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Abstract of the Disclosure
Provided are a method of splicing together multiple fibers having different

mode field diameters (MFDs) en bloc at a low splicing loss and a multi-fiber

component incorporating the fibers thus spliced. After a -fu'sion-Splicing

operation has been conducted, additional .heat treatment is applied to the
portion of the fibers thus fusion-spliced so that a dopant contained in the core
portions of the fibers is thermally diffused so as to cause the MFDs thereof to
match eac’h' other. The multiple fibers are disposed in parallel in line.
During the fusion-splicing operation, one or both of pairs of fibers 11a and 11b
are pushed toward the other to face each other, and the fibers are pulled back
n f:he opposite direction to decrease diameter inoteme'nt created i fusion
Spliced- portions, aod then additional heat treatment 1s applied to the fusion-

spliced portions 16.
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Method of Splicing Optical Fibers and Multi-Fiber Component

BACKGROUND OF THE INVENTIQN |
Field of the Invention .

The '-pre'sent invention relates to a splicing method of optical fibers in
whiCh a'ftei' the fusion ‘splicing.thereof their mode field diameters (MFDS) are -
modified by heat treatx:ﬁent to match each other, and also relates to an o.ptical
component incorporating' the optical fibers spliced ac’cor.ding to the splicing

method.

Description of the Background Art

In ~opti§al communication systems, there have recently been cases where
single mode fbers (SMFs) déped with Germanium oxide (GeO,) must be
connected to an optical component .such as a planar optical waveguide having a
different mode field diameter (MFD) \from that of the SMFs. In those cases, an
optical coxﬁponent -ié first spliced to an optical. ﬁber having approximately the
same MFD as that of the' component, and-then the fiber is Spliced to the SMF
having an ordinary MFD, usually 10 pm.

. “When optical fibers having different MFDé are spliced together, it is
difficult to obtain a practically acceptable splicing loss simply by connecting
them .together‘ with the fusion splicing method. In Japanese Patent No.
2618500 arid Japanese Patent Application Pﬁblication No. 2000-27 5470,

Thermally-diffused Expanded Core (TEC) method is disclosed as a method to .
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solve suCh problem. By thé TEC \treatm.ent, a MFD can be increased locally
such thai; MFDs at the spliced ends Qf fibers match each other, and splicing loss
can be decreased accordingly. .

In many cases for connecting ah optical component and optical fibers,
plural optical fibers de.nseiy disposed are conhected to the optical componenf.
In éuch cases, when optical fibers having MFDs diﬁ'erent from each other are
connected, a plurality of optical fibers disposed in parallel in line are fusion-
spliced en bloc, and subsequently, the TEC treatment 1s applied to them.

Figures 6A and 6B e‘xplaizi the TEC treatment. In these two figures,
while .optical fibers 1a and 1b_which are to be ,connected to each other have the
same outer diameter as a bare fiber portion 1, they have different MFDs and
different relative reflective indices' thereof in the core portiozis’ 2a and 2b. A

coating portion of the optical fibers is denoted as 3. The optical fibers 1a and

1b are connected by fusion splicing. After their end faces for splicing are

disposed to face each other, they are fused by arc discharge, they are abutted
together to be fusion spliced. Such a simple fusion splicing results in causing
a large si)lici.ng loss, since there is a discontinuity of connectidn, due to the

difference of MFDs between the core portidns 2a and 2b in a fusion spliced

portion 6 as shown in Fig. 6A.

To improve such discontinuity, TEC treatment is conducted such that a
quion-spliced portion 6 is heated additionally by a micro-torch or burner as
shown in Fig. 6A. This additional hea'ting 18 performed under temperature

and time conditions that cause a dopant, which 1s added into the core portions
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2a and 2b in order to increase the refractive index, to thermally' diffuse toward
the cladding portions without fusing the optical fibers la and 1b. By this
heating, a dopant contain'ed.xin the core portions 2a and 2b is thermally diffused

and MFDs of the core portions 2a and 2b in the 3p]iced portion 6 are expanded

s0 as to obtain a smooth splicing form as the expanded portion 10 in Fig. 6B.

