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Description

Field of the Invention

[0001] The present invention relates to integrated op-
tical components, and more particularly, to optical isola-
tors.

Background of the Invention

[0002] The ever-increasing demand for broadband
communication systems has led to optical transmission
systems based on optical waveguides such as fiber op-
tics and optical processing elements for use in these sys-
tems. To decrease the cost of such systems, large-scale
integration of the optical devices is needed. Large-scale
integration also provides decreased size and increased
reliability.
[0003] One optical device that is used in such systems
is an optical isolator. In optical communication systems,
optical signals pass through interfaces that generate re-
flected signals that propagate back to the signal source.
Optical isolators are used to block these reflected signals
from reaching the source. Ideally, optical isolators trans-
mit the optical signal in the forward direction and block
the reflected light signal that is traveling in the reverse
direction.
[0004] Optical isolators based on birefringent crystals,
polarizers, and Faraday rotators are well known in the
optical signal arts. Isolators based on Faraday rotators
operate by rotating the polarization of the light in a direc-
tion that depends on the direction of travel of the light
relative to the direction of an applied magnetic field. The
amount of rotation θ experienced by the input plane of
polarization is proportional to the length, L, of the Faraday
medium, the magneto-optic or "Verdet" coefficient, V, of
the medium and the strength of the applied magnetic
field, H.

The simplest devices operate on linearly polarized light
and consist of two polarization filters and a Faraday ro-
tator that is located between the polarization filters. Light
entering the device in the "pass direction" has a polari-
zation that is aligned to pass through the first polarization
filter. The Faraday rotator causes the direction of polar-
ization of this light to be rotated by the Faraday rotator
such that it will pass through the second polarization filter
without being blocked. The polarization of any light
traveling in the reverse direction that passes through the
second polarization is rotated by the Faraday rotator to
a direction that is blocked by the first polarization filter.
[0005] The above described isolator assumes that the
light is linearly polarized in a direction that matches the
pass direction of the first polarization filter. If the incident

light is not linearly polarized, the light must be first split
into two linearly polarized components and two isolators
are used, one per component. If the light leaving the iso-
lator is to have the same polarization as that entering the
isolator, quarter waveplates must be included to rotate
the light to the original polarization direction.
[0006] Such devices are relatively large and expen-
sive, and hence, poorly suited for use in large-scale op-
tical signal processing systems. In particular, the thick-
ness of the Faraday rotator cannot be reduced, since the
amount of rotation per unit length of material in the rotator
depends on the physical properties of the materials used.
Hence, there is a minimum thickness for the Faraday
rotator and any quarter waveplates. These devices are
typically of the order of 1 mm thick, which is large by
integrated circuit standards. In addition, integration of
these optical isolators with waveguides and other
processing optical elements that are formed on a com-
mon substrate is difficult with these designs.
[0007] From US-2002/0172466 an optical add-drop fil-
ter coupled to a first and to a second optical waveguide
is known.
[0008] From HAMMER J. M. ET AL.: "POLYCRYSTAL-
LINE-METAL-FERROMAGNETIC OPTICAL WAVE-
GUIDE ISOLATOR (POWI) FOR MONOLITHIC-INTE-
GRATION WITH DIODE-LASER DEVICES", IEEE PHO-
TONICS TECHNOLOGY LETTERS, vol. 9, no. 5, 1 May
1997, pages 631-633, ISSN: 1041-1135, it is known to
use optical Faraday rotation in polycrystalline or amor-
phous thin films of ferromagnetic materials to obtain op-
tical insulators.
[0009] In STADLER B.J. ET AL.: "Investigations of the
Faraday effect in Fe-doped InP" INDIUM PHOSPHIDE
AND RELATED MATERIALS, 1996. IPRM ’96., EIGHTH
INTERNATIONAL CONFERENCE ON SCHWABISCH-
GMUND, GERMANY 21-25 APRIL 1996, pages
569-571, ISBN:0-7803-3283-0, the Faraday rotation in
Fe-doped wafers is investigated.

