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Miniature Bend Splice' in Optical Fibers 

and Method of Forming same 

CROSS RE!'EilENCE TO ~ED APPLICATIONS 

This app1icati.on c1aims the benefit unde.r 35 u .. s.c. 
s 119(e) of u.s. Provisional App11cat:Lon·Nos. 60/.148,375, 

filed on August 11, 1999, the discl.osuJ:e of which is 

incorporated by reference here.in. 

STATEMENT REGARDlNG FEDE!UU,iK .SPONSORED RESEARCH OR 

DEVELO,!C£N'J! 
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BACKGROlJND OF~~RE INVENrION 

A common way of· pemanently joining optical 

telecammunications fibers is with a fusion splice, 

thereby f o%1Ding a continuou• 9lass strand. ·The splice is 

foxmed by carefully ramovSLft9 the protective polymer 

20 buftez that surrounciS the fibers near the ends to be 

spliced. The bare fiber ends are cleaved and cleaned. The 

end faces of the fibe~s are :placed in contact, and the 
. . 

fiber-s are fused together with beat from a torch or 

electric arc. This type c* splice provides robust low 

25 loss transmission between the spliced segments. In the 

splice region, the fiber may be re coated to protect the 
• I • 

bare glass or it may be packaged in a surrounding 

protective housing. 

This type . of spl~e.ie has, however, several 
. . 

30 disadvantages. The protective splice housing is typically 

long. Some splice packages are as_ .long as 2.375 inches in 

lenqth. In addition, the fiber emerges from both ends of 
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the splice package. Because the recommended bend radius 

of the fiber is approximately one inch, it may be 

necessary to leave as much as an additional inch at each 
end of the splice package to a,J.low the fibers to bend 

5 · into another direction. 
This combination of long :splice package, large bend 

radius of the fiber, and ~rg-~ce of the fiber.from both 
ends of the housing may cause. difficulty in packaging 

splices compactly. For example, if it is des:lJ:ed to 
10 splice together the pigtaijs. from two fiber optic 

splitters, each of which may ;reside in a package more 

than two inches in length; · the splice may add an 

additional three or four in~es to the overall length to 

allow for bends and pigta11s fJtOID the c~nents. The end 
15 to end length of two spliced

1 
SfPlitters can easily be ten 

inches or more. See Fig<( 5. · To accommodate this 
inconveniently long length, tie fibers are often coiled 

in a box, as shown in Fig. ~· This configuration resul.ts 

in a lesser overall lengthr mu~ a greater overall area. 

20 As noted above, a tUrn· or ))end in an optical fiber 

typically requ~res a bend rad1us of 2 cm or more to a~oid 

li;ht loss and maintain a useful longevity in an 
unprocessed bent fiber. It £s .·also Jcnown that this radius 

may be substantially reduced to as little as 50 µ using a 
25 miniature bend. To fo:m a ~niature bend, the diameter . . 

along a length of bare ~ibe~ ~s reduced to as.little as 1 

Pr by, for example, draw1r..g.. etching, or a combination 

thereof. In the reduced qiameter reqion, the fiber 

conducts light by internal r.eflection at least partially 

30 due to the difference in 'index of refraction al; the 

interface between the fiber and the surrounding 

environment, generally a~~ . Thus, in this region,. the 

...£.. 
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fiber may be ben'C with no substan·tial light loss from the 

bend. see us Fatent Nos. S,138,676 and 5,452,393, the 

disclosures of which are incorporated by reference 

herein. 

SUMMARY OF THE INVENTION 

The present invention pr~v~des a fiber op~~c device 

havinq a miniature bend splic~ for changing direction 

along a fiber optic path in a c~pact space. 

10 More particularly, .the device comprises a first 

optical :fiber having a first end portion and a second 

optical fiber having a second ~d portion. The first end 

portion and the second end poiUion are joined at a fusion 

splice i~ a fusion splice re9ion. A miniature' bend is 

15 ~oJ:med in at least a portion:~ the fusion splice region 

that has a diameter reduced' t~ less than a diameter of 

the first optica1 fiber and the second optical fiber and . 
is capable of transmitting Iight 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 df direction between the first 

optical fiber and the second 'optical fiber in a compact 

space. 

25 The fusion splice and ~niature bend fiber optic 

device is particularly use~ul in the routing of optical 

fibers in the field. Often, the technician laying new 

optical fiber or repairing eMisting fibers must determine 

or accommoda'Ce an appropriate and efficient routing in 

30 the field and must bend ~he fibers as necessary to 

achieve this routing. The present invention allows the 

technician to splice two .fibers and then bend the splice 
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region to a desired angle in tbeifield so that the fiber 
heads in the desired ·direct~on. The device is also 
particularly useful in co.inl:»inatiion with two fiber optic 
splitters that must be spliced ~ogether. The combination 

5 of two splitters and a mini~tJure bend splice .. may be 
housed in a highly con;>act package. 

DESCRIPTION OF .!'lfB DRAWINGS 
The invent.ion will be more· fully underatood ~rom. the 

10 fol1owin9 detailed description 1taken in conjunction with 
the accompanying drawi~9a in wh~ch: 

. : . 