In the optical fiber la having a smaller MFD and a higher dopant
concentration, more amount of a dopant is thermally diffused than in the

optical fiber 1b having a larger MFD and a lower dopant concentration. Thus,

‘the MFD in the optical fiber 1a is expanded considerably more in a tapered .

shé,pe than that of the optical -ﬁber\ 1b and the discontinuity of the MFDs is
lesséned accordingly. In such a quion-\Splic'ing 'of ~optical fibers having
different MFDS, it has _been clgriﬁed that the splicing losé can be reduced by
TEC tre atment in which ‘the smaller 'MFD in one fiber is brought near the
larger MFD ;)f the other fiber. .

In another known method for decreasing a splicing loss, a pair of 6ptical

fibers having the same MFD are pulled back in the opposite direction to

" decrease the diameter increment at the spliced portion after having pushed one

or both of the fibers toward the other. Further, according to a method
disclosed in Japanese -Pétent No. 2572978 for decreasing the sphicing loss of the
spliced end, multiplé_ fibers of the same kind are pulled back to the opposite

direction after the m-ultiple fibers have been pushed toward each other and

fusion-spliced.

Figures 4A to 4C and 5A to 5C show methods of decreasing a diameter
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xinc-r\ement of the above-mentioned spliced end. Figures 4A to 4C shows

examples of splicing fibers énd Figs. 5A to 5’D shows those of multiple fibers.

As shown in Fig. 4A,‘ .bai:e glass fibers 2 are exposed by removing the
coating portion 3 of a péir of 'optical fibers 1 to be splicéd to.gether? and the
splicing end 4 of each fiber is disposed to face that of other fiber at a
predetermined space betwé.en them. Then the. épﬁcing ends 4 of both fibers 1
are heated and fused by arc discha;ge from an electrode 5. Ifeach optical fiber
1 is pushed toward the othé.r fiber and then fusion-spliced, there is produced a
thick-portion 7 at a junction 6, as shown in Fig. 4B. While the junction 6 is
still softened due to high temperature, one or both of the fibers are pulled back
to the opposite direction, and thereby the diameter of the thick poi'tion 7 18
.decreased to produce a thin portioh 8 as shown 1n Fig. 4C.

As shown in Fig. 5A, the coating portions 3 of pairs of multiple fibers 1’ are
removed at and near splicihg ends 4 to expose bare ﬁber portions 2 and fhe
splicing ends 4 of the mﬁltiple fibers 1 are disposed to face one another.
However, it would be djﬁcult to locate the splicing ends 4 precisely at a
uniform array, and the space ‘c’ between the splicing ends of each pair of the
fibers would differ among pairs. In such a state, the splicing ends 4 are
heated and fused by an are 'djscharge or the like, and then spliced as shown 1n
Fig. '5B by pushing one or ,'bot1h pairs of the multiple fibers 1’ toward the
opposing mﬁltiple ﬁber-s' by apredetérmined length, respectively.

If the spaces ‘c’ between ’the end faces of pairs of the fibers are different,

the pushing amount of each pair of optical fibers is not equal to the others,
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which results in different di-ameter increment of the thick portions 7 at the
junctions 6 among the pairs of ﬁbérs. - When both of the pair of fibers are
pulledback in the opposite direction thereafter, in some cases there is created a
thick portion 7 as shown in Fig. 50,' and m other cases a thin portion 8 is
created as shown in Fig. 5D. . Ther;efore,\ splicing losses of all fiber pairs cannot
necé’ssarily be suppressed' Within the range not excéedigg a .predetermined
value.

