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should move at the same speed, that is. the phase fronts should be rotating
planes. It will be readily This invention relates generally to the field of
appreciated that the phase fronts have zero speed optical waveguides and
particularly to devices us-  at zero radius and approach infinite velocity
as the ing optical waveguides having a varying refractive   5   radius
becomes large. However, since the velocity index and low loss.
of the energy cannot exceed the speed of light, An optical waveguide
typically has a region of   radiation from the waveguide must necessarily
oc- high refractive index surrounded by a region of low  cur. Therefore,
this curved waveguide is lossy. refractive index. The high-low refractive
index pro-    Another type of problem also leading to losses file provides
the required light guiding effect as the   10  often occurs when a
waveguide is used to connect optical radiation is reflected back to the
high refrac-  devices of different physical dimensions. This prob- tive
index region at the interface of the two regions.  lem may arise, e.g.,
when the waveguide is used to Optical waveguides presently find many ap-
connect a semiconductor laser to an optical fiber or plications in
technology and will undoubtedly be    one optical fiber to another when the
the two have even more widely used in the future. For example,  15
significantly different physical dimensions. The optical waveguides are
commonly used to guide        waveguide is typically tapered, i.e., it has
a varying light between two optical devices. The waveguide    transverse
dimension, so that the dimensions of the can be an optical fiber guiding
light between a light  waveguide match those of the devices at the de-
source and a photodetector. Optical fibers typically  vice-waveguide
interfaces. have a high-index cylindrical core surrounded by a   20  The
fact that such a waveguide may be lossy low-index clad. Waveguides are also
used in many    is easily understood from the following physical types of
devices including electro-optic devices     argument. Assume that the
waveguide is a linearly using LiNbO3 as well as semiconductor lasers.
tapered slab with a uniform refractive index outside Waveguides may also be
used to connect different    the slab and a larger and uniform refractive
index optical devices.                                25  inside the slab.
If the electromagnetic radiation For many applications, the waveguides must
propagates from the wide end to the narrow end, a either be curved or have
varying transverse dimen-   point is eventually reached at which the
waveguide sions, i.e., they are tapered, These characteristics  is
sufficiently narrow so that at least one mode is are often required, e.g.,
to connect devices having  no longer guided and radiates. different
dimensions or to switch the optical signals  30  Attempts  have  been  made
to  design from one waveguide to another waveguide. How-        waveguides
having parameters chosen to minimize ever,  practical  implementation   of
low-loss     losses. See, for example, Applied Optics, 13, pp. waveguides
having these characteristics is not       642-647, March 1974; Applied
Optics, 16, pp. 711- easy. For example, curved waveguides may have
716, March 1977; Applied Optics, 17, pp. 763-768, extremely high radiation
losses unless very large   35   March 1978; IEEE Journal of Quantum
Electronics, radii of curvature are used. The currently used      QE-11,
pp. 75-83, February 1975; and IEEE Jour- optical waveguides are formed by
indiffusing Ti      nal of Quantum Electronics, QE-18, pp. 1802-1806, into
LiNbO3, and they may be bent only very          October 1982. slightly to
avoid prohibitively high radiation losses.  A paper by E.G. Neumann in the
Proceedings A typical radius of curvature is about 2 cm at a   40  of the
7th European Conference on Optical Com- wavelength of approximately 1.3
[err]. Such a rela-     munications, Copenhagen, 8-11 September 1981,
tively large radius of curvature 15 undesirable for  pages 9.3-1 to 9.3-4
discloses various modifica- several reasons. For example, optical circuits
using  tions of waveguide parameters in the neighbour- such waveguides tend
to be long and skinny there-    hood of a bend to reduce radiation loss.
These by making an inefficient use of the crystal surface   45  consist of
displacement of the core-cladding inter- as only relatively thin strips are
effectively utilized.  face (i.e. changing the shape of the waveguide
Additionally, there are some devices such as, e.g.,  near the bend) or,
alternatively, reducing the refrac- ring filters and ring lasers which
require optical  tive index of the cladding at the outside of the feedback
and are not currently feasible because of   bend. the large radius of
curvature required.         50      The present invention relates to a
device as set A simple physical argument may be used to        out in claim
1. In such a device radiation loss is show  that the conventional curved
dielectric      reduced by one or more refractive elements (e.g. waveguide
should be lossy because of radiation.      prisms or lenses), constituted
by regions having a Assume that the waveguide is a curved slab having
second profile of refractive index, and arranged to a constant thickness
and curvature with a uniform   55  substantially equalise optical path
lengths round a refractive index inside the slab which is larger than  bend
or through a taper. Such equalization is un- the uniform refractive index
outside the slab. The   derstood to be relative to optical path length
along phase fronts of the radiation in the waveguide      an optical axis
of a waveguide, and equalization 3    
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or minimizing the difference    may be connected to the ends of the
waveguides. between the optical path lengths along the optical  Application
of suitable voltages to the electrodes axis and along other significant
optical paths. (The  permits optical signals to be transferred from one
latter are optical paths of the waveguide, defined  waveguide to the other.
