DESCRI PTI ON  FERRULE HOLDI NG MEMBER FOR AN OPTI CAL RECEPTACLE, METHOD OF
MANUFACTURI NG THE SAME, AND OPTI CAL RECEPTACLE USI NG THE SAME Techni ca
Field [0001] The present invention relates to a ferrule hol ding nenber for
an optical receptacle used for, for exanple, optically connecting an optical
fiber connector to a light receiving/light emtting device, to a nethod of
manuf acturing the sanme, and to an optical receptacle using the sane. The

present invention nore SpeCificajéﬁgéﬁﬁéﬁjﬁb to a ferrule hol ding nenber for
an i nexpensi ve stubl ess opti cal and to a rel ated technol ogy

t hereof. Background Art [0002] As is well known, a conventional optical
receptacle is constructed as disclosed in Patent Docunent 1, for exanple,
by: inserting a cylindrical enbedded ferrule into a base end portion of an
i nner IKARRUIIE aHOLBENE tNENBER PpORssEN i OPTAGAT ROCERPTECLEANd METHCD nQFa

sl eeve hol der around an outer periphery of a base end portion of the sl eeve.

Then, %ml\ﬁry‘mzmp(ﬂwgm@rsm@) AvD | LTt M RE@EPT}?CLEPU§II@|@ Bfipt §gvrnner hol e
of the sl eeve, and an optical 1 fiber on the plug ferrule side and an

optical fiber on the enbedded ferrule side are brought into contact with
each other at respective

Technical Field
[0001]

The present invention relates to a ferrule holding member for
an optical receptacle used for, for example, optically connecting
anoptical fiber connector toalight receiving/light emittingdevice,
to a methoed 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
[C002]

As is well known, a conventional optical receptacle 1is
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 boﬁding; and
fitting a sleeve holder 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



end faces for optical connection. [0003] Another 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 fornmed of an optical material such as glass into a base end
portion of an inner hole formed in a main body of a sem conductor nodul e;
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 Docunent 2) of the rod brought into contact with the end
face ofikew omethglRlug sf%rmdalea:ﬁééet%né;ﬂibppéapaéoﬁﬂ@ﬁrr@ the smbeddrely be
regarded as being inserted into the inner hole of the nodule main body

t hr ougferpu ks sifdet eradprudiondintg contansivderratach ofhehetf aespehatvehe tip
face of the rod is subjected to spherical polishing and an operation of

fixing=hdersods nest e pesforprbewhibg.the tip face subjected to spherical
pollshlng is protected. [0004] Patent Docunent 1. JP-A-10-332988 (Fig. 4)

Pat ent 8§ nt 2: JP-A-04-223412 Disclosure of the Invention 2 Problens to
be soI@ gethe I nvention [0005]

Another known conventional optical receptacle, which is
different from the optical receptacle ‘described above, 1is
constructed as disclosed in Patent Document 2, for example, by:
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.

[0004]
Patent Document 1: JP-A-10-332988 (Fig. 4)

Patent Document 2: JP-2-04-223412

Disclosure of the Invention



The optical receptacle disclosed in Patent Docunent 1 enploys an enbedded
ferrule, and thus is connected to a plug ferrule through physical contact
(PC) connection. In order to suppress an insertion 1loss to mninum the
outer diameter, inner dianeter, and concentricity therebetween of the
enbedded ferrule nmust be finished to high accuracy. Accuracy of subm cron
order is required, and the enbedded ferrule has an outer dianeter of 1.249
mm 0.5 ppm an inner dianeter of 126.5 pim 0.5 }im(in use of an optical
fiber Pavbhgna UbapeterlvédlB% thg Inmadtaovoncentricity between the outer
di anmeter and the inner dianeter of 1.4 pmor |ess. The accuracy of subm cron
order haspgwrrently caused a soaring production cost. Note that, physical
contact connection (PC connection) refers to a connecting nethod invol ving:

formng a fer d fa t r%¥gw@ of a
convex spher|%% %gh égéfgc ?t@@%e%%ﬁéﬁﬁﬁéﬁgﬁli EEBE gkattag g a core
portion of ical fiber to the ferrul face to_red resn

o | et RBETEASIIBF S RELEp TEAL HFb? SRSBACER FRCOPIHE THalL forE BT he
enmbedded ferrule nmust be fixed with an adhesive. However, an operation of
fixi ng PhgsbpelcsntadielP@ Ceraecidionsi vénm;ﬁeméommﬁ,sdammmt;lon and

thus requires nuch | abor and cost. A difference between the outer dianeter
of the opkkcatofiheniand, t hehe nneit it antiiaietodr t henrikrenbddded gr r Wrel t hat

is, a clearance is 1 to 2 um (maxi num

concentricity therebetween of the embedded ferrule must be finished
to high accuracy. Accuracy of submicron order is required, and the
embedded ferrule has an outer diameter of 1.249 mm + 0.5 upm, an
inner diameter of 126.5 pym *+ 0.5 pum (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 pm or less. The accurécy
of submicron order has currently caused a scaring 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 1like; 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 performedmanually,

and thus requires much labor and cost. A difference between the

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



eccentricity of 1.0 pn). The optical fiber decenters in the inner hole of

t he enbedded ferrule, and the maxi num concentricity between the outer

di aneter and the inner dianmeter of the enbedded ferrule is 1.4 um (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 calculated fromthe eccentricity theoretically
as described bel ow. That is, a relationship between the eccentricity and the

inserti '§e£f@1§seehsq e the cfellantag l%quettent X Aﬂ@erﬂgﬂmlﬁss (dB)

=4. 34XL E¥2 2. hbte hat, L represents a stance dis between core
portrons

en of core.por n of tlcal attached to
bl g ST L @ Tt LBvt " o i BB Fa Shar ERBRE ST ObtS ¢l EPELSREGEL ached
to an enbedded ferrule. D represents a node fjeld dianmeter. [0008] As
descri Bl apdvehe eAbedgechiet BetentaniE the RAXIMED spnicealt rifgiker beaweaR i nner
hole is 1 umfor each of the plug ferrule and the enbedded ferrule. Further,
t he maximemeccedticreitey ebtathedinfieonidmes toncantthiec etnpeddedeéarthieout er
di aneter and the inner dianeter of the ferrule is 0.7 pm to thereby provide

a totalgaxi Fuimy e(@:ra%&rrmrplédc@{txll&w ofhus7 &myBXi myngdi smnsﬁt@egween the
core portions is theoretically 3.4 pm and a node field di aneter is
receptacle having an insertion loss exceeding a tolerance of 0.5
dB is inevitably manufactured.
[0007]

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
followingequation. Insertionloss (dB) =4.34xL/(D/2)2. Notethat,
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.
{00081

As described above, the maximum eccentricity of the optical
fiber in the inner hole is 1 pum for each of the plug ferrule and
the embedded ferrule. Further, the maximum eccentricity obtained
from the concentrieity 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 pm. Thus, a maximum distance between the core

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



presumably 10 um to thereby provide a large insertion loss of 2.0 dB at

maxi mum [0009] In this case, a tolerance for an insertion | oss of an optical
comuni cation receptacle is 0.5 dB, and di nensi onal accuracy of the enbedded
ferrul e nust be inproved in consideration of the tolerance. Thus, the

i nprovenent in dinmensional accuracy is an inevitable factor for cost

i ncrease. Further, depending on environnental changes, the optical fiber my
project or retract fromthe end face of the enbedded ferrule. Thus, the

i nsertipnebossbliysl0iahl éct bhemebgaseovide thdrelyye possrbbiyni hbsbidf PCO
connection. [0010] The end face of the enbedded ferrule brought into contact
with the pkugakemtwl e must be polished with high accuracy into a convex
spherical surface all owi ng PC connection. However, the operation allows
polishiggogP]only one or a few enbedded ferrules at one tinme, thus has |ow
mass productivity. Low nmass productivity is another factor causing increase
in production_cost, In addition, the optical, receptacle has a problemin
that the end FRCEPHT FBFE refble BT A% 20 ENF5 Bbt @ tlP e O cr Rt F & hr ough
polishing, to thereby reduce a return |oss. The optical receptacle disclosed
i n Pat eserDopdeastion? regpgriacd st e dade 48 oleinghg imercarmgiaderamtdwraay athe fact
that the tip face of the rod inserted into the inner hole of the nodule main
body mushebentigdhidet efetousophptustabepdripsfvad in consideration of the

tolerance. Thus, the improvement in dimensional accuracy is an
inevitable factor for cost increase. Further, depending con
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, tc thereby possibly inhibit PC connection.
[0010]

The end face of the embedded ferrule brdught 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
factor causingincreaseinproductioncost. 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.



5 [0011] The enbedded ferrule is fixed through press-fitting or bonding wth
an adhesive at a base end portion of a rigid sleeve. A bonding position of

t he enbedded ferrule fixed through press-fitting may change owing to
variation in air tenperature. Meanwhile, in the enbedded ferrule fixed

t hrough bonding with an adhesive, the adhesive is liable to degrade in a
hi gh tenperature and high humdity environnent, and a bondi ng position of

t he enbedded ferrule nmay change. Change in bonding position of the enbedded
ferrulefoesuits in change in distance between the light emtting el ement or
light receiving elenent and the enbedded ferrule, and a coupling efficiency

maybe reducedrnBRH08kHESS e 11RORPE A€l @€l t%@ﬂcﬁﬁﬁd?k@s Rakent 1 ReCNBBhG 1 RgMaY
have t he same problens in consideration of the fact that thé rod nus? be

fived im ithe i ' . ; Cfitti
bondi ng Wt B el SBRESPvE [ BOT2I TR POF Bt oleehd S4P- i s ot eneChrebdnt

invention js, to provide: a ferrule holdi,ng mepber for an optical receptacle
whi ch @S bel Ot GFrEEKied dRIETSE, TaRFCh thaSugRsRARF ST ASEFLNENTRYss, and

whi ch has a convex curved surface connected to an end face of the ferrule on
a tip schengeromihe@dsd |vatinthiave lap@ioprticare reitape .antieapwbpdet i és; thenet hod
of manufacturing the sane; and an optical receptacle using the sane.
embedded ferrule fixed throughbondingwith an adhesive, the adhesive
is liable to degrade in a high temperature and high humidity
environment, and a bonding position of the embedded ferrule 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 receptacle disclosed 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]
Afirsttechnicalobject of thepresentinventionistoprovide:
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]



