DESCRI PTI ON FERRULE HOLDI NG MEMBER FOR AN OPTI CAL RECEPTACLE, METHCD
OF MANUFACTURI NG THE SAME, AND OPTI CAL RECEPTACLE USI NG THE SAME
Technical Field [0001] The present invention relates to a ferrule

hol di ng menber for an optical re ed for, for exanple,
optically connecting an optical ﬁf@é@fégﬁ#@ctor to a |light
receiving/light emtting device, to a nethod of manufacturing the
sane, and to an optical receptacle wusing the sanme. The present

\invention nore specifically relates to a ferrule hol ding nenber for

an i NeXgEREIME HOUDINSS MENBER|! FOReCEPt @@Ta,CANdRECERTAELEL eMETHOD OF
technol ogy thereof. Background Art [0002] As is well known, a

convent,] Aéﬁﬁ%f@¢ofﬁﬁeggﬂ !eAﬁé:oﬁ?fékiUﬁﬁ@ﬁP@ﬁc?FﬁgbﬁﬁédThﬁ SAME

Pat ent cunent r exanpl e, Inserting a cy rical enbe
ferrule into a base end portion of an inner hole of a sleeve through
press-fitting or bonding; and fitting a sleeve holder around an
outer periphery of a base end portion of the sleeve. Then, a ferrule
(plug fEeehmi§alsFimsérted into a tip side of the inner hole of the
sl eeve, and an optical 1 fiber on the plug ferrule side and an
optical [60DEF on the enbedded ferrule side are brought into contact
with each other at respective end faces for optical connection.

The present invention relates to a ferrule holding member for
an optical receptacle used for, for example, optically connecting
anoptical fiber connectortoalight receiving/light emittingdevice,
to a method of manufacturing the same, and to an optical receptacle

using the same. The present invention more specifically relates

\
to a ferrule holding member for an inexpensive stubless optical

receptacle, and to a related technology thereof.

Background Art
[0002]

As is well known, a conventional optical receptacle is
constructed as disclosed in Patent Document 1, for example, by:
inserting a cylindrical embedded ferrule into a base end portion
of an inner hole of a sleeve through press-fitting or bonding; and
fitting a sleeve holdeér around an outer periphery of a base end
portion of the sleeve. Then, a ferrule (plug ferrule) is inserted

into a tip side of the inner hole of the sleeve, and an optical



[ 0003] Anot her known conventional optical receptacle, which is
different fromthe optical receptacle described above, is

constructed as disclosed in Patent Docunent 2, for exanple, by:
inserting a rod formed of an optical material such as glass into a
base ehidbporen dheoblag fanculactds andedni ephieal rif dwly opf the embedded
sem conductor nodul e; and bringing into contact with each other a

tip fagerehlthei do@draapdoaghenthf acorfadtheitbréatie dunser bedrdsiart fve
tip side of the inner hole. The tip face (B face in Patent Docunent

2) of EQQ %ggegr%%qh%#t1a%fxyaeggce@ the end face of the ferrule

is subjectéd t0 Spherrcal polishing. is rod nay be regarded as
being inserted into the inner hole of the nodul e main body through
press-ﬂpppﬁﬁg or bonding in consideration of the fact that the tip
face of the rod is subjected to spherical polishing and an operation
of fixing thé&ncsieruskndgwn perhiventdonnill enthiccal preaeptaabpectwdd ch ois
spherical polishing is protected. [0004] Patent Docunent 1:

JP- A- 181332980 t( Fifomd) that eptibBaguneatepdtadPeA- 8452238438 above, is
Di scl osure of the Invention 2 Problens to be solved by the Invention

0005 Tsiopsel 9SO anlsnd ool ot omugal Coclamet L gmiovey
inserting a rod formed of an optical material such as glass into
a base end portion of an inner hole formed in a main body of a
semiconductor module; and bringing into contact with each other
a tip face of the rod, and an end face of the ferrule inserted into
a tip side of the inner hole. The tip face (B face in Patent Document
2) of the rod brought into contact with the end face of the ferrule
is subjected to spherical polishing. This rod may be regarded as
being inserted into the inner hole of the module main body through
press-fitting or bonding in consideration of the fact that the tip
face of the rod is subjected to spherical polishing and an operation
of fixing the rod must be performed while the tip face subjected
to spherical polishing is protected.

{00041

Patent Document 1: JP-A-10-332988 (Fig. 4)

Patent Document 2: JP-A-04-223412

Disclosure of the Invention



physi cal contact (PC) connection. In order to suppress an insertion
|l oss to m ninum the outer dianeter, inner dianeter, and
concentricity therebetween of the enbedded ferrule nust be finished
to high accuracy. Accuracy of submcron order is required, and the
enbeddBaohéemnal Eohke &R lygdebvdithgetl@veditiPm™49 mTm 0.5 pun, an
inner dianeter of 126.5 pm 0.5 pm (in use of an optical fiber

havi ng{aodbaneter of 125 pn) , and a concentricity between the outer
di aneter and the inner dianmeter of 1.4 pmor |ess. The accuracy of

subm cron or {F§- I S is ducid Lpst.

that, physi cgﬁéc ntla%%li g%%tr? ctal%ca')dr% %g%é%éﬁﬁgc??g%grg%rcgﬂ% 0 g emﬂ\%fs
connecti ng ,net hod Jj nvolving: farmng a ferrule end face_of a

oot T CaPP AR AGER Aot S B T AS ISP TR EP & S CoF TaurrHpouaD
through polishing or the |like; and attaching a core portion of the

opt i caPhiyisbeRLtePRtRCE P ornREY Eefe: t d Iy @bdet thr sdprre 2PN soRtion
[ 0006] The optical fiber inserted into the inner hole of the enbedded

ferrul aomgst tbe fmixeduw,t htas adhesrvediktiomese;, anmneperdiismetef, and
fixing the optical fiber with an adhesive nust be perforned manually,

and t hys, [ RaW1ieS tueReFabaE waBf SOshe dded 8¢S uRCINESABENE nished
outer dianeter of the optical fiber and the inner dianeter of the 3

orbedigg LELRY Sl | SRSl PBCRA Sl O 2 (T, one

eccentric
hol e of the enbedded ferrule, and the naxinun1concentricit¥ bet ween
e

t he outBPedidafetiar BHE thas iU hiare Btk bndbtddBA FePral Bm, an

inner diameter of 126.5 uym * 0.5 um (in use of an optical fiber
having a diameter of 125 um), and a concentricity between the outer
diameter and the inner diameter of 1.4 um or less. The accurécy
of submicron order has currently caused a soaring production cost.
Note that, physical contact connection (PC connection) refers to
a connecting method involving: forming a ferrule end face of an
optical fiber connector into a shape of a convex spherical surface
through polishing or the like; and attaching a core portion of the
optical fiber to the ferrule end face to reduce Fresnel reflection.
[0006]

The optical fiber inserted into the inner hole of the embedded
ferrule must be fixed with an adhesive. However, an operation of
fixing the optical fiber with an adhesive must be performed manually,
and thus requires much labor and cost. A difference between the

outer diameter of the optical fiber and the inner diameter of the



is 1.4 pm (maxi mum eccentricity of 0.7 pn). Thus, an optical
receptacle having an insertion | oss exceeding a tolerance of 0.5 dB
is inevitably manufactured. [0007] Here, the insertion loss is

calculat f.r,0 t ent clt t heo esc oW,

That is® PgFg]tl &%ﬁﬁ% %%nilg{ hre;l‘ e%%éeénrtc%éé%/t 3§/§aﬁdsctche g ¢H|l nlmum
loss is represented b the foll ow ng equation. Insertion

| 0ss( dBSEGERAXLELEY 29D 1 Nbt@) t-haThe PPt PR bdaher dedestatce indthedmner
bet ween core portions) between a center of a core portion of an

opti cal hbilbesf ahkeashisedded £grmd e ,f enduilee maxdmamceoheenvtiaitgrim=tween
portion of an optical fiber attached to an enbedded ferrule. D

represephs gurRfesf ikt i @t m[n%QO%]laﬁ%t@%SBE' ped @:ﬂS’e\!@deahferrule

maxi num eccentr|C|ty of the optical fiber in the inner hole is 1 pm

for each of, the I h uIe Further, the
maxi mum 3cc1en 11“@ l[(llga}ég %‘H gg%gg‘rtclﬁln ?Lﬁg' concedz ﬁc ty ggt \%een oeptlcall
outer dianeter and the inner . dianmeter_of the ferrule is 0.7 dun, to

t her eby TSCEWTAE1& DVARInARI AORPTELBNEPRE] BFCBPILNT @lh?l?ﬁﬁgceaOf %.5
maxi mum di st ance between the core portions is theoretically 3.4 pm
and a nuoike ifs elngvditametyemamrsafattpreesiinably 10 }im to thereby provide
a large insertion loss of 2.0 dB at maximum [0009] In this case, a
tol erangedoor; an insertion | oss of an optical

Here, the insertion loss is calculated from the eccentricity
theoretically as described below. That is, a relationship between
the eccentricity and the insertion loss is represented by the
following equa’eion. Insertionloss (dB) =4.34xL/(D/2)%. Note that,
L represents a distance (distance between core portions) between
a center of a core portion of an optical fiber attached to a plug
ferrule, and a center of a core portion of an optical fiber attached
to an embedded ferrule. D represents a mode field diameter.
(0008]

As described above, the maximum eccentricity of the optical
fiber in the inner hole is 1 pym for each of the plug ferrule and
the embedded ferrule. Further, the maximum eccentricity obtained
from the concentricity between the outer diameter and the inner
diameter of the ferrule is 0.7 um, to thereby provide a total maximum
eccentricity of 1.7 um. Thus, a maximum distance between the core

portions is theoretically 3.4 um, and a mode field diameter is



conmuni cation receptacle is 0.5 dB, and di mensional accuracy of the
enbedded ferrule nmust be inproved in consideration of the tolerance.
Thus, the inprovenent in dinmensional accuracy is an inevitable
factor for cost increase. Further, depending on environnental

changepreishmmatity ¢al phi bes tiergmopectvicge relange irdseamidre levek bdce. 0
of the enbedded ferrule. Thus, the insertion loss is liable to

i ncreasg H+0fR8HRRY possibly inhibit PC connection. [0010] The end
face of tﬁe er?bedded' ferrule brought into contact with the plug

ferrul d §} be polished with high accuracy into a convex spherical
surfac dmﬁng PC connecti on. However, the operation allows
polishing of only one or a few enbedded ferrules at one time, thus
has | ow nass Ipurbéaéww@y.a tewerassept o8 AR ivisef tilorahesRePf araepbdical
causing increase in production cost. In addition, the optical

r ecept agrembrdaiscast jpohtereptadhati ¢ he. BndBf asedofiihbaséohelldadchencyl ef
is liable to be scratched through polishing, to thereby reduce a

return Jdssemddeq08t FeakuneceRiac!ie dEﬁ?k@%@Q iR Rad M 0SBt o 2t he
may have the sanme problens in consideration of the fact that the tip

face of_the rod insgried . jnto, the (nner. hole,o e ulLe main.. baod
nmust bet%]Uebﬁaer(lﬁ%d tslgl ussdheﬂrl}ecajrlﬁ%%f‘%és}ﬁ?é]%.lé ?b%i%?l?ﬁggeﬁggaﬁgﬁy 28%n
ferrule is fixed through press-fitting or bondin wi th an_adhesj ve
at a baeBHARR t ifGTTOr alPFgicPslt ea€reASBoNd gertbagmqﬁpwd%m@ on
enbedded ferrule fixed through press-fitting may

environmental changes, the optical fiber may project or retract

from the end face of the embedded ferrule. Thus, the insertion loss
is liable to increase, to thereby possibly inhibit PC connection.
[0010]

The end face of the embedded ferrule brought into contact with
the plug ferrule must be polished with high accuracy into a convex
spherical surface allowing PC connection. However, the operation
allows polishing of only one or a few embedded ferrules at one time,
thus has low mass productivity. Low mass productivity is another
factorcausingincreaseinproductioncost. Inaddition, theoptical
re'ceptacle has a problem in that the end face of the embedded ferrule
is liable to be scratched through polishing, to thereby reduce a
return loss. The optical receptacle disclosed in Patent Document
2 may have the same problems in consideration of the fact that the
tip face of the rod inserted into the inner hole of the module main

body must be subjected to spherical polishing.



change owing to variation in air tenperature. Meanwhile, in the
enbedded ferrule fixed through bonding with an adhesive, the adhesive
is liable to degrade in a high tenperature and high humdity

envi ronnment, and a bondi ng position of the enbedded ferrule may
change.[0Change i n bondi ng position of the enbedded ferrule results

in change in distance between the light emtting elenent or |ight

receiving el QH%rgm@éEHé@@egmﬁedieﬂfiﬁéawrpﬁo@rﬁoﬁe§QUPitﬂgngbfﬁr%mﬁyg
maybe reduced. The optlcal receptacl e disclosed in Patent Docunent 2

may have . the sa cQn; i der f ih t t hat

st DESFRER TATSTT Arer HTS SUE PRECHBA o orbt o bady T ougroond
press-fitting or bondln w th an adhesive. [0012] A flrst t echni cal

obj ect pPeBiftAemEds ERE PW@éﬁﬁﬁénfP§rPéepfé§P€ethr9ugErPB?éshB}Hthg may
menber for an optical receptacle which can be mnufactured at |ow
cost, whatlyehasiagsrml Warmisgritononn ass, tamgerafiucle .hadeanshnvex in the
curved surface connected to an end face of the ferrule on a tip side

formed fasidded fehayee %ﬁ@e@ﬂfﬂ@é@?§ﬁ@ﬁ§lﬁ@%1‘d¥fQ@Qthe%%vea R b9k 91 ve
manuf acturi ng the sane; and an ical réceptacle using { he sane.

