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overclad fiberoptic couplers. A furtherobject is to pro- vide a fiber optic
coupler in which a plurality of output This Invention relates to 1xN fiber
optic couplers  fibers are equally spaced about an input fiber. (N>2)
thatare capable of coupling substantially equal    According to the present
invention there is provid- amounts of powerfrom an input optical fiber to
three   5   ed a method of making a fiber optic coupler compris- or more
output optical fibers; it also relates to meth-  ing the steps of
assembling a coupler preform having ods of making such couplers.
inner and outer concentric glass tubes having a gap Methods of making lxN
couplers are disclosed in  therebetween, with a firstoptical fiberdisposed
in the related U.S. patent application S.N. 380,877. Protec-  axial
passageway of the inner tube, and a plurality of tive coating is removed
from a region of an input opt-  10  optical fibers disposed within said gap
and equally ical fiber intermediate the ends thereof, and protec-  spaced
about the axis of said inner tube, said firstfib- tive coating is removed
from an end of each of a plur-  er extending through the longitudinal
midregion that ality of outputoptical fibers. The coated portion of the
extends intermediate the first and second ends of the input fiber is
threaded through the aperture of a ca-  resultant coupler preform, said
first fiber extending pillary tube until the uncoated region thereof is
near  15  from the first end of said preform, and said plurality the tube
end. The uncoated regions of the output fib-  of fibers extending through
said midregion and from ers are placed around that of the input fiber, and
the  second end of said tube, uncoated regions of all of the fibers are
simultaneous-    heating and then collapsing said midregion of ly fed into
the tube aperture until the uncoated re-  said coupler preform onto said
fibers, and gions extend through the midregion of the tube. In or-  20
stretching the central portion of said midregion derto equally space the
outputfibers around the input  to reduce the diameter thereof. fiber, the
uncoated sections of the output fibers are   Various gap configurations are
generated, de- glued to the input fiber prior to inserting the fiber bun-
pending upon the shape of the outer surface of the in- die into the tube.
The tube midregion is heated to col-  ner tube and the shape of the outer
tube aperture. lapse it aboutthe fibers, and the central portion of the
25   The gap can be azimuthally homogeneous, whereby midregion is drawn to
reduce the diameter thereof   its thickness at any azimuthal position is
sufficient to over a predetermined length.                        accept
one of the plurality of fibers. In such a gap, U.S. Patent No. 4,902,324
teaches that tubes     each of the output fibers is disposed immediately
ad- having bores of predetermined cross-section can be  jacent two other
output fibers. Alternatively, the gap employed to facilitate the alignment
of the output fib-  30  can be azimuthally inhomogeneous, whereby the ers
around the centrally-disposed input fiber prior to  thickness thereof at
equally spaced azimuthal posi- the tube collapse step. The aperture is
formed by a  tions is sufficient to accept one of the plurality of fib-
plurality of flattened walls, the dimensions and orien-  ers, but wherein
the thickness of the gap between the tations of which are such that the
cross-section of the  spaced azimuthal positions is insufficient to accept
aperture in the central region of the tube is symmet-  35  one of the
plurality of fibers. rical with respect to a plane passing through the
long-  The coupler preform can be assembled by insert- itudinal axis of the
tube. At any cross-section of the  ing a portion of the input fiber into
the axiallydisposed aperture that is adjacent the coated regions of the
fib-  aperture of an inner tube having first and second ers, each fiber
coating contacts two walls of the aper-  ends, the remainder of the first
fiber extending from ture. The midregion of the tube is heated and col-  40
the first end of the innertube. The innertube is insert- lapsed about the
fibers, and the central portion of the  ed into the aperture of an outer
tube, a gap existing midregion is drawn to reduce the diameter thereof.
between the innerand outertubes. The ends of a plur- For example, four
fibers can be positioned in a trian-  ality of output optical fibers are
inserted into the gap. gularly shaped bore, three of the fibers being
equally  The input and output fibers extend through the mid- spaced about a
central fiber. After the tube collapse   45  region of the resultant
couplerpreform. The innertube step, the peripherally disposed fibers are
not always  is preferably formed of a glass having a softening equally
spaced about the central fiber. Amaximum of  point temperature lower than
that of the optical fiber six fibers can be equally spaced about the
central fib-  cladding glass and having a refractive index substan- er and
yet be In contact with the central fiber.    tially equal to that of the
cladding glass. The outer 50  tube is formed of a glass having a refractive
index Summary of the Invention                            less than that of
the optical fiber cladding glass. The softening point temperature of the
outer tube is pre- It is an object of the present invention to provide
ferably lower than that of the Inner tube. a method of making an overclad
1xN fiber optic cou-     An azimuthally inhomogeneous gap can be pler (N>2)
wherein a plurality of output fibers remain  55  formed as follows. The
aperture of the outertube may equally spaced about an input fiber after the
overclad  contain a plurality of equally spaced, inwardly project- tube has
been collapsed onto the fibers. Another ob-  ing, longitudinally extending
protrusions. Alternative- jectistoprovideareproducible method of making 1xN
ly, the outer surface of the inner tube may contain 2   
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either case, one of the outputfib-  Fig. 3 is a cross-sectional view taken
along lines era Is inserted into the gap between each adjacent  3-3 of Fig.
2. pairof protrusions. An alternative method of providing  Fig. 4 is a
schematic illustration of an apparatus an azimuthally inhomogeneous gap
involves the use  for collapsing a coupler preform and drawing the mid- of
an inner tube having a circularly cylindrical outer   5   region thereof.
surface and an outer tube having an aperture which     Fig. 5 shows a
coupler preform after it has been is formed of a plurality of surfaces
equal in number to  stretched and sealed at its ends. the number of output
fibers, the cross-sectional con-  Figs. 6, 7, 8 and 9 are cross-sectional
views illus- figuration of the outer tube aperture being that of a  trating
alternative embodiments. regular polygon.                              10
The inner tube is preferably slightly longer than  Description of the
Preferred Embodiments the outer tube so that, after it is inserted into the
aper- ture of the outer tube, it extends beyond the outer    The drawings
are not intended to indicate scale tube. If the method employs output
optical fibers hav-  or relative proportions of the elements shown therein.
ing protective coatings thereon, a portion of the coat-  15  By way of
example, Figs. 1-3 illustrate a method ing is stripped from an end of each
fiber. In the resul-  of assembling a coupler preform 31 that can be
tantcoupler preform, the coated portions of the output  formed into a 1x16
fiber optic coupler. fibers terminate beyond the protruding second end of
A plurality of lengths of coated optical fiber are the Innertube, and the
fibers are glued to the protrud-  severed from a reel of fiber. Each of the
coated fibers ing portion of the inner tube.                20  consists of
a glass fiber having a protective coating, The resultant fiber optic
coupler comprises an  and each glass fiber comprises a core of refractive
In- elongated glass body having a solid longitudinal mid-  dex [err] and a
cladding having a refractive index [err] ([err] region that extends
intermediate the first and second  [err]). The coating is removed from the
end of each of ends of said body and first and second opposite end  the
coated fibers, and each of the uncoated ends is portions which respectively
extend from said midre-  25  optionally provided with an antireflection
termination. gion to the first and second ends of said body, said  One
method offorming such terminations is disclosed body comprising an inner
region of a first glass com- in U.S. patent No. 4,834,493. In accordance
with a position having a refractive index n3 and an outer re-  modification
of the method of that patent, an oxygen- gion of a second glass composition
having a refrac-  acetylene flame is directed at the uncoated fiber a tive
index [err] wherein [err] is less than [err],    30  short distance from
the end thereof, and the end of a first glass optical fiber and a plurality
of glass  the fiber is pulled until it becomes severed from the optical
fibers, each of said optical fibers having a core  remainder of the fiber.