[0013] 6 A second technical object of the present invention is to provide: a
ferrule holding nmenber for an optical receptacle which can be manufactured
-at |l ow cost, which has a small insertion |oss, which causes no reduction in

% coupling efficiency; a nethod of nanufacturing the sane; and an opti cal

' receptacle using the sanme. Means for solving the Problens 0014 A ferrule

| hol di ng nenber for an optical receptacle according to the present invention
- for attaining the above-described first technical object, including: a

| sl eeve having mnséooed bebtBnfiekl oBRgecti BF aHergrdesntnthdehf aspPaEeRL body
' provided in the inner hole of the sleeve and having a primary end face for

g ! ( ' o L5 T
. ori ng'nng;;il:g'fi)%e contAactwd Iilloﬁ'allﬁggr&%,ﬂﬁgrof%f% ogﬂ'trl'-gag. %c%ﬁgiictl‘#g%ggfo:%ﬁ lyon

L in Irection of the s I's characterized int

- end face_of .the transparent body has a convex, curved f.ace ot ai ned

i ough FEAEY PR LIE o Lot Hssty RELTARGS LS e bhd S Mok LO8Er mar y
-end face at a halfway position in an axial direction of the sleeve,

 preferabvyiagh gagéafemPodY@Niom iRecaxPaing rddiicgrnaf; themetbede offor

- delivery of light between a ferrule (plug ferrule) and an optical elenent

- (light emahtfagtetengnthersdneghtandeani vphgcatl eaeat)acTdead Iren PRy @damehody i s
preferably a cylindrical body forned of a single solid nenber.

Means for solving the Problems
[0014]

A ferrule holding member for an optical receptacle according
to the pfesent invention for attaining the above-described first
technical obiject, 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
anaxialdirectionof the sleeve, ischaracterizedinthat the primary
end face of the transparent body has a convex curved surface obtained
through heat treatment. 1In 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]



[ 0015] 7 According to the above-described construction, the ferrule holding
menber for an optical receptacle includes the sleeve and the transparent
body, and the primary end face of the transparent body brought into contact
with the end face of the ferrule (plug ferrule) has a convex curved surf ace
obt ai ned through heat treatnent. Thus, the ferrule holding nmenber for an
optical receptacle can be manufactured at | ow cost and has a small insertion
|l oss. That is, the transparent body serves to deliver |ight between the plug
ferrule and PHEITHRI T &N AGOSPEABACTPeH §RPSEARELLRG  eFBRERBITYLA | ar
to an enbedded ferrule. Further, the transparent body requires no optical
fiber, ardding nesdhdar domaen abticaBurderptacleodncfiodesi hber siagvandntondi ng
the optical fiber. The transparent body has no wavegui de structure such as

an opti cale fiheispairah bl , eghadeed pf efdtf eMdFacned it BHs €aHE852PEnAXI S
shift with a core of the optical fiber of the opposing plug ferrule. The

L1 ansparsl, B, AN Y AEPURe 10,08 RG SONERIEds BN LNaRNP-LIREEL (gD, oSS

due to ecc I'nsertion Toss depends only on surface q y of a
PC connegtio surface and light transmttance of .the transparent body at a

communi LA TR SaUBF g S REG S Tttt bL BoRBNTAUEr e - FREStBRRbary ond
face of the transparent body is softened and deforned through heat treatnent

and therTRos$i dilfs derrpdgs hotlHangr nambgrefdr Facwiianla reoerba s wed berf ace
of an appropriated shape by virtue

manufactured at low cost and has a small insertion loss. That is,
the transparent body serves todeliver 1ight betweenthe plug ferrule
and the light receiving element or light emitting element, similar
to an embedded ferrule. Further, the transparent body reguires 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 curﬁred 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



of surface tension or the like, and the primary end face has a convex curved
surface with properties of a mrror surface or mrror-like B surface. Even
if a precursor of the transparent body |acks dinmensional accuracy, the
precursor of the transparent body nay be softened and deforned through heat
itreatnent, 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 dinensional accuracy and inproved yield,

‘thereby =aldfawieng nBnehacifure efreidwe sprrecoif saheoft tdrespa paspabealy bDaykat
‘low cost. The primary end face of the transparent body is fornmed through

'heat treafinRMsi HMS 2 cRMERd, QY HBNAMSSUCH B al QLGN Lnt S}H@é&%'%gce -

ladhere to a surface of the pfecursor of the transparent “body, the Ssur

ot am ndf SoBFEURS TTkASPOOTE) T HOCHa by £ BRSAPT hod LORCEFRYLPLAY  The

cprimary end face of _the transparent body is preferably an unpolished
surface. 2 PATREY| $nd HidCanag Y iPEed HAnTEYy CERietader bice Ik eRarRpEPRAt2BOdY
has a mrror surface or mrror-like surface obtained through heat
“treat mentshapmus, Thyml igie mretepsomhoththay thenapbaendr Hoaly dost a i wtdease,
can be omtted, and the end face is hardly scratched through polishing. Not
- only redugdiOfadde FBhYENT B3HeRBY oBE ISAPRELSSEANd improved yield, thereby
allowing manufacture of the prebursor of the transparent body at
low cost. The primary end face of the transparent body is formed
throughheattreatment. 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]



but also the primary end face may have better optical properties than those
of a polished surface. [0018] 9 In the above-described construction, a region
with a radius of 75 umor nore centered around a shaft axis of the sleeve at
the primary end face of the transparent body preferably has a convex
spherical surface. In this case, the convex spherical surf ace needs not to
be a convex spherical surface having a single radius of curvature across the
entire region and may be a surface formed of :snpboth continuous convex
spherical surfaces having different radii of curvature. [0019] In this way,

t he region w tln dheadbaseofiegsribadoconst rucenter et regyimmaidhshatédanss of
the sl eeve has a convex spherical surface, to thereby stably realize PC

- _connect i®n Tgetneen hdiee pidiB A ERGoUnaLe Shatheatianspamenis1kedy aad:hke end
- face of the ferrule (plug ferrule). [0020] In the above-described

construcli o f Jriflidteolo UNALILAS D O ! B8d§2?¥§§er§gf§§§r: fas é%égsgxand an

i nner ditaneter sl eeve preferably sat nshrp o > d/ 2.

[0021] Sugh, 2 ref ationship {oqgther, v ththe convex, spherical, surf ace.

not to be a convex spherical surface having a single radius of
curvature across the entire region and may be a surface formed of
smooth continuous convex spherical surfaces having different radii
of curvature.

[0019]

In this way, the region with a radius of 75 pm 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]

Sucharelationshiptogetherwith 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.

10



set as descri bed above facilitates PC connection. [0022] In the
above-descri bed construction, the convex spherical surface has a radius of
curvature p of preferably 3 to 50 nm 10 10023] In this way, in PC
connection of the primary end face of the transparent body and the end face
of the ferrule, stress is hardly focused at the tip portion of the optical
fiber on a ferrule side, and probability of troubles involving scratching of
the tip portion and inhibition of |ight passage decreases. That is, in PC
connecti opo23if the 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 of {hesfglyulig §td@onﬂ1éc’éf@nc&f“é% éBHﬁ%&‘&a&ndsﬂé@C@f hag a

radi us of curvature of nDre than 5 return |ight bécones strong, mhlch
may |nh|£|t PC_connegc uﬁles ef.ficientl av0|ded i_f
o s of TEFFAERPE B RLIAT ENFRG: MRS SogonGrer PRl FRRBSS TNaredt abl e
range of the radius of curvature p_of the convex spherlcal surface is 7 to
25 mm [ Go2ufped 2erthe & HppPeritdorerbeine siPtdiradptiidalr pacepisid el adddiadi ng
to the present invention for attaining the above-described second technical
obj ect, &ndlpuhirepihi sy edverbavl ag imvdlmierg hokettbingi ol éhei nop pderiard e;
and a transparent body provided in the inner
andinhibitionoflight passagedecreases. Thatis, inPCconnection,
if the 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 radius of curvature of more than 50 mm, return light
becomes strong, which may inhibit PC connection. Such troubles are
efficiently aveoided if the radius of curvature p falls within the
abovenumerical ranges. 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 pesition in
an axial direction of the sleeve, 1s characterized in that the

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

through heat treatment.

11



hol e 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 in that the transparent body is directly
fixed to an inner surface of the sleeve through heat treatnent. 11 [0025]
According to the above-described construction, the ferrule holding nenber
for an optical receptacle includes the sl eeve and the transparent body, and
has the transparent body directly and thermally fixed to the inner surface
of the dlod&wd. Thus, the ferrule holding menber for an optical receptacle
can be manufactured at |ow cost, has a small insertion |oss, and has hardly

reduced coupl imr@orefifdcicenese E}yds{r@eaes&B@béaaaéﬁgtgﬁl&tp@ﬂy bes rorpptical
fi ber attached, and thus has advantages involved in the fact that no opti cal

fiber i oﬁt&&%%m:ﬁd%%g 5969599%? rEESEthlé ?B?EH&E?%H& éfé’e}ré S‘xgépare”t

body Iac nsi onal accurac recursor o ranspar en y maybe
Cranspardi BORyE e THHer a?ff?r@csee EUTERT U e EG ST RAL “if
the transparent body has a w de tol erance range of di nensional accuracy and
i mpr oved-heiraad ly fheedby Hid bw ey skadalterlitheslegve .pr Bbussdrheoferhele
transparent body at |ow cost. The transparent body is thernally bonded to
the inneyldind acensdr tiwer dreeyeti Blusre eponel @gcposhd imanefatbered at

low cost, has a small insertion loss, and has hardly reduced coupling

efficiency. Further, the transparent body has no optical fiber

attached,andthushasadvantagesinvolvediﬁthefactthatnooptical

fiber is attached as described above. Even if a precursor of‘the

transparent body lacks dimensional accuracy, the precursof of the

transparent bodymaybe softened anddeformed through heat treatment,

to thereby thermally fix the transparent bedy 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]

Intheabove-described construction, afixingstrengthbetween

12



transparent body does not change even when the transparent body is exposed
to variation in air tenperature or to a high tenperature and high humdity
environnment, thereby inhibiting reduction in coupling efficiency. [0026] In
t he above-described construction, a fixing strength between 12 the sl eeve
and the transparent body is preferably 49 N or nore. [0027] In this way, the
fixing strength thereof is 49 N or nore, to thereby avoid | oosening of the

t ranspar ent body and inprove durability of the optical receptacle. [0028]

| nt he a%g ges%r % ns éructlone S k gfn st&e %t %? t he sl eeve and
the tran&fafent 808 pr &f 8138y °% Y mor & 5 &t R @8 di ng
menber faor an optlcal receptacle is left standing |n a high tenperature and
hi gh hui%82t’y environnent of 85C and 859%&RH for 2,000 hours. [0029] In this
way, properties of the optical receptacle hardly change in any environnent,
and probabili iy ohiadweysehef fectingdaereogthethengof ot Nsogmdéteantd y
reduces. [0030] In the above-described constitution, the transparent body and

thereby avoid loosening of the transparent body and improve

durability of the optical receptacle.

