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STATEMENT RALLY SPONSORED RESEARCH OR DEVELOPMENT N A 15
BACKGROUND OF Tkt NVENTI ON A common way of permanently joining optical

t el ecomruni cations fibers is w FRTREf 8| B sPIVERT IQNereby forming a

continuous gl ass strand. Thg, s dféaéé%J‘@'qﬁ@ebXPf%g%ﬁHhhyFE§€P¥i”9 t he

protective polynmer 20 buffer that surrounds the rs near the ends to be
spliced. The bare fiber ends areantedgeblodndf cheamady Jdme end faces of the
fibers are placed in contact, and the fibers are fused together w th heat
froma torch or electric arc. This type of splice provides robust |ow 25

| oss tragsni ssion bet weeRobBere8PEREROE SEOMRIMSTED MABBIEI A IONES r egi on, the
fiber may be recoated to protect the bare glass or it nay be packaged in a

surroundi ng prot ect Thés happlhgat ¥anscLgpasothgpbesefigs Ungeweier U sevfer al
30 di sadvant aggs he, pretgctiv i L0g: 1.5 4 ypi |y, §pﬂe
spli ce package %%%(gg %gng'%é §?§€£é§ﬁ€%§§§¢é¥ﬁééﬁﬁ%§)ﬁé?zuf|{¥%ﬁi tTe

fiber energes fiomibairh Radasof 11,~ 3999n rchd ldisclosuréi lof~! dkich~ 2 the
spl i ce package, Because the recommended bend radius of the fiber is
appr oxi mat el y SRECTRARREEE oyt HeeNGS 55P 0 | eave as nuch as an

addi tiopgl inch at each end of the splice package to allow the fibers to
bend 5 into another direction. This conbination of |ong splice package,

| ar ge bend radi us SERTEMENT| BECARBANG eFePigdhkcleY o PANMEOREHREFHbdtth ends

of the housing may cause difficulty iBE@ﬁf&ﬁ@Eﬁ@ spl i ces conpact
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15 BACKGROUND OF THE INVENTION
A common way of permanently Jjoining optical
telecommunications fibers i1s with a fusion splice,
thereby forming a continuous glass strand. The splice is
formed by carefully removing the protective polymer
20 buffer that surrounds the fibers near the ends to be
spliced. The bare fiber ends are cleaved and cleaned. The
end faces of the fibers are placed in contact, and the
fibers are fused together with heat from a torch or
electric arc. This type of splice provides rcbust low
25 loss transmission between the spliced segments. In the
splice regicn, the fiber may be recoated to protect the
bare glass or 1t may be packaged 1n a surrounding
protective housing.
This type of splice has, however, several
30 disadvantages. The protective splice housing is typically
long. Some splice packages are as long as 2.375 inches in

length. In addition, the fiber emerges from both ends of



10 splice together the pigtails fromtwo fiber optic splatters, each of
which may reside in a package nore than two inches in |engthy th pldce
may add an additional three or four inches to the overall Ie?gfh l'g\l’azftlf'ﬁ)gv
for bends and pigtails fromthe conponents. The end 15 to end length of two
spliced splatters can easily be ten inches or nore. See Fig. 5. To
accommodate this inconveniently |ong Iengﬂ‘u‘, the fibers are often coiled in
a box, as shown in Fig. 6. This configuration results in a |esser overall

| engt h, but a greaspiiocvempaldkageea.Be2auis notedrabovmendedubenst hadhiis n an
optical fiber typigcally. .requires a bend.radius of 2 cmor nore to_avaid

li ght | oss anooﬁ;aitﬁ}eai erﬁ)e&seflﬁl Iaé)ﬁé@ffilf“?gfezyanoﬂﬁprﬁ%% sed berle¥ i g%ef. | t
is al so known gdadsddy f@dissvanysbrusibskanhi aldai tietaded dcn as: lédd¢he as
50 u using a ~25 mniature bend. To form a mniature bend, the dianeter
along a | engtteRd Bar £H9 bePliger @adgkedet Fasaliey| &hgs fikery, toorbend

