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[57] ABSTRACT

A bundle (12) of optical fibers (13) is fixed in a matrix
array by apertures in a guiding plate (14) and a securing
plate (15). The apertures (18) in the guiding plate are
larger than those in the securing plate and the securing
plate apertures (17) are funnel-shaped to aid in insertion
of the fibers. Each row of optical fibers may be inserted
simultaneously by mounting the row on a uniquely
designed vacuum holder (26).

8 Claims, 4 Drawing Sheets
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1
OPTICAL FIBER ALIGNMENT METHOD

Technical Field

This invention relates to optical fiber devices and,
more particularly, to methods for permanently arrang-
ing the ends of optical fibers in a desired configuration.

BACKGROUND OF THE INVENTION

One of the major advances in communications in
recent years has been the increased use of optical fiber
systems for carrying very large quantities of informa-
tion with low distortion and low cost over great dis-
tances. Optical systems are also promising for such
purposes as computing and switching because of the
inherently high speeds at which they can be operated.
For these reasons, considerable work has been ex-
pended to develop convenient techniques for operating
directly on transmitting information-carrying light to
produce various device functions, that is, without con-
verting such light to electrical energy prior to such
operations. The utilizing of such devices will depend to
a great extent on the efficiency and facility with which
they can be made.

Optical fibers typically comprise a core of relatively
high refractive index glass having a diameter of five
microns surrounded by low refractive index glass hav-
ing a diameter of one hundred twenty-five microns. The
paper, “All-Optical Implementation of a 3-D Crossover
Switching Network,” by T. J. Cloonan et al., JEEE
Photonics Technology Letters, Vol. 2, No. 6, June 1990,
pp- 438-440, describes a free-space photonics switch
which takes light from the end of a bundle of optical
fibers, operates on the light so as to perform desired
switching functions, and then projects the light into the
end of a second array of optical fibers. The optical fiber
ends of each bundle form a matrix configuration which
must be accurately registered with the other apparatus.
Because the size of each fiber, especially the core, is so
small, it is important that the ends of each optical fiber
bundle be positioned with a great.deal of accuracy;
fixing the ends of an optic fiber bundle in a desired
matrix configuration with the precision needed for such
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functions as free-space photonics switching is difficult -

and painstaking.

Because of their importance both to communications
and to high-speed computing, there has been a long-felt
need in the industry for techniques that can be used to
arrange the ends of optical fibers in a desired configura-
tion, that are relatively inexpensive, that do not require
a great deal of operator skill, and that are dependably
accurate to within micron or sub-micron dimensions.

SUMMARY OF THE INVENTION

Optical fibers are arranged with their ends forming a
matrix array by making in a planar securing plate an
array of apertures corresponding to the matrix array,
and making a similar arrangement of apertures in a
planar guiding plate. The end of each optical fiber is
then directed first through an aperture in the guiding
plate and then through a funnel-shaped aperture in the
securing plate. The guiding plate apertures are made
sufficiently large so that the fibers can easily be inserted
into them and, thereafter, each fiber is directed by the
funnel shape of the securing plate through an opening
sufficiently small to hold the fiber in a precise spatial
relationship with respect to the other fibers. After the
fibers have been positioned in the matrix array of aper-
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tures in the securing plate, they are filled with epoxy to
make a permanent fixture, and the protruding ends of
the fiber are ground to be flush with the securing plate.
Thereafter, the precisely configured ends of the matrix
array of optical fibers may be used, for example, as part
of a free-space photonics switching system.

In accordance with one feature of the invention, a
vacuum holder is provided for holding a row of parallel
optical fibers by a vacuum such that the optical fiber
ends protrude from the holder. The optical fibers held
by the vacuum holder are then inserted into a row of
apertures of the guiding member and then into a corre-
sponding row of apertures in the securing member.
During the insertion, light may be projected through
the fibers and monitored by a television camera to align
the fibers and to assure that none of the fibers have been
broken and that they have all been appropriately in-
serted into the securing member. The vacuum is then
released so that the vacuum holder can be removed and
another row of optical fibers inserted into it. In this
manner, successive rows are formed until the entire
matrix array has been completed, at which time all of
the fibers are filled with epoxy to form a permanent
structure. The optical fibers may initially protrude
through the securing member and, after permanent
bonding, they are around such that all of the ends of the
matrix array lie on a common plane.