[0028]

Inthe above-described construction, a fixingstrengthbetween

the sleeve and the transparent body is preferably 49 N or more after

the ferrule holdingmember for anoptical receptacle is left standing

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

85%RH for 2,000 hours.

[0029]

Inthisway,propertiesoftheopticalreceptaclehardlychange
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 1x107® pa-m’/sec or less.

[0032]
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the sl eeve are preferably hernetically sealed. [0031] In this way, a space
formed between the optical receptacle and a light receiving/emtting el enent
in an optical nodule may be nmaintained hernetically, to be specific, highly
hernmetically at 1x10-9 Pa-nB/sec or less. [0032] 13 In the above-described
Iconstitution, the heat treatnment is preferably performed by nmeans of arc

(di scharge, laser, flame, or indirect heating with a heat treatnent furnace
lor the like. [0033] The term "heat treatnent” as used herein includes heat

treatnment for far thBgzBo¢eREXcEUP¥QA-SHEE RECE PPN} NEn P& W et ndce oOf the
itransparent body and heat treatnent for fixing the transparent body to the

the samePrreeraeyy PetEPTEL o TRER of Th i i R L 1A e an
‘electric furnace 8ﬁ§¥|be used as.a heat treatnen furnace 1%}55034] In the

" above- des&FEEF T AOG WD thé SR i TaE AR TG &L f Kot i cal

vreceptacle sati sfies an expression of -10Log{(nf-nb)2/(nf+nb)2} > 37, in

whi ch nb [Md®3dsents a refractive index of the transparent body and of
“represents a refractive index

The term "heat treatment" as used herein includes heat
treatment for forming a convex curved surface on the primary end
face of the transparent body and heat treatment for fixing 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 pm) 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) 2/ (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)?/ (nf+nb)?} is 37 ormore, to thereby
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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of a core portion of the optical fiber attached to the inner hole of the
ferrule. [0035] In this way, -10Log{ (nf-nb)2/(nf+nb)2} is 37 ornore, to

t hereby suppress return light and avoid adverse effects on optical
properties. in this case, -10Log{(nf-nb)2/(nf+nb)2) is nore preferably 40 or
nore. [0036] 14 In the above-described constitution, a difference in average
t hermal expansi on coefficient between the sleeve and the transparent body is
preferably 8 ppmiC or less at 30 to 380C. [0037] In this way, the difference

in average thernmal expansion cqefficient between th | eeve and the
t ranspar ent bgﬁy%%gé%ry doﬁ%ﬁ%%%%?é@%%?@é@'u%@é&%ﬁ%ﬁ ng EMRF At ur e
conditions, to thereby preferably prevent formation of cracks in the sleeve

or the thedmedar Bran ey COpdd3sE e heteeolhe fdsevicneed ebsstTananargnta

difference in average thermal expansion coefficient between the sleeve and

the tratsphr et predayrald yréefppma1y dr demsC ar ks a28B0Cio 380C. [0039] In
this way, the difference in average thermal expansion

[0037]

In this way, the difference in average thermal expansion
coefficient between the sleeve and the tﬁansparent body does not
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
thermalexpansioncoefficientbetweenthesleeveandthetransparent
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 in 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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coefficient between the sleeve and the transparent body under operating
tenperature conditions is a nore appropriate value, to thereby suppress
tension in the transparent body. Thus, polarization dependent |oss (PDL) or
pol ari zati on node dispersion (PMD) hardly increases. [0040] In the
above-descri bed constitution, the transparent body with a thickness of 1 mm
preferably has a light transmttance of 85% or nore in an infrared region of
a wavel ength of 800 to 1,700 nm 15 [0041] In this way, the transparent body
advant adé@dslly transmits |ight of an optical communication wavel ength and is
preferably used for optical conmunication. [0042] in the above-described
constitution, Iat theastragpetvé thenspaeaspasedy drbchntagedel wleessmeiaoh Wi th
a thickness of 1 mmpartly or entirely has a light transmttance of 75% or

mor e 'nl‘i@h'{l éfaa‘ﬂ ebeacan%nqﬁhﬂcaacmy%%%ﬁg% §9@ tsopfégeggbtlg% I'n

this way, | east one o the transparent body "and sl eeve advantageously
transmt uItraV| Iet %¥uj|s preferably used for, for exanple, a case
where art 9s GFPATGA cﬁ 5“? efto an end face of a transparent body by

usi ng a UV-curabl e adhesi ve.
[0042]

In the above-described censtitution, at least one of the
transparent body and the sleeve each with a thickness of 1 mm partly
orentirelyhasa light transmittance of 75% or more inanultraviolet
region of a wavelength of 300 to 450 nm.

[0043]

Iﬁ this way, at least one of the transparent body and sleeve
advantageously transmits uwltraviolet light and is preferably used
for, for example, a case where an isolator chip is fixed to an end
faée 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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[0044] In the above-described constitution, the transparent body is
preferably formed of glass. [0045] 1In this way, the transparent body forned
of glass has an advantage of excellent weatherability. [0046] In the
above-descri bed constitution, the transparent body is preferably forned of
borosilicate glass. [0047] 16 In this way, the transparent body forned of
borosilicate glass has advantages in that it has a simlar or the sane

t hermal expansion coefficient to or as that of a sleeve material, a small
difference idorgiiaekbyyechadernapbitenitatody folmedos®bpartiddcak etdieaopti cal
fiber, and excellent weatherability. [0049] In the above-descri bed

constit %Faisoﬂdv5§t9§e§9@f3fﬁh€ it hes Perpshbir-ct enal Asse pretepabl v Lo s ns 65
to 85% Si 021 8 to 25% B203 . 5 to 10%.i 20+Na20+K20, 0 to ICP(AI 203, and 0

to 5%wy Z T e ql

preferab O;%%?g%{l%lﬁ% QQ aé %6{;%5%(?2 % %{% ?%‘#eg%%& g %ﬁgﬁgg%}{f%%\%%GKzo
0 to 6% A1203 to 3% MgO+CaO+Sr O+BaO+ZnO, and 0 to, 0. 05% Fe203 in nass%
The bor dd} Iqenfa”taé%ve?ssl pdrthéPatoRtarResARFF BRPERPR ©f the optical

fiber, and excellent weatherability.
[0048]

In the above-described constitution, to be specific, the
borosilicate glass preferably contains 65 to 85% 510;, B to 25% By0s,
1.5t010% Li0+Na0+K20, 0to10%A1,0s, andOto 5,% Mg0+Ca0+Sr0+Ba0+Zn0
inmass%. The borosilicate glass particularly preferably contains
67 to 80% Si0z, 12 to 19% By03, 2 to 9.5% Li0+Naz0+K;0, 0 to 6% Al,0s,
0 to 3% MgO+Ca0+Sr0O+Bal0+ZnC, and 0 to 0.05% Fey0:; in mass%.

The borosilicate glass may further contain small amounts of
PbO, Zr0;, TiCz, Asy0s3;, Sby0s3, Cl, and the like, in addition to the
above-described components.

[0048]

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

In the above-described constitution, the fransparent 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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PbO, Zr02, Ti 02, AS203, Sh203, Cl12, and the like, in addition to the
above-descri bed conponents. [0049] In this way, the transparent body forned
of borosilicate glass nay nore appropriately have the above-descri bed

advant ages. [0050] In the above-described constitution, the transparent body
preferably has a flat surface inclined with respect to a plane perpendicul ar
to an axis of the sleeve, the flat surface being formed on a secondary end
face opposite to the primary end face. [0051] 17 In this way, return |ight at

t he secondary Emdtibrevaf, tdetutn anisyialr extt Hied s emmyndae ycwind tfa deherfeba
efficiently avoid optically adverse effects due to return light. In

parti cul 8fanadphans RIRMhayd¥utavi ag ra fdat e sk EaBRL AL b BDGe 1014t 0 15
with respect "to a plane perpendicular to an axis of a Sleeve has the

above-desgr i V. S, Provi y . f.orm rface_inclined with
respect §§85§S§|%‘%%‘g{e%§%%d#uﬁo%ﬂ%gﬁg% élta'xingﬂg?g]f%iegéjrég(/ea %ﬁ:aélsgg&?ﬁ‘ ary
end face opposite to the Erinary end face, and an advantage of = maintaining a
hi gh couBPRXgRaVEReEi 8ntyat[ BBE2RCPnathENaBBdeedeEchi Fed leondtitic HiesRetine
sleeve is preferably forned of ceramics, crystallized glass, a netal, or a
resin. toaplane perpendiculartoanaxisofasleevehasthe above-described

advantages provided by forming a flat surface inclined with respect
to a plane perpendicular to the axis of the sleeve on a secondary
end face opposife 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 anouter periphery of 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 a basematerial 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 aleong the core

axis of the sleeve.

