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ABSTRACT

A method for optically connecting an optical element, including glass, for example an
end portion of an optical fibre having a core consisting of glass, to a lens consisting
of glass. The optical element and the lens are fixed in a connector element in a pre-
determined position in relation to each other and the surface of the lens facing the
optical element is treated with an anti-reflection agent, for example magnesium fluo-
ride. The thickness of the layer of the anti-reflection agent is adapted with regard to
the refractive index of the glass of the optical element, the refractive index of the
glass of the lens and the wave length of the light which is transmitted through the
system so that the light transmission of the optical connection will be as high as

possible and so that the reflections in the connection are thereby as low as possible.

(Fig. 1)
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COMPLETE SPECIFICATION
FOR A STANDARD PATENT

Name of Applicant(s): Formex AB
Actual Inventor(s): Bo Nedstedt
Address for Service: CULLEN & CO.,

Patent & Trade Mark Attorneys,
240 Queen Street,

Brisbane, Qld. 4000,

Australia.

Invention Title: A METHOD FOR OPTICALLY
CONNECTING AN OPTICAL ELEMENT,
FOR EXAMPLE AN END PORTION OF AN
OPTICAL FIBRE, WITH A LENS

The following statement is a full description of this invention, including the best
method of performing it known to us:
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The present invention relates to a method for optically connecting an optical ele-

ment, for example an end portion of an optical fibre, with a lens.

In optical fibre systems there are at different points required optical connections
between the optical elements included in the system. Thus, there is required con-
nections between different lengths of optical fibres, between an optical fibre and a
light source, for example a diode, between an optical fibre and a light detector and
so on. Each connection must be established while using very great accuracy if it
shall be possible to keep the losses at a minimum. Of course, the problem of provid-
ing a correct connection is increased by the fact that optical fibres have a very small
cross sectional area. Thus, the small cross sectional area provides that substantial
losses appear also at small deviations from a correct relative position between the
two fibre end portions, i.e. at deviations from the position in which the fibre end por-
tions are positioned on a common optical axis. Also dirt represents a substantial risk

as the dirt can easily reduce the already small transmission area.

Different methods for providing a correct connection of optical fibres with each other
and with other optical elements have been suggested. In such previously known
methods there are used lenses in which the light beam is magnified so that the light
transmission in the connection takes place at a séctional area which is magnified
several times providing for a corresponding reduction of the sensitivity to deviations
from a correct position, dirt and so on. Thereby, it is a drawback that the connection
of for example two fibre end portions to each other requires instead of one single
connection, i.e. the connection between the fibre end portions, an optAicaI connection
of the fibre end portions to one lens each and an optical connection of the lenses to
each other, i.e. three connections. Thereby, it is important that the optical fibres and
the lens are positioned on the same optical axis as well as that the end surfaces of
the fibres are positioned in the focus of the lens in question. Thus, the connection
between the optical fibres and the lenses constitutes the most sensitive part of the
connection system while the optical connection of the lenses to each other can eas-

ily be provided without errors.

Especially in such connections in which there is spaces between fibre/fibre, fi-

bre/lens and lens/lens a fraction of the light is reflected back through the optical
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elements towards the light source. In some cases this results only in a loss in the
direction of transmission of the light corresponding to the light which is reflected
backwardly. In other cases in which for example a laser diode is used as a light
source the light reflected back towards the laser diode is fatal to the transmission.
The reflection disturbs the laser so that this is prevented from sending digital im-

pulse sequences in a way free from interferences.

In 1-fibre systems in which also a fibre from a photo diode is connected with the
transmission fibre reflections can disturb a receiving function which is intended for

receiving external signals.

There are different previously known methods for reducing the reflections, i.e. for
increasing the return damping to a value of about 30 dB or more, and if the effect of
the reflections is decreased to such low values they are too week to be able to dis-

turb the transmission of light impulses from the laser diode.

Low reflection levels can be obtained by providing an optimum value of the light
transmission in the transmission direction of the light source. Such an optimum value
can be provided by anti-reflection treatment of all surfaces extending transversely of
the optical axis including such surfaces of the fibrés which extend transversely. The
anti-reflection treatment can for example be provided by coating the surfaces with
magnesium fluoride. However, the anti-reflection treatment of the fibre end surfaces
is a very impractical method with regard to the fact that the user of an easily appli-
cable fibre connector device is forced to complicated operations before the fibre can

be mounted in the connector device.