exanpl e,z dr awi g ﬁ%&%% SrreiGYypi nation thereof. In the reduced

di aneter region, t conducts light by internal reflection at |east
partially 30 due tdrhhe dofibenanteni afi Adey sbliekr astdkawgeat tdrygd reend ace
between the fiber, and t he sugroundi ng, environnent nerally air. Thu in
this region, Hids %’% fﬁbeerflr%?/r’bealg%n‘?m%qeﬁl% untan thé%/r I#Eﬁ‘f? e
fromthe bend.cRee U$ Ratenthodesngd B, 846sandids £52:1398, ihhepak res
of which are incorporated by ref e?ence herein. 5 SUMVARY CF TapE. I]Sl\if/d!Eili[rrs?lO\l
The present i rRektGeh moopagédva f Foer epieleleviide Bavi A§ adeshredurte bend

splice . fpr ch ing di i al a ftjber,opti ath in a. ac ce.
10 l\/brelogarti o alrnc%/, %ﬁ%ﬁ eé\}‘; ce%%nppggggi%lgfi Fgggop?’idgal agflﬁqb%g h%%?%g a
first end portspmni@ieks seaond adptwehthf imkgr hewidyy dnsexopdc&adepandron.

The first end portion and, the second end portigQn are joined at a si on
retglﬁw

splice in a fusidh P9 cetteidn. A S d SRMEP 1 dhed 39 at?t east

a portion of thejfusion stlise §£9EQ0t hathbasta dhamf@raiaducaiito 4&ss
t han a di anet erlrg?sge fk;é;s(; Optcli cal falsﬁg fg?rgi thhe second opti ca%%flgié and
is capable of & Q% i § ghtd iR 19t tfaan diey ¢amponangia. | to
bendi ng & han u d i ber .1.0n. > iL.C n re
prefergbs\ y hoﬁgoed&lgggl g&g%?l{] agfetégpggriﬁcgarﬁptigrtggg% %&@k%gai%%gg’ I%r‘le tﬁ"ﬁms
manner, the bentclprovi des moecbangseef difgctidn bebweerrddramddatst apii<al
fiber and the second opti ay[ bLi ber _in a conpact_space. 25 The fusion

|

splice and mi niRRUTEHSF PPDpLERIERYI ¢ES SSRGS cBFEr IO tE8efR1 15 t he

routing of optical HbRerssi Bnbhg fiheldg Od emnithe-dichii i ayd g ew
optical fiber or repairing existing fibers nust determne or accommobdate an
appropri ate and! &f fiefs@it Tvanaldg liemasd  t hetf pepdeandrnogerbéhdatrhe. fi bers

it A R e L e L
typically requires a bend radius of 2 cm or more to avoid
light loss and maintain a wuseful longevity in an
unprocessed bent fiber. It is also known that this radius
may be substantially reduced to as little as 50 u using a

25 miniature bend. To form a miniature bend, the diameter
along a length of bare fiber is reduced to as little as 1
u, by, for example, drawing, etching, or a combinaticn
thereof. In the reduced diameter region, the fiber
conducts light by internal reflection at least partially
30 due to the difference in index of refraction at the

interface between the fiber and the surrounding

environment, generally air. Thus, in this region, the



5 10 15 20 25 region to a desired angle in the field so that the fiber
heads in the désired direction. The device is also particulaly, useful in
conbination with two fiber optic splatters that nust be spl %gdf}ff@‘geﬂ’a’éﬁ.
The conbination of two splatters and a miniature bend splice nmay be holsed
in a highly conpact package. DESCRI PTI ON OF THE DRAW NGS The i nvention w ||
be nore fully understood fromthe fol | owitiy detail ed description taken in
conjunction with the acconpanying drawings in which: Fig. 1 is a
cross-sectionatipndrevwnf se I8Shtvi vttt ki hesut and «plliiet tadewrdifprt actide
present invention; Fig. 2 is a plan view of a 90_m niature gsngg nd l'i ce;
e s

Fig. 3is a pleandi encsf U° 45a%FRtat¥A® bend38n87&pIak; OFF fial

cross-secti onal; yigy afea 180 mpiatur g -bend ,andpsphieq | mbyconhinatd e with
two splatters; Fig. 5 1s a prior art conbination of two 2x2 splatters and a

splice; and Filgretin.ss a prior art conmbination of two 1x2 splatters and a
splice pgickaged in a coiled configuration. ~~~f A~ 2~~3 -5 5 10 15

SUMMARY OF THE INVENTION
The present invention provides a fiber optic device
having a miniature bend splice for changing direction
along a fiber optic path in a compact space.