Fig. 1 is a c:rosat-sectioh~l view of a 180° miniature 
bend and splice accor~g to ~:,p present invention; 

Pig. 2 is a plan view c~ a 90° miniature bend. and 
15 splice; 

Fig. 3 1• a plan view "oi a 45° miniature bend and 
splice; 

Fig. 4 is paztial cros•-sectional view of a 180° 
I 

miniature bend and splice ·in combination with two 
20 splittera; 

s is a prior •* Fi.g. 

splitters 

Fig. 
.splitters 

and-a splice; and 

6 is a prior ~u:it 

and a splice 
25 con~iguration. 

combination of two 2x2 

combination of two lx2 
packaged in a coiled 
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DETAILED DESCRIPTION OF THE !NVENTION 
A fiber optic device 10 having a fusion splice and a 

miniature bend according to the present in-vention · is 

illustrated in Fig. 1. The device 10 is foJ:med with two 

s optical fibers 12, 14, h~ving ends 16, 18 from which the 

polymer buffers or jackets 20, 22, have been removed. The 

fibers are joined by a fusion splice in a splice region 

24. Tbe miniature bend 26 is foJ:med in at least-·a portion 

of the splice region having a reduced diameter. 

10 The splice between the two fibers 12, 14 may be 

fo:r:med using conventional fusion S:Plice technology with 

known fusion sp11ce equipment. Thus, the fiber ends are 

cleaved and cleaned. The fiber ends are aligned and 

placed with their end fac~s in contact. The fibers ~re 

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 is reduced to an appropriate diameter to achieve a 

miniature bend with minimum light loss. The diameter is 

20 preferably :reduced by . heating the splice region and 

drawing the fiber down ·eo ~~~ desired diameter, The draw 

ma~ be perfol:'Dled 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 ot·ordinary skill in 

the art. The draw typJ cally includes a ramp up to a 

desired current, a st:eady 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 µ to a 

diameter sufficient to ·minimize loss of the optical 

energy in the bend, preferably approximately 15 µ. 'l'he 



draw may occur immediately after the fusion splice while 

the fiber is still heated, or the fiber may be allowed to 
I 

cool down before performing i..1 .. c draw. The diameter may 

also be reduced by . etching or ~ combination of drawin9 

s and etching if desired. Preferably, straight tapered 

transition regions 28, 30 are ~eft on each side between 

the fusion splice region. 

The bend 26 is foJ:med in tne reduced diameter region 

in any suitable manner known in the art .. Alternatively, 

10 the fusion splice equipment may include a suitable 

movable support to bend one fiber over to the appropria~e 

angle. After bending, the bend is annealed at a low 

temperature to relieve stresses in the bend region, as is 

known in the art. For example, the fusion sp1ice 

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 

?.O fibers is 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 Ficp. 2 illustrates a bend angle of 90°, and Fig. 3 

illustrates a bend angle of 45°~ 

l'he splice and .bend are pref er ably supported .by a 

suitable support structure or housing 32, such as in a 

channel 34 formed in a substirate ·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 
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that it does not touch the sides of the substrate, which 

would degrade the optical perfonnance therein. 

The bent splice 10 may be formed with the pigtails 

40, 42, from two sp;litte.rs 44, 46, as shown in Fig. 4. 

5 The two splitters may be retaine~ within a single housing 

48. The combination of the tw~ splitters and the bent 

splice may be further housed within a rigid protective 
.. 

shield (not shown) if desired. As is apparent, the entire 

package of two splitters and the bent splice occupies 

10 less area and is substantially shorter than the known 

~rior art splitter/splice/splitter combinations shown in 

Figs. 5 and 6. 

The fusion splice and min~ature bend combination is 

also particularly µseful in the routing of optical fibers 

1.5 in the field. Often, the technician laying new optical 

fiber or repairing existing .fibers must determine or 

accommodate an appropriate and efficient routing i.n the 

field and must bend the fibers as necessary to achieve 

this routing. The present invention allows the techn1eian 

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 
25 the appended claims. 
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CLAI~C: 

We claim: 

1. A fiber optic device for changinq direction along a 

fiber optic path, comprising: 
a first optical fiber havµig a first en4. portion, 

and a second optical fiber having a second end portion, 

the first end portion and the second end.portion joined 

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

a bend · fo:aned :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 transmi.ttinq light with substantially less light loss due 

to bending than an unreduced fiber portion, the bend 

providinq a change of direction between the first optical 

fiber and the second optical fiber. 

20 2. The fiber optic device of claim l, 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. 

30 

4. The fiber optic d~vice of claim l, wherein the bend 

has a radius of curvature '?'elected to minimize loss of 

optical energy in the bend. 
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s. The fiber optic device of claim l, further 

comprising a buff er covering the first optical fiber and 

the second optical fiber spaced frOJl\ the bend. 

S 6. 1'he fiber optic device ~f claim l, whe:rein the 

diameter of the portion of the fusion splice region is 

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 portic:m of th~ fusion splice region is 

sufficiently reduced to minimize loss o~ optica1 energy 

in the bend. 

~5 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 l, 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 ano~her of the two fiber optic 

splitters. 

25 

10. The fiber optic devic~ of claim 9, wherein the 

change of direction is 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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fusinq the first end and the second end to fo.rm 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 loss due to bending than an unreduced optical 

fiber; and 

bending the portion of the fusion splice region to 

10 fo%ll\ a bend. 

15 

20 

12. The method of claim 11, wherein the reducinq step 

further comprises c:b=awing_, etching, or a combination of 

drawing and etching the fusion splice region. 

13. The method of claim 11, further comprising 

supporting the fusion splice region and the bend on a 

substrate. 

.• .. ~ ...... 


