1 1 NOV 2005 TITLE OF THE | NVENTI ON Opti cal Fi ber Component, Optical Mbdul e,
and Optical Comrunication System BACKGROUND OF THE INVENTION 5 Field of the
I nvention The present invention relates to an optical fiber conpqn pb f@g
optically connecting different optical functional conmponents, an oﬁ %&
nodul e including the optical fiber conponent, and an optical conmunication
10 systemincluding the optical nodul e. Rel ated Background Art
Conventionally, in the field of optical comrunication, in order to increase
the capacity of conmunication channels, optical comunication systens 15
such as WDM ( \Wavelrermgt IrHD VitsiENT N t i pl exi ng) transmi ssion systens have
been introduced. To builTd such an optical communication system optical
functional conponerdstistich asibell Cddiiputasnt,i ghtpaveal C Meuiulle havendeen
used. It is expected that this 20 trend will growin the future. For
exanpl e, Japamgse JAt extimnhuai icb@iash INstet00- 275470 di scl oses a techni que of
connecting a planar lightwave circuit, in which the specific refractive
i ndex diff er empeKEROREN dAerHRVROENIEI @S regi on (core region) and the
cladding region 1S 1increased to 1.5%to realize a high degree of 1

5 Field of the Invention

The present invention relates to an optical fiber
component for optically connecting different optical
functional components, an optical module including the
optical fiber component, and an optical communication

10 system including the optical module.

Related Background Art

Conventionally, in the field of optical
communication, in order to increase the capacity of

communication channels, optical communication systems

15 such as WDM (Wavelength Division Multiplexing)
fransmission systems have been introduced. To build
such an optical communication system, optical

functional components such as a PLC (Planar Lightwave

Circuit) have Dbeen used. It 1is expected that this
20 trend will grow in the future.
For example, Japanese Patent Laid-Open

No. 2000-275470 discloses a technique of connecting a
planar lightwave c¢ircuit, in which the specific
refractive index difference Dbetween the waveguide
25 region (core region) and the c¢ladding region 1is

increased to 1.5% to realize a high degree of



1 1 NOV 2005 integration, to a single node optical fiber (1.3 um
zero-di spersion fiber) having a node field diameter (about 10 u na Imwaﬁﬁ
than that (about 6 u n) of this planar |ightwave circuit. in gene AI, %
an increase 5 in the degree of integration of such a planar |ightwave
circuit, the node field dianmeter decreases. If a planar lightwave circuit
whose node field dianmeter has decreased in 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 dianmeter m smatch. Accorcg.n to Jggane e Pat ent
Lai d- Open No. SOtRAZE SRy, et effdPd e PrenarPightwal PRl r i 12 i ¢ Rot
directly connected to a single de, fiber, but. one end _paqrtion._of . an
ntermediate 1THST GHIRH RaSa MO T i Al RS ditandPeF efUartt o LRRETEE ¢ he
pl anar lightwave circujit is tenporarily c nnectg%?to t?e pl anar _| i ght wave
circuit, and a % Ther rf’hr“ﬁy Jd???%eHLEQp WL fr dathent i §%ﬁ§rfor med
for the other ggd Pr%iq@ of ethi.s in%erngdiate fuier to incgeagg %h% node
field 20 di angtet 2 Thet #AFYEYS FAFSUSHd pdft i S* okl et 67 CASEP gl e
node opblical fi berh thergb 8? iic lelé .ganne in thaenl{))igrrllar #llgg vave
circui t”and siHyl & FodeITSht PEar SR AV o &iTFere fiode fi di'anet er s
to “each other.; 28 SUMKRY, OF THE INVENT! QY Ihe o 50l Jfavgnt or s fhavg found
the foll ow ng
planar lightwave circuit whose mode field diameter has
decreased 1in this manner is directly connected to a
single mode optical fiber, a connection loss of about
10 1.4 dB 1is caused by a mode field diameter mismatch.
According to Japanese Patent Laid-Open No. 2000-275470,
therefore, a planar lightwave circuit is not directly
ccnnected to a single mode fiber, but one end portion
of an intermediate fiber which has &a mode field
15 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
20 diameter. Thereafter, this end portion 1s 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.

25 SUMMARY OF THE INVENTION

The present inventors have found the following



| 1 NOV 2005 problens upon a close exam nation on the prior art. Japanese
Pat ent Lai d- Qpen No. 2000-275470 discloses the technique of optically
connecting a planar lightwave circuit to a single node optical fiBdrN&hHejugh
an 5 internediate fiber to reduce the connection | oss caused by the node
field dianmeter m smatch between the planar |ightwave circuit and the single
node optical fiber which is caused with an increase in the degree of
integration of the planar |ightwave circuit. This 10 intermediate fiber is a
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connected to t anar |g twave circult wever
lightwave circuit and the single mode optical fiber

which 1is caused with an increase in the degree of
integration of the planar lightwave circuit. This

10 intermediate fiber is a waveguide to be processed which
is connected as a portion of the planar lightwave
circuit to the planar lightwave circult because 1t is
difficult to perform a TEC treatment for the highly
integrated planar lightwave circuit itself. A TEC

15 treatment is 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 Lald-Open No. 2000-275470,
before a highly integrated planar lightwave circuit 1is
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



1 1 NOV 2005 mi salignnent

is allowed for core regions in connecting a planar

| i ghtwave circuit having a small node field dianeter to an internapigte

fi ber, and hence a high-precision connection technique is required,1 OV 2005
resulting in a drop in manufacturing efficiency. In a structure using an
internediate fiber as a portion of a planar lightwave circuit, the degree of

freedomin

designing the internmediate fiber is considerably limted in

consi deration of optical connection between 10 optical functional conponents
whi ch may have various node field dianeters. In addition, assunme a highly

i ntegrated pl anayal dlgrgtdntaves calduived staaptceat! yegdomectiad tonaestbghe
optical fiber through an internedi ate fiber whose 15 node field dianeter

node
is

equal to that =fplherapl dnaghtwaght waveuditr chhting tshesabbVe madtmnefield this
case, even if the planar lightwave circuit itself is reduced in size,
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interfere 20 with a reduction in the overall size of an optical
modul e. The preEsgprianiantdron hasriseni gmde tocisolgeet heisaboveqpipbtens, and
has as its object to provide an optical fiber conmponent having a structure
w th ab5hi gh 25 edegrdenofiidr eedenpl nrdesagnfaamuophgcalf fiedeneyvhavi g a
structure which allows the use of the optical fiber 4

structure using an intermediate fiber as a portion of a
planar lightwave <circuit, the degree of freedom in
designing the intermediate fiber is considerably
limited in consideration of optical -connection between
optical functional components which may have wvarious
mode field diameters.

In addition, assume a highly integrated planar
lightwave circuit is optically connected to a single
mode optical fiber through an intermediate fiber whose
mode field diameter 1s egual to that of the planar
lightwave circuit 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
with a reduction in the overall size of an optical
medule.

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
degree of freedom in design, an optical module having a

structure which allows the use of the optical fiber



1 1 NOV 2005 component and a reduction in size, and an optical conmunication
systemincluding the optical nodule. An optical fiber conponent acqo,rﬂﬁwﬂwgo
the present invention is an internediate fiber for 5 optically connect
optical functional conponents having different node field dianeters to each
other w thout increasing connection |losses, and is formed froma short
optical fiber having a length of several neters (preferably less than 1
meter) which effectively 10 suppresses an increase in connection |oss between

optical functigpabnea®PopgAt sahaviag-dibher ept gode, fighd i amgiers,( MDs),
e.g., an optical fiber, planar [lightwave circuit, and a sem conductor | aser.

An~ optical fibgpubkiast capkiyedlenf BeMLdimd heyORtdCata 1 5nddbes . component
according to the present invéention, in particular, is optically connected to

optical functionahpconpongtis haying mdaﬁﬂéﬂgn@”15ccéﬂgiﬂgnc%othhé“D end
faces of this optical fiber are preferably polished. In order to provide a

hi gh degree of ftregdom 2Q,L0+dgsi gni £ egandl esgrabnbhe skupess obeppt i £al ,
functional conponents to be connected, this first optical fiber has a first

MFD copversi ogppoELL 9] ffochanging acspdeaifi ekdndianeher aloibit portion
i ncluding one end facé of the first optical fiber, and a second MFD

conver si on 25p gk hionyf pfe £0ARYINL@ rode d i alidrdirarat excat caanengknortion
i ncluding the other end face opposing the one 5
without increasing connection Ilosses, and 1is formed
frocm a short optical fiber having a length of several
meters (preferably less than 1 meter) which effectively
10 suppresses an increase 1in connection loss between
optical functional components having different mode
field diameters (MFDs), e.g., an optical fiber, planar
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 optical
functional components having different MFDs, and hence
the two end faces of this optical fiber are preferably
polished. In 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 cne end face
cf 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



1 1 NOV 2005 end face. In this case, the node field dianeter of one end face
of the two end faces of the first optical fiber nmay differ fromthe node
field diameter of the other end face. As described above, this optﬁqqmvfmmpr
5 conponent has a high degree of freedomin design, which can effectively
suppress an increase in connection | oss regardless of the types of optical
functional conponents to be optically connected. The first optical fiber
descri bed above preferably has a constant 10 outer diameter to obtain

curThclent oL epgt i o011 0, 4 g oo sk SLome! ottt L Sl 2L

portion of the T1rst Opt ovée

41908.Ls i etgrably, spel|gr; 45 than

the first and co D .copyersjion por
t he node fieldeﬁgaﬁgggggcb Eﬁ J%EDeﬁ%I ce-or e other en re

oreferabry b Riosr g, Grare’; Sugasts, 0T nelhede TN e P i o

T b ooy PR SR AT s LBl 200k bl BT bty @

T ERc8 10 OEBLBSEHESR 6T, DR QUPRESSEE o HETob UG ASCRIT gAY Space

o 2P ool SRR g ol CORORREL 3 OB A fe
regardless of the types of optical functional
components to be optically connected. The -first
optical fiber described above preferably has a constant

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 um
or less. This is because, 1if 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 be suppressed. Even 1if the
accommodation space for the optical fiber component 1is
limited, an increase in the overall size of a module to

25 which the optical fiber component 1is applied can be

effectively avoided. Additionally, an increase in loss



6 1 1 NOV 1005 of the first optical fiber is 0.1 dB or |ess when bent at a
radi us of curvature of less than 30 nm preferably 10 mmor |ess. Further,
it is preferable that a loss at the bent portion of the first optj t&0Y fiilher
is 0.1 5 dBor less. In the optical fiber conponent according to the
present invention, the first optical fiber includes a core region extending
al ong a predetermned axis and a cladding region forned around the core
region. In this 10 case, each of the first and second MFD conversion

portions s @ gorkioncwbieh ps lasatad gt an end (OLLgn.of e, fhist

optical fiber reduced core region%ﬁ ong

Iongipudinal Qh!%ftéggiugf?%hgugkr%Er%p%%C§%%§l%ﬂﬁn'gﬁeﬁﬁpgérgfgggbg r 15
changi ng core region in this manner i ncl-ade,” for ~exanpl’e, anging e outer

di ameter of t core region itself.in a.tapered f Xp i.ng. of _reducing
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the core region uded | er ma usi on process),

and preparing w wavegui de .20 nmenper_, functi qni as_an D_convegsi on
portion. Each? OPEQ e Fprséxﬁﬂ?cgécngdtﬁﬁD%%ﬁﬁﬁgrgg%ﬁc%grFggﬁg i éb ai ned
by i ncreasing r{ggﬁﬂg sing the outer dianmeter of a core region of a portion

of the Tirst optical I’ ber which corresponds to at |east one of the first 25

and second MFD convgrsion pOLL]ons 04 t gnphQ0gkt ull ol a gl ecly oprgf the

first optical fiber.
present invention, the first optical fiber includes a

core region extending along a predetermined axis and a
cladding region formed around the core region. In this
10 case, each of the first and second MFD conversion
portions is a portion which 1s located at an end
portion of the first optical fiber and 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 regiocn
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 menmber functioning as an MFD conversion portion. Each
of the first and second MFD conversion portions is
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