0013 6 d f .th
E)r oVi Le %??%I e%ﬁoﬂlcaade Orﬂﬁgg fhg'L Hang%ﬂé:é:%%ﬁ]r:%g\é%ﬁt Il? 291{ Sh&lﬁldlty
can be nanufactured at whi ch has a_snall ins

Shi o TSSO Tod 1 o PAFabAp| PHGLEA 0RO EnEye STRRRAGH BPEPULE may

change. Change in bonding position of the embedded ferrule results
in change in distance between the light emitting element or light
receivingelement and the embedded ferrule, andacouplingefficiency
may be reduced. The optical receptacledisclosed in Patent Document
2 may have the same problems in consideration of the fact that the
rod must be fixed in the inner hole of the module main body through
press-fitting or bonding with an adhesive.
[0012]

Afirsttechnicalobjectofthepresent inventionistoprovide:
a ferrule holding member for an optical receptacle which can be
manufactured at low cost, which has a small insertion loss, and
which has a convex curved surface connected to an end face of the
ferrule on a tip side formed easily to have appropriate shape and
properties; a method of manufacturing the same; and an optical
receptacle using the same.

[0013]



manuf acturing the sane; and an optical receptacle using the sane.
Means for solving the Problens [0014) A ferrule holding nmenber for an
optical receptacle according to the present invention for attaining

t he above-described first technical object, including: a sleeve
havi ng an i nkersdwdred foechniszl t obyeat f efr tthe;, parctemtt riansparisont bedyo
provided in the inner hole of the sleeve and having a primary end

face f sida Rg fbe&mecrqe&a%g%éﬂb@ﬁ £ afr%gtqfcatlh@eE@{:wh@ea&héch
hal f wa p05|t|on in an axial direction of the sleeve,

characteri ed in tha ry nd of the tr rent bo

hae & CATVEE BAPUSHCEHFPICEE COThRET PRAGoNeReh A i RBRE L PR LRPS:
case, the transparent body has the primary end face at a hal f way

posi ti ohiah apeaxeal nEi FESUGH BT iR heoypbene, eplarcdeasyy & I&e‘élé‘h@epf
position in the axial direction of the sleeve for delivery of |ight
bet weemand ot eifepltie fsarmeyl ehd andopind opl i rede ariBntusinghthe same.
emtting elenent or light receiving elenent) . The transparent body
is preferably a cylindrical body formed of a single solid nmenber.

[ 0015] 7 According to the above-described construction, the ferrule

hol di n d d%°£of@1§ﬁ;£ﬁglP£8ﬁfgﬁ cle includes the sleeve and the

transp eh and primary end face of the transparent body
br ought into contact with the end face of the ferrule (plug ferrule)
has a cB¥¥&%) curved surf ace obtained through heat treatnent.

A ferrule holding member for an optical receptacle according
to the present invention for attaining the above-described first
technical object, including: a sleeve having an inner hole for
inserting a ferrule; and a transparent body provided in the inner
hole of the sleeve and having a primary end face for bringing into
contact with an end face of the ferrule at a halfway position in
an axial directionof the sleeve, ischaracterizedin that theprimary
end face of the transparent body has a convex curved surface obtained
through heat treatment. In this case, the transparent body has the
primary end face at a halfway position in an axial direction of
the sleeve, preferably at a center position in the axial direction
of the sleeve for delivery of light between a ferrule (plug ferrule)
and an optical element (light emitting element or light receiving
element). The transparent body is preferably a cylindrical body
formed of a single solid member.

[0015]



Thus, the ferrule holding nenber for an optical receptacle can be

manuf actured at | ow cost and has a small insertion |loss. That is,

the transparent body serves to deIiver l'ight between the plug ferrule
and the |ight rece|V|ng el enent or ght emtting elenent, simlar

to an embeddBacPERLDReT OF%??F%QOV§TQP%?%ﬁ%%%r%@ﬁs¥ﬁﬁgt¥%%U|FQ% fpyrrule

optical fiber, and thus requires no | abor, burden, or cost for
i nsert hongjdand memhbmgfbheanp®pth¢aiib@mepﬁheIErhnsbademtthadqléeme arod
wavegui de structure such as an optical fiber, which the embedded

ferrul enhasraABdathHs E@a§eSaﬁ@ thd Hrofidrdy Wirldh £3 CE06E ©he thes oPd £ah ¢
fiber of the opposing plug ferrule. The transparent body only needs

to be PC.copnect d has,.no . insertion Loss-due t centric

The 1 nogrY: BACRBSE 4EBEnHEERES BRCRuF RaceTauar ey obr TBE P LR i e
surface and _|ight transmttance of the transparent bod
connunﬁ@éﬁﬂéﬁ)%EVEPéﬁ@ﬂ$X%N%W%%§8Fféﬁ@é$&@¥ﬁ%ﬂHBIOFE¥$ﬁ®§t¥¢ﬁ¢ment-
primary end face of the transparent body is softened and def or ned

t hr ougiThiusat theefeénmeni eandl dheg matbelr fies .amlops icaierpecepaeglendan be
face has a convex curved surface of an appropriated shape by virtue

of surfRer ARASIY at 168 ke ardnNdakhe ond RISk face dwas aTﬁ@lﬁV%
curved surface with properties of a mrror surface or mrror-1|ike

Sur 0GPl Lba BoRE B SOL, oL LG ANSPRLGR oo 2eKS o1 m%/feﬁrule

di mensional - ace precursor o anspare

ori ﬁ?%?ai‘gﬂsaiigm‘jerée“%%s%@n“@37%%%@%55? [Ehs e e SisPeiapentlax

shape. Thus, the precursor of the transparent body has a w de
to an embedded ferrule. Further, the transparent body requires no
optical fiber, and thus requires no labor, burden, or cost for
inserting and bonding the optical fiber. The transparent body has
no waveguide structure such as an optical fiber, which the embedded
ferrule has, and thus causes no axis shift with a core of the optical
fiber of the opposing plug ferrule. The transparent body only needs
to be PC connected, and has no insertion loss due to eccentricity.
The insertion loss depends only on surface quality of a PC connection
surface and light transmittance of the transparent body at a
communication wavelength, and never exceeds 0.5 dB. Further, the
primary end face of the transparent body is softened and deformed
through heat treatment and then solidifies. Thus, the primary end
face has a convex curved surface of an appropriated shape by virtue

of surface tension or the like, and the primary end face has a convex

curved surface with properties of a mirror surface or mirror-like



tol erance range of di nensional accuracy and inproved yield, thereby

al l owi ng manufacture of the precursor of the transparent body at | ow
cost. The primary end face of the transparent body is fornmed through
heat treatnment. Thus, even if contam nants such as an organic
subst asue fadizer e Even siff f acersfcunseompreturtder bfanspatrennspadgnt lacks
body, the surface is subjected to heat cleaning, to thereby suppress

opti calyiRes ¢ 1t @ dhe- O AR PRScOFsdhent i Kee {Mﬂlaf@nﬁ hSody may

above-descri bed construction, the primary end face of 'the

;[/\/213?8p r enéfﬁaggd a Eff%r c%’%ﬁr?H R%easthgg %H%\{eﬁ%e to [t%%]r?eloé) Br&mée

y en ace 0 nsparen has™ " a mrr
surface or mrror-1like surface obt ai ned t hr ough heat treat ment.
Thus, & Eeﬁnéﬁﬁ’n%ﬁ%tf@r?e Véﬁgnﬁycct%’ea?‘ Fé?étV@fd $oFiasstot |a|‘?c?%%§@?ré%ﬁae
be omtted, and the end face is hardly scratched through polishing.
Not onlsgha"g@tucﬂirms,i nthetprachvssrmay bbesdppnsssednt tadyallsos tdewide
primary end face may have better optical properties than those of a

pol i shedh sdidraeerahgB 18t dImeh stik aaboyEn e8¢ HnkEUMS P8GEH ULId1R), tBereby
region with a radius of 75 Un or nore centered around a shaft axis

of thea%fﬁﬁ%ﬁﬁna%aﬁdf@raf f‘t{:}% pa:% Hsdhe %@Sre%ﬁegal}%gx body at

prefer as” a convex spher ace. In this cas

spheri c surf ace. need not t e a convex .spheri cal rface havin
apsingl &he primary eng Pace oI the t ansparentlé é@'?s %ormgd

throughheat treatment. Thus, evenifcontaminantssuchasanorganic
substance adhere to a surface of the precursor of the transparent
body, the surface is subjected to heat cleaning, to thereby suppress
optical loss due to the contaminants or the like.
[0016]

In the above-described construction, the primary end face of
the transparent body is preferably an unpolished surface.
[0017]

In this way, the primary end face of the transparent body has
a mirror surface or mirror-like surface obtained through heat
treatment. Thus, a polishing step, which may be a factor for cost
increase, canbeomitted, and the end face is hardly scratched through
polishing. Not only reduction in return loss may be suppressed,
but also the primary end face may have better optical properties
than those of a polished surface.

[0018]



curvature across the entire region and may be a surface fornmed of
snmoot h conti nuous convex spherical surfaces having different radi

of curvature. [0019] In this way, the region-with a radius of 75 pm

or nore centered around a shaft axis of the sleeve has a convex
spheri cal surfrathe abovehdeebyibedbtynsealhczeoRC & omgiotn ol thieeweedius
the primary end face of the transparent body and the end face of the

ferrul &£ plsugm bermete)ced 928 drvuhe sabpyerdesesi bed HONRSIddE 2@Nthe
a radius of curvature p of the convex spheri cal surface and an |nner

di aneter_d of t he Ieev ef I IS hi

d/ 2. (R)@ﬂ %ﬁceipda eato:efon Ti ecr%g’g%ta%%% ED)é)ﬁﬁ’t Re cor?\(/%(gfzL g’ﬁerl caf>nvex
surf ace set as descrlbed above facilitates PC connection. [0022] In
the abciRheRrked} Bediashst r LRHIGHE CahRs EHRDEPhEPNBAR Cad FUEERCHASESS
radi us of curvature p of preferably 3 to 50 mm 10 [0023] In this
way, i mdiC tonbecti convext kpherivaly smfdfeceafindea singiparedius of
body and the end face of the ferrule, stress is hardly focused at

the tipcperit@fe tcides ad ealt ifideeq@bnazharnayepsidesurut formed of
probability of troubles involving scratching of the tip portion
smooth continuous convex spherical surfaces having different radii
of curvature.
[0019]
In this way, the region with a radius of 75 ym or more centered
around a shaft axis of the sleeve has a convex spherical surface,

to thereby stably realize PC connection between the primary end

face of the transparent body and the end face of the ferrule (plug

ferrule).
[0020]
In the above-described construction, a radius of curvature
p of the convex spherical surface and an inner diameter d of the
sleeve preferably satisfy a relationship of p > d/2.
[0021]
Sucharelationship togetherwith the convex spherical surface
set as described above facilitates PC connection.
[0022]
In the above-described construction, the convex spherical

surface has a radius of curvature p of preferably 3 to 50 mm.
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andi nhi bi ti onof | i ght passagedecreases. That is, in PC connection, if
t he convex spherical surface has a radius of curvature of |less than
3 mm stress is |liable to be focused at the tip portion of the
optical fiber on the ferrule side. If the convex spherical surface
has a rnadpes of curvature of nore than 50 nm return |ight becones
strong, which may inhibit PC connection. Such troubles are

ffichentl : ; . : . i thien t hee
efficiently ayoided ydythe rP];%dEHEPQEtEHEVé‘%;Eﬁ%r‘;lgﬁ(ﬁxf}rS‘@ntd FBCENSE the

thy

above numerical ranges. Apreferable range of curvature
p of the convex spherical ,surface i.s 7 t 5 ﬁ%1024 A ferrule

ol ci g SABRB8E SPir DRRYoRRT e FECeBRSEI OF ddtio FRARG Sro SERE ST bEdirTdly
invention for attaining the above-described second technical object,

i ncl udifegusgdsebelvke Hadl MPp i dmedr thel et beal ifidesy iofgaafeernieeside,
and a transparent body provided in the inner hole of the sleeve and

havi ng aadppt obayi ehdy el e rbabllesi g slgvimg @ c reandhaeig vEtthean iensb f eLen
of the ferrule at a halfway position in an axial direction of the

o1 eevearss AU AL AR bEQd dnft ddMadd s ciLapopar gﬂ{atp?g)'ih%cdci:&%‘r‘ééﬁl’jlon,

fixed to an 1 nner surface of the sl eeve rou heat " treat nment.

[ 0025] . rding.to the abave-desegribed constructian, the ferru

hol d ng EABeF CPaFRarBRERCAT FRELRTRcISS (haIATHES tHecLFdavaTant FheS
transparent body, and has the transparent_ body direct]ly and _

t her mal9haT id@o THEThnet StRTER S DPe HEPSteed et THYR, tihePPEEEAN O

the optical fiber on the ferrule side. If the convex spherical
surface has a radius of curvature of more than 50 mm, return light
becomes strong, which may inhibit PC connection. Such troubles are
efficiently avoided if the radius of curvature p falls within the
abovenumericalranges. Apreferablerangeoftheradiusofcurvature
p of the convex spherical surface is 7 to 25 mm.

[0024]

A ferrule holding member for an optical receptacle according
to the present invention for attaining the above-described second
technical object, including: a sleeve having an inner hole for
inserting a ferrule; and a transparent body provided in the inner
hole of the sleeve and having a primary end face for bringing into
contact with an end face of the ferrule at a halfway position in
an axial direction of the sleeve, 1is characterized in that the

transparent body is directly fixed to an inner surface of the sleeve

through heat treatment.

