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(57) Abstract

A preform with a graded refractive index of synthetic material, i.e. optically clean polymer compounds, constructed
by means of a technique where monomers with additives are supplied to a rotating tube (1) with end pieces (2’ and 2") via
a cannula (4) in a continuous or discontinuous flow and so that the monomer composition is changed from a lower refrac-
tive index toward a higher refractive index from the periphery of the preform toward its rotation axis. Monomered materi-
al which is deposited during the rotation of the tube (1) is caused to polymerize by means of radiation with UV beams and/
or by means of radical polymerization.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria GA Gabon MR Mauritania
AU  Australia GB  United Kingdom MW Malawi

BB Barbados . HU Hungary NL Netherlands
BE Belgium IT Italy NO Norway

BG Bulgaria . JP  Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN  Senegal
-CH Switzerland LI  Liechtenstein ) SU Soviet Union
CM Cameroon LK Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America
FI  Finland MG Madagascar

FR France ML Mali

s-



WO 87/01071 PCT/NO86/00059

Preform with graded refractive index and method for

construction of the same.

The present invention concerns a preform with a graded
refractive index and a method for the construction of preform
materials for drawing or extruding optical fibres.

When electromagnetic waves are transmitted through a
material, the transmission speed will depend on the
refractive index of that material. If we apply electro-
magnetic waves with the same speed as visible light, we may,
to make it simple, say that the electromagnetic wave is
transmitted through the material with the speed of light. If
we then imagine that the light is to be transmitted in a
material with a larger refractive index than for instance
air, then the speed of light will be slower in this material

than in air. This is in accordance with Snell's law.

As a consequence of the above, one may say that light which
is travelling along the axis of an optical fibre will be
transmitted at a definite speed depending upon the refractive

index of the fibre.

Light that does not follow the fibre axis but is transmitted
outside the axis, will either be refracted from the outer
limit of the fibre, i.e. the area between the fibre material
and the cladding, or it may escape from the fibre.
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This means that the light that travels through the fibre,
will lose some intensity on its way from the place of origin
to its destinaﬁion. We say that the light is attenuated.
Moreover, the refracted light will arrive with a certain
phase displacement in relation to the light which follows the
fibre axis because of the long distance the reflected light
must travel. '

For practical purposes one may say that the above phenomenon
is present in the so-called stépped index fibres, i.e. fibres
where the material has a uniform refractive index from the

axis to the next alteration of the refractive index, which is
usually between the inner core of the fibre and the cladding.

Information which is sent through such fibres in the form of
light impulses will, in other words, be erased as the light
impulses are transmitted through the fibre.

However, if we use optical fibres which are optically
non-homogenous (graded index profile) i.e. the refractive
index changes continually from a higher refractive index in
the fibre axis to a lower refractive index peripheral fibre,
the light which is transmitted through the fibre will not be
refracted as in stepped index fibres, but will -be continually
bent toward the axis.

Information in the form of light impulses that are trans-
mitted through such fibres, will arrive at its destination
almost simultaneously, and the signals will therefore be easy
to interpret.

This characteristic in graded index fibres has been known for
some time and has been successfully applied when transmitting
information in optical fibre of glass and quartz.
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However, no description exists of optical synthetical fibres
based on this principle. Thus the existing literature only
describes homogenous fibres based on the principle of step
index fibres.

U.S. patents 4.138.194 and 4.161.500 describe a method for
the construction of preforms where the material is optically
homogenous. A copolymer is used based on a methyl meth-
acrylate and a small amount of additive consisting of other
acrylates and methacrylates. The finished preform is in turn
used for extruding optical fibres.

DE patent application No. 14 97 545 also describes con-
struction of stepped index fibres where the fibre core is
based on polystyrene, and where the fibre cladding is based
on polymethyl methacrylate. The construction consists of
filling the core material in a tube of polymethyl meth-
acrylate, so as to produce a preform with a polystyrene core
and a polymethyl methacrylate cladding. The preform is then
heated until it becomes pliable, whereafter the optical fibre

is extruded.

Optical fibres produced from preforms of the above-mentioned
type, will be optically homogenous, and thus be less suited

for transmission of information over long distances.

It has now surprisingly become apparent that it is also
possible to make optical fibres from synthetics with a graded
index where the refractive index is continually reduced from
the fibre axis out toward the peripheral fibre. According to
the invention, this is done by bringing together monomers
with almost identical reaction parameters and solubility
parameters, but with different refractive indices while con-

tinually changing the mole ratio of the monomers.
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In accordance with the invention, the monomers are thereafter
deposited on a rotating wall of glass, quartz and/or another
suitable material, for instance a tube-shaped polymer
material suitable for the cladding.