The above Patent No. 2572978 discloses that the splicing loss can be
suppressed to not more than" 0.1 dB by -making the ratio d/D (the ratio of the
outer diameter ‘d’ of the thick pbrtion 7 or thin portion 8 to the outer diameter
of the bare fiber ’D’) to be 0.9;5 to 1.18. ' Also disclosed therein is that the fibers

are pulled back upon fusion splicing thereof for a time determined beforehand

by the relation between the 'a;_bove d/D ratio and pulling-back time. However,

the technology disclosed in the ab ove prior art 1s for splicing single mode fibers
having the saﬁe MFD, aﬁd no disclosure is made on splicing optical fibers
having different MFDs. .

‘ Further, in Japanese Patent No. 3149194, a method of reducing splicing
loss is disclosed, in which the fusion-spliced portion of fibers having different

MFDs are elongated so that the diameter of the bare fiber is reduced so as to

obtain a reduced splicing loss. According to the method disclosed, MFDs

coincide by reducing the outer diameter of the bare fibers without applying the
TEC treatment. Here, the splicing loss of two splicing portions is from 3.8 dB

before the elongation to 0.5 dB after the elongation. While it is a considerable
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improvement of the splicing less, 0.5 dB cannot' be said to be a low splicing loss.
The spliciag loss of GeO, doped SMFs is desirably not more than 0.1 dB.
Further, in splicing multiple ﬁBers en bloe, seattering -of the puslling anioant is
unavoidable, and so it is difficult to reduce the splicing loss to not more than

0.1 dB by this method.

SUMMARY OF THE INVENTION

The object of the present ,_.invention i1s to provide a method of splicing
optical fibers at a low splicing loss apd an optical compone-nt incorporating the
fibers thus spliced at lowlos's._'

’l‘e attairi the above 'object, a new splicing method for optical fibers
having . different MFDS is ‘provided. In this method, Opfical fibers having
different MFDs are fusion-spliced, alid additional heat treatment 1s applied to \

the fusion-spliced portion such that a dopant contained in the core portion is

thermally diffused so as to cause the MFDs of the fibers to coincide each other.

In this method, pairs of eppoeing fibers disposed in parallel in line or in the |
form of a ribbon are pushed in a longitudinal direction from one -oi° both sides of
the pairs toward the epposed fibers at the time of fusioh-Splicing, and then
pulled back in the opposite direction to decrease the diameter 1ncrement in the
fasion- spliced portions, Wthh are sdbsequently subjected to the additional heat
treatment. Here, the diameter increment ‘f is a .quantity obtained by the
following:

f = (outer diameter of the junction of the fibers after the heat treatment)
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— (outer diameter of the bare optical fiber).

Further, a new multi-_-ﬁb_er component is. provicied. This 'multi-ﬁber
component includes optical ‘ﬁbers having different MFDs which are fusion-
spliced and the spliced portion 1S subjected to additional heat treatment such
that a dopant contained in the core Iiortion is thermally diffused, thereby
caueing the MFDs of the optical fibers to coincide, wherein the diameter
increment of the spliced portien efter the additional heating is not more than
11 pm.

- The present invention 1is further explained below by referring to the
accompanying d_rawings._ The -drawings are provided soiely i’or‘ the purpose of

illustration and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWING

Figures 1A1 to 1D2 are ﬁgu.res explaining' embodiments of t}ie present
invention.\ Figures 1Al to 1D1 are front ViEWS and Figs. 1A2 to 1D2 ere side
Views. ‘

Figures 2A and 2B are ﬁgures explaining the definition of diameter
increment f, and Fig. 2C is a graph showing the relation betweeri diameter -
increment and splicing loss after TEC treatment. -

Figﬁres 3A to 3F are figures showiﬁg. embodiments of miﬂti-ﬁber
components of the presentinvention.

Figures 4A to 4C are figures explaining a method of decrea.sing the ' ‘

diameter increment at the spliced portion of a single optical fiber by a fusion-
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splicing method.
Figures HA to 5D are ﬁguré.s- \ex'plaining a method of decreasing the
diameter i'ncréme_nt at the spliced portions of multiple fibers by fusion-splicing.