7 11 NOY 2005 addition, each of the first and second MFD conversion portions
can be obtained by performng a TEC treatment for a portion correspf0dilg) to
at | east one of the first and second MFD conversion portions. Furthernore, 5
each of the first and second MFE 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 conversion portions, a wavegui de nenber having
a node field dianeter different fromthat 10 of the internediate portion of

the first Optlﬁgltl%(St?éghtg% ereediate portion, ngd”%éﬁWQdéopt.cm

conponent accordi ng présent invention may inc a secon
fib d Iy | d
ot 1 S o PR P rié;:rzce%mprg R
t | fib L , t I f I d
?g Bﬁg ofltﬁ;feng ?a éir% atorETE?Efpoptlg’f'jt %ga q#%e no % f?Z:OE%?ZﬁELgf
of an end facg;is.2q n%fcgg&;r?& hupdl Ushed, ogeg;?rcqgﬂg a TRGAreatiEnt for a
pon

portion corres o0 one  of st eécond ~“MFD conversi on bortlons

adj acegt to t%%c%?%99dtﬁ%§'f?%stf'éﬁﬁ sdBEnQPY cShQEEsEBHp 1 @ggordi ng

to the 25 present invention may furtheéer rncl ude car coat ayer forned
on the outer %H% %Cec8£etr¥%éi6§§ (HHAAE@ in a stepped form can be
obtained by fusion 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 mcde 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



8 1 1 NOV 2005 5 fiber. Wth this structure, even if a portion of the first
optical fiber is bent at a radius of curvature of I|ess than 30 nn}
furthernore 10 mmor |less, static fatigue rupture is avoided. The éadeQ%
fi ber conponent having the above structure can be applied to various opti cal
conponents. For exanple, optical conponents to which the optical fiber
conponent can be applied are an optical nodule having a plurality of optical
fi bers, one of which 10 having the sane structure as that of the first
.The_optical nodul e t9 th present

ical fib dth di
?ﬁagﬁ?ion hagr&b%?fuétﬁ%éhmﬁmgﬁzﬂq %ﬁ?%??edﬁcFloﬁggor gFaPP Size %ﬁlle

various opti cz%l n%tl chnCaaIl corrrposn epLs.are hoga%quSl\/brfe ex?'ﬂcdfeal(gi’ this
opti cal modul & ™ cléﬁés an ca} URcEi onaf corponen suc an optical

fiber, a plan g ircuit (o Y69 | e

senlconductorﬁﬁgge PE%“CS%@ nﬁbusF%ﬁg%ﬁgm8ﬁFlc ? gmﬂcfﬁbngg %bnﬁ%%%ﬁ © and an
20 optical f %g éﬁgp%ne %_houseq“k?(%QF case, together wth the optlcal
functi onal T (ﬁﬁ Eal conponent in particular, is an

intern%diatg ??1f0r qgnneftng the %ggg %un av%@gl qgﬂpon gveln t he
U se,

case to0 an optlcal fnct® onent and rned from
a short Optlcgtrhlgureh%%ﬂn%e applied to various optical components.

For example, optical components to which the optical
fiber component can be applied are an optical module
having a plurality of optical £fibers, one of which

10 having the same structure as that of the first optical
fiber, and the like.

The optical 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, 1s 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



a length of about several neters (preferably less than 9 1 1 NOV 2005 1
nmeter). This optical fiber (first optical fiber) has one end optica{hg
connected to the optical functional conponent in the case, and an V 200
internedi ate portion positioned between two end portions has a node field 5
diameter of 8 in or less. The optical fiber is entirely or partly housed in
the case while at least a portion of this internediate portion is bent at a
radi us of curvature of less than 30 mm preferably 10 nmor less. In this
case, an increase in loss at the 10 bent portion of the optical fiber is
preferably 0.1 di:tex) | esthis abkowahi ghibaensiftiystntagriciommectibar) Asas
descri bed above, in the optical nodule according to the present invention,
an optical filere endpeopdardtcafldy optnrattgdcdmonethe ngrdan azdt | fahctibofhahct i onal
conponent inside the case to an optical functional conponent outside the
case i s real i zethdnpnemrt dpti cak fchee,st eudt uae reststaatiitbebepdrngon
(allowing high-density interconnection) so as to make an increase in |oss
at the bent parddidndrecbnpebwiedB toro | ensl. 20 Thorss maleess &t meeksi Bieldo
reduce the overall size of the optical nodule. Note that a reduction in the
si ze ob each ofitanezader f wiEct Bonal mcosponesssi t selthd neipdd ddie ¢aberi Sis
preferable for a reduction in the size of the optical 25 nodule. In this
case, a node farglidedivanet epant$yaholised in the case while at least a

portion of this intermediate portion 1is bent at a

radius of curvature of less than 30 mm, preferably 10

mm or less. In this case, an increase in loss at the

10 bent portion of the optical fiber is preferably 0.1 dB

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 1inside the case to an optical
functional component outside the case 1s 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 to 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



may occur anong optical functional conponents |ocated 10 11 NOV 2005 inside
and outside the case. For this reason, it is preferable that the a v 2008
optical fiber conponent further include a structure for effectively reduclng
a connection | oss between optical functional conponents 5 |ocated inside and
outside the case. More specifically, the first fiber included in the optical
fi ber conponent preferably has an MFD conversion portion for changing the
node field diameter at an end portion including at |east one of the end

faces. Mre prigfarabl y,gt %%Jé&rcfetacéﬁ?NEQs‘éQ”V_e%%}ronclﬁoétEQQs&ﬁ f%ﬂ‘égsat an

end portion including one en o bé optically connected fot opti cal

functional co ] depthe ease, 3det heoseoond AR CONUSL QD por Li on

is formed at an en portion 1nc ing the other end face opposihg one end is

face. Inthis f?ﬁscgﬁef N QL f6ketQ RN, high @%%%%iv%ﬁ%&%%%ﬂdcj‘ gesign

so as to effectively suppress an 1 ncrease 1 n connection ss regardl ess of

the types of =copticcali fiinetianaloconppnentis Lo beyaptisabhy congesteds  the

node field di aneter one en ace e two en aces o I rst

opti cals fiber jnay . dif f M@%@a&utgidgh?ﬂgt g%rsee.nd ﬁ&cee-sg{tﬁiegpgﬁ% ' ,e: g

di anmeter of the intermediate portion o irst optical
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preferably has an MFD conversion portion for changing
the mode field diameter at an end portion including at
least one of the end faces. More preferably, the first

10 MFD conversion portion is formed at an end portion
including one end face tc 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

15 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

20 faces of the first optical fiber may differ from that
of the other end face.

The mode field diameter of the 1intermediate
portion of the first optical fiber which is located
between the first and second MFD conversion portions is

25 preferably smaller than the mode field diameters of one

end face and the other end face. More specifically,

11



end face and the other end face. Mdre specifically, 11 1 1 NOV 2005 the node
field diameter of the internediate portionis preferably 8 p mor ﬁq%my by s
is because, if the node field diameter is 8 umor |ess, even when a portion
of the first optical fiber is bent at a radius of 5 curvature of |ess than
30 mm preferably 10 nmor less, an increase in bending |oss is suppressed.
Even if, therefore, the housing space for the optical fiber conponent is
limted, an increase in the overall size of the nodule to which the optica

fiber conponent_is 10 applied can bhe effectjvely. avoide te that since
the first andr{s%l@cg[?\%c??VF%P%%ﬁvedrlgimg eﬁor?fo#slea%}étegﬁggg%ftieg%é)eﬁtol%lenﬁ ng, a
connector may beégt2&>he to_ an gfd orthgn of. the optical. iter copponent
whil e one of & Fid%stY dhd”decth conversi-gn “F&PtiS6ms i % HiRed,
dependi ng on interconnection conditions. An optical dul e according fo the
present inve Jiegﬁi rfﬁyanierﬁq%d“esa pI“LfFa?FtieBF'oﬁtvle@alr"T"%@inbé’r PO i ng t he

PR SCTLCt US4 ISPt IGAL, L perc gamponent Lyt ng e st ot rughure. I
ode 11219 O MELRLSIRG 20 JOUOEHL L 1sbEn CRSZeull S 0ntlcal 1poll e (he
constituting the gptical,fiher, cogponent are; Al ed. Even if,
therefore, the housing space for the optical fiber
component is limited, an increase in the overall si:ze
of the mcdule to which the optical fiber component is
10 applied can be effectively avoided. Note that since
the first and second MFD conversion portions are
susceptible to bending, a connector may be attached to
an end portion of the optical fiber component while one
of the first and second MFD conversion portions 1is
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 having
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



adjusted in accordance with the node field dianeters of 12 11 NOV 2005
optical functional conponents to be connected. In addition, in anngﬁﬂgﬁam

fi ber conponent including a plurality of optical fibers in this r, P%e
| engt hs of these optical fibers nay be separately adjusted in 5 accordance
with the positions of optical functional conponents to be connected so as to
mnimze the necessity of an excess |ength accommodation. In addition, an
optical fiber conponent may have a structure in which a plurality of

i ncluded optical_ ., 10 fibers (each having the same structure %s that of the
first optical el arfdiardiyed seme ertf ngﬁ FPRRECTFA -t hi sRase, at

| east a portion, of each optical fiber_included in the ti,caEPfi ber

conponent i s BEHTIANa dredaPertRhelt adiiReor CRPRSIYe d0E1PE1PS tfe
positions of optical, funcfional conmponents to be connected and a ljmtation
on the housi ndﬁé’p'féel@f ?%eOpBb‘t:?i':a 1PEpEr lE‘oﬁgﬂﬁeﬁ"ta}nW'e SRct#REERFY, the
node field dianeter of the intermedi ate portion of each optical fiber
i ncl uded in tK optfeal SRtd&Rcohpdfent W20 i#f cREPETREEIY e F D8t ehd
portio correspondjng to the first and second D conversign portions is 8
gi n orq‘:’sl ess, WO TRARE® sitfdte L6 eRCRLGPOREal OF i bBPLEE ca?%BEtEBEFéd, and

at least a portion of each optical fiber y be bent at a, radius oLhe

curvature of IERANEHTS 25B0 Bin FELK Dy 49 ndf ortPesBinimize

necessity of an excess length accommodation.
In addition, an optical fiber component may have a
structure in which a plurality of included 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 component
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 o¢f the intermediate portion of each
optical fiber included in the optical fiber component
20 which 1is 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 is
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



