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tively  complex and expensive. The repeated and complete transfer of
optical This invention relates to optical fibre structures.  energy from
one optical guidance path to another It is known that when two identical
monomode    which was described in relation to the prior art fibre optical
cores are located within a common cladding   6   structure wavelength
filter only  occurs at a (the cores being of a material having higher
refrac-  wavelength for which the propagation constants of tive index than
that of the cladding), and the cores  the two guidance paths are the same.
are sufficiently close together, optical coupling will  The propagation
constant of a monomode op- occur between the two cores. When optical energy
tical guidance path is an indication of the speed at is introduced into one
of the cores it travels primar-  10   which light travels on that path and
it is a function ily within the core itself but also to a limited degree
of the parameters of the optical core itself and the in the cladding
immediately surrounding the core .  cladding which immediately surrounds
the optical so that in effect the core provides an optical guid-  core. For
a given structure, the propagation con- ance path which extends laterally
beyond the limits  stant varies with wavelength, and it is well known of
the  core itself. When the cores are close enough   15  that its value for
a particular wavelength, and also together, the optical guidance paths
actually over-  the rate at which it varies as a function of lap so that
light initially travelling in one of the  wavelength, can to a degree be
determined by optical guidance paths is increasingly transferred  suitable
selection of core material, core diameter, into the other optical guidance
path. All, or virtually  cladding material, and the refractive index
profile I, of the optical energy transfers from one optical  20  throughout
the core and the immediately surround- guidance path to the other by this
process so that  ing cladding. over a length of such fibre the proportions
of en-     In the prior art structure just described, the ergy travelling
in the two optical guidance paths   propagation constants of both paths
were the same oscillate progressively between 100% in the one    for all
wavelengths since the two optical guidance and 100% in the other. The
distance over which all  25  paths themselves were identical. the energy
transfers from one path to the other and  . In a paper entitled "Two-Core
Optical Fi- then back again is often referred to as the "beat
bres:Experiment" at page 84, Journal of the Optical length" and is
typically from a few millimetres to a  Society of America, January 1985, a
two core few centimetres. The beat length is a function of   structure was
proposed in which the propagation wavelength  and  therefore, if more than
one   30  constants were the same  only at one particular wavelength is
introduced at the input of such a     wavelength. Consequently, all other
wavelengths fibre, at a position which is numerous beat lengths  stay  in
that guidance path to which they were further down the fibre 100%  of one
of the         initially introduced, whereas the predetermined wavelengths
will be travelling in one of the optical  wavelength which the structure is
designed to filter guidance paths whereas at least some proportion   35
out oscillates between the two guidance paths and of all the other
wavelengths will be travelling in the  can be separated from the other
wavelengths by other optical guidance path. Thus, by terminating
terminating the length of the fibre structure at a the fibre at this point
a degree of filtering of one  point where most of the energy at that
predeter- avelength from the others can be achieved.          mined
wavelength is travelling in the opposite path This principle has been
applied to produce a   40  from all others. The predetermined wavelength is
* fibre structure wavelength filter (disclosed in a pa-  fixed by the
physical construction of the fibre. per by K. Okamoto and J. Noda in
Electronics    .      An optical wavelength filter in which the centre
Letters 13th Feb. 1986, Vol. 22, No. 4) by coupling  wavelength .of the
passband could be electrically end to end alternate lengths of twin core
fibre and  varied or tuned was disclosed in a paper by R. C. single core
fibre, the lengths of single  core fibre  45   Alferness and R.V. Schmidt
in Applied Physics being used to transmit the preferentially filtered
Letters 33(2) dated 15th July 1978. That filter was light from the output
of the preceding length of twin  constructed  using integrated optics
techniques core  fibre to one of the two cores of the subse-  which are not
capable of application to fibre-type quent length of.twin core fibre. Each
of the lengths  structures. of twin core fibre is such as to give
preferential  50  It has not, hitherto, been possible to produce * transfer
or filtering for the same wavelength, so that  an optical fibre structure
in which the coupling each length of twin core fibre effectively removes a
wavelength between two cores could be tuned or further proportion of all
wavelengths but that par-  adjusted after completion of the structure.