Figures 6A and 6B are ﬁgures explaining TEC treatment.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention are explained below by referrihg to
the accompanying drawings. In the drawings, the same number refers to the
same part to avoid duplicate -expl_anation.. The ratios of the dimensions in the
drawings do x;ot necessarily coincide with the éxplanation. Values of MFD are
at the waveléngth of 1_.55.um'_.- ' .

One embodiment of the present invention is eXpléined using Figs. 1A1 to
1D2.  Figures 1A1 to 1D2~arefr6nt Views, and Figs. 1A2 to 1D2 are side views.
Multi~ﬁber ribbons 11 comprise aplurélity of opticalﬁi)ers that are disposed m
parallel in hine. Each of multiple fibers 11a on one side of splicing pairs has an
MFD of appmroximately' 5 pni in a core portion of a bare ﬁ_ber sec;tidn. 12.

Multiple fiber 11b on the other side consist of Ge O, doped single mode fibers

(SMFs) having an MFD of approximately 10 pm in a core portion of a bare fiber -

section 12, respectively.

As shown in Figs. 1A1 and 1A2, a fiber coating portion 13 is removed at
the splicing end porti_ohs of the multiple fibers 11a and 11b having different
MPFDs, so that a bére fiber 12 18 exposed, respectively. Splicing ends 14 of the

bare fiber portions 12 are cut to predetermined lengths. However, it is
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ditficult to cut the multiple fibers 11 to precisely uniform lengths, and so there
occurs dispersion in terms of space ‘¢’ between the splicing end faces. Under

such situation, splicing ends 14 of the multiple fibers 11a and 11b are heated

and fused by arc discharge from an electrode 15 or the like. .

Subsequently, one or both pairs of the multiple optical fibers 11a and 11b

are pushed toward the other, as shown in Figs. 1B1 and 1B2, and the splicing

“ends 14 are fusion-spliced. By this pushing, a thick portion 17 is produced in a

splicing portion 16. The diameﬁer-‘increme.nt n the thick portion 17 is larger if
thé space ‘C between the splicing ends is smaller and th‘e‘ pushing amount
larger, énd 1s smaller if the space ‘c’ 1s lxargerx and the pushing amount smaller.
The diameter increment in the thick portion affects the sp]icing loss decrement

by the TEC treatment that is subsequently conducted. Therefore, it is

necessary to limit the increment to a predetermined value.

According to the present invention, in order to suppress the diameter |
increment within a prédetermined value, the multiple fibers are, subsequent to '
the pushing 0p.eration,. pulled-back .in.the bpposite dire.ction by a predetermined
length as sﬁoWn in Figs. 1C1 _ar;d 1C2. As this pu]ling-back operation 1s
conducted while the fusion-spliced portion 16 is \softened at high temperature,

it is possible to decrease the diameter of the thick portion 17 , or to produce a

thin portion 18, the outer diameter of which is smaller than that of the bare

fiber 12.
After the thick portion 17 of the fu'sion-sp]iced portion 16 has been

adjusted by the pulljng-back operation to a predetermined diameter increment,
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“an additional heating for TEC treatment 1s conducted, as shown 1n Figs. 1D1

and 1D.2. The additionalheating is conducted by usiﬁg an electric hea\ter or a
gas burner 19 All of themultiple ﬁbers 11 are heated uniformly at a TEC
treatment region 20 for a preédetermined time. With this additional heat
treatment, a dopant contained in the core -‘portion of the :ﬁbers 1S 'thermally
diffused to the cladding portien so that diﬂ'erent .MFDS of fhe multiple ﬁber 1la
and 11b coincide at the spliced-portion thereof and thereby the splicing loss can
be substantially reduce d.

Figures 2A end 2B are figures for explaining the definition of diameter
increment, and Fig. 2C is a graph showing the felation between diameter
increment and sphicing loss after TEC treatment.

A diemeter increment f is defined as follows:

f:awb,

where ‘@’ is a diameter of the junction of the fibers after the heat treatment,

‘and ‘b’ 1s diameter of bare fiber as shown in Figs. 2A and 2B.

