
EP 0 352 002 B1 Description This invention relates in general to optical
nonreciprocal devices and in particular to an optical nonreciprocal device
having improved performance at different temperatures and wavelengths of
the light. 5      The use of fiberoptics In communications has developed
rapidly in recent years. With such progress, new problems have arisen.
Thus, when a light source transmits light through an optical fiber to
another optical device, the light transmitted through the optical fiber
will be reflected by an end face or other part of the optical device at the
other end so that such reflected light returns to the light source.
Multiple reflections on the end faces' of optical fibers or other optical
devices can cause echoes. These effects adversely affect io the performance
of the source and compromise the information communicated in the fiber.
Various optical Isolators and nonreciprocal devices have been developed to
overcome the problem of light reflections and echoes described above. In
one type of prior art optical isolators or optical non- reciprocal devices,
such device can be used only at such points where the linearity of the
polarized light is maintained in the optical fibers. Furthermore, the
performance of these conventional devices is severely is degraded by
variations in temperature and wavelength of the light through. Such prior
art devices are therefore not entirely satisfactory. In view of the
drawbacks of the above-described prior art optical isolators and
nonreciprocal devices, polarization independent isolators and couplers have
also been developed. Described below are two optical devices which are
polarization independent. Both devices employ birefringent crystals and
Faraday rotators. 20 It is known that when an anisotropic crystal is cut in
a certain manner, the crystal will cause the component of light in a
particular polarization direction to be diverted into a different path upon
passing through the crystal. The direction of divergence is known as the
walk off direction of the crystal. It is also well known that birefringent
crystals will only cause the component of light in the polarization plane
parallel to the walk off direction to walk off and does not affect the
component with polarization in the plane perpendicular to 25 the walk off
direction. Faraday rotators are also well known to those skilled in the art
as a non-reciprocal rotator and is therefore different from reciprocal
rotators such as half-wave plates. Uchida et al. in U.S. Patent 4,178,073,
discloses a polarization independent optical isolator employing
birefringent crystals and a Faraday rotator. In the forward direction, the
light passes through the following elements sequentially: a first
birefringent crystal, a Faraday rotator, a half-wave plate, and a second 30
birefringent crystal. In the forward direction, the first birefringent
crystal in the optical isolator divides an incident light beam into an
ordinary ray and an extraordinary ray which are then synthesized into one
beam when emerging from the second birefringent crystal in the Isolator. In
the reverse direction, however, while an incident light beam is divided
again into an ordinary and an extraordinary ray, but the two rays are not
synthesized upon emerging from the Isolator in the reverse direction. Thus,
when light passes from a first to 35 a second optical fiber, if the optical
isolator is inserted between the two fibers, the isolator will pass light
in the forward direction between the two fibers but will prevent light
reflections from the second fiber from being transmitted in the reverse
direction to the the first fiber. In U.S. Patent 4,239,329, Matsumoto
discloses polarization independent optical nonreciprocal devices which
achieve essentially the same result as that of Uchida et al. While the
devices disclosed by Matsumoto and Uchida et al. are advantageous over
polarization dependent prior art devices, the performance of Uchida et al.
and Matsumoto's devices are severely degraded by variations In temperature
and wavelength of the light. It is therefore desirable to provide improved
optical nonreciprocal devices which are insensitive to variations in
temperature and wavelengths of the light. 45     The invention is directed
towards an optical nonreciprocal device for passing light in the forward
direction from a first point to a second point and for reducing light
passing in the reverse direction from the second point to the first point.
The device comprises at least three anisotropic crystal members arranged in
a linear array, each member having a walk off direction for separating
light into ordinary and extraordinary rays, and at least two non-reversible
rotation elements each of which is interposed between two consecutive so
ones of said anisotropic crystal members, and wherein rotations of the
elements and the orientations and thicknesses of the members are such that
light in the forward direction is separated into ordinary and extraordinary
rays which are synthesized when they arrive at the second point, and that
light in the reverse direction is separated into ordinary and extraordinary
rays which substantially do not superpose each other at the first point,
and so that light passing in reverse direction is reduced in a manner which
Is substantially 55 insensitive to temperature and wavelengths of the light
passing in either direction. Preferred embodiments of the present Invention
will now be described, by way of example only with 



reference to the accompanying drawings of which: 2    EP 0 352 002 B1 Figs.
1A 1B are perspective views of an array of elements constituting an optical
non-reciprocal device illustrating the passage of light in the forward and
reverse directions to illustrate the invention. Fig. 2A are cross-sectional
views of the five elements of Figs. 1A, 1 B, where the cross-sectional
views are arranged side-by-side in the same order as in the array to
illustrate the invention. 5     Figs. 2B, 2C illustrate the positions of
light rays passing through the optical non-reciprocal device of Fig. 1 A, 1
B in the forward and reverse directions respectively. Fig. 3A is a
graphical illustration of the isolation of the devices disclosed by Uchida
et. and Matsumoto. Figs. 3B, 3C are graphical illustrations of the coupling
or insertion loss and of isolation of the device of Figs. 1A, 1 B. 10
Fig. 3D is a graphical illustration of the coupling loss and isolation of a
dual wavelength optical isolator based on the design of Figs. 1A, 1 B to
illustrate the preferred embodiment of the invention. Fig. 4A are
cross-sectional views of the elements of another optical non-reciprocal
device arranged in a manner similar to that in Fig. 2A to illustrate the
invention. Figs. 4B, 4C illustrate the positions of the light rays passing
in the forward and reverse directions in the is    device of Fig. 4A. Fig.
5A are cross-sectional views of the elements of yet another optical
non-reciprocal device arranged in a manner similar to that in Fig. 2A to
illustrate the invention. Figs. 5B, 5C illustrate the positions of light
rays passing in the forward and reverse directions in the device of Fig.
5A. 20    Figs. 6A, 6B are perspective views of still another optical
non-reciprocal device illustrating the invention. Figs. 7A, 7B are
perspective views of another optical non-reciprocal device illustrating the
invention. Fig. 1A is a perspective view of an optical nonreciprocal device
and a light ray passing from point 1 through the device to point 2 in the
forward direction to illustrate the invention. As shown in Fig. 1A, device
10 Includes three anisotropic crystal members 12, 16, 20 and two Faraday
rotators 14, 18. It will be noted 25  that between any two anisotropic
members, there is at least one Faraday rotator. In the preferred
arrangement Illustrated in Fig. 1A, between any two anisotropic crystal
members with no other anisotropic crystal member in between, there is
exactly one Faraday rotator. Anisotropic crystal members 12, 16, 20 have
walk off directions 12a, 16a and 20a respectively. The positions of the
beam 30 and its component rays when passing through device 10 are shown as
numerals within circles in Fig. 1A. 30     Light beam 30 at position 1
(labelled 1 within a circle in Fig. 1A) impinges on member 12 and emerges
at position 2 into two rays 30a, 30b. Ray 30a has a plane of polarization
parallel to 12a and ray 30b has a polarization orthogonal to direction 12a.