Summary of the Invention

[0010] The present invention includes an optical iso-
lator for coupling light from a first optical waveguide to a
second optical waveguide. The optical isolator utilizes a
resonator coupled to the first and second optical
waveguides. The resonator has a resonance at wave-
length λ for light traveling from the first optical waveguide
to the second optical waveguide; however, the resonator
does not have a resonance at λ for light traveling from
the second optical waveguide to the first optical
waveguide. In one embodiment, the resonator includes
a layer of ferromagnetic material in an applied magnetic
field. The magnetic field within the ferromagnetic material
varies in strength and/or direction over the layer of fer-
romagnetic material. The magnetic field can be generat-
ed by an external magnetic field that varies over the layer
of ferromagnetic material. In another embodiment, the
resonator includes a layer of ferromagnetic metal that
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overlies a portion of the resonator. In this embodiment,
a constant external magnetic field can be utilized. In an-
other embodiment, the first waveguide and the second
waveguide are located in a planar substrate, and the res-
onator overlies the first and second waveguides and is
vertically coupled to the first and second waveguides.

Brief Description of the Drawings

[0011]

Figure 1 is a perspective view of an optical isolator
according to one embodiment of the present inven-
tion.

Figure 2 is a top view of a microdisk resonator that
includes a ferromagnetic material.

Figure 3 is a top view of the microdisk resonator
shown in Figure 2 in a uniform magnetic field.

Figure 4 illustrates an optical isolator according to
another embodiment of the present invention in
which the applied magnetic field may be a uniform
field.

Figure 5 illustrates an optical isolator according to
another embodiment of the present invention.

Figure 6 is a simplified top view of a folded cavity
resonator.

Figure 7 is a prospective view of a folded cavity res-
onator coupled to a linear waveguide.

Figure 8 is a magnified portion of the region of Figure
7 shown at 260.

Detailed Description of the Preferred Embodiments 
of the Invention

[0012] The manner in which the present invention pro-
vides its advantages can be more easily understood with
reference to Figure 1, which is a perspective view of an
optical isolator according to one embodiment of the
present invention. Optical isolator 10 is based on a micro-
disk resonator and operates in a manner similar to a
wavelength routing switch. Optical isolator 10 includes
first and second waveguides constructed in a substrate
14 and a microdisk resonator optimally coupled to the
waveguides. The waveguides are shown at 12 and 13,
and the resonator is shown at 11.
[0013] Microdisk resonator 11 will couple energy from
waveguide 13 to waveguide 12 only if the wavelength of
the optical signal propagating in the input waveguide
matches one of the resonant wavelengths of the traveling
wave mode in microdisk resonator 11. At resonance,
complete energy transfer occurs between the input and

output waveguides. The passband bandwidth of the iso-
lator is determined by the coupling coefficient between
the waveguide and the resonator and the loss in the res-
onator.
[0014] The resonant wavelengths of the disk resonator
are given by

where ne is the effective index of the mode in microdisk
resonator 11, d is the diameter of microdisk resonator 11
and m is an integer value. The free spectral range of the
resonator modes is given by