Both the securing member and the guiding member
may be made of a material such as glass or ceramic in
which the apertures are made by etching so as to de-
velop the preferred shape for guiding the fibers with a
minimum of stress. The securing member apertures, for
example, are preferably etched from one side of the
member to give them funnel shapes. If greater position-
ing accuracy is required, the securing member may be
made of silicon with the apertures being formed by
masking and etching along crystallographic planes. The
apertures may be made sufficiently small that the fibers
cannot initially protrude through them. Then, after
insertion of all of the fibers into the securing member
apertures, the side of the securing member opposite the
guiding member may be polished until the fiber ends are
exposed. The polishing may continue until the filter
ends have likewise been polished thereby to make them
coplanar. The technique also can facilitate alignment of
a lens array to be used with the fiber matrix array.

These and other objects, features and advantages of
the invention will be better understood from a consider-
ation of the following detailed description taken in con-
junction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic sectional view of an optical
fiber array that has been fabricated in accordance with
an illustrative embodiment of the invention.

FIG. 2 is a schematic illustration of the securing plate
of the apparatus of FIG. 1;

FIG. 3 is a sectional schematic view of part of the.
securing plate and guiding plate of the apparatus of
FIG. 1;

FIG. 4 is a view of a vacuum holder that may be used
in assembling the apparatus of FIG. 1;

FIG. 5 is a schematic view showing how the vacuum
holder of FIG. 5 may be used for inserting fibers into
the apparatus of FIGS. 1 and 3;
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FIG. 6 is a schematic view showing a clamping ar-
rangement for optical fiber ribbons that can be used in
assembling the apparatus of FIG. 1;

FIG. 7 is a schematic view of part of a securing mem-
ber and guiding member that may be used in the appara-
tus of FIG. 1;

FIG. 8 is a schematic view of part of an optical fiber
array fabricated in accordance with another embodi-
ment of the invention; and

FIG. 9 is a view of the guiding plate and securing
plate apertures of the apparatus of FIG. §;

DETAILED DESCRIPTION

The drawings are not necessarily to scale and certain
parts of them have been simplified to aid in clarity of
exposition. Referring now to FIG. 1, there is shown
apparatus 10 made in according with one embodiment
of the invention so as to define a matrix array 11 of
optical fiber ends. The apparatus comprises an optical
fiber bundle 12 made up of a plurality of optical fiber
ribbons, each ribbon comprising a row of optical fibers
13 held together by plastic coating. The plastic coating
is removed from the ends of individual optic fibers 13 so
that the ends can extend through a guiding plate 14 and
a securing plate 15.

The securing plate 15 is shown in FIG. , and it com-
prises a matrix array of apertures 17, each designed to
contain one optic fiber. FIG. 3 is an enlarged sectional
view of part of the guiding plate 14 and securing plate
15, and it illustrates how each optic fiber 13 extends
through both an aperture 18 of the guiding member as
well as an aperture 17 of the securing member 15. The
guiding plate and securing plate are aligned such that
the aperture arrays are in substantial axial alignment and
the plates are spaced conveniently by a plurality of
spherical members 19.

Referring again to FIG. 1, the optic fibers 13 are
permanently held in place by an epoxy 20 which bonds
the separated optic fibers together and also to the guid-
ing member 14 and securing member 15. The epoxy is
contained by a cylindrical metal member 21 and a pair
of plastic body members 22 and 23. A coil 24 provides
strain relief to the optic fibers bundle 12. After assem-
bly, the apparatus 10 holds the ends of the optical fibers
13 in a plane which constitutes a matrix array having
the configuration of matrix array 17 of FIG. 2. Such
apparatus can be used as part of the free-space photonic
switch described in the aforementioned T. J. Cloonan et
al. publication.

Referring again to FIG. 3, the guiding plate 14 assists
in the assembly of the matrix array of fibers as well as
constituting part of the finished product. Each of the
apertures 18 has a generally larger diameter than the
diameters 17 of the securing plate 15 and therefore fiber
insertion in an aperture 18 constitutes a gross alignment
of the fiber with a corresponding aperture 17. The aper-
tures 17, in turn, are each funnel shaped so that, when a
fiber is inserted into it, it is guided to its proper spatial
position in the matrix configuration. After assembly and
bonding with epoxy, the guiding plate 14 and securing
plate 15 both provide mechanical support to the fiber
array and make the device 10 quite robust.