11



hol di ng menber for an optical receptacle can be manufactured at | ow
cost, has a small insertion |oss, and has hardly reduced coupling
efficiency. Further, the transparent body has no optical fiber
attached, and thus has advantages involved in the fact that no
opticallOOEpPber is attached as described above. Even if a precursor of
the transparent body |acks di nensional accuracy, the precursor of

the transpapesbrBedy HBYbResshéesede 8odidetiocorst theough, helgd ferrule
treatment, to thereby thermally fix the transparent body to the

e U5 (365, ahpbhessbesyes %Ebag; thecprecuLsoncphal bech aneparenty

has—a erance ra dr nensr onal “accuracy and

yleld thereby allown nuf t he precursor

t ranspépénﬂ:raﬁ‘éé%‘?‘r@tntl (}}\%J&a adT r‘ﬁ}‘%ﬂ%ﬂ?%&p%ecﬁlt i}%"%%#hﬁ?ﬁ/ly and
bonded to the inner surface of the sl eeve. Thus, a bonding position
of thethermadgarBixedddyhoernepsushiasgoeiba sdleavet.heThnander Berrule
body 1is exposed to variation in air tenperature or to a high

t enper alolide ngaRdribegh furmat topted T orwesptadcherehy hahmdhbfagtured at
reduction in coupling efficiency. [0026] In the above-descri bed

constryel st 2 HalsXh Reha3tir fr'i‘SéPtP@ﬁ R, 4R34HE ﬁé?&y ctetbecouplﬁng

transparent body i1s preferably .rmore. [ 0027] n I's wa

00 S hergel L st e Lagt o sto oot

recept%ﬂéﬁched and thus has advantages involved in the fact that nooptical
fiber is attached as described above. Even if a precursor of the
transparent body lacks dimensional accuracy, the precursor of the
transparent bodymaybe softened and deformed through heat treatment,
to thereby thermally fix the transparent body to the inner surface
of the sleeve. Thus, the precursor of the transparent body has a
wide tolerance range of dimensional accuracy and improved yield,
thereby allowing manufacture of the precursor of the transparent
body at low cost. The transparent body is thermally bonded to the
inner surface of the sleeve. Thus, a bonding position of the
transparent body does not change even when the transparent body
is exposed to variation in air temperature or to a high temperature
and high humidity environment, thereby inhibiting reduction in
coupling efficiency.
[0026]

Inthe above-described construction, a fixing strengthbetween

12



[0028] In the above-described construction, a fixing strength between
the sl eeve and the transparent body is preferably 49 N or nore after

the ferrule holding nenber for an optical receptacle is |eft standing
in a high tenperature and high hum dity environnment of 85C and 85%:H

for 2,006 bbdeese pOd2%hel nrishispawant fraapheris esedferdid yopt9 ddlor more.
receptacle hardly change in any environnent, and probability of

advers§og§ﬁ?cts due to the environnent significantly reduces. [0030]
In the above-described constitution, the transparent body and the

sl eeve are preferably hernetical,ly sealed..[0031] Ln,thj ,_a
space for rredEBeW\kEn‘XEl‘%’e tg%[ ifgﬁﬁlrﬁ\beégﬁteggltg Qgﬁﬁgafl ﬁ;h%g N'8Y mSre, to
receiving/emtting element in an optical nodule may be naintained

her net togrePy tavoedsgeosiEndnai ghl ychfer kEENERRIF§NTatbadn 0agd improve
Pa-nB/sec or less. [0032] 13 In the above-described constitution, the

heat tBeatbeit tiys o fprodfeeroddicqlerfeyamchdilye reans of arc di scharge
| aser, flame, or indirect heating wwth a heat treatnent furnace or

the |ikep2gj0033] The term "heat treatnment” as used herein includes
heat

Inthe above-describedconstruction, a fixingstrengthbetween
the sleeve and the transparent body is preferably 49 N or more after
the ferrule holdingmember for an optical receptacle is left standing

in a high temperature and high humidity environment of 85°C and

85%RH for 2,000 hours.

[0029]

Inthisway, propertiesof the optical receptacle hardlychange
in any environment, and probability of adverse effects due to the
environment significantly reduces.

[0030]

In the above-described constitution, the transparent body and
the sleeve are preferably hermetically sealed.
[0031]

In this way, a space formed between the optical receptacle
and a light receiving/emitting element in an optical module may
be maintained hermetically, to be specific, highly hermetically
at 1x10™® Pa'm’/sec or less.

[0032]
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treatnment for formng a convex curved surface on the primary end
face of the transparent body and heat treatnent for fixing the
transparent body to the inner surface of the sleeve. The heat
treatnments are preferably perforned at the same tine. CO02 |aser

(wavel engt h an tGheTabbveByelkerided aonsasentiand aheeheatr teehtumsaceis
may be used as a heat treatnment furnace. [0034] In the

above- %@él%qglf saf;[(%fs*#éd)rby tfrléeanfserorfj!ae:che%'lgicﬁgrgrer?n@ﬁ%efr(?r f83me, or

opti cal” receptacl I es "an expression o

-1 QLog{.(nf-nb)2/ (nf+nb)2}, 2 37, . in ich nb represents a refractive
ndbx MBS A h ¥ by A bf LFEprBeRh: CUERRERr 9Lt OB FRdEx
of a core portion of the optical fiber attached to the inner hole of
the ferf@33]1 [0035] In this way, -10Log{ (nf-nb) 2/ (nf+nb) 2} is 37
or nore, to thereby suppress return light and avoid adverse effects

on optical propertees. "Hart htsegtment?| @sogff{ed - he)y24Aanf ind)iZdes Sheat
nore preferably 40 or nore. [0036] 14 In the above-descri bed

o es b L AR T B R A 0RO S S
Lﬁ:?ng}fégigﬁgﬁgﬁg't&ggéégrg%ttQS%QM@ﬁdtﬁE%énggggﬁﬁgﬁii9o%v%5§9%g the
transparent body to the inner surface of the sleeve. The heat
treatments are preferably performed at the same time. CO; laser
(wavelength of 10 ym) may be used as laser, and an electric furnace
may be used as a heat treatment furnace.
[0034]
In the above-described constitution, the ferrule holding
member for an optical receptacle satisfies an expression of
-10Log{ (nf-nb)z/ (nf+nb)2} 2 37, in which nb represents a refractive

index of the transparent body and nf represents a refractive index

of a core portion of the optical fiber attached to the inner hole

of the ferrule.
[0035]

Inthisway,—10Log{(nf—nb)z/(nf+nb)2}is37ornwre,tothereby
suppress returnlight andavoid adverseeffectsonoptical properties.

In this case, —10Log{(nf—nb)z/(nf+nb)2} is more preferably 40 or

more.

[0036]
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coefficient between the sleeve and the transparent body does not

i ncrease excessively under operating tenperature conditions, to
thereby preferably prevent formation of cracks in the sleeve or the
transparent body. [0038) In the above-described constitution, a

di fference i Mratéragieovéhde sakibrgarsion tweidn ciaedi fheternen ihaverage
sl eeve and the transparent body is preferably 1 ppmiC or less at 30

to 380G 1dA03PLxbAnkRbLS Weys£ihee i bhenersa Hds a¥evaGHd FRE FE%Ians arent
expan5|on coeffrcient between the sleeve and the transparent

Lot hdf BBy LT pF BESEERRY] BrPPR/ L Reotr AREBarEnt ooy omhs. lde.

pol ari zati on dependent |oss (PDL) or polarization node di spersion
(PMD) hbP@BY)increases. [0040] In the above-described constitution,

the transparent bodywith a thickness of 1 nmpreferably has a |ight
transm ttancelnf tBb% way,muhe idifferaricarin aegrageotharmavelesspginsion
of 800 to 1,700 nm 15 [0041] In this way, the transparent body

advant aaseyﬂ&léﬁenﬁgwéenltﬁ@tspéea@ ARA 1 08¢ COINRPH £a4¢ Wbdy does not
wavel ength and is preferably used for optical comunication.” [ 0042]
increase excessively under operating temperature conditions, to
thereby preferably prevent formation of cracks in the sleeve or
the transparent body.
{0038]

In the above-described constitution, a difference in average
thermal expansion coefficient between the sleeve and the transparent
body is preferably 1 ppm/°C or less at 30 to 380°C.

(0039]

In this way, the difference in average thermal expansion
coefficient between the sleeve and the transparent'body under
operating temperature conditions is a more appropriate value, to

thereby suppress tension 1in the transparent body. Thus,

polarization dependent loss (PDL) or polarization mode dispersion

(PMD) hardly increases.
[(0040]

Inthe above-describedconstitution, thetransparent bodywith
a thickness of 1 mm preferably has a light transmittance of 85%

or more in an infrared region of a wavelength of 800 to 1,700 nm.
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In the above-described constitution, at |east one of the transparent
body and the sleeve each with a thickness of 1 mmpartly or entirely
has a |light transmttance of 75% or nore in an ultraviolet region of
a wavel ength of 300 to 450 nm [0043] In this way, at |east one of

t he trgmngaanent body and sl eeve advantageously transmits ultraviol et
light and is preferably used for, for exanple, a case where an

i sol ator chipn $yfi to f r i

a UV-curabIe&gdﬁgéfcggnyBEE]gF%n? egg gv%?%gs%€?§§%§§%%§$?¥u??%#?hpgs
the transparent body ,is referably, formed of glass. [0045]_ In._this
Wy, t S HaRE (R BRE 163dyE PEFREUCOF & O 465 TP T SRR PAGE SgrDLY used
excel l ent weatherability. [0046] In the above-described constitution,
t he tr dwspamdnitcdlodyenimuniratfsembl y fornmed of borosilicate gl ass
[0047] 16 In this way, the transparent body fornmed of borosilicate

gl ass (msadvantages in that it has a simlar or the sanme thernal
expansi on coefficient to or as that of a sleeve nmaterial, a smal

difference [fh refdaghbye-bodexiBehn cbidtiehelb], Cate A Bndlot Nene
optical fiber, and excellent weatherability.
transparent body and the sleeve each with a thickness of 1 mm partly
orentirely hasa light transmittance of 75% ormore inanultraviolet
region of a wavelength of 300 to 450 nm.
[0043]

In this way, at least one of the transparent body and sleeve
advantageously transmits ultraviolet light and is preferably used
for, for example, a case where an isolator chip is fixed to an end
face of a transparent body by using a UV-curable adhesive.
[0044]

In the above-described constitution, the transparent body is
preferably formed of glass.

[0045]

In this way, the transparent body formed of glass has an
advantage of excellent weatherability.
[0046]

In the above-described constitution, the transparent body is
preferably formed of borosilicate glass.

[0047]
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[0048] In the above-described constitution, to be specific, the
borosilicate glass preferably contains 65 to 85% Si 02, 8 to 25% B203,
1.5 to 10% Li 20+Na20+K20, O to 10% A1203, and 0 to 5%

MyO+CaO+Sr O+BaCtEhOwayn ths $%anEps teortob oy datrensgl af doparstiilcidstrd glass
preferably contains 67 to 80% Si 02, 12 to 19% B203, 2 to 9. 5%

Li 20+NaZQrKd0an@ata 5604 A13R3i t h@ st ® sIHiNBRHEARHI S4B CheYRa 12B88pAnk9on

0. 05% Fe203 in mass% The borosilicate glass may further contain

smal | amounts of . PbO__Zr02,, Ti 0 As20 Sh203,. C12,_ and . the.like

T add QT AT THe CoaBoVBS QAT (el SoRBBRANT 1 bag) ST Lnnd iAFence
the transparent body formed of borosilicate glass may nore ,
appr opriratr@ i e’ e Hrdgo vl tdedd b et ddimmos§ePOrtionsof thet pptical
above-descri bed constitution, the transparent body preferably has a
flat suffleee, iawcdi eedeld ¢ht respebérsbiaiplyane perpendicular to an
axis of the sleeve, the flat surface being formed on a secondary end

face op?9§4gp to the primary end face. [0051] 17 In this way, return
light at the secondary end face of the transparent body nay be cut,

Fant. I n par bt ohier bs P deBbER 'ndFEinRa 7 e cHPrkRsis "Ehe

angle of 4 Lo 15 with respect Loa plane, pernendicyl gy toqan axis of
1.5t010%L1,0+Na,0+K;0, 0to10%A1203, andO to 5‘% MgO+Ca0+Sr0+Ba0+Zn0
inmass%. The borosilicate glass particularly preferably contains
67 to 80% Si0z, 12 to 19% B0z, 2 to 9.5% Li,0+Na0+K;0, 0 to 6% Al,0s,
0 to 3% MgO+CaO+Sr0+Ba0+zZn0O, and 0 to 0.05% Fey03 in mass%.

The borosilicate glass may further contain small amounts of
PbO, Zr0O,, TiO;, As;03, Sb,03, Cl,, and the like, in addition to the
above-described components.

[0049]

In thisway, the transparent body formed of borosilicate glass
may more appropriately have the above-~described advantages.
[0050]

In the above-described constitution, the transparent body
preferably has a flat surface inclined with respect to a plane
perpendicular to an axis of the sleeve, the flat surface being formed
on a secondary end face opposite to the primary end face.