Techniques are well known conveniently to carry 75 percent of transmitted
5   to those skilled in the art and need not be de- power, as well as,
preferably, a significant neigh-  scribed in more detail. As can be seen,
waveguide borhood of the waveguide). Optical path length can  3 curves so
as to come closer to waveguide 5 for be defined as the integral of
refractive index as a  energy transfer between the waveguides to occur
function of geometrical path length, and compari-   and then curves again
to move away from son of optical path lengths is understood to involve   10
waveguide 5. Waveguide 3 has four curved or lengths of paths originating at
points on a phase   curvilinear sections depicted as 101, 103, 105 and
front.                                              107 which have radii of
curvature indicated as R. The waveguide has at least one longitudinal
Sections 101 and 103 have a combined length L as section which is curved or
whose cross-section      do sections 105 and 107. varies, and the
refractive index varies inside and   15  Waveguide 3 has refractive index
variations preferably also in a vicinity of the waveguide so as  within
each curved section which are chosen to to locally influence the direction
of light propaga-  permit the radius of curvature of the plurality of tion.
In one embodiment, a waveguide is curved      bends to be small while
allowing the waveguide to and the refractive index decreases as the
distance  guide the mode with little loss. The refractive index from the
center of the curvature increases. The   20  variations are such that the
refractive index of the radius of curvature may be as small as approxi-
waveguide decreases as the distance from the mately 1 mm with a loss
comparable to the loss      center of curvature increases. within a
straight waveguide section. In a particular   FIG. 2 depicts a tapered
waveguide according embodiment, a plurality of dielectric prisms pro-   to
this invention. Depicted are substrate 21, first vides the varying
refractive index which guides the   25  optical device 23, tapered
dielectric waveguide 25, beam around the curve. In yet another embodi-
and second optical device 27. The first and second ment, the waveguides are
tapered and have dielec-   devices have different transverse dimensions,
i.e., tric converging or diverging lenses to shape the   the optical energy
is confined within regions of wavefront add maintain the desired transverse
field  different transverse dimensions. Thus, the tapered configuration. A
diverging lens can be interpreted   30  dielectric waveguide connects the
first and second as formed by two prisms touching apex-to-apex,
optical devices 23 and 27 which may be, for exam- and a converging lens as
formed by two prisms       ple, a light source such as a laser and an
optical touching base-to-base.                              fiber, The
tapers are formed by first polygonal FIG. 1 is a schematic representation
of a curved  sections 201 and 203 which form a converging waveguide
according to this invention;      35  section and second polygonal sections
205 and FIG. 2 is a schematic representation of a ta-    207 which form a
diverging section. The tapered pered waveguide according to this invention;
waveguide is desirably used because the active FIG. 3 is a detailed
representation of a curved  area the laser is typically smaller than the
core waveguide according to this invention;           region of the optical
fiber and the taper permits FIG. 4 is a schematic representation of another
40  more efficient light coupling between the two de- embodiment of a
curved waveguide according       vices. to this invention;
The tapered dielectric waveguide has a varying FIG. 5 is a schematic
representation of a ta-    refractive index which influences the mode
configu- pered waveguide according to this invention;     ration within the
waveguide as its transverse di- and
45  mension varies and thus permits mode guidance FIG. 6 is a schematic
representation of a bent   with little radiative loss. waveguide according
to this invention.               FIG. 3 is a schematic representation of a
por- For reasons of clarity, the elements depicted   tion of a curved
waveguide section, for example are not drawn to scale.
101 and 103 (FIG. 1), according to our invention Curved and tapered
waveguides according to  so  which is useful in illustrating how the
desired re- our invention will be described generally and then  fractive
index variation is obtained in one exem- more particular design
considerations will be dis-  plary embodiment. For reasons of clarity, the
sub- cussed.                                             strate is not
depicted. Depicted are waveguide 31 FIG. 1 illustrates a curved waveguide
according  and a plurality 33 of dielectric prisms. The to this invention.
