2. A s. AA9
20  same as the metal accumulated around the member 6’ by the electroforming (for
example, when a nickel alloy is accumulated, the member 6’ is of the same material). In
this case, the cutting edge 20, which is used in the first embodiment (see Fig. 4), cuts
the member 6’ together with the electroformed layer in the surroundings thereof. Herein,
the member 6’, as a part of the ferrule, is left in the electroformed layer. Further, the
25  other constituents and controls are the same as in the first embodiment and are not

described herein.

Fourth Embodiment
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method is that the internal-diameter-formation member 6 and the tube-shaped
electroformed layer FE of a specified length are previously left by such contrivance for
15  spacer-removing by adopting a division-type spacer, especially of a vertical
division-type, and later the tube-shaped electroformed layer FE is removed from the
internal-diameter-formation member 6. Further, the other constituents and controls are

the same as in the first embodiment and are not described herein.

Other Embodiments

20  Further, in the above-mentioned embodiments of the present invention, the constitution
of the electroforming cistern is merely in combination with the receiving cistern 12. But,
as shown in Fig. 10, a vertically multitiered type cistern can also be used. In this case,
the space between the hole 1a that extends through the internal-diameter-formation
member and the electroformed layer FE conveys the flow of the electroforming liquid

25  from the upper cistern to the lower cistern. Also, it is recommended for the overflow to
proceed from the upper tier to the lower tier as in the first embodiment (by said
overflow the electroforming liquid is brought to the storing cistern 11 in the lowest tier

(not shown)). Hereby, the problem of vertical variation of the water pressure is solved,



109%VE' ()-2 109VE ()-sO- 109 ()-M {a?nbCl SH#10%& ()-f! SH10%& ()-S
109%VE () -

1090VE () - & DORGWR1Z ) - ss, STO9VE () - {w+, -. 79} oP1s, s10% & ()-910% & ()- 10 10

10! k3y#10%& () - |\ 3y#1090ME: () - | X##10%& () -f9g. v(}*?0Pls, s’
10% & ()-1940% & ()-#mL0% & ()-!;f#10% & ()-! N@10% & ()-& 10% & () - (
baVK@, s 10° 10" 10°7@10% & ()-&610% & ()-4 "10% & () - 31

10% & () -! aF+@109%& () - Z| "<VK@! Df #1096 f & ()-! 6*f #109& ()-! 1f #10%~& () - &

10988 ()-L,t10%V&' ()-L10%VE ()- 4""##wX9. @
10M 5: I10%\/3,.11 ¢ both therewhpege 9f-anbdesand ygdirtpndnidg m}@%ﬁ\mp:(e)easnlmc#m@mea)

e LRSS U b bt o e i

cisterns, the growth condition of the electroformed layer can be observed in the

electroforming process.

5 Further, in this embodiment, as shown in traverse section (a) of Fig. 11, the multitiered
electroforming cistern is composed of semi-cylindrical bodies that are connected by
screws in the flange 101 formed therein (see (b) of Fig. 11) or are open sideways by the
hinge 102 furnished on one side thereof. In this case, the anode 2 is desirably
constituted to be in semi-cylindrical-shape contact with the internal wall of the

10 electroforming cistern 1 (see (c) of Fig. 11).

Also, in the early stage of the present invention’s method of electroforming, bubbles
arising in the electroforming liquid should be removed because such removal prevents
the arising of hollows in the accumulated tube-shaped electroformed layer. In particular,
for removing bubbles on the exposed surface of the cathode core member (the dummy
15 16, the internal-diameter-formation member 6, or the cylindrical member 6) so as to
improve the wetness, for example, the following process can be used while controlling

the liquid’s temperature.
(1) Move the cathode core member in and out of the solution several times.

(2) Release a comparatively large bubble from the lower side of the cathode core

20 member.
(3) Oscillate the cathode core member in the solution.
(4) Rotate the cathode core member at a high velocity.

Herein, because the dummy 16 as a cathode core member or the
internal-diameter-formation member (cylindrical member) 6 determines the internal
25  diameter of the metal ferrule, that is to say, the hole diameter of the hole through which

optical fiber strand is inserted, high accuracy is needed to ensure the uniformity of the

!Iy
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internal and extemal diameters of the electroformed layer FE within the prescribed

5  limits, when the dummy 16 as the cathode core member or the
internal-diameter-formation member (cylindrical member) 6 is rotated, it is possible to
adjust the velocity of rotation or to change the current value to be applied in electrolysis,

if necessary.

