Commruni cati on System BACKGROUND OF THE | NVENTI I f the lnvention
Optical Mdule, and The present invention r optical fiber 10 15
20 25 conponent far optically connecting dif ptical functional
conponents, an optical nodule including the opti eal™ 't i ber conponent, and an
optical communi cation systemincluding the optical nodule. Related

Back \ﬁrt Conventionally, in the field of optical conmunication, in
mmmw rease the capacity of comuni cation channels, optical

\\ cation systens such as WOM (Wavel ength Division Ml 40Pl exi ngy

t ransf®@si on systems have Qeen introduced. To buiM@ji‘%lt?c’h an opti cal
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Li ght wav deﬂgc Ve bee cH@gamef}tt' is expected that this trend will grow
in thet . For exan@¥e, Japanese Patent Laid--Open No. 2000-275470
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THE | NVENTI ON , The present inventors have found the follow ng roblens
upon a closecéféﬁlﬁatl5ﬁeonm99§ pﬁﬂ@?dar9la§§E§ﬁesﬁePﬁ?%ﬁFSLald %g
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to a single node optical fiber (1.3 a mzero-dispersion fiber)..

B EGPEr tien hdtibeir )t hbapliagar al i ghdfaveieidcudianeter

connected to the planar lightwave circuit, and a TEC (Thermally
di f fused ExpdréettCor@) ut neatldegteri stiper f bhetd (fadouttheb othml  erfd Poisi on of
diate fiber to increase the node field 20 dianeter. Thereafter,
this end porPilgmars ldeiietaed ¢br @ikt ngl énnggeespti c#ithi ey , intiesady
nnecting the planar lightwave circuit and single node optlcal
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1.4 dB is caused by a mode field diameter mismatch.
According to Japanese Patent Laid-Open No. 2000-275470,
therefore, a planar lightwave circuit is not directly
connhected to a single mode fiber, but one end portion
of an intermediate fiber which has a mode field
diameter equal to that of the planar lightwave circuit
is temporarily <connected to the planar lightwave
circuit, and a TEC (Thermally diffused Expanded Core)
treatment 1is performed for the other end portion of
this intermediate fiber to increase the mode field
diameter. Thereafter, this end portion is connected to
a single mode optical fiber, thereby optically
connecting the planar lightwave circuit and single mode
optical fiber having different mode field diameters to
each other.

SUMMARY OF THE INVENTION

The present inventors have found the following

' (about 10 u m larger than that (about 6 ,u
| anar |ightwave circuit. In general, with an increase 5 in the
degree of integration of such a planar lightwave circuit, the node field
reases. If a planar |ightwave circuit whose node field dianeter
din this manner is directly connected to a single node optical
fiber, a connection |oss of about 10 1.4 dB is caused by a node field

di aneter m smatch. According to Japanese Patent Laid-QOpen No. 2000-275470,

t herefore, aiplitagaatiicoght wave i stopglei snatt dptécaly fidmrect(éd3t onamsi ngl e
but one end portion of an internediate fiber which has a node
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10 internmediate fiber is a wavegui de to be processed which is connected as
a portion of the planar lightwave circuit to the planar |ightwave circuit

because it is difficult to performa TEC treatnment for the highly S

integrated planar |lightwave circuit itself. A TEC 15 treatnent is perforned
for an end portion of this intermediate fiber which is connected to the
single node optical fiber to nake the node field dianmeter of the end
portion coincide with the node field dianeter of the single node optical
fiber. 20 As descri bed above, according to the techni que disclosed in
Japanese Pat ertollaines QpernNoa 200784720 1ngd¢fione anhitghd y pirdtoggr ated
pl anar |ightwave circuit is optically connected to a single node optical
fiber, an intkanasa eP3|eRE ﬁhééeoﬁﬁﬁerLe@@Qﬂ?%ﬂﬁ%ﬂoié&%ﬁﬂ@ﬁeQSth© t hat
of the planar |ightwave circuit nust be connected to the planar |ightwave
circuit. Howdaghnimied ofpi chfigadbit ¢eNREFHRE foor Péane@rr egightwane
connecting a planar |ightwave circuit having a small node field dianeter to
an i nt er medi &tleFuider toan@ heaesle hinghlepr ebicécan cdakhesti Shrevghni ge is
required, 5 resulting in a drop in manufacturing efficiency. In a structure
usi ng 2an i nt dfvedinadl Fief1RRT atporerdAofthig ploaRaCHight ese erveedt, the
degree of freedomin designing the internmediate fiber is considerably
linited in cosit® afPof %fleéﬁlt iHATHN eBE FBATHBL WESH SRR opt§ clalanar
functional caqnponents which may have various node field dianeters, In
addition, assuf®YANGhFyrcHtégraPed Prana 9 ght BRAE cPPELFR ] s%bB?Fcal |y
connected to a .si.ngl.e node ogtica fiber through an _internediate fiber
Whose. 15 modd TRt o 16i aHBRSRE sV oghal 3t o THASTHIE | HE plafar PRGN L
circuit in thtgbo%..ggnn%%. kﬂethi? cgse,levgnwif theiglan?r | i ght wave
circuit itse i ediéed i n st'ze, Prig 6reséﬁc§ 81 %t h&* T hitdrmedi at'* ¥ i ber
as a,portion.qof |_anarc .1 ght wav I .t aw Ll it O, w

11 1lgﬁe%%d% acl% cigahtyave %Hfggpﬁd\é‘ to -Hlal_ﬁgltc%gsgec% Wk Pl

reduction in e overall size of an op nodul e e present 1 nvéenti-on
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freedomin desigm;itancOpthealprmmdit €108KLREvR circuit because it is
difficult to perform a TEC treatment for the highly
integrated planar lightwave circult itself. A TEC

15 treatment 1is performed for an end portion of this
intermediate fiber which 1s connected to the single
mode optical fiber to make the mode field diameter of
the end portion coincide with the mode field diameter
of the single mode optical fiber.

20 As described above, according to the technique
disclosed in Japanese Patent Laid-Open No. 2000-275470,
before a highly integrated planar lightwave circuit is
optically connected to a single mode optical fiber, an
intermediate fiber whose mode field diameter is equal

25 to that of the planar lightwave circuit must be

connected to the planar lightwave circuit. However, no



structure which allows the use of the optical fiber 4 conponent and a
reduction in size, and an optical conmunication systemincluding the
optical nodule. An optical fiber conponent according to the present
invention is an internediate fiber for 5 optically connecting optical
functional conponents having different node field diameters to each other -
W t hout i ncreasing connection |osses, and is forned froma short optical

fi ber having a |l ength of several neters (preferably | ess than 1 neter)

whi ch effectively 10 suppresses an increase in connection |oss between
optical funcriiegdliworggonehs sahaviveg didif esene wedéohsellih diemreetsng MFDs),
e.g., an optical fiber, planar |Iightwave circuit, and a sem conductor

| aser. An op# calargperl {ghitwavepricghifti deavying eheSptl calodes fidbd
conponent according to the present invention, in particular, is optically
connect ed t o ddpied&r f ubeti éwal tohponediateavifhdadi ff eredt MEDSe and hence
the two end faces of this optical fiber are preferably polished. In order
to provi de abHiogiTrdegricd Bf f revdRATPED n deatiynt egjar dl ss B¥qiheedypes of
optical functional conmponents to be connected, this first optical fiber has
a first MFD E6AV¥ertdingn Jbrai 8ROPor "eieayi Fr eu e eféfgiarsifet erl™mt2an end
portion including one end face of the first optical fiber, and a second MD

conversi on 25tBEctvEs ﬂﬁﬁléhéﬁbiH@t%?%%@EaF?eEHbHFaﬁétérRﬁrQ%W%ﬁﬂfp%rtion
i ncluding the_other end face opposing the gne g end f?ce In this, case,
the mode fi ePdadPamet éPr&agfe saacpgée of PEhededbSENdOF ackEeBF O hel #i r st
optical fiber, may differ £r0n11 e node, field &9neter of the q&her
face. As des&FBEG185ovet Ehi sFBRIET 3 Der B ponnt FRIS X%
of freedomin.design,, which can e%tectiw;lg ugg;e%snanétncre se_in
connect ion | G4 TTETarHt eS8 61 AERE "ty Hed of SRPET okl PERGCIGRA ToRitHents to
b i call ted. > fikst ' [ . [ bl
nas. Bconst SR T65gut PGP ERRPLr TORRRTEr R P O orP vor angt oo HLELET O
mode field diameters.
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In addition, assume a highly integrated planar
lightwave circuit 1is optically connected to a single
mode optical fiber through an intermediate fiber whose

15 mode field diameter 1is equal to that of the planar
lightwave circult in the above manner. In this case,
even if the planar lightwave circuit itself is reduced
in size, the presence of the intermediate fiber as a
portion of the planar lightwave circuit will interfere

20 with a reduction in the overall size of an optical
module.

The present invention has been made to solve the
above problems, and has as its object to provide an
optical fiber component having a structure with a high

25 degree of freedom in design, an optical module having a

structure which allows the use of the optical fiber



In addition, the node field dianeter. of an internediate portion of the
first optical fiber described above which is |ocated between the first and
second MFD conversion portions is preferably smaller 15 than the node field
di aneters of the one end face or the other end face. More specifically, the
node field dianmeter of the internmediate portion is preferably 8 u mor ;
|l ess. This is because, if the node field dianeter is 8 a mor |ess, even
when a portion of the first 20 optical fiber is bent at a radius of
curvature of less than 30 mm furthernore 10 mmor |ess, an increase in
bendi ng | osscompohensuppndssed. r&deatidnt hinacconepdatndn aapacptfiaralt he
optical fiber conponent is limted, an increase in the overall size of a
nodul e to 25cwhinchithéiopt isyaltef berc logipandrite icptap@li exbdadre be
effectively avoided. Additionally, an increase in loss 6 of the first
optical fiber is @nl dPtorcdlessfvhen bevnranentr adiesoodingr vabur ehaf | ess
than 30 mm preferably 10 mmor less. Further, it is preferable that a | oss
at the bent poeseoh ofinhentiost ojgicahn fibereksediats dBiDretressord n the
optical fiber conponent according to the present invention, the first
optical fibeeprthckudes aworectisyd onopxtiendi ngfahohiora pr edorwomiendd axi s
and a cladding region fornmed around the core region. In this 10 case, each
of the firsthawdngecdhtfarentomadsi ¢ gdst t dameitsras pbet i Lacwhicdheirs

| ocated at -an end portion of the first optical fiber and has an enl arged
or reduced cOiEnPBEi olNGreAginHe FORBRELEPRAl LAFFRRL i ANDf itthe fHormed
optical fiber. Note that nmeans for 15 changing core region in this manner

i ncl ude, forfBRBME ShAhangPhdcete DR BREHBTeR ofeRFE cBFe SRVGEGT it sel f

i t d f di duci t I, b EC t t
(I'nel udog | e Rer bl SAERFEaRIT Habadioh and SR eRhy FIGCE AERGeRIIGI e 20,
memb functioni ng as an I\/FD .conversi on, orti on. Each_ of the irtst and

secoﬁ@ MFD C%‘ﬁ@%)ﬁgisﬁﬁspo?ﬂ oS GIEH aitfed BYFREFEEEi ndC5F dO&GEEE hg t he

outer diameter, of core reqgion of a partion of the first. optical fiber
whi ch corres%%%ﬁ%a o] anFéégPagneCSPpgﬁgnﬁsr s?‘aféngndds%zfggﬁ& Dmggr?ver sion

portions al opg.fhe 4l anaitydl nakegliy ectign ofy e, diast eppLgal dhihgy- In 7
lightwave <circuit, and a semiconductor laser. An
optical fiber (first optical fiber) in the optical

15 fiber component according to the present invention, in
particular, is optically connected to cptical
functional components having different MFDs, and hence
the two end faces of this optical fiber are preferably
polished. 1In order to provide a high degree of freedom

20 in design regardless of the types of optical functional
components to be connected, this first optical fiber
has a first MFD conversion portion for changing a mode
field diameter at an end portion including one end face
of the first optical fiber, and a second MFD conversion

25 portion for changing a mode field diameter at an end

portion including the other end face opposing the one



addition, each of the first and second MFD conversion portions can be
obt ai ned by performng a TEC treatnent for a portion corresponding to at
| east one of the first and second MFD conversion portions. Furthernore, 5
each of the first and second MFD conversion portions whose core regions
change in a stepped formcan be obtained by fusion splicing, as at |east
one of the first and second MFD conversi on portions, a wavegui de nenber
having a node field dianeter different fromthat 10 of the internediate
portion of the first optical fiber to the internediate portion. The
optical fiberendnpanent dvcohdisngatse,t Hehmezdntfieléndianebay oficbnde a
second optical fiber, in addition to the first optical fiber, which has a
15 node fi el derid arfetasr diff fierenttwior oemdhataads t b | Prer fadisdt eopbitiadn of
the first optical fiber. In this case, the second optical fiber may be
f usi on spli cefiher oneyofdifgeendrpaceshof mphe ff¥std ogipwaleti bef . tFhe node
field diameter of an end face is 20 accurately adjusted by performng a TEC
treat ment forothgorendnieeer espondiasfnidashaksive hetiis serhhdaseédharMFD
conversion portions adjacent to the second optical fiber. The optical fiber
conponent accRReeRo hae 25hpgiseegriesy &t i DieeAsm fin t Refigncl vhéch
carbon coat |layer fornmed on the outer surface of the first optical 8
fiber. Wth t¥i% effectiyelYefBAPFESs Bor tinsir B¥sa het fFeRRCOptPRalOFFber is
bent at a radius of curvature of Less than 30 nm furthernore 10, mm or
| ess, static FeHa3%leettpt e | $hvoi Fo®ess TRE opPPEAFaLi befUBBRPONRAL
havi ng the above structure c be a pk%ﬁ to various optical, conponents.

[

For exanple,QﬂﬂRQQﬁnE%an%en §t8 yheﬂﬂﬂﬁ%ﬁﬂeqiber %%%po ehetcan be
appl ted are anapti Lot JRIULEDRYERY pRUY Bd ek, U QPS8! 2 T EO]E s 0N Of
10 outer diameter to obtain sufficient strength.

