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(57) Abstract

An optical fiber with lens of a simple construction capable of taking in a flat beam of light efficiently and
improving the optical coupling efficiency between an LD and a fiber, and a method of manufacturing the same.
Diagonal cut surfaces are provided on both sides of a center line passing the center of a core at an end of an
optical fiber which is opposed to a light source or the outgoing light, whereby a wedge-like end portion is formed,
a semicylindrical lens formed to a desired radius of curvature being thus provided at this end of the optical fiber.

Portions of a desired radius of curvature which extend in two orthogonal directions are further provided at this end of
the optical fiber.
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Optical Fiber with Lens and Manufacturing Method

Field of Technology

This invention relates to the optfcal coupling between a
luminescent source and an optical fiber used in optical
communication.

Technology in the Background

Laser Diodes (called LD hereafter), Luminescent Diodes, and
others are used as a luminescent source for optical communication.
‘However, in order for light to enter into an optical fiber, which
is the optical transmission path, coupling is generally performed
by aligning the end of an optical fiber with the luminescent
surface. '

However, due to a considerable divergence in the angle of
incident light from the luminescent surface, the coupling
efficiency with optical fibers is poor. Consequently, there is a
method to improve light entrance into the optical fiber by
inserting a lens. to improve coupling efficiency and
focusing of the light.

~ In order to obtain optical coupling between an LD and an
optical fiber, diverse combinations such as shown in Fig. 5 (a) ~
(d) have been considered in the past. The light emitted from the
LD does not form a circular Gaussian distribution but forms an
elliptic beam having a large distribution difference in the
vertical and horizontal directions.

Fig. 6 is a diagram that depicts the diverging angle of the
incident beam from the LD. As seen, the near-end light
distribution NFP [near focal point] is elongated along the X-
axis, and the far-end light distribution NFP results in an
elliptic beam distribution divergent along the Y-axis.

Therefore, high coupling efficiency is not obtainable.

The method of coupling shown in Fig. 5 (a) was an early
concept. It attempts to increase the coupling efficiency by
positioning a cylindrical lens 21 between LD 1 and optical fiber 20.

The methods of coupling shown in Fig. 5 (¢) and (d), both
ignore ellipticity and both use a nonspherical lens 22, which
take light beam aberrations into account, or in order to ease
coupling tolerances during assembly, places two lenses 23 and 24
at the confocal positions. |
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In this case, the lenses cost more than the optical fiber
type, but the merit of realizing equally good coupling is
assured. However, since the lenses and flbers are separated in all
examples of Fig. § (a), (¢), and (d), alignment of the beam axis
becomes that much more difficult; since an interface occurs
in the optical path, light will be lost as a consequence. In
addition, although an antireflection film is used, it is not
beneficial because there are three surfaces in this case.

Furthermore, the fact that there are numercus components raises
the overall cost of the system.

On the other hand, in the case of Fig. 5 (b) example, a
curved surface 25 was formed at the end of the fiber 20 and
symmetric to the Z axis, which is the optical axis. Although
this alleviated the previously described shortcomings, the beam
emitted from LD 1, in spite of its elliptical nature, is coupled
to a circular core, which enables axial alignment only in an
extremely narrow range and theoretically sets a limitation as well,

In particular, in the case of a distorted Lattice Type
Quantum Well Laser, which is anticipated as an LD for
optical excitation for light amplification, it becomes
necessary to obtain a spacious active layer section in order to
increase the inrush current. As a result, the light-emitting
window formed on the side ends up in a horizontally extended
(about 0 ~- 200 1t m) shape without a change in the thickness (about
0~ 200 £t m). This is a greater compression compared with the
conventional LD, and in order to couple the beams more
efliciently, an oblate lens matching the far-end distribution
became necessary.

In view of the above-mentioned problems, the purpose of this
invention is to offer an optical fiber with lens which, as
opposed to the method of assembling special individual lenses,
has a simple configuration, is capable of efficiently taking in

flat beams, and has an improved optical coupling efficiency
between an LD and a fiber.