If the optical functional conponents included in 13 1 1 NOV 2005 the case

i ncl ude an optical waveguide el ement, the node field diameter of fahNBhdilbace
of the first optical fiber which is optically connected to the opti cal
wavegui de el ement preferably coincides with the node 5 field dianeter of the
optical waveguide element or falls within a range of 10% w th respect to the
node field dianeter of the optical waveguide elenent. If the optical

functi onal conponents housed in the case include a senm conductor |aser, one

end face of thselQddd sty opidealnfbpe Brelarably has aame, fhel dodl anet er

f
enough to obtain a sufficient spati couplin iciency with respect to

the sem condughQn 4 a§¢LpekBy g tiONepid E5-DT &l £rahle %@?Etthggégéi% | ens

optical fiber “further 1nclude an optical coupling system such

in order to opft-ﬁ)%q_.l I thci%’?{‘e%tﬁ tt&g)u%eégfpyd%&g{ecgéaéerté op%fgg féérg%c gti cal

fiber with sufficient "spatia Ing efficiency. The optical u

accor ding to LG HASENt o1 LARR! | 0P FBYGOPPIIsas Ayl utal ki nds of gpti cal

I
20 functional conponents’in a cas and ' Th this case, further conprises one

or nore optic%geﬁbbegigggﬁgqeng§ EHeorggEiE81C°Q§€8 uPELWegNef, 06 OPL 4 cal

functi onal conponents, between the optical functronal conponent and an
external Pl G LINGAHNR! 2 CRERGRCTYS £2D LU RSB0, 0R (R IPShoe
field diameter of the optical waveguide element. If
the optical functional components housed in the case
include a semiconductor laser, one end face of the
10 first optical fiber ©preferably has a mcde field
diameter enough to obtain a sufficient spatial coupling
efficiency with respect to the semiccnductor laser. In
addition, it is preferable that the first optical fiber
further include an optical ccupling system such as a
15 lens, in order to optically connect the semiconductecr
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 the 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



In the case that at |east one of the plural kinds 14 1 1 NOV 2005 of optical

functi onal conponents disposed in the case includes an optical mgwqﬁwiﬂ@
elenent, it is preferable that a node field dianmeter of an end face of %e
optical fiber conponent which is optically connected to 5 the optical
wavegui de el ement coincides with a node field dianeter of said optical
wavegui de elenment or falls within a range of 10% w th respect to the node
field dianmeter of the optical waveguide elenent. Also, in the case that at

| east one of e phucaly kigds:9b:10 pkieRlefunci gpplogomonents djel udes a

sem conductor “laSer, 1t 1S preferable that one en ace of sal opt1 cal

fiber conponeglﬁ%%\(@e{igg LS %%Eh'i%agll xbﬁq}ﬁc&eed %&neﬁgifdigeqisc%%(% pilaser has

a node field eno to o a sufficrent spatial I'ng is

of {1 cf ency i i, fespeciod. s ) Ferlican ofd aser . oThe spicale mayl e

havi ng the above structure can e ap to an optircal comunication system

ncl uding  an.optLER! sLhBS" danamasian i nes bpea8a0pL] calbncepmunigati on

system accor di e present 1 nvention, iameter of an

end faﬁe of the filst; . opt i“{:as}neegdi ‘@Tefn eS| gggbggldle\% Cﬁﬂgﬁgtﬁgd‘g&%é he

optical fiber transmssion preferably coi nci th the reld
0% th 25 TeeRect A (95 e TR b anetorarooRe Sptt ke S s O
falls within a range of £ 10% with respect to the mode
field diameter of the optical waveguide element. Also,
in the case that at least one of the plural kinds of
10 optical functional components includes a semiconductor
laser, it 1is preferable that 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
15 efficiency with respect to sald semiconductor laser.
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 1line 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



transm ssion line. In addition, a connector may be is 1 1 NOV 2005 attached
to an end portion of the optical fiber transmssion line. In this case, a
connector to be connected to the connector attached to the end 1pbNiV 35 of
the optical fiber transmssion line is preferably 5 attached to an end
portion of the first optical fiber while the second MFD conversion portion
is housed. The present invention will becone nore fully wunderstood fromthe
detail ed description given hereinbelow and the acconpanyi ng draw ngs which

are 10 given by way of illustration onl .and thus are not,_1o . be_considered
as limting th%ttﬁ%ke%t Fhv et oﬁ?QFqu’?{TEFO coﬁguofta}]aeppl‘?%%b??]rtyfb]?efhe
pr esent inveEtion mﬁll.becgne apparent _fromthe detail ed descri tigg gi ven

hereinafter. &, °§4°%hodf'§ -be 14 yﬁlaéfstc_cﬁjsde’ft ht THEHetQr | _

dosor pi1 on, and sheaily oo sl ea, ML e L1 cating prelersed sapoduents of
and odt 1 cat Lons LN H0% SR 204, seope ol 11, LNenty on url L becors
CREF LESCI PN St CEANDGE FLgsicd, L i owshon g the shiyeiure of
present i nventi,an cqy be, anpl { §eky, 25,5 95:; 20 209, 28,20 ¢ wigug,showi ng the

The present invention will become more fully
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 become 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 DESCRIPTICN OF THE DRAWINGS

Figs. 1 1is a view 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

16



a nodul e rack to which the optical fiber conponent 16 1 1 NOV 2005 accordi ng
to the present invention is applied; Figs. 3A to 3C are views each shogﬁﬁ
the basic structure of the first enbodi nent of an opti cal nodul €] i ng
to the present invention; 5 Fig. 4A and 4B are views show ng the basic
structure of the first enbodi nent of the optical fiber conponent according
to the present invention; Figs. 5A to 5D are views each show ng the
structure of an MFD conversion portion in an optical 10 fiber conponent

according to the gresen% entlon 6A to 6C are views for explaining
vari ous connBEEPOAIEEr Gt & pFSFeBﬁtIEXFnF&ﬁ@tl&happ fnents and optica
fi ber conponents; 7S shomﬁn the structure of fhe 15 second
enbodi nent of t he E&glcapﬁl gbﬁ%ﬁ%eﬁﬁ W&xﬁﬁﬂpn %ﬂy Pes&fst

i nvention; i ho t he_struct f the . third e ment of
he opt 1 cal 1 PBERCETRBoNt EoCEoF 8F nE TG L RENr G¥art | AEHEPonTOR i os

to 9C are views sh mﬁng var nDdlflcatl%ns of an optical nDduIe accordlng
to the first2ehBd FﬁﬂnFo ﬁhﬁ PI§SERty 19 $R6Mi ng the schematic structure

of the_second enbo |nent of th optical nodule 25 according.to the present
i nvent Pon: 9 cf Eé are Jiews showfng % tbasf

structure of the first embodiment of the optical fiber
component according to the present invention;

Figs. 5A to 5D are views each showing the
structure of an MFD conversion portion in an optical

10 fiber component according to the present invention;

Fig. 6A to 6C are views for explaining various
connection structures for optical functional components
and optical fiber components;

Fig. 7 1is a view showing the structure of the

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. %A to le 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

17



Figs. 11A and 11B are views showng the first and 17 | 1 NOV 1005 second
structures of an optical fiber conponent which can be applied to the opti cal
nmodul e according to the second enbodiment; Fig. 12 is a view showi ANGVhHA0S
third structure of 5 the optical fiber conponent which can be applied to the
optical nodule according to the second enbodinent; Fig. 13 is a view show ng
the structure of the fourth enbodinent (optical cord) of the optical fiber
conponent according to the present invention; 10 Fig. 14 is a view show ng

the schematic structure of the third enbodiment aof the optical nodyl
according to PRECPFesEUGHRA i Bh; a8 gePTISAL( & 1P%E aF%IQW’éﬁBtngWCEb
various nodifications of_ an _optical comrunication_system (an 15 optical
communi cati on §9§t§ﬁia§%%}ﬁ?%gepotﬁﬁ% %PE%%ﬁf Fﬁ@@&@idﬁ?C?%gﬁ%$cﬁotﬁ%“bptical

nodul es according to the first and second enbodi nents are applied; and Fig.
16 is a view sR8®PRY SAGPALMERGdi fication of an optical conmunication system
(an optical 20 communi cation system accordjng to the present inventiaon) to
whi ch the optical nBad-es2acicor i Ng o SR RAI FBCenodi freRt TRSTHBHI i%d.

DETAI LED DESCRI PTI ON. OF THE ,PREFERRED ENMBCODI MENTS Each enbodi nment of an

opti cal °fi ber EBRpERERLEL FEDEHT ICOMPRFIY R4y PR BEI 2BBAWGHRI &t T8 system

optical module according to the second embodiment;

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

10 Fig. 14 is a view showing the schematic structure
of the third embodiment of the optical module according
fto 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 1s a view showing another modification of
an optical communication systemn {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

FEach embodiment o¢f an optical fiber component,
25 optical module, and optical communication system

according to the present invention will be described in

18



according to the present invention wll be described in 18 1 1 NOV 2005
detail belowwith reference to Figs. 1, 2Ato 6C, 7, 8 9A to 9C 10, 11A,
11B, 12 to 14, 15A to 15C and 16. Note that the sane reference nuheNBY 003
denote the sanme portions and el ements throughout the drawings, and a 5
repetitive description will be avoided. An optical fiber conmponent according
to the present invention is an internedi ate nenber for effectively
suppressing an increase in connection | oss between optical functional
conmponents having different 10 node field dianmeters (MeDs), e.g.,_an _optical
fiber, planard8iaht eECei vEERt TeARECBERI E6ndudtor Hragdy ,tankf i hcl Bdes a
short optical fiber having a paxinumlength of about several neters
(preferably | eds thafC1 'er}yAFoﬁlgxaﬁgie?oa§4shdMﬂAiF°F#ép A9 ah®ept i cal
fiber 15 conponent according to the present inventjon includes an optical
fiber 200 havi¥f§iFRetardiesctdmd FRHSIEHRFerSFHH Pt t AERST210-hdS2BO at its
two ends. These conversion portions serve to convert node field djaneters.
This optical MBI AshpeREnt e tAREBES affILiRWPD % 0TAR PIFEHIIToNFdten such
as an optical nodule, as shown in Fig,.1l. Fig. 1 is a view showi ng the
structute of &SRSV IH IR ¥ bt Vi chvehéedopti cal fiber conponent
according to the present invention can be applied. In this optical podule, a
25 predet er mi ned opth caPPEufeti ofdiPsdompore et i sar6qsedng  to  the

present invention 1is an intermediate member for
effectively suppressing an increase in connection loss
between optical functicnal components having different

10 mode field diameters (MFDs), e.g., an optical fiber,
planar 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

conversicn 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 1s 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