Depicted are substrate 1, first  55  waveguide has a width [err] while the
height of each waveguide 3, second waveguide 5, first electrode 7  prism is
w2. The bases of the prisms are at a to first waveguide 3 and second
electrode 9 to      distance [err] from the center of the radius of cur-
second waveguide 5. Optical devices, not shown,     vature. The radial
direction is indicated by the 4    



5                  EP 0 220 315 B1                     6 ides        arrow
designated r. The prisms are positioned so      lenses should overlap the
waveguide so that they ,des        that their widths decrease as the
distance from the  contain most of the decaying evanescent field. [err] one
center of curvature increases. The refractive index  is a thickness of
divergent lens 53 at its center and hown        of the waveguide decreases,
on the average. as the    [err] + t is the thickness of this lens at the
edge of the de-       distance from the concave interface increases.    5
waveguide. To is a thickness of convergent lens 55 juide          For
perfect steering of the beam, the radius of    at the edge of the waveguide
and [err] + h is the 5 for       curvature should be equal to r where r =
[err]       thickness of lens 55 at the midpoint of the lens. ccur
where n is the refractive index of the waveguide      (Typically, the
combined widths of index-modifying from       and [err] is the amount of
refractive index increase     features is in the range from 1.1 to 4 and
prefer- d or       due to the prisms.                               10
ably from  1.5 to 3 times the width of the and         In practice the
radius of curvature does not       waveguide.) Proper choice to t and h
insures maxi- need to be exactly equal to r as the wedges will      mum
optical confinement. One skilled in the art can L as       still reduce the
radiation lost due to bending. How-  now show that optimum confinement is
obtained ever, it should be approximately equal to r. For a   when t =[err]
and tions      radius of curvature much larger than r, the prisms   is   h
= n(b-a)bi(2 An L). A plurality of converging n to       are detrimental
because of mode mismatch. For a       lenses and a plurality of diverging
lenses can be of       radius of curvature much smaller than r, the prisms
used in place of depicted single lenses. le to       are less effective and
there will be some loss due       Although the previous descriptions of
curved idex       to radiation.
waveguides were in terms of gradual changes in f the          The
waveguides are expediently fabricated us-  20  direction, it is
contemplated that the change in the       ing Ti-diffused LiNbO3. In
principle, the thickness   direction of the curve of the waveguide may be
of a Ti sheet deposited on a LiNbO3 substrate and     abrupt. One such
embodiment is depicted in FIG. 6 din    then diffused may be precisely
controlled and the       which uses only a single prism 71 to deflect the
first      desired refractive index variation obtained by a      radiation
in waveguide 73 through an angle [err]. 25,       single diffusion.
However, this is not easy to ac-   25   Waveguide 73 has a width 2a. One
skilled in the art ,ond        complish in practice. It is presently easier
in prac-  may show that optimum steering is obtained when i.e.     tice to
deposit a layer of Ti with a uniform thick- s of        ness through a mask
having a crown-like shape ered        This layer is then diffused into the
underlying                      [err] cond        LiNbO3 substrate. A
second Ti layer is then depos-   30 xam-        ited and diffused to form
the waveguide. While          It is believed that the desired refractive
index ical       diffusion is considered to be particularly convenient  and
the prism shape and position variations may onal       for titanium and
lithium niobate, other techniques    be more easily understood from the
following ex- ging       such as e.g., ion exchange or ion implantation may
planation. To obtain the desired small radius of and        be used and
indeed may be preferred under dif-  35  curvature, [err] should be small
and An should be ered        ferent circumstances.
large. The fractional compensating index is limited ctive           Light
within the waveguide travels from notch     by the materials available in
the fabrication tech- core       to notch of the crown parallel to the y
axis. The      niques. The choice of w2, as well as the location of rmits
separation between the notches is short as com-       the crown notches
with respect to the guide center, de-        pared to the collimation
length of guided beam,   40  are design variables. Superficially, it seems
that the and the electromagnetic wave senses the average       distance
between the base of the prism and the ryin      index and for all practical
purposes ignores the      edge of the waveguide should be as small as figu-
discontinuities.                                     possible. However,
more careful consideration in- di-           While the embodiment depicted
in FIG. 3 is         dicates that this is not an especially good choice.
ance        expediently fabricated by using a dual-diffusion   45   Due to
the symmetry of the index distribution, the process with the prisms being
formed by a first      field configuration of the guided mode differs from
por-        diffusion and the waveguide being formed by a         that of
the straight section and as a result, the nple       second diffusion,
embodiments are possible in         conversion loss occurring at the
junction of sec- ntion       which there is only a single diffusion. One
such      tions of guides with different curvatures such as an re-
embodiment is depicted in FIG. 4 which comprises   50   S-shaped guide
depicted can become too large. em-        a plurality  of prisms 41  and  a
plurality of        There is a minimization of the total loss that occurs
sub-        waveguide segments 43. In this embodiment, the        when the
mode conversion loss at the junction and e 31        guiding of the beam
around the turn is provided by    the radiation loss due to curvature are
identical. The         the portions of the guides between the prisms.