The fiber now has a tapered surrounded by a cladding having a refractive
index  end. The fiber end remote from the tapered end is lower than that of
said core,                      connected to a reflectance monitoring
apparatus. The said first fiber extending axially through said  35  tapered
end is provided with a low reflectance termin- inner region atthe midregion
of said body and extend-  ation by heating the tapered end in a flame to
lower ing beyond the first end thereof,                  the viscosity of
the material thereof by an amount suf- said plurality of fibers extending
through the  ficient to cause the material to recede back along the
midregionn of said body and extending beyond the sec-  fiber and form a
rounded endface, the final diameter ond end thereof, said plurality of
fibers being situated   40  of which is about equal to or slightly smaller
than the between said innerand outerregions of said body and  original
uncoated fiber diameter. Acurrentspecifica- being substantially equally
spaced around said first  tion for the reflected power is -50 dB. The
uncoated fiber,                                             sections of
fiber are sufficiently long that they extend the central portion of said
midregion having a  beyond the tube midregion 27 when the ends of the
diameter smaller than the diameter of the remainder  45  coating are
positioned as described below. When so of said glass body, the cores of
said optical fibers be-  positioned, the fiber ends preferably do not
extend Ing closer together in the central portion of said mid-  beyond
endfaces 23 and 24 of tube 13. region than in the remainder of said glass
body.       The present method employs concentric tubes Each of the output
fibers can be in contact with  10 and 13 having longitudinal bores or
apertures 11 the two adjacent output fibers, or it can be separated   so
and 14, respectively. The diameter of aperture 14 is from the two adjacent
output fibers.               sufficiently large as compared to the diameter
of In- ner tube 10 that an annular gap 16 exists therebetw- Brief
Description of the Drawings                  een when the tubes are
arranged concentrically. Gap 16 is azimuthally homogeneous, whereby its
thick- Fig. l is a partial cross-sectional view of a coupler  55   ness at
any azimuthal position is a predetermined preform attached to an evacuation
apparatus.       thickness that is just large enough to accept one of Fig.
2 is a cross-sectional view of the preform of  said plurality offibers.
Thus, sixteen fibers can be dis- Fig. 1.
posed therein in side-by-side relationship, each of the 3  
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immediately adjacent two others of  er than [err], and that tube is also
softer than the fiber the fibers 20. The dimensions of the tubes are deter-
cladding glass and preferably softer than tube 10. mined as follows. For
ease of handling, the tube   Suitable tube compositions are [err] doped
with 1 to lengths should be at least about 3.8 cm. Inner tube 10  25 wt. %
[err] and[err] doped with 0.1 to approxi- preferably extends beyond the
outeroverclad tube 13   5   mately 2.5 wt. % fluorine. Glasses comprising
silica about 6-7 mm to facilitate the gluing of fibers to the  and
combinations of these dopants can also be em- end portion of tube 10.
Assuming that a standard fiber  ployed. diameterof 125 [err] is to be
employed forfibers 19 and  Following is a typical example of a method that
20, the minimum cross-sectional dimension of each  could be employed in the
formation of a 1x16 coupler. wall of triangular aperture 11 is about 168
[err]. About  10   One of the aforementioned coated fibers is employed 1-2
pm tolerance should be added to that dimension.  as input coated fiber 17,
which comprises glass fiber If 16 optical fibers are arranged as
illustrated in Fig.  19 and protective coating 21. Fiber 19 is wiped to 3,
theircenters lie on a circle the diameter of which is  eliminate residual
material and is inserted through ta- about 637 [err]. The maximum diameter
of tube 10 is   pered aperture 12 and into aperture 11 until its end-
therefore about 512 [err], and the minimum diameter  is  face is located
beyond the midregion of that tube. of aperture 14 is about 762 [err].
Depending on the tol-  Coating 21 may extend into the tapered aperture, but
erence with which the fibers can be manufactured,  it could be located a
few milimeters beyond endface the dimensions of tube 10 and aperture 14
must be  23. A drop 28 of glue is applied to one side of coated modified to
ensure that gap 16 is large enough to re-  fiber 17 in such a manner that
access from endface ceive the 16 fibers.                          20  23 to
aperture 11 is not blocked. Care must be taken Tubes 10 and 13 can be
formed by depositing    not to contaminate the outersurface of tube 10.
Tube glass particles on a cylindrical mandrel to form a cyl-  10 is then
placed in tube 13 such that tapered aper- indrical porous preform. The
mandrel is removed, and  ture 15 is at endface24 opposite tapered aperture
12. the porous preform is dried and consolidated to form  In the described
embodiment, sixteen of the a tubular glass body which is heated and redrawn
to  25  aforementioned coated fibers are employed as output reduce its
diameter. Apertures of various cross-   coated fibers 18, each ofwhich
comprises glass fiber sectional shapes can be formed in the tube by shrink-
20 and protective coating 22. Fibers 20 are wiped and ing the tube onto a
carbon graphite member of de-  are inserted through tapered aperture15 and
intogap sired cross-section and then burning out the carbon  16 until
coating 22 is situated just beyond the end of memberand stretching the tube
to decrease its diam-  30  tube 10. A drop 29 of glue is applied to the
outer cir- eter. The carbon membersurface should be free from  cumference
of optical fibers 20 in such a manner that impurities thatwould cause
imperfections in the glass  access from endface 24 to gap 16 is notblocked.
Glue surface within the aperture. The details of this proc-  29 secures the
fibers to tube 10. Additional drops 30 ess are disclosed in U.S. patent No.