where c is the speed of light and d is the radius of the
microdisk resonator.
[0015] In the arrangement shown in Figure 1, a light
signal entering input waveguide 13 will traverse the
microdisk resonator in the counterclockwise direction
and exit via output waveguide 12. A light signal traveling
in the wrong direction, i.e., entering output waveguide
12, will traverse the microdisk resonator in the clockwise
direction. This light signal must be blocked from re-en-
tering the input waveguide 13.
[0016] To provide the isolation function, the microdisk
resonator is constructed such that the index of refraction
for light traveling in the counterclockwise direction of trav-
el around microdisk resonator 11 is different from the
index of refraction for light traveling in the clockwise di-
rection. Hence, the resonant wavelength of microdisk
resonator 11 for light traveling in the clockwise direction
will be different than the resonant wavelength for light
traveling in the counter clockwise direction. Assume that
the microdisk resonator is constructed to have a reso-
nance for light entering the input waveguide 13 and tra-
versing the microdisk resonator in the counterclockwise
direction. This light will be transferred to the output
waveguide 12. Light of the same wavelength entering
waveguide 12 will traverse the microdisk resonator in the
clockwise direction. Since the index of refraction in the
clockwise direction is different from that in the counter
clockwise direction, this light will not be at a resonance
of the microdisk resonator. Accordingly, the light entering
the output waveguide 12 will not be transferred to
waveguide 13. This light will merely exit the isolator at
the other end of waveguide 12.
[0017] This asymmetry in the index of refraction expe-
rienced by light traveling in the different directions around
the microdisk is accomplished by providing a layer 15 of
ferromagnetic material such as iron-doped Indium Phos-
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phide, Fe:InP, as part of the microdisk material and ap-
plying a magnetic field B to this layer. The refractive index
of the ferromagnetic material in the microdisk resonator
is a function of the applied magnetic field at each location
around the microdisk. The light traveling in a direction
parallel to the magnetic field will experience a different
index of refraction than the light traveling in the opposite
direction.
[0018] Refer now to Figure 2, which is a top view of a
microdisk resonator 50 that includes a ferromagnetic ma-
terial as described above and which has an applied mag-
netic field limited to region 51 in the direction shown by
the arrow in region 51. To simplify the following discus-
sion, assume that the magnetic field is limited to a region
51. For the purposes of this discussion, assume that the
index of refraction in the portion of the microdisk outside
of region 51 is n, and the presence of the magnetic field
changes the index to n+∆n if the light is traveling in the
same direction as the arrow in region 51, and n-∆n if the
light is traveling in the opposite direction in region 51.
The light traveling in the clockwise direction as shown at
52 will experience an index of refraction that is higher
than light traveling in the counterclockwise direction as
shown at 53.
[0019] It should be noted that if the magnetic field were
uniformly applied to the entire disk, no difference in the
average index of refraction for the two directions of light
travel would result. Refer to Figure 3, which is a top view
of microdisk resonator 50 in a uniform magnetic field.
Consider light traveling through region 61. The light
traveling in the counterclockwise direction will experi-
ence an increased index of refraction relative to light
traveling in the clockwise direction in this region. How-
ever, there is a corresponding region 62 in which light
traveling in the counterclockwise direction will experi-
ence a decreased index of refraction relative to light
traveling in the clockwise direction. As a result, light
traveling in each direction will experience an average in-
dex of refraction of n, and no asymmetry will be present.
[0020] If, however, the magnetic field in region 62 is
less than that in region 61, a net difference in the average
index of refraction experienced by light traveling in the
two directions will be achieved. For example, a magnetic
field in which the field points in the same direction and
the field strength varies over the microdisk can be utilized.
Similarly, a magnetic field having circular field lines can
be utilized.
[0021] The magnetic field and microdisk size and ma-
terial are chosen such that the resonance frequency of
the microdisk for light traveling in the counterclockwise
direction matches the wavelength of the input signal that
enters waveguide 13. The passband is chosen such that
any reflected signal that enters waveguide 12 in the di-
rection of travel opposite to that of the output signal will
not be sufficiently off resonance to block the light from
being transferred to the input waveguide. Hence, such
reflected signals will exit waveguide 12 through the other
end of waveguide 12 and not be transferred to waveguide