Disclosure of the Invention
This invention was made in order to solve the problems in
conjunction with the above. The optical fiber with lens based
on this inveation is equipped with a diagonal section forming a
wedge on either side of the center line in reference to the core
center of the optical fiber end facing the optical source or
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emission beam, and forms a semi-cylindrical lens by providing a
desired curvature at the tip.

By providing a curvature greater than the radius of the
said semi-cylinder in the direction of the semi-cylinder curve at
the end of the semi-cylindrical lens, curved facets having
different curvatures at the tip and are orthogonal to each other
are formed.

In the case of this invention for an optical fiber with a
lens, it is structured as described abave and is equipped with a
fiber lens which enables a simple coupling method. In addition,
as it is capable of accepting a flat beam, a high coupling
efficiency can be obtained.

In other words, it will be possible to couple beams emitted
from a high output LD or LED with a flat emission tip.

In the case of this invention for an optical fiber with a
lens, it is structured as described above and equipped with a
fiber lens which enables a simple coupling method. In addition,
as It is capable of accepting a flat beam, a high coupling
efliciency can be obtained, and a flat beam can be used at a low
cost. It can present an optical fiber with a lens with an
improved coupling efficiency between a semiconductor laser and an
optical fiber.

Simple Explanation of Diagrams

Fig. 1 shows three views of the shape of a fiber with a
tapered cylindrical lens which depicts 2n example of this
invention,

Fig. 2 shows three views of the shape of a fiber with a
tapered elliptic lens which depicts another example of this
invention.

Fig. 3 is a diagram depicting a manufacturing method of a
fiber with a lens as an example of this invention.

Fig. 4 is a diagram explaining the formation of a flat beam
walst,

Fig. § is a diagram showing a beam coupling method for a
conventional LD and a fiber.

Fig. 6 is a diagram depicting the divergent angle of the
emitting beam from an LD.

The best form example of this invention
Examples of this invention are explained below in reference

to the diagrams. Fig. 1 shows three views of the shape of a
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fiber with a tapered cylindrical lens which depicts an example of
this invention. Fig. 2 shows three views of the shape of a fiber
with a tapered elliptic lens which is another example of this
invention. Fig. 3 is a diagram depicting the manufacturing
method of a fiber with a lens as an example of this invention.
Fig. 4 is a diagram explaining the formation of a flat beam
waist.

To form the fiber with a lens based on this invention, the
wedge form fiber is made by lapping a fiber from one side as
shown in Fig. 3. When the fiber is lapped to the center, it
is rotated 180 degrees to lap from the opposite direction. A
suitable amount of lapping is used to produce a desired curvature
at the tip.

Figs. 1 and 2 are examples of those shapes. The resultin Fig. 1
Is 2 semicylindrical lens, which is suitable for a highly
elliptic LD. Fig. 2 is a shape endowed with a focusing effect
even for a divergent light in the Y axis direction in Fig, 4.

Next, by referring to Fig. 4, an explanation is given on the

principle of efficient entry of the light beam emitted from an LD
into the fiber with a tapered cylindrical lens.

The radius of the heam waist in the Y-axis direction at the
window C of the LD 1 is denoted as v, the radius of the beam
waist in the X-axis direction is denoted &wx , and the core radius
of the single mode fiber (called SMF hereafter) 2 is denoted as @ .

The distance, d o , from the fiber tip A of the fiber with a
tapered cylindrical lens to the beam waist radius, o , inside the
fiber with a tapered cylindrical lens is obtained,

In the case of an SMF, the beam enters at a refractive
index, NA = 0.1. On the other hand, when the refractive index n
of the fiber core 3 is n = 1.465, and the core diameter is 2 w0 = 6 L m:
from

Equation 1

AN \
G(do) — tan“‘l A = 3.914 deg

\72"0)02'11;

and Equation 2
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l+tané& (do)

Therefore, o =2.9024 L. m results from Equations 1 and 2.