The two rays 30a, 30b are rotated by rotator 14 and pass through member 16
with walk off direction 16a. Ray 30b remains unchanged in direction but ray
30a diverges in direction 16a for a distance proportional to the thickness
of member 16. The two rays are again rotated by 35  rotator element 18 in
the direction 18a and impinges on member 20. Member 20 causes ray 30a to
diverge along direction 20a so that as it emerges from member 20 at
position 6, it superposes ray 30b. In such manner the two rays are
synthesized by device 10 in the forward direction to give beam 30 at point
2, which is the output of the device in the forward direction. Fig. 1 B is
a perspective view of the device of Fig. 1A and a light beam passing
through the device In 40  the reverse direction. As shown in Fig. 1 B beam
40 at point 2 (position 6) is split into two rays 40a, 40b by anisotropic
member 20 at position 5. Faraday rotator 18 is non-reciprocal so that It
rotates rays 40a, 40b In the same direction 18a. Member 16 causes ray 40b
to be moved so that the positions of the two rays are as shown in position
3 in Fig. 1B. Faraday rotator 14 is non-reciprocal and rotates the two rays
in direction 14a as shown. Member 12 causes ray 40a to be moved so that the
two rays are at positions as shown in 45 position 1 in Fig. 1 B. It will be
observed that neither ray superposes the original direction of beam 40
shown as 40' in Fig. 1 B. Therefore if beam 30 originates from point 1 in
position 1 and reaches point 2 in position 6 in Fig. 1 A, the beam 40
originating from the point 2 towards point 1 will end up in two rays at
positions 40a, 40b away from point 1. In this manner, device 10 permits the
light of any polarization to continue in its original direction in the
forward direction but causes light in the reverse direction to diverge from
its original 50 direction. In such manner, light leaving a first optical
fiber at point 1 (position 1) will pass through device 10 



and reach a second fiber at point 2 (position 6) where light originating
from the second fiber at point 2 will diverge into rays such as 40a, 40b
and will not reach the first optical fiber at point 1. Device 10 can
therefore be used as an optical isolator which is polarization independent.
Fig. 2A are cross-sectional views of elements 12, 14, 16, 18, 20 taken
along planes perpendicular to the 55 path of beam 30 and looking into the
beam 30, where the views are arranged from left to right in the same order
as the array in Fig. 1A to illustrate the invention. Thus, the
cross-sectional view 12 of element 12 Is obtained when viewed in the
direction opposite to arrow 30' of Fig. 1A. Similarly 14, 16, 18' and 20'
are cross-sectional views of elements 1 4-20 also viewed in the direction
opposite to that of arrow 30 of Fig. 1 A. 3    EP 0 352 002 B1 The walk off
directions of elements 12, 16 and 20 in the forward direction are in the
directions from the minus (-) to the plus (+) in Fig. 2A. The walk off
directions of elements 12, 16, 20 in the reverse direction are in the
directions from the plus (+) to the minus in Fig. 2A. Fig. 2B illustrates
the positions of beam 30 and its component rays in the forward direction at
positions 5 1-6 in Figs. 1A, 2A, as well as the coupling or insertion loss
due to the error in rotation by rotators 14 and 18. It is known that the
rotations of Faraday rotators 14 and 18 are influenced by temperature and
wavelength of the light. Thus, even though rotators 14 and 18 have been set
to perform a 45[err]rotation at a certain temperature and wavelength of the
light, temperature and wavelength variations will introduce an error angle
in rotation of rotator 14, df1, and an error angle in the rotation of
rotator 18, df2. 10     As shown in Figs. 1A, 2A and 2B, beam 30 is split
into two rays 30a and 30b in position 2 by anisotropic crystal member 12,
where ray 30a has amplitude A2 and ray 30b has amplitude B2. In Fig. 2B,
positions of beam 30 and rays 30a, 30b are shown relative to axis 35. Thus,
in reference to Fig. 2B at positions 1 and 2 respectively, beam 30 has two
components, one polarized along the walk off direction of member 12 and one
component perpendicular to such direction. The component whose plane or
polariza- 15 tion is parallel to the walk off direction diverges from the
original direction of beam 30 and emerges as ray 30a in position 2. The
component of beam 30 with the plane of polarization perpendicular to the
walk off direction emerges as ray 30b in position 2 in the original
direction of beam 30. Rays 30a, 30b are then rotated by rotator 14 and
emerge at position 3. Temperature changes and variations of the wavelengths
of the light will introduce an error angle df1 in 20 the rotation of
rotator 14, so that the resulting planes of polarization of rays 30a and
30b at position 3 will not be exactly 45[err] from those at position 2.
Instead the polarizations will be off from the 45 position by an error
angle df1. For convenience in description, the planes of polarization of
rays 30a, 30b which would have resulted had the rotation of rotator 14 been
exactly at 45[err] are taken as the reference planes in Fig. 2B. The error
angle df1 will cause the actual planes of polarization of rays 30a and 30b
to deviate by an 25 angle df1 from said reference planes at position 3.
Therefore, ray 30a will have a main component [err] along one reference
plane and a minor component [err] along the other reference plane, such two
components being shown at position 3 in Fig. 2B. Similarly, ray 30b will
have main component [err]along one reference plane and minor component
[err] along the other reference plane all as illustrated in Fig. 2B. 30
As shown in Figs. 1A and 2A, member 16 has a walk off axis which is rotated
135[err] from that of crystal member 12. As shown in Fig. 2B, the main
component of ray 30a will diverge when passing from position 3 to position
4 (labelled 30a') while the minor component whose amplitude is [err] will
remain unchanged in direction. For ray 30b, the main component [err] will
remain unchanged in direction but the minor component having amplitude
B2sin2df1 will diverge when ray 30b passes between positions 3 and 4. 35
Consequently, 4 rays will be observed at position 4 instead of only 2. For
simplicity only the main ray components (that is, the components with the
amplitudes [err]) are shown in Fig. 1A. Because of the further splitting of
rays 30a and 30b when passing from position 3 to position 4, the main rays
have been labelled 30a' and 30b' respectively. These four rays are again
rotated by rotator 18 as shown in Fig. 2B. While rotator 18 has been set to
rotate the planes of polarizations of light by 45[err] at 40  certain
temperatures and wavelengths, temperature and wavelengths variations will
introduce an error angle df2 in the rotation of rotator 18. Thus, rays 30a'
and 30b' will each again have two components: a main component along a
reference plane (defined in a manner similar to reference plane of ray 30a
at position 3) having the amplitude 



[err]and a minor component [err]. Similarly, ray 30b' will have a main
component 45  [err] along its reference plane (defined in the same manner
as the reference plane of ray 30b in position 3) of amplitude [err] and a
minor component [err]. Member 20 will cause the four rays to further split
into eight rays at position 6. The main components of rays 30a', 30b' will
superpose and form a beam 30' which is along the original direction of beam
30 at position 1. The amplitude of beam  30 will therefore be [err]. The
insertion loss is therefore 50 [err]. In the reverse direction illustrated
in Fig. 2C, beam 40 at position 6 will be split by member 20 into rays 40a,
40b. The two rays are rotated by rotator 18 which again introduces an error
angle in rotation df2 so that ray 40a at position 4 will have a main
component whose amplitude is [err] and a minor component whose amplitude is
[err]. Ray 40b will have similar components. Member 16 will cause the two
rays to 55  further split into four rays 40a, 40a', 40b, 40b' when passing
from position 4 to position 3 as shown in Fig. 2C. The four rays are again
rotated by rotator 14 which introduces an error angle df1 so that each of
the four rays will each have two components, a major and a minor component.