13.
[0022] The microdisk shown in Figure 1 may also in-
clude a mechanism for fine tuning the resonant frequency
of the microdisk to adjust the wavelength of the light that
is to be coupled from the input to output waveguides. In
principle, the microdisk can be fabricated with dimen-
sions that set the resonance wavelength. However, em-
bodiments in which some tuning mechanism is also in-
cluded have the advantage of allowing fine-tuning to
compensate for any variations in resonance wavelength
due to temperature or small fabrication anomalies. For
example, a small heating element 17 may be included
on the substrate or on the microdisk to adjust the oper-
ating temperature of the microdisk. Since the index of
refraction of the microdisk material varies with tempera-
ture, a change in operating temperature can be utilized
to fine-tune the resonant wavelength of the microdisk.
[0023] The refractive index can also be fine-tuned by
injecting current into an active region in the microdisk.
This causes a change in the refractive index due to the
free carrier or plasma effect.
[0024] The embodiments discussed above with refer-
ence to Figure 1 require the generation of a non-uniform
magnetic field in the microdisk resonator. Since the di-
mensions of the microdisk are small, generating a mag-
netic field that varies sufficiently over the small dimen-
sions of the resonator can be problematic. Accordingly,
embodiments in which the applied magnetic field is sub-
stantially uniform provide distinct advantages.
[0025] Refer now to Figure 4, which illustrates an op-
tical isolator 20 according to another embodiment of the
present invention in which the applied magnetic field may
be a uniform field. In this embodiment, an extended disk
resonator 21 having a layer 24 of ferromagnetic optically
transparent material, such as the Fe:InP discussed
above, is utilized on a substrate 44 having the input and
output waveguides. A layer 22 of ferromagnetic metal is
deposited on one side of the coupling region. A uniform
magnetic field is applied to optical isolator 20 in the di-
rection shown by the arrow at 23. The layer of ferromag-
netic metal alters the magnetic field in the region of the
layer, and hence, provides the required non-uniformity
in the magnetic field.
[0026] Another method of generating a non-uniform
field is to magnetize the ferromagnetic layer so that the
ferromagnetic layer becomes the source of the magnetic
field. For example, if a magnetic field is applied to an
unmagnetized layer of ferromagnetic material, a magnet-
ization corresponding to the alignment of the ferromag-
netic domains in the material will be created. Hence, dur-
ing fabrication, layer 22 is deposited as an unmagnetized
layer. The isolator is then exposed to a magnetic field
oriented parallel to the ferromagnetic layer to magnetize
the ferromagnetic material. The net magnetization that
remains after the applied field is removed depends on
the magnetization curve of the ferromagnetic material.
Temperature cycling with an applied magnetic field will
enhance the magnetization. The net magnetization that
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is stored in the ferromagnetic material provides a self-
generating magnetic field used to provide the Faraday
rotation, and hence, the applied field shown at 23 is not
needed. It should be noted that this field only exists on
the side of the coupling section having layer 22. Another
effect of the ferromagnetic material is that under an ap-
plied magnetic field the effective refractive index of the
waveguide layer is modified through the magneto-optic
Kerr effect yielding non-identical propagation constants
for clockwise and counterclockwise directions. Ferro-
magnetic metals such as Iron, Cobalt, Nickel or their al-
loys may be used for layer 22. The metal layer is prefer-
ably deposited on top of a layer of dielectric material.
[0027] This extended resonator geometry has the ad-
ditional advantage of providing parallel boundary seg-
ments 27 for the coupling of the light between the reso-
nator and the waveguides. Such an arrangement allows
finer control of the bandwidth of the isolator. Accordingly,
geometries such as the extended disk geometry that
have such parallel boundary segments are preferred.
However, the same inclusion of a region of ferromagnetic
metal over a portion of the disk can be utilized in a circular
microdisk such as shown in Figure 1 to provide the de-
sired magnetic field conversion. Similarly, an embodi-
ment having the extended disk configuration, but no fer-
romagnetic metal layer, can be utilized with a non-uni-
form magnetic field generator to provide the improved
control of the light coupling.
[0028] The above-described embodiments of the
present invention utilize passive waveguides as the input
and output waveguides. However embodiments in which
one or both of the waveguides have gain sections to com-
pensate for losses in the waveguides and the microres-
onator can also be constructed. Since the construction
of waveguides having such gain sections is known to the
art, the details of this type of waveguide will not be dis-
cussed in detail here.
[0029] The present invention provides a number of ad-
vantages over optical isolators based on Faraday rota-
tors. A fabrication process with high yield that is similar
to that used for lasers can be utilized. Since long inter-
action lengths are not required to achieve good optical
isolation, the size of the device is substantially reduced.
For example, resonators with diameters as small as 5
Pm can be utilized. The present invention also does not
rely on the traditional TM to TE rotation to provide optical
isolation, and hence, does not require polarized light.
[0030] Furthermore, an optical isolator according to
the present invention can be readily integrated into other
microresonator based devices such as single frequency
lasers, tunable lasers, modulators, add drop multiplexers
etc. yielding a complete integration platform for multifunc-
tion photonic integrated circuits.
[0031] The above-described embodiments of the
present invention utilize a vertical coupling arrangement
to couple the microresonator to the waveguides. In such
embodiments, the coupling constant is determined by
the thickness of the layer between the tops of the