Further, if the diameter of the electroformed layer is not sufficient when the
10  electroformed layer is lifted, based on the value measured by the measurer, it is
recommended to decrease the lifting velocity so as to prolong the time that the
electroformed layer remains in the electroforming liquid. Also, as shown in Fig. 1, in
any of the embodiments, in order to maintain a constant taper (related to accumulation
velocity) in the longitudinal direction of the electroformed layer in the electroforming
15 liquid, it is essential to place the electroformed layer and anode are parallel to each

other.

The metal ferrules that are produced according to the present invention that is
constituted in this way, can be very advantageously utilized as parts for connecting the
terminals of optical fibers, either temporarily or permanently, for a variety of uses in

20  optical devices. Also, when necessary, the metal ferrules produced according to the
present invention, which enables the external diameter thereof to be as small as possible
and smaller than a conventional ferrule, can enhance the package density of optical
fibers as a multi-core ferrule (ferrule) in a variety of connectors, including jack-type
connectors, adapters, or receptacles. In the same way, the extremely small eccentricity

25  of said metal ferrules enables optical fibers to be connected more accurately, reducing

the loss of optical signals accompanied by the connection.

Also, the length of the metal ferrules (ferrules) is appropriately selected and set in

accordance with the connector structure or the like. Further, in the metal ferrules of the
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present connection, according to the use thereof, such portions as one end face or both

end faces of the metal ferrules are desirably processed, for example, to be flat-shaped,
or for the purpose of easier insertion of optical fibers therein, to be a back-taper face

with an appropriate angle.
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Claims

What is claimed is:

1. A method of manufacturing metal ferrules used for optical fibers, with the method
characterized such that in an electroforming process whereby a metal ferrule is grown
5  asa cathode opposed to an anode that is furnished in an electroforming cistern, an
electroformed layer having a cylindrical internal hole is grown on the cathode side of
the electroforming cistern, using, so as to guide the growth of said electroformed layer,
an internal-diameter-formation member whose external diameter is the same as the
internal diameter of the cylindrical metal ferrule to be manufactured, and whereby, in
10 the process of lifting such electroformed layer from the aforementioned electroforming
cistern, the tube-shaped electroformed layer that is grown to a specified diameter is cut

outside of the electroforming cistern so as to be of specified dimensions.

2. A method of manufacturing metal ferrules used for optical fibers, with the method
characterized such that, in the form of a cathode opposed to an anode that is furnished

15 in an electroforming cistern, an internal-diameter-formation member whose external
diameter is the same as the internal diameter of the cylindrical metal ferrule to be
manufactured is, as a cathode core member, supplied upwardly through the bottom
portion of the electroforming cistern, and that around said internal-diameter-formation
member 6, a tube-shaped electroformed layer having a cylindrical internal hole is

20 grown on the cathode side of the electroforming cistern, and such that the
aforementioned tube-shaped electroformed layer, which has been grown to a specified
diameter in the process of lifting, from the aforementioned electroforming cistern, such
tube-shaped electroformed layer together with the aforementioned
internal-diameter-formation member, is cut outside of the electroforming cistern so as

25  to be of specified dimensions.

3. A method of manufacturing metal ferrules used for optical fibers, with the method

characterized such that, on the cathode side opposed to an anode that is furnished in an



10t 10t 10tY4 10% & ()-mpp6rrs7t}[<b@

10: ##109% & () - f ##10%& () - 5- #10% & () -! Ds- #109%&' ()-3 S#10% T& ()-! V@
SH109& () -7 v V0 10810% & ()-&@L0% & ()-10% & ()- 10 10
10!\ 3#10%&: P&& 0% & ()-wyz{|}h~zX6uv70

10! N2" 109 " & ()- ! a(#10%: ()- ! a(#10%&: () 55!

#109% & () - h~f ghi r uQuV40

11 D- #109%WMY& () - 9L! 109%v&' () - GO@O%VE () - L10%AE ()- 10 10
101\ 2" 109 () Y@Lz X9uV40 1! USH100E! () - | XUSH10%& ()-! @ 10%& () -

s
1300/;\/% g g : @ g&%ggén)glq%(%li? W&I}gdflfal@@&érg@o%gﬁuﬁe&%l (%ame/tdier 1s(t21e sa%r(l)elvf!lslt QA 10M

internal diameter of the cylindrical metal ferrule to be manufactured is, as a cathode
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core member, supplied upwardly through the bottom portion of the electroforming
cistern, and that around said internal-diameter-formation member, a tube-shaped

5 electroformed layer having a cylindrical internal hole is grown on the cathode side of
the electroforming cistern, and such that the aforementioned tube-shaped electroformed
layer, which has been grown to a specified diameter in the process of lifting such
tube-shaped electroformed layer together with the aforementioned cylindrical member
from the aforementioned electroforming cistern, is cut outside of the electroforming

10  cistern so as to be of specified dimensions.

