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Description

BACKGROUND OF THE INVENTION

[0001] In optical-fiber light-transmission systems, it is
typically important to increase the coupling efficiency
between some type of opto-electronic device, such as
a light source or detector, and the optical fiber transmis-
sion media. One of the most common applications is in
communications systems, in which an optical signal,
generated by a modulated semiconductor diode, laser
diode light source, or a source with a separate modula-
tor, is coupled into a fiber. For long distance transmis-
sion applications, the laser diode is usually a single-
transverse-mode device, and the fiber only propagates
a single mode. At the distant end of the fiber and typically
after multiple hops through fiber amplifiers, the optical
signal is coupled from the end of the fiber to a detector,
where it is converted back to an electrical signal. There
are also ancillary applications such as the laser diodes
that are used to optically pump the fiber amplifiers. Here,
the pump light generated by the laser diode is coupled
into a fiber for transmission to the fiber amplifier.
[0002] The coupling issues typically surround the in-
terface between the opto-electronic device and the end
of a fiber in an opto-electronic module. In the most com-
mon implementation, the opto-electronic device, laser
diode or detector, is affixed to a substrate, which is in-
stalled in the opto-electronic module. The end of a short
length of specially sheathed optical fiber, termed the pig-
tail, is brought into the module, aligned to the opto-elec-
tronic device, and secured by reflow soldering, laser
welding, or some other technique. Considering the ex-
ample of modulated sources, such as directly modulat-
ed laser diodes or cw laser diodes with modulators, or
pumps where the issues of high coupling efficiency are
typically most important, there are a number of tech-
niques for maximizing coupling efficiency. Selection be-
tween these techniques involves some tradeoffs be-
tween three different factors: module-manufacturing
complexity, yield, and coupling efficiency.
[0003] The simplest coupling approach is optical fiber
pigtail cleaving, with butt coupling. The end of the optical
fiber is cleaved to a vertical, clean, flat endface. This
endface is then secured in the opto-electronic module
as close as possible to the light-emitting facet of the op-
to-electronic device.
[0004] Butt coupling has good yield since vertical end-
face cleaving is easily reproducible. The technique is al-
so the least expensive, again because cleaving is a rel-
atively easy technique. It suffers, however, from poor
coupling efficiency. Typically, only about 10% of the light
emitted from the opto-electronic source is coupled to be
transmitted through the fiber.
[0005] In order to increase coupling efficiency over
butt coupling, the general technique is to place a convex
lens at the end of the fiber pigtail so that more light is
collected from the opto-electronic source into the fiber's