FIGS. 4, 5, and 6 illustrate how, in accordance with
the invention, an entire row of optic fibers can be simul-
taneously mounted in the guiding and securing plates 14
and 15. Referring to FIG. 4, a vacuum holder 26 is
formed comprising a row of grooves 27 for supporting
a row of optic fibers 13 shown in section. Each of the
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4
grooves 27 communicates with a cavity 28 and each of
the cavities 28 communicates with a channel 29 that
extends along the vacuum holder 26. The optic fibers 13
are held in the grooves by a vacuum applied to the
channel 29 by vacuum apparatus 31.

As shown schematically in FIG. §, the optical fibers
13 are held in the holder 26 such that the ends protrude
over one edge. The holder 26 may rest on a vertical
stage (not shown) while guiding plate 14 and securing
plate 15 are mounted on metal member 21 which is
claimed to an x-y table (not shown). Light from a source
32 is directed into the optic fibers 13 and is observed by
a closed circuit TV camera 33. The operator views a
magnified image of the fiber ends on a TV display (not
shown) and adjusts the x-y table to align the apertures in
plates 14 and 15 with the row of optical fibers. When
the fibers are appropriately aligned with the apertures,
the operator operates the vertical stage to move the
vacuum holder in the direction of the arrow so as to
insert the ends of fibers 13 through apertures 18 and 17
of guiding plate 14 and securing plate 15, respectively.
After a row of optical fibers has been inserted as shown,
the optical fibers are held in place by a clamp and the
vacuum source 31 is switched to remove the vacuum.
Holder 26 is then moved with respect to plates 14 and
15 to a position for receiving another row of optical
fibers. The next row of optical fibers is inserted in the
vacuum holder, the vacuum is reapplied, and the next
row of fibers is inserted through apertures 18 and 17.
This procedure is repeated until the entire matrix array
of fiber ends has been mounted.

Referring to FIG. 6, the optical fibers 13 may be part
of an optical fiber ribbon 35, which, as is known, com-
prises a row of optical fibers held together by a plastic
coating. The plastic ribbons may be held by a pair of
clamps shown schematically at 37 and 38. After the
fibers of each successive ribbon have been inserted
through guiding plate 14 and securing plate 15, the
ribbon may then be clamped to ribbon 35 by succes-
sively clamping it first to one of the clamps 37, 38 and
then to another. By using two clamps, successive rib-
bons can be added to an array of ribbons without dis-
tributing the array of ribbons previously mounted. The
entire succession of ribbons may constitute the optical
fiber bundle 12 of FIG. 1. After the insertion steps,
optical fiber ends 39 may protrude a significant distance
beyond the securing plate 15, as shown. When the as-
sembly is filled with epoxy and the structure shown in
FIG. 1 is assembled, the ends 39 may likewise be
bonded together with epoxy, and thereafter they can be
ground off to be flush with the planar surface of secur-
ing member 15. The epoxy bond maintains the relative
positions of the ends 39 during the polishing and re-
duces the chances of spurious breaking or cracking of
the fibers by providing structural reinforcement.

In one prototype construction of the apparatus 10 of
FIG. 1, the matrix array comprised eighteen rows, each
having thirty-six optical fibers, Referring to FIG. 7, the
diameter a of each optical fiber 13 may be one hundred
twenty-five microns, which is the dimension of com-
mercially available fibers. The center-to-center spacing
b of successive fibers may be two hundred sixty-two
microns. Both the guiding plate 14 and the securing
plate 15 may be made of Fotoform (TM), a glass plate
material available from the Corning Glass Works of
Corning, New York. Apertures 18 in the guiding plate
14 may be made by photolithographic masking and
etching from opposite sides of the plate. Etching from .
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both surfaces inwardly leaves each aperture with an
hourglass configuration, typically having a large diame-
ter ¢ of two hundred microns and a small diameter d at
the center of guiding plate 14 of approximately one
hundred thirty-five microns. Guiding plate 14 may have
a thickness of forty mils, and securing member 15 a
thickness of thirty mils (seven hundred fifty microns).
The securing pate 15 is preferably etched only from its
upper surface so as to give a pronounced funnel shape
to apertures 17. The upper surface of each aperture may
have a diameter e of one hundred seventy-eight to one
hundred eighty-two microns and a lower surface diame-
ter f of one hundred twenty-seven to one hundred thirty
microns.