[0051]
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advant ages provided by formng a flat surface inclined with respect
to a plane perpendicular to the axis of the sleeve on a secondary
end face opposite to the primary end face, and an advantage of

mai nt ai ni ng h _couplin effl Y. In_t.he above-describged
constructlonﬁnt gl§I¥8§ gtﬁfgf g% atfggﬁe%eS? ndafynfed face o e
crystallized glass, a nmetal, or a resin. [0053] In this way, the

sl eeve tappseptientePydy ararebeasity flcebharebpvadk Frlent Jemaérmﬁe@nvbh@a;/ly
of the transparent body. In particular, the sleeve formed of

cer am Gvelrser gSfaklszéde s tiiasn bightt heImalartriesildmne@etrénsparent
t her eby provide advantages in that the sl eeve has no varying

dinen5| qggr C%ﬂdf”b @x&@lé ng @Iggr@b &'i¥° - A ?
naterla ft eltraeﬁsparentl1 ody is so téﬁ d and de?orned Ogi B?Et
t he above- discrlbed co SHEE on t he sl eev

[ or ned BTAPLSHE RATRIIG CHA? DD SFTT SFS PLarEs a8 BY BPRen- ?85%1?801

extend parallel with a dlrectlon al ong the core axis of the sleeve.
1B [ 0058jvant agh s prayidedrey & asard nearidlafasug fageninel ined iiffrereppect
in average thermal expansion between the sleeve and the transparent
body i std ar gpéanteopehpeaby colaevent tbenakisnobftlor aclesven crha skeewdary

or the transparent body.
end face opposite to the primary end face, and an advantage of
maintaining a high coupling efficiency.
[0052]

In the above-described construction, the sleeve is preferably
formed of ceramics, crystallized glass, a metal, or a resin.
[0053]

In this way, the sleeve appropriately serves as a sleeve
covering an outer peripheryof the transparent body. Inparticular,
the sleeve formed of ceramics or crystallized glass has high thermal
resistance, to thereby provide advantages in that the sleeve has
no varying dimensions, no degradation, and excellent weatherability
when abasematerial of the transparent body is softened and deformed.
[0054]

In the above-described construction, the sleeve preferably
has a slit formed thereon. In this case, the slit is preferably
formed so as to extend parallel with a direction along the core

axis of the sleeve.
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[ 0056] The above-described first and second technical objects may be
attained with the optical receptacle formed by using the ferrule
hol di ng nmenber for an optical receptacle having the above-descri bed
construction. [0057] Meanwhile, a nethod of manufacturing a ferrule
holdinéogéﬁﬁer for an optical receptacle according to the present
invention for attaining the first technical object, which includes:

a sl eeve havingthas waper shoeesfoanibser¢legsadfeven| 2f @mel difference
transparent body provided in the inner hole of the sleeve and having

a primpysedeh§ace drafal egFagisrﬂgniméw@@mtt@@s%ébe%@@ﬂef@ﬁﬁu@afm
ferrule at a halfway position in an axial direction of the sleeve,

is character]ze i.n I f.Qrm i;ma e
face o%ogﬁ’ei%rlaaﬁrs %’r g'r?t Eh%ggggié{]%v%&%%ﬁ\%fé“ftgfﬁvgg %%‘%]g%elrb§¥e ijeeve
inserting a precursor of the transparent body into the inner hole of
the sl &vé&headdadeRed®mintg Pade precursor of the transparent body by
means of heat treatnment. [0058] According to the above-descri bed

nmet hod,{0td Jpr ecur sor of the 19 transparent body is inserted into
the inner hole of the sleeve, and the precursor of the transparent

body is soft aned abyveedrs afibdiedi dskeand®Bbcohd tBenabyaflosByEbes may
primary end face of the transparent body brought into contact with

t he en%efbgﬁ‘éag eBNe: {81 Sg(ﬂhﬁg rd SEEHL B e 1Y DR EOVYEKN G WiEeFerrule
surface by surtace tension or the
holding member for an optical receptacle having the above-described
construction.
[0057]

Meanwhile, a method of manufacturing a ferrule holding member
for an optical receptacle according to the present invention for
attainingthefirst technical object, whichincludes: asleevehaving
an inner hole for insertinga ferrule; and a transparent body provided
in the inner hole of the sleeve and having a primary end face for
bringing into contact with an end face of the ferrule at a halfway
position in an axial direction of the sleeve, is characterized by
including the step of forming the primary end face of the transparent
body into a convex curved surface by: inserting a precursor of the
transparent body into the inner hole of the sleeve; and softening
the precursor of the transparent body by means of heat treatment.

[0058]

According to the above-described method, the precursor of the
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| i ke. Thus, |ow production cost and reduction in insertion loss are
realized. Further, the primary end face of the transparent body is
sof t ened anddef or nedbyneansof heat treatnent and then solidifies,

and thus has a convex curved surface with properties of a mrror

surf ace raingpdreait |hddy sik f ieserfv@ninto t fiee plecer sholef ofhehe sleeve,
transparent body | acks di mensi onal accuracy, the precursor of the

transpay %Eh@gxgw&%é% %ﬂsdtfggggs}geﬁﬁ%& Provgh feate d 18A Suggats, of

to thereb y provide a primary end avi ng a convex curve ace
of an afprogrlate shag Thu % e ecursor of ége tr ent bodX
has a W%fe- tEPRFEREE FATJE 36 SrPaﬁl‘%acchu‘?% a&ﬁc? ? yagsparent
yield, thereby allow ng nanufacture of the precursor of the

transperaiy Hodiohit i comtacther gt ey eadd fagee obf tbleef?mnépar(eﬂuug
body is formed through heat treatnment. Thus, even if contam nants

such asfarr@rgani gtsudpstencexadheredt QuafSUéfnyesafcfhbe peaetibsobr @he
the transparent body, the surface is subjected to heat cleaning, to

ther ebyjojgwgég' Cigfid v I %&J&fwt@w%@ r\é.!em%llo@lcrl%a%%se%&' ﬁalloss

| oss netho manufacturing a ferrule ho di ng nmenber
an 20 o tlcal rec accordln to_the esSe vention for
attai ni A TERd S 66 g ?P l%%g%ﬁalatr&%c?gglc o%f é £ L{d gparent body

i ncl udes: a sl eeve having an inner hole for inserting a ferrule; and
atr ansbéﬁ@ﬁﬁ:enl?ré’cﬁp%qi%@‘i’ Fead Py ma S phBpahsire asmentieind BheB Sgdddifies,
having a primary end face for bringing into contact wwth an end face
of the &erdrthes has a convex curved surface with properties of a mirror

surface or mirror-like surface. Even 1f the precursor of the
transparent body lacks dimensional accuracy, the precursor of the
transparent bodymaybe softened anddeformed throughheat treatment,
to thereby provide a primary end face having a convex curved surface
of an appropriate shape. Thus, the precursor of the transparent
body has a wide tolerance range of dimensional accuracy and improved
yield, thereby allowing manufacture of the precursor of the
transparent bodyat lowcost. Theprimaryendfaceof thetransparent
body is formed through heat treatment. Thus, even if contaminants
such as an organic substance adhere to a surface of the precursor
of the transparent body, the surface is subjected to heat cleaning,
to thereby efficiently remove the contaminants which increase
optical loss.

{0059]

A method of manufacturing a ferrule holding member for an
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at a halfway position in an axial direction of the sleeve, is
characterized by including the step of fixing the transparent body
and the sleeve by: inserting a precursor of the transparent body

into the inner hole of the sleeve, and softening, the precursor of, .
et 1 ARSHAPONTOBBHyS by SRRt S HE RS BAERERE LT UOROT e HF HyLpER
t he above-descri bed nethod, the precursor of the transparent body is
i nsert éthe rtbwdrale sneibed| seopndhéeshaével okieathe Wriedurseelewdes hea
transparent body is softened by neans of heat treatnent, to thereby

di rect Iy KA Aglanyi dh&r hbe etfanspae £0ingRopyr £91 & henidetassphasst
of the sleeve. Thus, |ow production cost and reduction in insertion

: S(S:isa(rfondiﬁ glrio%q.%'edEXﬁnthg i e Py 3¢ th8f ?i%'ﬁvé ra40g @?a{ﬁgw}r% Qggéjymary

ional accuracy, the precursor (0] e transpar

may be softened_and deforned, to thereby .thernmall iX th
T o e oy § SR P F St RAci b Gl it el PR thgeferrule

precursor of the transparent body has a wide tolerance range of '
di mensiahad hatbvayy resd tigwy cvedayi ekdlalt Harely 19N i nghe sleeve, is
manuf acture of the precursor of the transparent body at |ow cost.

Furt herchd fecti ¢ sinspangntnkddyiing therswmdp pibondedgt thé herdns@irent body
surface 21 of the sleeve. Thus, a bonding position of the

{r anspag et oW e RSSO AANIM PYL el ddie It aRpatedlsodnd Body
posed to variation 1'n air tenperatdre or to a high tenperature an
hioh hupidity o envl ot . 4 beceby,Lobi bLinG Fedet] an.d L AOMRLNS
the transparent body by means of heat treatment.
[0060]

According to the above-described method, the precursor of the
transparent body is inserted into the inner hole of the sleeve,
and the precursor of the transparent body is softened by means of
heat treatment, totherebydirectlyandthermally fix the transparent
body to the inner surface of the sleeve. Thus, low production cost
and reduction in insertion loss are realized. Even if the precursor
of the transparent body lacks dimensional accuracy, the precursor
of the transparent body may be softened and deformed, to thereby
thermally fix the transparent body to the inner surface of the sleeve.
Thus, the precursor of the transparent body has a wide tolerance
range of dimensional accuracy and improved yield, thereby allowing

manufacture of the precursor of the transparent body at low cost.

Further, thetransparentbodyisthermallybondedtothe inner surface
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In any of the above-described nethods, the heat treatnent is
preferably perfornmed by neans of arc discharge, |aser, flanme, or
indirect heating with a heat treatnent furnace or the like. [0062)

In this way, the precursor of the transparent bodymay be easily

sof t ened &she déeevmed, Thest herkdyding nP@sptiemr 9L ehe faeangpayert body
transparent body having an appropriate convex curved surface by

sur f acdokensitoshengkhardn keen lthepardn £pd vent bbdypreenpssedalfo tdweiation
transparent body nay be easily softened and deformed by neans of

| . . . , f ' '
tﬁZrerabglhr g&ﬂ:‘cgﬁ%ﬁﬁ%lﬁfg E3uGh aas)ﬁjb@?a’ceﬁbgéﬁﬂﬁﬁ}tef MDacRh A@nidity

eccentricity ween a top of the convex
curved surface convsx s$herica$.surfacq% nd a.enter . of an %nner
di amet &RV OPMETH e EVET PN PRUPT BRI N ‘?%fgl?rh\}& FOUPHERE; Bbt bF SR RY:
entire sleeve including the precursor of the transparent body in the
i nner H&IO®Wy using a heat treatment furnace. Aheat treatnent
tenperature at this time has only to be I ower than the softening

poi nt or nel GimgnpodHttied atderesidesva ided hegherst, hehe tHeats afrkanimegt is
point of a glass rod. To be specific, the heat treatnment tenperature

s 500 g AOAG1 Ak ¥R Y Ao @300€ Lobcoblraleli nase:GORYENe, 22r

spheri cal surface "having a desired radius of curvature in a shor

period of .ti nd .per f ormi.ng at, cleani: f d_face_of .the

P anapat b Bouy e TS ShrE 71 fest | e PRy 8a0. s G RRoe t Fhsr hake:
time of 3 hours or |ess provides an advantage of excellent production
ef fici el3f2lThe heating by neans of CO2 |aser as |aser allows

Inthisway, the precursor of the transparent bodymaybe easily
softened and deformed, to thereby form a primary end face of the
transparent body having an appropriate convex curved surface by
surface tension or the like. 1In particular, the precursor of the
transparent body may be easily softened and deformed by means of
laser or indirect heating (such as a heat treatment furnace), to
thereby reduce shift (eccentricity) between a top of the convex
curved surface (convex spherical surface) and a center of an inner
diameter of the sleeve. The indirect heating involves heating of
the entire sleeve including the precursor of the transparent body
inthe inner hole by using a heat treatment furnace. Aheat treatment
temperature at this time has only to be lower than the softening
point or melting point of the sleeve and higher than the softening
point of a glass rod. Tobe specific, the heat treatment temperature

is 500 to 800°C, and preferably 600 to 800°C for obtaining a convex
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softening of the precursor of the transparent body in a short period
of tinme. [0063] In any of the above-described nethods, the precursor
of the transparent body is preferably a glass rod or a resin rod.

[0064] In this way, the precursor of the trapsparent body may be
easi | y SPARF 188 Fedip o Ryied andesorfdi FadHe? b Cdlrtvraéﬁ-’s%rléhta BBAY T

having a primary end face of a convex curved surface, or may be
easi | y pearidvdassukénkyahixeelr fbenimg Iheato clieenimerfsthéaerd dfadshef the
sl eeve as a transparent body. In this case, the glass rod preferably

cont ai RS HP VISP atBrhe 254 BAGD . 115 tRi308a4é 2GHNaA@K2@atment
to 10%A12C3,” and 0 to 5%O+CaO+Sr O+BaO+ZnO i nmass % fronvi ewpoi nt s

of refractive 4ndex, thermal_ ex Sl coefficlent, Vidrifi i .
resi st ancs 8§r§i ﬁ88§8f?%§|er% pa%%ylga]e Sorg{rqna C}ann?ﬂa%edO%hee)g%k%ﬂngggﬁgg,@lon
aresin rod may al so_be used, and specific exanples thereof include

t her nof Bkt G e @%i nsTREcheas 1aIpbYy E8BEn e +@sitRsSer pdf yeeh§Fedlovws
resin, a polypropylene resin, an acrylic resin, and a fluorine resin.