 Figure 2C is a graph showing the felatibn between the diameter increment

and splicing loss after TEC treatment, when fusion-splicing is done between

| two optical ﬁbers having MFDs of 4 p_m and 10 pm, respectively, and both

having the outer diameter of bare fiber of 125 pum. Figure 2C shows that it 1s
necessary to limit the diameter increment to not more -than 11 pm, in order to
obtain an after-TEC-treatment Splicing loss of not more than 0.1 dB, which 1S
usually requiired for the splicing olf SMFs. Fur_ther, it also shows RUBE

necessary to make the diameter increment not more than 5 um, in order to
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11

obtain a more desirable Splicing loss of not more than 0.05 dB after the ’TEC
treatment. The smaller thé diameter incfement is, the more easily it can be
insérted into ,an optical connector ferrule; however, as a cénnector ferrule has a
clearance" relative to optical fibers, .it‘ is not always necessary for the diameter
increment to be zero.

"‘Howeve.r, it haé beéome’ clear that a decreasing curve of the splicing lbss
levels off afthe timé when‘ the diameter increment turns minus. Therefore, '
the excess pulling-back -operaj:itm-_after the fusion-splicing is senseless and only
causes a deterioration of _the fiber -stre-ngth. For example, if the diameter
incfement: becomes -20.5 pm, the cross -sectiqn of the portion having such
diameter increment (decrement in this case)‘_becomes- not more than 70% of the

cross section corresponding to the initial outer diameter of 125 pm. Then, in

order to maintain the required fiber strength according'to our experience, it is

desirable to make the dianieter increment not less than -20 um. In the case
when higher strength 1s re qu_ired for the ﬁbers,_ it is more desirable to conduct

the pulling-back operation such that the diameter increment is not less than - 6

pum. With the diameter increment of not more than -6.5 pm, the cross section of

the fiber including the increment becomes not more than 90% of the CTOSS
section corresponding to the initial outer diameter of 125 um.

From the above result, it was conﬁrmed that the smaller diameter

increment after the TEC ‘treatment enables a lower splicing loss, and

‘decreasing the diameter increment by the pulling-back operation is effective at

the time of the fusion splicing. However, it 1s de_sirablé to minimize the
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12

pulling-back operation for décreasing the diameter increment, and to adjust

different MFDs for uniformify by applying the TEC treatment to the fusion-
spliced\ portion. ' .

‘About .10 im dispersic)n is unavoidable for cutting lengths of bare fibers
coritained in the multiple fiber s by the present --state of art. Ifsuch ﬁbers‘ are
fusion-spliced e.n .bl'oc,_ there arises a dispersion of pushing amount,
approximately 20 pm at maximum, which creates the dispersidn in diameter
increment of approximately 6 um. However, in the en bloc fusion-splicing of
multiple fibers having different MFDs, even if the dispersion of the diameter
increment is 4to 10 pm among fibers after the TEC treatment, the splicing loss
after the TEC treatmentis 0.04 to: 0.1 dB, which 1s ﬁot more than 0.1 dB. If
the diameter increment of each fiber is —3 um to 3 um, the splicing loss after
TEC tr’eatment'is 0.01 to 0'.035 d\B,\which is not more than 0.05 dB.

As 1s clear- from the abdve explanation, in the fusion; Splicing of multiple
fiber s en B-loc, whose MFDs are djfferent, matching of __MFD can be eﬁ'ect_ively
conducted with the TEC treatment, by a minimum pulling-back operation to
decrease the increment diameter. Accordingly, the splicing loss in the fusion-
splicing of multiple fiber S having different MFDS c_an’ be made not more than
0.1 dB, which is equivalent to that which 1s desirable for the splicing loss of
SMFS. Further, the splicing portion whose diameter increment thus having
been reduced can be héﬁsed in. an ordinary optical connector -ferrule.

“The above-mentioned is an explanation of splicing optical fibers having

different MFDs; however, this invention is also effective for splicing optical
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fibers each of which having a small MFD. This invention is also applicable to
the fusion-splicing of eingle optical ﬁbers instead of the multi- ﬁberxribbon 11.