4,750,926, which  and 36 of glue can be applied to endfaces 23 and 24, is
incorporated herein by reference. Although aper-  35  respectively, of tube
13 to secure the tubes together. ture 11 could be circular, its
cross-sectional shape is  Apparatus for collapsing and stretching the
resul- preferably triangular, square or the like to facilitate its  tant
preform 31 is shown in Fig. 4. Chucks 32 and 33, evacuation. Aperture 14
could also be formed by   which secure preform 31 in this apparatus, are
shrinking a tube onto a carbon member.             mounted on motor
controlled stages 45 and 46, re- Tapered apertures 12 and 15 can be formed
by  40  spectively, which are preferably controlled by a com- flowing the
gas phase etchant [err] through the tube  puter. Heat shield 35 is
optionally employed for the while directing a flame toward the end of the
tube to  purpose of protecting the apparatus located above create an axial
temperature gradient. The tapered  ring burner 34. Preform 31 is inserted
through ring apertures form funnel-like entrances to bore 11 and  burner34
and is clamped to the draw chucks. Thefib- gap 16 to facilitate fiber
insertion.         45  ers extending from both ends of tube 13 are threaded
The refractive index n3 of tube 10 is about the  through their respective
vacuum apparatus, and va- same as n2, and that tube is softer than the
fiber clad-  cuum attachments 41 and 41' are connected to the ding glass so
that it does not excessively deform the  ends of preform 31. fibers during
the tube collapse step. If the fiber clad-  Vacuum attachment 41, which is
shown In cross- ding is [err], suitable tube compositions are SiO2 dop-  so
section in Fig. 1, may comprise a tube 40, a collar 39 ed with a
combination of refractive index increasing  threaded thereon, and an O-ring
38 disposed be- and decreasing dopants. For example, the addition of  tween
the collar and tube. After vacuum attachment dopants such as [err] to [err]
increases the refrac-  41 is slid over the end of tube 13, collar 39 is
tight- tive index thereof, whereas the addition of fluorine  ened, thereby
compressing O-ring 38 against the and/or [err] to [err] decreases its
refractive index. All  55  tube. Vacuum line 42 is connected to tube 40.
One of these dopants lower the softening point tempera-  end of a length of
thin rubber tubing 43 is attached to ture of [err].
that end of vacuum attachment 41 that is opposite The refractive index n4
of overclad tube 13 is low-  preform 31; the remaining end of the tubing
extends 4 
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jaws 44. The coated portions of fibers  med to move the stages that proper
stretching dis- 18 extend from tubing 43. Upper vacuum attachment  tance
during the fabrication of subsequent couplers 41' is similarly associated
with line 42', tubing 43' and  that are to have said predetermined
characteristics. clamp jaws 44'. Vacuum is applied to both ends of     When
the inputfiberand thesixteen outputfibers coupler preform 31 by clamping
jaws 44 and 44' on   5   are identical, the percent power coupled from the
in- tubing 43 and 43', respectively.                   put fiber to the
output fiber will be wavelength sensi- The flame from ring burner 34 heats
preform 31  tive. In the above-described example, about 1/16 the for a
period of time sufficient to increase the temper-  input power might couple
to each of the output fibers atureofmidregion 27 thereof to the softening
temper-  at a predetermined wavelength such as 1310 nm, ature thereof. With
the assistance of the differential  10   whereas substantially no power
would couple at an- pressure on the tubes, tube 10 collapses onto fiber
other wavelength such as 1550 nm. However, if the 19, and tube 13 collapses
onto fibers 20 and brings  propagation constants of the output fibers are
differ- each fiber 20 into contact with the two adjacent fibers  ent from
that of the input fiber, the device can be 20. The matrix glass of the two
tubes surrounds the  made to function as an achromatic coupler, a wave-
fibers and fills the apertures to form within midregion   15  length
division multiplexer or the like. Various fiber 27 a solid structure that
is free from airlines. The  parameters that affect the propagation constant
are longitudinal length of this collapsed region depends  disclosed in the
publication: O. Parriaux et al., "Wa- upon such parameters as the
temperature and time   velength Selective Distributed Coupling Between
duration of the flame, the thermal conductivity of the  Single Mode Optical
Fibers for Multiplexing", Journal glass tube, and the amount of vacuum
applied.  20  of Optical Communications, Vol. 2, No. 3, pp. 105- After the
preform cools, the flame is reignited,  109. and the center of the
collapsed region is reheated to  In the embodiments of Figs. 6-9the gap is
azimu- the softening point of the materials thereof. The heat-  thally
inhomogeneous, i.e. the thickness thereof at ing period forthe stretch step
is usually of shorter dur-  spaced azimuthal positions is sufficient to
acceptone ation than the collapse step. Thus, only the central  25  of said
plurality of output fibers, but the thickness portion of the collapsed
midregion is stretched.   thereof between said spaced azimuthal positions
Is Stretching only the central portion of the collapsed  insufficient to
accept one of said plurality of output midregion ensures that the coupling
region of the fib-  fibers. An azimuthally inhomogeneous gap is useful ers
will be embedded in the matrix glass of tubes 10  for forming 1xN couplers
of the type wherein N is rel- and 13. During this reheating step, the
fibers are also   30  atively small, i.e. wherin N is as small as 3. It is
noted heated since they are completely surrounded by the  that if a 1x8
couplerwere being formed in accordance matrix glass of the capillary tube
and are therefore in  with the example of Figs. 1-3, tube 10 would have an
thermal contact therewith. Afterthe central portion of  inordinately small
thickness and would therefore be the collapsed midregion is reheated, the
flow of oxy-  difficult to handle. However, a 1x8 coupler, for exam- gen to
burner 34 is turned off and stages 45 and 46   35  ple, can be made in
accordance with the embodiment pull in opposite directions until the
coupler length has  of Fig. 6 wherein circularly cylindrical inner tube 57
is been Increased by an amount necessary to reduce    provided with an
axial aperture 56 into which Inputfib- the radial distance between the
cores offibers 19 and  er 55 is disposed. Outer tube 58 has an aperture 59
20 along a longitudinal distance sufficient to accom-  containing inwardly
projecting, equally spaced, long- plish a predetermined type of coupling.
The diameter  40  itudinally extending protrusions 60 that are equal in of
the central portion of midregion 27 is reduced as il-  numberto the
numberofoutputfibers 61 (8 in this em- lustrated by region 51 of Fig. 5.