18



[0053] In this way, the sleeve appropriately serves as a sl eeve covertngaf=umm
outer periphery of the transparent body. In particular, the sleeve forned of
ceram cs or crystallized glass has high thermal resistance, to thereby
provi de advantages in that the sleeve has no varying di nensions, no
degradati on, and excellent weatherability when a base material of the
transparent body is softened and deforned. [0054] In the above-described
construction, the sleeve preferably has a slit formed thereon. In this case,
t he sllt |s Ereferably formed so as to extend parallel with a direction
along th axis of the sleeve. 18 [0055] In this way, stress can be
released even if the difference in average thernal expansion between the

sl eeve and t hént thhspesrentstbesy csn e gesldasdderedy ipfr ententdifffarmdrican of
cracks in the sleeve or the transparent body. [0056] The above-descri bed

first and seceisk tt?l‘é&ﬂ!aqaéx?ghgféﬁ PiYyve 8L BRI 166k Wi £ 86 QR filent

receptacle formed by using the ferrule holding nenber for an optical

recept ag %yhfg'l%g:gtg'e gbwgrggf%rfe%qlt %8@%5'&%8&' 8f- cr[acqg”ln the sleeve

or the transparent body.

[0056]

The above-described first and second technical objects may
be attained with the optical receptacle formed by using the ferrule
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
attainingthe first technical object, whichincludes: a sleeve having
an inner hole for insertinga ferrule; anda 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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Meanwhi | e, a nethod of manufacturing a ferrule holding nenber for an optical
receptacle according to the present invention for attaining the first
techni cal object, whichincludes: 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, is
characterized by including the step of form ng the primary end face of the

t ranspateanspbhagnti bbdya iconveercedy adtsuthac e nmer inder tafhghe prlieairssor of
the transparent body into the inner hole of the sleeve; and softening the

precur sahdothkherétapsparentt oy Rspipans ebdieat tseatABAtby ddO88lor
According to the above-described nmethod, the precursor of the 19 transparent

body i sl i i I rsqr. of the
Cransparar Bon 1L 0ot Eaeh oy ant P ety SRR s 20 G R O
the pripar nd face,of the transparent. bod rought into_contact wth the
end Tacoool BREUBBEr P60 BETGCReRLERchne nTeH artioh ok iR Ve B o 45
surface tension or the |1like. Thus, |ow production cost and reduction in

i nserti gerrgde) dmgor @alciozex FwMnVest suri@qs byarspu et dengifort e the

transparent body is softened and defornmedbyneans of heat treatnent and then
sol i di filgse. amHukhusohasradeenyex cosyeshsurddeet bh hipropesitd o afoss M rror

surface or mrror-like surface. Even if the precursor of the

are realized. Further, theprimary end face of the transparent body
issoftenedanddeformedbymeansofheattreatmentandthensolidifies;-
and thus has a convex curved surface with properties of a mirror
surface or mirror-like surface. Even if the precursor of the
transparent body lacks dimensional accuracy, the precursor of the
transparent body maybe softened and deformed through heat 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. Theprimaryend faceof 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.

[0058]

A method of manufacturing a ferrule holding member for an
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transparent body | acks di mensi onal accuracy, the precursor of the
transparent body naybe softened and deforned through heat treatnment, to

t hereby provide a primary end face having a convex curved surface of an
appropriate shape. Thus, the precursor of the transparent body has a w de

t ol erance range of dinensional accuracy and inproved vyield, thereby allow ng
manuf acture of the precursor of the transparent body at | ow cost. The
primary end face of the transparent body is forned through heat treatnent.
Thus, evRti32kEAEERTAGALACERERIRS tanthe arisensubsTanttondiver ettalnisar f ace
of the precursor of the transparent body, the surface is subjected to heat
cl eani ngthe taboherébyceibedi eacbydr Eroheiché obrteati narttisciwhindl wdes ease
optical loss. [0059) A nethod of manufacturing a ferrule holding nenber for

an 20 optésdd hhoeaptar! naceend fur t fskhei R esest rh weahidan: FoRsLtahpi Ng.
t he above-descri bed second technical object, which includes: a sleeve having

[ I . t] ; t i ded i
fhe i nnero Ry SR Te ST P R T hR, RSP el A BRERER Ry e o
cont act mﬁ%h an end face of the ferrule halfmaxﬁggsition in an axial

at,
di rect i oFPSfEaTe IOTeBTENITET LREP £ Fed 16y PAcPUAI TRFE IRE $08pT8FTRIRI ng

the transparent body and the sleeve by: inserting a precursor of the
t r anspar @ht abbdy fwat @osid liomekn hah eastal hdiskesven afd thoft ehéayget hés
precursor of
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
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 fixthe 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 boedy has a wide tolerance
range of dimensional accuracy and improved yield, thereby allowing

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

Further, the transparent bodyis thermallybonded tothe inner surface
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the transparent body by neans of heat treatnent. [0060] According to the
above-descri bed nethod, 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 neans of heat treatnent, to thereby directly and thermally
fix the transparent body to the inner surface of the sleeve. Thus, |ow
production cost and reduction in insertion |loss are realized. Even if the
precursor of the transparent body | acks dinmensional accuracy, the precursor
of the afr adspalesvebodfhHay bBebsbfiirgepoantidef of nells tvanseaedbyt bbdymally
fix the transparent body to the inner surface of the sleeve. Thus, the

pr ecur sive hot bt ahmenspat eheniodyt hasspa nége boalyer @sgeosedngev of 1 gi teAsi onal
accuracy and inproved yield, thereby allowi ng nanufacture of the precursor

O i N1 1 ansparenbobaty 8! JrOWLOS i SKULRBEcaLhecl LANPRR AN niatl Ly

thermal |y bonded to the inner surface” 21 of the sleeve.

position of the tran p%rgpt.bgdﬁ. does_not change evenlwhen %Pe t ranspar ent
body | & BYpTEEF Y VAT OO R AT I LEPaT Bt OF ¢ TP OEE 1A PR Rt EHPRF &t ure and
hi gh hunidity environment, thereby inhibiting reduction in coupling

effici efe8811 [0061] In any of the above-described nethods, the heat treatnent

is preferably performed by neans of arc discharge, |aser, flanme, or
i ndi rect heatimgnwy th Ehédedtova-ecmsmaribfdumpabeds;, the Hedketreatment is

preferably performed by means of arc discharge, laser, flame, or
indirect heating with a heat treatment furnace or the like.
[0062]

Inthisway, the precursor of the transparent bodymay be 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. In particular, the precursor of the
transparent body may be easily scftened 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 ¢f 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

22



[0062] In this way, the precursor of the transparent body maybe easily
softened and deforned, to thereby forma primary end face of the transparent
body having an appropriate convex curved surface by surface tension or the
like. In particular, the precursor of the transparent body may be easily
softened and deformed by neans of |laser or indirect heating (such as a heat
treatnent furnace), to thereby reduce shift (eccentricity) between a top of
t he convex. curved surface (convex spherical surfa e% and a center of an
nner  GFBREE A b STHERST GEL 9o CPRAFFECE 2HORS ﬂ§ FATER VRES hidatd BFGT  t he
entire sleeve including the precursor of the transparent body in the inner
hol e by Berhgderhddime past peRtoruinacksalh Heaninestinéhe endnpreatafr ¢hat this
time has only to be lower than the softening point or nelting point of the
sl eeve atdahspheenthaody het sofet eamagt im®i ntirothd sgkbass, r@dcheako theaspeeit§ i c,
the heat treatment tenperature is 500 to 900C, and preferably 600 to 800C
for obtainhag@ssmaxor A2 Dby £dbs S S@re YL RG Sy desi Lol doadiiis o

curvature in a short period of tine and perform ng heat cleaning of the end
face of the, transparent hody.at the sane ti In,this cas a_heat
treatnenFQ%PFﬁEDSV‘S ﬁgﬁrgeg%lpgé 3bf%ﬁ?ﬁ%sogﬁcgﬂv%%?% eanﬁéfggH%;%QWS
producti on efficiencg#SThe heatin%}g% means of CO2 | aser as |aser all ows

8

sof t eni n§odEeRhBIR o EBRSBFSORT $HE X pereRP PSIE PRI Ther shoet ingg 1ot
tinme.

of time.

[0063)

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

Inthisway, theprecursorof the transparent bodymay beeasily
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;0s3, 1.5 to 10% Li0+Na,0+Ky0,
0tol0%Al,0;, and 0 to 5% MgO+Ca0+Sr0+Balb+ZnOinmass% fromviewpoints
of refractive index, thermal expansioncoefficient, devitrification
resistance during softeninganddeformation, andthe like. Further,
a resin rod may also be used, and specific examples thereof include
thermoplastic resins such as a polycarbonate resin, a polyethylene
resin, a polypropylene resin, anacrylicresin, anda fluorine resin.

[0065]
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[0063] In any of the above-descri bed nethods, the precursor of the
transparent body is preferably a glass rod or a resin rod. [0064] In this
way, the precursor of the transparent body may be easily 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% Si02, 8 to 25% B203, 1.5 to 10%

Li 20Ma20+K20r, 0.1 9¢ 091203, 400 0: 1,0 FAMUQLCAOHS O1BROHZNA QU sipd o

vi ewpoi nts of refractive 1 ndex, ermal expansi‘on coefficient,

devitrificati i st dur | f1eni d deformation, and the Iike.
Fur t her 20Sa0 cbPf FB0 Hay ol 66 BeCheca, L AndoUBachr ¢ exanpl o5 ther eof 1ncl ude

t hernopl astic resins such as a pol ycarbonate resin, a polyethylene resin, a
pol ypr opyPERE resin, an acrylic resin, and a fluorine resin. [0065] 23 In
any of the above-described nethods, an end face of the glass rod or the

resin rod i s pneftersabby, twebedel PAGGHE] fhbetdutcvidys aldvanhewelseth emdtf:ace
provi des advantages in that: the end face of the rod is not chipped; the

convex spherieal suptack rbe Nandhycdi shost edie aRdvaxCiHRDE NG, PheRoNRNON at

an i nterface between

ishardlydistorted; andaclimbingphenomenonat aninterfacebetween

the transparent body and the sleeve hardly occurs.

Effects of the Invention
[0067]

As described above, the ferrule holding member for an optical
rebeptacle,methodofnmnufacturingthesame,andopticalreceptacle
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 amirror surface or mirror-like surface,
and lowproductiocncost 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 cleén surface, to thereby suppress optical loss due to the
contaminants or the like.