Figures 3A to 3F are eozamples of multi-ﬁber component incorporating
fibers fusion spliced io accordance with\ the splicing method mentioned above.
The optical fiber component 'show_n‘ n Flg 3A consists of a ﬁb_er ribbon 21
including optical fibers having a smaller MFD and a fiber ribbon 22 including
optical fibers having an ord,inory "MFD, whose diﬁerent -MFDs have been
matched bjr the TEC tre_atm_ent applied to a fusion-spliced portion 16, after the

fusion-splicing operation of both fiber ribbons en bloc. The fusion-spliced

portion 16 is subjected to the TEC treatment after the fusion splicing has been

made by the pushing operation and the pulling back operation to decrea‘se the
diameter increment, as previou_sly mentioned. It is desirable that the
diameter increment of the fusion-spliced portion be not more than 11 um and

more desirebly not more than 5 pm. Further, it is desirably not less than -20

* pm, and more desirably not less than -6 pm.

The fusion-spliced portion '16 is mechanically protected and reinforced by a
protection sleeve 23. The spliCing loss of the spliced portion in this strtcture
can be made not more than 0.1 dB which is equivalent to that of SMFs.

The multi-fiber unit 21 'coneists of optical fibers each having, for example,
an approximately 5 pm MFD, w'hich afe disposed n pafallel in line in the form
of aribbon; or stranded and houeed in a tube. The multi-fiber unit 22 consists
of optical ﬁbe:ps each having, fof_example, an ,ap.-proxima?telyzlo um MFD, which

are disposed in parallel in line in the form of a ribbon, or stranded and housed '
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in a tube.
Figure 3B shows an optical fiber component in which a multi-fiber
connector 24 is attached to the multi-fiber ribbon 21 in the configuration of Fig.

3A. This optical fiber component enables easy connection between planar

~ dptical wave guides having smaﬂ MFDs and SMFs.

- Figure 3C is an optical fiber component comprising a plurality of fibers 22’

~ (instead of the multi-fiber unit 22 shown in Fig. 3A), to which a plurality of

single-fiber connectors 25 are attached, .respectively: This optical fiber
component enables conﬁecting the multi-fiber unit 21, each fiber of which has a
5 um MFD, pluggably to an optical transmission line consisting of SMFs by

means of the single-fiber connectors 25. A multi-fiber connector can be used |

 instead of the single Optipalﬁ ﬁber connectors.

Figure 3D shows_ a..component consisting of a cbmbination of the
str.uctures shown 1n Figs. 3B | .and‘ 3C; that 1s, the optical fiber component
consists of an optical fiber ribbon 21, each fiber of which ha\s.a 5 pm MFD and
to which a *multi-ﬁber .connector 24 is attached, and a plurality of fibers 22’ to
which the single-fiber connectors 25 are attached. This optical compohenﬁ can
be use d. for pluggably connecting planar optical waveguides having a small

MFD to an optical transmission line consisting of SMFs by means of optical

- connectors 25.

Figure $3E is an optical fiber component consistihg of a fiber ribbon 21
separated into discrete fibers 21’ which have a 5 ym MFD and which are

individually fusion-spliced to optical fibers 22a each having a 10 pm MFD and



10

15

CA 02422011 2003-03-13

15

whose fusion spliced portions 16 aré housed individually- in- single-fiber
connectors 25. The fusion-spliced portions 16 _are formed by the method
similar to the example described with reference to Fig. 3A. A branched
portion of the fiber ribbon 21 1s supporfed by a branch sleeve 26 to maintain the
braﬁche‘d poSition. This Opticalﬁber .component can be used for connecting an
optical 'transmission line consisting of SMFs to the optical fiber ribbon 21
consisting of optical ﬁbe'rs.' havi_ng a & pum MFD, by using the optical connectors
25, which are pluggable. \A mﬁlﬁ-ﬁb‘er optical connector can be used also in
place of the single-fiber connectors 25.