Thus ray 40a' will have a major component whose amplitude is [err] and a
minor component whose amplitude is 4    EP 0 352 002 B1 [err] Similarly ray
40b' will have a major component whose amplitude is[err] and a minor
component whose amplitude is[err]. Member 12 will cause the four rays to be
further split when emerging at position 1, where the minor components of
rays 40a, 40b' superpose to form one ray 40'. As shown in Fig. 2C, the beam
40' which emerges at point 1 of Fig. 1A and Fig. '2C will have the 5
amplitude [err]. Hence the isolation of device 10 will be [err]. In the
devices disclosed by Matsumoto and Uchida et al. discussed above, only one
Faraday rotator is used. Such rotator will introduce an error angle df in
the same manner as rotators 14, 18 of Figs. 1A, 1B and 2A-2C. Thus the
insertion loss in the devices of Matsumoto and Uchida et al. will be cos2df
and its isolation only sin2df. The error angles introduced by the Faraday
rotators can be significant. Thus, errors 10  caused by temperature and
wavelength variations can degrade the performance of Uchida et al.'s and
Matsumoto's devices so that it can be shown that the isolation for such
devices is only 20(log[err](sindf))dB. The device 10 of Figs. 1 A-2C
further reduces the amount of light passed in the reverse direction by
another factor of [err]so that the isolation is 40(log [err](sindf))dB. The
amount of light passed in the forward direction is reduced by another
factor of cos[err]df. Thus, for a slight reduction of light passed in the
forward direction, is  device 10 achieves a much better isolation in the
reverse direction. For this reason device 10 is advantageous over those of
Matsumoto and Uchida et al. in that while the insertion loss of device 10
is only slightly worse than the devices of Matsumoto and Uchida et al., the
isolation of device 10 is much improved over such devices. Appendix A is a
table showing the dimensions and characteristics of optical isolators
employing 20  Faraday rotators with two types of films of different
chemical compositions. The thicknesses of the two types of films shown in
the table are chosen to obtain a rotation of 45  at two different
wavelengths: 1.3 and 1.55 microns. It will also be observed from the table
in Appendix A that the amount of rotation can vary significantly with
change of temperature. Thus, even though a thickness of a rotator film is
chosen to give 45[err] rotation at a particular temperature, when the
temperature changes, the rotation of the film will deviate 25  from 45[err]
significantly. This becomes a significant problem for Uchida et al's and
Matsumoto's devices described above. Fig. 3A is a graphical illustration of
the isolation of the polarization independent isolator designs by Uchida et
al. and Matsumoto described above. As shown in Fig. 3A, the isolation
achieved is reduced to within a range of -25 dB to -30 dB at high
temperatures. For device 10, in contrast, the isolation achievable 30  even
at high temperatures is much better than those of Ocheda et al's and
Matsumoto's, as shown in Figs. 3B, 3C. Thus using the (YbTb)lG films as
Faraday rotators, the isolation remains at about -50 dB over a wide
temperature range. Using Faraday rotators of another composition as shown
in Fig. 3C, the isolation remains as high as -35 to -40 dB even at high
temperatures. The amount of rotation of a particular Faraday rotator is a
function of both temperature and wavelength 35  of the light. Therefore If
it is contemplated that the optical isolator is to be used for Isolating
light of different wavelengths, It is possible to improve the performance
of device 10 further by choosing rotators which are 



optimized at different wavelengths. Thus, two commonly used wavelengths for
optical communication are 1.3 and 1.55 microns. It is therefore possible to
further optimize the isolation of device 10 by using one Faraday rotator
which rotates light at 1.3 microns by 45[err] and the other rotator
optimized for rotating light at 40  1.55 microns for 45[err]. The coupling
loss and isolation achievable by such dual wavelength optical isolator are
Illustrated in Fig. 3D. Thus as shown in Fig. 3D, the dual wavelength
optical isolator has high tolerance of temperature and wavelength
variations. Despite variations in both parameters, the isolation achievable
still exceeds -35 dB. If the optical isolator includes more than two
Faraday rotators as in embodiment described below, it may be desirable to
optimize the rotations of two of the films, one at 1.3 microns and the
other at 45  1.55 microns and the remaining rotators at wavelengths which
are between 1.3 and 1.55, such as at evenly spaced intervals. Thus, if the
isolator includes three rotators, the third rotator would be optimized to
rotate 45  at 1.42 microns which is at the halfway point between 1.3 and
1.55 microns. If the isolator includes four rotators, two rotators are
optimized at 1.3 and 1.55 microns with the remaining two rotators optimized
to rotate 45e[rr] at wavelengths which are evenly spaced at intervals of
about 1/3 of the difference between 1.3 50  and 1.55 microns, or at 1.38
and 1.46 microns approximately. With existing designs, since the rotations
of the Faraday rotators vary significantly with temperature and wavelength,
it may be necessary to re-orient the walk-off directions of the anisotropic
crystal members to maximize the isolation. With the design in device 10,
since good isolation is achieved throughout a wide range of operating
temperatures and wavelengths, such adjustment is no longer necessary. This
greatly 55  improves the efficiency for installing such Isolators. The
concept underlying device 10 can be further extended to provide devices
which can provide even higher isolation than device 10. Such devices are
illustrated in Figs. 4A-4C and 5A-5C. As shown in Fig. 4A, device 100
comprises four anisotropic members 102, 106, 110 and 114 and three Faraday
rotators 104, 5    EP 0 352 002 B1 108, and 112 where between each two
adjacent anisotropic crystal members there is one rotator. Members 106, 114
have walk off directions which are rotated 135[err] relative to that of
member 102. Member 110 has its walk off direction rotated 270[err] from
that of member 102. While rotators 104, 108 and 112 are shown in Fig. 4A to
introduce the same error angle df for simplicity of illustration, it will
be understood that 5  they can introduce different error angles; all such
configurations are within the scope of the invention. Since the amount of
divergence between the different rays are determined by the thicknesses of
the anisotropic crystal members, the thicknesses (as well as the
orientations) of the members should be chosen to achieve the result
desired: synthesis into one beam in the forward direction and isolation in
the reverse direction. As shown in Fig. 4A; members 102, 110 each have
thickness a and members 106, 114 is each about a/1.41 in 10 thickness. With
the arrangement of device 100 in Fig. 4A, the different rays passing in the
forward direction are illustrated in Fig. 4B, again the positions of the
rays are those observed looking into the incoming beam from position 8.