Drops 52 of glue can  bodiment). Aperture 59 can be formed by shrinking be
applied to the ends of the coupler to provide a her-  tube 58 onto an
appropriately shaped carbon member metic seal.
as described above. Fibers 61 are separated by pro- The amount of
stretching to which the coupler  45  trusions 60, thereby permitting the
use of a tube 57 preform must be subjected to achieve a given type of  of
greater diameter than that which would have been coupler is initially
determined by injecting light energy  required if fibers 61 were disposed
in a close packed into inputfiber 19 of a coupler preform and monitoring
arraywherein adjacentfibers were in contact. Projeo- the output powerfrom
at least one of the outputfibers  tions 60 also eliminate any skew in the
orientation of 20 during the stretch operation. The detection of a   50
fibers 61, and thereby maintain fibers 61 in parallel re- predetermined
output powerfrom the outputfiber can  lationship with respect to fiber 55.
be used as an interrupt to cause stages 45 and 46 to  In the embodiment of
Fig. 7, inner tube 65 con- stop pulling the preform. In this case, the
predeter-  tains longitudinally extending protrusions 66, where- mined
output power would be 1/16 the input power   as outer tube 67 has a
circular aperture 68. In a mod- minus 1/16 the total excess device loss, as
deter-  55  if icaiton of Fig. 7 (not shown), outer tube 67 could mined
empirically. After having determined the proper  also have inwardly
extending projections aligned with stretching distance to achieve
predetermined cou-  projections 66. It is more difficult to form the
projec- pling characteristics, the apparatus can be program-  tions on the
outer surface of a tube than on the aper- 
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Projections 66 could be formed by ma-     between said inner and outer
tubes, chining the glass tube prior to reducing its diameter
inserting the ends of a plurality of optical by drawing.
fibers (20, 61,69,77,84) into said gap, the device A spacing member between
the input and output       so formed constituting a coupler preform, said
fibers could also be employed with as few as two or   5  first fiber and
said plurality of fibers extending three outputfibers. In Fig. 8, input
fiber72 is disposed  through the longitudinal midregion (27) that ex- in
the aperture of circular tube 73. Tube 73 is dis-    tends intermediate the
ends of said coupler pre- posed within outer tube 74 having a square
aperture     form (31), 75 that is just large enough to permit the
insertion of       heating and then collapsing said preform inner tube 73.
Output fibers 77 fit snuggly within the   10  midregion (27) onto said
fibers, and four enlarged regions of the gap 76 that exists be-
stretching the central portion of said mid- tween the two tubes.
region to reduce the diameter thereof. In the embodiment of Fig. 9,
circular tube 80, in which there is disposed an input fiber 81, is
positioned  3. A method in accordance with claim 2 wherein the within the
triangularly shaped aperture 83 of tube 82.  15  step of assembling a
coupler preform (31) com- Output fibers 84 fit snuggly within the three
enlarged  prises assembling a preform wherein each of said regions of the
gap 85 that exists between the two       plurality of fibers (20, 61, 69,
77, 84) is disposed tubes.
immediately adjacenttwo otherof said plurality of fibers. 20 Claims
4. Amethod in accordance with claim 1 or 2 wherein the step of assembling a
coupler preform (31) 1. Amethod of making afiberopticcouplercompris-
comprises assembling a preform wherein said ing the steps of
gap (16) has the same radial width around the assembling a coupler preform
(31) having   25  axis of said coupler, whereby its thickness at any inner
and outer concentric glass tubes (10, 13;     azimuthal position is
sufficient to accept one of 57, 58; 65, 67; 73, 74; 80, 82) having a gap
(16,   said plurality of fibers (20), or wherein said gap 85) therebetween,
with a first optical fiber (19,   (85) varies in radial width around the
axis of said 55,72,81) disposed in the axial passageway (11,     coupler,
whereby the thickness thereof at equally 56) of the inner tube (10, 57, 65,
73, 80), and a   30  spaced azimuthal positions is sufficientto accept
plurality of optical fibers (20, 61, 69, 77, 84) dis-  one of said
plurality of fibers (61, 69, 77, 84), but posed within said gap and equally
spaced about      wherein the thickness of said gap between said the axis
of said inner tube, said firstfiber extend-  spaced azimuthal positions is
insufficient to ac- ing through the longitudinal midregion (27) that
cept one of said plurality of fibers. extends intermediate the f irst and
second ends of  35 the resultant coupler preform, said first fiber ex-  5.
A method in accordance with claim 1 or2 wherein tending from the first end
of said preform, and     the step of providing an outertube comprises pro-
said plurality of fibers extending through said     viding a tube (58), the
passageway of which con- midregion (27) and from the second end of said
tains a plurality of equally spaced, inwardly pro- tube,
40      jecting, longitudinally extending protrusions (60), heating and
then collapsing said midre-       and the step of inserting said plurality
of fibers gion of said coupler preform onto said fibers, and  (61)
comprises inserting one of said plurality of stretching the central portion
of said mid-   fibers into said gap between each of said protru- region to
reduce the diameter thereof.              sions, and/or wherein the step of
providing an in- 45      ner tube comprises providing a tube (65), prefer-
2. A method of making a fiber optic coupler compris-            ably with a
cylindrical outer surface, the outer ing the steps of
surface of which contains a plurality of equally providing an inner glass
tube (10, 57, 65,    spaced, outwardly projecting, longitudinally ex- 73,
80) having first and second ends and an ax-     tending protrusions (66),
and the step of Inserting ially disposed passageway (11, 56),         50
said plurality of fibers (69) comprises inserting inserting a portion of a
first optical fiber  one of said plurality of fibers into said gap be- (19,
55, 72, 81) into said axially disposed passa-  tween each of said
protrusions. geway, the remainder of said first fiber extending from said
first end of said inner tube,          6. Amethod in accordancewith
claim5wherein said providing an outer glass tube (13, 58, 67,  55
plurality of fibers (20, 61, 69, 77, 84) each com- 74,82) having an axial
passageway (11, 56),         prises a glass core surrounded by a glass
clad- inserting said inner tube into the passage-   ding having a
refractive index lower than that of 
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formed by ma-     between said inner and outer tubes, chining the glass
tube prior to reducing its diameter        inserting the ends of a
plurality of optical by drawing.
fibers (20,61,69,77,84) into said gap, the device A spacing member between
the input and output       so formed constituting a coupler preform, said
fibers could also be employed with as few as two or   5  first fiber and
said plurality of fibers extending three outputfibers. In Fig. 8,
inputfiber72 is disposed  through the longitudinal midregion (27) that ex-
in the aperture of circular tube 73. Tube 73 is dis-    tends intermediate
the ends of said coupler pre- posed within outer tube 74 having a square
aperture    form (31), 75 that is just large enough to permit the insertion
of      heating and then collapsing said preform inner tube 73. Output
fibers 77 fit snuggly within the   10  midregion (27) onto said fibers, and
four enlarged regions of the gap 76 that exists be-          stretching the
central portion of said mid- tween the two tubes.
region to reduce the diameter thereof. In the embodiment of Fig. 9,
circular tube 80, in which there is disposed an inputfiber 81, is
positioned  3. A method in accordance with claim 2 wherein the within the
triangularly shaped aperture 83 of tube 82.  15  step of assembling a
coupler preform (31) com- Output fibers 84 fit snuggly within the three
enlarged  prises assembling a preformwherein each of said regions of the
gap 85 that exists between the two       plurality of fibers (20, 61, 69,
77, 84) is disposed tubes.