19



in a case 30. An optical fiber conmponent 100 according 19 1 1 NOV 2005 to the
present invention functions as an internmediate nenber for optically
connecting the optical functional conponent 40 nounted in this opiﬂd@NZMS
nodule to an optical fiber 20 which is an external optical 5 functional
conponent. Figs. 2A and 2B are views showi ng the structure of a nodul e rack
110 to which the optical fiber conponent according to the present invention
is applied. A plurality of cards equipped wth optical functional conponents
40 are nDunteqﬁpn 10 the shel ves of thisﬁgnd l.e rack 110. |n_this cage as
wel |, the opti®al tR¢ b&F eSEMFonEnT€1B8°R a Ph a8 Fh TRERFARAFAte menber
for optically connecting these ptical functional conponents to_each. ot her.
Figs. 3A Lo SECHREN| E9B SROWCA] Lohc LRRFEL 1% SLFUGHINES bof TURCHRETEA)
nodul e according to the first enbodi nent of the present invention. An
opti cal nodul ECTRPHTor di%hg eI f itfst b ﬁﬁodPﬁEﬁFaﬁncmﬁagieangoop?Pca

fiber, a planar |ightwaye circujt (optical ,wavequide elenent), ap.optica
functi onal coﬁﬁﬁﬁé%g'40 ?@egucﬁi%s éﬁ§éﬁicoﬁﬁuct I§§§FFn§qcas%pgbcgiusing
the optical functi.,onal. conponent 40, and_.an optical fiber conponent 100
oused 3 n & he (LIS 130 Fon (Rt bt ho L85t | CBi _ At iolhal S SO NpOREHE 40,
The optical fiber , conponent 100, in particular, functiaons as .an 25

i ntermedi at e MG St FTaF Y oRhedt f“ﬁéuiﬁe rack 110"t WRICA the

optical fiber component according to the present
invention 1is applied. A plurality of cards egquipped
with optical functional components 40 are mounted on
10 the shelves of this module rack 110. In this case as
well, the optical fiber component 100 can function as
an intermediate member for optically connecting these

optical functional components toc each other.
Figs. 34 to 3C are views showing the basic
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 1lightwave circuit (optical
waveguide 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, functicons as an
25 intermediate member for optically connecting the

optical functional component 40 in the case 30 to an

20



optical functional conponent 40 in the case 30 to an 20 1 1 NOV 2005 optical
fiber 20 (a transmssion line in an optical comunication system) which is
anot her optical functional conponent |ocated outside the case 30, fpﬂg i@
formed froma short optical fiber having a length of 5 about severa Yg é
(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 |ess. Thewopidcalfiljeber 200monerankaQ siss dwousedel it hencasgridfiwhil e
at least a part of the internediate portion of the optical fiber included in

the optical fidwmurcirponant |isybest) at whiadi usiof cunyehere ropkessithan 15
30 nm preferably 10 nm or Iessg. Wth regard to the housed formof the

optical fiber mommone] 188mpbhentwhndeatopd i eak stidkerticonmpagent3d00apray be
housed in the case 30 as shown in Fig. 3A or part of the conponent may be

housed in the iGasB3fedst sHAWA isholitd.cptBcad0 Alder nedvmedya Benghawastin Fig.
3C, an excess length accommodati on nay be perfornmed for a part of the

opticals fi ber grONesle280 WHttdrd s (pedsedabnyt hel €8sethidd. Rekhekeirng to
Fig. 3C, reference nuneral 110 denotes a surplus length handling portion of
the 25 opti calridespeoaponeribdPO. ( ik sar deptioal ediitz®) has one end
optically connected to the optical functional component
40 in the case 30. At least an intermediate portion of
this optical fiber, positioned between 1its two end
10 portions, has a mode field diameter of 8 um or less.
The optical fiber component 100 is housed in the case
30 while at least a part of the intermediate portion of
the optical fiber included in the optical fiber
component i1s bent at a radius of curvature r (less than
15 30 mm, preferably 10 mm or less). With regard to the
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 in 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



hi gh-density interconnection, a loss increase in the 21 1 1 NOV 2095 bent
uortion of the above optical fiber of the optical fiber conponent iq%gwamm
preferably 0.1 dB or |ess. When mniaturization of an optical nodule 'to Ich
the optical fiber conponent 100 is applied is taken 5 into consideration,
vari ous problens are posed. For exanple, the fusion splice between the
optical fiber conponent 100 (essentially the optical fiber included in the
optical fiber conponent 100) and the optical fiber 20 which is an external
transm ssion

l.i ne needs. 10 t rei.nforced to_ suppress i,ncrease i
connecti on |<Rﬁ§%|9P¥E+%nc8§e?%ﬁbw$W¥€ ?%Elﬁﬁirgﬁ e§ifgn&ﬂ“?h8pgbﬁﬁica
nodul e i ncreases unl ess the op%' al fibe conpopent 100 is bent at a smaller
radi us of curdgﬁﬁﬁﬁacoqﬂ§§ﬂﬁ%Fp g§ bﬁépE%%eB?b?Qegogt? aPrfiSEF'conponent 100
Vevegul de. Grat i ngy reR S beF At FayTofn et Rt ABIGEh (MR NFD GoROLES! on
portion is hoysed in, . this %iber array, no n reinforcing structure is
required. If,%ﬁﬁhe98F}CFHe ﬁ?FEmC9W§§ﬂeﬁ%cﬁE%bdl?n%ﬁ?%%ﬁé dﬁ&igﬁgeFiber
conponent 100 .is a Eenenal singl e node ogtical fi ber, since a_transm ssion
less i S caused™Hy HBRATAGTE&IPErt BEL+ARS ofti XA ST bEF Scopdnent 168 cannot
be bent at a small radi of _curvature., In ghis casg as I.I, .the,overal
Size of the OftitH SrodilE  BEtHAnGE HETeLFEAEEH o fuahtical Tiber

component 100 (essentially the optical fiber included

in the optical fiber component 100) and the optical

fiber 20 which is an external transmission line needs

10 to be reinforced 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 circuit such as an

AWG (Arrayed Waveguide Grating)'via a fiber array. In

this case, if an MFD ccnversion portion is housed in

this fiber array, no new reinforcing structure is

‘required. I1f, 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

22



The optical fiber conponent 100, which can be 22 1 1 NOV 2005 applied to the
optical nodule according to the present invention, includes the optﬂchNUYﬂﬂEr
whose internediate portion, positioned between the two end portions, has a
node field diameter of 8 mor less 5 (preferably Iess than 6 u n), and hence
has a |l ow bending |oss. This nmakes it possible to bend the optical fiber
conponent 100 at the radius of curvature r (less than 30 nm preferably 10
nmor less) that is snmall enough to realize high-density interconnection or

10 kagi t ed t h I, . _As , th |
Si 26 of the oftiaE ol BR20 ST Ee s ME GHe SROaRTIRRE g8, W (57SEkan be
further decreased. .As the ogverall size .of the _qptical dule 10 15

decr eases, théQﬂﬁﬁﬁﬁﬂnﬁuncﬁpﬁaﬁpeéonp&ﬁgﬁt 4§ﬁﬁ%ﬁﬁ , n&ﬁﬁ@ﬁ i s WoesRd in

the case 30, needs to .be decreased in size. This nmay cau a node field

di aneter ni snsh“%ﬁm] epﬁ’éi\h@é’n &???ﬁh%n?gc}%ﬂy‘?%i ean5w8ut§?§e t he
case 30. In such a case, if the optical fiber 20 conpgonent 100 according to
the present i BPEFLOGT /i shadpdl it o fiRéJotiadttdalfe 8104 Bn Vpt +88F nodul e
wi th a_higher degree of freedomin design can be realized. That is

opti caP nodul dPF&F SFe&desi g  SheR thatH ther nl? f FETF i &St ef O%O?Re
'ntermediate g3 BAHY 9025 2N opti Al ideT 200 MIGR IS hacAhedy cne
optical fiber component 100 at the radius of curvature
r (less than 30 mm, preferably 10 mm or less) that is
small enough to realize high-density interconnection or
10 packaging (to reduce the housing space). As a
consequence, the overall size cf the optical module 10
like the one shown in Figs. 3A to 3C can be further
decreased.
As the overall size of the optical module 10
15 decreases, the optical functiocnal 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, 1f 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 1is located

between first and second MFD conversion portions 210
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between first and second MFD conversion portions 210 23 1 1 NOV 2005 and 220
is smaller than the node field dianeter of each of two end faces Zi% d05
221. More specifically, the node field dianmeter of the internedi at d@ﬂt%gn
of the optical fiber 200 which is | ocated between the first 5 and second MFD
conversion portions 210 and 220 is 8 p m or less (preferably less than 6 p

m . The optical fiber conponent 100 according to the present invention is
desi gned such that the node field dianmeter of the internediate portion of
the optical fiber 200 which is 10 | ocated between the fjrst_and second M-D
conversi on poitf ons! 216 éﬁélgﬁé it8 2SS MGYfant 4 JfoBRERT eRd °P&Ee. This
makes it possible to effectivelyaiuppress an increase in connection |oss due

to a MFD mi smeREeht"BetiiCent 3RS opt i c&R urrct i ondIC T€onPoteht L St ¥ he t16

optical fiber conponent and reduce the bending | oss.  Therefore, the optical
fiber conponeH?OggoféﬁidelB@ﬁFeraﬁ”% E?%IFanamﬁgléﬁecd¥¥%ﬁﬁyb ?%h@hﬁousing
space can be reduced). As consequence, the optical nodule shown in Fig.

. a )
3A can be furt®RYleRtr ddded i AVQi ¥E1P0 Vhen A ShsPREVEGR it fomSt
conmponents housed in the nodule rack 110 shown in Fig. 2A are connected to
each other thrdughseaeRAptiFBaronvBssiesnpoaeiontod s an@l $20sifcé the
optical fiber conponent 100 can_ be bent at a small radius of curvature as
shown in Fig. 2B leos 26rsgberabhal LeREekldAnbecti®h- sphe® PBLEEFLI feBETNot e

component 100 according to the present invention is
designed such that the mode field diameter of the
intermediate portion of the optical fiber 200 which is

10 located between the first and second MFD conversion
portions 210 and 220 is smaller than that of each end
face. This makes it possible to effectively suppress
an increase in connection loss due to a MFD mismatch
between the optical functional component and the

15 optical fiber component and reduce the bending 1loss.
Therefore, the optical fiber component 100 can be bent
at a small radius of curvature (the housing space can
be reduced). As a conseguence, the optical module
shown in Fig. 3A can be further decreased in size.

20 When the respective functicn 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 1s reqguired. Note

that the broken lines in Fig. 2B indicate Thow

24



that the broken lines in Fig. 2B indicate how 24 1 1 NOV 2005 interﬁoqﬁﬁc%hon
is made by using an internediate nenber wth a | arger bending radi Ud. 005
Qobvi ously, using such an internediate nenber with a | arge bending | oss
requires a larger interconnection space than in the case of the 5 opti cal

fi ber conponent 100 according to the present invention. Mre specifically,
the optical fiber conponent 100 which can be applied to the optical nodule
according to the present invention includes the optical fiber 200 10 havi ng

the polished g nd 8663 214 ad 22190.85,100ANRGL ORH G2l fyngt | ona

conponents | ocated Tnside or "outsi e cas , a own 11N Fi gs.