Similarly, the positions of the rays in the reverse direction are those
observed at position 1 looking into the incoming beam as illustrated in
Fig. 4C. From Figs. 4A-4C, It will be observed that the 15  coupling or
insertion loss of device 100 will be cos[err]df and its isolation
sin[err]df. If rotators 104, 108, 112 have error angles df1, df2, df3
respectively instead of the same angle df, then the coupling loss will be
[err] and its isolation[err]. Hence, device 100 suffers again only a slight
loss of amplitude in the forward direction but provides better isolation
even as compared to device 10 of Figs. 1 A-2C. Figs. 5A-5C illustrate yet
another device 150 which provides superior isolation at only a further
slight increase of coupling loss. Fig. 5A illustrates the cross-sectional
views of each of the elements in device 150 taken in a manner similar to
that of Fig. 2A. Illustrated in Fig. 5A are cross-sectional views of nine
elements arranged in a linear array between ten positions of an incoming
light beam in a manner similar to that of Fig. 1A, where the
cross-sectional views 25 of the nine elements are arranged side by side in
a manner similar to that of Fig. 2A. As shown in Fig. 5A, anisotropic
crystal members 152, 160 have thicknesses approximately equal to a, members
156 and 164 each has thickness of about 1.41a and member 168 has a
thickness of about 2a. Members 156, 160, 164 and 168 have their walk off
directions oriented at about 135, 180, 315 and 90 degrees relative to the
walk off direction of member 152. Faraday rotators 154, 158, 162 and 166
each rotates the Incoming light beam 



30  by 45[err] but will introduce an error angle df caused by temperature
and wavelength variations. While for simplicity the error angle introduced
by the four crystals are shown to be the same quantity df, it will be
understood that the four rotators may introduce different error angles and
such implementations are within the scope of the invention. Fig. 5B
illustrates the positions of the incoming beam, and the different rays into
which the beam is split 35  at the ten positions relative to an axis 175 in
a manner similar to those of Figs. 2B and 4B, where the incoming beam is
passing in the forward direction relative to device 150. When calculated in
a manner similar to that described above for devices 10 and 100, the
forward coupling loss of device 150 is proportional to [err]df. For
simplicity, only the rays with the highest intensity have been shown in
Fig. 5B. Fig. 5C illustrates the positions of a beam passing in the reverse
direction and the rays into which the 40 beam is split by device 150
relative to axis 175; again some of the rays of lesser intensities have
been omitted to simplify the diagram. In a manner similar to the
embodiments described above, the isolation of device 150 in the reverse
direction is sin[err]df. If the rotators 154, 158, 162, 166 introduce
different error angles df1, df2, df3, df4, the forward coupling loss of
device 150 will be proportional to [err] cos2(df3)cos2(df4) and the reverse
isolation of device 150 will be[err]. 45     The general configuration of
the invention as embodied in devices 10, 100 and 150 is as follows. The
device includes at least three anisotropic crystal members arranged in a
linear array. Between any two adjacent anisotropic crystal members is at
least one non-reversible rotation element such as a Faraday rotator. The
orientations and thicknesses of the anisotropic crystal members are such
that light in the forward direction is separated into different rays and
then synthesized into one beam in the forward 50 direction. Since the error
angle is typically quite small the coupling loss does not significantly
degrade the performance of the device. Since the devices have excellent
isolation, their performance as isolators are therefore substantially
insensitive to temperature and wavelengths of the light. Obviously more
than 5 anisotropic crystal members and more than four Faraday rotators
arranged with at least one rotator between any two anisotropic crystal
members may be constructed in accordance with the principles of this
invention 55 and are therefore within the scope of this invention. Fig. 6A
is a perspective view of a device 200 for isolating and detecting the
amount of light reflected when light is passed from the first optical fiber
1 to a second optical fiber 2. As shown in Fig. 6A, light passing through
an optical fiber 201 is focused by a lens 203 and passed through
anisotropic members 6    EP 0 352 002 B1 204, 206, 208 and Faraday rotators
205, 207 arranged as shown in Fig. 6A. The emerging light at position 6 is
focused by lens 209 onto fiber 202. Aside from the employment of two lenses
203, 209, device 200 is identical to device 10 of Fig. 1A. Devices 100, 150
and other devices of such configuration may also be used and are within the
scope of the invention. 5     Thus, as described above in reference to Fig.
1A, light from fiber 201 will be transmitted to fiber 202 with only a small
coupling loss proportional to cos(4)df, where df is the error angle
introduced by rotator 205, 207. As also described above in reference to
Fig. 1 B and Fig. 2C, a beam in the reverse direction will be split into
seven rays where only a ray of very small intensity will be transmitted
back into fiber 201. The remaining six rays will not be transmitted to
fiber 201 so that device 200 achieves excellent isolation. As will 10 be
observed from Fig. 2C, of the remaining six rays which are not transmitted
to fiber 201 in the reverse direction, rays 62, 64 have the strongest
intensities. Therefore if two extra fibers 215 and 216 are placed adjacent
to fiber 201 to receive rays 62, 64, the intensity of the light transmitted
in the reverse direction originating from fiber 202 is indicated by the
intensity of the light transmitted to fibers 215, 216. Device 200 therefore
includes two extra fibers 215, 216 placed adjacent to fiber 201 in such
spatial relationship that 15 they are in position to receive rays 62, 64.