It an be seen that apertures 18 are generally large than
apertures 17 since their principal function is to guide the
fibers 13 to be aligned with apertures 17, and the larger
the aperture, the easier is the initial insertion of the
fibers. Apertures 18 should not be so large that they do
not constitute a reliable alignment with apertures 17.
Apertures 17 should preferably have a pronounced
funnel configuration to permit easy insertion in the
upper surface while having a sufficiently small diameter
at the lower surface to constrain the position of the fiber
tips in the matrix configuration. The separation g of the
two plates is not critical and may, for example, be two
hundred fifty microns. Referring to FIG. 3, the use of
several glass spheres 19 mounted in apertures in the two
plates as shown is a convenient method for obtaining a
predictable spacing, since the apertures and glass
spheres can easily be made with a great deal of precision
and uniformity.

Referring again to FIG. 4, it is important to make the
vacuum holder 26 sufficiently precise that it holds fibers
13 in a common plane for simultaneous insertion into
the apertures. Cavities 28 and channel 29 can be formed
in steel by electron discharge machining, which in-
volves the formulation of an electronic discharge by a
wire that then cuts through the steel in a manner similar
to that of a jig-saw. Electron discharge and other form-
ing methods that may be used are matters that are well
understood in the art and therefore have not been de-
scribed in detail. The total thickness of a holder 26 that
was made was sixteen mils.

Referring to FIGS. 8 and 9, there is shown another
embodiment of the invention which may be used if the
alignment tolerances are even more critical than those
of the embodiment of FIG. 1. The main difference is
that the securing member 15 is made of silicon and the
apertures 17 are made by etching from the upper sur-
face of the silicon securing member. The silicon secur-
ing member 15 is conventional < 100> silicon which
inherently etches along crystallographic plates at an
angle of 54.7 degrees with respect to the horizontal.
FIG. 9 is a top view, looking through guiding plate 14
to the apertures 17 in the securing plate 15. The aper-
tures are defined by trapezoidal side walls with rectan-
gular openings at the bottom, as shown. It is known
from the silicon micro-machining art that such aper-
tures can be made with sub-micron precision using stan-
dard photolithographic mask and etch techniques. As a
consequence, the fibers 13, when abutted at their ends
against the sides of the apertures 17 as shown in FIG. 8,
will necessarily be extremely precisely located. That is,
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each optical fiber in any horizontal direction.
After insertion, the optic fibers 13 can be fixed by
epoxy, as described before. The apparatus of FIG. 8
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may then be used as shown with the light being emitted
from the bottom of each aperture 17. Alternatively,
silicon securing member 15 may have its bottom surface
polished to become flush with the ends of fibers 13. The
fiber ends may be polished along with the securing
members 15 to insure coplanarity of the end surfaces of
the fibers.
In embodiments that were made, the guiding member
14 was one millimeter thick and was made of a ceramic
version of Fotoform (TM) material. The eight by eight
array was positioned with great precision by virtue of
the silicon securing means. The silicon securing member
was five hundred eight microns thick, which was too
thick to make a complete penetration by the etched
apertures. Rather, cavities having the characteristic
54.7 degree slope were etched that were one hundred
forty-one microns deep and two hundred microns
across at the upper surface. After the optical fibers were
inserted, the wafer was polished sufficiently on the side
opposite the cavities to reach the cavities and to polish
slightly the ends of the fibers which were positioned
with precise center-to-center spacing in the matrix. It
should be noted that terms such as *“aperture” and ‘“‘di-
ameter” as used herein are intended to apply to non-cir-
cular as well as circular openings. Likewise, the optical
fiber need not necessarily be of a cylindrical shape.
The various embodiments that have been described
are intended to be merely illustrative of the different
ways in which the invention can be used. The guiding
means and the securing means can be made of any of
various materials other than glass, ceramic and silicon
that have been described, including molded polymer.
Etching the guiding means from opposite sides is advan-
tageous, but not essential, and the apertures can be made
in various other ways such as drilling. The invention
may be used for arranging optical fiber ends in configu-
rations other than a matrix configuration. Wherever the
relative positions of the ends of optical fibers are impor-
tant, the invention may be advantageous. A matrix
array of lenses having a configuration corresponding to
that of the ends of the fibers may be used to collimate
and/or direct the output beam or to focus incoming
lightwave information. Various other embodiments and
modifications may be made by those skilled in the art
without departing from the spirit and scope of the in-
vention.
We claim:
1. A method for making a device comprising an array
of optic fiber ends having a desired configuration, said
method comprising the steps of:
forming in a planar securing member a first array of
first apertures, said first array having a configura-
tion corresponding to said desired configuration;