[ 0065] £3ftenimy odf thhe mhoves ae ofr iive d repisipeden tahodpndi if acshaxft peeiod
glass rod or the resin rod is preferably beveled. [0066] In this

way, therbeugded end face provides advantages in that: the end face
of the rod is not chipped; the convex spherical surface

[0063]

In any of the above-described methods, the precursor of the
transparent body is preferably a glass rod or a resin rod.
[0064]

In thisway, theprecursor of the transparent bodymaybeeasily
and assuredly softened and solidified into a transparent body having
a primary end face of a convex curved surface, or may be easily
and assuredly.fixed thermally to the inner surface of the sleeve
as a transparent body. In this case, the glass rod preferably
contains 65 to 85% Si0;, 8 to 25% B;03, 1.5 to 10% Li,0+Nay0+K,0,
0to1l0%Al;03, and 0 to 5% MgO+CaO+SrO0+Bal+ZnO inmass® fromviewpoints
of refractive index, thermal expansioncoefficient, devitrification
resistanceduring softeninganddeformation, andthelike. Further,
a resin rod may also be used, and specific examples thereof include
thermoplastic resins such as a polycarbonate resin, a polyethylene

resin, apolypropylene resin, anacrylicresin, anda fluorine resin.

[0065]
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is hardly distorted; and a clinbing phenonmenon at an interf ace
between the transparent body and the sl eeve hardly occurs. Effects

of the Invention [0067] As described above, the ferrule hol ding
menber for an optical receptacle, nethod of manufacturing the sane,
and optical decapyad the adiowe-tdes cdipedmebdbhddag aroenegmesérithe glass
invention allow the following. The primary end face of the

transpalgntobadie inserd ecbd M gherd ery hove184, the sleeve is
formed into a convex curved surface through heat treatnent. Thus,

t he pHI&yégEHmiface may have a convex curved surface with

propertﬁ S df a mrror surface or mrror-like surface, and |ow
production cost and reduction in_insertion |oss maybe realized.,
Further, everdT £hésritaim faftReEekId £8daFrer §4FVd AL YARE2GARSTRLhAS:
a surface of the precursor of the transparent body, the primary end

face oftHehentrBasparfenhebooly lissnstlyghaqipedit thkeadtnérapheyicdlosuaface
cl ean surface, to thereby suppress optical |oss due to the

cont am NaRE 840§ dilke drideds; 400861 i2b iRy s omd Ren beral gt bpf déd8etween

menber for an Optical receptacle, net’hod of manufacturing the sane,
and opti,cal 1hg e a oy, di t pr esent
inventﬂgﬁga.%%ﬁ?ﬁ%ﬁg#glﬁgaynaﬁgT%gé ??%%g%aﬁgkgggogﬁEpggérted into
the inner hole of the sleeve is directly fixed to the inner surface
of the sleeve through heat treatnent. Thus, the transparent body and
the sl eeve are strongly fixed, and

Effects of the Inventiocn

[(0067]

As described above, the ferrule holding member for an optical
receptacle, method of manufacturing the same, and optical receptacle
usingthe same accordingtothepresent inventionallowthe following.
The primary end face of the transparent body inserted into the inner
hole of the sleeve is formed into a convex curved surface through
heat treatment. Thus, the primary end face may have a convex curved
surface with properties of a mirror surface or mirror-like surface,
and lowproductioncost andreductionininsertionlossmayberealized.
Further, even if contaminants such as an organic substance adhere
to a surface of the precursor of the transparent body, the primary
end face of the transparent body is subjected to heat cleaning into
a clean surface, to thereby suppress optical loss due to the
contaminants or the like.

[0068]
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| ow production cost and reduction in insertion |loss are realized.
Further, the precursor of the transparent body nmay have a w de

tol erance range of dinensional accuracy. Thus, a bonding position of
t he transparent body does not change even when the transparent body

i s exposed t Twarhet | bheiffeaiuld eop@ing meeber for anhdphi cd Empeeptarcée,
and high humdity environnent, thereby suppressing reduction in

coupl i ngeefdd @@ﬁﬁﬁu@ﬁc%&ﬂn@stﬁé%ﬁin@ ean@eé%tﬁ@gﬁ FOFeSBEEYE NG the
the I nvention [ 069] Herei nafter, enbodi nents of the present

i nvention w escribed n H
|V Sl ey PO WROBELEL ELELAD;LE %gi%%“%g LI g ™ ne
receptacl e having attached thereto a ferrule hol di ng nenber for an
opti cal t¥aeeprEele O(iwéfreaeda?r%tnt%mﬁllmeéflé?%%aftt@ea%l%e\r%wdtléectly

hol di ng menber) according to an enbodi nent of the present invention.
Fig. 2 fsxead tentle gethd ogitiatenalf et isdreavd ridmoughewestowireg tanent .
state of a plug ferrule inserted into the ferrul e hol di ng nenber

accor di figys 251 g Siped g phnbhenBr 8sealel a¥enit fin 3 ?1 00 4d Aand
(0]

shown in F|g 1, an optical receptacle 1 has a ferrule I ng

menber 3, aéf‘&é\?é’ti&g 9&‘?@ aL}FH qg(iu%t?@ W 0g ?g%?ﬂ:k?&n%éé%oa[}ez%e%thzae’a

end of a e end e o optical recep errul
holdlng me ncl udes as structural nenbers | indri sl eeve

ot S FIEERRE, SihE Sh R AT A S8 e Hermet St “RRHVLRay| Rate eoide

tolerance range of dimensional accuracy. Thus, a bonding position
of the transparent body does not change even when the transparent
body is exposed to variation in air temperature or to a high
temperature and high humidity environment, thereby suppressing

reduction in coupling efficiency as much as possible.

Best Mode for carrying out the Invention
[0069]

Hereinafter, embodiments of the present invention will be
describedbyreferringtoattacheddrawings. Fig.lisalongitudinal
sectional front view showing an optical receptacle having attached
thereto a ferrule holding member for an optical receptacle
(hereinafter, simply referred to as a ferrule holding member)
according to an embodiment of the present invention. Fig. 2 is an
enlarged longitudinal sectional front view showing a state of a

plug ferrule inserted into the ferrule holding member according
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solid transparent body 5 fixed thermally to an inner surface of the
sl eeve 4 on a base end side. In this case, a primary end face 5a on
atip side of the transparent body 5 is positioned halfway in an
axial direction (nearly center portion in an axial direction) of the
sleevet@.tFGOfTFQQ&WﬁﬂRMP%ﬁ#ﬁQgﬁfeﬁ?QﬁuF%Ye@?kP%rinary end face 5a
of the transparent body 5 has a convex curved surface obtained

t hrougH O0Wédt treatment which is an unpolished surface. A region with
a radius of 75 }imor nore centered around a shaft axis Z of the

sl eeve 4 haaSsKORY X SRNel | aal oSt dAC @ eclpkadilusl Wés aWartllehp18ing
t he convex spherical surtace and an inner dianmeter d of the sleeve 4

sati sf rel i i > d/ b ific, t i f
cor vat desbdf FecTaRhY hofaz & R01d0e 08 BEFEN £ icdiiey BN 2aat
end face 6a of a_plug ferrule 6_inserted froma t%gciide o)

f the
sl eeve 3 P8 PEIFEPS0CRE £8P HenPBtAGALaEECHP fiel cofex terrule
spherical surface at the primary end face 5a of the transparent body
S. In eldingmember Zinoptdesksfitsarctuzal nenbdrso a¢ipl immeichbkéeefre
the plug ferrule 6 has a core portion 7a with a dianeter of about 10

pun ands gl xedt ehspaei pherrdercd iash peilll 66 e Wdlller di; admed &F c9fl iabetdtal
125 pun. The convex spherical surface of the primary end face 5a of

he LLSE ehLa et oab T3 s RaRg LB SrTHhS! suile of
the sleeve 4 on a base end side. In this case, a primary end face
5a on a tip side of the transparent body 5 is positioned halfway
in an axial direction (nearly center portion in an axial direction)
of the sleeve 4.
[0071]

As shown in Figs. 1 and 2, the primary end face 5a of the
transparent body 5 has a convex curved surface obtained through
heat treatment whichisanunpolished surface. Aregionwitharadius
of 75 pum or more centered around a shaft axis Z of the sleeve 4
has a convex spherical surface. A radiusof curvature pof the convex
spherical surface and an inner diameter d of the sleeve 4 satisfy
a relationship of p > d/2. To be specific, the radius of curvature
p of the convex spherical surface is set to 3 to 50 mm. An end face
fa of a plug ferrule 6 inserted from a tip side of the sleeve 4
is formed so as to bring into contact with the convex spherical

surface at the primary end face 5a of the transparent body 5. 1In
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The transparent body 5 is directly fixed to an inner surface of the
sl eeve 4 through heat treatnent, and a fixing strength between the

sl eeve 4 and the transparent body 5 is 49N or nore. To be specific,
the transparent body 5 is fixed at fixing strength of 49 N or nore
after tihe s @ad e 3ol b hiCakenbdrey s7l%'¢'@a§lﬁ%1¢|d?@|gt}ﬂﬁ dnpeghhole of the
tenperature and high humdity environnent of 85C and 85%H for 2,000
hour s. fluld Feyrrile 8 anspacerte body ibnand wiehskedvemétatreof about 10
hernmetically sealed. In this case, neans of heat treatnment for fixing

the transpatent ody B txg%;ﬂé INBELGSYOLALEn Ofp LIS RS B ANt about

means at treatne ornlng e primary end tace 5a
transpgﬁfnt bod 5 into a ex cgrved surface each i,nvol ve gf%ns

of arc ‘A3t gé, qz%ﬂﬁye%I%E SHEEESE ReatPRgPRAIPARTY fB& face Sa
treatnent furnace or the |ike. Note that, CO2 |aser (wavelength of

10 pi n)oﬁwﬁ;heaetm@@paéemhsléedyahdlanf@rréetir pe farhaceriay batgsegntast
a heat treatnent furnace for indirect heating. [0073] A refractive

i ndex (wibjh ofhé heoteapspaient 7hod§ thandpaical tebeaclive index (nf)

of the core portion 7a of the optical fiber 7 attached to the inner
hol e of @@fzglug ferrule 6 satisfy an expression of

-ICLog{%nf n )2/(nf+nb)2} ? 37. A difference in average thernal

expansi on co i ent betwee the s] eeyve 4 .and t.he t ansparent_ bod
5 s 8 ppi C e IECu SRR 255y 1 PhH G ftslxst% T e Sthgce
transpar ent body 5wtha thlckness of 1 mmhas a

t r ansni @ &heeS b¥eBe% bRr gk her tahr ¢ PaRBd 376HR éﬁxéﬂgas%%%g*é}h@ﬁ’iween

the sleeve 4 andthe transparent body 5is 49 Normore. Tobespecific,
the transparent body 5 is fixed at a fixing strength of 49 N or
more after the ferrule holding member is left standing in a high
temperature and high humidity environment of 85°C and 85%RH for
2,000 hours. Further, the transparent body 5 and the sleeve 4 are
hermeticallysealed. Inthiscase, meansofheattreatment forfixing
the transparent body 5 to the inner surface of the sleeve 4 and
means of heat treatment for forming the primary end face 5a of the
transparent body 5 into a convex curved surface each involve means
of arc discharge, laser, flame, or indirect heating with a heat
treatment furnace or the like. Note that, CO; laser (wavelength
of 10 ym) may be used as laser, and an electric furnace may be used
as a heat treatment furnace for indirect heating.

{0073]

A refractive index (nb) of the transparent body 5 and a
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of 800 to 1,700 nm At |east one of the transparent body 5 and the

sl eeve 4 each with a thickness of 1 mmpartly or entirely (the
entirety of the transparent body 5 alone in this enbodinent) has a
light transmttance of 75%or nore in an ultravjolet region of _a_,
wavel efgiracsivaoandex480innp f THee t¢R Radntohody °F thef ePheaasdffiber
glass or a resin, and preferably borosilicate glass. The

bor osi ITi et echgpdss the efire abby eadnt lae pdu§E err 856 Sa€2 s £§ droe2bfession
B203, 1-5 to 10% Li20+Na20+K2O, 0 to 10% A1203, and 0 to 5%

My O+CaQSt -hB) 2 ¥ bigyul anl ¥ipretenhal in GoRkAl érh®
80% Si 8}5 %ﬁ?%féo% °3 og?ﬁg aPy B 2&%320«20, 0 5 o 20%1? 5t

to 3%phO+CaO+Sr O+BaOsZnO, nd. 0 to_ 0.05% Fe2 i ss%_ [ 0074
VbanwhiHREATEIE™S FBG & 1 Leat LTS A AEar L8P R I 2REbs LA FReF b0y
formed of ceramics, crystallized glass, a netal, or a resin. .
However5 iisn8tpps/ efbedi Fasi, Ruedesiabdve 14PPE/f 6r ABdL®FS G a¥fl &9 380°C.
(zirconia) or crystallized glass(Li 20 Al 203- Si O2- based crystal li zed

gl ass Whehtpapsppreatedcalysodi dishl ut | thiockn&s Spedunenemahas nai hight
28 crystal phase). In particular, the sleeve 4 fornmed of

Li 20 Al o @ Dase b B3t 3kl haed iG] assinbreReBr e6hPbh B £S Raselbdgth

sol ution of P-Spodunene as a main crystal phase can be manufactured

throthoP%tOi @%’el Z’?{)@trﬁpi NGyt %@gs@&g%r}%f tB%UiraBEB%&eﬂ@db§H§f% and the

di aneter's of f eeve have vVery hi I mensi onal “accuracy,

thereby facilitate insertion of the plug ferrule, and facilitate |,
hol di neE HSYRA SAGRyEERAF B BEne R 05!} FHEATIISEAF SRS (HRagntizety

of the transparent body 5 alone in this embodiment) has a light
transmittance of 75% or more in anultraviolet region of a wavelength
of 300 to 450 nm. The transparent body 5 is formed of glass or a
resin, and preferably borosilicate glass. The borosilicate glass
preferably contains 65 to 85% SiO;, 8 to 25% B203, 1.5 to 10%
Li,0+Na0+K;0, 0 to 10% Al,0s3, and 0 to 5% MgO+CaO+Sr0+BaO+Zn0 in
mass%, particularly preferably contains 67 to 80% SiO;, 12 to 19%
B,03, 2t0 9.5% Li,0+Na,0+K;0, 0to 6% 21,05, 0 to 3% MgO+Ca0+SrO+Bal+7Zno0,
and 0 to 0.05% Fe;03 in mass%.