[0068]
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the transparent body and the sleeve hardly occurs. Effects of the Invention

[ 0067] As described above, the ferrule holding nenber for an optical
receptacl e, nmethod of manufacturing the sane, and optical receptacle using
the sane according to the present invention allow the 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 treatnent. Thus, the
primary end face may have a convex curved surface with properties of a

‘mirror surfacRaother s tbe-fékmsundadeng remddoipr eduept bre L osteandcleduct i on

in insertion | oss maybe realized. Further, even if contam nants such as an

or gani cmsthsd I eandfece urtie gt serfane ahd bptpeatursespicltderdiransgpar ent
body, the primary end face of the transparent body is subjected to heat

cl eani ng_int rfa t . SHP. iCal du o the
cont am %%%?sé)%cr@rt#eﬁ?i&ki&h[eogggfggﬁ %ﬁ\h@ g%,éﬂt%af?ir% eﬁﬁoﬁadﬁ ?fg; 'rreg‘gt& for
an optical receptacl ., et hod, of uf,acturing t sa and opti cal

ecopt abTEn R REE e O TRE AR F B R EG ARE B LR BRI Dhs SEF 6 tie
following. The transparent body inserted into the inner hole of the sleeve
is direéikgd £¢xee tbnee sWnaacs vl dde sflagve dhaerah esdgh tsedmentoat nent .
Thus, the transparent body and the sleeve are strongly fixed, and

Thus, the transparent body and the sleeve are strongly fixed, and
low production cost and reduction in insertion loss are realized.
Further, the precursor of the transparent body may have a wide
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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| ow production cost and reduction in insertion |oss are realized. Further,
the precursor of the transparent body nay have a w de tolerance range of

di mensi onal accuracy. Thus, a bonding position of the transparent body does
not change even when the transparent body is exposed to variation in air
tenperature or to a high tenperature and high humdity environnent, thereby
suppressing reduction in coupling efficiency as nuch as possible. Best Mde
for carrying out the Invention [0069] Hereinafter, enbodi ments of the

pr esent tionveet iegpodimente o fdddey inyeddnt rigfeamtiignt o attached drawi ngs. Fig.
| is a longitudinal sectional front view show ng an optical receptacle
havi ng dtdcargtied thereto a ferrule holding nmenber for an optical receptacle
(hereinafter, sinply referred to as a ferrule holding nmenber) according to

mbodi t 2Qf ty tsi-an. El | | £ ydi nal
ectional 1roAt oW Shamrc a biae o B i hact et e et e P e

owng a st errule I nsert he

ferrule holdin nmber acgordi,ng. .2 ot enbodi_nent .of the_present
i nvent i mee[ro&gﬁtﬂgagﬁo%\ﬁs?‘ﬂeﬁid?gliéeﬁré]gﬁ‘flf’aﬁ S Eé’gﬁfﬁcl’@rigﬁ&s 3 #krrule
hol ding menber 3 attached inside a holder 2 having a collar portion 2a at
an end ¢n &nPasé amass gadotidaelophecaptiesbpiarsrtaclae f Eheuferrhbédi ng
menber 3 includes as structural nenbers: a cylindrical sleeve

holdingmember 3 includes as structuralmembers: acylindrical sleeve
4 fixed inside an insertion hole of the holder 2; and a cylindrical
solid transparent body 5 fixed thermally to an inner surface 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 which isanunpolishedsurface. Aregionwitharadius
of 75 um or more centered around a shaft axis Z of the sleeve 4
has a convex spherical surface. Zkradiusofcurvature;:oftheconvex
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
6a 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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4 fixed inside an insertion hole of the holder 2; and a cylindrical solid
transparent body 5 fixed thernmally to an inner surface 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 treatnent which is an unpolished
surfacechidr egisan win o redi USibeadf 7Ripmahedore tlent Btesr aioladoa shaft axis
Z of the sleeve 4 has a convex spherical surface. A radius of curvature p of

the conyeyy rehefica s haeerandoanibhnes dianekesidmefethgrskesye fosatisfy
a relatronship of p > d/2. To be specific, the radius of curvature p of the

convex rj cal N t 0..50 An_end face . Ga qf ug
ferrul é‘ﬁ'rggl r?s%ﬁtoe E%Er %%?allp?ﬁe%%s}i %gagf&f glos eéjv‘é‘rg}_lE ?sé%aa%r}er};eedr ?% 3@0{]}{3 bring
into contact with the convex spherical _surface at the primary end face 5a of
the trarshaent [HEdFOEVeEnSPEEIiRRs e4EEaCENOEpENEaPTETBEY ¢NEt EAERedato t he
inner hole of the plug ferrule 6 has a core portion 7a with a di ameter of
about 19 the archrgpaxert pedy phetsl fotmeld portéontdbbnind antdoaceneacof about
125 pm The convex spherical surface of the primary end face 5a of the

transpas e H08ycdré spdof e B0 @6 tige bspOcha Dt pigoAt ACt
[0072]

The transparent body 5 is directly fixed to an inner surface
of the sleeve 4 through heat treatment, and a fixing strength between
thesleeve 4 andthe transparentbody 5is 49Normore. Tobe specific,
_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, meanscfheattreatment 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
cf 10 um) 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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with the core portion 7a of the optical fiber 7. [0072) The transparent body
5is directly fixed to an inner surface of the sleeve 4 through heat
treatnment, and a fixing strength between the sleeve 4 and the transparent
body 5is 4 9 Nor nore. To be specific, the transparent body 5 is fixed at
a fixing strength of 49 Nor nore after the ferrule holding nenber is |eft
standing in a high tenperature and high humdity environnment of 85C and
85%RH for 2,000 hours. Further, the transparent body 5 and the sleeve 4 are
her net i eef 13ctsied ddidgh @Hfi)lsofathe oeamsP@ft hemt7a rofattientptdcafli £ihgr t he
transparent body 5 to the inner surface of the sleeve 4 and neans of heat

t r eat nehattechédrtnitige £ hre phicteryf end pflacer Sarwle E&@ti@ﬁ@@péﬁ?ﬂésb@dﬁ Sinto
a convex curved surface each involve neans of arc discharge, laser, flane,

or indi watlo@%@t{i(@g.wbt)g{@?gﬁam ;} negy Ment 4f Yraaee ar g ggfrgdéagﬁe Eﬁgkﬁa&hat !

C02 | aser (wavelength pun)” may be used as | aser, ctric
furnace_may be used S.a t treatnent . furnace for. indirect hegtjing. [0073]
AT ot TR S b Gt BB E P ERCIE SAECUB0 S5t & TP AR PPOY | ndex
(nf) of the core portion 7a of the optical fiber 7 attached to the inner

hol e of 5 t¥fe BpPBE/f Er Pl £23S s RASFYr s e xpPEBY| Gnorofess at 30 to 380°C.

-10Log{(nf-nb)2/ (nf+nb)2} ? 37. A difference in average thermal expansion
coef fi cTeat thehweamehhe =ideve 4iahd & hehicknspar erft boglyy has a light

transmittance of 85% or more in an infrared region of a wavelength
of 800 to 1,700 nm. At least one of the transparent body 5 and the
sleeve 4 eachwith a thicknessofl mmpa#tly orentirely (the entirety
of the transparent body 5 alone in this embodiment) has a light
transmittance of 75% or more inan ultraviolet 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 B85% Si0O;, 8 to 25% B0, 1.5 to 10%
Li,04Na0+K.;0, 0 to 10% Al,Ci, and 0 to 5% MgO+CaO+Sr0+4BalC+Zn0 in
mass%, particularly preferably contains 67 to 80% Si0O;, 12 to 19%
B,03, 2t09.5%Li,0+Na;0+K0, 0to 6% 21,05, 0 to 33 MgO+Cal+Sr0+Bal+Zn0,
and 0 to 0.05% Fes0s; in mass3.

[0074]

Meanwhile, the sleeve 4 is a cylindricél 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;~basedcrystallized

glass which precipitates a solid solution of p-Spodumene as a main
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5is BppmiCor less, preferably 1 ppmlC or less at 30 to 3BOC. The
transparent body 5 with a thickness of 1 nmmhas a |light transmttance of 850
or nore in an infrared region of a wavelength of 600 to 1,700 nm At |east
one of the transparent body 5 and the sleeve 4 each with a thickness of 1 mm
partly or entirely (the entirety of the transparent body 5 alone in this
enbodi nent) has a light transmttance of 75% or nore in an ultraviol et
region of a wavelength of 300 to 450 nm The transparent body 5 is formed of
gl ass orcrmystradsi mhasel) pr ef drablpgdidroodias,cattéhg| aslssevihe borpsthédat ef gl ass
preferably contains 65 to 65% SiQ2r 8 to 25% B203, 1.5 to 10% Li 20+Na20+K20,

0 to 10%iA8208 ,0amh &) -1ha s2% MeEHEROHSE &4 %%h@hj@éﬁ Hrdd GUEATL Y
preferably cont?al ns 67 to 80% Si 2, 12 t?ilQ% B203, to@lQ 5%.i 20+Na20+K20,

0 to 6% %
[0074] %;n%\f% qq—l b %@g%eve gaggggn cﬁpgré(rsl%cggl Bhggelcea%néoﬁblgggf%gt 88
formed of ceram cs crystallized gl ass, rIet al, or.a resin. Hovvever | n
this enddth haafd 'eeVéeéths'L r REd B‘P Cdrdni cShUByi +BBAF a§D@router
crystallized gl ass( L120 A12(B- Si O2- based crystallized glass which

preci pi tdtaetes|¢l ot uslesvefhavspoityenegasd tnems hon@B acggratyphase). :n
particul ar, the sleeve 4 forned of Li20-A1203-Si 02-based crystallized gl ass

whi ch prﬂﬁéﬁﬁ@tmﬂmw irsinttiicon o@f tReSpodynEBerasea gRHNFgEyYsiabtphase
can be nmanuf actured :

holding of the plug ferrule by inhibiting loosening of the plug

ferrule.
[0075]