Alternatively, loss can be minimized at the juncture each            FIG. 5
depicts a tapered dielectric waveguide   55  of guide sections having
different curvature by ap- at a        5. The waveguide increases from a
width 2a to a       propriate lateral displacement of one section rela-
cur-        width 2b. There is a diverging lens 5.3 and a         tive to
the other at the point of juncture. the        converging lens 55 separated
by a distance L. The 5    



7                  EP 0 220 315 B1                      8 Still further
loss minimization is possible if the  7. A device as claimed in claim 6
wherein said teeth of the crown are truncated. The losses are
feature width is in the range 1.5 to 3 times said still smaller but
problems arising from the high         waveguide width. order modes may
occur. The field of applicability of the invention further   5   8. A
device as claimed in claim  1 wherein the includes ring lasers, channel
dropping filters. fre-     waveguide has a taper and said one or more
quency tuning, optical feedback circuits, pillbox        regions constitute
at least one lens-shaped fea- resonators. and circular resonating cavities
in com-     ture (53,55) having raised refractive index. munication. e.g.,
with a tangential waveguide. Fur- thermore. the invention is amenable to
semicon-   1   Patentanspruche ductor implementation. 1. Optische
wellenleitende Einrichtung mit einern Claims
optischen Wellenleiter (27. 31) mit einem er- sten Querschnittsprofil eines
erhdhten Bre- 1. An optical waveguiding device comprising an   is
chungsindex. das so ausgebildet ist, da3 es optical waveguide (27,31)
having a first cross-      zur Fiihrung einer elektromagnetischen Welle
sectional profile of raised refractive index being   wenigstens in der
Abwesenheit von Biegungen such as to result in guidance of an electromag-
oder konischen Abschnitten fUhrt, und mit ei- netic wave at least in the
absence of bends or       ner Biegung oder einem konischen Abschnitt tapers
and having a bend or taper therein and   20   und eine Einrichtung zur
Senkung von Strah- means for reducing radiation loss at the bend
lungsverlust an der Biegung oder dem koni- or taper
schen Abschnitt. CHARACTERIZED IN THAT said radiation             dadurch
gekennzeichnet, loss reducing means comprises one or more            daG
die den Strahlungsverlust senkende Ein- regions (35,33.53,55) having a
second profile  25    richtung einen oder mehrere Bereiche (35, 33. of
raised refractive index, said one or more-        53, 55) umfalt, die ein
zweites Profil eines regions extending across the waveguide bend
erh6hten Brechungsindex haben, wobei der or taper and being substantially
transverse to       eine oder die mehreren Bereiche sich Ober die the
longitudinal direction of the. waveguide and     Wellenleiterbiegung oder
den konischen Wel- constituting one or more refractive elements  30
lenleiterabschnitt erstrecken und sich im we- arranged to substantially
equalize optical path      sentlichen transversal zur LAngsrichtung des
lengths in the waveguide round the bend or           Wellenleiters
erstrecken und eines oder meh- through the taper.
rere Brechungsindexelemente bilden, die vor- gesehen sind. die optischen
WeglAngen im 2. A device as claimed in claim  I wherein the   35
Wellenleiter entlang der Biegung oder durch waveguide has a bend and the
said one or        -    den  konischen  Abstand  im  wesentlichen more
regions are arranged so as to constitute        gleichzumachen. one or more
prism-shaped features having raised refractive index.