4. A method of manufacturing metal ferrules used for optical fibers, with the method
characterized such that, as the cathode side opposed to an anode furnished in the
electroforming cistern, an internal-diameter-formation member whose external diameter
is the same as the internal diameter of the cylindrical metal ferrule to be manufactured

15 s, as a cathode core member, supplied upwardly through the bottom portion of the
electroforming cistern, and that around said internal-diameter-formation member a
tube-shaped electroformed layer having a cylindrical internal hole is grown on the
cathode side of the electroforming cistern, and such that a spacer having a specified
pitch is previously furnished in the aforementioned internal-diameter-formation

20  member that is lifted together with the aforementioned tube-shaped electroformed layer,
and such that, at the upper and lower ends of such spacer, the faces of the upper and

lower terminals of the metal ferrule to be manufactured are formed as necessary.

5. A method of manufacturing metal ferrules used for optical fibers, with the method, as
set forth in any of the Claims 1 to 4, is characterized such that the aforementioned

25  tube-shaped electroformed layer that is grown by electroforming is rotated at a
specified velocity in the process of the aforementioned lifting so as to secure a uniform
thickness from the outer edge of its inner space to its circumference at any point along

its entire length.



111 D'10%& ()- !D'10%& ()- F #10% & ()-! NoF #109&' ()-! NF

#1098 ()-&10% & ()-u-}0P109, 10% & ()-910% & ()- 10 10

10! X& #10% '&-@ #1009 () - | X& #109& () - a}[ 90P10! f S&#109%& () -

| ase#10%& (JXCT¥#10% & ()- ' @109 ()- F 10% & ()-y 10% & ()-; <=>G)r S40z
109V () - & 109VE ()-LI10%VE ()- 10 10

10! S2" 109%&’ () - ! X2" 10% | & () - cf pwUer SA0YYRH1090v&: () - | SYUSH109%& ()-' | N3
y#10%&' ()-! @ y#10%&' ()-!6 3 y#10%&' ()-!, 3

y#10%y& () - @EFGPS~ @10% & {)-10% & ()- 10M

6. A method of manufacturing metal ferrules used for optical fibers, with the method, as
set forth in any of the Claims 1 to 5, characterized such that by measuring the external
diameter of the tube-shaped electroformed layer that is lifted from the aforementioned
electroforming cistern, the lifting velocity of the aforementioned tube-shaped

5 electroformed layer is controlled, and the intended external diameter of the portion that

has been pulled out of the aforementioned electroforming cistern is maintained.

7. A method of manufacturing metal ferrules used for optical fibers, with the method, as
set forth in Claims 1, 5, or 6, characterized such that a cathode core member whose
external diameter and axis are the same as those of the aforementioned

10  internal-diameter-formation member, as a dummy of the aforementioned tube-shaped
electroformed layer, is supported vertically in the aforementioned electroforming
cistern so as to make contact with the upper end of the aforementioned
internal-diameter-formation member at the time that electroforming begins, and such

that a tube-shaped electroformed layer is grown on the surface thereof.

15 8. A method of manufacturing metal ferrules used for optical fibers, with the method, as
set forth in Claim 7, characterized such that, a power supply is connected to the
aforementioned internal-diameter-formation member and/or cathode core member, so

as to apply a cathode-side voltage to the electroforming layer.

9. A method of manufacturing metal ferrules used for optical fibers, with the method, as
20  set forth in any of the Claims 1 to 8, characterized such that, the aforementioned
cathode core member is shaped like a tube, and such that air pressure is applied to the
interior thereof as is necessary so as to prevent the electroforming liquid of the
aforementioned electroforming cistern from intruding into the aforementioned

electroformed layer.

25  10. A method of manufacturing metal ferrules used for optical fibers, with the method,
as set forth in any one of the Claims 1, 5, 6, or 8, characterized such that, in the process
of lifting the grown tube-shaped electroformed layer, the elevation of the

aforementioned internal-diameter-formation member is controlled at the necessary
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internal-diameter-formation member should be within allowable error limits.

5 11. A method of manufacturing metal ferrules used for optical fibers, with the method,
as set forth in Claim 2, characterized such that only the aforementioned tube-shaped

electroforming layer is cut and that the internal-diameter-formation member is not cut.