core. One of the simplest techniques is to secure a mi-
cro-spherical bead to the end of the fiber to function as
a lens. Specifically, the end of the fiber is etched to have
a concave surface, and then the micro-spherical bead
is glued to the fiber's end. This has advantages in man-
ufacturability and substantially higher coupling efficien-
cies, approaching 40%.
[0006] When still higher coupling efficiencies are re-
quired, microlens endfaces are fashioned on the optical
fiber pigtail. There are three common techniques for
achieving this: pulling, etching, and polishing. Each of
these techniques allows for the formation of a fiber end-
face on the pigtail that closely matches the hyperbolic
surface, which is ideal for coupling efficiency, but the
techniques offer varying levels of reproducibility.
[0007] Fiber pulling involves drawing the fiber in a
flame to create a necked-down region and then cleaving
the fiber at this narrowed waist, possibly followed with
flame fusing. This technique is simple, but the resulting
lens has large deviations from a hyperbolic surface.
[0008] In the past, many standard laser source's fiber
endfaces where made by etching and then fusing hem-
ispheric lenses. The coupling efficiencies ranged from
50 to 75%. Specifically, the fiber was polished with its
jacket in place and then soaked in a heated, buffered
hydrofluoric acid solution for 3-4 hours. This was per-
formed until the target end diameter of approximately
13 µm, +/- 3 µm was produced. An electrode arc was
then used to melt and finish the lens. The problem here,
however, was concentricity of the lens relative to the fib-
er's core, and this process was very dependant upon
the fiber jacketing and characteristics of the particular
fiber etchant.
[0009] Finally, fiber polishing involves using a motor-
controlled jig to bring the end of the optical fiber pigtail
in contact with a rotating abrasive wheel and polishing
the endface to form the intended endface lens. Here, in
the past, the lenses have typically been formed with typ-
ically steep or obtuse vertex angles.
[0010] If high coupling efficiencies are required, lens
polishing or etching techniques are among the few op-
tions that are available. Fiber pulling techniques yield a
lens that deviates too strongly from the optimal hyper-
bolic endface. Of the two remaining techniques, fiber
endface etching is the easiest to perform. The major
problem, however, arises in yield. Typically, etch rates
for fiber pigtails vary from batch-to-batch. As a result,
typically test etching must be performed to determine
the optimal solution concentrations and etch times. Fur-
ther, even when these factors are optimized, the etched
lens may not be concentric with respect to the optical
fiber pigtail's core, which substantially impairs coupling
efficiency to render the nonconcentric fibers useless.
[0011] This leaves endface polishing as the remaining
choice. There are a number of problems, however, with
existing techniques. Typical fiber polishing techniques
yield a very conical endface surface which deviates from
the optimal hyperbolic surface. Further, research has
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shown that the common obtuse vertex angles are sub-
optimal for coupling efficiency.
[0012] EP-A-0,294,650 and US-A-4,812,002 are prior
art to the present invention. These documents discloses
a method of manufacturing a lens at the end of an optical
fibre according to the preamble of claim 1. The present
invention is characterized by the by the features of claim
1 with optional features being recited in the dependent
claims.
[0013] The present invention involves a number of in-
novations in optical fiber endface polishing that substan-
tially increase coupling efficiency while simultaneously
improving yield. Specifically, the endface of the fiber is
polished, preferably to form a frustum-like or pointed
endface. However, after polishing, it is fused, preferably
in an arc fuser to form a smooth, rounded endface. Re-
search has additionally shown that the vertex angles
used in most polishing techniques are too large. In this
way, older fiber drawing techniques offered certain ad-
vantages. As a result, according to the invention, the
endface of the fiber is polished to have an acute vertex
angle, resulting in substantial improvements in coupling
efficiency.
[0014] In specific embodiments, the polished frustum
region is frusto-conical, or near conical. Such circular
symmetry is desirable where the opto-electronic source
has high far field symmetry as in the case with most
modulated opto-electronic sources.
[0015] Preferably, to increase coupling efficiency, the
vertex angle of the polished frustum region is acute,
preferably between 16° and 20°. Research has shown
this to be the optimum range. Further, match the desired
hyperbolic surface, an intermediate frustum region is
preferably polished into the fiber.
[0016] An optical fibre manufactured according to the
present invention may be used in an opto-electronic
module which contains an opto-electronic device, such
as a laser diode or laser diode/modulator, or even an
opto-electronic detector. An optical fiber in the form of a
pigtail transmits the optical signal either from or to the
opto-electronic device. This pigtail, manufactured ac-
cording to the invention, has an endface that has a pol-
ished frustum region and a fused tip.
[0017] In specific embodiments, the concentricity of
the fiber is checked during the polishing step. Research
has shown that the concentricity must be controlled in
order to maximize the coupling efficiency. The lack of
this control was one of the primary drawbacks associ-
ated with the fiber endface etching techniques.
[0018] In the preferred embodiment, an endface with
two or more discrete vertex angles is produced by pol-
ishing as the endface is placed in contact with a polish-
ing wheel.
[0019] The above and other features of the invention
including various novel details of construction and com-
binations of parts, and other advantages, will now be
more particularly described with reference to the accom-
panying drawings and pointed out in the claims. It will

be understood that the particular method and device
embodying the invention are shown by way of illustration
and not as a limitation of the invention. The principles
and features of this invention may be employed in vari-
ous and numerous embodiments without departing from
the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the drawings, like reference characters refer
to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the inven-
tion. Of the drawings:

Fig. 1 is a perspective, partial cutaway view of an
opto-electronic module, illustrating an application of
a fibre manufactured according to the method of the
present invention.
Fig. 2 is a scale, side plan view of an endface of an
optical fiber manufactured according to the method
of the present invention 1 inch = 50 micrometers;
Figs. 3A and 3B are schematic side and perspective
views of an optical fiber polishing apparatus or jig
useful with the method according to the present in-
vention;
Figs. 4A is schematic cross-sectional view of an op-
tical fiber illustrating a coarse polishing according
to the present invention;
Figs. 4B is schematic cross-sectional view of an op-
tical fiber illustrating a medium polishing according
to the present invention;
Figs. 4C is schematic cross-sectional views of an
optical fiber illustrating a fine polishing according to
the present invention;
Fig. 5A and 5B are images of a fiber endface after
a two coarse polishings;
Fig. 6 is a top plan view showing polishing regions
on the polishing wheel;
Figs. 7A, and 7B, are images of the fiber endface
after the finish polish at 500x magnification;
Fig. 8 is a side view of the endface in the arc fuser
after polishing is complete, but before fusing;
Fig. 9A and 9B are images of the finished, fused
endface at 500x and 1000x magnification;
Fig. 10 is a graph of coupling efficiency as a function
of fiber type illustrating the advantages of the inven-
tive fiber lens manufacturing technique relative to
other accepted techniques for lens manufacture.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Fig. 1 shows an opto-electronic module 100 in
which the optical fiber manufactured by the method of
the present invention is installed. The module 100 com-
prises a box-like package 110. A booted optical fiber pig-
tail 112 extends through a distal wall 111 of the package
110 and is secured and terminated to a usually thin-film
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substrate 114. In the illustrated implementation, the
plastic jacket 102 is removed from the glass-silica fiber
104, which is then metalized. The metalized fiber is sol-
dered to an adjustment tube 113. A bracket or clip 116
is used to secure the tube 113, and thus the optical fiber
center 104 to the substrate 114. This bracket 116 can
be welded, soldered, or otherwise secured to the sub-
strate using known techniques, such that the optical fib-
er 104 is held by the bracket 116 on the substrate 114,
with its endface 118 in proximity to and in a predeter-
mined relationship with an opto-electronic device 115.
The illustrated embodiment has four laser-weld points
106A that secure the bracket 116 to the substrate 114
and weld points 106B that secure the tube 113 to the
bracket 116. As mentioned previously, the opto-elec-
tronic device 115 is typically a diode, laser diode, LED,
or laser-modulator system, but can also be a detector.
The alignment is typically crucial requiring accuracies
and life-time stabilities on the order of 0.2-0.6 microm-
eters (µm).
[0022] Fig. 2 is a scale, side view of an optical fiber
endface 118, which has been manufactured by the
method of the present invention. Generally, as is com-
mon, the optical fiber 104 is comprised of a core region
126, in which most of the optical power is transmitted
and a cladding region 128 that confines the optical sig-
nal to and in a region surrounding the core. A cladding/
core boundary or interface 130 separates these two
concentric regions of the optical fiber 104 . The index
profile is usually a step, as is common in single mode
fibers.
[0023] In order to increase the coupling efficiency be-
tween the light propagated in the fiber 104 and the opto-
electronic device 115, shown in Fig. 1, a lens is formed
at the optical fiber endface 118.
[0024] The endface 118 comprises a polished frustum
region 120. This frustum region 120 is formed on the
endface of the fiber by polishing and is created to be as
concentric as possible with respect to the center axis
132 of the fiber 104. In preferred embodiment, the frus-
tum region is conical or near conically shaped, i.e., cir-
cularly symmetric. Thus, the aspect ratio of the cross-
section of the polished frustum region is preferably be-
tween 1.5:1 to 1:1. However, in alternative implementa-
tions, an elliptical frustum region is implemented in the
case of elliptical core fibers and/or where there is low
the far-field circular symmetry in the source 115.
[0025] For a fiber that is b=125 micrometers (µm) in
diameter, the length of the polished frustum region is
about m=300 µm, preferably 270 µm.
[0026] A preferred embodiment of the invention pro-
vides that, the surface of the polished frustum region
120 does not extend into or invade the core 126 of the
fiber. Specifically, the polished frustum region 120 is pol-
ished into the fiber endface 118 such that the top frustum
diameter "a" is equal to approximately three-four times
the diameter "d" of the core 126. In the preferred em-
bodiment, the core is approximately d=8 µm with a mode