The monomers are then polymerized according to an accepted
method, for instance by using initiators based on peroxide
either by radiation, e.g. by applying UV radiation or by
applying IR radiation for heating or a combination of one or
two of the above-mentioned methods of polymerization.

1f polymerization takes place in connection with the use of a
glass cladding, and UV radiation is used in connection with
the polymerization, then the UV radiation should have a fre-
quence which coincides with the lowest UV absorption in the
glass.

In order to get a better understanding of the invention, it
is referred to Fig. 1 which shows a sideview of an apparatus

for the construction of preforms.

The apparatus shown in Fig. 1 consists of an outer tube (1)
of glass, quartz or plastics. Glass here means all qualities
of glass. Plastics will include both water soluble and
non-soluble materials, both natural and synthetic.

The tube (1) is plugged with the end pieces (2' and 2") which
have several functions. First of all'the end pieces (2' and
2") will act as a supporting member for the tube (1), and
secondly function as pivoting point for thertube (1).

The device for the rotation of the tube (1) may be of a
traditional kind, where the pieces (2' and 2") are equipped
with shaft ends, or rotation can take place directly over the
end pieces when these are fastened to a rotating bearing. The
device for the rotation of the tube is not part of the

invention and is therefore not shown in Fig. 1.
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The end pieces (2' and 2") are fastened to the tube (1) in a
traditional way, for instance by screws, by tightening with

O-rings of an inert material or by another form of friction

coupling between the end pieces and the tube.

The end pieces may be made of metal and/or plastics. It would
be an advantage if the material in the end pieces is
resistent to corrosion by the monomers and that they are heat
resistant, i.e. that they do not lose their shape through
exposure to heat. The end pieces (2") are shown as a bushing
(3) and as a cannula (4) which can be moved backwards and
forwards in the tube (1) through the end piece (2"). Such
movement is controlled by means of a motor (5), and is indi-
cated by a double arrow over the cannula (4).

In order to prevent oxygen and dust particles from entering
the tube (1) between the end pieces (2' an 2") one may for
example feed nitrogen as inert gas (I) into the tube (1)
along the bushing (3). The reagents, in this case consisting
of the monomers Ml and/or M2 or of pure monomers or a
mixture of them, are led through the cannula. It is not
imparative to use only one or two monomers, as it is possible
to visualize monomer combinations consisting of both two and
more monomers. Therefore, the invention does not set a limit
as to how many monomers are to be used or which will be
utilized. The deciding factor for the choice of monomers is
the optical characteristics and other physical data for the
finished product.

The cannula (4) is coupled to the tube for feeding monomer
(Ml and Mz), UV-initiator, chain transfer and, if appli~

cable, other auxiliary material (H) suitable for the purpose.

The apparatus described above has two movements. In the first

place the tube (1) with the end pieces (2' and 2") will
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rotate. Secondly, the cannula (4) will move backwards and
forwards inside the tube (1) so that after a while the inner
surface of the tube will be coated with material from the

cannula (4).

The pfeform apparatus rotates at such a high speed that the
materials will be evenly distributed. The minute the
materials start to sink, the rotation speed is too low.
Experience has shown that it is possible to choose rotation
speeds between 500 and 2 000 rpm, preferably around 1 000 rpm.

As mentioned above, the cannula (4) will receive separate
supplies of the monomers M; and M,, but it may also be an
advantage to have a third supply, for instance chain transfer
and/or UV initiator.

One may also use other initiating methods, such as use of
peroxides and azo-compounds for the formation of free radi-

cals for the initiation.

It is an advantage for subsequent usage that the preform con-
structed is as optically clean as possible, i.e that it con-
tains a minimum of materials that may distort the optical
signals and attenuate them. It is therefore an advantage to
jnitiate the polymerization and to carry this out by means of

UV radiation.

It should be noted that it is difficult to dispose the poly-
merization heat in the preform if one uses systems which are
initiated by means of for instance peroxides. It is therefore
preferable to apply the simpler and cleaner polymerization
method by means of UV radiation.

1f UV radiation is used, the tube (1) must be permeable for
this kind of radiation. In reality this means that one has to
choose UV beams with a frequency between 300 and 400 nm. '
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Fig. 1 shows a device (7) for radiation with UV beams. Since
the tube (1) rotates at a comparatively high speed, the
radiation must be considered as being even over the entire
inner surface of the tube (1).