immediately adjacent two other of said plurality of fibers. 20 Claims
4. A method in accordance with claim 1 or2 wherein the step of assembling a
coupler preform (31) 1. Amethodofmakingafiberopticcouplercompris-
comprises assembling a preform wherein said ing the steps of
gap (16) has the same radial width around the assembling a coupler preform
(31) having   25  axis of said coupler, whereby its thickness at any inner
and outer concentric glass tubes (10, 13;     azimuthal position is
sufficient to accept one of 57, 58; 65, 67; 73, 74; 80, 82) having a gap
(16,   said plurality of fibers (20), or wherein said gap 85) therebetween,
with a first optical fiber (19,   (85) varies in radial width around the
axis of said 55,72, 81) disposed in the axial passageway (11,    coupler,
whereby the thickness thereof at equally 56) of the inner tube (10, 57, 65,
73, 80), and a   30  spaced azimuthal positions is sufficientto accept
plurality of optical fibers (20, 61, 69, 77, 84) dis-  one of said
plurality of fibers (61, 69, 77, 84), but posed within said gap and equally
spaced about      wherein the thickness of said gap between said the axis
of said inner tube, said first fiber extend-  spaced azimuthal positions is
insufficient to ac- ing through the longitudinal midregion (27) that
cept one of said plurality of fibers. extends intermediate the first and
second ends of  35 the resultant coupler preform, said first fiber ex-  5.
A method in accordance with claim 1 or2 wherein tending from the first end
of said preform, and     the step of providing an outertube comprises pro-
said plurality of fibers extending through said     viding a tube (58), the
passageway of which con- midregion (27) and from the second end of said
tains a plurality of equally spaced, inwardly pro- tube,
40     jecting, longitudinally extending protrusions (60), heating and then
collapsing said midre-       and the step of inserting said plurality of
fibers gion of said coupler preform onto said fibers, and  (61) comprises
inserting one of said plurality of stretching the central portion of said
mid-   fibers into said gap between each of said protru- region to reduce
the diameter thereof.              sions, and/or wherein the step of
providing an in- 45      ner tube comprises providing a tube (65), prefer-
2. Amethod of making a fiber optic coupler compris-     ably with a
cylindrical outer surface, the outer ing the steps of
surface of which contains a plurality of equally providing an inner glass
tube (10, 57, 65,    spaced, outwardly projecting, longitudinally ex- 73,
80) having first and second ends and an ax-     tending protrusions (66),
and the step of Inserting ially disposed passageway (11, 56),         so
said plurality of fibers (69) comprises inserting' inserting a portion of a
first optical fiber  one of said plurality of fibers into said gap be- (19,
55, 72, 81) into said axially disposed passa-  tween each of said
protrusions. geway, the remainder of said first fiber extending from said
first end of said inner tube,          6. A method in accordance with claim
5wherein said providing an outer glass tube (13, 58, 67,  55  plurality of
fibers (20, 61, 69, 77, 84) each com- 74, 82) having an axial passageway
(11, 56),        prises a glass core surrounded by a glass clad- 



inserting said inner tube into the passage-   ding having a refractive
index lower than that of way of said outer tube to provide a gap (16, 85)
said glass core, and wherein the step of providing 6    11
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57, 65, 73, 80) comprises pro-  of said body and being substantially
equally viding a tube formed of a glass having a softening  spaced around
said first fiber, point temperature lower than that of said glass
the central portion (51) of said midregion cladding and having a refractive
index substan-    having a diameter smaller than the diameter of tially
equal to that of said glass cladding, and/or   5  the remainder of said
glass body, the cores of wherein the step of providing an outer tube (13,
said optical fibers being closer together in the 58,67,74,82)comprises
providing atubeformed        central portion of said midregion than in the
re- of a glass having a refractive index less than that  mainder of said
glass body. of said glass cladding, and preferably formed of a glass having
a softening point temperature low-  10  10 . A coupler in accordance with
claim 9 wherein the er than that of said inner tube.
refractive index of the claddings of said plurality of fibers (20) is about
equal to [err]. 7. A method in accordance with claim 5 wherein the step of
providing an inner tube comprises provid-  11. A coupler in accordance with
claim 9 wherein ing an inner tube (10) that is longer than said out-  15
each of said plurality of fibers (20) is in contact ertube (13), wherein
the step of inserting said in-  with the two adjacent ones of said
plurality of fib- ner tube into the passageway of said outer tube    ers.
results in a coupler preform wherein said second end of said inner tube
extends beyond said outer  12. A coupler in accordance with claim 9, 10 or
11 tube, said method further comprising the step of  20  wherein the glass
of said inner region has a sof- bonding said plurality offibers (20) to the
protrud-  tening point temperature lower than that of said ing portion of
said inner tube                     cladding glass. 8. Amethod in
accordance with claim 7 wherein said    13. Acoupler in accordance with
claims 9-12 wherein plurality of glass fibers (20) have coatings (22)  25
the inner region of said body extends beyond the thereon, said method
further comprising the step   outer region of said body at said second end
of of stripping from an end of each of said plurality  said body. of fibers
a portion the coating thereof, and where- in the step of inserting the ends
of a plurality of optical fibers into said gap (16) results in the for-  30
Patentanspruche mation of a coupler preform (31) wherein the coated
portions of said plurality of fibers termin-  1. Verfahren zur Herstellung
eines faseroptischen ate beyond said second end of said inner tube
Kopplers, welches die folgenden Schritte auf- (10).
weist 35      Zusammensetzen einerKopplervorform (31), die 9. A fiber optic
coupler comprising:                  ein inneres und ein auBeres
konzentrisches an elongated glass body having a solid        Glasrohr (10,
13; 57, 58; 65, 67; 73, 74; 80, 82) longitudinal midregion (27) that
extends inter-    mit einem Spalt (16, 85) dazwischen, wobei eine mediate
the first and second ends of said body     ersteoptische
Faser(19,55,72,81)innerhalbel- and first and second opposite end portions
which   40  nes in Axialrichtung verlaufenden Durchgangs respectively
extend from said midregion to the     (11, 58) des inneren Rohres (10, 57,
65, 73, 80) first and second ends of said body, said body      angeordnet
ist, und elne Vielzahl von optischen comprising an Inner region of a first
glass compo-  Fasern (20, 61, 69, 77, 84) aufweist, die Inner- sition
having a refractive index n3 and an outer re-  halb des Spaltes angeordnet
und glelchmillig urn gion of a second glass composition having a re-  45
die Achse des inneren Rohres herum beabstan- fractive index n4, wherein n4
is less than n3;     det sind, wobel sich die erste Faser durch ainen a
first glass optical fiber (19) and a plural-  in Lingsrichtung verlaufonden
Mkttelberelch (27) ity of glass optical fibers (20), each of said optical
erstreckt, welchersich zwischen dem ersten und fibers having a core
surrounded by a cladding      zweiten Ende der resultierenden
Kopplervorform having a refractive index lower than that of said  50
liegend erstreckt, wobel sich die erste Faser von core;
dem ersten Ende der Vorform erstrecIt und wo- said first fiber extending
axially through    bei sich die Vielzahl an Fasern durch den Mittel- said
inner region at the midregion of said body    bereich (27) und von dam
zweiten Ende des Roh- and extending beyond the first end thereof,
res erstrect, said plurality of fibers extending through   55  Erhitzen und
darauffolgendes Kollabieren des 



the midregion of said body and extending beyond    Mitelbereiches der
Kopplervorform auf die Fa- the second end thereof, said plurality offibers
be-  sern, und Ziehen des mittleren Abschnittes des ing situated between
said inner and outer regions  Mittelbereiches zur Verminderung von dessen 7
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* Durchmesser.                                   5. Verfahren nach Anspruch
I oder 2, be! dem der Schritt des Vorsehens sines Auaeren Rohres das 2.