2 secondary'end face 5b on an oppeosite side (base end side)
to the primary end face 5a of the transparent bedy 5 has a flat
surfaceatananglexof4tol5°withrespect toaplane 8 perpendicular
to the axis of the sleeve 4 (plane perpendicular to a shaft axis
Z}. BAn end face 4b on a base end siae of the sleeve 4 also has a
flatsurfaceatthesameangléofinclinationaasthatofthesecondary
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 i1s formed of an insulating material of

ceramics, crystallizedglass, glass, oraresin. Theferruleholding
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through heating, stretching, and nmol ding. Thus, inner and oufer ~ dianeters of ——

the sl eeve have very high dinensional accuracy, to thereby facilitate
insertion of the plug ferrule, and facilitate holding of the plug ferrule by

inhibiting | oosening of the plug 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 perpendicular to the axis of the sleeve 4 (plane perpendicul ar
to a shaft axis Z). An end face 4b on a base end side of the sleeve 4 also
has a fhembeyeBakec hidehessHmmchiyial sempaebi rathbpka vdsindritcaf sipeve
secondary end face 5b in the sane plane. [0076] Fig. 3 is a | ongitudinal
sectionat4 tieet Miewleoindnseptiocalholrestphadicl dumvd by satitdohedlt haretala
ferrul e hol ding nmenber according to another enbodi nent of the present

i nventiof,]\$ SAMNEpaEnEl Bod, 5 2P QP4 El%rﬁ@E@Et 26! §n2}nﬂé§ dukehbll &1

hol di ng nenber 23 attached inside a hol der aving a collar portlon 22a.
The feryrule oIdln nmenber, 23 i s d of,an |nsula terial

ceranlcsth%r§£?%Y?l e%nd?§§§egﬁ%é aipﬁéﬁ%ee¥ﬁe gFH&éxﬁgiélnﬁheZQ
member 23 jncludes as structural menbers: a thick cylindrical s|eeve 24

fixed i napHéenn ZiafsrPREBFIERE toon %ozh%ltaépug@ PLETF e tdy1g eappragding,

and the holder 22 has a shape which does not cover a tip portion
of the sleeve 24. The sleeve 24 has a larger thickness than that
of the sleeve 4 used in the optical receptacle 1 shown in Fig. 1.
The sleeve 24 has excellent mechanical strength and is hardly broken
even if 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 éffects 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 fellowing
method. |
[0078]

First, as shownby reference symbol AcfFig. 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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solid transparent body 5 fixed thermally to an inner surface of the sleeve
24 on a base end side. The sleeve 24 is fixed to the holder 22 at abase end
portion al one through press-fitting or bonding, and the holder 22 has a
shape whi ch does not cover a tip portion of the sleeve 24. The sl eeve 24 has
a larger thickness than that of the sleeve 4 used in the optical receptacle
1 showmn in Fig. 1. The sleeve 24 has excellent nechanical strength and is

hardly brok Love if the tip portion_ is_not cqvered by the holder 22. The
opticalmaPégéﬁtégﬁg paltz\'h 3 al SHPust G& %mﬂi§'£ R FPp Pt dh from

serving as an antenna to transmit or receive el ectromagneti c waves (because
the ti ppPpeceterngnechéesgtbvin 20 pEiadt dém@té@nbwnd@otﬁvoeadrfa@s zareel
hardly provi des adverse effects on transmtter-receiver electronic

conponenrioaighdycpoasshaser Thwsle)zs edonhbyi ngf @renpt issalbdeceptarte. a4t ached.
[0077] The ferrule holding nenbers 3 and 23 having the respective structures

as descrl Bad,ANave airegnagadl askur €0 LhEoushatAgal ot | kDt s Pk, L 0V 8]

First, as shown by reférence synbol A of Fig. 4, a gl ass mater
sublect g L0 A A o, T a@ﬁ%ﬁﬁ@aﬁ FRpBEY 6T RAROr Aos UFRAL & PSS ol s
rods 9 are bundl ed and cut into a
4, both end faces 1lla of each of the glass rods are subjected to
beveling 11b. As shown by reference symbol E of Fig. 4, the beveled
glass rod 11 is inserted into an inner hole of the cylindrical sleeve
4 formed of ceramics (zirconia) or crystallized glass
(Liz0-Al,03-8i0;-based crystallized glass which precipitatesasolid
solution of B-Spodumene as a main crystal phase).
[0079]

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.arlaser
beam from a tip opening portion 4c of the sleeve 4, to thereby soften
and deform the glass rod 11. 1In 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

+o form an inclined flat surface, to thereby provide the ferrule

holding member 3 as described above. The above-described
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predetermned length in an axial direction, and both end faces are roughly
pol i shed. Thus, as shown by reference synbol C of Fig. 4, a plurality of

gl ass rods 10 are obtained at once as a precursor of a transparent body.
Then, as shown by reference synbol D of Fig. 4, both end faces 1la of each
of the glass rods are subjected to beveling 11b. As shown by reference
synbol E of rig. 4, the beveled glass rod 11 is inserted into an inner hole
of the cylindrical sleeve 4 forned of ceramics (zirconia) or crystallized

| a | 20- - DI e ryst i I i recipi olid
gol 3ts i o%%%g%%%ggﬁ%%ggéag%ignéﬁé y%%%ﬁ%%a@?h\?%% cHenl;l)el,rtt ngsécﬁﬁt?sf ai:e
4a of the sleeve 4 on a base end side 9? an ggg face |la qof the gl.ass rod
11 on aCBaSE"RATE sTULHEDRA gt D trd’qa GrmGH a3 B&Sy M Faterdal

assenbl ed body 12 is placed in an electriec furnace, or the glass rod 11 is
i rradi ateduaeghaa Rasetprrtbeammiekenialti p opening portion 4c of the sleeve 4,
to thereby soften and deformthe glass rod 11. In this way, the end face
(pri margxappdlegace) Ila 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 te ggohnner surface of the sleeve 4. Then, an end portion of the
assenbleg ody 12 on a base end side is polished to forman inclined flat

surface, to thereby provide the fercule ol ding, merber, 3 as, descr]bed above.

presentinvgntionwillbedescribedinmoredetailbasedonexamples.
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. Theresultsareshownbelow. 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% 310;, 6% Al203, 13% B203,

1% Ca0O, 2% Bal, 6.5% Naz0, 1% K20, and 0.5% Sb;0; 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% Si0;, 3% Al;0z, 13% B20s,
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manuf acturing nethod can be perforned in the sane manner for the case where
an original resin rod formed of a long resin material 1is used as a starting
material. Exanples [0080] The ferrule holding nenber for an opti cal
receptacle of the present invention will be described in nore detail based on
exanples. In exanples of the present invention, different glass rods 11 and
sl eeves 4 were used. Further, different heat treatnents were perforned, and
the ferrule holdlng menbers were each subjected to various evaluations. The
resul t S ¢S Aewh bel Basskpt ehehaal Tapeesionshonsfinéentsubtd ppmEX@npl es 1
to 4 each using an electric furnace, and Table 2 shows the results of

Exanpl ess fraridi e dacteusilng@1002m)gad . késer ref@88tl ve<Ghdss (0¢588 nm):
Borosilicate glass (conposition: 70% Si @2, 6% A1203, 13% B203, 1% CaO, 2%

BaO, 6. ﬁ%@@%exﬂe@é@o,cm&é%&mﬁnlihnz?ézs%hﬁ hﬁf:[faiw%%“fz

coefficient: 5.1 ppm C, refractive index 1.471, ?ractlve i ndex
(1,550 69; bevel ed; cylinder of 2 mmin helght x 1. 248 nQ i n outer
dlanetéﬂﬁlT% <@ ass rod B> Borosilicate glass (conposition: 80% Si 02, 3%
A1203, [16%%)551203,
Note that, a core portion of an optical fiber (single mode
fiber (SMF)) had a refractive index of 1.452 at a wavelength of
1,310 nm and a refractive index of 1.445 at a wavelength of 1,550
nm.
[0084]
<Sleeve A>
ZrO; {available from TOTC Ltd.; thermal expansioncoefficient:
8.3 ppm/°C; no slits; 1.6 mm in ocuter diameter x 1.25 mm in inner
diameter)
[0085]
<Sleeve B>
Li,0-A1,03-81i0z-based crystallized glass (crystallized glass
sleeve, available from Nippon Electric Glass Co., Ltd.; thermal
expansioncoefficient:2.7ppm/°C;noslits;1.80:mninoutérdiameter
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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32 and 4% Na20 in mass% thermal expansion coefficient: 3.2 ppn G

refractive index (1,310 nm : 1.468; refractive index (1,550 nm : 1.465;
bevel ed; cylinder of 2 mmin height x 1.248 MmO in outer dianmeter) [0093]
Note that, a core portion of an optical fiber (single node fiber (SMF)) had
a refractive index of 1.452 at a wavelength of 1,310 nmand a refractive

i ndex of 1.449 at a wavelength of 1,550 nm [0084] <Sleeve A> Zr02

(avail able from TOTO Ltd.; thernmal expansion coefficient: 8.3 ppmiC, no
slits; of. theamliasoubdrordedreterend 4128 wane aligned tadifanet n)a{B08Fed <S| eeve
B> Li 20- A1203- Si O2- based crystal lized glass (crystallized glass sleeve,

avai | abbayf.r omhli pposmtl @¢tdBy (haspl&Bed 1t Ghri ollkermal feXpARSI 88t to
coefficient: 2. 7ppm C, noslits; 1. 80nmn outer dianmeter x 1.25 nmmin inner

di ametgry g@%géfl gﬁet%&gg% GLPé?tsrﬂ&uﬁ urnaces.The ghasssd od mas. inserted

Into an I nner

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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and an end face of the sleeve on a base end side and an end face 33 of the
glass rod on a base end side were aligned to forman assenbled body. The
assenbl ed body was placed in an electric furnace set to a heat treatnent
tenperature shown in Table 1, and was nmaintained therein for a heat
treatnment time shown in Table 1. The glass rod was softened and taken out of
the electric furnace, to thereby obtain a ferrule holding nenber of each of
Exanples 1 to 4. Note that, a difference in average thernal expansion
coeffi ciomg7pbetween the glass rod (transparent body) and the sleeve at 30 to
380C was 3.2 ppnm C for Exanples 1 to 3 and 0.5 ppm C for Exanple 4. 34
[0087] jég¥§ 1] Heating by electric furnace Exanple 1 Exanple 2 Exanple 3
ass rod (ﬁo (A (A (B) (transparent body) Sleeve (A (A (A