Device 200 is therefore suitable for measuring the amount of reflections
from fiber 202 when light is transmitted in the forward direction from
fiber 201 to fiber 202 through device 200. When light is so transmitted,
most of the light will be transmitted through fiber 202; however, a small
amount of reflection will be reflected off the end face of fiber 202 back
towards fiber 201. Such light reflected will travel in the reverse
direction through device 200 and a major part of such energy 20  will be
captured by fibers 215, 216. The intensity of light captured by fibers 215,
216 is therefore an indication of the strength of the reflection from fiber
202. It will be noted that device 200 is suitable for measuring the
strength of the reflections even though the light transmitted from fiber
201 towards fiber 202 



has unknown polarization. Figs. 7A, 7B are perspective views of a device
300 for measuring the reflections from an output fiber 25 when polarized
light from a laser is transmitted from a single mode fiber. As shown in
Figs. 7A, light of known polarization from a laser is transmitted from a
single mode fiber 302 through lens 303 towards a liner array of elements
forming device 10 of Fig. 1A in the "reverse" direction as defined in Figs.
1A, 2A. As shown in Fig. 7A, the passage of light from fiber 302 In Fig. 7A
is shown in solid lines. Fiber 302 Is not aligned with output fiber 316 but
is located such that the light passing through device 300 from position 6
30 and emerging at position 1 will be focused by lens 314 onto fiber 316.
Thus in reference to Fig. 7A, light from fiber 302 has a polarization
substantially perpendicular to the walk off direction of crystal member
312. For this reason, member 312 does not cause the direction of light
originating from fiber 302 to diverge between positions 6 and 5. Member
308, however, does cause the position of the beam to move along its walk
off direction as shown. After being rotated by rotator 306, the
polarization of the light is again normal to 35 the walk off direction of
member 304 so that its direction remains unchanged when passing from
position 2 to position 1 and is then focused by lens 314 onto fiber 316.
The reflections from the output fiber 316, however, is transmitted by
device 300 to a single fiber 330 which is connected to a connector for
detecting magnitude of such reflection. When such reflections are
transmitted from the output fiber 316 towards fiber 330, device 300
functions in the same manner as device 40 10 when light is transmitted in
the forward direction so that the reflections from the end phase of fiber
316 will be transmitted to fiber 330 where the two fibers are aligned. In
such manner, only one fiber 330 captures a substantial part of the light
reflected from 316 for detecting the amount of reflections of the end phase
of fiber 316. 45 50 55 7    EP 0 352 002 B1 4 -     c  in  M  4'         .
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(10; 100; 150; 200; 300) for passing light in a forward direction from a 50
first point (1) to a second point (2) and for reducing light passing in a
reverse direction from the second point to the first point, comprising: at
least three anisotropic crystal members (12, 16, 20) arranged in a linear
array, each member having a walk off direction for separating light into
ordinary and extraordinary rays; and at least two non-reversible rotation
elements (14, 18), each of which is interposed between two 55
consecutive ones of said anisotropic crystal members, and wherein rotations
of the elements and the orientations and thicknesses of the members are
such that light in the forward direction is separated into ordinary and
extraordinary rays which are synthesized when they arrive at the second
point, and that light in the reverse direction is separated into ordinary
and extraordinary rays which substantially 8    EP 0 352 002 B1
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~~~~~~4 c-  "  tq  X   44 45 Claims 1. An optical nonreciprocal device (10;
100; 150; 200; 300) for passing light in a forward direction from a 50
first point (1) to a second point (2) and for reducing light passing in a
reverse direction from the second point to the first point, comprising: at
least three anisotropic crystal members (12, 16, 20) arranged in a linear
array, each member having a walk off direction for separating light into
ordinary and extraordinary rays; and at least two non-reversible rotation
elements (14, 18), each of which is interposed between two 55
consecutive ones of said anisotropic crystal members, and wherein rotations
of the elements and the orientations and thicknesses of the members are
such that light in the forward direction is separated into ordinary and
extraordinary rays which are synthesized when they arrive at the second
point, and that light in the reverse direction is separated into ordinary
and extraordinary rays which substantially 8    EP 0 352 002 B1 do not
superpose each other at the first point, and so that light passing in the
reverse direction Is reduced in a manner which is substantially insensitive
to temperature and wavelengths of the light passing in either direction. 5
2. The device of claim 1, wherein each rotation element (14, 18) rotates
the ordinary and extraordinary rays by about 45 degrees at predetermined
light wavelengths, and wherein the rotations are affected by temperature
and wavelengths of the rays so that the rotations performed by each element
will deviate by an error angle from 45 degrees, so that the coupling loss
of the device is proportional to the product of the squares of the cosine
of the error angles, and so that the isolation of the device is
proportional to 10    the product of the squares of the sine of the error
angles. 3. The device of claim 2, wherein a first rotation element (14)
rotates rays of light at a first wavelength by about 45 degrees, and a
second element (18) rotates rays of light at a second wave length by about
45 degrees, so that the device is effective for reducing light transmission
in the reverse direction at both 15    the first and second wavelengths. 4.
The device of any preceding claim, said device comprising three anisotropic
crystal members (12, 16, 20) and two non-reversible rotation elements (14,
18). 20  5. The device of claim 4, wherein the array comprises a first
member (12) closest to the first point, a second member (10) in the middle
and a third member (20) closest to the second point, wherein the first and
third members have substantially the same thickness and the thickness of
the second member has a thickness which is substantially 1.41 times the
thickness of the other two members, and wherein the walk off directions of
the second and third members are orientated about 135 and 270 degrees 25
respectively relative to that of the first member. 6. The device of any of
claims 1 to 3, said device (100 comprising four anisotropic crystal members
(102, 106, 110, 114) and three non-reversible rotation elements (104, 108,
112). 



3o  7. The device of claim 6, wherein the array comprises a first member
(102) closest to the first point, a fourth member (114) closest to the
second point, a second member (106) adjacent to the first member and a
third member (110) between the second and fourth members, wherein the first
and third members have substantially the same thickness a and the second
and fourth members have substan- tially the same thickness a/1.41, and
wherein the second, third and fourth members are oriented so that 35
their walk off direction are respectively 135, 270 and 135 degrees relative
to that of the first member. 8. The device of claim 6 or 7 wherein a first
rotation element (104) rotates rays of light at a first wavelength by about
45 degrees, and a second element (108) rotates rays of light by about 45
degrees, and the third element (112) rotates rays of light by about 45
degrees where such rays of light 40     have a wavelength which is
approximately the arithmetic mean of the first and second wavelengths so
that the device is effective for reducing light transmission in the reverse
direction at both the first and second wavelengths and at wavelengths
between the first second wavelengths. 9. The device of claim 6, wherein the
array comprises a first member closest to the first point, a fourth 45
member closest to the second point, a second member adjacent to the first
member and a third between the second and fourth members, wherein the first
and third members have substantially the same thickness 1.41 a, and wherein
the second, third and fourth members are oriented so that their walk off
directions are respectively 135, 180 and 225 degrees relative to that of
the first member. 50  10. The device of claim 1, said device (150)
comprising five anisotropic crystal members (152, 156, 160, 164, 168) and
four non-reversible rotation elements (154, 158, 162, 166). 11. The device
of claim 10, wherein a first rotation element rotates rays of light at a
first wavelength by about 45 degrees, a second element rotates rays of
light at a second wavelength by about 45 degrees, 55     a third and a
fourth element rotates rays of light each by 45 degrees at a third and a
fourth wavelength, wherein the third and fourth wavelengths are between the
first and second wavelengths so that the device is effective for reducing
light transmission in the reverse direction at both the first and second
wavelengths between the first and second wavelengths. 9    EP 0 352 002 B1
*   C   L  MS   * 12. The device of claim 11, wherein the first wavelength
is about 1.3 microns, the second wavelength is about 1.55 microns, and the
third and fourth wavelengths are 1.37 and 1.44 microns respectively. 13.