Verfahren zur Herstellung eines faseroptischen     Vorsehen sines Rohres
(58) enthilt, dessen Kopplers, welches aus den folgenden Schritten
Durchgang  eine  Vielzahl an  gleichmi~lig besteht:
5       beabstandeten, nach innen hervorstehenden Vorsehen eines inneren
Glasrohres (10, 57, 65,     und sich in Lingsrichtung erstreckenden Vorwol-
73, 80) mit elnem ersten und zweiten Ende sowie    bungen (60) aufweist,
und derSchrittdes Einfuh- elnem axial angeordneten Durchgang (11, 56),
rens derViaizahl an Fasern (61) des Einffhren e- Einfihren eines
Abschnittes einer ersten opti-     ner aus der Vielzahl an Fasern In den
Spalt zwi- schen Faser (19, 55,72,81) in den axial angeord-   10  schen
jeder dieser Vorwolbungen enthilt, und- neten Durchgang, wobel der Rest der
ersten Fa-    loder wobel der Schritt des Vorsehens eines In- ser sich von
dem ersten Ende des inneren Roh-      neren Rohres das Vorsehen sines
Rohres (85) res erstreckt,                                     enthilt,
vorzugsweise mit einerzylindrischen Au- Vorsehen eines fiuIeren Glasrohres
(13,58, 67,     SenflAche, wobei dessen AuIenflAche sine Vlel- 74,82) mit
einem axialen Durchgang (11, 56),    15  zahl an gleichmMig beabstandeten,
nach aulen Einfuhren des inneren Rohres in den Durchgang      vorragenden
und sich In i-angsrichtung er- des auferen Rohres zurSchaffung eines
Spaltes      streckenden Vorwolbungen (66) enthalt, und der (16, 85)
zwischen dem Inneren und .-uBeren         Schritt des EinfOhrens der
Vieizahl an Fasern Rohr,                                              (69)
des Einfuhren elner aus der Vielzahi an Fa- Einffhren der Enden von einer
Vieizahi an opti-  20  sern in den Spalt zwischen jede der Vorwolbun- schen
Fasern (20, 61, 69, 77, 84) in den Spalt,    gen enth3lt. wobei die so
gebildete Vorrichtung esne Koppler- vorform darstellt, und wobei sich die
erste Faser  6. Verfahren nach Anspruch 5, beidem jede aus der und die
Vielzahl an Fasern durch den langsver-     Vielzahl an Glasfasern (20, 61,
69, 77,84) elnen laufenden Mittelbereich (27) erstrecken, welcher  25
Glaskern enthalt, welcher durch einen Glasman- sich zwischen den Enden der
Kopplervorform         tel umgeben ist, der elnen Brechungsindex auf- (31)
liegend erstreckt,                            weist, der niedriger ist als
derjenige des Glas- Erhitzen und darauffolgendes Kollabieren des
kerns, undwobeiderSchrittdesVorsehenseines Vorformmittelbereiches (27) auf
die Fasern, und    inneren Rohres(10, 57,65,73,80) dasVorsehen Ziehen des
mittleren Abschittes des Mittelberei-  30  eines Rohres enth3lt, welches
aus einem Glas ches zur Verminderung von dessen Durchmes-         gebildet
ist, das eine Erweichungspunkttempera- ser.
tur aufweist, die niedriger ist als diejenige des Glasmantels, und einen
Brechungsindex auf- 3. Verfahren nach Anspruch 2, bei dem der Schritt
weist, welcher im wesentlichen gleich dem des des Zusammenbaus elner
Kopplervorform (31)  35     Glasmantels ist und/oder wobei des Vorsehens
des Zusammensetzen elnerVorform enthalt, wo-       sines Augeren Rohres
(13, 58, 67, 74, 82) das beijede FaserausderVilizahl an Fasern (20, 61,
Vorsehen sines Rohres enthalt, we-ches aus ei- 69, 77, 84) unmittelbar
neben zwei anderen aus     nem Glas gebildet ist, welches sinen Brechungs-
der Visizahl an Fasern angeordnet ist.             index aufweist, der
niedriger ist als derjenige des 40      Glasmantels und welches
vorzugsweise aws el- 4. Verfahren nach Anspruch I oder 2, bei dem der
nem Glas gebildet let, weiches eine Erwel- Schritt des Zusammenbauens elner
Kopplervor-       chungspunkttemperatur aufweist, die niedriger form (31)
das Zusammensetzen e-ner Vorform         ist als diejenige des Inneren
Rohres. enthalt, wobel der Spalt (16) dieselbe radiale Brsite um die Achse
des Kopplers herum auf-  45  7. Verfahren nach Anspruch 5, bei dern der
Schritt weist, wobei dessen Dicke an jeder azimutalen      des Vorsehen
sines Inneren Rohres des Vorse- Position ausreichend fOr die Aufnahme einer
aus    hen sines inneren Rohres (10) enthailt, welches der Vleizahl an
Fasern (20) ist, oder wobei der    linger ist als des iuBere Rohr (13), bel
dem der Spalt (85) in der radialen Breote rund um die Ach-  Schritt des
Einfrihrens des inneren Rohres In den se des Kopplers herum varliert, wobei
dessen   50  Durchgang des fiu~eren Rohres zu einer Kopp- Dicke an
gleichm&1ig beabstandeten azimutalen      lervorform fuhrt, be! der des
zweite Endo des In- Positionen ausreichend ist zur Aufnahme einer
neren Rohres sich Ober des Muoere Rohr er- sus der Vieizahl an Fasern (61,
69, 77, 84), is-   streckt, wobei dss Verfahren ftrner den Schritt doch die
Dicke des Spaltes zwischen den            des Bondens bzw. Kontaktierens
derVlelzahl an 



beabstandeten azimutalen Positionen nicht aus-  55  Fasern an den
vorstehenden Abschnittdes Inne- relchend ist zur Aufnahme einer aus
derVieizahl    ren Rohres enthalt. an Fasern. 8. Verfahren nach Anspruch 7,
be! dem auf der Viel- 8    15                  EP 0 436 182 B1
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12. Kopplet nach den AnsprOchen 9, 10 oder 11, bel gesehen sind, wobei das
Verfahren ferner den       dem das Glas des inneren Bereiches eine Erwel-
SchrittdesAbstrelfens einesAbschnittes der Be-     chungspunkttemperatur
aufweist, welche niedri- schichtungen von elnem Ende elner jeden aus
ger ist als diejenige des Ummantelungsglases. der Vlelzahl an Fasern
enthfilt, und be! dem der   s Schritt des EinfGhrens der Enden der Vielzahl
an  13. Kopplernach den AnsprOchen 9-12, bel demder optischen Fasern In den
Spalt(16) zu der Bildung   innere Bereich des Korpers sich Ober den AuBe-
einer Kopplervorform (31) fuhrt, wobei die be-     ren Bereich des K5rpers
an dem zweiten End. schichteten Abschnitte der Vielzahl an Fasern      des