In addition, the mode field diameter. of an
intermediate ©portion of the first optical fiber
described above which is located between the first and
second MFD conversion portions 1s preferably smaller

15 than the mode field diameters of the one end face or
the other end face. More specifically, the mode field
diameter of the intermediate portion is preferably 8 umnm
or less. This 1is because, 1f the mode field diameter
is 8 um or less, even when &a portion of the first

20 optical fiber is bent at a radius of curvature of less
than 30 mm, furthermore 10 mm or less, an increase in
bending loss can Dbe suppressed. Even 1f the
accommodation space for the optical fiber component is
limited, an increase in the overall size of a module to

25 which the optical fiber component is applied can be

effectively avoided. Additionally, an increase in loss



10 having the sane structure as that of the first optical fiber, and the
like. _ The optical nodul e according to the present invention has a
structure which allows a reduction in overall size while various opti cal
functional 15 conmponents are housed. Mre specifically, this optical nodule
i ncl udes an optical functional conponent such as an optical fiber, a planar
| i ghtwave circuit (optical wavegui de el enent), or a sem conductor |aser, a
case housing the optical functional conponent, and an 20 optical fiber
conmponent housed in the case, together with the optical functional
conponent . Tie€ dpté chirstbeptéeaporddier iis parli @Bl ar, liessawhian dveiti at e
menber for connecting the optical functional conponent in the case to an
optical functitorfalradhpdneht coavaryse28tt Hescaddananty fEtmerr¢Fomal ghort
optical fiber having a_|length of about several neters (preferably |ess than
9 1 neter) 10THi® optilesls fi bBRrtherst iGptizapretperhlaashafie senkpss
optically connected to the optical functional conponent in the case, and an
i nt er nedi at e aforthonbpbsi PidePbe? febhet i feitd PoticdhsThBSTa ifode-Field 5
dianeter of 8 ,u mor less. The optical fiber is entirely or partly housed
in the case WRi o6& d3%ast a portion of this internediate portion is bent
at a radius of curvature of less than 30 nm preferably 10 nmor less. In
this case, an incréasélfn IRfsECat thES0 PLRPOPBIEI AFHT I opPi e fi ber
is preferably 0.1 dB or less to allow_high-density ipferconnection. As
deseribed abBFESSPR (HEVSREIRAI MUl 62 EtoPMtAG o 1 Hee pr aBETEARRY et i on,
an optical fiber cquonent Eor ogtic AR connec%igg an optical 15
functional c&MPEneridiNsi FREERELHsE 1PE%arf It FLat S FihReT oAAL ScMSorfent

out side the case j.s reali.zed an,optical fiber struycture resistant_to
bendi ng (allgwﬁﬁgli%ﬁﬁ%ﬂﬁé&t€3%$ﬁ%r05%§§%t%%ﬁ)cggeageggoﬁﬁkesgh'§ﬁ% ease

b B o G e 92 DERETCO,1 000 | £andD T BB AL
UL, LpbREISAE, 2 CATpORLLE IIEh o0a) sonpenmt,bisel! i o
nodul e. In tRbstgase o tmderiigtdgiranmtiers MMSMBLEA has an enlarged
or reduced core region along the longitudinal direction
of the first optical fiber. Note that means for
15 changing core region 1in this manner include, for
example, changing the outer diameter of the core region
itself in a tapered form, expanding or reducing the
core region by a TEC treatment (included in thermal
diffusion process), and preparing a new waveguide
20 member functioning as an MFD conversion portion. Each
of the first and second MFD conversion portions 1is
obtained by increasing or decreasing the outer diameter
of a core region of a portion of the first optical
fiber which corresponds to at least one of the first

25 and second MFD conversion portions along the

longitudinal direction of the first optical fiber. In



may occur anong optical functional conponents |ocated 10 i nsi de and
outside the case. For this reason, it is preferable that the above opti cal
fi ber conponent further include a structure for effectively reducing a
connection | oss between optical functional conponents 5 |ocated inside and
outside the case. More specifically, the first fiber included in the
optical fiber conponent preferably has an MFD conversion portion for
changi ng the node field dianeter at an end portion including at |east one
of the end faces. More preferably, the first 10 MFD conversion portion is
formed at anaeddtporti cxacimcbdditig ofetrehd ahaces¢aobd MpDi cairnvwexoimect ed
to the optical functional conponent inside the case, and the second MFD
conver si on ppptitdenss dagr neel abtannendd orreoformctaida nFEChe: rmedtererrind f ace
opposi ng one end 15 face. In this case, in order to provide a high degree
of freedom i Acdesi grran: iaxn t ¢oaffesgdndsing stipprakss laadthcpeasecfn the
connection |loss regardless of the types of optical functional conponents to
be opti cal | y fésniecinad, satmndodeDf cehdedbanpt PProtobfe edhidtdwraire he two
end 20 faces of the first optical fiber may differ fromthat of the other
end féace. Theagbdecfi &hg df bret ernst ﬁﬁ@oﬁ%téﬁﬁ%d?%@%ebéiPﬂo@Qﬁt%Qﬁﬁfirst
optical fiber which is |ocated between the first and second MFD conversi on
portions is PBOFeef @phB| efdter A9 e hennle StHe@IPG i ARETer §3Bf e end

face and the other end face. Mire s?eC|f|caIIy, 11
obtained by fusicn splicing, as at least one of the

first and second MFD conversion portions, a waveguide
member having a mode field diameter different from that
10 of the intermediate portion of the first optical fiber
to the intermediate portion.
The optical fiber component according to the
present invention may include a second optical fiber,
in addition to the first optical fiber, which has a
15 mode field diameter different from that of the
intermediate portion of the first optical fiber. In
this case, the second optical fiber may be fusion
spliced to one of the end faces of the first optical
fiber. The mode field diameter of an end face 1is
20 accurately adjusted by performing a TEC treatment for a
portion corresponding to one of the first and second
MFD conversion portions adjacent to the second optical
fiber.
The optical fiber component according to the
25 present invention may further include a carbon coat

layer formed on the outer surface of the first optical



the node field diameter of the internediate portion is preferably 8 u mor
|l ess. This is because, if the node field dianeter is 8 a mor |ess, even
when a portion of the first optical fiber is bent at a radius of 5
curvature of less than 30 mm preferably 10 mmor |less, an increase in
bending |l oss is suppressed. Even if, therefore, the housing space for the -
optical fiber conponent is limted, an increase in the overall size of the
nodul e to which the optical fiber conponent is 10 applied can be
effectively avoided. Note that since the first and second MFD conversi on
portions areféhseeptiBieht shienditigictalionneelr 1fay2 beostiaehed tdhan end
portion of the optical fiber conponent while one of the first and second
MFD conver si 8Arfsr odrisals b aousedoerfeprhdf ngasauBnedr corvedtyism of
conditions. An optical nodule according to the present invention may
include a pl 4e&bi tyhap ot i @8l f fBEEBcERERehall n§™ heTsah®SSit r (RRakeC as t he
optical fiber conponent having the above structure. In this case, a 20
plurality of TepiPEEl rHRASEEOAS 2¥6rHF6Rent s having different node field

di aneters may be housed in the case. In this optical nodule, the node field
di anefers of end ff&€es Bt %QﬁJrﬂiﬁ%ﬁ?tyc%wp%%?PEath b8fs oIt i ng
the optical fiber conponent are sepagatel%?ad usted i.n accordance with the

mode field d?EﬁBFEP§eoFaf2be(ﬁﬁ9%%ﬁ fYcY RORAHS c BRFdHEHt STBBEHohmect ed.

In addition, _in an optjcal fiher co onent ncludln a pl rallt of optlcal
Hbers i n tHFSF meBlIEL Ehe IBErers GPTPRECEEBot b al s S amp i 2

separately aghgsted in 5 accordan e mnth t. %tp05|t|ons 0

I
functi olnal 8ﬁerﬁoét;306l%t cOfiflec eedaggl&g * 1T niti | fz%p{:ﬁg §1| uio %“}Jtey of an
t moaat | t t
excess | engt haBSATRAALLON 0 add) 1180: 89 opiieal 11 BeL ORI, MY

have a struc ality '’nclu opflc bers”(each

havipg the SAOB:SLr UELUSRS %ﬁ?%c@lﬁré ggl ikt ot i eal cibep) o A8 Ay anged

on a predetermne ane case east ‘a portion of opti cal
fiber includegip tQﬁdOEth§ kki ber conponent is bent at a predeterm ned
radi us of curvature due t

The optlcal module according to the present
invention has a structure which allows a reduction in
overall size while various optical functional

15 components are housed. More specifically, this optical
module includes an optical functional component such as
an optical fiber, a planar lightwave circuit (optical

waveguide element), or a semiconductor laser, a case

housing the optical functional component, and an
20 optical fiber component housed in the case, together
with the optical functional component. The optical

fiber component, in particular, 1is an intermediate
member for connecting the optical functional component
in the case to an optical functional component outside
25 the case, and formed from a short optical fiber having

a length of about several meters (preferably less than



15 the positions of optical functional conponents to be connected and a
limtation on the housing space of the optical fiber conponent. Nbre )
specifically, the node field dianeter of the internediate portion of each -
optical fiber included in the optical fiber conponent 20 which is | ocated
bet ween end portions corresponding to the first and second MFD conversion -
portions is 8 u mor less, the outer surface of each optical fiber is
carbon-coated, and at |east a portion of each optical fiber may be bent at
a radius of curvature of less than 25 30 mm preferably 10 nmor less. If
the optical fumateanal cBwpdnehtscahclibed i<r¥plr§t el Gadls ef 18T udka@n
optical waveguide elenent, the node field dianeter of an _end face of_ the
first opticaPrfi behd wRPERCRS LyptFEeGtedniect € t OPEREadpt FerdtivRaYui de
el ement preferably coincides with the node 5 field dianeter of the optical
wavegui de el EREROTSH Y alPs {ehi A2acr angedofa®' 1t FPRI28pediCtel@the node
field diameter of the optical waveguide elenent. If_the optical functional
conponent s h8¢sed Licaechebehsect ndiRle®Bds &R orfitct BAS| adefC9gnel B9t f ace
of the 10 first optical fiber preferably has a node field_dianmeter enough
to obPain a Sdffiedicdnt Cdpali att Boupfi NLEIfici A€y APERCRéspeEPe¥o the
sem conductor | aser. In additjon, it is preferable that the first optical
fiber furthePRiaEkdde S Rkt LAl REBABRI NG Syt e SechPadea ofs JRE 4 n
order to optically con ec% t he se 'conguc%or | aser to the first optical

p &ftF

f
fiber with sBPFic¢iPEnt ®Spabiaf coUpFFRG ci BREYIC%helBpt PERF rdbul®

according to,Lhe bresent, | gyentLon ey compriges, ghur sl ddnds,of ppti cal
20 functional “conmponents Th a case, and Tn i's case,’ fdrther comprises one

or more optigal | éﬁgpnpgge@ﬁﬁgrkégggrﬁhoq%gyg§§ebfﬁ“@SQst@%;ﬁﬁécal

functional conponen and bet ween e optica uncti1 onal conpone and an

ciLeLaal PLEERE iGN conpongRLEats SURIL S5 morRRLLEL A g5,
or less to allow high-density interconnection.

As described above, in the optical module
according to the present invention, an optical fiber
component for optically connecting an optical

15 functional component inside the case to an optical
functional component outside the case is realized by an
optical fiber structure resistant to bending (allowing
high-density interconnection) so as to make an increase
in loss at the bent portion become 0.1 dB or less.

20 This makes it possible tc reduce the overall size of
the optical module.

Note that a reduction in the size of each optical
functional component itself inside the case 1is
preferable for a reduction in the size of the optical

25 module. In this case, a mode field diameter mismatch

may occur among optical functional components located

10



of optical

face of the optical

functi onal

| aser has a node field dianmeter enough to obtain a sufficient spatial
coupl i ng 15 effeiEradvhe withatespiet BHOFE d o TonduEiRr | aseppoTget
optical nodul e having the above structure can be applied to an opti cal

comruni cat i orfWwysiadm imelvdeng atFwmtiwzs febecffeghdiviedsi giedudiand 1a an
optical conmmunication system according to the present invention, 20 the
node field dicoPaestiom ahO6hd Pakkedr OREHGalst Topeitéarnati FIMRERehts s
optically connected to the optical fiber transm ssion |ine preferab
coi ncitdes wi thP e holdes ¥i| andi aned éfeothehEasift-i cafoXs bEReEH ket &
, ( 10% wi.th 25 respect. to the node field
dptital F ¥ per LRFARLRTsdPor i AR TIGR laddits orf OB PRt Ct Or
p fibher transm ssion
line. In thi® Al e oRABC gy YBP h&CRYRFEOEd POT the™ coffectfR &R Ached
to the end p%ﬁg‘%bég £legptical fiber_ transm.,ssion.line kﬁhﬁgeferggly

line or falls wthin a range of
di aneter of tHHé€

may be 15

10

15

20

25

attached to an end portion of the optical

diameter at an end portion 1in ing
least one of the end faces. More preferably, the first
MFD conversicon portion 1is formed at an end portion
including one end face to be optically connected to the
optical functional component inside the case, and the
second MFD conversion portion is formed at an end
portion including the other end face opposing one end
face. In this case, in order to provide a high degree
of freedom in design so as to effectively suppress an
increase in connection loss regardless of the types of
optical functional components to be optically connected,
the mode field diameter of one end face of the two end
faces of the first optical fiber may differ from that
of the other end face.

The mode field diameter of the intermediate
portion of the first optical fiber which is located
between the first and second MFD conversion portions is

preferably smaller than the mode field diameters of one

end face and the other end face. More specifically,

11

conponents di sposed in the case includes an optical
wavegui de elenent, it is preferable that a node field dianeter of an end

fi ber conponent which is optically connected to 5 the -
opti cal wavegui de el enent coincides with a node field dianeter of said
optical waveguide elenent or falls within a range of
the node field dianmeter of the optical waveguide el enent. Al so, in the case
that at | east one of the plural kinds of 10 optical functional conponents

i ncludes a sem conductor laser, it is preferable that one end face of said
optical fiberirgoffonend whitghids bpei caldey: codrectddl 3 orsaranseritcohduct or

10 o with respect to

Y
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5 attached to an end portion of the first optical fiber while the second
MFD conversion portion is housed. The present invention wll becone nore
fully understood fromthe detail ed description given herei nbel ow and the
acconpanyi ng drawi ngs which are 10 given by way of illustration only, and
thus are not to be considered as limting the present invention.Further . -
scope of applicability of the present invention will becone apparent from
the detail ed description given hereinafter. However, it should be Z5
understood that the detail ed description and specific exanples, while
i ndi cati ng prefermede effbetdneribmedfert hef | tentihdrrmadéagiev e iyt ovayi of
illustration only, since various changes and nodifications within the
spirit and sgopsafadlhe 8§ nuentdonNless|l beRoBE igpphacantset, 0 itthase: 2tbéki | | ed
inthe art fromthis detail ed description. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi ggield sdicanvdteyr showg ng hhersilesget upeeaf warnopt iatt mduwe to
whi ch an optical fiber conponent according to the present invention can be
appl i ed; 25 Ehgs. 2Asnd QB &zl vi EBiseshowsngbehé startuctaur ecastivs nodfll e
rack to which the optical fiber conponent 16 accordingto the present
i nven®i on i s capplatedeFiags. B¥ss otB@r1abe wminewpredelmabhowilldg mtheor less,
basi cstructureof the first enbodi nent of an optical nodul eaccordi ngto the
present invedfi onGFRegsaAiandoBling Viosws showlrgreseebasi cEvenctufeof the
first enbodi nent of the optical fiberconponentaccording to the present
i nvention; Fi §&8&foyssD 4h€ vheWs1agchSBRERI n§OF hekhe ucRiF¥@d L anf Wy
conversion portion in an optical 10fi ber- conponent according to the present
i nventi on; Fi §OBROPETEC 1F e luFdhe I oralex pRarApAg 10 the overall size
-variousconnectionstruct gr es for ogti c;l functi onal , conponent sand opti cal

e L 5

fiber componért st gM9dRsea WA efPSHBWCRG tIRF LHaluct P &% oFOfRe

enbodi.ment of the optical .fiber _copponentaccordi ngto e present jinvention;
o 8015 o VABRISR PGt I SEFEEEREEoOp (HELHSA enBithorornoet TGPt cal
fiber conpon nt acgorrdsitngto &he grgggntMlggventi %n;rZSQFings. %@ t.o 9C ar e Vi ews
show ng varigugrm ifications of “&f ptical TOdUFE Sacor &g 10° T heti T st
enbodi ment ; Fi,g. 19 '

crbodt Tont | el e houtng, e SHRLL i sgp st chiseannd
Figs. 11A and ;11Baf ¢34, shewng EheiEListi8ad Lhmponent while one
of the first and second MFD conversion portions is
15 housed, depending on interconnection conditions.

An optical module according to the present
invention may include a plurality of optical fibers
each having the same structure as the optical fiber
component having the above structure. In this case, a

20 plurality of optical functional components Thaving
different mode field diameters may be housed in the
case.

In this optical module, the mode field diameters
of end faces of the plurality of optical fibers

25 constituting the optical fiber component are separately

adjusted in accordance with the mode field diameters of

12



second structures of an optical fiber conponent which can be applied to the.
optical nodule according to the second enbodinent; Fig. 12 is a view

showing the third structure of 5 the optical fiber conponent which can be -

applied to the optical nodule according to the second enbodi nent; Fig. 13
is a view showi ng the structure of the fourth enbodi ment (optical cord) of"
the optical fiber conponent according to the present invention; 10 Fig. 14
is a view showing the schematic structure of the third enbodi nent of the
optical nodul e according to the present invention; Figs. 15A to 15C are

vi ews show ngpvarcidus fooditfibcatli onsmpbnantept toal beomumeatedn sysirem (an
15 optical comrunication system according to the present invention) to

whi ch the optiddakinmpdul 88 arrorgitngalo tthéefri r sbmpodesécaoimk badiouy ments are
applied; and Fig. 16 is a view show ng anot her nodification of an opti cal
comuni cat i opleysfemy( af outtiics]l 20ieonsrubh cahiionmepseem dbeorddingrhtso t he
present invention) to which the optical nodules according to the third
enbodi nent i sfappldssd. oPDETARLED IDEICRI Y O eORs SFHE ARERFRREDUENMBAODIIVENTS
Each enbodi nent of an optical fiber conponent, 25 optical nodule, and
optical conmaAresadeoaesywi&m atker dhagltorhe PF es@itldanverdfiingit ioiidl be
described in 18 detail belowwth reference to Figs. 1, 2Ato 6C_ 7, 8,
9A to 9C, 1loconppnenip, 12 t&el4CcongRated5E@%ands16.LoNote ifdZet hdhsane
reference nuneral s denote the same portions and el enents throughout the
drawi ngs, anBe8e5SiEpePit Pie CHESEE pERGTWAACHEOLRSi1®8d. An optical fiber
conponent according to the present invention is an internedi ate nmenber for
ef fectively suppré8siehigidt Ancrdas®P i cEbnheetr oROTBSReREL fiédn NG cal

functional copponents havin i fferent
sgPucture ?n ghgch a plurality of i1included optical

10 fibers (each having the same structure as that of the
first optical fiber) are arranged on a predetermined
plane. In this case, at 1least a portion of each
optical fiber included in the optical fiber compconent
is bent at a predetermined radius of curvature due to

15 the positions of optical functional components to be
connected and a limitation on the housing space of the
optical fiber component. More specifically, the mode
field diameter of the intermediate portion of each
optical fiber included in the optical fiber component

20 which is located between end portions corresponding to
the first and second MFD conversion portions is 8 um or
less, the outer surface of each optical fiber 1is
carbon-coated, and at least a portion of each optical
fiber may be bent at a radius of curvature of less than

25 30 mm, preferably 10 mm or less.