(B) ngﬂ Zr 02 ZrO tahélzed glass Heat treatnment 720 710 700 650
t enper %ﬁE}n e ec urnac
Example 1 Example 2 Example 3 Example 4
Glass rod (A) (A) (A) (B)
(transparent
body)
Sleeve (R) (A) (A) (B)
Zr0sp Zr0; Zr0s 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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(C© Heat treatnment 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 | oss 43 43
43 49 (dB) [0068] <Laser> The glass rod was inserted into an inner hol e of
the sl eeve, 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 assenbl ed
body. The glass rod was irradiated with a |aser beamfroma tip opening
portion of the sleeve under the condi ti ons shown in Table 2 for softening
and deformg |.ass rad, ereb Laln rrul e hol di ng nmenber of
each of azg ggﬁﬁ@ ﬁhmt /7 f?%ﬁ é%erage t her mal

expansi on coeff|C|ent betmeen t he glass rod (transparent body) and the

sl eeve (#0833 to 380C was 3.2 35 ppm C for Exanple 5 and 2.4 ppni C for
Exanpl e 6. '

[Table 2}

Laser (carbon dioxide laser: wavelength of 10.6 um)

Example 5 Example 6
Glass rod A A
(transparent body)
Sleeve (B) (B)
Zr0z 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) >898 >98
Return loss (dB) 43 43
[0080]

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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[0089] [Table 2] Laser (carbon dioxide |aser: wavelength of 10.6 pn) Exanple
5 Exanple 6 G ass rod A A (transparent body) Sleeve (A (B) Zr02
Crystallized glass output (W 10 10 Heat treatnent time 10 10 (seconds)

Radi us of curvature of 3.0 3.0 end portion (m) Fixing strength (N) >98 >98
Return loss (dB) 43 43 [0090] Evaluation nethod [0091] <Radius of curvature
of end portion> The radius of curvature of the end portion was determ ned by
using an interfergnetric m croscope designed for neasuring end face geonetry
( ACCl SRPnBREf BEFGA8R-by Norland Products Inc.). The results reveal ed that:

in each of Exanples 1 to 4 involving heating by an electric furnace as shown
in Tabllé022]the end portion (prinary

<Fixing strength>

As shown n Fig. 5, a distance D from a certain reference plane
in the sleeve 4 to the transparent body 5 was measured in advance,
and ﬁredetermined force was applied to the primary end face 5a of
the transparent body 5 for a predetermined period of time (10 sec).
Then, the distance D was measured again. Change in distance within
a range of error indicated that the primary end face 5a and 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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end face) of the transparent body had a radius of curvature of 3.0 mmto 20
mm and in each of Exanples 5 and 6 involving heating by |aser 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 nenber had a preferabl e val ue
for radius of curvature of 35 an end portion. [0092] <Fixing strength> As
shown n Fig. 5, a distance Dfroma certain reference plane in the sleeve 4
to the transparent body 5 was neasured in advance, and predeternined force
was appRsedtes ame himateceha Facenss i omheltiimspardst vasdpe 5 hed a
predeterm ned period of time (10 sec) Then, the distance D was neasured

agai n. t6hhage & nflditstaaudcénwilthied sarfangeabe ‘enidah redpeatetotéaiorddrel pri mary
end face 5a and the sleeve 4 were fixed with a higher fixing strength than

the applire@d:iftor 6€. adept i taxi0f i exper k@?mbcle%ﬁdaentl%@%fmgﬂ cal |
idea revealed that the fixing strength exceeded 9B N in each of Exanples 1

“’ 4 'g‘é‘%g‘i'o%g ES%' %%oa:%ae%ﬁ n%f:’br?c f Dace;as .2own | {-;e%‘%gheg t’ré@ﬁ
had a suff|C|ent fixin

and |nv vi*ng "hea Ser as shown in
ferrule hol dj ng_rnenber. g strength, ﬁ£0093% <Ret urn
| 0ss> ATNcBRRECE O TR %! confed BRIV NN Bt +REIPY ARec HBRRFAC furnace

as shown in Table 1,

the return loss was 43 dB to 4% 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

4-3 508 493 488 440

4-4 466 476 509 476

4-5 505 491 507 458

4-6 511 489 502 497
[0095]

<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 w
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reflectoneter (OTDR MM0703, manufactured by Anritsu Conpany) was inserted
froman opening portion of the sleeve, and the connector ferrule was PC
connected to the end portion of the transparent body, to thereby nmeasure the
return | oss at a connected portion between the transparent body and the
connector ferrule. Atermnal portion (end portion opposite to the side
havi ng the connector ferrule 37 inserted and sub- ected to PC connection) of
the sanple was polished to have a flat and inclined surface at 8 wth

respectof @ [l 4108 PRirpediciesiliagnt 6ft 1o ofild 6@l tiaXiss swiah el hatheeddgeiion at the
termnal portion could be ignored in principle. The results reveal ed that:

in eac@ﬁm@;@ﬁ@@) s rkdRAdd Qg%yég%s@§§tﬂég% B;y gggg.&?%é is%ﬁf@; E@X%gir%as shown

in Table 1, e’return |l oss was 43 4 in eac les 5
and 6 involvi heat i b aser as_ sho I, Table 2,.the return | oss was 43
dB. Eadh FBErBFEEROPCE M WElbaPe ARd Lo a0 GFERADI =t BEERAAI GRS, IRRBAT | Tabl o
3] Transm ssion power (pW: optical wavel ength of 1,310 nm Sanple Angle of
Angl e éntandihe oPtAsgile rsiceracliendl i meid ores M indatined iwdemat¢anion

inclination of flat of flat of flat of flat surface 4 surface 6 surface 8
surfaceatlabodtl 1489£5081ab84, 4/2aser diode 12 was driven under constant

current by using a stabilized DC power supply 13. Light radiated
from the laser diode 12 was condensed by a condenser lens 14, and
was injected into the transparent body 5 from the second end face
side. An optical axis was adjusted such that an optical 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, a value (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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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 [0095] <Coupling efficiency> Table 3 shows the
results of neasurenent of coupling efficiencies of six optical receptacles
each fornmed by using the ferrule holding nmenber of Exanple 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 38 to a

pl ane pendl r tp the axis of the sleeve 4. The coupling efficiency is
measur é§°55TA& @rl RULDSI G LASHES | TRETERBWE i AeEEFLe 6hOLAENEeMaNIRESD havi ng
t he optlcal fiber 7 attached was |nserted into the optical receptacle 1, and
was neRecRirdadcuidernt embogiimeat aforthel kgfsemedinventiiager di ode 12 was
driven under constant current by using a stabilized DC power supply 13.

Li ght radigat ed As osnldwegddsenglitndt i wastdendansednky vaeqopdeasesih ens 14,
and was injected into the transparent body 5 fromthe second end face side.

o M O e
tr ansmttht ePerru.IL h%o&%&'n%%r'tenﬁebrecho n%E JEIIrue embodiment of the present
invention.
[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. 5] 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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by using an optical power neter 15, to thereby eval uate the coupling
efficiency. Table 3 shows the neasured values. As a conparison, |ight was
directly coupled with the optical fiber 7 attached to the ferrule 6 w thout
the optical receptacle 1 under the sanme conditions as described above. Then,
a value (coupling efficiency) of optical power transmtted to the optical
fiber 7 was neasured by using the optical power neter 15, resulting in 512
}iW Tahle . I h he ferrul |.di n r. f Exanple 4 having a
flat s%?face%ég%é%§a%8 e%%F%iﬁg %&5 i%R%%Flfagog%g%%éFﬁtained a high
coupling efficiency. Brief Description of the Drawings [0096] [Fig. 1] A
Iongitéginals§€8PﬁéﬁalePPoﬁPc@iem/shomjng an optical 39 receptacle having
attached thereto a ferrule hol ding nmenber according to an enbodi nent of the
present i nvedtiranle Fpgha2ffemnrudillarged | ongi t udi nal sectional front view of
a main portion showing a state of a ferrule (plug ferrule) inserted into
the femaul e Ealddifageneibeeragder ding to the enbodinent of the re g g p sent
invention. [Fig.3] A longitudinal sectional front view of an optical

receptacl e %HQ%lakﬁﬁ%QEd thereto a ferrule hol ding menber according to
anot her enbodi nent of the present invention. ,

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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[Fig. 4] A schematic diagramshow ng a manufacturing status of a ferrule
hol di ng nenber according to an enbodi ment of the present invention. [Fig. 5]
A schematic diagramillustrating the results of an experinent in Exanpl es of
the present invention. [Fig. 6] A schematic diagramillustrating a nethod of
measuring a coupling efficiency in Exanples of the present invention.
Description of Synmbols [0097] 1, 21 optical receptacle 2, 22 Holder 3, 23
Ferrul e hol ding nmenber (ferrule holding nenber for optical receptacle) 4, 24
Sl eeve 5 Transparent body 40 5a Pri®a®iMend face (convex spherical surface)
5b Secondary end face 6 Ferrule (plug ferrule) 6a End face of ferrule 7
Optical fiber 7a Core portion 8 Plane perpendicular to axis of sleeve 11

d ass rod
1. Aferruleholdingmember foranoptical receptacle, comprising:
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 in that

the primaryend face of the transparent body has a convex curved

surface obtained 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 or 2, characterized in that a.region with a radius of
75 um or more centered arcund a shaft axis of the sleeve at the

primary end face of the transparent body has a convex spherical

surface.

4. A ferrule holding member for an cptical receptacle according
to claim 3, characterized in that a radius of curvature p of the

convex spherical surface andan innerdiameter dof the sleeve satisfy
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|1b Beveling 12 Laser diode 13 Stabilized DC power supply 14 Condenser |ens
15 Optical power neter d inner dianeter of sleeve Z Shaft axis of sleeve 41
CLAIMS 1. A ferrule holding nenber f or an optical receptacle, conprising: a
sl eeve 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 hal fway position
in an axial direction of the sleeve, characterized in that the primary end
face of tkeatdsashdire® Body Hds a convex curved surface obtained through
heat treatnment. 2. A ferrule holding nmenber for an optical receptacle
according to claiml, characterized in that the prinmary end face of the
transparent body has an unpolished surface. 3. A ferrule hol ding nenber for

an optiscal receptaghe I?&.LQPIer R@mbe® ebaidR Lok 21 EQ@éﬁEé@iEzﬁéﬁdiﬁ@t a
region with a radius of 75 pun or nore cen?@red around a shaft axis of the

31 eeve 3t i 08y PILIR Yoiflh 08 Ola I LRBRREIL 08 D28 o1 SOV

has a radius of curvature p of 3 to 50 mm.