10 More particularly, the device comprises a first
optical fiber having a first end portion and a second
optical fiber having a second end portion. The first end
portion and the second end portion are joined at a fusion
splice in a fusion splice region. A miniature bend is

15 formed in at least a portion of the fusion splice region
that has a diameter reduced to less than a diameter of
the first optical fiber and the second optical fiber and
is capable of transmitting light with substantially less
light loss due to bending than an unreduced fiber

20 portion. The splice and bend are preferably housed in a
suitable support structure or packaging. In this manner,
the bend provides a change of direction between the first
optical fiber and the second optical fiber in a compact
space.

‘25 The fusion splice and miniature bend fiber optic
device 1s particularly useful in the routing of optical
fibers 1in the field. Often, the technician laying new
optical fiber or repairing existing fibers must determine
or accommodate an appropriate and efficient routing in

30 the field and must bend the fibers as necessary to
achieve this routing. The present invention allows the

technician to splice two fibers and then bend the splice



.20 ~25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A fiber optic device 10 having
a fusion splice and a mniature bend according to the presené lnvention is
illustrated in Fig. 1. The device 10 is formed with two optidal MAe2ENR,
14, having ends 16, 18 from which the polyner buffers or jackets 20, 'QJZ
have been renoved. The fibers are joined by a fusion splice in a splice
region 24. The mniature bend 26 is forneds+n at | east a portion of the
splice region having a reduced dianeter. The splice between the two fibers
12, 14 may be fo5iBd Hsi BY deenvent haRak fiusior shldice dectil ogye WeiBe known
fusion splice equipnent. Thus, the fiber ends are cleaved and cl eaned. The
fi ber ends arehadfgned andhl adesindd h dikeict iend f dbes HAVESAt ags. Fheo
fibers are thep_jpi h [ t.he fusi.on.r.eqgion o] X &t j a
torch or el ect ?%Qgglg.ga%&t ,%gftekggdil&rre %@%3%% t‘f’1ietk1{1 uéwgnags%e%ceéﬁ{égﬁgon
24 is reduced gplabvtappr ohataimesdi aretxrl iceddv@ther .M That coebbeadiant h
mnimmlight |oss. The dianeter is preferably reduced by heating the
splice regi on @hd td%%msﬁ’glttﬁérﬁ b%‘?dd(ﬁ/mmtIBl?gErﬁelsi?‘?% cﬁpg'r?é’reerga?heb%raw
may be perfornggybyathe § usiom prkdgs QAYRIBRYe. The draw paraneters, such
as arc current and duration, are adjusted as necessary to achieve the
desired draw, which can be readily determ ned by those of ordinary skill in
the art. The draw typically i r t ired current, a
steady state while the draw o@%?g??%@ﬁaﬂ% d@lenga*?% he di anet er
decreases to preventhaelhiegt obnthielfibermodypienly yunddestbadv festiceset he
30 dianeter of the fiber from for exanple, 125 a to a diameter sufficient
to minitlze | 05_1bPVine dptprtaededergyiPhiPhetBERA, 1y ATHBIGEion with
approxi mat el y u ; ~a Y 2 Q~~ -6, draw may occur i mredi ately
after the fusi%ﬁes%?%%gp%ﬁ%g t]dr;%a“%ll\;bgesr Jins wgtli@Ihl' heated, or the fiber may
be allowed to cool Homwn befisre pecberseogidhel dvawyw dheadianet®in@yuid SO
be reduced by etching or a conbination of drawing 5 and etching if desired.
Preferably, st?PeRgmnd apelEte t3eFsidingh toedgihenpresensoiaventéppion each
si de between the fu;ion §pl.i ce rﬁgi on. .The bend éﬁois.for d in the reduced
di aneter region in ahy" shitabl® RarRer 'R0Vt i A tHe RAPIARFEr £V efSd 10
the fusi®n spléseiegui pment may include a suitable novable support to bend
one fiber over to the appropriate angle. After bending, the bend is
anneal ed at a | ow tEhper dt urse @ oplehi evewstafessed 5P nmihéabend begidorands i s
known in the art.. For exanple, the fusion splice 15 equipnment may be
oper at ed at | oWtlfFlent while the bend is still retained therein. The
particul ar bend ang may b ct}%& S S he.partigul_ar °
application. In Fi gﬂ“ﬁi %aheggli rect rlc?% 0?§§T§1§é %éé(teid&??%e?s}%?s J?)gvéar ség? SO
t hat one of theiratfuter shérsdf obkded bptkcevednt hecoiieratficber witha two
substar%d' ally S1 it%eenrd., Thus, the two fibers are parallel or substantially
paral | el” and e ad?’acent or close to each other along parallel or
substantially pa=alfgd. ax®@s.idx her chend angkesc-sRYiREL PHRVI Sed, t howerer .
For exanple, \25 Fig. 2 illustrates a bend angle of 90, and Fig. 3
illustrates a HendGEigt &t usPhire/sgndce and bend are preferably
supported by a suit e p t _st re h i S in
channel 34 forned i%ﬂa' sﬁél;sltol%’;tg 3%)%%2”5; fa\% f?glgﬂr)gg?rgéon S a8 A