If the optical functional components included in

13



10 node. field dianeters (MDs), e.g., an optical fiber, planar |ightwave
circuit, and sem conductor |aser, and includes a short optical fiber having -
a maxi mum | engt h of about several neters (preferably less than 1 neter).

For exanple, as shown in Fig. 4A, an optical fiber 15 conponent according
to the present invention includes an optical fiber 200 having first and
second MFD conversion portions 210 and 220 at its two ends. These
conversion portions serve to convert node field dianmeters. This optical

fi ber conponent can be applied 20 to an optical conponent such as an

opti cal nodultke asmsshawrluddign dptkcgl %avsgaiveewlehewitng tthee msidaict ure
of a general optical nodule to which the optical fiber conponent according
to the preseftieildvediamatean ®& appl ked. face hiaf ophecafimptiul eptizc®@b
predeterm ned optical functional conmponent 40 is housed in a case 30. An
optical fibefibempomwdnrchlOlsaco@tdiasy 19 canpadiedr ésenttiewvermtiorsl
functions as an internedi ate nenber for optically connecting the opti cal
functi onal cuapeguite4Ochouantd prefdarabbyt icsanaishis ewtlghantbpt ircxde fi ber
20 which is an external optical 5 functional conponent. Figs. 2A and 2B are
vi ewsSshowi n§iehd seiaveties opfa hbdul @rfhekl 1MRYeoWHeh ekrmepti il fi ber
conponent according to the present invention is applied. A plurality of
cards equi ppédlit widptircad fangei ofal=déponidt sraspece kourited rordel0 t he
shel ves of this_ nodule rack 110. In this case as well, the optical fiber
conponent 1061igaA fArRSRT a9 fanthft ORFGdd: evmERBRE I ore ISl |y 1T
connecting these optjcal functional conponents tq each other, Figs. 3A to
3C are vi ews “8Rovitgt e ARG %) r GRRRPRENGF $RF cdf nbBEl 3% or di ng

to the first, enmbodi ment of the present Jjnvention. An_agptical nodule 10
accor di ng tonggugler st UL RAECTRE] UEean GO 08P8f| t@?? a°€|

l'i gh [ ' i.cal i d I ical f [ I

compbRent 40°30° EuCRERS G s ot EoRduCPOF (FRELY & ¥be S0 MGME ng The
tical f L t .40, : ' LI d

'h the case SbUABHRECEEH it 1 FOBOT OBl CFERCETSnaI “EaNRaaeRt 0 P

oot el PeCFROCPICED, o108, Mty Hhackbmnapeeren 2o, gnec oo
case 30 to agddPtion, it is preferable that the first optical fiber
further include an optical coupling system such as a
15 lens, in order to optically connect the semiconductor
laser to the first optical fiber with sufficient
spatial coupling efficiency.
The optical module according to the present
invention may comprises a plural kinds of optical
20 functional components in a case, and in this case,
further comprises one or more optical fiber components
in order to <connect between tThe optical functional
components, and between the optical functional
component and an external optical functional components

25 such as an optical fiber transmission line.

In the case that at least one of the plural kinds

14



optical fiber 20 (a transmssion line in an optical conmunication systen)
whi ch is another optical functional conponent |ocated outside the case 30,
and is forned froma short optical fiber having a |length of 5 about several
neters (preferably, less than 1 neter). This optical fiber (first optical
fiber) has one end optically connected to the optical functional conponent
40 in the case 30. At least an internediate portion of this optical fiber,
positioned between its two end 10 portions, has a node field dianeter of 8
u mor less. The optical fiber conmponent 100 is housed in the case 30 while
at | east a paft ogftitded | Atechedhale qguomtaremitcf tdhepopedcaln f ther dawd uded
in the optical fiber conponent is bent at a radius of curvature r (less
than 15 30 nimcpuééer abl YoiO gah oravesside Vet eémerfar dtt é st v dfmrsdd o or m of
the optical fiber conponent 100, the whole optical fiber conponent |00 may
be housed inthae casendie asfishighn dimnEitgr 3AL oenpaendof fake cohpdient may
be housed in the case 30 as shown in Fig. 3B. 20 Alternatively, as shown in
Fig. 3C, an extecsl| daeh acwmnansddl ivdH ¢yl decpbi tal hrd coonegtsar ttof t he
optical fiber conmponent 100 which is housed in the case 30. Referring to
Fig. 3C referenchimel alvaMenHaot €3 caesdr pFasncéagsh Hanll isg ot i on of
the 25 optical fiber conponent 100. In order _to realize high-density

i nt erconnectfddlda digweeiqkr edlse sigd &t hePpicalpamVedri don dfenert alsgve
optical fiber of the optical fiber conponent 100 is preferably 0.1 dB or

| ess. \Wien nfalbsurviizhinom ofanrge opfi dal Ofodidltd teesweeh tﬁetéﬁt imeade fi ber
conponent 100 is applied is taken 5 into consideration, various _problens

are posed. Fotetla PE?tFHeOFU§ _QﬁﬂﬁQi}t%ﬁV®%%l ﬁee&EFFEEP ffﬂ@P' _
Combonent 1007 SRA" (45 bpthed 45 bbrash GRect] o Ch Al <t RtReditssi on
lin eeds 10 tP Qf reinforceq_to suggéegs an j-ncrease in conn%Ft%on | oss.

O finction m n includces seml.conduc
In this case,p [0) ver, the 0o era?? %lze ?tfr'lle optl Ca m)(IZPU|8I Ccr Ses

unless the optical fiit{’eriscogﬁ%'}%?}atb#%o itfma‘Ee”E?ét gngmetlel rag %.Saf'gifi .

curvature. Assune that one e optical frber conponéent 10

connect ed 0, planag bLgNCUAKR-EC Yl ST a5 A1 AYE, ( fpnaved Mayeui de

Gating) viaa array. IS case, conversion portion is

housed in thigidi hednAtd@ducfOrNeVed &l NI LI N SdJlCt HiR 1S waguised |f,
however, the optical fiber included in 20 this optical fiber conponent 100

is a generalersdungh e rde opivaGal fhbersusfiererd: t ransmissl on degd ing caused
by bending, a part of the optical fiber conponent 100 cannot be bent at a
smalls r adi use Bfi cigvay uwethl nekbestcasesasdwekhicbhelueterralllassirze of the
optical nodul e 25 cannot be decreased so nuch.
The optical module having the above structure can

be applied to an optical communication system including

an optical fiber transmission line. In an optical

communication system according to the present invention,

20 the mode field diameter of an end face of the first
optical fiber which 1is optically connected to the
optical fiber transmission line preferably coincides
with the mode field diameter of the optical fiber
transmission line or falls within a range of £10% with

25 respect to the mode field diameter of the optical fiber

transmission line. In addition, a connector may be

15



The optical fiber conponent 100, which can be 22 applied to the optical .
nodul e according to the present invention, includes the optical fiber whose -
i nternedi ate portion, positioned between the two end portions, has a node -
field diameter of 8 u mor less 5 (preferably less than 6 u m), and hence
has a | ow bending loss. This makes it possible to bend the optical fiber
conponent 100 at the radius of curvature r (less than 30 mm preferably 10
nmor less) that is small enough to realize high-density interconnection or
10 packaging (to reduce the housing space). As a consequence, the overal
size of the apttisec@ledrodid e di) | ék& therohenshewn itheFi gotidl o Bibean be
further decreased. As the overall size of the optical nodule 10 15

decr eases, theaopticaidunttinenal canponent 4Gd,t sel fconmdator s thoused in
the case 30, needs to be decreased in size. This may cause a node field

di anet er m spahtkdtrer easethet weenepabtt @Gristddoat edo | haederahdout sde t he
case 30. In such a case, if the optical fiber 20 conponent 100 according to
t he present bprfivethe orptsi@pl iféthetro thenspt ssddn nddudee 16, e Dptalehy
nodul e with a higher degree of freedomin design can be realized. That is,
an opbi cal nedtkehery bhe desigredeosuthonhatf tiie nbdesti elpd idiadnet Brenf t he
internmedi ate 25 portion of an optical fiber 200 which is | ocated between
first and sewbAdeMtbecsmrmrsi dFporarivars i B tignd 2usednal | er than
the node field dianmeter of each of two end faces 211 and 221. Mre
specifically, the Thsde Fyesentdi ahevertopnt heilht ePedingt e Mpuia i ofbiy t he

optical fiber 200 which is | ocated between the first o .
understood from the detailed description given

hereinbelow and the accompanying drawings which are
10 given by way of illustration only, and thus are not to
be considered as limiting the present invention.-
Further scope of applicability of the present
invention will Dbecome apparent from the detailed
description given hereinafter. However, it should be
15 understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those
20 skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 1is a wview showing the structure of an
optical module to which an optical fiber component
according to the present invention can be applied;

25 Figs. 2A and 2B are views showing the structure of

a module rack to which the optical fiber component
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5 and second MFD conversion portions 210 and 220 is 8 u mor |ess
(preferably less than 6 a m. The optical fiber conponent 100 according to
the present invention is designed such that the node field diameter of the
intermedi ate portion of the optical fiber 200 which is 10 | ocated between
the first and second MFD conversion portions 210 and 220 is snaller than
that of each end face. This nmakes it possible to effectively suppress an
increase in connection |oss due to a MFD mi smatch between the optical
functi onal conponent and the 15 optical fiber conponent and reduce the
bendi ng | ossacdbedéhgr&p the ppeseak finbentdonpdsemppld®@dcan be bent at a
smal | radius of curvature (the housing space can be reduced). As a
consequence, the BpuscaBAnodul 8Cshwh aeRsg.e8# cahobéniurtier bdediceased
in size. 20 Wen the respective function conponents housed in the nodul e
rack 110 showkruat®rg. oZA tdyvee Conpslecervdoddmenth odt ey ohkbogh mhdudpti cal
fi ber conponent 100 as well, since the optical fiber conponent 100 can be
bent at a smt¢oradngstef tharpacaeptasnyholmorn Fig. 2B, no 25 additional

i nterconnection sgace is required. Note that the broken lines in Fig. 2B

i ndi cate how 24 FigitefBonmésti ofBi sahade VBEWSsi i@t eEhedi &8eigenber
with a | arger bending radius. Cbviously, using such an internedi ate nenber
with a | argeSbepetrngel 6ds theguf Fest aem%@eémen t &fcdrrecePbhcapadebelan in
the case of the 5 optical fiber conponent 100 according to the present

i nventi on. hﬁﬁ%?%%%%?fF%SPF?}“EhEOgEP?CEFe§PB§rlEBﬁﬁGﬁ@ﬁﬁ 100 whi ch can be
applied to the optical dul e according to the present invention igcludes
t he opti cal fiberF?QG'lthaJth He 815 shetet o @ﬁ&hfacg%o@ﬁﬁgané 21 so

as to connect, optical function conponents | ocat.ed i nsi de or o%tsiQe t he
gs. ¢ théE?

case 30, as SHOW-THeFiY. 1° FI'gb, A GRG 4B 4% ViThs Showl ngP
arrangerrent pfpd e Jissheeobodieal of (Lhengnieabatl BeG gamRanent

according to h esent rnven n-ord 0 reduce the ¢éonnection

| oss bet ween optif?é fgﬂpt{gnq&:pgggopfgégsgg%hpge ﬁhggﬂgﬂgﬁﬁpggighg|d

di aneters, in par alar, an optic In an optic er

conponent 10%1?@8{{‘%t ?%rﬁic‘cﬁ’i:ego facal LGb‘Hn%i(rj%%Jffﬁﬁég‘%ﬂafaéoﬂgfnhéﬁ%sw':[)

conversion portion 2 or changing th i lameter at an end

portion inclih ng,enesendibacecdddonandsa second MFD conversion portion 220
for changing the node field dianmeter at the other end face 22| opposing one

end 25 face 211. Fipgthe case Of Wikks gpbiveal fiher sorpeonerd aacordeng to
the present invention, which has MFD 25

15 second embodiment of the optical fiber component
according to the present invention:;

Fig. 8 is a view showing the structure of the
third embodiment of the optical fiber component
according to the present invention;

20 Figs. SA to Sle are views showing various
modifications of an optical module according to the
first embodiment;

Fig. 10 is a view showing the schematic structure
of the second embodiment of the optical module

25 according to the present invention;

Figs. 11A and 11B are views showing the first and
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conversion portions at the two ends, in order to ensure a sufficient degree._,
of freedomin design, the radius of curvature of the optical fiber housed -
in the case may be less than 30 mm 5 Note that the optical fiber 200
includes a core region 201 extending along a predeterm ned axis and a

cl addi ng regi on 202 fornmed outside the core region 201, as shown in Fig..
4B. Fig. 4B is a view show ng the sectional structure of the optical fiber
200 taken 10 along a line |l - | in Fig. 4A. Since the optical fiber
conmponent 100 functions as an intermedi ate conponent capabl e of optically
connecti ng opticoald fsict¢omats cofporenvythavilng ididf ecenpomsds fulel ch

di aneters to each other w thout increasing connection |oss, the node 15
field di anet een dfet hppthwedend felcesopticand il abhecv@ingaltof ithes 200
may be equal to those of optical functional conponents to which the two end
faces are opsecaindy eobmddgteador fall within the two end faces are 10% with
respect to those functional conponents In 20 addition,the node field

di anmeters of the ridspectd ves erd idresshayibe &de i Phibedosdancsuwet Pk he
node field dianeters of tical functional conponents to which the end face
are cénnecteéhﬁn@ﬂﬂkﬁﬁ#méiPQRnCQWR@@e%%tW%b$¢ycéﬁnﬁécﬁ@@Lﬁe¢aﬂq 544 hin
the range of about 10%w th respect to those functional conponents I n
addi ti on t heoRrbd€afli Brdiudicamscorsion it thes fe@Ine BMPIHERYE may be set in
accordance with the node field dianeter of optical functional conmpgnents to
whi ch the end facés %ré tonfiect ed’leé’nds}ﬂﬁ‘é%/nﬂeéa‘%otstél‘)\%&’srecoi)ﬁmtchaeW|th
each other. The optic ] ber_ 200 havi ng 25 uch a Sstruct

offocti vel y FERICE (HPQUITR: | ORPFoCe AP AT, aoRoddid | GPHLGr dndtidter

m smat ch betmeego%%nt according to the present invention;

10  Fig. 14 is a view showing the schematic structure
of the third embodiment of the optical module according
to the present invention;

Figs. 15A to 15C are views showing wvarious
modifications of an optical communication system (an

15 optical communication system according to the present
invention) to which the optical modules according to
the first and second embodiments are applied; and

Fig. 16 is a view showing another modification of
an optical communication system (an optical