waveguides and the bottom of the microresonator. This
thickness can be precisely controlled during the fabrica-
tion process.
[0032] Methods for fabricating a microresonator on top
of two waveguides are known to the art and hence, will
not be discussed in detail here. For example, a method
for constructing a microdisk resonator that is vertically
coupled to two waveguides is taught in co-pending US
Patent Application 10/227,000. Methods that depend on
the fusion of two substrates are also known to the art
("High-Q Vertically Coupled InP Microdisk Resonators",
by Kostadin Djordjev, Seung-June Choi, Sang-Jun Choi,
and P. D. Dapkus, IEEE PHOTONICS TECHNOLOGY
LETTERS, 2002, pp. 1-3.
[0033] While the preferred embodiment of the present
invention utilizes a vertically coupled microresonator,
embodiments in which the microresonator is located be-
tween the waveguides and in the same plane as the
waveguides can also be constructed. Optical switches
having this geometry are known to the art, and hence,
embodiments having this geometry will not be discussed
in detail here. For example, such devices are taught in
U.S. Patent 6,052,495.
[0034] As noted above, the present invention requires
the application of a magnetic field to the microdisk reso-
nator. A permanent magnet or an electromagnet can gen-
erate the magnetic field. An electromagnet has the ad-
vantage of allowing the pass direction of the isolator to
be reversed. Referring now to Figure 5, which illustrates
an optical isolator 100 according to another embodiment
of the present invention, optical isolator 100 includes a
substrate 108 having two waveguides and a microdisk
resonator 107. Microdisk resonator 107 preferably in-
cludes a ferromagnetic metal element similar to the one
described above with reference to Figure 4. The mag-
netic field used to provide the index of refraction asym-
metry is generated by an electromagnet 110 that is pow-
ered by current source 109. The direction of the magnetic
field is determined by a direction signal that sets the di-
rection of current flow in electromagnet 110. Referring
again to Figure 1, in one field direction, light is passed
from waveguide 13 to waveguide 12, and light traveling
in the reverse direction is blocked. In the other field di-
rection, light passes from waveguide 12 to waveguide
13, and the light traveling in the reverse direction is
blocked.
[0035] The above-described embodiment utilizes one
magnetic field generator per optical isolator. However,
optical circuits in which a number of optical isolators
share the same magnetic field generator can also be con-
structed. Such optical circuits are more easily construct-
ed with embodiments of the present invention that utilize
a uniform external magnetic field. In this regard, it should
be noted that the direction of travel around the microdisk
that corresponds to the pass direction is arbitrary. By
altering either the microdisk diameter, the location of the
ferromagnetic metal patch, or the index of refraction of
the microdisk material, an optical isolator having the re-
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verse pass direction can be obtained while maintaining
the same direction for the external applied magnetic field.
[0036] The above-described embodiments of the
present invention have utilized microresonators with par-
ticular geometric configurations, i.e., microdisks and ex-
tended microdisks. However, other geometric configura-
tions can be utilized. The above-described embodiments
require the creation of sub-micron features. To minimize
bend losses, the microdisk resonator requires a large
change in the index of refraction between the boundary
of the resonator and the surrounding medium. This is
accomplished by etching the area around the resonator
and waveguide. Unfortunately, this forces the width of
the waveguide to be less than 0.5 Pm. If the waveguide
is wider, the waveguide would support multiple modes.
While such structures are within the range of current man-
ufacturing techniques, the cost of the submicron fabrica-
tion substantially increases the cost of the modulator. In
addition, coupling into these narrow high index contrast
waveguides from external optical fibers is difficult due to
the different mode sizes. As a result, the coupling loss
into the modulator increases.
[0037] Embodiments in which submicron structures
are avoided can be constructed by using folded cavity
resonators that do not require a large difference in index
of refraction.
Referring now to Figure 6, which is a simplified top view
of a folded cavity resonator 201 coupled to waveguides
210 and 211 that may be used in place of the extended
microdisk structures discussed above, resonator 201 is
constructed from straight waveguides 202 and 90 degree
turning mirrors 203. The advantage of this configuration
is that low index contrast waveguides may now be uti-
lized, and hence, the maximum waveguide width that will
be limited to one mode is much larger. Typically, the
waveguide widths are on the order of 1-2 Pm for
waveguides constructed from Group III-V materials.
[0038] Referring now to Figures 7 and 8, wherein Fig-
ure 7 is a prospective view of a folded cavity resonator
coupled to a linear waveguide, and Figure 8 is a magni-
fied portion of the region of Figure 7 shown at 260, the
resonator is constructed by fabricating a layer that in-
cludes the cladding layers for the waveguides on top of
a substrate 255, which includes the lower cladding layer.
A silicon dioxide layer is deposited on top of these layers.
The silicon dioxide layer is then patterned to define the
ridge waveguides, 251 and 271, which is formed by etch-
ing into the top cladding layer. A similar ridge waveguide
252 is patterned over the region that is to become the
folded mirror resonator. The mirrors in the folded mirror
resonator are then created by etching holes from the sur-
face of the layered structure through the region 254 and
into substrate 255. The surface of this hole provides a
boundary having a large change in index of refraction
that acts as a turning mirror with a high reflection coeffi-
cient, for example, a reflection coefficient greater than
0.9. After formation of the ridge waveguides and turning
mirrors, the layer 275 of ferromagnetic material dis-