ticular one. Thus, a relatively narrow passband       An object of the
invention is to provide such an from end to end of the composite filter can
be   55  optical fibre structure. achieved if the number of lengths of twin
core fibre  In accordance with the invention there is pro- is made great
enough. However, it will be appre-   vided an electrically tunable optical
fibre structure 



clated that the construction of such filters is rela-  comprising a length
of optical fibre which includes 2    3                  EP 0 308 114 B1
4 two uniformly spaced monomode optical cores lo-      filter. This can be
achieved either simply by in- cated within a common cladding so as to
provide      creasing the length of the fibre, or by decreasing two optical
guidance paths, the optical characteris-  the spacing between the cores,
which decreases tics of at least the cores being different such as to  the
beat length and therefore increases the number give the two guidance paths
different propagation    5   of beats per unit length. For ease of
manufacture, it constants the values of which coincide for a pre-    is
preferable to increase the length of the fibre in determined wavelength, so
that optical energy at     order to narrow the passband, because this
places said wavelength will repeatedly transfer from one    less tight
tolerances upon the required length of core to the other, characterised in
that two elec-   the fibre (due to the relatively long beat length) and
trodes are provided within the cladding and are   10  does not require the
increased precision of core located with at least one core between them for
placement which would be required if the cores applying an electrical field
to that core whereby to  were to be placed closer together to achieve the
alter its propagation constant by the electro-optic  same effect. However,
practical considerations limit effect and hence to alter said wavelength,
the       the maximum length desirable for the filter and for structure
thereby being tunable.                 15  further reductions in bandwidth
a reduction in the By incorporating electrodes within the body of    core
spacing will be required. the fibre itself, and hence very close to the
core, a    From a further aspect, the invention provides a reasonably
intense electrical field can be devel-    method of making an electrically
tunable optical oped across the core even with a relatively low      fibre
structure comprising preparing two core rods voltage between the
electrodes. Then, even taking   20  which include optical cores having
different optical account of the limitations placed upon the materials
characteristics, inserting them in bores in an inner used in the fibre, due
to the need to achieve the    cladding body, making the outside of said
body desired optical performance and to be capable of     non-circular
either before or after said insertion, formation into fibre, a shift of the
propagation con-  sleeving said body with an internally circular tube stant
for one or both of the cores can be achieved,   25  to create spaces
adjacent the non-circular parts of and a resulting detectable shift in the
centre cou-  said body, drawing down the assembly thus ob- pling
wavelength.                                    tained, and filling with
electrode material the The amount of wavelength shift available may
spaces between the drawn forms of the inner clad- be increased by the use
of soft glasses for the      ding body and the tube. tunable core or cores
and the cladding, as will be   30  In order that the invention may be more
clearly described.                                           understood
some embodiments thereof will now be In a preferred structure according to
the inven-  described, by way of example, with reference to tion, the
length of the optical fibre is such that   the accompanying drawings  in
which: when   optical  energy   at  the   predetermined        Figure 1 is
a cross-sectional view of an elec- wavelength is introduced into one core
at one end   35  trically tunable optical fibre structure in accor- of the
fibre it will be travelling primarily in the other  dance with the
invention; core at the other end of the fibre whereby the          Figures
2(a) and 2(b) show propagation con- structure is operable as a wavelength
filter whose      stants as a function of wavelength, which may filter
frequency is electrically tunable.               be applied to the
structure of Figure 1; Thus, for the first time, an electrically tunable
40  Figure 3 illustrates the broader and narrower wavelength filter which
can readily be interfaced       passbands that can be achieved using
propaga- with the components of an optical fibre signal han-     tion
constants as illustrated in Figures 2(a) and dling system  is provided, due
to the fibre type        2(b) respectively; structure of the filter.
Figures 4(a) and (b) respectively show how the In practice, wavelengths
immediately adjacent   45  propagation constants and passbands of a filter
to the one for which the filter is designed are to      having the Figure 1
structure may be varied; some degree passed by the filter. However, the
Figure 5 illustrates a stage in the manufacture of width of the passband
can be reduced by making          an optical fibre structure as shown in
Figure 1; the propagation constants for the two optical guid-     and ance
paths diverge from each other as sharply as   50   Figure 6 shows a further
type of electrically possible on both sides of the wavelength value for
tunable optical fibre structure in accordance with which they actually
coincide. Further, because at       the invention. 