field diameter of about 10 µm.
[0027] A fused frustum region 122 extends from the
polished frustum region 120 towards the tip 124 of the
endface 118. Preferably, the fused frustum region is
formed by a combination of polishing followed by the
fusing of the fiber. The length of the intermediate frustum
region is about n = 25-35 µm, usually 30 µm.
[0028] The tip 124 of the endface is smooth spherical
lens due to the glass's-surface tension during fusing.
The tip is fused such that it has a best fit to a c = 17 µm
diameter circle. The spherical sector of the tip is γ = 80
to 120°.
[0029] In the preferred embodiment there is manufac-
tured a fiber endface 118 which has a very low angle.
Specifically, the vertex angle α of the polished is less
than 25°, between 16°and 20°. Preferably, it is about
16°. The fused frustum region 122 has a somewhat larg-
er vertex angle in the preferred embodiment. Specifical-
ly, it is less than 90°, and preferably less than 60°; in the
illustrated embodiment, it is between 44° and 50°. The
tip 124 is then fused to generate a rounded lens tip. As
a result, the overall cross-section profile of the . fiber
endface 122 closely matches the ideal hyperbolic cross-
section.
[0030] Figs. 3A and 3B show the polishing device for
forming a fiber endface as illustrated in Fig. 2. As shown
in the side view of Fig. 3A, the fiber polishing device
comprises a fiber rotating jig device 152. Specifically,
the jig device has a rigid barrel 150 through which the
fiber pigtail extends 112. The barrel holds the fiber by
its plastic jacket. This barrel is driven to rotate by a motor
in the housing 151 to turn or rotate the fiber axially. Fur-
ther, the jig device 152 is supported on an arm 154 that
rides in a track 156 so that the fiber 112 can be moved
in and out of contact with polishing wheel 158.
[0031] The fiber endface 118 is polished by driving the
polishing wheel 158. Specifically, the wheel is connect-
ed to a shaft 160, which is turned by a motor 162. In a
preferred embodiment of the method of the present in-
vention, the wheel face 158 is angled at 55° with respect
to horizontal. The rigid barrel 150 is at 22° with respect
to horizontal. As a result, the angle between the polish-
ing wheel 158 and the rigid barrel 150 is a relatively ob-
tuse 147°. As illustrated by the figure, however, the pol-
ishing angle is actually larger. The distance between the
end of the barrel 150 and the closest point on the pol-
ishing wheel is 5.5 millimeters (mm). 9 mm of the pigtail
112, however, extends from the end of the barrel 150.
This 9 mm of the pigtail 112 is unjacketed, i.e., only glass
silica fiber 104. As a result, the fiber 104 bends upward,
in the direction of wheel rotation so that there is a low
angle between the end of the fiber and the wheel 158;
the resiliency of the glass silica fiber 104 controls the
polishing force..
[0032] The cleaving the fiber for polishing at a dis-
tance 165 % of the distance from the fiber holder to the
wheel results in shallow angles relative to the fiber trans-
mission axis for out side radial position and steeper an-
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gles for polished surfaces closer to the fiber center. This
difference between cleaved fiber and distance to wheel
also compensates for any angular misalignment of the
fiber in barrel 150. Further, the contact pressure be-
tween the endface and polishing wheel is dictated by
fiber resiliency, and does not need to be actively con-
trolled. Also, the length can be changed to modify and
control polish angle
[0033] Fig. 3B further illustrates the fiber polishing ap-
paratus. As shown, the fiber endface 118 of the pigtail
120 contacts the polishing wheel 158 at a midpoint be-
tween its center and rim. The face of the polishing wheel
preferably has two paper grits. The coarser grit 210
around the periphery and a finer grit 212 concentrically
in the center of the wheel 158.
[0034] Figs. 4A and 4B illustrate the polishing process
according to the present invention, after the fiber is first
cleaved and loaded into the fiber polishing jig 152.
[0035] Fig. 4A illustrates the first stage of the coarse
polishing sequence, which is performed on a coarser grit
polishing paper of 9 µm. Specifically, for a given fiber
endface 118, four positions (1, 2, 3, 4) are defined
spaced at equal distances around its diameter. In the
first step in the coarse polishing, position 1 is brought in
contact with the polishing wheel, as illustrated by arrow
164. While in contact with the wheel, the fiber is rotated
1 and 5/8 turns as illustrated by arrow 166. Thereafter,
the fiber is withdrawn from the wheel as illustrated by
arrow 165. In the next step in polishing, the fiber is ro-
tated so that position 3 is first contacted with the polish-
ing wheel (164) and again the fiber is rotated 1 and 5/8
turns starting at position 3 while in contact with the wheel
(166). Then, in the third polishing step, the fiber is rotat-
ed so that position.4 will contact the wheel and the fiber
is brought in contact with the rotating wheel. The fiber
is again rotated 1 and 5/8 of a turn. Finally, the fiber is
rotated such that position 2 will contact the wheel by the
polishing jig's barrel. Thus, position 2 first contacts the
wheel, and again, the fiber is rotated 1 and 5/8 turns
while being polished.
[0036] The coarse polish further contains steps 5-8
where the fiber is again rotated 1 5/8 turns as shown in
Fig. 4A. The polishing is started at positions 1.5, 3.5,
2.5, and 4.5, respectively, and indicated by arrows 164,
rotated through arcs as indicated by arrows 166, and
then withdrawn from the wheel as indicated by arrows
165.
[0037] Fig. 5A shows a typical fiber endface after the
first coarse polishing. There is still a substantial portion
of the original cleaved endface remaining. If the diame-
ter of the endface is greater than 14.5 µm, the coarse
polishing is repeated until the endface is smaller than
the 14.5 µm diameter..
[0038] Fig. 5B shows a typical fiber endface after the
second coarse polishing. Again, there is still a substan-
tial, albeit smaller, portion of the original cleaved end-
face remaining. If the diameter of the endface is be-
tween 14.5 µm and 7µm in diameter, a medium polish