[0074]

Meanwhile, the sleeve 4 is a cylindrical single member and
may be formed of ceramics, crystallized glass, a metal, or a resin.
However, in this embodiment, the sleeve 4 is formed of ceramics
(zirconia) orcrystallizedglass (Li,0-A1,03-Si0,-based crystallized

glass which precipitates a solid solution of B-Spodumene as a main
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ferrule. [0075] A secondary end face 5b on an opposite side (base end
side) to the primary end face 5a of the transparent body 5 has a

flat surface at an angle a of 4 to 15 wth respect to a plane 8
perpendi cular to the axis of the sleeve 4 (plane perpendicular to a
shaft gxiystal) Phafend fadd 4PagtisBase erfdsi delafve hed sikeieed of
also has a flat surface at the sane angle of inclination a as that

of the1de0eRnlaviySiendbhaed Sbystalhtzedmd qusankich@reaiFHitptes assalid
| ongi tudi nal sectional front view of an optical receptacle having

att ached i Aere! 8rap L &5 & dlfe hOldl _Qqnaniergsfa% st\%gcgﬁggggcérpbaw@mgfactured

enbodi nent of tﬁe present 1 nvention. ho in Fig. 3, an optical
receptacle 21 has a ferruyl e hol.di ng _nember, .23 attached,inside

ol dor T3 OHAN AFaE K6 SRR 9200 FRe i uFBSRol IR neRRer ST
is formed of an insulating material of ceramcs, crystallized gl ass,
gl ass, ddranatesit offHg evkependraingre 9 miwhedimans heprabeacggracy, to
structural nenbers: a thick cylindrical sleeve 24 fixed inside an

i nsertighedrede fafcihie dmd dersedtiand ft htecpllugdfeeahlesobhd facilitate
transparent body 5 fixed thermally to an inner surface of the sleeve

24 on a,dpsE &Nk stile. pThe §é§§1¥§e21?yiz?nlfliﬁf{é'ihedl@@seﬁi’h epf22hat pdug

base endportion al one throughpress-fitting orbonding, and the hol der

22 has S e which does not cover a tip portion of the sleeve 24.
The slééﬂ%gggehas a larger thickness than that

[0075]

A secondary end face 5b on an opposite side (base end side)
to the primary end face 5a of the transparent body 5 has a flat
surfaceat ananglecof4tol5°withrespect toaplane 8 perpendicular
to the axis of the sleeve 4 (plane perpendicular to a shaft axis
Z). An end face 4b on a base end side of the sleeve 4 also has a
flatsurfaceatthesameangieofinclinationaasthatofthesecondary
end face 5b in the same plane.

[0076)

Fig. 3 is a longitudinal sectional front view of an optical
receptacle having attached thereto a ferrule holding member
according to another embodiment of the present invention. As shown
in Fig. 3, an optical receptacle 21 has a ferrule holding member
23 attached inside a holder 22 having a collar portion 22a. The
ferrule holding member 23 is formed of an insulating material of

ceramics, crystallizedglass, glass, oraresin. The ferruleholding
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of the sleeve 4 used in the optical receptacle 1 shown in Fig. 1.

The sl eeve 24 has excellent nmechanical strength and is hardly broken
even if the tip portion is not covered by the hol der 22. The opti cal
receptacle 21 having such a structure inhibits the tip portion from

Ser Vi NGneagh e 23N wnedé © alsr snsndfuidl meekiere :ed ebt campdnetd i g@lV e eeve
(because the tip portion of the sleeve 24 is not covered by the

hol der %kixéﬁqﬁﬁr&g ¥1|'19.'h%%ir‘é§.%n% Sf t?fél?tg%%%PQZ ; and th%icgéé.)ndrical

transmtter-receiver electronic conponents as | aser

each having.an optical receptagl e, attached. 07 The.ferrule

ol di ng Hetbarsohennaess Raling FhecRoChBerRrYLY £br d0: dPeETagurtace of
descri bed above are manufactured through the follow ng nethod.

(0078] Fie ssleewveshéwnnby baserendesiigbolThe Flaavg 24, ig glixes to the
material is subjected to drawing to manufacture a | ong ori gi nal

gl ass rpslidér 28 tshbaseldnd b ef encel syehtirddgdf pfeé g5 - £ t i g o dloniding,
of 30 manufactured original glass rods 9 are bundled and cut into a

pr edet ex m I i X4 i i On, frd f :
Foughl yomel s ehert Pihas? o rbarr By ol o ore Synpol oot P Fortaen

pluralit f glass._ ro 1Q,,are.obt ai ged, at once_as I ecur sor, . of
Pr anapal et O ES Thett - ad Chama oy 4 BFEntel Syathl D Ghraag thaft that
both end faces |la of each of the glass rods are subjected to

bevel i ngf| the PEeeRdwh WiET dffeitdfc BPS}FBSI TECEPLRFES 4 shownpby g 1.
The sleeve 24 has excellent mechanical strength and is hardly broken
even 1f the tip portion is not covered by the holder 22. The optical
receptacle 21 having such a structure inhibit; the tip portion from
serving as an antenna to transmit or receive electromagnetic waves
(because the tip portion of the sleeve 24 is not covered by the
holder 22), and hardly provides adverse effects on
transmitter-receiver electronic components (such as laser diode)
each having an optical receptacle attached.

[0077]
The ferrule holding members 3 and 23 having the respective

structures as described above aremanufactured through the following

method.
[0078]

First, as shownby reference symbolAocf Fig. 4, aglassmaterial
is subjected to drawing to manufacture a long original glass rod

9. As shown by reference symbol B of Fig. 4, a plurality of
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glass rod 11 is inserted into an inner hole of the cylindrical sleeve
4 formed of ceramcs (zirconia) or crystallized glass
(Li 20- Al 203- Si 02- based crystallized glass which precipitates a solid

solutiqQn Q - i_n.cCr lo P e 9] e tk

end fag?nef%%éﬁ%éEQEgg gﬁifoﬁﬁgggag§§§ips$g% %HBhggé ent fé&% Pﬁgo 2
of the glass rod 11 on a base end sjide are aligned to form an
assenblBERBErmmedHengdedhl 38 Bl 5 irednAnPosh @ d&ages are
furnace, or the glass rod 11 is irradiated with a | aser beamfroma
ti p operwughlwmrdldshksl.of Thhe ,skeesieowin by referemresefmbrl @nolf defqr i,
the glass rod 11. In this way, the end face (primary end face) |la

of the glass-4 00k lloPyBadd Rsddla i 2 AOIRGBINHD a3 BRRVE% GURYREursor
surface by surface tension, and the glass rod 11 is thermally fixed

t [ I 4, T i f .
L0 o0 OB RRLSERRE UG oL SRS, fas R, 8D SORL-BOLL ML KN g,
flat surface, to thereby provide the ferrule_ holding nmenber 3 as
descri bkd 2®6R NI abdvEL AT hardY OB MRS FAdry 3RS ROl IesT sk to

performed in the same manner for the case where an original resin
rod forpededing 1ldng Assshowmter raferescassyinesl & of &itd .ndg, nttebiealeled
Exanpl es [0080] The ferrule holding nenber for an optical

recept aghgsefrddelpresaseriadeinii ®anvihhe beodesst ithedeyDi ndr ecdetsdideve
based on exanpl es.
4 formed of ceramics (zirconia) or crystallized glass
(Li,0-Al,03~Si0;-based crystallizedglass whichprecipitatesasolid
solution of B~Spodumene as a main crystal phase).
[0078]

Then, the end face 4a of the sleeve 4 on a base end side and
an end face 1lla of the glass rod 11 on a base end side are aligned
to form an assembled body 12. The assembled body 12 is placed in
an electric furnace, or the glass rod 11 is irradiated with a laser
beam from a tip opening portion 4c of the sleeve 4, to thereby soften
and deform the glass rod 11. In this way, the end face (primary
end face) 1lla of the glass rod 11 on a tip side is formed into a
convex curved surface by surface tension, and the glass rod 11 is
thermally fixed to an inner surface of the sleeve 4. Then, an end
portion of the assembled body 12 on a base end side is polished
to form an inclined flat surface, to thereby provide the ferrule

holding member 3 as described above. The above-~described
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I n exanples of the present invention, different glass rods 11 and

sl eeves 4 were used. Further, different heat treatnents were
performed, and the ferrule holding nmenbers were each subjected to
vari ous evaluations. The results are shown below. Note that, Table 1

shows B‘[Faq'\ @&#ﬁﬁ % @B &Sl B ;ﬂeﬁa&ﬁné@'ﬂg AT WsB! Hi=Grldfl BAGe £ he

and Ta e results of Exanples 5 and 6 each using CIQ gas

| aser. [0081 <d ass r.od A> Borasilic Qsi tian;

502, AT INETA P B e AR DA E SR g Do rRagn Herial
0. 5@6Sb203 in nass@b thermal expansion coefficient: 5.1 ppnm C
refractiseisedexs (3, starhipg matarialeefracti ve i ndex (1,550 nm:

1.469; beveled; cylinder of 2 mmin height x 1.248 mm@in outer

di anet eg,';)ar[@;ogg] <@ ass rod B> Borosilicate glass (conposition: 80%
Si 02, 3% A1203, 13% B203, 32 and 4% Na20 in mass; thermal expansion
COEffIC[@@é 3.2 ppmi C, refractive index (1,310 nm : 1.468;
refractive |ndex (1,550 nm : 1.465; beveled; cylinder of 2 mmin

b ool PR R S B LAp Pl o o
refractive index of 1.452 at a wavel ength of
present1nventlonw1llbedescrlbed1nnmredetallbasedonexamples
In examples of the present invention, different glass rods 11 and
sleeves 4 were used. Further, different heat treatments were
performed, and the ferrule holding members were each subjected to
various evaluations. The results areshownbelow. Notethat, Table
1 shows the results of Examples 1 to 4 each using an electric furnace,
and Table 2 shows the results of Examples 5 and 6 each using CO;
gas laser.
[0081]
<Glass rod A>
Borosilicate glass (composition: 70% SiOz, 6% Al,;03, 13% B,0s3,
1% CaO, 2% BaO, 6.5% Nap0, 1% K;0, and 0.5% Sb;03 in mass%; thermal
expansion coefficient: 5.1 ppm/°C; refractive index (1,310 nm):
1.471; refractive index (1,550 nm): 1.469; beveled; cylinder of
2 mm in height x 1.248 mm® in outer diameter)
[0082]

<Glass rod B>

Borosilicate glass (composition: 80% SiOz, 3% Al,03, 13% B;03,
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1,310 nmand a refractive index of 1.449 at a wavel ength of 1,550

nm [0084] <Sleeve A> Zr02(available from TOTO Ltd.; thernmal
expansi on coefficient: 8.3 ppniC no slits; 1.6 mmin outer dianeter
X 1.25 mmin inner dianeter). [0085] <Sleeve B>

Li 20- ARPG34& Bp2BatRdMRFFST a ]P?%%Ilg?’é%%nfé?g}s?%?ff%‘éae@Fas% 2 sPRB{ eCi
avai l able from N ppon Electric dass Co., Ltd.; thermal expansion
coeffiQbéﬁbb&ihmmﬁhaemoduLﬁﬁplnﬁOnnﬂLA66uteefdhaﬁéwerindex.25,Eﬁ0inm):
i nner dianeter) [0086] <Heating by electric furnace> The glass rod

was i ngertead e Al i NAeTi Ak £ Of zhﬁnsiﬁewglgh@nd an epdnh@cenobuter
the sl eeve on a base end side and an end face "33 of the glass rod on

a base gn % were aligned to forman assenbl ed body. The
assenbﬂé?q§iﬁxmas placed in an electric furnace set to a heat
t r eat ment temmrmureshlilnTHMe 1, and was nmintained therein
for a HEB83reatment time shown in Table 1. The glass rod was
softened and taken out of the electric furnace, to thereby obtain a
ferrul e hol diNwtererteer, & carh pofrtBoanplfesnl opd i4alNdtibetrhdsingde mode
difference in average thermal expansion coefficient between the

fiber (SMF)) had a refractive index of 1.452 at a wavelength of

1,310 nm and a refractive index of 1.449 at a wavelength of 1,550

nm.