all  wavelengths  except  the  predetermined             The optical fibre
shown in Figure 1 has two wavelength itself less than 100%   of the energy
optical cores 1 and 2 located within a common transfers repeatedly between
the two optical guid-    55   cladding 4. The cores 1 and 2 are uniformly
ance paths, the bandwidth is also reduced by In-     spaced apart
throughout the length of the fibre. As creasing the number of energy
transfers or beats     has been mentioned previously, each of the cores
that occur between the input and the output of the   then provides  a
respective optical guidance path 3    5                  EP 0 308 114 B1
6 which extends laterally to each side of the core and  in the propagation
constants of both of them as the spacing between the cores is made
sufficiently  illustrated in Figure 4(a). Consequently, there is a small
that their optical guidance paths will overlap  corresponding shift in the
centre frequency of the so as to permit the transfer of optical energy be-
filter passband as illustrated in Figure 5(b). tween the cores as has been
explained.          5       In fact, the electro-optic effect causes a dif-
The material, diameter and refractive index      ferential change in
refractive index as between the profile of each core is selected, in a
manner which  light polarised perpendicular to the electrodes and is known
in relation to a single core, such that the  that polarised parallel to the
electrodes (i.e. verti- two cores have different propagation constants.
cally arid horizontally in relation to the fibre as Figure 2(a) illustrates
the case in which the cores   10  shown in Figure 1). The refractive index
shift is are designed such that their propagation constants,  greater for
the light whose plane of polarisation is which  are a function of
wavelength, coincide at a   perpendicular to the electrodes and to take
advan- wavelength [err] but do not diverge very sharply from  tage of the
greater shift available with this polarisa- each other to each side of that
wavelength. In      tion, the fibre may be fed initially only with light
contrast, Figure 2(b) shows a case where the prop-   15  having this
polarisation. Alternatively, light polarised agation constants are selected
so as to coincide at  parallel to the electrodes may be filtered out at the
wavelength [err] but to diverge from  each other       output end of the
filter using an analyser, thus sharply to each side of this wavelength.
leaving only the light polarised perpendicular to the Given that a broad
spread of wavelengths is      electrodes. troduced into one of the cores,
for example core   20  To enhance the maximum frequency shift avail- at an
end of the fibre, then in accordance with   able, soft glasses (e.g. lead
glass) may be used for the principles of coupling between the cores which
the cores and cladding, many of these having a have been explained above,
at a point in the fibre   many  times greater electro-optic effect than the
which lies an integral number of beat lengths for    harder glasses usually
used for optical fibre cores wavelength [err] beyond the entry point the
spread of  25  and cladding. Also, to further enhance the maxi- wavelengths
in the "filtered" core 2 will be as     mum frequency shift, it is
advantageous to select shown in Figure 3. In broken lines there is shown
glass with a positive electro-optic coefficient for the broader wavelength
spread which would be-        one core and a negative electro-optic
coefficient for come filtered into core 2 in the case of Figure 2(a)  the
second core, because for a given plane of when the propagation constants of
the two cores   30   polarisation this will result in the refractive
indices, remain closely similar to each other over a wider    and
propagation coefficients, of both cores being wavelength band. The full
line shows the narrower    shifted, but in opposite directions, by the
common passband which results when the propagation con-     applied field.
stants depart more sharply from each other with         It is to be noted
that a given length of filter change of wavelength as illustrated in Figure
2(b).    35  fibre is appropriate for filtering out only one particu- The
width of the passband is determined not      lar centre wavelength.