Korpers hinaus erstreckt. hinterdem zweiten Ende des inneren Rohres (10)
10 enden. Revendications 9. Ein faseroptischer Koppler bestehend aus: elnem
lAnglichen Glask6rper miteinem Iangsver-  1. Procede de fabrication d'un
coupleur pour fibres laufenden Mittelbereich (27), welcher sich zwi-  15
optiques comprenant les 6tapes suivantes: schen dem ersten und zweiten Ende
des K8rpers            assemblage d'une preforme de coupleur liegend
erstreckt, und mit ersten und zweiten ge-  (31) ayant des tubes de verre
concentriques in- genaberliegenden Endabschnitten, welche sich
terieur et exterieur (10, 13; 57, 58; 65, 67; 73, 74; jeweils von dem
Mittelbereich hin zu dem ersten    80, 82) entre lesquels il existe un
intervalle (16, und zweiten End. des Korpers erstrecken, wobei  20  58),
avec une premiere fibre optique (19, 55, 72, der Korper eonen inneren
Bereich aus einer or-     81) dispos6e dans le passage axial (11, 56) du
stan Glaszusammensetzung mit einem  Bre-           tube interieur (10, 57,
65, 73, 80) et une pluralite chungsindex n3 und einem AuIleren Bereich aus
de fibres optiques (20, 61, 69, 77, 84,) dispos6e elner zweiten
Glaszusammensetzung mit einem        dans ledit intervalle etespac6e
r6gulierementau- Brechungsindex n4 besitzt, wobei n4 kieinerist alS  25
tour de l'axe dudit tube int6rieur, ladite premiere n3;
fibre s'6tendant a travers la region centrale lon- einer ersten optischen
Glasfaser (19) und einer    gitudinale (27) situee entre les premiere et
Vieizahl an optischen Glasfasern (20), wobei je-   deuxieme extr6mit6s de
la preforme de coupleur de der optischen Glasfasern einen Kern besitzt,
obtenue, ladite premiere fibre partant de la pre- dervon einem Mantel
umgeben ist, dereinen Bre-  30  miere extr6mite de ladite preforme et
ladite plu- chungsindex aufweist, welcher niedriger ist als    ralit6 de
fibres s'etendant a travers ladite region dedienige des Kerns;
central. (27) et depuis la deuxieme extr6mit6 du- wobel die orste Faser
sich in Axialrichtung durch  dit tube, den inneren Bereich an den
Mittelbereich des             chauffage et, ensuite, 6craser ladite re-
K6rpers und Ober dessen erstes Endo hinaus er-  35  gion centrale de ladite
prbforme de coupleursur streckt,
lesdites fibres, et wobel die Vielzahl an Fasern sich durch den Mit-
6tirage de la partie centrals de ladite r6- telbereich des Korpers und Ober
dessen zweites     gion centrale pour en diminuer le diametre. Ende hinaus
erstreckt, wobel die Vielzahl an Fa- sern sich zwischen dem inneren und
aulBeren Be-  4o  2. Proc6de de fabrication d'un connecteur pour fi- reich
des Korpers befindet und im wesentlichen     bres optiques compranant les
6tapes suivantes: gleichmiSig beabstandet urn die erste Faser her-
disposition d'un tube de verre int6rieur urn liegt,
(10, 57, 65, 73, 80) ayant une premlere et une wobei der Mittelabschnitt
(51) des Mittelberei-    deuxibme extr6mt6s etun passage dispos6 axia- ches
einen Durchmesser besitzt, welcher kleiner  45  lement (11, 56), istals
derDurchmesserdes Obrigen Glaskorpers,            insertion d'une partle
d'une premiere fibre wobel die Kerne der optischen Fasern In dem
optique (19,55, 72,81) dans ledit passage dispo- Mittelabschnitt des
Mittelbereiches naher zuein-   s6 axialement, le rests de ladite premiere
fibre ander liegen als in dem Obrigen Glask6rper.        s'etendant depuis
ladite premiere extr6mite dudit 50     tube int6rieur, 10. Koppler nach
Anspruch 9, be! dem der Bre-               disposition d'un tube de verre
ext6rieur chungsindex der Ummantelung der Vielzahl an        (13, 58, 67,
74, 82) ayant un passage axIal (11, Fasern (20) ungefahr gleich n3 ist.
56), 



insertion dudit tube intirleur dans le pas- 11. Koppler nach Anspruch 9,
bei dem jede aus der  55  sage dudit tube ext6rieurpourobtenlrun Interval-
Vleizahl an Fasern (20) mit zwei danebenliegen-    Is (16, 85) entre
lesdits tubes Intrlieur et exte- den aus der Vielzahl an Fasern in Kontakt
ist.     rieur, insertion des extremites de la pluralite de 9    17
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optiques (20, 61, 69, 77, 84) dans ledit in-  6. Procede elon la
revendication 5, dans lequel la- tervalle, le dispositif ainsi form6
constituant une  dite pluralite de fibres (20, 61, 69, 77, 84) preforme de
coupleur, ladite premiere fibre et la-   comprend chaque fois une Ame de
verre entou- dite pluralite de fibres s'6tendant a travers la re-  r6e
parun revetementdoverreayantun indicede gion centrale longitudinale (27)
dis posee entre   5  refraction inf6rieur A celul de ladite aie de verre
les extr6mit6s de ladite pr6forme de coupleur        et dans lequel
l'op6ration consistant A disposer (31),
un tube interieur (10, 57, 65, 73, 80) consists A chauffage et 6craser
ensuite ladite region     disposer un tube form6 d'un verre ayant uno term-
central. de prefbrme (27) sur lesdites fibres, et    p6rature de point de
ramollissement inferieure A etirer la partie centrale de ladite region   10
cello dudit revetement de verre et ayant un indice centrale pour on
diminuer le diametre.               de refraction essentiellement egal A
celui dudit revetement de verre, et/ou dans lequel l'opera- 3. Procede
solon la revendication 2, dans lequel         tion consistant A disposer un
tube exterieur (13, l'operation d'assemblage d'une preforme de cou-
58, 67, 74, 82) consiste A disposer un tube forme pleur (31) comprend
I'assemblage d'une prefor-  1s   d'un verre ayant un indice de refraction
inferieur me dans laquelle chacune des fibres de la plura-     A celui
dudit revetement deverre etforme de pre- lite de fibres (20, 61, 69, 77,
84) est dispos6e A   f6rence d'un verre ayant une temperature de proximite
immediate de deux autres fibres de la-     point de ramollissement
inferieure A cello dudit dite pluralite de fibres.