The device of any of claims 10 to 12, wherein the array comprises a first,
second, third, fourth and fifth 5     member arranged in such order with
the first member (152) closest to the first point and the third member
(160) having thickness a, the second and fourth members (156 and 164)
thickness 1.41a, and the fifth member (168) thickness 2a, and wherein the
second, third, fourth and fifth members are orientated so that their walk
off directions are respectively 135, 180, 315 and 90 degrees relative to
that of the first member. 10 14. The device of any preceding claim, further
comprising: means (201) for supplying light of unknown polarization from
the first point in the forward direction towards to the second point; and
means (215, 216) disposed adjacent to the first point for detecting the
ordinary and extraordinary rays travelling in the reverse direction. 15 15.
The device of any of claims 1 to 13, further comprising: means (302)
disposed adjacent to the second point for transmitting light of a
predetermined polarization towards the first point, said transmitting means
being so located relative to the second point that such light arrives at
substantially the first point; and 20         means (330) disposed
substantially at the second point for detecting a beam formed by the
synthesis of ordinary and extraordinary rays travelling from the first
point to substantially the second point. 16. The device of claim 14 or 15,
wherein the detecting means comprises one or more optical fibers. 25
Patentanspriche 1. Nicht-reziproke optische Vorrichtung (10; 100; 150; 200;
300) zum Durchlassen von Licht in einer 



Vorwartsrichtung von einem ersten Punkt (1) zu einem zweiten Punkt (2) und
zum Vermindem von 30     Licht, das in einer RUckwartsrichtung von den
zweiten Punkt zu dem ersten Punkt durchgeht, mit - mindestens drei
anisotropen Kristalik6rpem (12, 16, 20), die in einer geradlinigen Reihe
angeord- net sind, wobei jeder Korper eine Abwanderungs-Richtung zum
Trennen von Licht in ordentliche und au~erordentliche Strahlen aufweist,
und - mindestens zwei nicht-reversiblen Drehelementen (14, 18), die jeweils
zwischen zwei aufeinander- 35         folgende anisotrope Kristallk6rper
eingeflgt sind, wobel die Drehungen der Elemente und die Orientierungen und
Dicken der K6rper so gewahit sind, daB Licht in der Vorwartsrichtung in
ordentliche und augerordentliche Strahlen aufgeteilt wird, welche
synthetisiert werden, wenn sie beim zweiten Punkt ankommen, und daB Licht
in der R~ckwartsrichtung in ordentliche und auBerordentliche Strahlen
aufgeteilt wird, welche sich beim ersten Punkt im wesentlichen nicht i40
Uberdecken, und so daB In der RUckwArtsrichtung hindurchgehendes Ucht auf
eine Weise vermindert wird, die im wesentlichen gegen Temperatur und
Wellenlangen des in elne der beiden Richtungen hindurchgehenden Lichtes
unabhangig ist. 2. Vorrichtung nach Anspruch 1, bei der jedes Drehelement
(14, 18) die ordentlichen und die auBerordent- 45     lichen Strahlen bei
einer vorgegebenen Licht-Wellenlange um etwa 456  dreht, und bei der die
Drehungen durch die Temperatur und Wellenlangen der Strahlen beeinfluBt
sind, so daB die von jedem Element durchgefthrten Drehungen von 45- um
einen Fehlerwinkel abweichen, so daB die D~mpfung der Vorrichtung
proportional zum Produkt der Quadrate des Kosinus der Fehlerwinkel ist, und
so daB die Trennung der Vorrichtung proportional zum Produkt der Quadrate
des Sinus der Fehlerwinkel ist. 50 3. Vorrichtung nach Anspruch 2, bei der
ein erstes Drehelement (14) Lichtstrahlen einer ersten Wellenlan- ge um
etwa 456 dreht, und ein zweites Drehelement (18) Lichtstrahlen einer
zweiten Wellenlange um etwa 45  dreht, so daB die Vorrichtung die
LichtUbertragung in der RUckwartsrichtung bei der ersten und bei der
zweiten Wellenlange vermindert. 55                i 4. Vorrichtung nach
einem der vorangehenden AnsprUche, mit drei anisotropen KristallkOrpern
(12, 16, 20) und zwei nicikt-reversiblen Drehelementen (14, 18). 1
10    EP 0 352 002 B1 5. Vorrichtung nach Anspruch 4, bei der die Reihe
einen ersten K6rper (12), der dem ersten Punkt am nachsten ist, einen
zwelten Korper (10) in der Mitte und elnen dritten Korper (20), der dem
zweiten Punkt am n~chsten ist, aufweist, wobei der erste und der dritte
Korper im wesentlichen dieselbe Dicke haben und die Dicke des zweiten
Korpers im wesentlichen 1,41 mal der Dicke der anderen beiden 5
Korpern ist, und wobei die Abwanderungs-Richtungen des zweiten und des
dritten K6rpers relativ zu der des ersten Korpers eine Orientierung von
etwa 135 * bzw. 270- aufweisen. 6. Vorrichtung nach einem der Ansprtlche 1
bis 3, mit vier anisotropen Kristallk6rpern (102, 106, 110, 114) und drei
nicht-reversiblen Drehelementen (104, 108, 112). 10 7. Vorrichtung nach
Anspruch 6. bei der die Reihe einen ersten Korper (102), der dem ersten
Punkt am nachsten ist, einen vierten Korper (114), der dem zweiten Punkt am
nachsten ist, einen zweiten Korper (106), der an den ersten Korper
angrenzt, und einen dritten Korper (110) zwischen dem zwelten und dom
vierten Korper aufweist, wobei der erste und der dritte K6rper im
wesentlichen dieselben Dicken a 15     haben und der zweite und der vierte
Korper im wesentlichen dieselben Dicken a/1,41 haben, und wobei der zweite,
der dritte und der vierte K6rper so orientiert sind, daB ihre
Abwanderungs-Richtungen relativ zu der des ersten Korpers bei 135, 270 *
bzw. 135  liegen. 8 Vorrichtung nach Anspruch 6 oder 7, bei der ein erstes
Drehelement (140) Lichtstrahlen einer ersten 20     Wellenlange um etwa 45-
dreht, und ein zweites Element (108) Uchtstrahlen um etwa 45- dreht, und
das dritte Element (112) Lichtstrahlen um etwa 45 dreht, wobel diese
Lichtstrahlen eine Wellenlange haben, die ungefahr das arithmetische Mittel
der ersten und der zweiten Wellenlange bildet, so daB die Vorrichtung die
Licht0bertragung in der RMckwgrtsrichtung bel der ersten und der zweiten
Wellenl~nge und be! Wellenlangen zwischen der ersten und der zweiten
Wellenldnge vermindern kann. 26 



9. Vorrichtung nach Anspruch 6, be! der die Reihe einen ersten Korper, der
dem ersten Punkt am n~chsten ist, elnen vierten K6rper, der dem zweiten
Punkt am nlichsten ist, einen dem vierten K6rper benachbarten zweiten
Korper und eonen dritten K6rper zwischen dem zweiten und dem vierten K6rper
aufweist, wobei der erste und der dritte Korper im wesentlichen dieselbe
Dicke 1,41a haben, und wobel 30     der zweite, der dritte und der vierte
Korper so orlentiert sind, daB ihre Anwanderungsrichtungen relativ zu der
des ersten K6rpers bei 135, 180- bzw. 225- liegen. 10. Vorrichtung (150)
nach Anspruch 1, mit flnf anisotropen Kristallkdrpem (152, 156, 160, 164,
168) und vier nichtreversiblen Drehelementen (154, 158, 162, 166). 35 11.