6. Aferruleholdingmemberforanopticalreceptacle,comprising:
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 in that
the transparent bo&y is directly fixed to an inner surface

of the sleeve through heat treatment.

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.

8. A ferrule holding member for an optical receptacle according
to claim 6 or 7, characterized in that 2 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
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surface. 4. A ferrule holding nenber for an optical receptacle according to
claim3, characterized in that a radius of curvature p of the convex
spherical surface and an inner dianeter d of the sleeve satisfy 42 a
relationship of p > d/2. 5. Aferrule holding nenber for an optical
receptacle according to claim3 or 4, characterized in that the convex
spherical surface has a radius of curvature p of 3 to 50 nm 6. A ferrule
hol di ng menber for an optical receptacle, conprising: a sleeve having an

i nner Eobgofgr inserting a ferrule; and a transparent body provided in the
i nner ho of'°tha- sl eeve and having a primary end face for bringing into
contact with an end face of the ferrule at a halfway position in an axi al
direction of the sleeve, characterized in that the transparent body is
directly fixed to an inner surface of the sleeve through heat treatnent. 7.
A ferrBle hoRdismgrnewherl diog aambptibat anecepi ael er soxwral ey acdoardding m 6,
characterized in that a fixing strength between the sleeve and the

transpapesty hady g c49:Nsos tB1e. cBarAdteriuke Dol dhng trRMRen s amopt i cal
receptacle according to claim6 or 7, characterized in that a fixing

strengpfeLymeny ot e osleeug and e sLrangparenthody is 49 N or more after
the ferrufe ol"dirng nmenber "t or "an opticalr recéptacle is left standing in a
hi gh

10. A ferrule holding member for an optical receptacle according

toclaimlor 6, 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.

11. A ferrule holding member for an optical receptacle according
to any one of claims 1 to 10, characterized in that the ferrule
holding member for an optical receptacle satisfies an expression
of—lOLog{(nf—nb)z/(nf+nb)2}237,whereinnbrepresentsarefractive
index of the transparent body and nf represents a refractive index
of a core portion of an optical fiber attached to the inner hole

of the ferrule.

12. A ferrule holding member for an optical receptacle according
to any one of claims 1 to 11, 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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tenperature and high humdity environnent of 85C and 85%H for 43 2,000
hours. 9. A ferrule holding nmenber for an optical receptacle according to
any one of clainms 6 to B, characterized in that the transparent body and the
sl eeve are hernetically sealed. 10. A ferrule hol ding nmenber for an optical
receptacle according to claiml or 6, characterized in that the heat
treatnent is performed by neans of arc discharge, |aser, flame, or indirect
heating with_a heat treatpent furnace or the like. 11. A ferrule holding

menber ¥or aft SFELEAP PREMAGETLSEEPE Yy ORT Gy T8REPEACAPaR #EO1A1BI 10,
characterized in that the ferrule holding nenber for an optical receptacle
sati sf ites any o efsicdaimsf 1- LOLdg¢ (nhanbrRetntedb)a} 2ha?, awhief Eenenbe
representsa refractive index of the transparent body and of represents a

refractivesvartieye tHemnLorexpiidion edepni opincabefiden ahtashedvioahhe i nner
hole of the ferrule. 12. A ferrule holding nenber for an optical receptacle

accor difigs {0, Ae.a08: tlody 2 41 Ty 4d. ofhacact er i 3gdcinsgpat a di fference

in average t expansion coefficient between the eeve and the
transparent body is 8 ppm C or less at 30 to 380C. 44 13. A ferrule holding
menber for an optical receptacle according to any one of clains 1 to 12,
characterized in that a difference

14. A ferrule holding member for an optical receptacle according

to any one of claims 1 to 13, characterized in that the transparent
body 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.

15, A ferrule holding member for an optical receptacle according
to any one of claims 1 to 14, 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.

l6. A ferrule holding member for an optical receptacle according

to any one of claims 1 to 15, characterized in that the transparent

body is formed of glass.
17. A ferrule holding member for an optical receptacle according

to any one of claims 1 to 16, characterized in that the transparent

body is formed of borosilicate glass.
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in average thernmal expansion coefficient between the sleeve and the
transparent body is 1 ppmlC or less at 30 to 380C. 14. A ferrule holding
menber for an optical receptacle according to any one of clains 1 to 13,
characterized in that the transparent body with a thickness of 1 nmmhas a
light transmttance of 85%or nore in an infrared region of a wavel ength of
800 to 1,700 nm 15. A ferrule holding nenber for an optical receptacle
according to any one of clains 1 to 14, characterized in that at |east one

of the rans e 0 n eye each iLth.a thickness mm partly
or entiPely Raa T et T nerbah ok T tdels Faﬂfolf%ce%a &FE s iat
reglon of a wavel en th of 300 to 450 ram errule hol di ng,_menber for an
opt i caltor¥eeprscPe %@dﬂ%ﬂ-n@o 1t’g %ﬁ?rﬁﬁEeé%zﬁﬁeﬂ% 2Tt bhePoxdmbdadis zed in
that the transparent body is fornmed of glass. 17. A ferrule hol di ng nmenber
for angdpsiscedntaiepttacte BadcbLding to @58ny:-Qanel of tol &b v 1L O alB+X:0,
characterized in that the transparent body is forned of borosilicate gl ass.

45 16. pAthbeningl albol dizyg nenhers$ (igerCapts et Ra®cERd ach enassgprding to any
one of clains 1 to 17, characterized in that the borosilicate glass contains

65 to 65% Si 2, B to 25%)8203, 1.5 to 10% Li 20+Na20+K20, 0 to 10% A1203, and
0 to 5% MgO+CaO+Sr O+BaO+ZnO in mass% 19. A ferrul e hol di ng nenber for an

optical rece cl e accordj.,n ny_one of cl ai to, 18, characterized in
tﬁat tﬂ'eg tra%sg%ﬁ@ﬁ? (i'x lai memberyfor an op%lca receptacle according

to any one of claims 1 to 18, characterized in that the transparent

body has a flat surface inclinedwith respect toaplane perpendicular

to an axis of the sleeve, the flat surface being formed on a secondary

end face cppesite to the primary end face.

20. A ferrule holding member for an optical receptacle according
to any one of claims 1 to 18, characterized in that the sleeve is

formed of ceramics, crystallized glass, a metal, or a resin.

21. A ferrule holding member for an optical receptacle according
to any one of claims 1 to 20, characterized in that the sleeve has

a slit formed.

22. An optical receptacle characterized by comprising the ferrule
holding member for an optical receptacle according to any one of

claims 1 to 21.

23. A method of manufacturing a ferrule holding member for an
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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. 20. A ferrule hol ding nenber for an opti cal
receptacle according to any one of clains 1 to 19, characterized in that the
sleeve is forned of ceramics, crystallized glass, a netal, or a resin. 21.
A ferrul e holding nmenber for an optical receptacle according to any one of

claims 1 to 20, characteri,zed in that the sleeve has a slit formed. 22. An
opt i caPPre& §@F§p5ﬁ§h§tﬁ@ﬁlH§}QQy CoiBhgahd d & vt ehdrethigt Henber
for an optical receptacle according to any one of clainms 1 to 21. 23. A

met hod 18 epdiagt §eragle’ fand (3 urdisHiangemesly Popvadedibnophechtner
receptacle including: a sleeve having an inner hole for inserting a ferrule;

and a ticdrspdrehe doshyveormd deding therimney efiblfacef fbhebsiggvaganddhavi ng a
primary end face for bringing into contact with an end face of the ferrule

at a halfwayposith @R ERg 28caxbal tﬂérfé&j‘:fiﬂeoé‘ctQ%éi?ﬁé(ﬁp&g'f{%ﬁeﬂZed by
conprising the step of formng the primary end face of the transparent body
precu

into a_caonve urved.surface by:. inserting_a rsor. of the transparent
body | BT0SEL ARGFERSPE OF (e iaekre: COAdCsPranti B he PP ECar S8y 2Bt ¢ he
transparent body by neans of heat treatnment. 24. A nethod of manufacturing a
ferrul@tﬁﬁlGﬁnéoﬁ@#ﬁérth@rp§ﬁmary 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.

24. A method of manufacturing a ferrule holding member for an
optical receptacle 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, characterized by comprising 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 the transparent body by means of

heat treatment.

25. A method of manufacturing a ferrule holding member for an
optical receptacle according to claim 23 or 24, characterized in

that the heat treatment is performed by means of arc discharge,
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optical receptacle 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,
characterized by conprising the step of fixing the transparent body and the
sl eeve by: inserting a precursor of the transparent body into the inner hole
of the_sleeve;, . and softening the precursqr _of the transparent body by neans
of hedBSBFeathdRe, 95. 1AGAEEREADER EHRAUMACLA RG2E fre@ahmeTHol TR Gfenber
for an optical receptacle according to claim23 or 24, characterized in

that the héat likeatnent is performed by neans of arc discharge, .47 |aser,
flame, or indirect heating with a heat treatnment furnace or the like. 26. A
met hod of manufacturing a ferrule holding nenber for an optical receptacle
according to any one of clainms 23 to 25, <characterized in that the precursor
of thez%r.ansﬁ%%%op‘)% %mrf'ag:%%ri% 'aa%%ffr%‘ieoﬁuoﬁcii"rgj ik 2oy AydTet hod
of manufacturing a terrule holding nber for an optical receptacle

accor di g to.cl alm 26, eharactenized i that o an gpd face of Lhe glgss rod or

characterizedin that theprecursorof thetransparent body comprises

a glass rod or a resin rod.
27. A method of manufacturing a ferrule holding member for an

optical receptacle according to claim 26, characterized in that

an end face of the glass rod or the resin rod is beveled.
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