2. Einrichtung nach Anspruch 1, 40      in welcher der Wellenleiter eine
Biegung auf- 3. A device as claimed in claim 2 including a            weist
und der eine oder die mehreren Bereiche plurality of said prism-shaped
features having       so ausgebildet sind, daB eine oder mehrere raised
refractive index.                             prismenformige Strukturen mit
erhbhtem Bre- chungsindex gebildet sind. 4. A device as claimed in claim 3
wherein said   45 plurality of features is crown-shaped.           a
Einrichtung nach Anspruch 2, mit einer Vielzahl der prismenfdrmigen Struk-
5. A device as claimed in any of the preceding           turen mit erhdhtem
Brechungsindex. claims wherein said one or more features sig- nificantly
extend past the waveguide in at least  50  4. Einrichtung nach Anspruch 3,
one direction transverse to said path.               in welcher die
Vielzahl von Strukturen kronen- f6rmig ist. 6. A device as claimed in
claims wherein a width of said one or more features transverse to said  5.
Einrichtung nach einem der vorstehenden An- path is in the range 1.1 to 4
times a width of  55   sprOche, said waveguide.
in welcher die eine oder mehrere Strukturen sich deutlich wenigstens in
einer transversalen Richtung zu dem Ausbreitungsweg uber den 6    



7                 EP0220315B1                          8 Still further loss
minimization is possible if the  7. A device as claimed in claim 6 wherein
said teeth of the crown are truncated. The losses are        feature width
is in the range 1.5 to 3 times said still smaller but problems arising from
the high        waveguide width. order modes may occur. The field of
applicability of the invention further   5   8. A device as claimed in
claim  1 wherein the includes ring lasers, channel dropping filters, fre-
waveguide has a taper and said one or more quency tuning, optical feedback
circuits, pillbox       regions constitute at least one lens-shaped fea-
resonators, and circular resonating cavities in com-    ture (53,55) having
raised refractive index. munication. e.g., with a tangential waveguide.
Fur- thermore. the invention is amenable to semicon-   10   PatentansprUche
ductor implementation. 1. Optische wellenleitende Einrichtung mit einem
Claims                                                  optischen
Wellenleiter (27, 31) mit einem er- sten Querschnittsprofil eines erhohten
Bre- 1. An optical waveguiding device comprising an   15     chungsindex,
das so ausgebildet ist. daBl es optical waveguide (27,31) having a first
cross-      zur FOhrung einer elektromagnetischen Welle sectional profile
of raised refractive index being  wenigstens in der Abwesenheit von
Biegungen such as to result in guidance of an electromag-     oder
konischen Abschnitten f~hrt, und mit ei- netic wave at least in the absence
of bends or      ner Biegung oder einem konischen Abschnitt tapers and
having a bend or taper therein and   20  und eine Einrichtung zur Senkung
von Strah- means for reducing radiation loss at the bend       lungsverlust
an der Biegung oder dem koni- or taper
schen Abschnitt. CHARACTERIZED IN THAT said radiation             dadurch
gekennzeichnet, loss reducing means comprises one or more           dalI
die den Strahlungsverlust senkende Ein- regions (35,33,53,55) having a
second profile  25   richtung einen oder mehrere Bereiche (35, 33, of
raised refractive index, said one or more        53, 55) umfalit, die ein
zweites Profil eines regions extending across the waveguide bend
erhohten Brechungsindex haben, wobei der or taper and being substantially
transverse to      eine oder die mehreren Bereiche sich Ober die the
longitudinal direction of the waveguide and     Wellenleiterbiegung oder
den konischen Wel- constituting one or more refractive elements  30
lenleiterabschnitt erstrecken und sich im we- arranged to substantially
equalize optical path     sentlichen transversal zur LAngsrichtung des
lengths in the waveguide round the bend or          Wellenleiters
erstrecken und eines oder meh- through the taper.
rere Brechungsindexelemente bilden, die vor- gesehen sind, die optischen
Weglgngen im 2. A device as claimed in claim 1 wherein the   35
Wellenleiter entlang der Biegung oder durch waveguide has a bend and the
said one or            den  konischen  Abstand  im  wesentlichen more
regions are arranged so as to constitute       gleichzumachen. one or more
prism-shaped features having raised refractive index.