Vorrichtung nach Anspruch 10, bei der ein erstes Drehelement Uchtstrahlen
einer ersten Wellenlange um etwa 45. dreht, eln zweites Element
Lichtstrahlen elner zweiten Wellenlange um etwa 45 dreht, ein drittes und
ein viertes Element Lichtstrahlen einer dritten bzw. einer vierten
Wellenllnge um etwa 459 drehen, wobel die dritte und die vierte Wellenlange
zwischen der ersten und der zweiten 40     Wellenlange liegen, so daG die
Vorrichtung die UchtUbertragung in der R~ckwdrtsrichtung sowohl bel der
ersten und der zweiten Wellenlange als auch zwischen der ersten und der
zweiten Wellenlange vermindern kann. 12. Vorrichtung nach Anspruch 11, bei
der die erste Welle ungefghr 1,3 ,um, die zweite Wellenl~nge 45
ungefahr 1,55 uim und die dritte und die vierte Wellenlange 1,37 bzw. 1,44
um sind. 13. Vorrichtung nach einem der AnsprUche 10 bis 12, bei der die
Reihe elnen ersten, einen zweiten, einen dritten, einen vierten und einen
fUnften Kdrper aufweist, die in dieser Reihenfolge angeordnet sind, wobil
der dem ersten Punkt am nachsten liegende, erste Kdrper (152) und der
dritte Korper (160) eine 60     Dicke a haben, der zweite und der vierte
Kdrper (156 und 164) eine Dicke 1,41a haben, und der finfte Korper (168)
elnen Dicke 2a hat, und wobel der zwelte, der dritte, der vierte und der
flnfte K6rper so orientlert sind, daB ihre Anwanderungs-Richtungen relativ
zu der des ersten K6rpers bei 1351, 1801, 315 bzw. 90- liegen. 55  14.
Vorrichtung nach elnem  der vorangehenden AnsprOche, mit ferner einer
Einrichtung (201) zum Zufflhren von Licht einer unbekannten Polarisation
vom ersten Punkt in der Vorwartsrichtung in Richtung auf den zweiten Punkt,
und mit einer Einrichtung (215, 216), die benachbart dem ersten Punkt
angeordnet ist, zum Erfassen der ordentlichen und auBerordentlichen
Strahlen, die sich in der    EP O 352 002 B1 RUckwartsrichtung ausbreiten.
15. Vorrichtung nach einem der AnsprUche 1 bis 13, mit ferner - einer
Einrichtung (302), die dem zweiten Punkt benachbart angeordnet ist, zum
Obertragen von 5           Ucht einer vorgegebenen Polarisation in Richtung
auf den ersten Punkt, wobel diese Obertra- gungseinrichtung relativ zum
zweiten Punkt so angeordnet ist, dae dieses Licht im wesentlichen beim
ersten Punkt ankommt, und - einer Einrichtung (330), die ungefffihr beim
zweiten Punkt angeordnet ist, zum Erfassen eines durch die Synthese der
ordentlichen und auBerordentlichen Strahlen, die vom ersten Punkt im to
wesentlichen zum zweiten Punkt gehen, gebildeten Strahlenbandels. 16.
Vorrichtung nach Anspruch 14 oder 15, bei der die Erfassungseinrichtung
eine oder mehrere optische Fasem aufweist. 15 Revendlcatlons' 1. Dispositif
optique non reciproque (10;100;150;200;300), laissant passer la lumiere
dans une direction avant d'un premier point (1) a un deuxieme point (2) et
dteignant la lumibre dans la direction inverse du second point vers le
premier point, comprenant: - au moins trois membres cristaux anisotropes
(12,16,20) disposds en ligne, chaque membre ayant une direction de passage
pour separer la lumibre en un rayon ordinaire et un rayon extraordinaire ;
et - au moins deux elements de rotation (14,18) non reversibles, dont
chacun est place entre deux membres consdcutifs desdits cristaux
anisotropes et dans lesquels les rotations des elements et 25          les
orientations et l'Npalsseur des membres sont telles que la lumiere dans la
direction avant est separ6e en un rayon ordinaire et un rayon
extraordinaire qui sont reunis quand ils arrivent au second point et quo la
lumibre dans la direction inverse est sdpar6e en un rayon ordinaire et un 



rayon extraordinaire qui se se superposent pas sensiblement au premier
point, et que la lumiere passant on direction inverse est eteinte de
manibre sensiblement insensible & la temperature et 30          aux
longueurs d'onde de la lumibre passant dans l'une ou l'autre direction. 2.
Dispositif de la revendication 1, dans lequel chaque element de rotation
(14,18) fait tourner les rayons ordinaires et extraordinaires d'environ 45
degres a des longueurs d'onde predeterminees, et dans lesquels les
rotations sont affectees par la temperature et les longueurs d'onde des
rayons de sorte 35     que les rotations provoquees par chaque el6ment
s'ecartent de 45 degres d'un angle d'erreur, de sorte que la perte de
couplage du dispositif est proportionnelle au produit des carres des
cosinus des angles d'erreur et que l'isolation du dispositif est
proportionnelle au produit des carres des sinus des angles d'erreur. 40  3.