Consequently, as the centre only by the relationship between the two
propaga-   filtered wavelength is varied electrically, the fibre tion
constants, but also by the spacing between the  length will to some extent
become inappropriate two cores, and (when the fibre structure is to form
resulting in reduced transmission of the filtered a discrete filter
component in an optical fibre sys-  40  centre wavelength. This difficulty
is mitigated by tem) by the total length of the fibre which forms the
increasing the beat length i.e. having the optical filter and all of these
variables are set to values  cores further apart. which result in the
desired level of performance        Figure 5 is useful in explaining the
manufacture whilst maximising ease of manufacture.               of a fibre
structure as shown in Figure 1. Two core Regarding tunability, two metal
electrodes 6   45  rods are manufactured, for example by depositing and 8
are incorporated into the structure of the     glass material having the
appropriate characteris- fibre itself. Both of the electrodes are located
such  tics for the particular core inside respective silica 



that both of the cores 1 and 2 lie between them.     support tubes using a
modified chemical vapour Although the glass material which is used for the
deposition (MCVD) process. Most of the support cores 1 or 2 will exhibit
only a relatively small  50  tube material is then etched away so as to
leave electro-optic effect in response to the application of  relatively
little cladding material on the central op- an electrical field,
nevertheless the field strength  tical core material, since the optical
cores will need can be made relatively high in relation to the volt-  to be
relatively close together. The two core rods age applied across the
electrodes by incorporating   are then elongated whilst heated in an
electric the electrodes within the fibre itself. When a volt-  55  furnace
and are drawn to a few millimetres diam- age is applied across the
electrodes, the electro-   eter. optic effect results in a change in the
refractive      A high purity silica rod 10 which is initially of index of
each of the cores and consequently a shift  circular cross-section has
flats 12 machined on 4    7                 EP 0 308 114 B1
8 opposite sides of it and two bores 14 and 16         ably, in this
structure the core materials are of a ultrasonically machined axially
through it. The two  positive electro-optic coefficient glass and the clad-
drawn-down core rods, which are drawn down to a      ding of a negative
electro-optic coefficient glass, diameter which matches the bores 14 and 16
re-       because this results in the refractive indices of the spectively,
are then inserted in these bores and the   5   core in the field, and the
cladding, shifting in op- composite assembly is inserted into a silica tube
posite senses, which changes the propagation con- 18. The entire assembly
is then drawn down to a     stant more than would a shift in the core
alone. The diameter sufficiently small to ensure single mode    same effect
can be achieved by having negative operation over the entire scanning
wavelength        coefficient cores and a positive coefficient cladding.
range of the filter.                           10       For the purpose of
applying a voltage across In constructing the more sensitive version, the
the electrodes 6 and 8 in Figure 1, or 20 in Figure cores are formed from
soft glass rods and inserted   6, part of the cladding of the fibre may be
locally into bores in a soft glass cladding rod of a lower   etched away
using hydrogen fluoride until surface refractive index, the whole then
being sheathed      regions of the electrodes are exposed, and then with a
soft glass tube.                         15  fine electrical leads 22 may
be ultrasonically weld- The resulting fibre is as shown in Figure 1 but  ed
to the electrodes, this being illustrated in Figure with spaces where the
electrodes 6 and 8 are         6 where the part of the cladding removed by
etch- shown. These spaces are filled with a low melting    ing is
illustrated in broken lines. point metal such  as  Wood's  metal or an
Figure 6 also shows in broken lines a second Indium/Gallium  mixture, by
enclosing the fibre   20  pair of electrodes 24 which may be located on
length in a heated enclosure with one end in the     opposite sides of the
second core 2, so that the liquid metal and simultaneously applying
pressure    propagation constants of the two cores may be at that end and
vacuum at the opposite end of the    controlled independently of each other
if desired. fibre. The liquid metal is thus pumped into the         It is
anticipated that greater enhancement of spaces and solidifies to form the
electrodes 6 and   25  the frequency shift could be obtained by making 8
when the fibre is cooled.                          cores and/or cladding of
a high Pockel coefficient It should be noted that the circles 1 and 2
single crystal material, since the Pockel effect, identified as optical
cores in Figure 1 represent the  which occurs in such materials, is
stronger than the high refractive index optical core material. When    Kerr
effect. the fibre is formed by a rod-in-tube process as   30 explained with
reference to Figure 5, using core     Claims rods formed by MCVD within
support tubes, then the outer surfaces of the rods (in their drawn-down  1.