cussed above is deposited on the surface of the folded
resonator nearest waveguide 251.
[0039] Various modifications to the present invention
will become apparent to those skilled in the art from the
foregoing description and accompanying drawings. Ac-
cordingly, the present invention is to be limited solely by
the scope of the following claims.

Claims

1. An optical isolator (10, 20) comprising:

- a first optical waveguide (13);
- a second optical waveguide (12);
- a resonator (11, 21,201) coupled to said first
and second optical waveguides (12, 13), said
resonator (11, 21,201) comprising a layer (15,
24) of ferromagnetic material placed in an ap-
plied magnetic field, producing an asymmetric
index of refraction: within said layer (15,24),
such that the resonator (11, 21, 201) has a res-
onance at a wavelength λ for light traveling from
said first optical waveguide (13) to said second
optical waveguide (12) and said resonator (11,
21,201) has no resonance at said wavelength λ
for light traveling from said second optical
waveguide (12) to said first optical waveguide
(13).

2. The optical isolator (10, 20) of Claim 1 wherein said
resonator (11, 21,201) comprises a microdisk reso-
nator (11,21).

3. The optical isolator (10, 20) of Claim 1 wherein said
resonator (11, 21,201) comprises a folded cavity res-
onator (201).

4. The optical isolator (10, 20) of Claim 1 wherein said
resonator (11, 21,201) comprises an edge (27) that
is parallel to an edge of said first optical waveguide
(13).

5. The optical isolator (10, 20) of one of the preceding
claims wherein said ferromagnetic material (15)
comprises Fe:InP.

6. The optical isolator (10, 20) of one of the preceding
claims wherein said ferromagnetic material has a net
magnetization which generates a magnetic field
along the direction of propagation of the light signal
around the resonator.

7. The optical isolator (10, 20) of one of the preceding
claims wherein a net magnetization is created on
said ferromagnetic material.