. splitters and a splice packaged in a coiled

\

25 configuration.



.30 be retained within the channel by a suitabl e adhesive 38, as known in
the art . The bend is preferably supported so ~~ ~ ~~~~ ~ (03 that it

does not touch the sides of the substrate, which would degrzﬁg tpgﬁgﬁﬁtfal
performance therein. The bent splice 10 nay be fornmed with M |

42, fromtwo splatters 44, 46, as shown in Fig. 4. 5 The two splatters may
be retained within a single housing 48. Theg-conbination of the two
splatters and the bent splice may be further housed within a rigid

protective shield (not Sbg\mkmb gé§t§??ﬂé’t§ b5 ARPan@MNTide entire
package of two splatters and the bent splice occupies 10 less area and is

substantially shortarfihan oheikndemipei bo lawlrs;g)latftaﬂ@rplﬂebics;@wmdea

mbi nat i h F d 6...Th | t bend
Conbi nati on | YR SBERET (N Py OSBRI | FOT HE oBieRg o DL FRRLCR bET S 15

inthe field Ofiigscrdbedt eahmigi.an | apidddeereodpiocak fidigedorwit@patwodng
existing fibers nust determ ne or accomodate an appropriate and efficient

routing ¥n theoptérdl ahdbatist 1Bend 4y hoaviipar 6188 AéeedSarkram Vémﬁkév’éh% hi s
t Th |
routing. The e%c?%ir@% I@E\‘éff‘é 9N A i%‘ﬁeﬁ@%@ e?‘i" Ch 2FL 2@?&9. EQL(%%@?‘. "

fibers and th |cerg|ontoa esired angle in t
that the fiberfheads bBmet b@lcdlesil rl:e,d di festomnspTheei nvenrt i spilice noégionbe

limted by whag, has b t Ly, sh d b t
[ ndi cated by 35 { NeCAppBRICE) BHL 20 25 DI ABAF Lo gLt WPRE: PR m

5 1. Afiber O@EI@h@leyplsﬁcéOfec% giangudj r£ddRReal anamatkirher optic path,
conprising: a first optical having a first end portion, and a second

opticall@iber havingha sadome eh@twgﬂll ahe t heof |frl§1er§nd1§ort3i‘bnmabrd béne
second end por%o?mezjdo g?[gxglocﬁvea}ltfl%%aq_n fl?éi I'S,Bl?‘cfeu%e%nsoql g%/e w1e?9h0n

and
known fusion splice equipment. Thus, the fiber ends are

cleaved and cleaned. The fiber ends are aligned and

placed with their end faces in contact. The fibers are

15 then joined by heating the fusion region, for example,
using a torch or electric arc.

Next, the diameter within the fusion splice region

24 1s reduced to an appropriate diameter to achieve a

miniature bend with minimum light loss. The diameter 1is

20 preferably reduced by heating the splice region and

drawing the fiber down to the desired diameter. The draw

may be performed by the fusion splice equipment. The draw

parameters, such as arc current and duration, are

adjusted as necessary to achieve the desired draw, which

25 can be readily determined by those of ordinary skill in

the art. The draw typically includes a ramp up to a

desired current, a steady state while the draw occurs,

and a ramp down as the diameter decreases to prevent

melting of the fiber. Typically, the draw reduces the

30 diameter of the fiber from, for example, 125 u to a

diameter sufficient to minimize loss of +the optical

energy in the bend, preferably approximately 15 n. The



a bend fornmed in the fusion splice region, the fusion splice region
including a portion having a dianeter reduced to | ess than agnd} r d
the first optical fiber and the second optical fiber and capggkgﬂﬁkﬁﬂgf:a
transmtting light with substantially less light |oss due to bending than
an unreduced fiber portion, the bend providing a change of direction