Conversely,
Equation 3
tan&d (do) * @ * we? - N
d, = ' T

A

For example, assuming that the wavelength of the beam is
A =830 nm, and substituting n = 1.465 into Equation 3,do =3.12 ' m
results.
Now, in order to obtain the distance d from the fiber tip A
of the fiber with a tapered cylindrical lens to the window C of
the LD, the lens curvature is denoted as R; and d is determined
by the beam matrix expressed by Equation 4,

1 d\) 1 0N a
M) = | [ 1=n |
\0 1/ v R n,} ‘\.0 1 J
[,, 1—n l—n \ ’ \
__11+ g d det g ddo+n-dl A B
| 1—n l—n - i
d C D
\ R = s+ N /; \\ }

In other words, from the general beam matrix equation,
Equation §
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whereby vy can be obtained. For example, when the curvature R =
10 u m, wv =132 1t m results. Conversely, when wvy is known, an
eptimum curvature R can be obtained.

Similarly, from |
Equation 6

d= 1522 1/ mis obtained. At this time, since wx has no lens
effect,
Equation 7

v I1 /

fT“?
[ f,l(-—i+d\

]
J

\ ﬂ'&)o2 ;

Is expressed. For example, whend o = 3,12 and wo = 29024, wx =
3.4 /4 m results.

In other words, the beam emitted from the semicircular lens
fiber is able to form a flat beam waist of @Wx =c¢a. 3.4 & m and @Wv

= ca. 1.3 4 m at a position of @ = ca. 15 14 m from the lens tip A,
if the wavelength is

= 830 nm and the core diameter of the SMF
iIs2 W =6 L m, and when the curvature R = 10 £¢ m.
Consequenty, when a high output semiconductor laser having
a relatively smaller @y compared to @ x is used, a fiber lens
compatible to the flattened, irradiating window of ( Wy / wx ) = ca.
1/3 ~ U5, ¢an be formed, and a high coupling efficiency can be
obtained.
The manufacturing processes involve stabilizing the optical
fiber and lapping it at 25° to the optical axis to the center of
the fiber using an abrasive board. Then, the stabilized fiber is
turned upside down 180" and shaped to a wedge form by lapping at
25° to the optical axis as before using an abrasive board.

- € -
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Subsequently, the fiber is lap-finished to a curvature of R =10 i m at the wedged tip
by rotating it around the optical axis.
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The embodiments of the invention in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A manufacturing process for an optical fiber with a tapered cylindrical lens

comprising;
making a sharp wedge form fiber by:
lapping the entire end surface of the optical fiber from one side of the fiber by,

mechanical grinding with a tapered angle to the near of the fiber core center;

lapping from one side to the core center of the fiber;

rotating 180° and grinding from the opposite direction;

lapping to the core center; and

lapping the wedge end to give 1t a semicircular cylindrical shape having

a desired radius of curvature.

2. A manufacturing process for an optical fiber with a tapered elliptic lens

comprising;
forming a sharp wedge form fiber by,

lapping the entire end surface of the optical fiber from one side of the fiber

by,
mechanical grinding with a tapered angle to the near of the fiber core center;
lapping from one side to the core center of the fiber;
rotating 180° and grinding from the opposite direction;
lapping to the core center;

lapping the wedge end along a first direction to give it a semicircular

cylindrical shape having a desired radius of curvature; and

further lapping along a second direction to give a desired curvature along said

second direction orthogonal to the first direction.
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3. A manufacturing process for an optical fiber with a tapered cylindrical lens

comprising:
making a sharp wedge form fiber by,

lapping the entire end surface of the optical fiber from one side of the fiber

erinding and lapping from one side;

rotating 180° when lapped to the center of the fiber and grinding from the

opposite direction;

lapping the tip to provide a desired curvature.

4. A manufacturing process for an optical fiber with a tapered elliptic lens

comprising:
making a sharp wedge form fiber by:
lapping the entire end surface of the optical fiber from one side of the fiber by,
erinding and lapping from one side;

rotating 180° when lapped to the center of the fiber and grinding from the

opposite direction;
lapping the tip along a first direction to provide a desired curvature; and

further lapping along a second direction to give the desired curvature along

sald second direction orthogonal to the first direction.
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FIG.1
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FIG.5A
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FIG.5C
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