is performed. If the cleaved endface is less than 7 µm
to non-existent, the fine polish is performed.
[0039] Fig. 4B shows the medium polish process
which is also perform on the 9 µm grit polishing paper.
The initial points of contact, see arrows 164, for steps
1-8 are the same as the coarse polish, but the fiber is
only rotated 5/8 of a turn, see arrows 166, before being
withdrawn, see arrows 165.
[0040] Fig. 4C shows the fine polish process, which
is also performed on the 9 µm grit polishing paper. The
initial points of contact, see arrows 164, for steps 1-8
are the same as the coarse polish, but the fiber is only
rotated 3/8 of a turn, see arrows 166, before withdrawal
from the wheel 158, see arrows 165.
[0041] The medium and fine polish processes are per-
formed until all of the cleaved endface is removed, i.e.,
the endface 118 has been over-polished.
[0042] Critical to the coarse, medium, and fine polish-
ing on the 9 µm grit polishing paper is the fact that the
frustum region 120 is concentric with respect to the core
126 and fiber axis 132. In the preferred embodiment,
this concentricity is confirmed for every stage of the pol-
ishing in order to ensure that it is being maintained. The
concentricity is checked by illuminating the non-pol-
ished, distant end of the pigtail and viewing the polished
endface. The coarse polishing can then modified to re-
establish concentricity as required using an adaptive
technique.
[0043] Finally, in the preferred embodiment, a finish
polish is performed on a fine grit paper 212 located on
the same wheel as the coarse grit paper. This finish
polish is the same as the fine polish illustrated in Fig.
4C, except for the use of a finer 3 um grit polishing sur-
face.
[0044] Fig. 6 illustrates where the polishing steps are
performed in the polishing wheel 158. Region 170
shows the eight slots in which coarse grit polishing of a
first fiber endface is performed. The eight slots corre-
spond to the eight steps of the coarse, medium and fine
polishing processes that take place on the coarse, 9 µm
grit paper. As a result, the eight slots are reused for eve-
ry successive coarse grit polishing of the same fiber. A
second fiber is then polished on region 172, and so on
working radially inward to at least a third region 174.
[0045] The polishing wheel 158 comprises a 2 inch
disk (3 µm grit) 212 on top of 4 inch disk (9 um) 210.
Having grits on same wheel ensures the distance from
polishing wheel to fiber holder is exactly the same for
both grits. It appears that radial position effects the con-
centricity of the polishing lens. Center radial polishing
gives more concentric polishing. By having the 3 urn pa-
per in center control is provided and the most concentric
polishing. Further, wetting of polishing wheel during
processing increases the consistency of fiber-to-fiber
polishing. Thus, the wheel is wet at the beginning of
each polishing segment. Rotational speed of the barrel
150 of the jig 152 while the fiber is in contact with the
wheel is 12 to 5 rpm. 40 axial rotations of the fiber are
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performed for the typical process. This has the advan-
tage of reducing fiber axial twist. In fact twist can be un-
done between each step by controlling rotation direc-
tion. The polishing wheel is drive at between 50 and 200
rpms, preferably 75 rpms.
[0046] These radial movements of the fiber between
polishing slots occurs while the fiber is not in contact
with the wheel. A ring or region of new or unused paper
is consumed for each polishing segment on the coarse
paper. This produces consistent and predictable polish-
ing for each segment. The use of concentric rings also
conserves paper allowing 3 fibers to be polished on one
4 inch/2 inch sheet.
[0047] The finish polish is performed on a fine grit pa-
per 212 located on the same wheel as the coarse grit
paper. Thus the fiber does not need to be transferred to
a new jig. The eight steps of the finish polish are per-
formed in the eight slots 176. Every fiber is polished in
the same fine grit slots 176. 3 um paper has more control
over the concentricity of the endface. The 3 um paper
also leaves side of lens with smoother finish.
[0048] Figs. 7A and 7B show an endface after the fin-
ish polishing step.
[0049] Fig. 8 shows the endface 118 in an arc fuser
after the finish polishing steps but before is started. The
fiber comprises the polished frustum region 120, and in-
termediate polished frustum region 122' having a vertex
angle of about 80 degrees, and a conical tip having a
vertex angle about 142 degrees. The intermediate frus-
tum region 122' and the conical tip are created by the
initial contact with the wheel and at withdrawal from the
wheel during polishing.
[0050] During fusing, an electric current travels be-
tween electrodes 180 and 182 from current source 186.
The end of the fiber 104 is located x = 300 µm from the
line extending between the electrodes. This has the ef-
fect of heating the fiber tip to create its rounded end.
Preferably, the endface is fused twice, with an axial ro-
tation of 90 - 180 degrees between the first and second
fusing. Surface tension of the melted glass forms a very
systemic lens on polished end. This can compensate or
repair slight imperfections in polished end.
[0051] After fusing, the fiber end is inspected. Fiber
lens is positioned under 500X scope, with the transmis-
sion axis of the fiber pointed away from the microscope
objective. By introducing white light to the through the
other end of the fiber to operator can measure how con-
centric the lens sphere and the fiber transmission core
is aligned.
[0052] Figs. 9A and 9B show the fiber tip after fusing
and in its finished state.
[0053] Fig. 10 is a graph of coupling efficiency as a
function of fiber type. As shown, using fiber types ac-
cording to the present invention, fiber type #1, coupling
efficiencies between 70 and 80% are achieved. As
shown by fiber type #2, however, coupling efficiency
falls to between 80 and 50% if the lens is formed off cent-
er or not concentrically with respect to the fiber center