20 communication system according to the present
invention) to which the optical modules according to
the third embodiment is applied.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fach embodiment of an optical <fiber component,
25 optical module, and optical communication system

according to the present invention will be described in

18



optical functional conponents optically connected to each other. Figs. 5A
to 5D are views show ng the structures of an MFD conversion portion in the
optical fiber 5 conponent 100 according to the present invention, and nore
specifically enlarged views of a portion near the second MFD conversi on
portion 220 of the optical fiber 200. Figs. 5A to 5D show the first and
second MFD conversion portions 210 and 220 whi ch have the sane 10
structure. However, the first and second MFD conversion portions 210 and
220 need not al ways have the sanme structure. The first and second MD
conver si on paiettiadis Rkbwand 220raf eréocat €d a8tigshelen@Apdrt icahs Df & he
optical 15 fiber 200 and fornmed by enlarging or reducing the core region
201 al ong t h&A ongi 2Odi A&, ditAct ldB, ofl2t hieo opti cdAlSAH itber 1200.andkeahs. f or
changing the size of the core region 20l in this manner mainly include
changi ng t heNodteertithtameher s@md heeferenceginome2@l 5 tdehdtén the20sdmaper ed
form enlarging or reducing the core region 201 in a tapered formby a TEC
treat nent, apdrchamg ngnthelsimentof theovgheutegtivm 2kwimgs,st eppedaform
by preparing a different wavegui de nmenber having a different node field

di ameter as #epeittiitdveofdasioy ifdtrism 26 ldptiecavdidsst. 200. Mre specifically,
as shown in Fig. 5A in the 27 first structure in which the core region
201 is changed int"® a eRpe¢al f §ikert hecdrErenti angeepraing pdicti orhef the
core region 20l which corresponds to at |east one of the first and second
MFD conver si BASSERL onsnaltaerd 51220 #8 i AeredafiGtelecrenbed t ov@f d t he
end face 221 in a tapered form By changing the structure of the first and
second MFD c8AFEFSHYS IporTHRRIEe D AngR22@ S57aS8 st hmARBPECERO NORSF i el d
di aneters cag be adjusted to gesired si.zes. 10 The second strifﬁure in

whi ch the coP&THEGPoPRYONCEs bRPGFREPRY SRR BRABLed e @ tnged-

exanble, ae EHGAn TH Bg SBE T ot HERT 11 Der® top@® wPP h-aobopaHee. a
refractive ingﬁar lightwave circuit, and semiconductor laser, and
includes a short optical fiber having a maximum length

of about several meters (preferably less than 1 meter).
For example, as shown in Fig. 4A, an optical fiber
15 component according to the present invention includes
an optical fiber 200 having first and second MFD

conversion portions 210 and 220 at its two ends. These

conversion portions serve to convert mode field

diameters. This optical fiber component can be applied
20 to an optical component such as an optical module, as
shown in Fig. 1. Fig. 1 1is a view showing the

structure of a general optical module to which the
optical fiber component according to the present
invention can be applied. In this optical module, a
25 predetermined optical functional component 40 is housed

in a case 30. An optical fiber component 100 according
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15 adjustor (for exanple, an optical fiber having a core doped with a
refractive index increaser and a cladding of pure silica glass; an optical
fiber having a core of pure silica glass and a cl addi ng doped with a :
refractive index reducer; and an optical fiber having a 20 core doped wth
a refractive index increaser and a cl adding doped with a refractive index "~
reducer) nmay be prepared for the core region 201, and the core region 201
may be enlarged in a tapered form al ong the | ongitudinal direction of the
first optical fiber by 25 performng a |local TEC treatnent for a portion
correspondi nfiot a:1d  peasknene raferdthtnd | Fohc@AdnsecNdai8 intdrhLimves si on
portions 210 and 220. Referring to Fig. 5B, reference nuneral 230 denotes a
thermal |y di hiktbed reg ospeichheydepanic oM@l tied bpttikelcomedemiran 201.
By performng a TEC treatnment at an end 5 portion of the optical fiber 200
in this mannepmpbhentor eor egbont20l e¢an brienl gpgedadDWhegule ther nad
diffusion at lower cost. In contrast to this, by preparing an optical fiber
drawn whil e agdirgla |atlgert ernrsi onwandhperior mamg aedE€rhagat mestidal t he
prepared 10 optical fiber, a stress in the prepared optical fiber

decreéses, afidntheéveby acongenfared.d di areger 2Aan bedal 28 r edwcedrielat i s,
the core region may be reduced in accordance with the node field dianeter
of an opti cabhbunoti chal stovpdnerd ¢D demcduhectredkby 105 tpemfarail nthea TEC
treatment for portions corresponding to the first and second MFD conver si on
portions 210cphdc220. Mdtey t hatmposenbct weedndiwg chte hethede Hriedaht

di aneters of the first and second MFD conversion portions 210 and 220 at
the two endsiavenitébatidel prRdikgr.ge & Bharslibn o€ obeafiaeddiinrad or m ng
a TEC treatnment for the internediate portion between the first and second
MFD conver si BhtBoraborer D 16vaed 12231 ASOBRORARFA F Q. 28€ Fedrfipdstomand
second MFD conversign portions, 210 and 220 (the_third structure in 25 which
the ¢Bre regkBf SBELVEScIAhgER}ScaR e obtathedlBy f Ut ok $pI CaiSRg &8

wavegui de nmenb havi ng a d
9 wefi, gﬁeg%ptfgaf %%ber component 100 can function as

an intermediate member for optically connecting these

optical functional components to each other.
Figs. 3A to 3C are views showing the Dbasic
15 structures of an optical module according to the first
embodiment of the present invention. An optical module
10 according to the first embodiment includes an
optical fiber, a planar lightwave <circuit (optical
wavegulide element), an optical functional component 40
20 such as a semiconductor laser, a case 30 housing the
optical functional component 40, and an optical fiber

component 100 housed in the case 30 connected with the

optical functional component 40. The optical fiber
component 100, in particular, functions as an
25 intermediate member for optically connecting the

optical functional component 40 in the case 30 to an
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field diameter larger than that of the internediate portion of the first
optical fiber 200, as a portion of the first optical fiber 200, to the

i nternedi ate portion. Wen the difference between the node field 5 dianeter
of the internmediate portion of the first optical fiber 200 and that of the
wavegui de nenber is small, at the internmediate portion sinply fusion
spliced to the wavegui de nenber, an increase in connection loss is small

As shown in Fig. 5D, another 10 exanple based on the previous exanple shown
in Fig. 5C, when a TEC treatnent is perforned for a portion near the
portion wher edthedInt €ibed abe pMt itaans;iissicont achew ih the wavégaide
menber to enlarge the core region of the internediate portion, an increase
in 15 connectdonmurassatcizon be effeetj vel yhavioi dedls (t hendoheth svptictaie in
whi ch the core region 20l is changed). In contrast with this, by preparing
an optical fitherctharialy aospehkeet noodestdédl dutdsanet ethe aceapde F0,el dnd

di aneter of the MFD conversion portion 220 or 210 can 20 be reduced. In the
opti cal nodulis atcotatd nfirém thehpreseptt licaverfiibeay, haariroysa f bemgthobf
optically connecting the optical functional conponent 40 to the optical

fi ber conponefoutO0séeverhe cesee3) dpeefenebilvabllesikepthding 28ebari he type
of the optical functional conponent 40. According to the first connection
form when t7&i30 opbpthdal fikmect i(ddalstcoripohent 40berd| udes @ns aaad

i ghtwave circuit, a planar lightwave circuit 41 may be connected to the
optical fiberrZdGaldy wrrneatedetopithealorfilserl coponiernal ooompenenh
adhesive 230, as 5 shown in Fig. 6A. Referring to Fig. 6A reference
nuneral 4la déndtesthe cereer dfi onPér lgasddey it e epiiats Rexvehendet
region: hereinafter "core region") forned in the planar lightwave circuit
41. The core Yedi oRPAE& s 5%9667& | POSSHAOELEd PEIEE cor-ESr ef§¥Bn §B2201 of
the optical fiber 200 with a predeterm ned coupling efficiency. In

addi tifon, i f POK&18Bti cad s f @ndtidhal ledfpsiemetsy okl BdesTarPact £gé-

el ement such,as a senmic ncji_u tor |aser a_s i.canduct or | aser 42 and opt~i cal
fiber 200 mmy Be A rAiGbd SRR (FREPTHE af 8018 Scaretted tto Boehcorher
ith det ' t] [ ffi.cien . ' ' :

Ref orting to R Gas ot beaRbotnbRarar 4 Hongt e e Sy RTstt% (8 ¢ ne

sem conduct Orth'eas%r%tj‘ af“”f*i‘ﬁ%?m%i)ncai%éélf opficahefu EiCHE]' Cefpopent

40, a lens system e 20 placed between the sem conductor |aser 41 and

the optical LibReond@d iy qomnect+t hemwithi aredaianpded spatiathan
connection efficiency. Referring to Fig. 6C, the sem conductor |aser 41 can

be caesnect ed3bo rirhe ppéEcabbiiiybary 200 Wit heapredefecni reGasatial tegupl i ng
25 efficiency by guiding a beam4b to the end face 211 of
housed form of the optical fiber component 100, the
whole optical fiber component 100 may be housed in the
case 30 as shown in Fig. 3A, or part of the component
may be housed in the case 30 as shown in Fig. 3B.
20 Alternatively, as shown 1in Fig. 3C, an excess length
accommodation may be performed for a part of the
optical fiber component 100 which is housed in the case
30. Referring to Fig. 3C, reference numeral 110
denotes a surplus length handling portion of the

25 optical fiber component 100. In order to realize

high-density interconnection, a loss increase in the

21



the optical fiber 200 via this |lens system43. 31 Fig. 7 is a view
showi ng the structure of the second enbodi nent of the optical fiber
conponent according to the present invention. An optical fiber conponent
100B according to the second enbodi nent 5 includes an optical fiber 200 and
anot her optical fiber 300 (second optical fiber) fusion spliced to an end-
face 221 of the optical fiber 200 | ocated on the second MFD conversi on
portion 220 side. A predeterm ned region of the second MFD conversi on
portion 220, 10 adjacent to this optical fiber 300, which includes a
connecti on paehitopdAtids cndengonr®oaet hesttedadi fibisron fproressptiStaice t he
node field diameter of the optical fiber 300 is substantially equal to a
target node fibkd dicampetremnt tiHd node rfdfdmhldiartetlerd® cmbelemyverted is 15
accurately managed by performng a TEC treatnment for a portion serving as

t he second MFD comihersinoim jori s ore 226h abf eanf uptdnadphmociuig b=t weeich he
optical fiber 200 and the optical fiber 300. As described above, if the
node field diareteptota20 fiised ncempedicatte p0Pt iion ebptlhedopiscalakdarber 200
is sufficiently small, the fiber can be bent at a small radius of

curvabure. | nnthe opbistdérabidohe Mashmwn pmobilgms3faref pdsed.econtbiVFD
conversion portion 220 of the optical fiber conponent 10G (the opti cal

fiber 200 25ekmmpfleect fhés fumiorpospiédei rcatwodmedther optihell ikien the
exit side of the case, there is no reed to 32 reinforce the fusion splice
bet ween t he sewprdeNED tohvdresisemgedtlivontRe0 omid asde 8pbrEalindede0, and
the occurrence of a bending .lass is suppressed. The third enbodi ment of
the optical £Pbefhs @@ﬁi&?gnt féperhecorealti vt i 689 neledeP el &2k bon
coat 250 fornmed an the outer surface of an _optical fiber 200. Fig. 8 is a
vi ew showi ngftherstaQicthit ePoflihed hierd cERBddi et STHF ST P optPCalng’ftt i onal

conpfgent accor%jn%:to he present invention. The , ,
to be Teinforced to suppress an increase in connection

loss. In this case, however, the overall size of the
optical module increases unless the optical fiber
component 100 is bent at a smaller radius of curvature.
Assume that one end of the optical fiber component 100
15 is connected to a planar lightwave circuilt such as an
AWG (Arrayed Waveguide Grating) via a fiber array. In
this case, if an MFD conversion portion is housed in
this fiber array, no new reinforcing structure 1is
required. If, however, the optical fiber included in
20 this optical fiber component 100 is a general single
mode optical fiber, since a transmission loss is caused
by bending, a part of the optical fiber component 100
cannot be bent at a small radius of curvature. In this
case as well, the overall size of the optical module
25 cannot be decreased so much.

The optical fiber component 100, which can be
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~.0 optical fiber 200 includes a core region 201 and cl addi ng regi on 202.
Wth the formation of this carbon coat 250 preferably having a thick of
less than 0.1 a m even if the optical fiber 200 is bent at a radius of
curvature of less than 30 mm (if this optical fiber is 3.5 app lied to an
optical nodul e wi thout any MFD conversion portions at the two end portions)
and at a radius of curvature of 10 mmor l|less, the possibility of static
fatigue rupture of the optical fiber 200 will be greatly reduced. 20 If the
above optical fiber conponent 100 has first and second MFD conversion

portions 210 A 220 85 the toMriend peidundsacabrhbeasgt tonecrd theséhest and
second MFD conversion portions 210 and 220 nmay be bent dependi ng an

i nt er connect iy &aiiid | ons.inkanideli s 2bhéeasptidnior deriberprotgebsthe
first and second MFD conversion portions '?10 and 220, connectors may be 33

attached to tihf GordESRANdieg taketh,PopbE9RsonEACh OfwEd @S t1IRA tRc9Ceshows a
structure in which a connector 500a or 500b is attached to at | east one of

the two end poytdiQnss of hhbe ophbsal richer somonent o30% ag a Hyodifcation
of the optical nodule 10 according to the first enbodi nment. More

speci fg cal | y, (gre ddyeop} | qalssoduba 16 shomm, i Nafd 0. nMse t R@scoanecspr 500a
is attached to the end portion of the optical fiber conmponent 100 at which
t he second MeRrehnuer Sioe .10 ponisoma2ds i sid opatsesdblEhetopt beal nodal e 10
shown in Fig. 9B has a structure in which the end portion of the opti cal

fi ber conponemnttil( afilr chomhensetodid OV coneersddanspart i onrP20urs

| ocated is positioned outside the case 30. The connector 500a is attached
to the end 1% pbresontbént B opti cakefebablyoddonanton0Bess) wilat the
second MFD conversion portion 220 is |located. In the optical nodule 10
shown in Figsmedl tdmumnneet seakdep hd ohtdgtisdd vt drttter cardh gt idmnonf t he
optical fiber conponent (on which the first M-D conversion portion 20 210
is | 6fat ed) FogKeRieW tolthe BpePeal ftisct i irONPORRAE) 40. Nt that a
fiber array may be used as the connector 500b. The optical fiber conponent
100 havi ng t RETESGHESEruckif eC¥ghebe SPfIS &F t BheaPPEhsadpmacitie 1

conponents. 25 For_exanple, fhis conpgnent n be plied to ap opti cal
modul e havi ng*&Spl Bral Q¢ 0F£8ﬁPi€é} F?gérsg§41“° P be Purhhes

decreased.
As the overall size of the optical module 10
15 decreases, the optical functional component 40 itself,
which is housed in the case 30, needs to be decreased
in size. This may cause a mode field diameter mismatch
increase between portions located inside and outside
the case 30. In such a case, if the optical fiber
20 component 100 according to the present invention 1is
applied to the optical module 10, an optical module
with a higher degree of freedom in design can be
realized. That is, an optical module may be designed
such that the mode field diameter of the intermediate
25 portion of an optical fiber 200 which 1s located

between first and second MFD conversion portions 210
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each having the same structure as that of the optical fiber conmponent 100
havi ng the above structure. Fig. 10 is a view showing the structure of the
second enbodi nent of the optical nodule according to the 5 present -
invention. An optical fiber conponent 400 including a plurality of optical
fibers (each of which is identical to the optical fiber conponent 100
descri bed above) is applied to an optical nodule 50 according to the second
enbodi ment. Note that in the 10 optical nodule 50 according to the second
enbodi ment, an optical functional conponent 40 housed in a case 30 is an
optical fibepnqopbicals wayeoud decieh €MeRL, n88R ¢9BAUCHALNAS o Oreddie | i ke
as in the case of the optical nodule 10 according to the first enbodi nent.
15 Fig. 11A bg awd evhahewcrg tiwe fhrgt ootiructius ge Okpkle raphilgsl, firker
conponent 400 applied to the optical nodule 50 according to the second
enbodi ment. fhige anptdcal af dbete£oppoReRt A0OAdW dtespar ph vhabift e Haf
optical fibers 200a to 200d each having the sane 20 structure as that of
the optical bbheragonpopent 2100 wieseni hed abeyeed Theseapt i €ak fiikeyts 200a
to 200d respectively include first MFD conversion portions 210a to 210d and
second MFD CARVEISIRMPAHT 5151122081 4,0 2206 oTbesopt baal obicbars 2004, to
200d al so have polished end 25 faces 211la to 211d on one side and polished
end faces 223a 1@s22%er@F @19t NsSitdan 16 Lh)s opticptfiidiar 8%er
conponent 400A, in particular, the node field dianeters of the respective
end faces 2ltampon2hid D60t hecaptdiad fHdertre200ae s en00ihearet separiat el y
adjusted to the node field dianeters of optical functional conponents to be
5 connect ed. d¥hagnesd, thehnotkati etdedimmde erSiold aldianmstend dfacdhemy
differ fromone another. For exanple, the node field dianeters of the end
faces 221a tonkeinedietsl [pordign wher bhe ivd ivede Fikdnl dPanehéchofist he end
face 211a is 4 ,um the node field diameters of the 10 end faces 211b and
221dl8xe 6 ularasad thetwede fihe d fdirgtet epdofseaendnd!FAcEOPVETSi®M8 a m
According to the optical fiber conmponent 400A having this structure, a
plurality of PPypésnsf It izt PdActisnEratb®PHohBats nef dRREEr &M MFDs
can be connected altogether. 15 Fig. 11B is a view_show ng the second
enbodi nent of2fRe optitdl MBS onBBAEAP Eodxhp%%%%ﬂt%gegﬁe%ﬁﬂﬂ§9ﬂs modul e

50 accordi nga}uo itnrg:eresaesceongneré%%q{e%etnfdn loss due to a MFD mismatch

between the optical functional component and the

15 optical fiber component and reduce the bending loss.
Therefore, the optical fiber component 100 can be bent
at a small radius of curvature (the housing space can
be reduced). As a consequence, the optical module
shown in Fig. 3A can be further decreased in size.