4nand 4B archeus Shoplig.uhe, of Ta0gerent 8L LS A Stycisibadiapnt, of the

optical fiber "conponen ccor 0 he present "ifriventi n order to

reduce the connect] 1_0ss between .pptical funcijonal c nen Vi ng
different node” i g‘l%gllgi%é?rrel?eer & ‘ﬁlggr £ glu raqye, %%@%P?eggg% greéréﬁjgge%’ n an

optical fiber cquonent. 00A havi ng. the first %$ struc%Hre Erefe&gbly has a
§ 8

first MFD con?er|5%$ﬁxﬁ%'%ﬁFogﬂfF 0 ncﬁgﬁﬁ?n Ye Hode''Fi §F3d dianerer at an

end pertion inc¢l.udiing-one_end face 211 nd econ D nver si on_ portion
220 fog changPﬁ%l%%é n%leg¥iéiém§%ﬂ%§ t%Paataf%%ro%%grNghdtﬁgcégaéﬁe%%posing
one end 25 fag%v%%{iohq the case of this optical fiber conponent

More specifically, the optical fiber component 100
which can be applied to the optical module according to
the present invention 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

25



according to the present invention, which has MFD 25 1 1 NOV 1005 conversi on
portions at the two ends, in order to ensure a sufficient degree of freedom
in design, the radius of curvature of the optical fiber housed in {E% g%@ﬁ
may be less than 30 mrm 5 Note that the optical fiber 200 includes g r
region 201 extending along a predeterm ned axis and a cladding region 202
formed outside the core region 201, as shown in Fig. 4B. Fig. 4Bis a view
showi ng the sectional structure of the optical fiber 200 taken 10 along a
linel - I in Fig. 4A. Since the optical fiber conponent 100 functions as an

| nt er medi at e %Bm%gi%ggggr lognsOfatpp%leé:a{:\INX BBBB‘?C%”%IE%@ cal %Mﬁ'%‘.ﬁféona'

conponent s havi ng nt node field dianmeters to each other out

i nereasing connecldsn. |08s qddieoge 15.Lighd;dli apetiers af, 4 he gy, epd faces

211 and 221 of the optical may be equ ose optica

functi onal coggggg@h§etq3¥h£§? Eﬁ%&ﬁégﬁ e gbéﬁcﬁgu%%%-fﬁﬁgéﬁ?'E%fﬁpnﬂ?§t6d or

fall within the range of abo bW th respect to unct1ona
conmponent s. 'BeZQEQQdEEB%Deotﬂﬁlnvde field dianmeters of the respective end
faces may be set “i'n accordance with the node field dianmeters of optical

functi @nal conponeg&ﬁxg?EMQ£cqj&peo$gggﬁiaqgﬁnggezgggggﬁgggj%%c?hégg%eneed

not always coincide w each ot he e optical such a

structure Canr@%&%ﬁthﬁﬁ!ye§@gH8§nﬁh%ﬂ§9ﬂfe8“ﬁyédetermined axis and a
cladding region 202 formed outside the core region 201,
as shown in Fig. 4B. Fig. 4B is a view showing the
sectional structure of the optical fiber 200 taken

10 along a line I - I in Fig. 4A. Since the optical fiber
component 100 functions as an intermediate component
capable of optically connecting optical functional
components having different mode field diameters to
each other without increasing connection loss, the mode

15 field diameters of the two end faces 211 and 221 of the
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 functional 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

26



| oss due to a node field dianeter msmatch between 26 | | NOV 2005 opti cal
functional conponents optically connected to each other. Figs. 5A to 5D are

vi ews showi ng the structures of

fiber 5 conponent 100 according to the present invention, and nore

specifically

enl arged views of a portion near the second MFD conversion
portion 220 of the optical fiber 200. Figs. 5A to 5D show the first and

an MFD conversion portion in the bpiND¢a005

second MFD conversion portions 210 and 220 whi ch have the sane 10 structure.

However, the
al ways have

210 and 220
formed by enl &
di rection of

region 201 in this
core region 201 it f in_a 20.tapered form enlar

region 201 i
t he core regi
menber

optical fiber

10

15

20

25

first

nd _second MED conver si on p tio $ 210 a % g need not
PRs 6ae. SORCLGPEL TRATPPEE EandbREL bR KED RONEEr Sfontor | ons
are Io%%$§d at the end portions of the optical 15 flber 200 and
redu0|ng the core reglon 201 along t he | ongi t udi nal

th t I_fib 00. Me h f t
o e oA e B e B ShoRl Ao e St

core

ViUt L of the

r.educi ng. t he core

ng or
Ala t re&oPgﬁﬁﬁﬁﬁna Tt 1%t meft, G cARAGCAG t nelPST ze of

201 d. f b di.ff t d
navt ngCAERP P CHiO nBBGCFFRTE cranbrer e o or tORTSh oPhe THIst

29% specifically enlarged views of a portion near 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
structure. However, the first and second MFD
conversion porticens 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
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 regicn 201 in this manner mainly include changing
the outer diameter of the core region 201 itself in a
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
optical fiber 200,

More specifically, as shown in Fig. 5A, 1in the
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More specifically, as shown in Fig. 5A, in the 2°7 1 1 NOV 2005 first
structure in which the core region 201 is changed into a tapered form the
outer dianeter of a portion of the core region 201 which correspdridéiit ¢iat
| east one of the first and second MFD conversion portions 210 and 5 220 is
i ncreased or decreased toward the end face 221 10 in a tapered form By
changing the structure of the first and second MFD conversion portions 210
and 220 in this manner, the node field dianeters can be adjusted to desired
sizes. The second structure in which the core region 201 is originally of
t he sane di andti@sthwtmiednge] imtehacht Sper edreorgcéan Bl e | eandsd
performng a TEC treatnment. For exanple, as shown in Fig. SB, an optical
fi ber doped wiltoa addpamred Bo¥ef r bbei vetphdetamsted) ot & RIWriwxawbl e, an
optical fiber having a core doped with a refractive index increaser and a
cl addi ng of [lee &i1¢ caeghiass;Z2dn wpitRalkotirBePOR&¥ e aatordeasit Puee
silica glass and a cladding doped with a refractive index reducer; and an
optical fiber ofavilyey & 20t conre dopeddwMER gon¥krsdonyednidend rchkaard and a
cl adding doped with a refractive index reducer) may be prepared for the core
regi on>201, aRrd0lt hies conereagedn orodepnygaped efibwpged e acndpdred fd4n al ong
the longitudinal direction of the first optical fiber by
in a tapered form. By changing the structure of the
first and second MFD conversion portions 210 and 220 in
this manner, the mode field diameters can be adjusted
to desired sizes.
10 The second structure in which the core region 201
is originally of the same diameter but changed into a
tapered form can be realized by performing a TEC
treatment. For example, as shown in Fig. 5B, an
optical fiber doped with a dopant as a refractive index
15 adjustor (for example, 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 <cladding doped with a
refractive index reducer; and an optical fiber having a
20 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 regicn
201 may be enlarged in a tapered form along the
longitudinal direction of the first optical fiber by

25 performing a local TEC treatment for a portion

corresponding to at least one of the first and second
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25 performng a local TEC treatnent for a portion corresponding to at | east
one of the first and second 28 1 1 NOV 2005 MFD conversi on portionq]Qﬁﬁ ﬁmp
220. Referring to Fig. 5B, reference nuneral 230 denotes a thernally
di ffused region of the dopant contained in the core region 201. By
performng a TEC treatnment at an end 5 portion of the optical fiber 200 in
this manner, the core region 201 can be enlarged owning to thernal
diffusion at lower cost. In contrast to this, by preparing an optical fiber
drawn while adding a large tension and performng a TEC treatnment to the
prepared 10 optFicakchiveersioca spoessions thelpraphar @®lopt i cRéférbéng decr eases,
and thereby a node field dianeter can be also reduced. That is, the core
regi on may be Fiedud®] irefacorcdanceumeddl t S rodierddtedsl di anetermailan
optical functional conponent to be connected by 15 perform ng a TEC treat nent
for portions cdrfrfesgandiragioho ¢he the stiopadtsecanda MéX cdnvetieoncgoet i ons
210 and 220. Note that a structure in which the node field dianeters of the
first and secardiiMrD zOnver sBpnpepdotriming 210TBOd t22G tateritheat wareneisdar e
relatively 20 large or small can be obtained by performng a TEC treatnent
for thé intermedtdioen poft ithie beprbealt Hebefr r300 add secondmiRRecgnvelsi on
portions 210 and 220. As shown in Fig. 5C, the first and second MFD
conver si on porbirens r2bQocand2220 ¢the bhbirdndérgetiurewning to thermal
diffusion at lower cost. In contrast to this, by
preparing an optical fiber drawn while adding a large -
tension and performing a 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 be connected by
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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25 which the core region 201 is changed) can be obtained by fusion splicing a
wavegui de nmenber having a node 29 1 1 NOV 2095 field dianmeter |arger than
that of the internediate portion of the first optical fiber 200, a 1£Uﬁdwmion
of the first optical fiber 200, to the internediate portion. Wen the

di fference between the node field 5 dianeter of the internediate portion of

the first optical fiber 200 and that of the waveguide nenber is small, at
the internediate portion sinply fusion spliced to the wavegui de nenber, an
increase in connection loss is small. As shown in Fig. 5D, another 10
exampl e based fdfltthedprigiteds exaApFe Siwn Ghatri §f 5%?6 wHere BTEc E R eat ment

is performed for a portion near theﬁgortion_mhere the internedi ate portion
is in contacPomtien K vilveghi Bet nerbéfat ofehrar ¢80 hé ot POFetPBNCHf t he
intermedi ate portion, an increase in 15 connection |oss can be effectively
avoi ded (the ft&grt fizth uceRFecdh whikhrt héOCLor e tlegi@dif 20AnForRAANGEE) . In
contrast with this, by preparing an optical fiber having a smaller node
field di anet ePor&iggde fidlah 8hamdidifesiendre MEDVESRY T ofOgs t 681220 or
210 can 20 be reduced. In the optical npdule according to the present
i nvent iPon, varileds tear me orthopt i iddl 9 sabimiect iBRYF tHe®  opt i cEref uhe¥Fbnal
conponent 40 to the optical fiber conponent 100 in the case 30 are
concei vabl e depéadiadg fiber 200 and that of the waveguide member is
small, at the intermediate portion simply fusion
spliced to the waveguide member, an increase in
connection lcss 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 regicn 201 1is changed). 1In
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, wvarious 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

30



25 on the type of the optical functional conponent 40. According to the
first connection form when the 30 1 1 NOV 2005 optical functional conponent
40 includes a planar lightwave circuit, a planar |ightwave circuilt My 708y be
connected to the optical fiber 200 included in the optical fiber conponent
100 with an adhesive 230, as 5 shown in Fig. 6A. Referring to Fig. 6A
reference nuneral 4la denotes a core region or a node field (optical
wavegui de region: hereinafter "core region") formed in the planar Iightmave

circuit 41. Th oor 41a |s o ally nnect ed to the c glon 10
201 of the opt |ber§5%€ %P?% % %nlﬁﬁd %goup ng e?flg H%y In

addition, if t e tlcal functlonal 0 n n e_el enent
such as a sem Hﬂhﬁ%%nc+€%%%t’a s%nlcggdgg htw%gger 3535H§'4f' é% nglber

or odet &7 mi ned “CBaA At oSl RS SYPF L Bhoy! RE SHOh (RIS Be. s, ReF&Fring to
ager 42, Fur ORGP %”?ééefﬁé‘cod@%ﬁ%% e EHA o RRERt V0T fi%%“?yi[ em
200 o eonhectTCHam Wit h 4 dor St or i RGAL &Bat 1 5P cBAAecPtion eE%lE.a'gﬁ%'yb”
opt | cal 1 ber "SUSAAY h ‘4 pr BRGPEPM ribd SPE 1o Lhtbl g @ HORE! eEitedtne
(optical waveguide region: hereinafter “core region”}
formed in the planar lightwave circuit 41. The core
region 4la 1is optically connected to the core region
10 201 of the optical fiber 200 with a predetermined
coupling efficiency. In addition, if the optical
functional component 40 includes an active element such
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 rlaced 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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25 efficiency by guiding a beam4b to the end face 211 of the optical fiber
200 via this lens system43. 31 | 1 NOV 1005 Fig. 7 is a view show @ﬁ
structure of the second enbodi nent of the optical fiber conponent acg di ng
to the present invention. An optical fiber conponent 100E according to the
second enbodi nent 5 includes an optical fiber 200 and another optical fiber
300 (second optical fiber) fusion spliced to an end face 221 of the optical
fi ber 200 | ocated on the second MD conversion portion 220 side. A
predeterm ned region of the second MFD conversion portion 220, 10 adjacent
to this optical fib&¥g300, ihi ¢h Nﬁ@Wud@bO\aln@onfri@%t|&ﬁ~mpb*mn*e)nqi thas
undergone a thermal diffusion process. Since the node field dlaneter of the
optical fiberss30pds eubedanenal | yplequehet ocrtigrdet hierr fi epupodiaiet er,
the node field dianmeter to be converted is 15 accurately nmanaged by
perform ng a BECandatdrehe ftore apresentodnyentileg as e sl MEDber
conversion portion 220 after fusion splicing between the optical fiber 200
and t he opti calonfridient3001 0W8 descpirbédgabdwe, titfe t heepodd f embdddingivst er of
20 the internediate portion of the optical fiber 200 is sufficiently snall
the fier can Welhsins @an ophbatel fabeus 280 amdyangtdhey nophecept féRErnodul e
10 shown in Fig. 3A, if the second M-D conversion portion 220 of the
optical fiber 3ddhmpoaeapndocoptheadptiiddrfi basizgo spliced to an end

face 221 of the optical fiber 200 located on the second

MFD conversion portion 220 side. A predetermined

region of the second MFD conversion portion 220,

10 adjacent to this optical fiber 300, which includes a
connection porticn 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, if the mode field diameter of