[0084]

<Sleeve A>

Zr0; (available fromTOTOLtd.; thermal expansioncoefficient:

8.3 ppm/°C; no slits; 1.6 mm in outer diameter x 1.25 mm in inner

diameter)

[0085]

<Sleeve B>

Li,0-Al,03-S10;-based crystallized glass (crystallized glass

sleeve, available from Nippon Electric Glass Co., Ltd.; thermal

expansioncoefficient: 2.7ppm/°C; noslits; 1.80mminouterdiameter

x 1.25 mm in inner diameter)

[0086]

<Heating by electric furnace>

The glass rod was inserted into an inner hole of the sleeve,

and an end face of the sleeve on a base end side and an end face
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gl ass rod (transparent body) and the sleeve at 30 to 380C was 3.2
ppm C for Exanples 1 to 3 and 0.5 ppmiC for Exanple 4. 34 [0087]

[ Tabl e 1] Heating by electric furnace Exanple 1 Exanple 2 Exanple 3
Exanple 4 Gass rod (A (A (A (B) . (transparent body) Sleeve (A
(A) (AP Bre Frags zodozaRacraitaBHdgce §f dslsl SngchE ot R penasgenbled
710 700 650 tenperature (C) Heat treatnent 1 2 2 2 tine (hours)

Radi us bafdy3. 3TheOa8semBledchivdptwase pdfacent] ipoatietect(riy funddw sed8to
>98 >93 >98 strength (N) Return | oss 43 43 43 49

a heat treatment temperature shown in Table 1, and was maintained
therein for a heat treatment time shown in Table 1. The glass rod
was softened and taken out of the electric furnace, to thereby obtain
a ferrule holding member of each of Examples 1 to 4. Note that,
a difference in average thermal expansion coefficient between the

glass rod (transparent body) and the sleeve at 30 to 380°C was 3.2

ppm/°C for Examples 1 to 3 and 0.5 ppm/°C for Example 4.
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(dB) [0088] <Laser> The glass rod was inserted into an inner hole
of the sleeve, and the end face of the sleeve on a base end side and
the end face of the glass.rod on a base end side were aligned to
forman assenbl ed body. The glass rod was irradiated with a | aser
bean1frggogq{ip opening portion of the sleeve under the conditions
shown in Table 2 for softening and deform ng the glass rod, to
thereby.ﬁggfénlf ferrul e hol ding menber of each of Exanples 5 and 6.
Not e th% , a difference in average thermal expansion coefficient
bet ween the, glass rod étrans arent body) and the sleeve at 30 to
380C walke®t Hng IBY pRHPECFofF E&% ApFe 5 and 2.4 ppm C for Exanple 6.
0089 fabte 2 tasyar dTpx
Bmm}l&Emmde %%%%%3\ M;éiﬁﬂ’ﬁﬁgﬁxgg v?%&éff
Zr02 Orys@éﬁFFzéadgl dss Ofthut (W 10 (% Heat| tred mnt ti me 162131)0
(seconds()transparent
body)
Sleeve (A) (A) (A) (B)
Zr0s, 2r0-, 2xr0s Crystallized
glass
Heat treatment 720 710 700 650
temperature
(°C)
Heat treatment 1 2 2 2
time (hours)
Radius of 3.3 5.0 8.0 20
curvature of
end portion
(mm)
Fixing >98 >98 >98 >98
strength (N)
Return loss 43 43 43 49
(dB)
[0088]
<Laser>

The glass rod was inserted into an inner hole of the sleeve,

and the end face of the sleeve on a base end side and the end face

of the glass rod on a base end side were aligned to form an assembled

body.

The glass rod was irradiated with a laser beam from a tip

opening portion of the sleeve under the conditions shown in Table

2 for softening and deforming the glass rod, to thereby obtain a

ferrule holding member of each of Examples 5 and 6.

Note that, a

difference in average thermal expansion coefficient between the

glass rod (transparent body) and the sleeve at 30 to 380°C was 3.2
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Radi us of curvature of 3.0 3.0
(N) >98 >96 Return |loss (dB) 43 43

end portion (mm) Fixing strength

[ 0090] Eval uation nethod (0091]

<Radi us of curvature of end portion> The radius of curvature of the

ond, PoLhoReeS SRS b 1 a0 St L ot

Nor | and Products Inc.).

Exanpl
Tabl e
had a
Exanpl

i c.m croscope
%ctured by

The results revealed that: in each of
d90B%lo 4 involving heating by an electric furnace as shown in
1, the end portion (primary end face) of the transparent body
radgipise @f] curvature of 3.0 mmto 20 mm and in each of

es 5 and 6 involving heating by I|aser as shown in Table 2, the

end port] ' ) 4 0f LU dyq had radi us of
curvgt l}'rae 0 (@{go{%}’ Jégﬁ)ﬁ)c%%rlr%%%r' h%?g?%%gﬁgnb%? }Yl%déapﬂr;)r ef erabl e
val ue {for radius of curvatute of Bpamplensl portijon. [ BRI le<6
Fi xi ng"sTrenggigsASognown n{Fig. 5, a gistance Dffroma certgain
referengﬁt£g§g5§réﬁktg@a§Jeeve 4 to the transparent body 5 was
neasureea—t+t- aué’f(é'eb\?é () (B)
Zxr0; Crystallized glass
Output (W) 10 10
Heat treatment time 10 10
(seconds)
Radius of curvature of 3.0 3.0
end portion (mm)
Fixing strength (N) >98 >98
Return loss (dB) 43 43

[0090]

Evaluation method

[0091]

<Radius of curvature of end portion>
The radius of curvature of the end portion was determined by

using an interferometric microscope designed for measuring end face

geometry (ACCIS, manufactured by Norland Products Inc.). The

results revealed that: in each of Examples 1 to 4 involving heating

by an electric furnace as shown in Table 1, the end portion (primary

end face) of the transparent body had a radius of curvature of 3.0

mm to 20 mm; and in each of Examples 5 and 6 involving heating by

laser as shown in Table 2, the end portion (primary face) of the

transparent body had a radius of curvature of 3.0 mm.

Each ferrule

holding member had a preferable value for radius of curvature of
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and predetermined force was applied to the primary end face 5a of
the transparent body 5 for a predeterm ned period of tinme (10 sec)
Then, the distance D was neasured again. Change in distance within a

range of error indicated that the primary end face 5a and the sl eeve
4 wer e 3 2&F WAHFP™hi gher fixing strength than the applied force.
The results of the experinment based on such technical idea revealed
t hat t HEOO®I2{i ng strength exceeded 98 N in each of Exanples 1 to 4

i nvol ving heating by an electric furnace as shown in Table 1 and

Exanpl esgi S ety ng heating by laser as shown in Table 2.
Each ferrul e "hol di ng nenber had a sufficient fixing strength. [0093]

<Return | ossz A ectar_ ferrul C | i ol
refl ect onmet erAS( é%&gl\}ﬁ\gg‘ﬁf&%’ n%r?gf%%%}%e%e%y&ﬁﬁ?? gﬁé%ﬁ%;ﬁy%&m%sﬁgge
inserted froman openin ortion of the sleeve, and the copnectar
ferrul é-WePéléﬁﬁﬁeétE‘g {THETSRR LG POAY0P Y3 I‘feraa?’r%r;%réﬁ‘t aggagpce-

to thereby neasure the return loss at a connected portion between
t he tr anspamate oyl red fidrce omseeppl iedr £al Bhe Arimainanpdadeopa of
(end portion opposite to the side having the connector ferrule 37

i nser t egh@nrd aHY Rrad bodyPE fanaesté e e ohihde e owasinel (1hedc) .
to have a flat and inclined surface at 8 with respect to a nornal

directi f i i jecti 3 i i ey
or ¢+ ot Tt P, BREEEACS W L AsHEdhPal dgLIE0 e LARA TRk chin

cach of ExaiPeeSelelo? 1RULCYLRY RRAL PR YrIRaBYehY $aLY M8 nd the

sleeve 4 were fixed with a higher fixing strength than the applied
force. The results of the experiment based on such technical idea
revealed that the fixing strength exceeded 98 N in each of Examples
1 to 4 involving heating by an electric furnace as shown in Table
1 and Examples 5 and 6 involving heating by laser as shown in Table
2. Each ferrule holding member had a sufficient fixing strength.

[0093]
<Return loss>

A connector ferrule connected to an optical time domain
reflectometer (OTDR MWS070B, manufactured by Anritsu Company) was
inserted from an opening portion of the sleeve, and the connector
ferrule was PC connected to the end portion of the transparent body,
to thereby measure the return loss at a connected portion between
the transparent body and the connector ferrule. A terminal portion

(end portion opposite to the side having the connector ferrule
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as shown in Table 1, the return loss was 43 dB to 49 dB; and in each
of Exanples 5 and 6 involving heating by |laser as shown in Table 2,
the return | oss was 43 dB. Each ferrule holding nenber had a
preferable return loss, [0094] éTabIe 3]. Transn155|on power

1W:
opt i calneerdiashgnd wble%tﬁﬂﬁm ) &f hh@|~°eareﬁlawg18ep@ilshed
Angle of No. inclination |ncI|nat|on inclination inclination of flat
of flattcohafeat Hiatlaaid iswrlfiacel 4usdricacet68 §uwitt e mant dcealbormal
4-1 489 508 494 472 4-2 510 501 481 459 4-3 509 493 488 440 4-4

466 476 DA A&, & 5n5§_§;t58é159121é5§1c14 thatl kAR 2021 2F tﬁl@ogé}:mlnal

<Coupling efficiency> ble 3 shows the results of neasurenent of
coupl i efficiencies of six.qptical re | es_ea qﬁ%orned

usi ng tﬁ%rtlfoé"r (0 %?d]r(ﬁboﬁq‘rb@r pSanEsj(g he Erac%ﬁb rgalealeyd that:
receptacle has a secondary end face with a flat surface at an angle

(angl e 0% eachcPErTramml e 1f Fat4 s‘-@r"fodé’é)ng)heéﬁlng bg anprelpgtfichfurnace
respect 38

as shown in Table 1, the return loss was 43 dB to 49 dB; and in
each of Examples 5 and 6 involving heating by laser as shown in
Table 2, the return loss was 43 dB. Each ferrule holding member

had a preferable return loss.

[0024]
[Table 3]
Transmission power (uW): optical wavelength of 1,310 nm
Sample Angle of Angle of Angle of Angle of
No. inclination inclination inclination inclination
of flat of flat of flat of flat
surface 4° surface 6° surface 8° surface 15°
4-1 489 508 494 472
4-2 510 501 481 459
4-3 509 493 488 440
4-4 466 476 509 476
4-5 505 491 507 458
4-6 511 489 502 497
[00595]

<Coupling efficiency>

Table 3 shows the results of measurement of coupling
efficiencies of six optical receptacles each formed by using the
ferrule holding member of Example 4. Each optical receptacle has

a secondary end face with a flat surface at an angle (angle of

inclination of flat surface) of 4°, 6°, 8°, or 15° with respect
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to a plane perpendicular to the axis of the sleeve 4. The coupling
efficiency is nmeasured as described below. First, as shown in Fig.

6, the ferrule 6 having the optical fiber 7 attached was inserted

into the optical receptacle 1, and was maintained under tension at
about :okgfplmper@eln@g@ulcaroa@ tire el 3l oifv Bhe ke Ve dnst Ehe coupling
current by using a stabilized DC power supply 13. Light radiated

fromtheriasendi o8encwesd aendesseibby ve konderierst], eas sbwang Fig.
was injected into the transparent body 5 fromthe second end face

side. An [ S t 0 o} [
eff|0|§ﬁcggélggkrﬁgéo6tlca?g¢q%%$ was ngéﬁﬁﬁgngEkﬁéheﬁawgg Pﬂser¥ed
optical, power transmtted to thel%oflcal fiber

151 g 4G NS H] RRGAPUARLY ol r P SEYR SVA AT SLETE WOURF| Fgnsion

efficiency. Table 3 shows the neasured values. As a conparison,
| i ght wds aghondctll ¥ géoupiesdt wia Hasrr chitadaalld wesr d7iyenavhdert gonghant
ferrule 6 without the optical receptacle 1 under the sanme conditions

as deseiuhesh@bayvesifigen, stapal ieclcDOpbowgr effpsliendy) Lobheptadabted
power transrritted to the optical fiber 7 was neasured by using the

opticalg rerléuoﬁés‘ﬂbt\bﬁg éé‘nééﬁséc\,{vbg@b%nd%r{see‘ie@'e%st hat, ang

t he ferru e |ng menber of Exanple havi ng a | at surface at "an

o ¢ o oL p o0 57 a0 15 olalngle < %%%a%“ o op face

Iongltudlnal sectlonal front view showing an opti cal
side. An optical axis was adjusted such that an optlcal coupling
efficiency with the optical fiber 7 was maximized. Then, a value
of optical power transmitted to the optical fiber 7 was measured
by using an optical power meter 15, to thereby evaluate the coupling
efficiency. Table 3 shows the measured values. As a comparison,
light was directly coupled with the optical fiber 7 attached to
the ferrule 6 without the optical receptacle 1 under the same
conditions as described above. Then, avalue (couplingefficiency)
of optical power transmitted to the optical fiber 7 was measured
by using the optical power meter 15, resulting in 512 pW. Table
3 reveals that the ferrule holding member of Example 4 having a
flat surface at an angle of inclination of 4 to 15° maintained a
high coupling efficiency.
Brief Description of the Drawings

[0096]

[Fig. 1] A longitudinal sectional front view showing an optical
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receptacle having attached thereto a ferrul e hol di ng nmenber
according to an enbodi nent of the present invention. [Fig. 21 An
enl arged | ongi tudi nal sectional front view of a main portion show ng

t at f f | I f I ' ted_i t.h I
Pol i ngeRERBEF TRCBRHT NG (3 (O ERbSARRERe of (1 T dechb Lot AderPBheT
[Fig. 3] Alongitudinal sectional f ront view of an optical

recept ackerdiag g an ahafinentetal dHerpissenol B ven Heemer
according to another enbodi ment of the present invention. [Fig. 4] A

schemat[irg gdi 2gr anh SéOVE Hge@ Ty BEdita Dosesd Bidtfa Dffrdont @il 8f a main
hol di ng nmenber according to an enbodi ment of the present invention.