8. The optical isolator (10, 20) of one of the preceding
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claims wherein said applied magnetic field varies in
intensity or direction over said layer (15, 24) of fer-
romagnetic material.

9. The optical isolator (10, 20) of one of the preceding
claims wherein said resonator (11, 21, 201) further
comprises a layer (22) of a ferromagnetic metal over-
lying a portion of said layer (15, 24) of ferromagnetic
material, and wherein said applied magnetic field is
constant in direction and magnitude over said layer
(15, 24) of ferromagnetic material, said portion being
less than all of said layer (15, 24) of ferromagnetic
material.

10. The optical isolator (10, 20) of one of the preceding
claims wherein said first waveguide and said second
waveguide are located in a planar substrate (44) and
wherein said resonator (11, 21,201) overlies said first
and second waveguides and is vertically coupled to
said first and second waveguides.

11. The optical isolator (10, 20) of one of the preceding
claims further comprising a magnetic field generator
(110) for generating said applied magnetic field.

12. The optical isolator (10, 20) of Claim 11 wherein said
applied magnetic field has a direction that is selecta-
ble by a control signal.

Patentansprüche

1. Ein optischer Isolator (10, 20) aufweisend:

einen ersten optischen Wellenleiter (13),
einen zweiten optischen Wellenleiter (12),
einen Resonator (11, 21, 201), welcher mit dem
ersten und dem zweiten optischen Wellenleiter
(12, 13) gekoppelt ist, wobei
der Resonator (11, 21, 201) eine Schicht (15,
24) aus ferromagnetischem Material aufweist,
das in einem angelegten magnetischen Feld
platziert ist, welches innerhalb der Schicht (15,
24) einen asymmetrischen Brechungsindex er-
zeugt, so dass
der Resonator (11, 21, 201) für Licht, das von
dem ersten optischen Wellenleiter (13) zu dem
zweiten optischen Wellenleiter (12) läuft, eine
Resonanz bei einer Wellenlänge λ hat und der
Resonator (11, 21, 201) für Licht, das von dem
zweiten optischen Wellenleiter (12) zu dem er-
sten optischen Wellenleiter (13) läuft, keine Re-
sonanz bei dieser Wellenlänge λ hat.

2. Der optische Isolator (10, 20) gemäß Anspruch 1,
wobei der Resonator (11, 21, 201) einen Mikrodisk
Resonator (11, 21) aufweist.

3. Der optische Isolator (10, 20) gemäß Anspruch 1,
wobei der Resonator (11, 21, 201) einen gefalteten
Hohlraumresonator (201) aufweist.

4. Der optische Isolator (10, 20) gemäß Anspruch 1,
wobei der Resonator (11, 21, 201) eine Kante (27)
aufweist, die parallel zu einer Kante des ersten op-
tischen Wellenleiters (13) verläuft.

5. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei das ferromagneti-
sche Material (15) Fe:InP aufweist.

6. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei das ferromagneti-
sche Material (15) eine Nettomagnetisierung auf-
weist, die ein magnetisches Feld entlang der Rich-
tung der Fortpflanzung des Lichtsignals um den Re-
sonator herum erzeugt.

7. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei auf dem ferroma-
gnetischen Material eine Nettomagnetisierung er-
zeugt ist.

8. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei das angelegte ma-
gnetische Feld in seiner Intensität oder Richtung
über der Schicht aus ferromagnetischem Material
variiert.

9. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei der Resonator (11,
21, 201) ferner eine Schicht (22) aus einem ferro-
magnetischen Metall aufweist, welches über einen
Abschnitt der Schicht (15, 24) aus ferromagneti-
schem Material übersteht, und wobei das angelegte
magnetische Feld in seiner Richtung und in seiner
Stärke über der Schicht (15, 24) aus ferromagneti-
schem Material konstant ist, wobei der Abschnitt klei-
ner ist als die gesamte Schicht (15, 24) aus ferroma-
gnetischem Material.

10. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, wobei der erste Wellenlei-
ter (13) und der zweite Wellenleiter (12) in einem
planaren Substrat (44) angeordnet sind und wobei
der Resonator (11, 21, 201) über den ersten und den
zweiten Wellenleiter übersteht und vertikal mit dem
ersten und dem zweiten Wellenleiter gekoppelt ist.

11. Der optische Isolator (10, 20) gemäß einem der vor-
angehenden Ansprüche, ferner aufweisend eine
Magnetfelderzeuger (110) zum Erzeugen des ange-
legten magnetischen Feldes.

12. Der optische Isolator (10, 20) gemäß Anspruch 11,
wobei das angelegte magnetische Feld eine Rich-
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tung aufweist, die mittels eines Steuersignals aus-
wählbar ist.

Revendications

1. Isolateur optique (10, 20) comprenant :

- un premier guide d’ondes optique (13) ;
- un deuxième guide d’ondes optique (12) ;
- un résonateur (11, 21, 201) couplé auxdits pre-
mier et deuxième guides d’ondes optiques (12,
13), ledit résonateur (11, 21, 201) comprenant
une couche (15, 24) de matériau ferromagnéti-
que placée dans un champ magnétique appli-
qué, produisant un indice de réfraction asymé-
trique à l’intérieur de ladite couche (15, 24) de
telle sorte que le résonateur (11, 21, 201) a une
résonance à une longueur d’onde λ pour une
lumière se déplaçant depuis ledit premier guide
d’ondes optique (13) jusqu’audit deuxième gui-
de d’ondes optique (12) et ledit résonateur (11,
21, 201) n’a pas de résonance à ladite longueur
d’onde λ pour une lumière se déplaçant depuis
ledit deuxième guide d’ondes optique (12) jus-
qu’audit premier guide d’ondes optique (13).

2. Isolateur optique (10, 20) selon la revendication 1
dans lequel ledit résonateur (11, 21, 201) comprend
un résonateur (11, 21) de microdisque.

3. Isolateur optique (10, 20) selon la revendication 1
dans lequel ledit résonateur (11, 21, 201) comprend
un résonateur (201) à cavité repliée.

4. Isolateur optique (10, 20) selon la revendication 1
dans lequel ledit résonateur (11, 21, 201) comprend
un bord (27) qui est parallèle à un bord dudit premier
guide d’ondes optique (13).

5. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel ledit matériau ferro-
magnétique (15) comprend du Fe:InP.

6. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel ledit matériau ferro-
magnétique présente une magnétisation nette qui
génère un champ magnétique dans la direction de
propagation du signal lumineux autour du résona-
teur.

7. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel une magnétisation
nette est créée sur ledit matériau ferromagnétique.

8. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel ledit champ magné-
tique appliqué varie en intensité ou en direction sur

ladite couche (15, 24) de matériau ferromagnétique.

9. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel ledit résonateur (11,
21, 201) comprend en outre une couche (22) d’un
métal ferromagnétique reposant sur une partie de
ladite couche (15, 24) de matériau ferromagnétique,
et dans lequel ledit champ magnétique appliqué est
constant en direction et en magnitude sur ladite cou-
che (15, 24) de matériau ferromagnétique, ladite par-
tie étant plus petite que l’ensemble de ladite couche
(15, 24) de matériau ferromagnétique.

10. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes dans lequel ledit premier guide
d’ondes et ledit deuxième guide d’ondes sont situés
dans un substrat plan (44) et dans lequel ledit réso-
nateur (11, 21, 201) repose sur lesdits premier et
deuxième guides d’ondes et est verticalement cou-
plé auxdits premier et deuxième guides d’ondes.

11. Isolateur optique (10, 20) selon l’une des revendica-
tions précédentes comprenant en outre un généra-
teur (110) de champ magnétique permettant de gé-
nérer ledit champ magnétique appliqué.

12. Isolateur optique (10, 20) selon la revendication 11
dans lequel ledit champ magnétique appliqué pré-
sente une direction qui peut être sélectionnée par
un signal de commande.
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