12. A method of manufacturing metal ferrules used for optical fibers, with the method,
as set forth in Claim 2, characterized such that the aforementioned tube-shaped
10  electroformed layer is cut together with the aforementioned internal-diameter-formation

member.

13. A method of manufacturing metal ferrules used for optical fibers, with the method,

as set forth in any of the Claim 1 to 12, characterized such that it includes a process for

removing bubbles that arise in the early stage of the beginning of the aforementioned
15  continuous electroforming, whereby the arising of hollows in the aforementioned

continuous electroforming cistern is prevented.

14. Metal ferrules used for optical fibers, which are ferrules manufactured according to
the manufacturing method set forth in any of the aforementioned Claims 1 to 14, and
which are used to connect optical fibers, with such metal ferrules characterized such

20 that they are consist of a tube-shaped metal layer having a hole whose internal diameter

enables the aforementioned optical fibers to be inserted.

15. A device for manufacturing metal ferrules used for optical fibers, with said device
characterized such that there are furnished (1) a means of lifting a tube-shaped
electroformed layer that is grown in the aforementioned electroforming cistern, (2) a
25 means of measuring the external diameter of the aforementioned electroformed layer
outside the aforementioned electroforming cistern in the process of the lifting the

electroformed layer, and (3) a controller for controlling the lifting velocity of the
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cylindrical metal ferrule to be manufactured in the cathode side, opposed to the anode,

of the aforementioned electroforming cistern.

16. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in Claim 15, characterized such that the internal-diameter-formation
member whose external diameter is the same as the aforementioned metal ferrule is
furnished in the aforementioned electroforming cistern and that by growth-guidance

thereof the aforementioned tube-shaped electroformed layer is formed.

17. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in Claim 15, characterized such that there is furnished a means of supplying
upwardly through the bottom portion of the aforementioned electroforming cistern an
internal-diameter-formation member whose external diameter is the same as the internal
diameter of the aforementioned metal ferrule, and that around said
internal-diameter-formation member a tube-shaped electroformed layer having a
cylindrical internal hole is grown in the electroforming cistern, on the cathode side

thereof.

18. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in Claim 15, characterized such that there is furnished a means of supplying
upwardly through the bottom portion of the aforementioned electroforming cistern, a
cylindrical member, as a cathode core member whose internal diameter is the same as
the internal diameter of the aforementioned metal ferrule, and that in the electroforming
cistern, on the cathode side thereof, and around said internal-diameter-formation
member, there is grown a tube-shaped electroformed layer having a cylindrical internal

hole.

19. A device for manufacturing metal ferrules used for optical fibers, with said device,

as set forth in any of the Claims 15 to 18, characterized such that in the process of
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lower terminals of the metal ferrules to be manufactured are formed at the upper and

10 lower ends of such spacer, and such that, in the lifting of the aforementioned
internal-diameter-formation member, there is provided a means of removing from the
aforementioned internal-diameter-formation member the tube-shaped electroformed

layer that is formed between the aforementioned spacers.

21. A device for manufacturing metal ferrules used for optical fibers, with said device,
15 as set forth in any of the Claims 15 to 20, characterized such that the anode opposed to

the aforementioned electroformed layer is placed so as to maintain a constant distance

between the anode and the aforementioned electroformed layer, so as to improve the

circularity and concentricity of the aforementioned electroformed layer.

22. A device for manufacturing metal ferrules used for optical fibers, with said device,
20  as set forth in any of the Claims 15 to 20, characterized such that there is furnished in
the process of the aforementioned lifting a means of rotating at a specified velocity the
aforementioned tube-shaped electroformed layer that is grown by electroforming, so as
to secure a uniform thickness in the circumferential direction thereof so as to improve

the circularity and concentricity of the aforementioned electroformed layer.

25  23. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in any of the Claims 15 to 22, characterized such that an insoluble anode

such as platinum, gold, or titanium is used for the aforementioned anode.
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24. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in any of the Claims 15 to 23, characterized such that the aforementioned
electroforming cistern is the constituted so as to be a vertically multitiered-division type
so as both to permit the electroforming liquid to flow down and to allow the

overflowing electroforming liquid to flow down to the lowest tier for storage.

25. A device for manufacturing metal ferrules used for optical fibers, with said device,
as set forth in any of the Claims 1 to 24, characterized such that, by constant
measurement of the external diameter of the tube-shaped electroformed layer, the
elevation velocity of the aforementioned electroformed layer is adjusted by feedback

control.