20 When the respective function components housed in
the module rack 110 shown in Fig. 2A are connected to
each other through the optical fiber component 100 as
well, since the optical fiber component 100 can be bent
at a small radius of curvature as shown in Fig. 2B, no

25 additional interconnection space 1is required. Note

that the Dbroken lines in Fig. 2B indicate how
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In this optical fiber conponent 400B, the | engths of optical fibers 200a _,
to 200d are separately adjusted to 20 avoi d any unnecessary excess |length
accomodati on by satisfying structure conditions such as the positions of
optical functional conponents to be connected (the | engths of the
respective optical fibers may differ). According to the optical fiber
conponent 400B having 25 this structure, there is no need to perform any
excess | ength accommodati on, and the conponent can be 36 efficiently
housed in the limted housing space of the optical nodule. As a

consequence, ihie r@vendldt igze Hindde 9pt h@@hgn'%ﬂU|i@1t%3£&1eQﬂaQ%Cﬁ@&§%ir Fig.
12 is a view showing the third structure of an optical fiber conponent

applied to theteptd calr jodubendbhpceoadigg t_@b&zh@u%qgondlsqmocﬂu@manl n
this optical fiber conponent 400C, optical fibers 200a to 200d are arranged

on a | am nat engkeele 4% o Ri@Eed €r Wi BRd apllane)e Bénkieagt 1asporidqi s each
of 10 the optical fibers 200a to 200d is bent at a radius of curvature r.

More speci fi gallasgeaacintof cé et ti@f meghatke themt instioé theeoptfi cgle fi bers
200a to 200d which are | ocated between end portions corresponding to first
MFD cenver si eptpefili onsba# ladnpdientlldoand: sesodithd/FRcconker s qor t i ons
221a to 221d has a node field diameter of 8 a mor |ess. The outer surface
of each of theveptiical. fi bers 200a to 200d may be carbon-coated (see Fig.
8). At least a portion of each of the optical fibers 200a to 200d is bent
at a 20 radius of Mourevapsa ifcdless tthme SOt imelprfeberaldoppbhemn ar0d ess.
In general, the housing space of the optical nodule 50 has its owmn limt
due to a redubtiicon ciam deeraddlistdetOnthheoprhérhantorhg er espeotdivey em25
portions of theoptical fibers200ato 200d is requiredto bent

at smal | er r adichef e esent e iaverig o7 includes the optical fiber 200

10 having the polished two end faces 211 and 221 so as to
connect optical functional components located inside or
outside the case 30, as shown in Fig. 1. Figs. 4A and
4B are views showing the arrangement of the first
embodiment of the optical fiber component according to

15 the present invention.

In order to reduce the connection loss between
optical functional components having different mode
field diameters, in particular, an optical fiber 200 in
an optical fiber component 100A having the first

20 structure preferably has a first MFD conversion portion
210 for changing the mode field diameter at an end
portion including one end face 211, and a second MFD
conversion portion 220 for changing the mode field
diameter at the other end face 221 opposing one end

25 face 211. In the case of this optical fiber component

according to the present invention, which has MFD
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installation positions depending on the |ayout positions of optical .
functional conponents to be connected. |If such manufacturing conditions are -
satisfied, an increase in bending |oss can be 5 effectively suppressed, and
an increase in connection |oss between optical functional conponents

arranged inside and outside the case 30 can be avoided even if the optical

fi ber conponent 400 is placed in a smaller space. In addition, the overal
size of the optical 10 nodule to which the optical fiber conponent 400 is
applied can be reduced. Fig. 13 is a view showing the structure of the

fourth enbodieit RN GRI-1CUD Hf tHe enbi ealisl i ber cxemmonantersess di ng
to the present invention. This 15 optical cord 500 includes an optical

fiber 200 ingludediin anr odead bfbereeapronanteta@nacadrdimgiivs the
present invention, and a connector 550 attached to one end portion of the
optical fiber ;200 \Whid & gaeonghMRCORYBESI BBUBRL! i N 2R8 icadwused. As
descri bed above, 20 according to the optical cord 500, since the second MFD
conversi on pert iR s220 0f Fchempptical fiber 200 is housed in the connector
550, the optical fiber 200 can be bent at an end portion of the connector
550. Ehe second MyR+tGONYBESI AThd0bbik@Ra220f 11esn ngo0ndetgbnées 25 J&EC
treatnent may rupture if a bending force is directly applied to it. If,
however, therggaemd MD 3&tencionversiany par tdoia20miirsed f ak§shausedain the
connector 550 as shown in Fig. 13, there is no need to worry about it.
Accor di ng tocthedapld ealgicar 2 GDOfShawd bntBide tBe Soree rainweto?l 650 is
attached to only one end of the optical fiber 200 having the second M-D
conversi on parst | sitowhoviey eFigcoABect oF$af. o#Bprit eét i igeW hehorBngonbee si on
portions nmay be attached to the two ends of the optical fiber 200. 10
Further, the septtiicalalnodtlracieesr diofg tbet herpiesént fihesnt #8A negken
conprises a plural kinds of optical functional conponents in the_case, and
one 410 nore epoingala filres Tonpbnént Fiohe 48pt i GAINGs e compbreht S52@5r di ng
to the present invention) for 15 connecting between the optical functional
conponent s ocopeonent t A8CopfrRaFiPlActdDnaR cONPBRBRELANE anCBRYBFNA

optical functional conponent such_as an optical fiber. transpission |ine.
Fig. 14 is aS@PaR $howihg ?RElgﬁ%%ﬁatFSHQFFG&PleO(%%%%ffhfﬁ%c%ﬁ%%%%nent

20 of the optical nodul e accordi t he present .inyenti optjca
modul e 60 acEEFRMRERT t HEEHT d%grﬁ% ier?gcnt m@éjr?prlféggga %?girnglglg?? o{;b
optical functional .components 40, ptical i el n
seniconductoFﬂ%ﬂxﬁfhgﬁdﬂ%ﬁ%o?Fkéﬁgggaggﬁg %?%%féﬁg¥§gg%gﬁihl€$?b%?de

??ggﬂ'ﬁﬁgflfné%’elﬁoodia%é% i 6al fL befoCormongtes100 1 neduides: agr ophécal
optical fiber 200 may be equal to those of optical
functional components to which the two end faces are
optically connected or fall within the range of about =
10% with respect to those functicnal components. In

20 addition, the mode field diameters of the respective
end faces may be set in accordance with the mode field
diameters of optical functional components to which the
end faces are connected, and they need not always
coincide with each other. The optical fiber 200 having

25 such a structure can effectively reduce the connection

loss due to a mode field diameter mismatch between
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39 end portions in which the first and second MFD conversion portions
210, 220 are respectively provided. The optical fiber conmponent 400
includes a plurality of optical fibers, and each of those optical fibers
has 5 end portions in which the first and second MFD conversion portions
21 0, 220 are respectively provided. The optical fibers 100, 400 nay be
arranged so as to connect between the optical functional conponents 40 in
the case 30, and al so these optical fibers |00, 400 10 may be arranged so
as to connect between the optical functional conponent 40 and an external

-optical funetio EJH BUCh a5 Ah apt igali Jd1her toans@tssi onol i ne.
When t he optlcévﬂilbers 10 400 aﬁﬁghged ha&gﬁan ex?gss | ength porﬁlon

these optical B9 fibers are arranged while the excess length portion is
bent at a radius of curvature r of 10 mmor |ess. Specifically, in the

third enbodi nent ,ngn a3k keash Qne ofidhe emdwiel thacttenakuecesporents 40
i ncl udes an optlca wavegui de el enent, a node field 20 dianeter of an end

face of optiga MFger(gggpgﬁgﬂhllogoqmléﬁp whih chthe opdptciaddl cdrhbected to
t he opti cal mavegU|de el ement coincides with a node field dianeter of the

opti cal ""avec%irh&&n@xh@nﬁr@fo O céStdsnyi thi Ntier argecoft fvenwidm, r esgect to
the node field diameter 25 of the optical wavegui de el enent. On the other
hand, when aj.}gastconeiehithe aptdepdd funeksondl acqnporniem snddr the
second MFD conversion portion 220 of the optical fiber
200. Figs. 5A to 5D show the first and second MFD
conversion portions 210 and 220 which have the same
10 structure. However, the first and second MFD
conversion portions 210 and 220 need not always have
the same structure.
The first and second MFD conversion portions 210
and 220 are located at the end portions of the optical
15 fiber 200 and formed by enlarging or reducing the core
region 201 along the longitudinal direction of the
optical fiber 200. Means for changing the size of the
core region 201 in this manner mainly include changing
the outer diameter of the core region 201 itself in a
20 tapered form, enlarging or reducing the core region 201
in a tapered form by a TEC treatment, and changing the
size of the core region 201 in a stepped form by
preparing a different waveguide member having a
different mode field diameter as a portion of the first
25 optical fiber 200.

More specifically, as shown in Fig. 5A, 1in the
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40 includes a sem conductor |aser, one end face of the optical fiber
conponent 100 or 400 which is optically connected to the sem conduct or
| aser has a node field dianeter enough to obtain a sufficient spati al
coupling 5 efficiency with respect to the sem conductor |aser. The op
comuni cation systemto which the optical nodules 10 and 50 accordi ng
the first and second enbodi nents descri bed above are applied can be
variously nodified. Figs. 15A to 15C are views showi ng 10 vari ous
nodi fications of the optical comrunication system according to the pr
invention. Therept iseah:cGaIN € akh 0Fh Syséepbacsceedibg Lot he presetd
i nvention has an optical fiber transm ssion line 20 as an external op
functional
| i ke that described above. The optical fiber transm ssion |line 200 an
modukBelGdra0) rageonptdodal kyiconaeetedpbadsaaty odheneadtcamect or
500c is attached to an end portion of 20 the optical fiber transm ssi
line 20, ando@ ¢oenedirart S0h $scah8oMEDNBestredst onapoend oper talan Lfd an
fi ber conponent 100 which is connected to the optical fiber
transfi ssi on2Ronel20ifonembedh car séeoncad4d cownuedsitdre pendli dac22@®31s
| ocat ed) .
systemin whioch za tepaeetorf&Gi0c | Byattaahethdothr estdrpordreonodf the 41
fiber transm ssion |ine 20 which is connected to the optical
conponent 100irFigantcBecoral WEW shovwengl¢heprstrtuchar 816f aan @l cal
communi cation systemin which connectors 500a and 500b are 5 respectively
attached to Bhiendasored,ontbhe tvdeopiiedd tHibaetessporant beo@dIorstsd ch t he
MFD conversion portion 220 is |ocated) and an end portion of the optical
fiber transntesfiéAirepAesirieg.- 15C shows the structure of an optical
comuni cation systemin which 10 the connecting portion between the o
fi betOconponent  18b€afPINE opEFEaFUFEDER ¢ i 98¢ oRCFEn&egdorn Mgy

is located outside the case 30 of the optical nmodule 10 (50). Ln this
opt 1 0ol o CHERASE et hiingt SHORC A6RG5FF olS tst T AR EHSs 1PERe Arode

opti cal

opti cal

opti cal

field dianmeter_ of gn gnd face_of .t he opti.cal
coi nci des wi tA°FHhE%mD g
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the pptical gedylesraceydi 88ahBle, an optical fiber having a core

20

25

doped with a refractive index increaser and a cladding
of pure silica glass; an optical fiber having a core of
pure silica glass and a c¢ladding doped with a
refractive index reducer; and an optical fiber having a
core doped with a refractive index increaser and a
cladding doped with a refractive index reducer) may be
prepared for the core region 201, and the core region
201 may be enlarged 1in a tapered form along the
longitudinal direction of the first optical fiber by
performing a local TEC treatment for a portion

corresponding to at least one of the first and second
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25 the third enbodinent is applied. The optical comunication system has an-.
optical fiber t-ansm ssion 42 line 20 as an external optical functional
conponent and an optical nodul e having the above-nentioned structure. The
optical fiber transm ssion |line 20 and one of the optical functional
conponents 40 included in the 5 optical nodule 60 are optically connected -
to each other. Particularly, an end portion of the optical fiber
transmission line 20 is attached with a connector 500c, and an end portion
(the second MFD conversion portion is positioned) of the optical fiber

conponent 10QrplO-ydvERsibs CGobwerdes toa d henaptpgal fi berrdransg s on
line 20, is also attached wth a connector 500a. The connecti on aspects of

the connect orsg>068, 506¢czkecsanBuallddt uPes shewdtieB Fiags thkrAala y15C. In
t he optical comunication systemshown in Fig. 15 16, node filed dianeters

of the opticairfiibes cespomentes 100e HHhanhi ebnaagnept | ¢al Ivheonneet ed to
the optical fiber transmssion line 20, coincides with a node field

di aneter of thgieptizxxal. filBgr peansrmbsgon |TBE 2Ocotmbat! W &Ai rral range
of 10% with respect to 20 the node field diameter of the optical fiber

t rans#i ssi onpditeocR0.0 fAsStHes adthied labdilkee r acoor dimg thd st heaxapér calthid ber
conponent, as an internediate nenber for optically connecting optical
functi onal coopenentsgitavi h@l 25cah f fler erdnIMEIE AN MERGON\LeY Sitbrexpardt i on i s
provi ded for each end portion, which changes the node field 43 di anet er
of a correspadnfifngione af thwvemo cermd .f acednt ccenvedsie etualthtict hoyMFD of
an optical functional conponent to be connected. Therefore, an increase in
connecti on |Rsspenhnde af fertival y fibppr ebsin byhals @iddictaure HRavigey a

hi gh degree of freedomin design regardl ess of the types of optical
functional ceepdhent §ndo Hes TsAkiers edl. TEC treatment to the prepared

10 optical fiber, a stress in the prepared optical fiber
decreases, and thereby a mode field diameter can be
also reduced. That is, the core region may be reduced
in accordance with the mode field diameter of an
optical functional component to Dbe connected Dby

15 performing a TEC treatment for portions corresponding
to the first and second MFD conversion portions 210 and
220. Note that a structure in which the mode field
diameters of the first and second MFD conversion
portions 210 and 220 at the two ends are relatively

20 large or small can be obtained by performing a TEC
treatment for the intermediate portion between the
first and second MFD conversion portions 210 and 220.