tube int6rieur. 20 4. Procede solon la revendication I ou 2, dans le-   7.
Proc6d6 solon la revendication 5, dans loquel quel l'op6ration d'assemblage
d'une pr6forme de      l'op6ration consistantA disposerun tube interieur
coupleur (31) comprend l'assemblage d'une pre-       consiste A disposer un
tube interieur (10) qui est forms dans laquelle ledit intervalle (16) a la
plus long quo ledit tube exterieur (13), dans le- mame largeur radiale
autour de l'axe dudit cou-  25  quel l'operation d'insertion dudit tube
interieur pleur, son epaisseur pour toute position azimuta-    dans le
passage dudittube exterieur permet d'ob- le 6tant suffisante pour recevoir
l'une des fibres   tenir un connecteur preforme dans lequel ladite de
ladite pluralite de fibres (20), ou dans lequel l-  deuxieme extr6mite
dudit tube Interieur s'etend dit intervalle (85) presente une largeur
radiale va-  au-dela dudit tube exterieur, ledit procede riable autour de
l'axe dudit coupleur, dans lequel  30  comprenant en outre l'operation
d'assembler la- I'epaisseur de celui-ci A des positions azimutales   dite
pluralite de fibres (20) Ala partie en saillie du- egalement espacees est
suffisante pour recevoir      dit tube interieur. l'une des fibres de
ladite pluralit6 de fibres (61, 69, 77, 84) mals dans lequel l'epaisseur
dudit in-  8. Proced6 solon la revendication 7, dans loquel la- tervalle
entre lesdites positions azimutales espa-   35  dite pluralite de fibres de
verre (20) est recouver- cees est insuffisante pour recevoir l'une des fi-
te par des revltements (22), ledit procede bres de ladite pluralit6 de
fibres.                  comprenant on outre l'operation d'enlbvement,
d'une extr6mitl de chaque fibre de ladite pluralite 5. Procede solon la
revendication I ou 2, dans le-      defibres, d'une partie de son
revetement, etdans quel l'operation de disposer un tube exterieur  40
loquel l'op6ration d'insertion des extremites consiste A disposer un tube
(58) dont le passage     d'une pluralite de fibres optiques dans ledit
inter- contient une pluralite de saillies (60) 6galement    valle (16)
donne lieu A la formation d'une prefor- espacees sortant vers l'lnterieur
et orient6es lon-  me de coupleur (31) dans laquelle les parties re-
gitudinalement, et l'opbration d'insererladite plu-  vetues de ladite
pluralite de fibres se terminent ralite de fibres (61) comprend l'insertion
d'une fi-  45  au-dela de ladite deuxieme extr6mit6 dudit tube bre de
ladite pluralite de fibres dans ledit interval-  interieur (10). Ie entre
chacune desdites saillies etlou dans le- quel l'operation consistant A
disposer un tube in-  9. Couplour A fibres optiques comprenant: terieur
consists A disposer un tube (65) do prefe-         un corps deverre
allongeayantune region rence avec une surface exterieure cylindrique, la
5o  centrale longitudinale massive (27) se'tendant suriace exterieure de
celui-ci contenant une plu-    entre les premiere et deuxieme extremites
dudit 



ralit6 desaillies 6galementespac6es sortantvers      corps, et des premiere
et deuxieme parties d'ex- 1'ext6riour et orient6es longitudinalement (66),
et  tr6mit6 opposees s'6tendant respectivement de l'operation d'insertion
de ladite pluralite de fibres  ladite region centrale vers les premlire
etdeuxib- (69) comprend l'insertion de l'une des fibres de   ss,  me
extr6mites dudit corps, ledit corps compre- ladite pluralite de fibres dans
ledit intervalle entre  nant une region Interieure ayant une premiere
chacune desdites saillies.                           composition de verre
avec un Indice de refraction n3 et une region extlrieure avec une
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ayant un indice de refraction n4, dans le- quel n4 est plus petit que n3;
une premiere fibre optique en verre (19) et une pluralite de fibres
optiques en verre (20), chacune desdites fibres optiques ayant une Ame   5
entouree parun revetementayantun indicede re- fraction inffrleur A celul de
ladite Ame; ladite premibre fibre optique s'etendant axialement A travers
ladite region interieure dans la r6gion centrale duditcorps et s'etendant
au-de-  10 lA de la premibre extrbmite de celle-ci; ladite pluralit6 de
fibres s'etendant A tra- vers la r6gion centrale dudit corps et s'btendant
au-dela de la deuxibme extrbmite de celul-ci, la- dite pluralite de fibres
etant situee entre lesdites   15 reglons interieure et exterieure dudit
corps et etant espac6e de manibre essentiellement egale autour de ladite
premibre fibre; la partie centrale (51) de ladite region con- trale ayant
un diambtre plus petit quo le diambtre  20 du reste dudit corps de verre,
les Ames desdites fibres optiques etant plus proches lea unes des autres
dans la partie centrale de ladite rbgion centrale quo dans le reste dudit
corps de verre. 25 10. Coupleur solon la revendication 9, dans lequel
l'indioe de refraction des revetements de ladite pluralit6 de fibres (20)
est approximativement egal A n3. 30 11. Coupieur selon la revendication 9,
dans lequel chaque fibre de ladite pluralite de fibres (20) est en contact
avec les deux fibres voisines de ladite plurallt6 de fibres. 35 12.
Coupleurselon larevendication 9, 10 ou 11, dans loquel Is verre de ladite
rbglon intbrieure a une temperature de point de ramollissement inferieu- re
A ceile dudit verre du revetement. 40 13. Coupleurselon les revendications
9 A12, dans le- quel la reglon Intbneure dudit corps s'etend au- deli de la
region extbrieure dudit corps A iadite extremite dudit corps. 45 50 55    