between the first optical fiber and the segond optical fiber. 20 2. The
fiber optic device of claiml, wherein the change of direction an angle up

to 180. 3. Theyddperappbleudeyimedbicel @i RrterWhtkeimdile hend o owides a
reversal of direction between the first ~25 optical fiber and the second

optical fiber.the fHeetibersiobtl dertdde of Wiaifber vt 29 aheotrhdhas a
radi us of curvaf ed%%he%eﬁeo#f'#%ﬁﬁ e%ﬁeogir%q}.' C@I{:eeﬁgﬁ%}?‘e'} t
00 -9 5. The Tiber evice 0 ,

bend. 30 ~ ~ ~~~~"~0 ptic claim further
conprising a hifder beowardurgd hey f etshingt iozala f tbabiaatdibhe ofecdwrlviopd i cal

fi ber spaced fromthe bend. 5 6. The fi ber oEti c. device of, claiml, Wnderei n
the diameter "9 heEdi%n idf CRELFES onPEBFFERPF Byi oRET_IIRYuCHRPHF

etching, drawiohnOft 86 0pbh NGk d 0Dgof 38t i ad grawhpg. kQie/ - bdiigedd ber
optic device of claim1l, wherein the dianeter of the portion of the fusion
splice region tike siffial emlica egded-t o m ni m ze | oss of optical energy in

the bend. 15 8. The,fi her ic, device of. claiml, further_ c ising a
Support st ructure, i BEHI O Ked TR it S e P
fiber optic deM cegnof stliabbid, rfamhieerknrcoipr kaenGritwo Althernapivel v,
splatters, wherein the first optical fiber conprises a pigtail from one of
the two-®iber Wigti C&ptent t FRIEARI tFRIRRBHd  Fay calPF st c%np?‘i‘%te%b]e?

pigtail from mz{lﬁre Uug e d We, fti%]}g{ PR 1l AV %o %é%pﬁ%{ﬂa@@é

optic device of claim9, wherein t change of rection 1s an eup to
| 80. 11. A netdrorlef Adteirngbendfliber dptd cbdedi cis harinmeg l@d30athangel of

i ber havi ng. & FIHEE T it G OB ER 1) BOF HEVThg % Siborth .
known in the art. For example, the fusion splice
15 equipment may be operated at low current while the bend
is still retained therein.

The particular bend angle may be chosen as necessary
for the particular application. In Fig. 1, the direction
of the fused fibers is reversed, so that one of the

20 fibers 1s folded back over the other fiber in a
substantially 180° bend. Thus, the two fibers are parallel
or substantially parallel and extend adjacent or close to
each other along parallel or substantially parallel axes.
Other bend angles may be provided, however. For example,

25 Fig. 2 1illustrates a bend angle of 90°, and Fig. 3

illustrates a bend angle of 45°.
The splice and bend are preferably supported by a
sultable support structure or housing 32, such as in a
channel 34 formed in a substrate 36. The two fibers may
30 be retained within the channel by a suitable adhesive 38,

as known in the art. The bend is preferably supported so



~ ~ ~l~Y QO3 -10 fusing the first end and the second end to forma fusion
splice in a fusion splice region; reducing the dianeter of

portion of the fusion splice region to a dianeter |ess thar?ag M@EX@@QS of
the first optical fiber and the second optical fiber and capabl e of
transmtting light with substantially less light |oss due to bending than
an unreduced optical fiber; and bending thé‘portlon of the fusion splice
region to 10 form a bend. 12. The method of claim 11, wherein the reducing
step further cohptiseésddeawineg, tetcthi mja,e ozridaesconﬁ)itriaei@ub@tfraitaw whiahd

etching the fusi lice. regjion Th rrethod cl.aim 11, further
conpri si ng supBBPE?ngegﬁﬁd‘Fug]il%nogb:’r?% B W%t I5eéfd on a substrate.