20 the intermediate portion of the optical fiber 200 is
sufficiently small, the fiber can be bent at a small
radius of curvature. In the optical module 10 shown in
Fig. 337, 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 like

on the exit side of the c¢ase, there 1is no need to
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25 in effect) is incorporated in a connector or the like on the exit side of
the case, there is no need to 32 1 1 NOV 2005 reinforce the fusian ﬁ@%i&g
E é, and

bet ween the second MFD conversion portion 220 and the optical fi'b
the occurrence of a bending |oss is suppressed. The third enbodi nment of the
optical fiber 5 conponent of the present invention includes a carbon
250 fornmed on the outer surface of an optical fiber 200. Fig. Sis a view
showi ng the structure of the third enbodi ment of the optical functional

conponent according to the present invention. The 10 optical fiber 200
i ncl udes a coreirdgirare 2@heanduscbaddepdicegi batR62n Wehéa thecdodmtidn of

this carbon

coat 250 preferably having a thick of less than 0.1 p m

coat

even

i f the opticalkohniveersiz00 psrbeot #20G radi ushof opticedt uf Boerf 2éss ahdn 30 nm
(if this optical fiber is 15 applied to an optical nodule w thout any MFD

conver si on 20 ther tticons randehe ft wo rerrdiipgy tloes)iansupprassadi us of

of 10 mm or

fiber 200 will
and second MFD conversion portions 210 and 220 at the
portiofs, at keagponemE obft Hend i psesand secvadtidkD ioonveiess om poathbons 210

has first

curvature

| ess, the possibility of static fatigue rupture of the optical

and 220 may be bent

10

15

20

25

coat 250 formed on the outer surface of an optical
fiber 200. Fig. 8 is a view showing the structure of
the third embodiment of the optical functional
component according to the present invention. The
optical fiber 200 includes a <core region 201 and
cladding region 202. With the formation of this carbon
coat 250 preferably having a thick of less than 0.1 um,
even 1f the optical fiber 200 is bent at a radius of
curvature of less than 30 mm (if this optical fiber is
applied to an optical module without any MFD conversion
portions at the two end portions) and at a radius of
curvature of 10 mm or less, the possibility of static
fatigue rupture of the optical fiber 200 will be
greatly reduced.

If the above optical fiber component 100 has first
and second MFD conversion portions 210 and 220 at the
two end portions, at least one of the first and second
MFD conversion portions 210 and 220 may be Dbent
depending on 1interconnection conditions. For this
reason, in order to protect the first and second MFD

conversion portions 210 and 220, connectors may be
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dependi ng on interconnection conditions. For this 25 reason, in order to
protect the first and second MFD conversion portions 210 and 220, connectors
may be 33 1 1 NOV 2005 attached to the correspondi ng end porti ong.] McHilpof
Figs. 9A to 9C shows a structure in which a connector 500a or 500b is
attached to at |east one of the two end portions of the optical fiber
conponent 100 as a 5 nodification of the optical nodule 10 according to the
first enmbodiment. More specifically, in the optical nodule 10 shown in Fig.
9A, the connector 500a is attached to the end portion of the optical fiber
component 100 3dt-aghicch the e oRATNEBPEBAVBESI Vi 1DOBSAENSn 22638 | oEat ed.
The optical mpdule 10 shown in_ Fig. 9B has a structure in which the end
portion of thé&ld8ptiPdaltqiBer LEipondnEtTHo AT SwhiTthWhREDs dc oFRPMEEF O
conversion portion 220 is located is positioned outside the case 30. The
connector 500290 &%t 24 ko dHeremad 150 pdtt LeaSEf Ofire dpthiheaaltia werd
conponent 100 at which the second MFD conversion portion 220 is located. In
the optical FEFHIENE0 SHowthen ERFiGE thHeeonfcdnnavob 19¢ a@%ached to
the end portion of the optical fiber conponent. (on which the first MD
conver Si on pofPrdhiggtiey iaf | gt 68F L66dnFBH & ol ¥ haceptrdar fithcti®nal
conponent 40. Note that a fiber array may be used as the connector 500b. The
optical fiber fdéfpon@reodpeRbvi ngMPhe afselfically, in the optical

module 10 shown in Fig. 9A, the connector 500a 1is
attached to the end portion o¢f the optical fiber
component 100 &t which the second MFD conversion
10 portion 220 is 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 1is located) connected to the optical functicnal
compconent 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 optical components.
25 For example, this component can be applied to an

optical module having a plurality of optical fibers
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structure can be applied to various optical conponents. 25 For exanple, this
conponent can be applied to an optical nodule having a plurality of optical
fibers 34 1 1 NOV 1005 each having the sane structure as that of the optica
fi ber conponent 100 having the above structure. Fig. 10 is a vigwq@hqm%ng
the structure of the second enbodinent of the optical nodul e according to
the 5 present invention. An optical fiber conponent 400 including a
plurality of optical fibers (each of which 1is identical to the optical fiber
conponent 100 described above) is applied to an optical nodule 50 according

to the second dfué’@fx&% g%tegp%%}@%l E?rh@@ulg QR i gal ¢ ”B‘E‘U'thg,eﬁg%,é‘g?éﬂi ng to

t he second enbodi ment, unctional” conponent In a case

30 is an optif¥q$;i bggmggg%hgal:ﬂgyegﬁgggagignﬁﬁg, éggggcongyfﬁﬁgu%gger, or

the like as in e case _ optica _ according to t I'rst
erbodiTont | Pl ) 1 50001 LONOHENG Nl Tk SLUEL UGS O (DEcpbical
opt i cal T ber S BG5ANE D00t each nadr At he Latel50 SruarEre 262 Hsfor the
2000 respect P o AE T L MFD CondBr e am porProns gTpa EAE* #6069 1o
including a plurality of optical fibers (each of which
is identical to the optical fiber component 100
described above) 1is applied to an optical 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 1s a view showing the first structure of
the optical fiber component 400 applied tc 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 alsc have polished end

25 faces 21la to 211d on one side and polished end faces

221la to 221d on the other side. In this optical fiber
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to 210d and second MFD conversion portions 220a to 220d. The optical fibers
200a to 200d al so have polished end 25 faces 21la to 211d on one1siﬂ§ gﬂg
polished end faces 22l1a to 221d on the other side. In this opticha Y 35
I 1 NOV 2005 conponent 400A, in particular, the node field diameters of the
respective end faces 21la to 211d of the optical fibers 200a to 200d are
separately adjusted to the node field dianmeters of optical functional
conponents to be 5 connected. That is, the node field dianeters of all the
end faces may differ fromone another. For exanple, the node field dianmeters
of the end facesnzRient of ®PAd iar pazticudagm thiserwe t hee hpddiprerdrdi anet er
of the end face 211a is 4 u in, the node field dianeters of the 10 end faces
211b and 221d &f etlee uregprenbivaeenddéareel d115 dicarehilt @f the eRliifaée 211c
is 8 um According to the optical fiber conponent 400A having this
structure, aﬁﬂhﬁ@ﬂi%@o@ft@ygégdoﬁr@pﬁﬁ@éﬁaﬁﬁéﬁi&ﬁﬁﬂsﬁﬁﬁqﬁmeﬁ$§ nadei ng
different MFDs_can be connected altogether. Fig. 11B is a view showi ng the
second enbodi rfErfld ofilizhetepsi ofl drtberalcohponehenado copponedtiso thebeoptica
modul e 50 according to the second enbodinent. In this optical fiber
conponeént 400Bonmfctathgt h'toft pti ddle fneees 2G04l t 612008e8Fe Slepatatel y
adj usted to 20 avoid any unnecessary excess |ength acconmodati on by

sati sfying striia w\ed chnelesi bay duéhRess frpa pos @rsyidier. For example,

the mode field diameters of the end faces 22Z2la to 221d
are all 10 pm, whereas the mode field diameter of the
end face 21la is 4 um, the mode field diameters of the
10 end faces 211b and 221d are 6 g m, and the mode field

diameter of the end face 21lc is B8 pum, According to

the optical fiber component 400A having this structure,
a plurality of types of optical functiocnal 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 avoid 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 Dbe
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of optical functional conponents to be connected (the I|engths of the
respective optical fibers may differ). According to the optical, fiber
conponent 400B having 25 this structure, there is no need to perk’bNW Ay
excess |ength accommodati on, and the conmponent can be 36 1 1 NOV 2005
efficiently housed in the limted housing space of the optical nodule. As a
consequence, the overall size of the optical nodul e can be decreased. Fig.
12 is a view showing the third structure of 5 an optical fiber conponent
applied to the optical _ nodul e 50 according to the second enbodinment. In this
optical fiber qfo%wr@ﬁlmo@@gs%t LBalthfe persi DedaheBsingograce 2% ahbed on a
| am nate sheet 450 (predeterm ned plane), at |east a portion of each of 10
the optical fidpdrisaooedelo00dAss BhefNSRILRAi ushef ovamldt use2¢ . ofbre
specifically, each of the internediate portions of the optical fibers 200a
to 200d whi cihdr @ntdcRediasBilMecipredte pértiomsedeorresponding to first MFD
conversion portions 21la to 15 211d and second MFD conversion portions 22la
to 221d has a nmodd¥g el diameét e¥1ef 8hgmivg s, tpredoitarucisirg agé of
each of the optical fibers 200a to 200d may be carbon-coated (see Fig. 8) .
At |east a poefi oRdficadacH e heCBPIRRNT f i P 519D0at®o Pbed Pﬁtbéﬁg at a

20 radius of curvature of less than 30 nm preferably 10 mmor_|ess,.
mecdule 50 according to the second embodiment. In this

optical fiber component 400C, optical fibers 200a to
200d are arranged on a laminate sheet 450
(predetermined plane), at least a portion of each of

10 the optical fibers 200a to 200d is bent at a radius of
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 221la 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 i1s bent at a

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

In general, the housing space o©of the optical
module 50 has its own 1limit due to a reduction in
overall size. Cn 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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In general, the housing space of the optical nodule 50 has its own limt due
to a reduction in overall size. On the other hand, the respecthwg ﬁ@ﬂ@$5
portions of the optical fibers 200a to 200d is required to bent y | er
radii of curvature at the 37 1 1 NOV 2005 installation positions dependi ng 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 Fhe czse 32 can be
avoi ded even i StHeldptItal FIHeE L CoTponetR 480" Fs pPRcedtfi a SA¥PHEr

space. In addition,.the overall size of the optical 10 nodule to_which the
optical fiber RUtdoHdR 46 i?pgﬁﬁﬂ'ede%ﬂtbgn?gdUE&EPQ3%ft%3 tQ ag9iew
showi ng the structure of the ourt h enbodi nen gptical cord) of the optical
fiber conponéﬁ?”ﬁ%%%?ﬁing t&f{hesﬁg%seWFnPEEE%P&&ﬁg'Th?%ngﬁt Pt caP Eord 500
i ncludes an optical_fiber 200 included in an optigcal fiber conponent 100
according to t%ﬂ;lﬁﬁ%ﬁggnt PRventfoh®2aRd djbonﬁEBFdPQBSOPSF?aCEgﬂltoLSne end
portion of the tical fiber 200 while a second, MFD__conversion portion 220

i s housed. As eoégeccrqlbve%‘l%bé\lf@?rﬁ‘fsﬁ&mrﬁ? g %o tHE'Gptrcat™ cSPBngﬁﬁ}OEi nce

the second WP conversion, port] on, 220, of Lhe, opti cal, ELbeE 200,18, 50

inside and outside the case 30 can be avoided even if
the optical fiber component 400 is placed in a smaller
space. In addition, the overall size of the optical