(719, SRl SREIIO SLoPaRI Ly Ui (R EPoyionel Bhegrton yrvo

experi men present ‘i nven

diagram.il Lustratin nmet hod of neasurin coypling efficiency in
Exanp| SOSTSTHET B SIS AYBRET G C0LaDd T LRGP RHOK I QX it Tesent
21 Optical receptacle 2, 22 Holder 3, 23 Ferrul e hol di ng nenber

(f erruliavsgitdiary nenber for optical receptacle) 4, 24 Sleeve 5
Transparent body 40

[Fig. 3] Alongitudinal sectional frontviewofanopticalreceptacle
havingattachedtheretoa ferrule holdingmember according to another
embodiment of the present invention.

[Fig. 4] A schematic diagram showing a manufacturing status of a
ferrule holding member according to an embodiment of the present
invention.

[Fig. 51} A schematic diagram illustrating the results of an
experiment in Examples of the present invention.

[Fig. 6] A schematic diagram illustrating a method of measuring
a coupling efficiency in Examples of the present invention.
Description of Symbols

[0097]

1, 21 Optical receptacle

2, 22 Holder

3, 23 Ferrule holding member (ferrule holding member for optical
receptacle)

4, 24 Sleeve

5 Transparent body
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5a Primary end face (convex spherical surface) 5b Secondary end face
6 Ferrule (plug ferrule) 6a End face of ferrule 7 Optical fiber 7a
Core portion 8 Pl ane perpendicular to axis of sleeve 11 dass rod

| 1'b Bewgling i I ?HE% p pIy 14
Condenser Ieﬁg&%gkg%ﬁgﬁ%%mé%oﬁeﬁr : I nnlgfaldl%gﬁjeft er of sleeve Z
Shaf t %¥$S of, sl eeve 41 M6 1. A ferrule holding nenber for an
opti cal eceﬁ?&@P@arybﬁﬁgk a sl eeve having an inner hole for
inserting a ferrule; and a transparent body provided in the inner
hol e of6 t heFelrgane dmidqmﬂan;wiqﬁinary end face for bringing into
contact with an end face of the ferrule at a halfway position in an
axi al @ ect ipoyd Fadehe slRaMRle

7 Optical fiber
Ta Core portion
8 Plane perpendicular to axis of sleeve

11 Glass rod
11b Beveling
12 Laser diode

13 Stabilized DC power supply

14 Condenser lens

15 Optical power meter

d Inner diameter of sleeve
Z Shaft axis of sleeve
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characterized in that the transparent body is forned of a single
solid menber, the primary end face of the transparent body has a
convex curved surface obtained throughaAlig¢at treatnent, and the
transparent body is directly fixed to an inner surface of the sleeve

through heat ”Eafé@ﬂﬁlezhoﬁ\dflﬁ%r el HoRY HEHRRT1 O P aPtdERe,
receptacle accordlng to claim characterized in that the primry

end face o% % 1%{% spar ent body has an unpolished surface. 3. A
ferrule hordrhn er for an optical receptacle according to claim
1, characterlzed in that a region wth a radi s of 75 pmor npore
centered around®a $}efYe 42E0% d¥1tH€n§Fée98 gt fRE pf?ﬁ%f?lﬁﬂd a
face of the transparent body has a convex spherical surface. 4. A
ferrul e hofdingleended for an optical receptacle according to claim
3, characterized in that a radius of curvature p of the convex
spheri cal surf aae tatachsgademer body apetosri dddof in hehel ebveesatiodky @f
relationship of p > d/2. 5. A ferrule holding nenber for an optical

recept acl ech@ceQedivRg 404 Chakving, £harasheyi zed | faddattdrheo €0y g
spherical surface has a radius of curvature p of 3 to
into contact with an end face of the ferrule at a
halfway position in an axial direction of the sleeve,
characterized in thaﬁ
the transparent body is formed of a single solid
member,
the primary end face of the transparent body has a
convex curved surfacé obtained through heat treatment,
and the transparent body is directly fixed to an inner
surface of the sleeve through heat treatment.
2. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the primary

end face of the transparent body has an unpolished

surface.

3. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that a region

with a radius of 75 pm or more centered around a shaft
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50 mm 6. A ferrule holding nenber for an optical receptacle
according to claim1, characterized in that a fixing strength

bet ween t he i ee¥e anpd theeévanspar emte bpdymagsy49ehdorfacmr ef 7tha
ferrul e holding nmenber for an optical receptacle according to claim

6, char actatigedhddnd halad {11 D0of dRNGNe PeLupeEhgcsl eeve and

t he transparen ody or nore after the ferrule hol ding
menber for an optical receptacle is left standing in a high
tenperature and high hum dity environment of 85C and 85%H for 2,000

hours. 43 8. A ferrule holding nenber for an optical receptacl
accordi ng 40 clAifRrEvlehdiadiag 7ahst thrk atrhé’pttlr%ﬁ?sp%‘?%ﬁt%%u%/ and
the sleeve are hernetically sealed. 9. A ferrule holding nenber for
an opti calademejitrar |t decon di ncharattamzed chartdetera zeadivs tdfat
the heat treatnent is performed by neans of arc di scharge, |aser,

flame, or dywideate headf NghaM ddheehegihdrieat Inanir fareaned ar imeer
like. 10. A ferrule holding nmenber for an optical receptacle

accordi ng dod@md.or chad agt&esieashi fsthal tdend i dpl ding
menber for an optical receptacle satisfies an expression of -|OLog{
(nf-nb) 2/ ér{rg +nb) 2} > 37, wherein nb represents a refractive index
of the transparent body ‘

5. A ferrule holding member for an optical receptacle
according to claim 4, characterized in that the convex
spherical surface has a radius of curvature p of 3 to

50 mm.

6. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that a fixing strength
between the sleeve and the transparent body is 49 N or

more.

7. A ferrule holding member for an optical receptacle
according to claim 6, characterized in that a fixing
strength between the sleeve and the transparent body is 49 N or
more after the ferrule holding member for an optical receptacle
is left standing in a high temperature and high humidity

environment of 85°C and 85%RH for 2,000 hours.
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and of represents a refractive index of a core portion of an optical
fiber attached to the inner hole of the ferrule. 11. Aferrule

hol di ng megiber A ofeapuopt heAlditRcemmsde faecandiopy ilcalclhwdaegdtacle
characterized in that a difference in average thernal expansion

coeff|C|en£C§ £¥§§§8Bg% slegyg and the dupnsparey body ichag podL

or |less at 44°712. A férrule hol ding nenber for an

opti cal rece tacl e ordln char act

di f f er encetTASBIEFRGe ?ﬂgrﬁgg gQﬁaﬁglon c%gFflglent be w&h %&éﬁ

sl eeve and the transparent body is 1 ppniC or less at 30 to 380*C.
13. A ferrule holding nenber for an optical receptacle according to
claim1, characterized in that the transparent body with a thickness
of 1 nm has.a |Aghitrrudanswiltdiancenefib85%or avr eptical irdeeptacle
region of a wavelength of 800 to 1,700 nm 14. A ferrule hol ding

nmenber foraaBopathgaltd eegptiacl B, ateekditeg ited! ahmthatchahactlesdtzed
in that at |east one of the transparent body and the sl eeve each

with a thtf&&@@éneflé pRRakhey o fRbNElE @%%fﬁﬂédﬂﬁrge, laser,

transmttance of 75%or nore in an“ultraviol et region of

mavelengthffamQOOO%Olﬁégrggk %%atlngekﬁ%me h@kﬂ{ Qf@ﬁgﬁgnéc¥ufﬂbce

optical receptactle

or the like.

10. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the ferrule
holding member for an optical receptacle satisfies an
expression of -10Log{ (nf-nb)?/ (nf+nb)?} > 37, wherein
nb represents a refractive index of the transparent body
and of represents a refractive index of a core portion
of an optical fiber attached to the inner hole of the

ferrule.

11. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that a difference
in average thermal expansion coefficient between the
sleeve and the transparent body is 8 ppm/°C or less at

30 to 380°C.
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according to claim1, characterized in that the transparent body is
formed of glass. 16. A ferrule holding nenber for an optical

recept acl ej2accar digignile chaldirh ebabact ddrzedni rogdiaktlt heeceptacle
transparent body is fornmed of borosilicate glass. 45 17. A ferrule

hol di ng e - i.cal; r : Qr di to £l ;
characteri glegg&i”énlq{tghgcp t elﬁlbc}r'om %ll%lg]t%elelgzl(_{:ftﬁgglq{:E)jdr?lt?:1 gi r?s d[6;15ﬁlteé|!):b ége Sll%Z
8 to 25% B20311.5 to 10% Li 20+Na20+ . Q to %0% A120 aad Qfet ong%
MyO+CaOrSr BYBEFZNO T e sEPe 187 Y dfEth FEW%%nn%}ﬁ)es or ai
optical receptacle according to claim], characterized in that the

t r anspar enEnBoByaREBABERT ApORYir Fack BRI Cned WEBR 2FedPek? $80 & pl ane
perpendi cular to an axis of the sleeve, the flat surface being
formed on a secondary end face opposite to the primary end face. 19.
A ferrule holding nenber for an optical receptacle according to

claim 1, characheriezethlien Hdledindemshoeye foirs ashorapdi @il cesadpescle
crystallized glass, a netal, or a resin. 20. A ferrule holding

menber for,ap.eRthgal dLcepiache jaccanding-do L2ahm 1n charAct eghzed
in that the sleeve™ has a slit fornmed. 21. An optical receptacle

CharaCteri%%gnggaggggnﬁgé¥]with a thickness of 1 mm has a light

transmittance of 85% or more in an infrared region of a

wavelength of 800 to 1,700 nm.

14. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that at least one
of the transparent body and the sleeve each with a
thickness of 1 mm partly or entirely has a light
transmittance of 75% or more in an ultraviolet region of

a wavelength of 300 to 450 nm.

15. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the

transparent body is formed of glass.

16. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the

transparent body is formed of borosilicate glass.
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the ferrule holding nenber for an optical receptacle according to
any one of clains 1 to 20. 46 22. A nethod of manufacturing a ferrule
hol di ng neafier Af dreranilept hehdlingceapibet e folre drer opkéchdl dievgprenber
conprising a sleeve having an inner hole for inserting a ferrule,

and a trangpapgfinbodyprovigad inethe diphekrbelge@f ithe sheeveraad
having a primary end face for bringing into contact with an end face

of the ferpyle.pf: adalduay BAskilons 1ABsaK18], df rectisanqof thes
sl eeve, characierize y CONprising the steps: i'nserting a precursor
of the transparent qug formed of a single solid nenber into the

| .
i nner hol et8f tR& shde¥tha:04Ka0t hefh sbPtenPhg £HO:preBftsof ofCtha®

transparent body by neans of heat treatnent, thereby formng an end
face of thMIOpFetFEOBadiZnRelinraadpar-ent body corresponding to the
primary end face of the transparent body into a convex surface and
fixing the precursor of the transparent body directly to an inner
surface of the sleeve. 23. A nethod of manufacturing a ferrule

hol di ng nmerer af Gler@3M1RPtHSEY i KgCRBhBELE fagcardidi tea X! abseglacle
characterized in that the heat treatnent is performed by neans of

arc diSCharg%orhéﬁ r’t%lang&ag& iﬂqirﬂ§ﬂar£%%%£99e&ﬁt9na hﬂﬁh: the
treat nent ]@UI’ nace or the | r1ke.
transparent body has a flat surface inclined with
respect to a plane perpendicular to an axis of the

sleeve, the flat surface being formed on a secondary end

face opposite to the primary end face.

19. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the sleeve
is formed of ceramicsh-crystallized glass, a metal, or a

resin.

20. A ferrule holding member for an optical receptacle
according to claim 1, characterized in that the sleeve

has a slit formed.

21. An optical receptacle characterized by comprising
the ferrule holding member for an optical receptacle

according to any one of claims 1 to 20.
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24. A nethod of manufacturing a ferrule holding nenber 47 for an

opti cal

receptacle according to any one of clainms 22, characterized

in that the2presungehodf dhemahtanspareng hodyercailpr ilsesd tngl assbeod
or aresinrod. 25. A nethod of manufacturing a ferrule hol ding

nmenber

characterize
i s bevel ed.

nt an end face of the glass rod or theresin rod

OEogniQﬂtLé§€i5£feﬁﬁégéﬁ%a%Q%prghgg fé&fﬂfgrnﬁéﬁding member
4

comgrising a sleeve having an inner hole for inserting a
ferrule, and a transparent body provided in the inner hole of
the sleeve and having a primary end face for bringing into
contact with an end face of the ferrule at a halfway
position in an axial direction of the sleeve, characterized
by comprising the stéps:

inserting a precursor of the transparent body formed
of a single solid member into the inner hole of the sleeve;
and

then softening the precursor of the transparent body by
means of heat treatment, thereby forming an end face of the
precursor of the transparent body corresponding to the
primary end face of the transparent body into a convex
surface and fixing the precursor of the transparent body

directly to an inner surface of the sleeve.

23. A method of manufacturing a ferrule holding member
for an optical receptacle according to claim 22,
characterized in that the heat treatment is performed by
means of arc discharge, laser, flame, or indirect

heating with a heat treatment furnace or the like.

24. A method of manufacturing a ferrule holding member
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for an optical receptacle according to any one of claims
22, characterized in that the precursor of the

transparent body comprises a glass rod or a resin rod.

25. A method of manufacturing a ferrule holding member
for an optical receptacle according to «claim 24,
characterized in that an end face of the glass rod or

the resin rod is beveled.
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