forming in a planar guiding member a second array of
second apertures, said second array having a con-
figuration corresponding to said desired configura-
tion; :

the largest diameter of each of the second apertures

being at least as large as the largest diameter of the
first apertures and larger than the diameter of the
optical fibers;
aligning the first and second members along a com-
mon axis such that the first and second aperture
arrays thereof are in substantially axial alignment;

inserting each optical fiber end first through a second
aperture of the guiding member and thence into a
corresponding first aperture of the securing mem-
ber;
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and permanently bonding the optical fiber ends to the
guiding and securing members.

2. The method of claim 1 wherein:

the desired configuration is a matrix array comprising

a plurality of rows and columns of optical ﬁber 5
ends;

and the inserting step comprises the steps of (a) pro-
viding a vacuum holder for holding a row of paral-

lel optical fibers by a vacuum such that the ends
thereof protruded from the holder, (b) inserting a 10
row of optical fibers in the vacuum holder such
that they are held by a vacuum, (c) inserting the
protruding ends of the optical fibers into a row of
second apertures and thence into a row of first
apertures, (d) releasing the vacuum, and (e) repeat- 15
ing the above-mentioned insertion steps (b)
through (d) until the entire matrix has been inserted
into the guiding and securing planar members.

3. The method of claim 1 wherein:

the largest diameter of each of the second apertures is 20
larger than the largest diameter of the first aper-
tures;

and each of the first apertures has a larger diameter
on the side of the planar securing member facing
the guiding member than on the opposite side of 25
the securing member.

4. The method of claim 3 wherein:

the first apertures initially do not extend entirely
through the first planar member;

and, after insertion of the optical fibers into the first 30
apertures, the side of the planar securing member
most remote from the guiding member is polished
sufficiently to expose the ends of the optical fibers
extending through the first apertures.

5. The method of claim 4 wherein: 35

the securing member is made of a material selected
from the group consisting of glass, ceramic and
silicon;
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and the first apertures are made by masking and etch-
ing on the side of the securing member facing the
guiding member.

6. The method of claim § wherein:

the guiding member is made of a material selected
from the group consisting of glass, ceramic and
silicon;

and the diameter of each second aperture at the sur-
face of the guiding member into which the optical
fibers are first inserted is larger than the diameter of
such apertures at the interior of the guiding mem-
ber, the smallest diameter of each second aperture
being sufficiently larger than the diameter of each
optical fiber to permit the easy insertion of each
- optical fiber through each second aperture.

7. The method of claim 2 wherein:

the inserting step further comprises the steps of di-
recting light into each optical fiber of the row of
optical fibers at the end of the fiber opposite its
protruding end and aligning the first and second
apertures with respect to the row of parallel optical
fibers by moving the first and second apertures
with respect to the row until light from the fibers
can be observed through the second and first aper-
tures, and thereafter inserting the row of fibers
through the second and first apertures.

8. The method of claim 2 wherein:

each row of optical fibers is part of a single optical
fiber ribbon;

the portions of the optical fibers that are inserted in
the vacuum holder are separated from the ribbon,
and portions of the optical fibers remote from the
protruding ends are maintained as part of the rib-
bon;

and, as successive rows are inserted into the second
and first apertures, successive ribbons are clamped

together to form an optical fiber bundle.
* ¥ ¥x * *