axis.
[0054] The achieved coupling efficiencies, tightly
bound between 70 and 80% compare favorably with
etched fibers as illustrated by fiber type #5, where, al-
though the average coupling, efficiency is slightly high-
er, there is a larger standard deviation in the result. Con-
sequently, using fibres manufactured according to the
present invention, higher yields can be achieved be-
cause of the lower standard deviation in coupling effi-
ciency with better predictability in the quality of the fin-
ished module.
[0055] Average coupled power of fiber lenses made
with this process are 74 % of the light from typical ridge
waveguide 1300 nm and 1550 nm laser chips. Coupled
efficiency of as high as 79 % have been found. The
shape the coupling curves in X, Y and Z directions is
similar to etched and fused fiber lenses.
[0056] While this invention has been particularly
shown and described with references to preferred em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made therein without departing from the scope of the
invention which is as defined by the appended claims.

Claims

1. A method of manufacturing a lens at an end of an
optical fiber (104), the method comprising shaping
the end of the fiber to form a taper (120) and fusing
the tip (124) of the fiber characterised in that:

the taper is formed by polishing the end of the
fiber in a plurality of polishing steps in which the
end of the fiber is repeatedly brought into con-
tact with a polishing medium (210, 212) such
that the initial contacts are at multiple offset ax-
ial positions.

2. A method as in Claim 1, wherein the step of polish-
ing the end of the fiber comprises checking the pol-
ished regions of the end of the fiber (104) for levels
of concentricity with the centre axis (132) of the fibre
(104).

3. A method as in Claim 2, further comprising control-
ling subsequent polishing based upon the detected
levels of concentricity so as to re-center the endface
(118) in the subsequent polishing steps.

4. A method as in Claim 1, wherein the step of polish-
ing the end of the fiber (104) comprises controlling
the angle between the fiber (104) and a polishing
wheel (158) such that a vertex angle of the fiber
(104) is between 16° and 50°.

5. A method as in Claim 1, wherein the step of polish-
ing the end of the fiber (104) comprises forming a
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first frustrum region and a second frustrum region
the first and second frustrum regions being adjacent
and the second frustrum region being nearer the
end and such that a vertex angle, of the first frus-
trum region is smaller than that of the second re-
gion.

6. A method as claimed in Claim 5 wherein a vertex
angle of the first frustrum region is between 16° and
20° and a vertex angle of the second frustrum re-
gion is between 44° and 50°.

7. A method as in Claim 1, wherein the step of polish-
ing the end of the fiber (104) comprises:

rough polishing in which the fiber tip is placed
in contact with a polishing wheel (158) while be-
ing rotated greater than 180° around its axis;
and
fine polishing in which the fiber tip is placed in
contact with a polishing wheel (158) while being
rotated less than 180° around its axis.

8. A method as in Claim 1, wherein the step of polish-
ing the end of the fiber (104) comprises:

rough polishing in which the fiber tip is placed
in contact with a polishing wheel (158) while be-
ing rotated around its axis to form a polished
region; and a subsequent
finish polishing in which the fiber tip is placed
in contact with a polishing wheel (158) while be-
ing rotated around its axis on a finer grit (212)
polishing surface.

9. A method as in claim 1 further comprising:

aligning an axial end of the optical fiber (104)
with respect to a polishing medium;
polishing the end of the optical fiber using at
least two different grits (210, 212) on a surface
of the polishing medium (158).

10. A method as in claim 9, wherein the polishing me-
dium is a rotating polishing wheel (158).

11. A method as in claim 10, wherein the end of the op-
tical fiber (104) is axially rotated to produce a taper
(120).

12. A method as in claim 11, wherein an angle of a taper
(120) at the end of the fiber (104) is between about
16° and 20°

13. A method as in claim 9, wherein the polishing me-
dium (158) rotates about an axis and has a finer grit
(212) surface near its center of rotation than away
from its center of rotation.

14. A method as in claim 13, wherein the surface of the
polishing medium is flat.

15. A method as in claim 10, further comprising:

polishing the end of the fiber (104) by axially
rotating the fiber against the polishing wheel
(158).

16. A method as in claim 15, wherein the fiber (104) is
polished at a first selected radial distance from a
center of the polishing wheel and a successive step
of polishing the end of the fiber is performed at a
second selected radial distance from the center of
the polishing wheel (158).

17. A method as in claim 16, wherein the fiber (104) is
axially rotated and offset from one step of polishing
the fiber (104) to another.

Patentansprüche

1. Verfahren zur Herstellung einer Linse an einem En-
de einer optischen Faser (104), wobei das Verfah-
ren ein Formen des Endes der Faser, um einen Ke-
gel (120) zu bilden, und ein Schmelzen der Spitze
(124) der Faser umfasst, dadurch gekennzeich-
net, dass:

der Kegel durch Polieren des Endes der Faser
in einer Mehrzahl von Polierschritten gebildet
wird, in denen das Ende der Faser wiederholt
mit einem Poliermedium (210, 212) in Berüh-
rung gebracht wird, so dass die anfänglichen
Berührungen an mehreren versetzten axialen
Positionen sind.