As shown in Fig. 5C, the first and second MFD
conversion portions 210 and 220 (the third structure in

25 which the core region 201 is changed) can be obtained

by fusion splicing a waveguide member having a mode
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In addition, according to the optical nodule and optical conmmunication
system according to the present 10 invention, since an optical fiber
conponent serving as an internedi ate nmenber for connecting an optical
functional conponent to an optical fiber transmssion line is housed in a
case, together with the optical functional conponent, while a portion of
the optical 15 fiber conponent is bent at a radius of curvature of |ess
than 30 nm preferably 10 nmor |less, a reduction in the overall size of
the optical nodule can be attained. In addition, with the formation of an
MFD conver si dhepar t dbamabheeh hakesrt Hghanodéhkitel dfdi amet eirst 2fnand i e
optical fiber conponent coincide precisely or approximtely wth the node
field diamet epgtabnoptii dale fictt omat i cohpdHileat s280d tlse a idee timrbe £
connected to the two end portions of the optical fiber conponent, an

i ncrease in khss diesto tdetimde ffdbelr di 2081 er t25 rohematichescrstween t he
optical functional conponents and the optical fiber transm ssion |ine can
be 44 ef f epbiruéby . supphess ethe Fdomftelrenicey ein¢ T vaet hushaescdebeftieid w. 11
be obvious that the enbodi ments of the invention may be varied in many
ways. 5Such vdibaeicens aife e t dnferfeddgarededoas l@rdemdr t uree f ricimathe
spirit and scope of the invention, and all such nodifications as woul d be
obvi ous to ofptskill ddhar t helaendartehdht ehdddref ovavegh ke oReWPER g he

scope of the following clains. 45 VWHAT | S CLAIMED I S:
small, at the intermediate ©portion simply fusion

spliced to the waveguide member, an 1increase in
connhection loss is small. As shown in Fig. 5D, another
10 example based on the previous example shown in Fig. 5C,
when a TEC treatment is performed for a portion near
the portion where the intermediate portion is in
contact with the waveguide member to enlarge the core
region of the intermediate portion, an increase in
15 connection loss can be effectively avoided (the fourth
structure in which the core region 201 i1s changed). In
contrast with this, by preparing an optical fiber
having a smaller mode field diameter, a mode field
diameter of the MFD conversion portion 220 or 210 can
20 be reduced.

In the optical module according to the present
invention, various forms for optically connecting the
optical functional component 40 to the optical fiber
component 100 in the case 30 are conceivable depending

25 on the type of the optical functional component 40.

According to the first connection form, when the
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1. An optical fiber conponent including a first optical fiber having two .
end faces appropriately prepared, 5 said first optical fiber having a first -
MFD conversion portion for changing a node field diameter at an end portion
i ncluding one end face of said first optical fiber, and a second MFD
conversion portion for changing a node field dianeter at an end portion 10
i ncluding the other end face opposing the one end face. 2. A conponent
according to claim1l1l, wherein a node field dianmeter of the one end face of
the two end faces of said first optical fiber differs froma node field

di anet er of thtickler fendtfiaoml 15cGpdnennpodént iacduddisng a o wlaman 1,
wherein a node field dianeter of an internediate portion of said first
optical fibetlighitwhvies diowatidd etmesresal dgfitwaveandrseddond IMER Ycdrever si on
portions is smaller than one of the node field dianeters of the one end
face and thec@fnectied ehd filte. ocptikzbngdben &06or dhagudedc| i mthe
wherein said first optical fiber includes a core region extending along a
pr edet er m nedpéiicslanfiilzexr| addipogensgi bAOf oridd an @dhmaisre sdPaceaDf the
core region, and 25 wherein an outer dianmeter of a portion of the core

regi oh of sabHoWprsinopFigal 6Ri ber Rehfetr bod r esporfdsd + FM6 redfienassd® one
of said first and second MFD conversion portions is increased or_ decreased
in a taperedtPBerRal ofigaa fengteddidhalcadia e€Eige®of OFai @ fMede dpts kil
fiber. 5 5. A conponent according to claim4, wherein the portion of the
core regi on 6PPEAFELfivaTePPptdRalr sFiivey: WAPERIBSELESpONERT 0 TAIIBHSt one
of said first and second MFD conversion portions is, enlarged jn a taéjered
form al ong t herP8Agitudihal Rbianédt i bhdBE a¥rd $55S41%0%dpti cAPer iBH€ by a
thermal diffusion proces

s. 6. A conmponent accordi to claim11, wherein
said first opEPeql fiifer LencPRIGEEatY | §8we§%e€%i otglerﬂa?:rﬁjéfe VIt s
| ocat ed at | t at one end portion.and fo a partion _of idfirs
optii | fi be?61 0 ?tnc 8n ﬂ%PJa%a nefg?e%ai%mf;i r"%ltpcc}:‘:mdil séjéroergij(sia Eoiversi on
ortions, said vequi nenber.. havi ng_a f.aield di ter diff.erent from
g mode fi el d-dianst&r %Efércllfeﬁtcgr'rredi gfle %%gi?'lt&r?%df sla]éd T s'?OpotL Cfaglal

fiber which ks,Locahed hehpeen saidh fifstuand s609nd;VEDSQMLERSIQikn

portions.
as a semiconductor laser, a semiconductor laser 42 and

optical fiber 200 may be arranged such that they are
15 connected to each other with &a predetermined spatial
coupling efficiency, as shown in Fig. 6B. Referring to
Fig. 6B, reference numeral 4a denotes a beam output
from the semiconductor laser 42. Furthermore, as the
optical functional component 40, a lens system may be
20 placed Dbetween the semiconductor laser 41 and the
optical fiber 200 to connect them with a predetermined
spatial connection efficiency. Referring to Fig. 6C,
the semiconductor laser 41 can be connected to the
optical fiber 200 with a predetermined spatial coupling
25 efficiency by guiding a beam 4b to the end face 211 of

the optical fiber 200 via this lens system 43.
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20 7. A conponent according to claim®6, wherein a portion of the
internmediate portion of said first optical fiber which is in contact with
sai d wavegui de nmenber has undergone a thermal diffusion process. 8. A
conponent according to claim4, wherein said 25 conponent further conprises
a second optical fiber which has a node field dianmeter different froma -
node 47 field diameter of the internediate portion of said first optical
fiber which is |ocated between said first and second M-D conversi on
portions, and is fusion spliced to one of the end faces of said first
optical 5 fiber, amndj.ome afs sai dviéwststaswlisecand MsDroenversi ofi pewéi ons
which is to be located in a predeterm ned region including a fusion splice
bet ween sai dskicbald anghisetimenhopt bcal Hhdersptdtabot fidaird fdsmporaatt second
MFD conversi on portions have undergone a thermal 10 diffusion process. 9. A
conponent aceerdiradniyo tod athel prdesrei nihhentdde.fi ek dpardetdr Hfbdhe
internmediate portion of said first optical fiber which is | ocated between
said first andmpecend MADONversoodiporttonsthe 8 secoral |essodibberdd. A
conponent according to claim9, further conprising a carbon coat fornmed on
an ouber surfiacéudkssaind datristalopfilcet 200eandlénoAheaptdpdalcatodilieer
conprising a plurality of optical fibers each having the sane structure as
that 20 of saP@ fisstompt icgaiiddberfibrel udédsionsainl oped calo f aberend
conponent according to claiml, wherein at | east one end face of one of two
optical fibefscselR@dt of fitoam @t ticapt fehkrf 2BEr docatleddad: ithsaserwpli cal

nodul e and one end face of the 25 other of the two optical fibers differ in
node field dVERet epnvggsion portion 220 side. A predetermined

region of the second MFD conversion portion 220,
10 adjacent to this optical fiber 300, which includes a
connection portion A, has undergone a thermal diffusion
process. Since the mode field diameter of the optical
fiber 300 is substantially equal to a target mode field
diameter, the mode field diameter to be converted 1is
15 accurately managed by performing a TEC treatment for a
portion serving as the second MFD conversion portion
220 after fusion splicing between the optical fiber 200

and the optical fiber 300.
As described above, i1f the mode field diameter of
20 the intermediate portion of the optical fiber 200 1is
sufficiently small, the fiber can be bent at a small
radius of curvature. In the optical module 10 shown in
Fig. 3A, if the second MFD conversion portion 220 of
the optical fiber component 100 (the optical fiber 200
25 in effect) is incorporated in a connector or the 1like

on the exit side of the case, there i1s no need to
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12. An optical nodule according to claim 11, wherein two optical fibers
selected fromthe optical fibers included in said optical nodules differ in
|l ength. 5 13. An optical nodule conprising a plurality of optical fibers
arranged on a predeterm ned surface, each of which has the sane structure
as that of said first optical fiber included in said optical fiber
conponent according to claiml1l, 10 .wherein at |east one portion of each of
said optical fibers included in said optical nodule is begtpat a

predeterm ned radius of curvature. 14. A rmdul e acg;mqﬂ g to claim13,
wherein a node field dianmeter of an |nt,C re@adl porti on ofné&ach 15 of said
optical fibers included in sai dllle nodul e \'gtlgb@h i201 ocat ed between end
portions correspondi NGy ggomhesﬁl r st and @goa D conver5| on portions is
8um or | ess, alrCer surface %Rdea@‘rﬁo sal d ogt fibers is

car bonr@ijai and at 5’22%1 portion of .eachPé 20 sai df pliccal fibers is
bent at a I’adlllé ozforcturvature sltoﬁén *50 nm 15 cfcabdul™e according to ¢
porti omﬂ“@ ¥ U mor sgaléﬂ:@b”t ca fibers paveti o‘ﬁpof each g{,béﬂdl us of
curvature : | aimpadocihierei n at |m%@§,t aoéortl on of .gaeh 2of “§ai d opti cal
fibers tnel 98%‘5&. n S&I% mk@é} nodul e |€ @@ntm a rad| us tc>lfcadur vature 25
of 10 nm or lfier?é 16+t corrponeqlt\: acod?drng to cl aigm » Vierein an 49
surface e of-

10
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increase in loss of said first optical fiber is 0.1 dB or |ess when bent at..
a radius of curvature of 30 mm 17. A conponent according to claiml, o
wherein an increase in loss of said first optical fiber is 0.1 dB 5 or |ess
when bent at a radius of curvature of 10 mm 18. A nodul e according to

claim 13, wherein a |loss at the bent portion of said first optical fiber is
0.1 dB or less. 19. An optical nodule conprising: 10 :said first optical
fiber included in said optical fiber conponent according to claim1; and a
connector which is attached to at | east one end portion of said first

optical fiberatardnbauses ene ofofakgpbhdshgartdesondi Mrb. CONNgERI I
portions | ocated 15 at the end portions. 20. An optical nodule conprising:

an optical fengkiopal teonponehbwsa £aseruwbtahehausesh seh daopidredlctor
functional conponents and 20 an optical fiber conponent which includes a
first opticabobaber Bavbng soneterchapticadt yl eannechedotfotdai dwaptareal
functional conponent and a node field dianeter of 8 u mor |ess at an
i ntermedi at eppotitns excl udheg bwoiead paribieens cosmiotheopt i q@lo fidser a25
conmponent being entirely or partly housed in said case while at |east a
portibn of thedifieatbdhate pdid i optdfal module 10 according to the
first embodiment. More specifically, 1in the optical
module 10 shown in Fig. 9A, the connector 500a is
attached to the end portion of the optical fiber
component 100 at which the second MFD conversion
10 portion 220 1s located. The optical module 10 shown in
Fig. 9B has a structure in which the end portion of the
optical fiber component 100 at which the second MFD
conversion portion 220 is located is positioned outside
the case 30. The connector 500a is attached to the end
15 portion of the optical fiber component 100 at which the
second MFD conversion portion 220 is located. In the
optical module 10 shown in Fig. 9C, the connector 500b
is attached to the end portion of the optical fiber
component (on which the first MFD conversion portion
20 210 1s located) connected to the optical functional
component 40, Note that a fiber array may be used as
the connector 500b.
The optical fiber component 100 having the above
structure can be applied to various coptical components.

25 For example, this component can be applied to an

optical module having a plurality of optical fibers
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50 said first optical fiber is bent at a radius of curvature of |less than .
30 mMmm 21. A nodul e according to claim 20, wherein at |east a portion of ]
the internediate portion of said 5 first optical fiber is housed in said
case while being bent at a radius of curvature of 10 mmor less. 22. A
nodul e according to claim 20, wherein an increase in |oss at the bent

portion of said first optical fiber is 0.1 dB or less. 10 ,23. A nodule
according to claim 20, wherein said optical fiber conponent has a first MD
conversion portion for changing a node field dianeter at an end portion

i ncl udi ng onezend rHzage Ppthealshnet anecd ve-d oasaittha@ptd £athé unetiierdl

conponent. 15 24. A nodul e according to claim 23, wherein said optical
fiber conponéenbefurtdieipospt i sevoa fhdsingonndet orambweh ist ratdtachked to
the end portion, on which said first MFD conversion portion is forned,
whil e said frigt MeDicorwersiean fimviron tsehetsedtu2@ 2% Ahevdweend
according to claim 23, wherein said first MFD conversion portion of said
optical fibeembodapnartt ednprtheesocptieadndmopiileal akichedihgsi e sphieced to
an end face of said first optical fiber. 26. A nodule according to claim
23, wherein saede2b ophveatibnber campansntcabnpritses &ocr@oaerdgi dRo
extendi ng along a predeterm ned axis and a cl addi ng 51

including a plurality of optical fibers (each of which

is identical to the optical fiber component 100

described above) is applied to an cptical module 50

according to the second embodiment. Note that in the

10 optical module 50 according to the second embodiment,
an optical functional component 40 housed in a case 30
is an optical fiber, optical waveguide element,
semiconductor laser, or the like as in the case of the
optical module 10 according to the first embodiment.

15 Fig. 11A is a view showing the first structure of
the optical fiber component 400 applied to the optical
module 50 according to the second embodiment. This
optical fiber component 400A includes a plurality of
optical fibers 200a to 200d each having the same

20 structure as that of the optical fiber component 100
described above. These optical fibers 200a to 200d
respectively include first MFD conversion portions 210a
to 210d and second MFD conversion portions 220a to 220d.
The optical fibers 200a to 200d also have polished end

25 faces 211la to 211d on one side and polished end faces

221la to 221d on the other side. In this optical fiber
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region formed on an outer surface of the core region. 27. A nodule
according to claim23, wherein said optical functional conponent includes
an optical waveguide elenent, and a node field dianmeter of an end 5 face of
said optical fiber conponent which is optically connected to said optical
wavegui de el ement coincides with a node field dianeter of said optical
wavegui de el enent or falls within an error range of 10%wth respect to
the node field dianmeter of said optical 10 wavegui de el enent. 28. A nodul e
according to claim 23, wherein said optical functional conponent includes a
sem conduct ocohaseentard Gthe mepandifater of thai todpt ifdall & idiemetamponent
has a node field dianmeter enough to obtain a 15 sufficient spatial coupling
ef fi ci ency wotfh thespestpaat ised dersenfzonsiuet ba tas@dld29f Ahwdwteiexkor di ng
to claim28, wherein said optical functional conponent further conprises an
optical coupfiihgrsy2t0édm fior 2P cat¢ ysepanateligadabdted $enitdmndurdor

| aser to said optical fiber conponent with a sufficient spatial coupling
efficiency. 30elA widumatawtorli ngticadl diuncig,onghler epmpgagdtapttioccdie fi ber
conponent has a second MFD conversion portion for changing a node field

di aneber at aAnardted.por fhef ikl udihAg mawe of het derttl amalee oppodi iyl bne end
face optically connected to said optical functional 52 conponent. 31. A
modul e accor @RAgend dagiah IMmY viheFeeh 550W opei eaPtheber &GN ¥en t her
conprises a second connector which is attached to the engzgortion inb

whi ch sai d s&BBNEACKED Tionv@dr SLBRCPBFE| B ite:ef Fbdl 2GR | 24ai FOserdrdl MFD

conversion portion_is housed. _
are all 10 pm, whereas the mode field diameter of the

end face 2l1la is 4 um, the mode field diameters of the
10 end faces 211b and 221d are 6 um, and the mode field

diameter of the end face 211lc is 8 pum. According to

the optical fiber component 400A having this structure,
a plurality of types of optical functional components
having different MFDs can be connected altogether.