An electrically tunable optical fibre structure form) actually lie slightly
outside the circles by      comprising a length of optical fibre which in-
which the optical cores 1 and 2 are shown.      35      cludes two
uniformly spaced monomode op- Figure 6 shows a further form of electrically
tical cores (1,2) located within a common clad- tunable fibre in accordance
with the invention in       ding (4) so as to provide two optical guidance
which only core 1 is located between electrodes,        paths, the optical
characteristics of at least the these being indicated by reference numeral
20.          cores being different such as to give the two This structure
may be manufactured in a similar  40     guidance paths different
propagation constants way to that of Figure 5 but, instead of flats 12
the values of which coincide for a predeter- being machined in the rod 10,
two additional holes      mined wavelength, so that optical energy at 



are bored through it ultrasonically on each side of     said wavelength
will repeatedly transfer from the bore 14. These are then filled with metal
to        one core to the other, characterised in that two form the
electrodes 20 after the fibre has been   45    electrodes (6,8,20) are
provided within the drawn. With this structure, the application of a
cladding and are located with at least one core voltage between the
electrodes 20 will shift only       between them for applying an electrical
field to one of the propagation constants to the broken line     that core
whereby to alter its propagation con- position as shown in Figure 4(a) so
that a different,   stant by the electro-optic effect and hence to and
potentially  greater,  amount  of  centre   50     alter said wavelength,
the structure thereby wavelength shift can be obtained for a given ap-
being tunable. plied voltage, compared with the Figure 1 structure
Referring to Figures 2(a) and 2(b), it should also be  2. An optical fibre
structure as claimed in claim 1 noted that a greater range of wavelength
shift can      characterised in that the length of the optical be obtained
when the propagation constant curves   55   fibre is such that when optical
energy at the are less divergent as in Figure 2(a) rather than
predetermined wavelength is introduced into more divergent as in Figure
2(b), but there will be a   one core at one end of the fibre it will be
concomitant broadening of the passband. Prefer-         travelling
primarily in the other core at the 5    7                 EP 0 308 114 B1
8 opposite sides of it and two bores 14 and 16        ably, in this
structure the core materials are of a ultrasonically machined axially
through it. The two  positive electro-optic coefficient glass and the clad-
drawn-down core rods, which are drawn down to a    ding of a negative
electro-optic coefficient glass, diameter which matches the bores 14 and 16
re       because this results in the refractive indices of the spectively,
are then inserted in these bores and the   5   core in the field, and the
cladding, shifting in op- composite assembly is inserted into a  silica
tube  posite senses, which changes the propagation con- 18. The entire
assembly is then drawn down to a    stant more than would a shift in the
core alone. The diameter sufficiently small to ensure single mode  same
effect can be achieved by having negative operation over the entire
scanning wavelength      coefficient cores and a positive coefficient
cladding. range of the filter.                           10      For the
purpose of applying a voltage across In constructing the more sensitive
version, the  the electrodes 6 and 8 in Figure 1, or 20 in Figure cores are
formed from soft glass rods and inserted  6, part of the cladding of the
fibre may be locally into bores in a soft glass cladding rod of a lower
etched away using hydrogen fluoride until surface refractive index, the
whole then being sheathed     regions of the electrodes are exposed, and
then with a soft glass tube.                        15  fine electrical
leads 22 may be ultrasonically weld- The resulting fibre is as shown in
Figure 1 but  ed to the electrodes, this being illustrated in Figure with
spaces where the electrodes 6 and 8 are       6 where the part of the
cladding removed by etch- shown. These spaces are filled with a low melting
ing is illustrated in broken lines. point metal such  as Wood's  metal or
an               Figure 6 also shows in broken lines a second
Indium/Gallium  mixture, by enclosing the fibre  20  pair of electrodes 24
which may be located on length in a heated enclosure with one end in the
opposite sides of the second core 2, so that the liquid metal and
simultaneously applying pressure  propagation constants of the two cores
may be at that end and vacuum at the opposite end of the   controlled
independently of each other if desired. fibre. The liquid metal is thus
pumped into the        It is anticipated that greater enhancement of spaces
and solidifies to form the electrodes 6 and   25  the frequency shift could
be obtained by making 8 when the fibre is cooled.
cores and/or cladding of a high Pockel coefficient It  should be noted that
the circles 1 and 2    single crystal material, since the Pockel effect,
identified as optical cores in Figure 1 represent the  which occurs in such
materials, is stronger than the high refractive index optical core
material. When   Kerr effect. the fibre is formed by a rod-in-tube process
as   30 explained with reference to Figure 5, using core   Claims rods
formed by MCVD within support tubes, then the outer surfaces of the rods
(in their drawn-down  1. An electrically tunable optical fibre structure
form) actually lie slightly outside the circles by     comprising a length
of optical fibre which in- which the optical cores 1 and 2 are shown.