It is not desirable to have a mole weight which is too high,
since this will subsequently influence the speed of extrusion
and the viscosity of the polymer. A chain transfer agent is
therefore added in order to keep the mole weight in the cor-
rect mole weight area. Poly acrylates will have mole ﬁeights
from 30 000 to 200 000, while polystyrene will be most suit-
able with mole weights between 100 000 and 500 000.

The purpose of the above-mentioned apparatus is to construct
a preform with an attenuating refractive index from the
rotation axis of the preform out toward the periphery.

This is achieved by supplying a monomer or monomers with the
lowest refractive index to start with and the refractive
index is thereafter increased with a continual alteration of
1 and M2. At the end

there will be a small cavity around the cannula (4) which is
without polymers. When this cavity has reached the minimum
size and before it joins the cannula, the cannula must be
retracted and the cavity filled with the final monomer mix-
ture, i.e. the monomer or the monomer mixture which has the
highest refractive index. Then the preform is polymerized
once again until polymerization is even.

the mole quantities of monomers M

The statement made above assumes that the refractive index
profile in the stepped index fibre is attenuating evenly from
the fibre axis out toward its outer limit, i.e. the limit
toward the cladding.

We should also mention that according the the present method
it should be possible to construct any type of optical fibre
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according to the stepped index fibre principle if the refrac-

tive index profile is evenly or parabolically attenuating or
diminishing inranother way. It is also possible to produce *
stepped index fibres according to the method mentioned in

that the polymer layers inside the tube (1) are built up by N
polymers, layer after layer, with an increasing refractive

index from the tube (1) and toward the axis of the preform.

UV radiation of monomers may take place at all temperatures,
but we choose a temperature which does not lead to
temperature increases in the preform. Experience has shown
that room temperature (approx. 20° C) or lower is very
suitable if polymerization is carried out with UV radiation.

Below is an example of a typical combination of of the
materials supplied for construction of the preform:

Monomer M; High refracive index 0 to 100 mole %
Monomer M, Low refractive index 100 to O mole %
Uv-initiator 0.01 to 1 mole &
Chain transfer 0.01 to 1 mole %

As monomer Ml and M2 one would preferably choose the ones
which have a reaction parameter = 1.0, i.e. r,=r, =

1.0, but raction parameters may also be different from 1.0.

At the same time the solubility parameters Jl and cfz of
monomers M, and M2 ought not to have a larger difference
than a¥ = 1.0, but this is not of vital importance since
there are monomer systems where the difference mentioned is

larger but where the monomers nevertheless still are soluble.
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Patent claimé

Preform with a graded refractive index,
characterized in that
the preform consists of a system with polymer

compounds with attenuating refractive index,
20
periphery of the preform and where the polymers in

n from the rotary axis of the preform towards the
the preform have been created by a continuous or dis-
continuous supply of monomers and/or monomer mixtures
with increasing refractive index and the necessary
additives and that said monomers are polymerized by
means of radiation and/or by radical polymerization.

Preform according to claim 1,
characterized 4in that
ultraviolet radiation (UV radiation) is used for
polymerization of monomers and that the wave length
is from 200 to 400 nm, preferably from 300 to 400 nm.

Preform according to claims 1 and 2,
characterized in that
UV initiator is used, and/or chain transfer by poly-

merization.

Preform according to claim 1,
characterized in that

organic peroxides are used and/or azo-compounds by
radical polymerization.

Process for the production of preform with graded
refractive index according to claims 1-4,
characterized in that
there in a device consisting of an outer tube (1),
which are finished with the end pieces (2' and 2")
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and where the tube and the end pieces are caused to
rotate around the linear axis, whereafter the mono-
merized material with the necessary additives is 3
supplied to the tube (1) via a cannula moving back-
wards and forwards (4) in such a manner that the

-

tube's (1) inner surface is covered by a layer of
monomer which is brought to polymerization by means
of radiation and/or by radical polymerization and

" that the further build-up of the monomer layers
followed by polymerization of same takes place con-
tinuously or discontinuously so that the constructed
preform is made up of polymers in connection with an
increasing refractive index from the periphery of the
preform toward the rotation axis of the preform and
that the cannula (4) at the end is retracted out of
the preform before the preform is completely filled
with polymers and that the cavity which has been
created in the preform is filled with a monomer of
the highest refractive index which thereafter is

polymerized.
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