2. Einrichtung nach Anspruch 1, 40      in welcher der Wellenleiter eine
Biegung auf- a  A device as claimed in claim 2 including a           weist
und der eine oder die mehreren Bereiche plurality of said prism-shaped
features having      so ausgebildet sind, day eine oder mehrere raised
refractive index.                            prismenfdrmige Strukturen mit
erh6htem Bre- chungsindex gebildet sind. 4. A device as claimed in claim 3
wherein said   45 plurality of features is crown-shaped.           a
Einrichtung nach Anspruch 2, mit einer Vielzahl der prismenformigen Struk-
5. A device as claimed in any of the preceding          turen mit erh6htem
Brechungsindex. claims wherein said one or more features sig- nificantly
extend past the waveguide in at least  so  4. Einrichtung nach Anspruch 3,
one direction transverse to said path.              in welcher die Vielzahl
von Strukturen kronen- fdrmig ist. 6. A device as claimed in claims wherein
a width of said one or more features transverse to said  5. Einrichtung
nach einem der vorstehenden An- path is in the range 1.1 to 4 times a width
of  55  sprOche, said waveguide.                                     in
welcher die eine oder mehrere Strukturen sich deutlich wenigstens in einer
transversalen Richtung zu dem Ausbreitungsweg uber den
11111111111111111111111111111    



9                 EP 0 220 315 B1                      10 n said
Wellenleiter hinaus erstrecken.                      prisme ayant un indice
de refraction augmente. es said 6. Einrichtung nach Anspruch 5.
4. Un dispositif selon la revendication 3. dans in welcher eine Breite der
einen oder der meh-      lequel l'ensemble d'6l6ments a la forme d'une :in
the        reren Strukturen transversal zum Ausbreitungs-   5   couronne.
more          weg im Bereich von 1,1- bis 4-mal der Breite td fea-
des Wellenleiters liegt.                         5. Un dispositif selon
l'une quelconque des re- vendications pr6cedentes. dans lequel le ou 7.
Einrichtung nach Anspruch 6.                         les 6l6ments pr6cites
s'etendent notablement in welcher die Strukturbreite im Bereich von   to
au-dela du guide d'ondes dans au moins une 1.5- bis 3-mal der
Wellenleiterbreite liegt.        direction orientee transversalement au
chemin 3inemr
precit6. *n er-     &  Einrichtung nach Anspruch 1. Bre-         in welcher
der Wellenleiter einen konischen       6. Un dispositif selon la
revendication 5. dans li es          Abschnitt hat und der eine oder die
mehreren   15    lequel ia largeur du ou des 6lements, transver- Welle
Bereiche wenigstens eine linsenformige Struk-        salement au chemin
precite. est en dans la :ngen          tur (53, 55) mit erhohtem
Brechungsindex bil-        plage de 1,1 a 4 fois la largeur du guide lit
ei-        den.                                                 d'ondes.
-hnitt ;trah-     Revendications                                  20  7. Un
dispositif selon la revendication 6, dans koni-
lequel la largeur d'el6ment est dans la plage 1. Un dispositif optique de
guidage d'ondes corn-       de 1,5 a 3 fois la largeur du guide d'ondes.
Em- K)     prenant un guide d'ondes optique (27, 31) Ein-          ayant un
premier profil de section transversale   8. Un dispositif selon la
revendication 1, dans * 33,          presentant un indice de refraction
augmente,  25     lequel le guide d'ondes presente une variation ines
de facon a assurer un guidage d'une onde            de dimension
transversale, et la ou les regions der           electromagnetique, au
moins en I'absence de          precitees constituent au moins un 6elment en
die           coudes ou de variations de dimension trans-          forme de
lentille (53, 55) ayant un indice de .Vel-          versale, et comprenant
un coude ou une varia-        refraction augmente. we-            tion de
dimension transversale, et des moyens   30 des            pour r6duire les
pertes par rayonnement au ieh-           niveau du coude ou de la variation
de section /or-           transversale im               CARACTERISE EN CE
QUE les moyens rch            de r6duction de pertes par rayonnement corn-
35 ien            prennent une ou plusieurs r6gions (35. 33, 53, 55) ayant
un second profil d'indice de refrac- tion augmente, cette r6gion ou ces
regions s'6tendant sur le coude ou la variation, de iuf-
dimension transversale du guide d'ondes, et  40 'he            etant
orientees de fagon pratiquement trans- are            versale par rapport A
la direction longitudinale re-            du guide d'ondes, et constituant
un ou plu- sieurs elements refringents qui sont congus pour egaliser
pratiquement des longueurs de   45 chemin optique dans le guide d'ondes sur
ik-           I'6tendue du coude ou de la variation de di- mension
transversale. 2. Un dispositif selon la revendication 1, dans   50 n-
lequel le guide d'ondes comporte un coude et la ou les r6gions precitees
sont congues de fagon a constituer un ou plusieurs e6lments en 1-
forme de prisme ayant un indice de r6fraction augment.
55 n n           3  Un dispositif selon la revendication 2, compre- n    t
nant un ensemble des 6elments en forme de 7 *    C    L     M     S`    