35      cludes two uniformly spaced monomode op- Figure 6 shows a further
form of electrically     tical cores (1,2) located within a common clad-
tunable fibre in accordance with the invention in      ding (4) so as to
provide two optical guidance 



which only core 1 is located between electrodes,       paths, the optical
characteristics of at least the these being indicated by reference numeral
20.         cores being different such as to give the two This structure
may be manufactured in a similar  40    guidance paths different
propagation constants way to that of Figure 5 but, instead of flats 12
the values of which coincide for a predeter- being machined in the rod 10,
two additional holes     mined wavelength, so that optical energy at are
bored through it ultrasonically on each side of    said wavelength will
repeatedly transfer from the bore 14. These are then filled with metal to
one core to the other, characterised in that two form the electrodes 20
after the fibre has been   45   electrodes (6,8,20) are provided within the
drawn. With this structure, the application of a       cladding and are
located with at least one core voltage between the electrodes 20 will shift
only      between them for applying an electrical field to one of the
propagation constants to the broken line    that core whereby to alter its
propagation con- position as shown in Figure 4(a) so that a different,
stant by the electro-optic effect and hence to and  potentially  greater,
amount  of  centre  50     alter said wavelength, the structure thereby
wavelength shift can be obtained for a given ap-       being tunable. plied
voltage, compared with the Figure 1 structure Referring to Figures 2(a) and
2(b), it should also be  2. An optical fibre structure as claimed in claim
1 noted that a greater range of wavelength shift can     characterised in
that the length of the optical be obtained when the propagation constant
curves   55  fibre is such that when optical energy at the are less
divergent as in Figure 2(a) rather than       predetermined wavelength is
introduced into more divergent as in Figure 2(b), but there will be a  one
core at one end of the fibre it will be concomitant broadening of the
passband. Prefer-        travelling primarily in the other core at the 5
9                 EP 0 308 114 B1                        10 other end of
the fibre whereby the structure is     monomode optische Kerne (1, 2)
aufweist, die operable as a wavelength filter.                   in einer
gemeinsamen HUlle (4) angeordnet sind, so daB zwei optische Wege entstehen,
3. An optical fibre structure as claimed in claim 1    wobei die optischen
Eigenschaften mindestens or claim 2, wherein the two electrodes (6,8) are
6  der Kerne unterschiedlich sind, so daB die located with both cores (1,2)
between them.        zwei optischen Wege unterschiedliche Ausbrei-
tungskonstanten aufweisen, deren Werte bei 4. An optical fibre structure as
claimed in claim 3    einer vorbestimmten Wellenlinge Ubereinstim- wherein
one core has a positive electro-optic       men und optische Energie bei
dieser Wellen- coefficient and the other a negative electro-   10  lange
wiederholt von einem Kern zum anderen optic coefficient.
Ubertragen wird, dadurch gekennzeichnet, daB zwei Elektroden (6, 8, 20) in
der HUMle vorgese- 5. An optical fibre structure as claimed in claim 1
hen sind, die so angeordnet sind, daB minde- or claim 2, wherein the two
electrodes (20) are     stens ein Kern zwischen ihnen liegt und zum located
with only one (1) of the cores between  15   Anlegen eines elektrischen
Feldes an diesen them.                                               Kern
dienen, wodurch sich durch den elektro- optischen Effekt seine
Ausbreltungskonstante 6. An optical fibre structure as claimed in claim 5
und damit die Wellenlange andert und die wherein the core (1) which is
located between       Struktur abstimmbar wird. electrodes (20) has a
positive electro-optic co-  20 efficient and the cladding (4) has a
negative   2. Optische Faserstruktur nach Anspruch 1, da- electro-optic
coefficient, or vice versa.           durch gekennzeichnet, daB die Lange
der opti- schen Fasern so gewlhit ist, daB bei Einspei- 7. An optical fibre
structure as claimed In claim 5    sung optischer Energie mit der
vorbestimmten or claim 6, comprising two further electrodes   25
Wellenlange in einen Kern an einem Ende der (24) located with the other
core (2) between        Fasern die Energie sich in erster Linie in dem
them.                                              anderen Kern zum anderen
Ende der Faser ausbreitet, wodurch die Struktur als Wellenlin- 8.   An
optical fibre structure as claimed in any     genfilter betreibbar ist.