2. Verfahren gemäß Anspruch 1, bei dem der Schritt
des Polierens des Endes der Faser ein Prüfen der
polierten Bereiche des Endes der Faser (104) auf
Konzentrizitätsgrade mit der Mittelachse (132) der
Faser (104) umfasst.

3. Verfahren gemäß Anspruch 2, ferner mit einem
Steuern des nachfolgenden Polierens basierend
auf den erfassten Konzentrizitätsgraden, um die
Endfläche (118) in den nachfolgenden Polierschrit-
ten erneut zu zentrieren.

4. Verfahren gemäß Anspruch 1, bei dem der Schritt
des Polierens das Endes der Faser (104) ein Steu-
ern des Winkels zwischen der Faser (104) und einer
Polierscheibe (158) umfasst, so dass ein Scheitel-
winkel der Faser (104) zwischen 16° und 50° ist.

5. Verfahren gemäß Anspruch 1, bei dem der Schritt
des Polierens des Endes der Faser (104) ein Bilden
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eines ersten Kegelstumpfes und eines zweiten Ke-
gelstumpfes umfaßt, so dass ein Scheitelwinkel des
ersten Kegelstumpfbereichs kleiner als derjenige
des zweiten Bereichs ist, wobei die ersten und zwei-
ten Kegelstumpfbereiche benachbart sind und der
zweite Kegelstumpfbereich näher dem Ende ist.

6. Verfahren gemäß Anspruch 5, bei dem ein Schei-
telwinkel des ersten Kegelstumpfbereichs zwi-
schen 16° und 20° und ein Scheitelwinkel des zwei-
ten Kegelstumpfes zwischen 44° und 50° ist.

7. Verfahren gemäß Anspruch 1, bei dem der Schritt
des Polierens des Endes der Faser (104) umfasst:

Grobpolieren, wobei die Faserspitze mit einer
Polierscheibe (158) in Berührung platziert wird,
während sie mehr als 180° um ihre Achse ge-
dreht wird; und
Feinpolieren, wobei die Faserspitze mit einer
Polierscheibe (158) in Berührung platziert wird,
während sie weniger als 180° um ihre Achse
gedreht wird.

8. Verfahren gemäß Anspruch 1, bei dem der Schritt
des Polierens des Endes der Faser (104) umfasst:

Grobpolieren, wobei die Faserspitze mit einer
Polierscheibe (158) in Berührung platziert wird,
während sie um ihre Achse gedreht wird, um
einen polierten Bereich zu bilden; und ein nach-
folgendes
Fertigpolieren, wobei die Faserspitze mit einer
Polierscheibe (158) in Berührung platziert wird,
während sie um ihre Achse auf einer Polier-
oberfläche mit feinerer Körnung (212) gedreht
wird.

9. Verfahren gemäß Anspruch 1, ferner mit

Ausrichten eines axialen Endes der optischen
Faser (104) mit Bezug auf ein Poliermedium;
Polieren des Endes der optischen Faser unter
Verwendung mindestens zweier unterschiedli-
cher Körnungen (210, 212) auf einer Oberflä-
che des Poliermediums (158).

10. Verfahren gemäß Anspruch 9, bei dem das Polier-
medium eine sich drehende Polierscheibe (158) ist.

11. Verfahren gemäß Anspruch 10, bei das Ende der
optischen Faser (104) axial gedreht wird, um einen
Kegel (120) zu erzeugen.

12. Verfahren gemäß Anspruch 11, bei dem ein Winkel
eines Kegels (120) an dem Ende der Faser (104)
zwischen ungefähr 16° und 20° ist.

13. Verfahren gemäß Anspruch 9, bei dem sich das Po-
liermedium (158) um eine Achse dreht und eine
Oberfläche mit feinerer Körnung (212) aufweist, die
nahe an seinem Rotationszentrum und nicht weg
von seinem Rotationszentrum ist.

14. Verfahren gemäß Anspruch 13, bei dem die Ober-
fläche des Poliermediums eben ist.

15. Verfahren gemäß Anspruch 10, ferner mit:

Polieren des Endes der Faser (104) durch axia-
les Drehen der Faser gegen die Polierscheibe
(158).

16. Verfahren gemäß Anspruch 15, bei dem die Faser
(104) an einem ersten ausgewählten Radialab-
stand von einer Mitte der Polierscheibe poliert wird,
und ein nachfolgender Schritt des Polierens das
Ende der Faser an einem zweiten ausgewählten ra-
dialen Abstand von der Mitte der Polierscheibe
(158) durchgeführt wird.

17. Verfahren gemäß Anspruch 16, bei dem die Faser
(104) axial gedreht wird und von einem Polierschritt
der Faser (104) zu einem anderen versetzt ist.