10 module to which the optical fiber component 400 1is
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 is
housed in the connector 550, the optical fibker 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 1if a bending force 1is

directly applied to it. If, however, the second MFD

38



housed in the connector 550, the optical fiber 200 can be bent at an end
portion of the connector 550. The secondMFD conversion portion 220 having
undergone a 25 TEC treatnent may rupture if a bending force is diTN&¥ 1780
applied to it. If, however, the second MFD 38 1 1 NOV 2005 conversion portion
220 itself is housed in the connector 550 as shown in Fig. 13, there is no
need to worry about it. According to the optical cord 500 shown in Fig. 13,
5 the connector 550 is attached to only one end of the optical fiber 200
having the second MFD conversion portion. However, connectors for protecting
the MFD  convelsQiy POt | Ops By nbe Ald achedete thes twg,gadg ofin thepopti cal
fiber 200. 10 Further, the optical nmpdule according to the present invention
may conprises & fRdH@ly kingsaaf snepti cal fﬂ§9t19ﬁakh69€P9%em65ﬁéb&hﬁocase
and one or nore optical fiber conmponent (the optical fiber conponent
according to the Ry egenic inwention) for 15 connecting between the optical
functional conponents or between the optical functional conmponent and an
external optical fancli £9MPRACRLLSUCR 2% N s APtk TiDep; §T ansm ssion
line. Fig. 14 is a view showng the schematic structure of the third
embodi ent 20 tofe thSABLECR! JmAULe ARGAMRY L6 LAEPIERENEndl HENEREN. The
e

optical nodule 60 according to t
optical fiber 200 having the second MFD conversion
portion. However, connectors for protecting the MFD
conversion portions may be attached to the two ends of
the optical fiber 200.
10 Further, the optical module according to the
present 1nvention may comprises a plural kinds of

optical functional components in the case, and one or

more optical fiber component {the optical fiber
component according to the present invention) for
15 connecting between the optical functional components or

between the optical functional component and an
external optical functional <component such as an
optical fiber transmission line. Fig. 14 1is a view

showing the schematic structure of the third embodiment

20 of the optical module according to the present
invention. The optical module 60 according to the
third embodiment comprises a plurality of optical

functional components 40 such as optical waveguide
element, semiconductor laser, and the like, and one or
25 more optical fiber components 100, 400. The optical

fiber component 100 includes an optical fiber having
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third enbodi ment conprises a plurality of optical functional conponents 40
such as optical waveguide elenent, sem conductor |aser, and the Liﬁﬁvzﬁﬂd
one or 25 nore optical fiber conmponents 100, 400. The optical fi

conmponent 100 includes an optical fiber having 39 1 1 NOV 2005 end.portions
in which the first and second MFD conversion portions 210, 220 are
respectively provided. The optical fiber conponent 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 210, 220 are _respectively
provi ded. TheeRspt i Bar tiPBar s 1000, "ot nalhbe &lESfgedd a%eEeR@ontEet

bet ween the optical functional conmponents 40 in the case 30, and. al so these
optical fiber < CAPETHO RO FaGBe 2afr arfgdt BT asCTeebhvietY BEPWEERCt he
optical functignal conponent 40 and an external optical functional conponent
such as an optThalcriber!l fiBAENTeBPERSPIENd O OWHEH tHieDR i RaFER{bEYs©100, 400
arranged have an excess length portion, these optical 15 fibers are_arranged
whil e the excedtiengt hip6rEiionand ekt af FHosd usPbicedr VietRf'e rhgf 10 nm
or less. Specifically, in the third enbodi nent, when at_ | east one of the
optical®funct iOKhl RORbLARALs1B0 WHGudethan SpEStal ategteeRnel eHERt, a
node field 20 dianeter of an end face of optical fiber conponent 100 or 400
which is opti CANYRTOMRERTHE1 S hel Bpt £¢81 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 alsc 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 lendgth portion, these optical

15 fibers are arranged while the excess length portion 1is
bent at a radius of curvature r of 10 mm or less.

Specifically, in the third embodiment, when at

least one of the optical functicnal components 40

includes an optical waveguide element, a mode field

20 diameter of an end face of optical fiber component 100

or 400 which 1s 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

40



wavegui de el ement coincides with a node field dianeter of the optical
wavegui de el ement or falls within a range of 10% w th respect toltiNynte
field diameter 25 of the optical wavegui de el enent. On the other hand, when
at | east one of the optical functional conponents 40 1 1 NOV 2005 40 i ncl udes
a sem conductor |aser, one end face of the optical fiber conponent 100 or
400 which is optically connected to the sem conductor |aser has a node field
di aneter enough to obtain a sufficient spatial coupling 5 efficiency wth

h | Th whi ch
he opti cal | ASOEC 0 Ena 56T SERBRHCGG oL O 11 YA AR SBEondl cnbBa mont
described aboyg.ale applied can %?Len\‘f:ari §SRY TR T fden s o Jofil 91 4°C are

Vi ews show ng vari ous” nodi 1ons O € opti ca comruni 1 on ystem

according {0 g prasent.{nyent ion,, Thﬁd%&wahggg y cali g systen

according to e presen i nvent 48" an opt i rafnsm ssion i ne

20 as an exterya tical nctlon ¢onpony ptic e 10

(50) having a gt%ﬁ%?&ie OH&? E%%%rﬁbe 56%&% kﬂéﬁ]{% 1 ¥%¥§29H&

transmsSsion L 0 tical o] ally

connecf@d to eggﬁcbgﬁlﬁﬁhg'conne (ﬁ?16559#£ é%? (%9% ?%85n9%% portion of

20 the optical fib traoq)strg ncé :?atf&g as%’@&ﬁ(:t% ‘%)Qghl stﬁlgso
ica

connected to an en portlon of an op
optical modules 10 and 50 according to the first and

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
connecfed 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 MFD
conversion portion 220 is located). Fig. 15A shows the

25 structure of an optical communication system in which a

connector 500c 1s attached to an end portion of the
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fiber conponent 100 which is connected to the optical fiber transm sghpn
line 20 (on which a second MFD conversion portion 220 is located). Fig. %gA
shows the 25 structure of an optical comrunication systemin which a
connector 500c is attached to an end portion of the 41 1 1 Nov 2905 opti cal
fiber transmssion line 20 which is connected to the optical fiber conponent
100. Fig. 15Bis a view showing the structure of an optical conmunication
systemin which connectors 500a and 500b are 5 respectively attached to an
end portion of the optical fiber conponent 100 (on which the MFD conversion
portion 220 i scpocatbdfibed arraminpesidéomnlahet he0 wptickalid i bennecarsihi ssion
l'ine. Fig. 15C shows the structure of an optical comunication systemin
whi ch 10 the comnelei agtpoeli dabket weapanestoptdlcal FidverlSBoapornemtier00 and
the optical fiber transmssion line 20 in Fig. 15B is |ocated outside the
case 30 of theshopingal theduké&rtot(se). dinh tdn s aptical copmubnéskitdrnsyst em
having such 15 various structures, the node field dianeter of an end face
of the opticals¥strem canmponehtich00 prefiertibky coPhei desndi t HGHe nede fiel d
dianeter of the optical fiber transmssion line 20 or falls within the range
of 10 wi t h resprctively hetivodbefli dlad afi aesedepoatt idre o220t bt oedllckilber
transm ssion line 20. Further, Fig. 16 is a view show ng vari ous
fiber component 100 (on 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 between 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 compcnent 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 1s a view showing various
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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nodi fications of an optical communication system (an optical comunication
system according to the present invention) to which the optical nogylygg 2005
according to 25 the third enbodi nent is applied. The optical conmmunication
system has an optical fiber transmssion 42 1 1 NOV 2005 line 20 as an
external optical functional conmponent and an optical nodul e having the
above-nentioned structure. The optical fiber transm ssion |ine 20 and one of
the optical functional conponents 40 included in the 5 optical nodule 60 are

optically connecte each other. _Particu arI an end portion of the
optical fiberl ﬁghﬁ§§|%% F¥RETBALI SPALCachdY QH?Q? 50889 and

an end portion (the second MFD conver si poction is positioned) of the
opti cal flbera€oﬁﬁ$ﬁﬁﬂ THoIu49 ﬁﬁvéﬁglgﬁg ﬁk@qﬁu?qQF%QEF%pfFE%%t?FBer

transm ssi on ne 20, is also attached with a.connector OOa Th
connection asﬁ@@t sofb?l?% %6%&@&%%’1%@0‘3&51%0&15% % ot sPP&ctheEh%ovm in

Figs. iSAto 15C. In the optical _.conmuni cati on system sho in Fig. .15 16,
mode filed di 8Ret&RS of TW&&%&E?%aICPPEQPenéﬁnpO nt%nféﬁ eg00, %hhi ERCar e

optically connected_to e optical ansni ssi i.ne 20, ci des
oth 8 Tode PREEGLd TRAe OFC t RE® 0P EEGR Lt P beP TESTEA S GRACh | AEhSD. or
falls within e_of . 10% with respect to 20 the de field dianeter of the
opti cal fiber%aFﬁ&%§$%iﬁxﬂfquua%ﬁé; portion of'® RS Optlcag di !

transmission line 20 is attached with a connector 500c,
and an end portion (the second MFD conversion portion
is positioned) of the optical fiber component 100,

10 which 1s connected to the optical fiber transmission
line 20, is alsoc attached with & 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 16, mode filed diameters cf the optical fiber
components 100, 400, which are optically connected to
the opticél fiber transmission line 20, coilncides 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 is provided

for each end portion, which changes the mode field
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As descri bed above, according to the optical fiber conponent, as an

menber for optically connecting optical functional cprﬂggimﬁs
having 25 different MFDs, an MFD conversion portion is provided end

i nternedi ate

portion, whic
correspondi ng
optical funct

h changes the node field 43 1 1 NOV 2005 di aneter of a
one of the two end faces to a value equal to the MFD of
ional conponent to be connected. Therefore, an increase

an

in

connection | oss can be effectively suppressed by a 5 structure having a high

degree of fre
conmponents to
optical comu
optical fiber
optical func
housed in a c
portion of th
| ess than 30

damddLdest %@%ﬂaﬁﬁngf _the tfy%% Qo péﬂ a_fupctjonal

COﬂﬂEC 1 on accor |ca nodu

%' C%ta'l‘a'é S¥§E§T‘ acgordi Ny fig) t e pggse%ﬁ%&gll ”¥1§HE’:9£‘n ¥

nmponent ervi as an |nterned|ate er for connec

tdo?r!ﬂ:%'n LoeRL, tc?cfr%ge éféca' &eéféfénsghssfn%}eééé"mh

as toge he? Wt h cal unctlonal onent

& QRIGal, 15 {ider canpg e”&fkéc%g%lt §u£3§%' g%e@c Byrv

mm pre erably 0 mmor Tess, are i on € overal

of the copt i cale Jigul & £apabesatt ained: hnqagdi thon e Wddyd he f ogpet b

MFD convers

on pOFtIOﬂ es t aneters

fiber component.coicide Prgei sehy of ¢ aparoxjgat eby pLLh theufpdeofhe

di aneters of

10

15

20

25

opti
components to be connected.