Dispositif de la revendication 2, dans lequel un premier 6lement de
rotation (14) fait tourner les rayons de lumiere d'une premiere longueur
d'onde d'environ 45 degres et un second el6ment (18) fait tourner les
rayons de lumiere a une deuxieme longuour d'onde d'environ 45 degres de
sorte que le dispositif est efficace pour diminuer la transmission de
lumibre en direction inverse A la fois pour la premiere et pour la deuxieme
longueur d'onde. 445 4. Dispositif selon l'une quelconque des
revendications precedentes, ledit dispositif comprenant trois membres
cristaux anisotropes (12,16,20) et deux el6ments de rotation non
reversibles (14,18). 5. Dispositif de la revendication 4, dans lequel
l'agencement comprend un premier membre (12) le plus 50     pres du premier
point, un second membre (10) au milieu et un troisieme membre (20) le plus
pres du second point, dans loquel le premier et le troisieme membre ont
sensiblement la mome epaisseur et l'epaisseur du second membre est
sensiblement 1,41 fois l'epaisseur des deux autres membres, et dans
lesquels les directions de passage du second et du troisibme membre sont
orient6es & environ 135 et 270 degres respectivement par rapport a celle du
premier membre. 55 6. Dispositif solon l'une quelconque des revendications
1 & 3, ledit dispositif (100) comprenant quatre membres cristaux
anisotropes (102,106,110, 114) et trois 6lements de rotation non
r6versibles (104,108,112). 12    EP 0 352 002B1 IBli l
HiI il l illI 11111 7. Dispositif de la revendication 6, dans lequel
I'agencement comprend un premier membre (102) le plus pres du premier
point, un quatribme membre (114) le plus pres du second point, un second
membre (106) adjacent au premier membre et un troisibme membre (110) entre
le second et le quatribme membrer, dans lesquels le premier et le troisibme
membre ont sensiblement la meme 6paisseur a et le 5      second et le
quatrieme membre ont sensiblement la meme epaisseur a/1,41, et dans lequel
le second, troisibme et quatribme membre sont orient6s de telle fagon que
leurs directions de passage soient respectivement a 135, 270 et 135 degres
par rapport a celle du premier membre. 8. Dispositif de la revendication 6
ou 7, dans loquel un premier 616ment de rotation (104) fait tourner les 10
rayons de lumibre a une premibre longueur d'onde d'environ 45 degr6s, et un
second 6lement (108) fait tourner les rayons de lumibre d'environ 45
degres, et le troisibme 6lment (112) fait tourner les rayons de lumibre
d'environ 45 degres quand de tels rayons de lumiere ont une longueur d'onde
qui est approximativement la moyenne arithm6tique de la premiere et de la
deuxibme longueur d'onde, de sorte que le dispositif est efficace pour
reduire la transmission de lumibre en direction inverse a la fois i5
pour la premibre et la deuxibme longueur d'onde et pour des longueurs
d'onde comprises entre la premibre et la seconde longueur d'onde. 9.
Dispositif de la revendication 6, dans lequel l'agencement comprend un
premier membre le plus pres du premier point, un quatribme membre le plus
pres du second point, un second membre adjacent au 20     premier membre et
un troisibme membre entre le second et le quatribme membre, dans lequel le
premier et le troisibme membre ont sensiblement la meme epaisseur 1,41a, et
dans lequel le troisibme et le quatrieme membre sont orientes de telle
fagon que leurs directions de passage sont respective- ment a 135, 180 et
225 degres par rapport a celle du premier membre. 25  10. Dispositif de la
revendication 1, ledit dispositif (150) comprenant cinq membres cristaux
anisotropes (152,156,160,164,168) et quatre el6ments de rotation non
r6versibles (154,158,162,166). 



11. Dispositif de la revendication 10, dans lequel un premier element de
rotation fait tourner les rayons de lumibre a une premibre longueur d'onde
d'environ 45 degres, un second element fait tourner les rayons 30     de
lumiere a une seconde longueur d'onde d'environ 45 degr~s, un troisibme et
un quatribme el6ment font tourner les rayons de lumiore chacun de 45 degres
a une troisieme et A une quatribme longueur d'onde, ob la troisibme et la
quatribme longueur d'onde sont comprises entre la premibre et la seconde
longueur d'onde, de sorte que lo dispositif soit efficace pour r~duire la
transmission de lumibre on direction inverse, a la fois a la premiere et a
la deuxibme longueur d'onde et entre la premiero et la 35     deuxibme
longueur d'onde. 12. Dispositif de la revendication 11, dans lequel la
premiere longueur d'onde est d'environ 1,3 micron, la deuxibme longueur
d'onde est d'environ 1,55 micron et les troisibme et quatribme longueurs
d'onde sont respectivement 1,37 et 1,44 micron. - 40 13. Dispositif $0lon
lune quelconque des revendications 10 a 12, dans lequel l'agencement
comprend un premier, deuxibme, troisibme, quatribme et cinquibme membre
dispos6s dans un ordre tel quo le premier membre (152) est le plus pros du
premier point et le troisibme membre (160) ayant une epaisseur a, le second
et le quatribme membre (156 et 164) une epaisseur 1,41a, et le cinquibme 45
membre (168) une epaissour 2a, et oO le second, troisieme, quatribme et
cinquibme mombre sont orlent6s de telle fagon quo leurs directions de
passage soient respectivement a 135, 180, 315 et 90 degr6s par rapport a
celle du premier membre. 14. Dispositif selon l'une quelconque des
'revendications precedentes comprenant en plus: des moyens so     (201)
pour apporter de la lumibre de polarisation inconnue du premier point dans
la direction avant vers le second point ; et des moyens (215,216) disposes
& c6te du premier point pour d6tecter les rayons ordinaires et
extraordinaires se propageant en direction inverse. 15. Dispositif selon
l'une quelconque des revendications 1 a 13, comprenant en outre: 5
- des moyens (302) disposes a c6te du second point pour transmettre la
lumibre d'une polarisation pr6d6termin6e vers le premier point, lesdits
moyens de transmission 6tant places par rapport au second point de telle
fagon quo cette lumibre arrive sensiblement au premier point ; et 13    EP
0 352 002 Bi                        c M   S * - des moyens (330) disposes
sensiblement au second point pour detecter un faisceau form6 par la
recombinaison des rayons ordinaires et extraordinaires se propageant depuis
le premier point vers sensiblement le second point. s  16. Dispositif de la
revendication 14 ou 15, dans lequel les moyens de detection comprennent une
ou plusieurs fibres optiques. 10 15 10 25 30 35 45 50 55 14    