It is also possible to provide index matching means, such as gel, transparent silicon
rubber pads and the like between the optical elements with the object of eliminating
the air space between the elements and thereby reducing the reflections. However, it
is a drawback that these agents at the same time reduce the transmission level in
the direction of transmission as these agents per se constitute new optical elements
having worse light transmission performances than optical glass, fibre materials and

the like. In impure condition they can also cause a heavily decreased transmission
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by introducing dirt particles into the optical axis. Also aging of such index matching

agents can provide the agent with bad optical properties.

It is possible also to reduce reflections in connectors between lens and fibre by posi-
tioning the elements in engagement with each other and thereby eliminating the air
space. In this method there is used such a glass in the lens that the focus will be
positioned in the surface of the lens. However, this provides only for a partial reduc-

tion of the reflections and not a reduction to the low levels as required.

The object of the invention is to provide such an effective connection between an
optical element, for example an end portion of an optical fibre, and a lens that the
reflections are reduced to sufficiently small values so as not to disturb the transmis-

sion function, for example the transmission of light impulses from a laser diode.

In order to comply with this object there is according to the invention provided a
method for optically connecting an optical element, for example an end portion of an
optical fibre, with a lens, in which the optical element and the lens are fixed in a con-
nector element in a predetermined position in relation to each other and the surface
of the lens facing the optical element is treated with an anti-reflection agent, for ex-
ample magnesium fluoride, the method being characterized in that the anti-reflection
agent, for example the magnesium fluoride is applied to the surface of the lens fac-
ing the optical element in the form of a layer having a thickness which is in such a
way adapted to the refraction index of the glass of the optical element, the refraction
index of the glass of the lens and the wave length of the light which is sent through
the system that the light transmission in the connection is as high as possible and

the refraction in the connection is as low as possible.

In the method according to the invention it is preferred that the optical element and
the lens are fixed in engagement with each other in the connector element. The opti-
cal element is usually constituted by an optical fibre, and thereby the anti-reflection
agent, for example the magnesium fluoride, is applied as a layer having a thickness
which is adapted to the refractive index of the glass of the core of the optical fibre,
the refractive index of the glass of the lens and the wave length of the light which is

transmitted through the system.
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When optically connecting two optical elements, for example the end portions of two
optical fibres, with each other, each of the optical elements is optically connected
with one lens as described above whereupon the lenses are optically connected with
each other, the surfaces of the lenses facing each other being provided with an anti-
reflection agent, for example magnesium fluoride, in the form of a layer having a
thickness which is adapted to the refractive index of the glass of the lenses, the re-
fractive index of the medium positioned between the lenses, preferably air, and to
the wave length of the light transmitted through the system in such a way that the
light transmission between the lenses of the connector will be as high as possible

and the reflection will be as low as possible.

The invention shall be described in the following with reference to the accompanying

drawings.

Fig. 1 is a schematic section of a connector element for optically connecting an end
portion of an optical fibre with a spherical lens in accordance with the method of the

invention.

Fig. 2 is a schematic section of a connection between two connector elements in

which an end portion of an optical fibre is connected with a spherical lens.

In accordance with the method of the invention for connecting an optical fibre 2 with
a spherical lens 4 the end portion of the optical fibre 2 is enclosed in a fibre retainer
6 in the form of a sleeve. The fibre retainer 6 has a cylindrical outer surface 8 which
connects with a flat or spherical end surface 10 on the fibre retainer 6. The main
portion of the fibre retainer 6 is constituted by a cylindrical element 12 of ceramic
material and the outer end portion of the cylindrical element 12 consisting of cerami-

cal material is forced into and fixed in a portion 13 consisting of metal.

The optical fibre 2 is fixed in the fibre retainer 6 in accordance with any method
known per se, for example by means of an adhesive, the end surface of the optical
fibre 2 being after grinding to a flat or spherical shape positioned in the same plane

as the end surface 10 of the cylindrical element 12.
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In order to connect the retainer 6 so that the optical fibre positioned therein is posi-
tioned in engagement with the spherical lens 4 there is used a connector element
14. The connector element 14 is provided with surfaces for defining the relative po-
sition between the retainer 6 and thereby the optical fibre 2 and the spherical lens 4.
The surfaces of the connector element 14 for defining the relative position between
the fibre retainer 6 and thereby the optical fibre 2 and the spherical lens 4 are consti-
tuted by a cylindrical surface 16 and a circular edge surface 20 which is concentric

with the cylindrical surface 16 and is formed with a radius.

Thus, the position of the retainer 6 and thereby the optical fibre 2 is defined in the
connector element 14 by the fact that the cylindrical surface 8 of the retainer 6 en-
gages the cylindrical surface 16 of the connector element 14 and by the fact that the
end surface 10 of the retainer 6 and the optical fibre 2 engages the spherical lens 4
which is in turn defined with regard to its position by the circular edge surface 20 of

the connector element 14, said surface being formed with a radius.