In addition, according to the optical module and
optical communication system according to the present
invention, since an optical fiber component serving as
an 1intermediate member for connecting an optical
functional component to an optical fiber transmission
line is housed 1in a case, together with the optical
functional compconent, while a portion of the optical
fiber ccmponent 1s bent at a radius of curvature of
less than 30 mm, preferably 10 mm or less, a reduction
in the overall size of the optical module can be
attained. In additieon, with the formation of an MFD
conversion portion which makes the mode field diameters
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 porticns of the optical fiber component, an
increase 1in loss due to the mode field diameter
mismatches between the optical functional components

and the optical fiber transmission line c¢an be

44

| e and
i nce an
ng an

S

ture of
Si ze

n of an
opti cal
| d



functional conponents and the like to be connected to the two end portions
of the optical fiber conponent, an increase in |loss due to the node field

di ameter 25 mi smatches between the optical functional conponents 1ahk0\% B85
optical fiber transmssion |ine can be 44 1 1 NOV 2005 effectively
suppressed. Fromthe invention thus described, it will be obvious that the
enbodi nents of the invention may be varied in many ways. Such variations are
not to be 5 regarded as a departure fromthe spirit and scope of the

i nvention, and gkl ﬁuch nndificatiogs as woul d be obvious to one skilled in
the art are intended forY TARPEEFBR Wi thin the scope of the fol | owing cl ai ns.
45 W_ T ;S CLAIMED - S:,. 1 1 NOQV 2005 1. .An optical..fiber .conpgnent, to be
accomodated into g%o%ptF%%l ﬁ%%%?%}%%iI%p%ﬁﬂ(ﬁﬁﬁﬁﬁ%gﬁé%ib@?nggﬁ%Ongﬁt is

bent, said optical fiber co nent .including a.firnst .optical fiber having
two end faces %.%%%%?ig%@ﬁyngggpéwgﬁxﬁﬂﬁﬁ“ﬁ%i35 éﬁ#?réP&egﬁlﬁgrfT%yhgﬁsed in
a case while at__|least. _a ortigp thereg%lis bent, said first 9 thgalbfiber
having: a firsf® cAhverEitdn 6ﬁﬁﬁ1on 6?10H%ﬁbﬁﬁbogsnﬁﬁga P&l d-i &veter at

an end gortion ipel yding ong end (362 of &f Untl "h: OPET S8k TiBRSe of

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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a second MFD conversion portion for changing a node field dianmeter at an end
portion includin q:th_g other end face opposing the one end face, 17 pNgy 2005
characterized i ¥that: Cahftriddse in | oss of said first optical fiber i§

0.1 d3 or I|ess when bent at _a radius,of curvature of 3% M 204y CYyTPoNnent
according to claim I, wherein a mode i €G- di amet er” ot th 1(

e one end face of
the two end fateso gin sgitdcal modwdpt wbale -$dberopdiitier Sidaromrapomde fiel d

di anmeter of the,ot end face. .3._-A o] or.di cl apmg,, wherein
a node -field alga?r%ljtite’r %lﬁnoeqtﬁgg%ngg?g?egﬁﬁﬁn%%% ol?‘cggfﬁ gf%rg{gggpti cal
fiber which is ¢tpcatadd theenekaviga ¢dwbi esd faard Seconpdr MERlyopversissn portions
is smaller than one  of the,mde field. dianmgters; of the one end fage and the
ot her end face.aﬁ. conponent acgorogi r?grt oiggﬁal&mll, r\T/vher%‘-lg)n s%?l © % rst
optical fiber ihedafdespenkécr egicmodxtenthiy salién§isvstpraddrat nfed axi s and
a cladding regign.f %r:rred 0. an. outer surface of __ core region, and wherein
an outer diameter of a portion of the core region of said first optic' fiber
whi ch corresponds t@ 46rstl MIOV c2008r gt expsttione fof shpus¥ia st wav® second

MFD conversion ¢pOrd i0NSet 8,1 DET §ASeH4 Opo AEULASRA Uhing LAPELRH fQIm along a
| ongi tudi nal direction of said first optical
of said first optical fiber,

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,

characterized in that:

an increase in loss of said first optical fiber is

0.1 dB or less when bent at a radius of curvature of 30

mm.

: wherein a

W8]
HE
Q

Q

2]

O

]

0

8]

T
W]

0

0

0

=

Q.
|4

'3

Q
l
0

0
l -l
[$)]

} 3
g
13

mode IZield dizmeter of the onzs end Ifzce of the twoc end

aces of said first opticel £fiber differs ZIZrom a2 mode

Fh

field dizmeter of the cother end face.

h

F

3. A component accoxding to clazim 1, wherein =2

mocde field diameter of an intermedizte poriion of said

h

first opticel Ziber which is located between said first

¥

and second MID conversion portions is smaller than one
of the mode field diameters of the one snd face and the

cther end fzace.

4. A ccocmponent according to claim 1, wherein sail
first opiical fiber includes a core region extending
along @ predetermined axis znd a cladding regicn iIormed

46



fiber..5 S. A conmponent according to claim4, wherein the portion of the
core region of said first optical fiber which corresponds to at |faqgyapg of
said first and second MFD conversion portions is enlarged in a tapered form
along the longitudinal direction of said first 10 optical fiber by a thernal
di ffusion process. 6. A conponent according to claim1l, wherein said first
optical fiber includes at |east a waveguide nenber which is |ocated at | east
at one end portion and forns a portion of said first optical fiber to
function 15 as one of said first and second MFD conversion portions, said
wavegui de nmenbext hagiA§ ®nvodeff isdid dfansterandli feeprdt MElonranwedéeirnel d
di ameter of an internmediate portion of said first optical fiber whichis
| ocat ed betwedrPBHIANT | ist Hierseeedd WFDIeohvefsfodport i'oirere®d form
conponent according to claim6, wherein a portion of the internediate
portion of sai dB¥anst a openghiudinet whingriion nodontatd Wiltussargtwaregui de
menber has undergone a thermal diffusion process. 8. A conponent according to
claim4, whereifiilsid 25 conponent further conprises a second optical fiber
which has a node field dianmeter different froma node 47 | 1 NOV 2005 5 field
di anet er> of the inte¥ nedRacenpemardn atceudngf rpstclepm chl Fheeeinhitél is
| ocated between said first . _
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

10 optical fiber by a thermal diffusion process.

6. A component according to claim 1, wherein said
first optical fiber includes at 1least a waveguide
member which is located at least at one end portion and
forms a portion of said first optical fiber to function

15 as one of said first and second MFD conversion portions,
said wavegquide member having a mode field diameter
different from a mode field diameter of an intermediate
portion of said first bptical fiber which 1is located
between said first and second MFD conversion portions.

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

8. A component according to claim 4, wherein said

25 component further comprises a second optical fiber

which has a mode field diameter different from a mode
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and second MFD conversion portions, and is fusion spliced to one of the end
faces of said first optical fiber, and one of said first and second MFD
conversion portions which is to be located in a predeternined regildNOV 2004
including a fusion splice between said first and second optical fibers, or
both said first and second M-D conversion portions have undergone a thernal
10 diffusion process. 9. A conponent according to claim1l, wherein the nbde
field dianmeter of the intermediate portion of said first optical fiber which
is |located between said first and second MFD conversion portions is 8 u mor
| ess. 15 10. AJQOQEg?ggﬁ according tq claim9, further conprising a carbon

coat formed on ‘@t it fate of fd Frstoptital 390eron 2025 AL an
optical nodule conprising a plurality of optjcal fibers each havj t he sane
P ructuro as tro o SubPe Rl bt i et HEr RS BR tAR COperall b

conponent according to claiml1, wherein at |least gne end face of one of two

optical fiber <€kl s@WE r off Sai AOBFEFEAPTY | BEFS PRSI udédS n iSai & Uit cal
nodul e and one end face of the other of the two optical fibers differ in
mode field di afétlerse%gte PINOW2005€1£nd faces of said first op

tical
5 fiber, and one of said first and second MFD conversion
porticons which 1is to be located in a predetermined
region including a fusion splice between said first and
second optical fibers, or both sazid £first and second
MFD conversion portions have undergone a thermal
10 diffusion process.

9. A component according to claim 1, wherein the
mode Tield 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, 2 component according to claim 9, further
comprising a carbon coat formed on an outer surface of
said first optical fiber.

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

a first optical fiber included in an optical fiber

- component according to claim 1,
wherein at least one end face of one of two optical
fibers selected from said optical fibers included in said
optical module and one end face of the other of the two
optical fibers differ in mode field diameter.
25
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3 .10 An optical nodule according to claim 11, wherein two optical fibers
selected fromthe optical fibers included in said optical nndules1gg@feﬂm§n
| ength. 13. An optical nodule conprising a plurality of optical fi ¥
arranged on a predeterm ned surface, each of which has the sane structure as
that of a first optical fiber included in an optical fiber conponent
according to claiml1l, wherein at |east one portion of each of said optical
fibers included in said optical nodule is bent at a predeterm ned radius of
curvature. 14. A nodule according to claim 13, wherein a node field dianeter
of an intermediate pbftion?éf E&cH GBSl ofiosBiNE opfirearifichers i aERt@ed in said
optical nodule which is |ocated between end portions corresponding to the
first and secordNFED-Eorver sPBRipert i bhbers Saletledr Tam@ssthan Gutiral
surface of each of said optical fibers is carbon-coated, and at |east a
portion of eachigferx® saielepedcalbnfi beds | oremelat M dbldius GFLLRIF vatiure
| ess than 30 mm 15. A nodul e according to claim 14, wherein at |east a
portion of eachiesfgSai d optical fibers included in said optical nodule is
bent at a radius of curvature 25 of 10 mmor |ess.

> 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 a first
optical fiber included in an optical fiber component

according to claim 1,

wherein at least one portion of each of said optical
10 fibers included in said optical module 1is 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

E=

which is located between end portions corresponding to

the first aznd second MFD conversion portions is 8 um or

less, an outer surface of each of said optical fibers

i1s carbon-coated, and at least a portion of each of

20 said optical fibers is 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 sald optical module is bent at a radius o curvature

25 of 10 mm or less.



49 1 1 NOV 2005 16. A conponent according to claim1, wherein an increase in
l'oss of said first optical fiber is 0.1 dB or |ess when bent at1g N@djges of
curvature of 10 mm 17. 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. 18. An
optical nodule conprising: a first optical fiber included in an optical fiber
conmponent according to claim1l; and a connector which is attached to at |east
one end portion of said first optical fiber and houses one of said first

and second MFD conversion portions |ocated at the end portions. 50
16. A component according to claim 1, wherein an

increase in loss of said first optical fiber is 0.1 dB or
less when bent at a radius of curvature of 10 mm.

17. A module according to claim 13, wherein a loss
at the bent portion of said first optical fiber is 0.1 dB
or less.

18. An optical module comprising:

a first optical fiber included in an optical fiber
component according to claim 1; and

a connector which is attached to at least one end
portion of said first optical fiber and houses one of
said first and second MFD conversion portions located at

the end portions.
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