Revendications

1. Procédé de fabrication d'une lentille à une extrémité
d'une fibre optique (104), le procédé comprenant le
façonnage de l'extrémité de la fibre pour former un
cône (120) et la fusion de la pointe (124) de la fibre,
caractérisé en ce que :

le cône est formé en polissant l'extrémité de la
fibre dans une pluralité d'étapes de polissage
au cours desquelles l'extrémité de la fibre est
amenée de manière répétée en contact avec
un moyen de polissage (210, 212) de telle sorte
que les contacts initiaux soient dans des posi-
tions axiales de déport multiples.

2. Procédé selon la revendication 1, dans lequel l'éta-
pe de polissage de l'extrémité de la fibre comprend
la vérification des sections polies de l'extrémité de
la fibre (104) des niveaux de concentricité avec
l'axe (132) central de la fibre (104).

3. Procédé selon la revendication 2, comprenant en
outre le contrôle du polissage ultérieur basé sur les
niveaux de concentricité détectés, de manière à re-
centrer la face frontale (118) au cours des étapes
de polissage ultérieures.

4. Procédé selon la revendication 1, dans lequel l'éta-
pe de polissage de l'extrémité de la fibre (104) com-
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prend le contrôle de l'angle entre la fibre (104) et un
disque de polissage (158) de telle sorte qu'un angle
de sommet de la fibre (104) soit compris entre 16°
et 50°.

5. Procédé selon la revendication 1, dans lequel l'éta-
pe de polissage de l'extrémité de la fibre (104) com-
prend le façonnage d'une première section de tronc
de cône et d'une deuxième section de tronc de cô-
ne, la première et la deuxième sections de tronc de
cône étant adjacentes et la deuxième section de
tronc de cône étant plus proche de l'extrémité et de
telle sorte qu'un angle de sommet de la première
section de tronc de cône soit inférieur à celui de la
deuxième section de tronc de cône.

6. Procédé selon la revendication 5, dans lequel un
angle de sommet de la première section de tronc
de cône est compris entre 16° et 20° et un angle de
sommet de la deuxième section de tronc de cône
est compris entre 44° et 50°.

7. Procédé selon la revendication 1, dans lequel l'éta-
pe de polissage de l'extrémité de la fibre (104)
comprend :

un polissage grossier dans lequel la pointe de
la fibre est placée en contact avec un disque
de polissage (158) tout en étant tournée de plus
de 180° autour de son axe ; et
un polissage fin dans lequel la pointe de la fibre
est placée en contact avec un disque de polis-
sage (158) tout en étant tournée de moins de
180° autour de son axe.

8. Procédé selon la revendication 1, dans lequel l'éta-
pe de polissage de l'extrémité de la fibre (104)
comprend :

un polissage grossier dans lequel la pointe de
la fibre est placée en contact avec un disque
de polissage (158) tout en étant tournée autour
de son axe pour former une section polie ; et un
polissage de finition ultérieur dans lequel la
pointe de la fibre est placée en contact avec un
disque de polissage (158) tout en étant tournée
autour de son axe sur une surface de polissage
de grain plus fin (212).

9. Procédé selon la revendication 1 comprenant en
outre :

l'alignement d'une extrémité axiale de la fibre
optique (104) par rapport à un moyen de
polissage ;
le polissage de l'extrémité de la fibre optique à
l'aide d'au moins deux grains différents (210,
212) sur une surface du moyen de polissage

(158).

10. Procédé selon la revendication 9, dans lequel le
moyen de polissage est un disque de polissage en
rotation (158).

11. Procédé selon la revendication 10, dans lequel l'ex-
trémité de la fibre optique (104) est tournée axiale-
ment pour produire un cône (120).

12. Procédé selon la revendication 11, dans lequel un
angle d'un cône (120) à l'extrémité de la fibre (104)
est compris entre environ 16° et 20°.

13. Procédé selon la revendication 9, dans lequel le
moyen de polissage (158) tourne autour d'un axe
et possède une surface de grain plus fin (212) à
proximité de son centre de rotation qu'à l'écart de
son centre de rotation.

14. Procédé selon la revendication 13, dans lequel la
surface du moyen de polissage est plate.

15. Procédé selon la revendication 10, comprenant en
outre :

le polissage de l'extrémité de la fibre (104) en
tournant axialement la fibre contre le disque de
polissage (158).

16. Procédé selon la revendication 15, dans lequel la
fibre (104) est polie à une première distance radiale
sélectionnée par rapport au centre du disque de po-
lissage et dans lequel une étape successive de po-
lissage de l'extrémité de la fibre est effectuée à une
deuxième distance radiale sélectionnée par rapport
au centre du disque de polissage (158).

17. Procédé selon la revendication 16, dans lequel la
fibre (104) est tournée axialement et déplacée
d'une étape de polissage de la fibre (104) à une
autre.
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