preceding claim wherein at least said one core  30 is of a soft glass
exhibiting a relatively large  3. Optische Faserstruktur nach:Anspruch 1
oder electro-optic effect.                              2, dadurch
gekennzeichnet, dal die zwei Elek- 



troden (6, 8) so angeordnet sind, daB beide 9. An optical fibre structure
as claimed in claim 8    Kerne (1, 2) zwischen ihnen liegen. wherein the
common cladding (4) is of a soft  35 glass exhibiting a relatively large
electro-optic  4. Optische. Faserstruktur nach Anspruch 3, da- effect.
durch gekennzeichnet, daB ein Kern einen po- sitiven elektro-optischen
Koeffizienten und der 0. A method of making an optical fibre structure
andere einen negativen elektro-optischen Koef- as claimed in any one of
claims 1 to 9, com-   4o  fizienten aufweist. prising preparing two core
rods which include optical cores having different optical character-  5.
Optische Faserstruktur nach Anspruch 1 oder istics, inserting them  in
bores (14,16) in an     2, dadurch gekennzeichnet, daB die zwei Elek- inner
cladding body (10), making the outside of    troden (20) so angeordnet
sind, daB nur einer said body non-circular (12) either before or  45    der
Kerne (1) zwischen ihnen liegt. after said insertion, sleeving said body
with an internally circular tube (18) to create spaces  6. Optische
Faserstruktur nach Anspruch 5, da- adjacent the non-circular parts of said
body,      durch gekennzeichneti dali der Kern (1), der drawing down the
assembly thus obtained, and       zwischen den Elektroden (20) liegt, einen
posi- filling with electrode material the spaces be-  5o  tiven
elektro-optischen Koeffizienten und die tween the drawn forms of the inner
cladding         Hllle (4) einen negativen elektro-optischen Ko- body and
the tube.                                 effizienten odor umgekehrt
aufweist. Patentansprlche                                    7. Optische
Faserstruktur nach Anspruch 5 oder 55     f6, gekennzeichnet durch zwei
weitere Elektro- 1. Elektrisch abstimmbare optische Faserstruktur       den
(24), die so angeordnet sind, daB der mit einer optischen Faser mit einer
bestimmten     andere Kern (2) zwischen ihnen liegt. Linge, die zwei
gleichformig beabstandete 6.           1      _    11   EP 0 308 114 B1
12 8.   Optische Faserstruktur nach elnem der vorher-      cation 1
caract6ris~e en ce que la longueur de gehenden AnsprUche, dadurch
gekennzeich-            la fibre optique est telle que, lorsqu'une 6ner-
net, daB zumindest der eine Kern aus weichem       gie optique a la
longueur d'onde predetermi- Glas besteht und einen relativ gro~en elektro-
n~    e est introduite dans un noyau a une extre- optischen Effekt erzeugt.
5       mite de la fibre, elle se d6place principalement dans I'autre noyau
a l'autre extremit6 de la 9. Optische Faserstruktur nach Anspruch 8, da-
fibre, grace a quoi la structure peut agir corn- durch gekennzeichnet, dab
die gemeinsame            me filtre de longueurs d'ondes. HOlle (4) aus
weichem Glas gefertigt ist und * einen relativ grolen elektro-optischen
Effekt er-  10  &  Une structure de fibre optique selon la revendi- zeugt.
cation 1 ou la revendication 2, dans laquelle les deux 4lectrodes (6, 8)
sont dispos~ea 10. Verfahren zur Herstellung einer optischen Fa-      d'une
maniere telle que les deux noyaux (1, 2) serstruktur gemaB einem der
Ansprtche 1 bis         sont situ6s entre elles. ^ 9, gekennzeilchnet durch
folgende Malnahmen:  15 Vorbereitung zweier Kernstabe, die optische     4.