Figure 3F is an optical fiber component consisting 6f an optical fiber
ribbon 21 to Whjch a multi-fiber cOnﬁe_ctor 24 is atfached b_n fhe unbranchéd
side thereof in the cOnﬁguration of .Fig. 3E. This énables easy pluggable
connection :by means - of the con_nectqrs 25, between' planar: 6ptical ‘ wavegulides
each having a MFD of 5 pm and an optical transmission line consisting of
SMF's. . .

In the Optical fiber components described in Figs. 3C to 3F, the optical fiber

*ribbon 21 consisting of optical fibers having an MFD of 5 um can be replaced by

an optical ﬁber ribbon 22 consisi‘:ing’\of _SMFs, and the Oﬁtical. fibers 22a or
fibers 22’ can be replaced by the fibers having an MFD of 5 um.

The entire disclosure of Japanese Patent Application No. 2002-80075 filed
on March 22, 2002 including specification, claims drawings and summary are

incorporated herein by reference in its entirety.
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What is claimed isi

1. A method of splicing one or more pairs of optical fibers whose mode.
field diameters (MFDs) are different from each other, the method comprising
the steps of: ‘

dispoéing said one or more pairs of optical fibers to oppose each other, the
end portions thereof to be spliced being a]i-gned; ‘

performing fusion-sblicing ijle pushing one or both of said pairs of fibers
toward the others so as'té abut one another during said fusidn-splicing; .

pulling back fusion-spliced fibers in the _opposite direction' to decrease
diameter increment created in fusionéspliced portions; and
' applyihg' -additidnal heat _tre‘atment to saidg fusioﬁ-sphced portions such
that a dopant contained in the core portions of ;said fibers is thermally diffused
so as to cause the MFDs t'hereof to match éach other.

2. A method .of .splic-in,g optiéal ﬁbers according to Claim 1, wherein the
diameter increment -aftef said additional heat treafment_ has beeﬁ applhied to
the fusion-spliced portions is not more than 11 pm.

3. A method 'of éplibihg optical ﬁ-beré according to Claim 1, wherein the
diameter increment after said additional heat treatment has been applied to
the fusion-spliced portions 1s not more than 5 pm.

_ 4 A Ir;iethOd,Of splicing optical fibers according to any one of Claims 1 to
3, wherein thé diameter ihcrement after said additional heét treatment has :
been applied to the fusion-spliced portions is not less than -20 pm. .

5. A method of splicing optical fibers according to any one of Claims 1 to
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3, wherein the diameter increment '_after said additional heat treatment has
been applie.d to the fusionfsplicéd portio’ns_is not less than -6 pm.

6. Amﬁlti—ﬁber component comprising the optical fibers having differexit
MFDs and: spliced according to the method as set forth in claim 1, Whéréin the
diameter iﬁcrement after the- additional heat treatment has been applied to the
spliced portions is not more than 11 m.

7. A multi-fiber component according to Claim 6, wherein the diameter
increment is not more than O pm.

8. A m_ulti-ﬁber c\omp_onent\ according to Claim 6- or 7, wherein the
diameter increment 1s not more than -20 pm.

9. A multi-fiber component according to Clmm 6 or 7, wherein the
diameter iﬁcrement_ 1S not more .than -6 pm.

- 10. A method of splicing one or 'mo,lfe pairs of optical fibers, the method
cémprising;'the steps of: ' .
disposing saia one or more pairs :of-opt_ical fibers to oppose each other, the
end portions thereof to be: spliced being \*a]igned;
_ performing fusion-splicing while p.ushing one or both of said pairs (ﬁ' ﬁbérs
toward the others so as to abut .dne another during said fusion-splicing;

. pulling back fusion.-'sp];iced fibers in the opposite direction to decrease

diameter increment created in fusion-spliced portions; and

applying. additional heat treatment to said fusion-spliced portions such
that a dopant contained in the core portions of said fibers is thermally diffused

so as to cause the MFDs thereof to match each other.
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