15 Fig. 11B is a view showing the second embodiment
of the optical fiber component 400 applied to the
optical module 50 according to the second embodiment.
In this optical fiber component 400B, the lengths of
optical fibers 200a to 200d are separately adjusted to

20 avold any unnecessary excess length accommodation by
satisfying structure conditions such as the positions
of optical functional components to be connected (the
lengths of the respective optical fibers may differ).
According to the optical fiber component 400B having

25 this structure, there is no need to perform any excess

length accommodation, and the component can be
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32. A nodul e according to claim 30, wherein said second MFD conver si on
portion of said optical fiber conponent conprises a second optical fiber
fusion 10 spliced to an end face of said first optical fiber. 33. A nodul e
according to claim 30, wherein said optical fiber conponent conprises a
core region extending along a predeterm ned axis and a cl addi ng regi on
formed on an outer surface of the core region. 15 34. A nodule according to
claim 30, wherein said optical functional conponent includes an optical
wavegui de el ement, and a node field dianmeter of an end face of said optical

fiber conponentsiwhich 1ivs pid&al Ly eamnected 40 15&hdi ARt kealwayeguh de
el ement coincides 20 wth a node field dianeter of said optical wavegui de

el ement or fabls Wit hidwane errgs ranash Hqudfi% W ther esRecl 1t s the spde
field dianeter of said optical wavegui de el enment. 35. A nodule according to

claim 30, whenei BpFaicd 12:mRRtlIC Jarf Wetdnala £anponent i ncl udes a
sem conductor | aser, and the one end face of said optical fiber 53

conponent has a modey figl digli ametiefn espYEInGO tokt at Mi ad S ufthieiteite spati al
coupling efficiency with respect to said sem conductor |aser. 36. A nodule

accor di ng toael aioptd&a Wnaieidr saicthdorepit calpdlunaet | onal toapomenicdurt her
conprises an optical coupling systemfor optically connecting said

sem conduct ofnokdager 30 satsrdpidcab fthleerscxmmbnetibodimbng . suflfi ctieng
spatial coupling efficiency. 37. An optical communication system conpri sing
an 10 opti cabptiiker tfabsm surgorddnte BaVCNg epthcad coreact o 0dkt acded to
one end, and said optical nodule according to claim30. 38. An optical
comruni cat i 0A08yist emraccoratimagndad cl adm 37a whépmiinadef oursiteatonnett ®r
connected to said 15 third connector is attached to the other end portion
of said firstpopdetairnfinsst mhihe) saiad séeaatd MDeevhiensioh pechi onfis
housed. 39. A nodul e according to claim 20, wherein said optical fiber
conpbéfent hatha foptsicaNFD Borivers?om 20 poRG orF fenhafgend adiidecfiel d

di aneter at an end o )
curvature r. More specifically, each of the

intermediate portions of the optical fibers 200a to
200d which are located between end portions
corresponding to first MFD conversion portions 21la to

15 211d and second MFD conversion portions 22l1la to 221d
has a mode field diameter of 8 um or less. The outer
surface of each of the optical fibers 200a to 200d may
be carbon-coated (see Fig. 8). At least a portion of
each of the optical fibers 200a to 200d is bent at a

20 radius of curvature of less than 30 mm, preferably 10
mm or less.

In general, the housing space of the optical
module 50 has its own 1limit due to a reduction in
overall size. On the other hand, the respective end

25 portions of the optical fibers 200a to 200d is required

to bent at smaller radii of curvature at the
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portion including one end face optically connected to said optical
functional conponent and a second MFD conversion portion for changing a
node field dianmeter at an end portion including the other end face opposing
25 the one end face. 40. A nodule according to claim39, wherein said 54
optical fiber conponent further conprises a first connector which is
attached to the end portion, in which said first M-D conversion portion is
formed, while said first MFD conversion portion is housed. 5 41. A nodul e
according to claim39, wherein said optical fiber conponent further
conpri ses a seeeadla@nnect opostitdhvnss atdaacheitidg then endeportildyouth which
said second MFD conversion portion is forned, while said second MD
conver si on ppbkiiaions hauSedoptlczd?. fAnvididreslaccosdbogehoscl aiom 39
wherein node field dianeters of one of two ends of said optical fiber
conmponent i scbangetetihan a DHde sfuckl d mhranBietuningn icoherinednat e gxosti on
between said first and second MFD conversion portions. 15 43. A nodul e
accordi ng tosekasmiads, whemei nrareafe said fivetdang sdearsd MEBncorwer si on
portions of said optical fiber conponent conprises a second optical fiber
fusiob splicefifectameénd dauerofssdi d afhid sanoptiacaladd ben. Qhnkktidmodul e
according to claim39, wherein said optical fiber conponent conprises a
core region érsendbagwakbngoatpredet éumictédnani s b eyl taaddiany arggdn
formed on an outer surface of the core region, and 25 wherein an outer
di amet er of anpodei emdbfothelider sheedglase WhP clsatorespovaddetoeyenl gdst one
of said first 55 and _second MFD conversion portions increases or
decreases i nthet apéiealf drihsd orgraonengi A48i il ol z2eedi 4R of sswild pti cal
fi ber conponent. 45. A nodul e according to claim39, wherein said 5 opti cal
functional c8RpBRent IRclARELGR opthealoRiAhui 8é281 eventhearP e Gidde
field diameter of an end face of said gptical fiber conponent which is
optitll 1y coRfeeted t® ¢HiifFbptital OR&FEGi dé1BFEMeRP™REPRRF det Wi tiF a ‘node
field dianeter ?f gaid ogtical wavegui de

applied can be reduced.

Fig. 13 is a view showing the structure of the
fourth embodiment (optical cord) of the optical fiber
component according to the present invention. This

15 optical cord 500 includes an optical fiber 200 included
in an optical fiber component 100 according to the
present invention, and a connector 550 attached to one
end portion of the optical fiber 200 while a second MFD
conversion portion 220 is housed. As described above,

20 according to the optical cord 500, since the second MFD
conversion portion 220 of the optical fiber 200 1is
housed in the connector 550, the optical fiber 200 can
be bent at an end portion of the connector 550. The
second MFD conversion portion 220 having undergone a

25 TEC treatment may rupture 1f a bending force 1is

directly applied to it. If, however, tThe second MFD
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10 element or falls within an error range of 100 with respect to the node
field diameter of said- optical wavegui de el enent. 46. A nodul e-accordi ng
to claim39, wherein said optical functional conmponent includes a

sem conductor 15 laser, and the one end face of said optical fiber
conponent has a node field dianeter enough to obtain a sufficient spatial
coupling efficiency with respect to said sem conductor |aser. 47) A nodule
according to claimd46, wherein said 20 optical functiagnalts®nponent further
conprises an optical coupling systemfor opti cqll leyd corhect i ng said

sem conductor |aser to said opt| cal ﬁ&%bel‘lsco Sonent W tha sufficient

spatial coupling efficiency, 148 ul e accorqlsngxot &%l ai m 44, wherein
the 25 core region of, ;s d % ?rst Optlﬁ fing&F of said optical fiber
conponent is.epl ar In a taperedd-orm 'al ong the 56 | ongi t udi nal

di rectdcﬁwe&fs said fi rgt soptical” fiber by a ther mal di ffu iop3process at a
portion corrg {goﬁﬁpn to at |east one of said first iand Sécond MFD
conver&bnne rtions. 5 49. A nodul e accqrdiofig™t'o clai m 44, Wr ein one of
said first andpmdﬁd MFD conver;gfadn Cﬁé(rtl ons of ,sai dﬂéptl cal fiber
corrponamr@bn%rl ses a secmied O<§’pt| cal f| Rer on spli CeqletrQBS’&I d first
optical fiber Coagrmmhe fusion % lclacbé portion Ba md one a thermal 10
di f fusi on process. 50. (m)d‘éll accordi ngstgoOE ai m 20, VW)(?{E,EIME aid opti cal
functional conpere®CT ncI udes a\?ﬂqxptl wavegw %cehéﬁe , and a node
field di anetéf of an endb‘t)ace\D sai d o%ag@al o9 ber co ichis
oftically 15 copneﬁct\’&f to sai d éaj'alf vegui de &l c0| nC| des with a
node fi eldp‘él}%mater of a,«led,op caI ﬁé% hdé Cement or falls within an
error range of, ﬂ1_0/0\}‘6i0th respect ,t pet node field dianeter of saéd opti cal
wavegui de mi¥%rent . 20 5}“6«1&0 uf‘]e according to claim 20, wber et sai d
opti cal functl ggLO‘GO onent includes a sem condLA tordf8ser, and tfhe one
end face ofo8drd opti caly ﬁelxb@fe conponent hasl& node fi ekd Quadﬁeter enough
to obtain a suf5¢»@1@§t spat| al ca:m]aaﬂg eff| Ci encypwmfﬁ respect t%r

he
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25 said sem conductor laser. 52. A nodul e according to claim51, wherein
said 57 optical functional conponent further conprises an optical
coupling systemfor optically connecting the sem conductor |aser to said
optical fiber conmponent with a sufficient spatial coupling efficiency. 5
53. A nodul e according to claim 20, wherein said optical fiber conponent
further conprises a carbon coat forned on the outer surface of said first
optical fiber. 54. A nodule according to claim39, wherein node field
di aneters of two end faces of said optical fiber 10 conponent differ from
each other. %hd Agmdulehaccondi Rgith Cltaign 20irsher eha saiedcopt | eadD fi ber
conponent conprises a plurality of optical fibers, at |east one of the
plurality of cepteealiohi ey iaw nglo he2sanerst reshere iaz ltyhatr ofi déad sai d
first optical fiber, and wherein one end face of one of two optical fibers
sel ected fromhthepplidedl ifipaf oipeadnti beosianduase engdlfuaed iafy tde ot her
of the two optical fibers differ in node field dianeter. 20 56. A nodul e
accordi ng toopkacel55ivdes i andweaph i o thbees galiectledfibenst s
plurality of optical fibers differ in length. 57. A nodule according to
cl ai mb20, whendi npsaitd copt | cab f whéchconpeneniiconpr asés aepbudal MBD of 25
optical fibers arranged on a predeterm ned plane, each of which has the
sane structurenssrehah pbraiodsfi2idt, 280 are respectively provided.
The optical fibers 100, 400 may be arranged so as
to connect between the optical functional components 40
in the case 30, and also these optical fibers 100, 400
10 may be arranged so as to connect between the optical
functional component 40 and an external -optical
functional component such as an optical fiber
transmission line. When the optical fibers 100, 400
arranged have an excess length portion, these optical
15 fibers are arranged while the excess length portion is
bent at a radius of curvature r of 10 mm or less.
Specifically, in the third embodiment, when at
least one of the optical functional components 40
includes an optical waveguide element, a mode field
20 diameter of an end face of optical fiber component 100
or 400 which is optically connected to the optical
waveguide element coincides with a mode field diameter

of the optical waveguide element or falls within a

range of £ 10% with respect to the mode field diameter
25 of the optical waveguide element. On the other hand,

when at least one of the optical functional components
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optical fiber, and wherein at |east a portion of each of the plurality of
optical fibers is bent at a predeterm ned radius of curvature. 5 58. An
optical conmunication system conprising an optical fiber transm ssion |ine
having a third connector attached to one end, and said optical nodule
according to claim39, wherein a node field dianeter of an end face of 10
said: optical fiber conponent which is optically connected to said opti cal
fiber transm ssion line coincides with a node field dianeter of said
optical fiber transmssion line or falls within a range of 100 with respect

to the node figelighdivarmy e 9fémsabddgptbeallakrf,i hate teadsibssi of Itime. 59.
A system according to claimb58, wherein a fourth connector connected to

said third coppeehar foattaehpgnkatt e mt ber 4eond yiof ¢h onsoforsaiah Fliy st
optical fiber while said second MFD conversion portion is 20 housed. 60. An

optical nmodukgne@eRicissitg anpl Wenidondfctpt i tabetunets omatmodenpoieint s each
havi ng a sanme structure as that of said optical functional conponent

accordi ng t 04ehbaieie20,crdndone cshbtdte aptucdlicicher spatderiparentisireach
havi ng the sane structure as that of said optical fiber conponent according

to claim20, %%icivhereintal rdeeasictone dfhesaahipardldtor ofaspti cal
functional conponents includes an optical waveguide el enent, and wherein a
nmode field di amet @heof catiersd f acemofnicasaiah optycadn f ither Wolngdonerte whi ch
is optically connected to said optical waveguide el enent coincides with a
node field doateter afiodales opli cabd waveqiaer&dlirgrene orhd afiEsE tdHih a
range of 10% wi th respect to the node field dianmeter of said optical
wavegui de second embodiments described above are applied can be
variously modified. Figs. 15A to 15C are views showing
10 various modifications of the optical communication
system according to the present invention.

The optical communication system according to the
present invention has an optical fiber transmission
line 20 as an external optical functional component and

15 an optical module 10 (50) having a structure like that
described above. The optical fiber transmission line
200 and the optical module 10 (50) are optically
connected to each other.

A connector 500c is attached to an end portion of

20 the optical fiber transmission line 20, and a connector
500a is also connected to an end portion of an optical
fiber component 100 which is connected to the optical
fiber transmission 1line 20 (on which a second MED
conversion portion 220 is located). Fig. 15A shows the

25 structure of an optical communication system in which a

connector 500c is attached to an end portion of the
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10 el ement. 61. An optical conmmunication system conprising an optical fiber ..

transm ssion line having a fifth connector attached to one end, and said
optical nodul e according to claim®60, 15 wherein a node field di aneter of
an end face of said optical fiber conponent which is optically connected to
said optical fiber transmssion |line coincides with a node field dianeter
of said optical fiber transmssion line or falls wthin a range of 10% 20
with respect to the node field diameter of said optical fiber transm ssion
line. 62. A systemaccording to claim®61, wherein a fourth connector

connected t0 satdchif i ONNeei bk ssabhached t oot hig jether s endprddon of

said optical fiber 25 conponent while said second MFD conversion portion is

housed. 60 £3.tAR optiicah mdde Lomisiha o pl uralitysef 1P Galew |
functi onal conponents each having a same structure as that of said optical

functional cogpopeny aeser dishgdd el BR0, aRNdoPRECQL MRLaORlicedli Jrl ber 5
conponents each having the sane structure as that of said optical fiber

conponent accoysiag t ol akmizd, WaehelkRtatsl easbogne phgsaighay ur aldd y of
optical functional components includes a sem conductor |aser, and
5 respectively attached to an end portion of the optical
fiber component 100 (cn which the MFD conversion
portion 220 1is located) and an end portion of the
optical fiber transmission line. Fig. 15C shows the
structure of an optical communication system in which
10 the connecting portion Dbetween the optical fiber
component 100 and the optical fiber transmission line
20 in Fig. 15B 1is located outside the case 30 of the
optical module 10 (50).
In this optical communication system having such
15 various structures, the mode field diameter of an end
face of the optical fiber component 100 preferably
coincides with the mode field diameter of the optical
fiber transmission line 20 or falls within the range of
T 10% with respect to the mode field diameter of the
20 optical fiber transmission line 20.

Further, Fig. 16 1is a view showing wvarious
modifications of an optical communication system (an
optical communication system according to the present
invention) to which the optical modules according to

25 the third embodiment is applied. The optical

communication system has an optical fiber transmission
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10 :wherein one end face of said optical fiber conponent which is optically .
connected to said sem conductor |aser has a node field dianeter enough to g
obtain a sufficient spatial coupling efficiency with respect to said :
sem conductor laser. 15 64. An optical conmunication system conprising an
optical fiber transmssion line having a fifth connector attached to one.

end, and said optical nodul e according to claim®63, wherein a node field

di aneter of an end face of 20 said optical fiber conponent which is
optically connected to said optical fiber transm ssion |line coincides with

a node fiel didhameternofarsabgdtophacabptibel FuarsAbSSIIORdnigtta it fald s
within a range of 100 with respect to the node field dianmeter of said
optical 25 fhhebritiarinmmssdole | haein§5thd aypstrermaacaodiedy $trcd@ire 54,
wherein a 61 fourth connector connected to said fifth connector is
attached to the eidi€icandrppeti arefsriaisdceptioed bobemdospenedt whél e
sai d second MFD conversion portion is housed. 5 62 . AY. As. A{. Ah. AU. A3U. A

U. AU. Ah. Ah. At AUGa A . Aurt{t AorAN A. Abmpbhenfs 40 included in the
h& A{ & . AhLL. ALL. AULL. A3LL. A{ L. AhLL. A{LL. Ah. A. Ah9 . AF(% ALL. {9 .A{. AU L. A

hor . AS optical module 60 are optically connected to each other.
% AL_. AUL_. AA'9. A9 . AUL_. A 9. AhL_. AhLL. AhLL. A(LL. ALL. A{9L. A{9_. A{ % A&r. A{L
_.A{LL. AhLL. Phs%i Aulla®143. LenAFADId AQPerdvwn of the optical fiber
")_|}|lwnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
ca] ca] ca] ca] tapuvajtapidPa] ddhecaldda]icn]aTddngd2with a connector 500c,
and an end portion (the second MFD conversion portion
is positioned) of the optical fiber component 100,
10 which. is connected to the optical fiber transmission
line 20, 1s also attached with a connector 500a. The
connection aspects of the connectors 500a, 500c are
same structures shown in Figs. 15A to 15C.
In the optical communication system shown in Fig.
15 lo, mode filed diameters of the optical fiber
components 100, 400, which are optically connected to
the optical fiber transmission line 20, coincides with
a mode field diameter of the optical fiber transmission
line 20 or falls within a range of £10% with respect to
20 the mode field diameter of the optical fiber
transmission line 20.
As described above, according to the optical fiber
component, as an intermediate member for optically
connecting optical functional components having

25 different MFDs, an MFD conversion portion 1s provided

for each end portion, which changes the mode field
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attained. In addition, w1th the formation of an MFD

conversion portion which makes the mode field diameters
20 of an optical fiber component coincide precisely or
approximately with the mode field diameters of optical
functional components and the like to be connected to
the two end portions of the optical fiber component, an
increase 1in loss due to the mode field diameter
25 mismatches between the optical functional components

and the optical fiber transmission line <can be
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the invention, and all such modifications as would be

obvious to one skilled in the art are intended for

inclusion within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An optical fiber component including a first
optical <fiber having two end faces appropriately
prepared,

5 said first optical fiber having a first MFD
conversion portion for changing a mode field diameter
at an end portion including one end face of said first
ocptical fiber, and a second MFD conversion portion for
changing a mode field diameter at an end portion

10 inclyding the other end face opposing the one end face.