Une structure de fibre optique selon la revendi- Kerne mit verschiedenen
optischen Eigen-           cation 3 dans laquelle un noyau pr~sente un
schaften aufweisen, EinfUhren dieser Kerne in       coefficient
electrooptique positif et l'autre un Bohrungen (14, 16) eines inneren
HUllkdrpers       coefficient 6lectrooptique n6gatif. (10), Formung des
AuBeren des K6rpers ent-  20 weder vor oder nach der EinfUhrung in der
5. Une structure de fibre optique selon la revendi- Weise, dab er nicht
kreisformig (12) ist, Urm-     cation 1 ou la revendication 2, dans
laquelle hwllen des K6rpers mit einer im Inneren kreis-      les deux
61ectrodes (20) sont disposees d'une formigen R6hre (18), so dab an den
nicht            maniere telle qu'un seul (1) des noyaux est -
kreisformigen Teilen des K6rpers Zwischen-  25    situ6 entre elles. raume
entstehen, Ziehen der erhaltenden An- ordnung und AusfUllen der
Zwischenraume         6. Une structure de fibre optique selon la revendi-
zwischen den gezogenen Formen des inneren          cation 5 dans laquelle
le noyau (1) qui est 



Hllik6rpers und der R6hre mit Elektrodenma-        situ6 entre les
4lectrodes (20) pr6sente un: terial.                                    30
coefficient 6lectrooptique positif et la gaine (4) pr~sente une coefficient
6lectrooptique ndgatif Revendicatlons
ou vice versa. 1. Une structure de fibre optique A accorder 6lec-  7. Une
structure de fibre optique selon la revendi- triquement comprenant une
Iongueur de fibre  35     cation 5 ou la revendication 6, comprenant
optique qui inclut deux noyaux optiques mono-       deux autres electrodes
(24) disposees d'une modes uniform6ment espaces (1, 2) dispos6s
maniere telle que le deuxibme noyau (2) est b l'int~rieur d'une gaine
commune (4) de fagon     situ6 entre elles. h a constituer deux trajets
optiques de guidage, les caract6ristiques optiques au moins des   40   8
Une structure de fibre optique selon l'une quel- noyaux dtant diffirentes
de fagon b donner         conque des revendications pr6cedentes dans aux
deux trajets de guidage des constantes de       laquelle au moins ledit
premier noyau est en propagation diff6rentes dont les valeurs coTnci--
verre tendre & effet 6lectrooptique relativement dent pour une longueur
d'onde pred~termin~e,       fort. de sorte que M'mnergie optique a ladite
lon-  45 gueur d'onde se transfbre de fagon r~p6t~e      9. Une
structure'de fibre optique selon la revendi- d'un noyau a I'autre,
caract6ris6e en ce que       cation 8 dans laquelle la gaine commune (4)
deux 6lectrodes (6, 8, 20) sont agencdes a         est en verre tendre a
effet 6lectrooptique relati- I'int6rieur de la gaine et sont disposees de
vement grand. manibre qu'au moins un noyau soit situ6 entre  50 elles pour
appliquer un champ electrique a ce   10. Un proc~d6 de fabrication d'une
structure de noyau afin de modifier de cette manibre sa         fibre
optique selon I'une quelconque des re- constante de propagation par I'effet
eiectroopti-  vendications 1 A 9, comprenant les 6tapes que et donc de
modifier ladite longueur d'on-      consistant a: preparer deux tiges de
noyau de, la structure pouvant de cette maniere Otre  55  qui incluent des
noyaux optiques & caract6risti- accordde.
ques optiques differentes, les insdrer dans des alesages (14, 16) d'un
corps interieur de gaine 2. Une structure de fibre optique selon la
revendi-    (10), ce qui rend 1'exterieur dudit corps non 7    13
EP 0 308 114 B1                       14 circulaire (12) soit avant solt
apres ladite inser- tion, placer autour du corps un tube circulaire (18)
formant manchon pour cr6er des espaces adjacents aux parties non
circulaires dudit :.corps, dtirer l'ensemble ainsi obtenu, et remplir   5
d'une.matibre d'dlectrode les espaces entre les formes 6tirees du corps
int~rieur de gaine et le tube. 10 15 20 25 30 36 40 45 50 68 8
1 I!III~1 1111/i 111U/ lIN  II III,    