20 A A A.A AE AfMeABedt ML AYNEGAMD g6 Gormed with the plgtalls
%&*z{ '} xsnid ZUéca] ca] ca] ca] ca] ca] ca] ca] ca] ca] g&} cal ca\/iljca] ca [¢

LV ca] ca] ca] caf®a] da} cdj%d] chfeaFralehfEq) éé}c rc & cahP¥eilpndtid Y| fror ux|
E 2

J$$$&&&(?| wgl gET?(] CT, afga]lcafciaﬁncg] E?‘a ca E&atﬁlc%a ca %:%1] 28 caTga] ca

] ca] ca] c&a] ca] ¢8] calhea] cahbahatl ca] odf] ctaie:atwa] Cﬂﬂ(l-lt-l’c}blfs-l- av'ld80:ls£el_015>éﬂ11H222

33>45%%* 567777 b

a)J ca] ca] ca] ca] %ﬁ?%ﬁ%\% !ﬁ)% % %Elﬁ}r g} 92?%%} ca] ca] % ‘J’}éj&allf) %ca] :
109 #] & () - 10%Re{d- AQ%&h&&ani@‘V@&ﬁeg 1@8/% (ég}sﬁ\éﬁ%i 9§1$é08@@§4ré) 9s

$10%&' ()-!, L$10%&'()-l+ L$109&' ()-!, L$10%&fé) L$10 ()-\
<= o}oM{95$100/@a#3@g@/ggf()tzolmltters and’ the bent spllce occupies

10 less area and 1is substantially shorter than the known
prior art splitter/splice/splitter combinations shown in
Figs. 5 and 6.
The fusion splice and miniature bend combination is
also particularly useful in the routing of optical fibers
15 in the field. Often, the technician laying new optical
fiber or repairing existing fibers must determine or
accommodate an appropriate and efficient routing in the
field and must bend the fibers as necessary to achieve
this routing. The present invention allows the technician
20 to splice two fibers and then bend the splice region to a
desired angle in the field so that the fiber heads in the
desired direction.
The invention is not to be limited by what has been
particularly shown and described, except as indicated by

v 25 the appended claims.
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5 1. A fiber optic device for changing direction along a

fiber optic path, comprising:

a first optical fiber having a first end portion,
and a second optical fiber having a second end portion,
the first end portion and the second end portion Jjoined

10 at a fusion splice in a fusion splice region; and

a bend formed in the fusion splice region, the
fusion splice region including a portion having a
diameter reduced to less than a diameter of the first
optical fiber and the second optical fiber and capable of

15 transmitting light with substantially less light loss due
to bending than an unreduced fiber portion, the bend
providing a change of direction between the first optical

fiber and the second optical fiber.

20 2. The fiber optic device of c¢laim 1, wherein the

change of direction an angle up to 180°.

3. The fiber optic device of claim 1, wherein the bend
provides a reversal of direction between the first

'25 optical fiber and the second optical fiber.

4, The fiber optic device of claim 1, wherein the bend
has a radius of curvature selected to minimize lcss of
optical energy in the bend.

30
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reduced by etching, drawing, or a combination of etching

and drawing.

10 7. The fiber optic device of claim 1, wherein the
diameter of the portion of the fusion splice region is
sufficiently reduced to minimize loss of optical energy

in the bend.

15 8. The fiber optic device of <claim 1, further
comprising a support structure, the bend housed within

the support structure.

9. The fiber optic device of <claim 1, further
20 comprising two fiber optic splitters, wherein the first
optical fiber comprises a pigtail from one of the two
fiber optic splitters and the second optical fiber

comprises a pigtail from another of the two fiber optic

splitters.
v 25
10. The fiber optic device of claim 9, wherein the
change of direction 1s an angle up to 180°.
11. A method of forming a fiber optic device having a
30 change of direction along a fiber optic path, comprising:

providing a first optical fiber having a first end

and a second optical fiber having a second end:
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!"#$%&()*+"'/0123§§§Z§8:%ﬁ%>%§%st end and the second end to form a

fusion splice in a fusion splice region;
reducing the diameter of at least a portion of the
fusion splice region to a diameter less than a diameter
5 of the first optical fiber and the second optical fiber
and capable of transmitting light with substantially less
light 1loss due to bending than an unreduced optical
fiber; and
bending the portion of the fusion splice region to

10 form a bend.

12. The method of claim 11, wherein the reducing step
further comprises drawing, etching, or a combination of
drawing and etching the fusion splice region.

15
13. The method o¢f <claim 11, further comprising
supporting the fusion splice region and the bend on a

substrate.

20