2. A component according to claim 1, wherein a
mode field diameter of the one end face of the two end
faces of said first optical fiber differs from a mode
field diameter of the other end face.

15 3. A component according to claim 1, wherein a
mode field diameter of an intermediate portion of said
first optical fiber which is located between said first
and second MFD conversion portions is smaller than one
of the mode field diameters of the one end face and the

20 other end face,

4. A component according to claim 1, wherein said
first optical fiber includes a core region extending
along a predetermined axis and a cladding region formed
on an outer surface of the core region, and

25 wherein an outer diameter of a portion of the core

region of said first optical fiber which corresponds to

46



,1s$10% & ()- (10% ()-3! (10%: ()-3$%Ra?= 100 F(10% & ()- 1! F(10%[& ()- ..
1! F(109RR& ()- 1! F(109WE& ()- 1! F(10%MV& ()- 1 100 10Qen{ Y7 —
10! - F $109%n& ()-!F $109%& ()- 10b 10b 10b9=s10%& ()-! F(10%NV& () -
11 F(10% [ & () -

10

15

20

25

at least one of sald first and second MFD conversion
portions is increased or decreased in a tapered form
along a longitudinal direction of said first optical
fiber.

5. A component according to claim 4, wherein the
portion of the core region of said first optical fiber
which corresponds to at least one of said first and
second MFD conversion portions is enlarged in a tapered
form along the longitudinal direction of said first
optical fiber by a thermal diffusion process.

6. A component according to claim 1, wherein said
first optical fiber includes at least a waveguide
member which is located at least at one end portion and
forms a portion of said first optical fiber to function
as one of said first and second MFD conversion portions,
said waveguide member having a mode field diameter
different from a mode field diameter of an intermediate
portion of sald first optical fiber which 1s located
between said first and second MFD conversion portions.

7. A component according to claim 6, wherein a
portion of the intermediate portion of said first
optical fiber which is in contact with salid waveguide
member has undergone a thermal diffusion process.

8. A component according to claim 4, wherein said
component further comprises a second optical fiber

which has a mode field diameter different from a mode
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first optical fiber which is located between said first
and second MFD conversion portions, and is fusion
spliced to one of the end faces of said first optical
5 fiber, and one of said first and second MFD conversion
portions which is to be located in a predetermined
region including a fusion splice between said first and
second optical fibers, or both said first and second
MFD conversion portions have undergone a thermal

10 diffusion process.

9. A component according to claim 1, wherein the
mode field diameter of the intermediate portion of said
first optical fiber which is located between said first
and second MFD conversion portions is 8 um or less.

15 10. A component according to claim 9, further
comprising a carbon coat formed on an outer surface of
sald first optical fiber.

11. An optical module comprising a plurality of
optical fibers each having the same structure as that

20 of said first optical fiber included in said optical
fiber component according to claim 1,

wherein at least one end face o©f one of two
optical fibers selected from said optical fibers
included in said optical module and one end face of the

25 other of the two optical fibers differ in mode field

diameter.
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12. An optical module according to claim 11,
wherein two optical fibers selected from the optical
fibers included in said optical modules differ in
length.

5 13. An optical module comprising a plurality of
optical fibers arranged on a predetermined surface,
each of which has the same structure as that of said
first optical fiber included in said optical fiber
component according to claim 1,

10 -wherein at least one portion of each of said
optical fibers included in said optical module "is bent
at a predetermined radius of curvature.

14. A module according to claim 13, wherein a
mode field diameter of an intermediate portion of each

15 of said optical fibers included in said optical module
which 1is located between end portions corresponding to
the first and second MFD conversion portions is 8 um or
less, an outer surface of each of said optical fibers
is carbon-coated, and at least a portion of each of

20 sald optical fibers 1s bent at a radius of curvature
less than 30 mm.

15. A module according to claim 14, wherein at
least a portion of each of said optical fibers included
in said optical module is bent at a radius of curvature

25 of 10 mm or less.

16. A component according to claim 1, wherein an
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increase in loss of said first optical fiber is 0.1 dB
or less when bent at a radius of curvature of 30 mm.
17. A component according to claim 1, wherein an
increase in loss of said first optical fiber is 0.1 dRB
5 or less when bent at a radius of curvature of 10 mm.
18. A module according to claim 13, wherein a
loss at the bent portion of said first optical fiber is
0.1 dB or less.
19. An optical module comprising:
10 .sald first optical fiber included in said optical
fiber component according to claim 1; and
a connector which i1s attached to at least one end
portion of said first optical fiber and houses one of
sald first and second MFD conversion portions located
15 at the end portions.
20. An optical module comprising:
an optical functional component;
a case which houses said optical functional
component; and
20 an optical fiber component which includes a first
optical fiber having one end optically connected to
sald optical functional component and a mode field
diameter of 8 um or less at an intermediate portion
excluding two end portions, said optical fiber

25 component being entirely or partly housed in said case

while at least a portion of the intermediate portion of
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curvature of less than 30 mm.

21. A module according to claim 20, wherein at

least a portion of the intermediate portion of said
5 first optical fiber is housed in said case while being
bent at a radius of curvature of 10 mm or less.

22. A module according to claim 20, wherein an
increase in 1loss at the bent portion of said first
optical fiber is 0.1 dB or less.

10 .23. A module according to claim 20, wherein said
optical fiber component has a first MFD conversion
portion for changing a mode field diameter at an end
portion including one end face optically connected to
sald optical functional component.

15 24, A module according to claim 23, wherein said
optical fiber component further comprises a first
connector which is attached to the end portion, on
which said first MFD conversion portion is formed,
while said first MFD conversion portion is housed.

20 25. A module according to claim 23, wherein said
first MFD conversion portion of said optical fiber
component comprises a second optical fiber fusion
spliced to an end face of said first optical fiber.

26. A module according to claim 23, wherein said

25 optical fiber component comprises a core region

extending along a predetermined axis and a cladding
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region formed on an outer surface of the core region.

27. A module according to claim 23, wherein said
optical functional <component includes an optical
waveguide element, and a mode field diameter of an end

5 face of sald optical fiber component which is optically
connected to said optical waveguide element coincides
with a mode field diameter of said optical waveguide
element or falls within an error range of £ 10% with
respect to the mode field diameter of said optical

10 waveguide element.

28. A mcdule according to claim 23, wherein said
optical functional component includes a semiconductor
laser, and the one end face of said optical fiber
component has a mode field diameter enough to obtain a

15 sufficient spatial coupling efficiency with respect to
sald semiconductor laser.

29. A module according to claim 28, wherein said
optical functional component further comprises an
optical coupling system for optically connecting said

20 semiconductor laser to sald optical fiber component
with a sufficient spatial coupling efficiency.

30. A module according to claim 20, wherein said
optical fiber component has a second MFD conversion
portion for changing a mode field diameter at an end

25 portion including the other end face opposing one end

face optically connected to said optical functional
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5 which said second MFD conversion portion 1s formed,
while said second MFD converslon portion is housed.

32. A module according to claim 30, wherein said
second MFD conversion portion of said optical fiber
component comprises a second optical fiber fusion

10 spliced to an end face of said first optical fiber.

33. A module according to claim 30, wherein said
optical fiber component <comprises a core region
extending along a predetermined axis and a cladding
region formed on an outer surface of the core region.

15 34, A module according to claim 30, wherein said
optical functional component includes an optical
waveguide element, and a mode field diameter of an end
face of said optical fiber component which is optically
connected to said optical waveguide element coincides

20 with a mode field diameter of said optical waveguilde
element or falls within an error range of =£ 10% with
respect to the mode field diameter of said optical
waveguide element.

35. A module according to claim 30, wherein said

25 optical functional component includes a semiconductor

laser, and the one end face of said optical fiber
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)eRO#tO#1Gpupling system for optically connecting said
semiconductor laser to said optical fiber component
with a sufficient spatial coupling efficiency.

37. An optical communication system comprising an
optical fiber transmission line having a third
connector attached to one end, and said optical module
according to claim 30.

38. An optical communication system according to
claim 37, wherein a fourth connector connected to said
third connector is attached to the other end portion of
said first optical fiber while said second MFD
conversion portion is housed.

39. A module according to claim 20, wherein said
optical fiber component has a first MFD conversion
portion for changing a mode field diameter at an end
portion including one end face optically connected to
said optical functional component and a second MFD
conversion portion for changing a mode field diameter
at an end portion including the other end face opposing
the one end face.

40, A module according to claim 39, wherein said

54

1099 & ()-T+



109%#& ()- tVvF7t$109M#h& ()- y{F" (10%F m& ()- F' (10%A

& ()-{{| A~ |[:bU410 {m(10% S& ()-! n(10% \& ()-! n(10% a& ()-! zn(10% -

& ()-1 @10%Ke$K&' ()-s &10% e$ & () -, sWi10 o L$10%#c& ()- L#L0%& () -

L#10%& ()- 10 e$ 10 e$ 10 e$ =10%e$ & ()- m(10%
a& ()-!UR | [ NA41010#10#10# = 10%& ()- yv& (10%m n& ()-S j
y& (10%n m& ()-S L$10%:& ()-s>|[: NAA1010 \F: $10% #) & () -

& (10% "& ()-S -
aF: $10% #. & () -

| F: $10907#78&

()- O#109& ()- 9#109& ()- L10%& ()->c|[: NA41010

~q3F7° $10UKH#K& ()- S5109%& ()- W 1096#$& ()-Z ) 10%t& ()-Z

i ]8) 109F#7&
S1098 & () -
| - $109%PHPE&
{& ()-sfgh~

10

15

20

&iiticatlB) FQUMAL ddmfocdighi VERLOEr (LORPAIEE&s() =5 SLQ%UHE () -

0041&" () - 10#10#10# &= 1004& () - 63bef [[: - 410#t =10%& ()-

EdnnecBiOVgh{dn |14 1R@Ea&d) o &ﬂa@%eﬁd()p&rﬁl&rw%ﬁ
28a@i0#t (10%@ @ ()-s!|! (109G N

which said first MFD conversion portion is formed,
while said first MFD conversion portion is housed.

41. A module according to claim 39, wherein said
optical fiber component further comprises a second
connector which 1is attached to the end portion, in
which said second MFD conversion portion 1s formed,
while said second MFD conversion portion is housed.

42, A module according to claim 39, wherein mode
field diameters of one of two ends of said "optical
fiber component is larger than a mode field diameter of
an intermediate portion between said first and second
MFD conversion portions.

43. A module according to claim 39, wherein one
of said first and second MFD conversion portions of
said optical fiber component comprises a second optical
fiber fusion spliced to an end face of said first
optical fiber.

44, A module according to claim 39, wherein said
optical fiber component comprises a core region
extending along a predetermined axis and a cladding
region formed on an outer surface of the core region,
and

wherein an outer diameter of a porticn of the core

region which corresponds to at least one of said first
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15 laser, and the one end face of said optical fiber
component has a mode field diameter enough to obtain a
sufficient spatial coupling efficiency with respect to
said semiconductor laser.
47. A module according to claim 46, wherein said
20 optical functional component further comprises an
optical coupling system for optically connecting said
semiconductor laser to said optical fiber component
with a sufficient spatial coupling efficiency.
48. A module according to claim 44, wherein the
25 core region of said first optical fiber of said optical

fiber component is enlarged in a tapered form along the
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sald optical fiber component comprises a second optical

fiber fusion spliced to said first optical fiber, and

the fusion spliced portion has undergone a thermal

10 diffusion process.

50. A module according to claim 20, wherein said
optical functional component includes an optical
waveguide element, and a mode field diameter of an end
face of said optical fiber component which is optically

15 connected to said optical waveguide element coincides
with a mode field diameter of said optical waveguide
element or falls within an error range of =£ 10% with
respect to the mode field diameter of said optical
waveguide element.

20 51. A module according to claim 20, wherein said
optical functional component includes a semiconductor
laser, and the one end face of said optical fiber
component has a mode field diameter enough to obtain a
sufficient spatial coupling efficiency with respect to

25 sald semiconductor laser.

52. A module according to claim 51, wherein said
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optical coupling system for optically connecting the
semiconductor laser to said optical fiber component
with a sufficient spatial coupling efficiency.

5 53. A module according to claim 20, wherein said
optical fiber component further comprises a carbon coat
formed on the outer surface of said first optical fiber.

54. A module according to claim 392, wherein mode
field diameters of two end faces of said optical fiber

10 component differ from each other.

55. A module according to claim 20, wheréin said
optical fiber component comprises a plurality of
optical fibers, at least one of the plurality of
optical fibers having the same structure as that of

15 said first optical fiber, and

wherein one end face of one of two optical fibers
selected from the plurality of optical fibers and one
end face of the other of the two optical fibers differ
in mode field diameter.

20 56. A module according to claim 55, wherein two
optical fibers selected from the plurality of optical
fibers differ in length.

57. A module according to claim 20, wherein said
optical fiber component comprises a plurality of

25 optical fibers arranged on a predetermined plane, each

of which has the same structure as that of said first
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plurality of optical fibers is bent at a predetermined
radius of curvature.

5 58. An optical communication system comprising an
optical fiber transmission line having a third
connector attached toc one end, and said optical module
according to claim 39,

wherein a mode field diameter of an end face of

10 said: optical fiber component which is optically
connected to said optical fiber transmissién line
coincides with a mode field diameter of said optical
fiber transmission line or falls within a range of *10%
with respect to the mode field diameter of said optical

15 fiber transmission line.

59. A system according to claim 58, wherein a
fourth connector connected to said third connector is
attached to the other end portion of said first optical
fiber while said second MFD conversion portion 1is

20 housed.

60. An optical module comprising a plurality of
optical functional components each having a same
structure as that of said optical functional component
according to claim 20, and one or more optical fiber

25 components each having the same structure as that of

said optical fiber component according to claim 20,
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wherein at least one of said plurality of optical
functional components includes an optical waveguide
element, and

wherein a mode field diameter of an end face of

5 said optical fiber component which is optically
connected to said optical wavegulde element coincides
with a mode field diameter of said optical waveguide
element or falls within a range of £10% with respect to
the mode field diameter of said optical waveguide

10 element.

6l. An optical communication system comprising an
optical fiber transmission line having a fifth
connector attached to one end, and said optical module
according to claim 60,

15 wherein a mode field diameter of an end face of
said optical fiber component which is optically
connected to said optical fiber transmission line
coincides with a mode field diameter of said optical

fiber transmission line or falls within a range of *£10%

20 with respect to the mode field diameter of said optical
fiber transmission line.

62. A system according to claim 61, wherein a
fourth connector connected to sald fifth connector is
attached to the other end portion of said optical fiber

25 component while said second MFD conversion portion is

housed.
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structure as that of said optical functional component
according to claim 20, and one or more optical fiber

5 components each having the same structure as that of
said optical fiber component according to claim 20,

wherein at least one of said plurality of optical
functional components includes a semiconductor laser,
and

10 wherein one end face of said optical fiber
component which is optically connected to said
semiconductor laser has a mode field diameter enough to
obtain a sufficient spatial coupling efficiency with
respect to said semiconductor laser.

15 64. An optical communication system comprising an
optical fiber transmission line having a fifth
connector attached to one end, and said optical module
according to claim 63,

wherein a mode field diameter of an end face of

20 said optical fiber component which 1is optically
connected to said optical fiber transmission line
coincides with a mode field diameter of said optical
fiber transmission line or falls within a range of £10%
with respect to the mode field diameter of said optical

25 fiber transmission line.

65. A system according to claim 64, wherein a
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