The fibre retainer 6 can be retained in an engagement with the surface 16 and the
spherical lens 4 by means of a conventional sleeve screw or by means of a com-

pression spring.

The spherical lens 4 can be maintained in engagement with the edge surface 20 by
means of for example a sleeve screw or by means of an annular spring. In order to
provide an optical connection between the fibre 2 and the spherical lens 4 engaging
each other, which connection is as efficient and reflection-free as possible the lens 4
is at its surface facing the fibre 2 provided with an anti-reflection treatment 22 of for
example magnesium fluoride to such a thickness that there is provided a maximum

light transmission and a minimum reflection level.

In order to define the thickness of the layer of the anti-reflection treatment 22 the
following factors are considered: the refraction index of the core of the optical fibre 2,
consisting of glass, the refraction index of the glass of the lens 4, and the wave

length or wave lengths of the light which is transmitted through the system.
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In order to provide a connection between the lens 4 and the lens 4 positioned in the
opposite connector element 26 positioned with intermediate air which connection is
as effective and free from reflection as possible, the outer surfaces of the lenses are
anti-reflection treated at 24 by means of for example magnesium fluoride to such a

thickness that a maximum transmission level and a minimum reflection level are ob-

tained.

In order to define the thickness of the layers of the anti-reflection treatment 24 there
are considered: the refraction index of the lens glass 4, the refraction index of air
which has the value 1,0, and the wave length or wave lengths of the light which is

transmitted through the system.

It is realized that the method according to the invention can be utilized for connect-
ing other optical elements than optical fibres to a lens and it is of course also possi-
ble that the lens is of another kind than a spherical lens. For example it is possible to

connect a diode with a lens using the method according to the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method for optically connecting an optical element, including glass, for ex-
ample an end portion of an optical fibre having a core consisting of glass, with a lens
consisting of glass, wherein the optical element and the lens are fixed in a connector
element in a predetermined position in relation to each other and the surface of the
lens facing the optical element is treated with an anti-reflection agent, for example
magnesium fluoride, characterized inthat the anti-reflection agent, for ex-
ample the magnesium fluoride, is applied to the surface of the lens facing the optical
element as a layer having a thickness adapted to the refractive index of the glass of
the optical element, the refractive index of the glass of the lens and the wave length
of the light which is transmitted through the system in such a way that the light
transmission of the connection is as high as possible and the reflection in the con-

nection is as low as possible.

2. A method as claimed inclam 1, characterized inthatthe optical ele-

ment and the lens are fixed in engagement with each other in the connector element.

3. A method as claimed in claim 1 or 2, wherein the optical element is consti-
tuted by an optical fibre, characterized inthatthe anti-reflection agent for
example the magnesium fluoride, is applied as a layer having a thickness adapted to
the refractive index of the glass of the core of the optical fibre, the refractive index of

the glass of the lens and the wave length of the light transmitted through the system.

4, A method for optically connecting two optical elements, for example the end
portions of two optical fibres, with each other, wherein each of the optical elements
is optically connected with a lens according to the method as claimed in any of
claims 1 - 3 and the lenses are optically connected with each other, character-
i zed in that the surfaces of the lenses facing each other are provided with an anti-
reflection agent, for example magnesium fluoride, in the form of a layer having a
thickness adapted in such a way to the refractive index of the glass of the lenses, the
refractive index of the medium positioned between the lenses, and the wave length

of the light which is transmitted through the system that the light transmission be-
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tween the lenses of the connection is as high as possible and the reflection is as low

as possible.

5. A method as claimed inclaim4, characterized in that the medium

positioned between the lenses is constituted by air.

6. A method as claimed in any of the preceding claims, characterized in

that the optical element is fixed in a retainer and that the retainer and the lens are

fixed in the connector element.

7. A method as claimed inclaim6, characterized inthatthe retainer for

the optical element is fixed in the connector element by means of a sleeve screw.

8. A method as claimed inclaim6, characterized inthatthe retainer for

the optical element is fixed in the connector element by means of a spring.

9. A method as claimed in any of claims 6 - 8, characterized inthatthe

lens is fixed in the connector element by means of a sleeve screw.

10. A method as claimed in any of claims 6 -8, characterized inthatthe

lens is fixed in the connector element by means of an annular spring.

11. A method as claimed in any of claims 6 -8, characterized inthatthe

lens is fixed in the connector element by means of an adhesive.

12, A method for optically connecting an optical element

substantially as herein described with reference to Figures 1

and 2 of the drawings.

DATED THIS 7th day of October 1997

Formex AB
By their Patent Attorneys
CULLEN & CO.
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