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' These feature bistable magneto-optical Faraday rotators, which do not
requi re any pernmanent energy supply, but require energy solely for the
process of switching between the stable states. The bistability is based in
this case on the magnetic hysteresis,.p.e. on the ability of certain
magnet i ¢ naterlals to remain in a magnetised state after nagnetising up to
saturation . The neto-optical (MD) nmaterials used in this study
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' -4 addition to this, only two stable states exist (according to the two
directions of saturation nmagnetisation), which do not change after the
switching off of the external magnetic field. The node of operation of the
rotator is inproved according to the igvention, insofar as domains of both
orientations (i.e. at least two domains with differing orientation) are
already present in the stable states of the rotator which are unchangi ng
after the di sconnection of the external magnetic field. The existence of
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* Further features and advantages of the invention are explained hereinafter,
especially on the basis of the partially diagrammtic draw ngs. Fig. 1
shows a nulti-stable swtching el enent according to the present invention,
Frg. 2 a mul ti-stable rotator with perqranent magnets for use in a switching
el enent according to the present invention, Fig. 3 a nulti-stable swi tching
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» 6. The switching el enent according to one or nore of Clains 2 to 5,
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In another embodiment of the invention according to Fig. 2, the scratches used for the fixing of
the domains are combined with an inhomogeneous magnetic field. This field is created by
permanent magnets (5) and is used for fixing the domain structure. In this way, the embodiments
and the dynamic properties of the rotator are extended. The speed of the domain wall motion
increases with an increase in the magnetic field (in a broad range of velocities, proportionality
between these quantities takes place). The shorter the switching times are intended to be, the
higher the magnetic field pulse must be. Excessively high magnetic fields can, however, produce
irreversible domain displacements, such as, for example, the creation of new domains. The
imposition of a gradient-shaped magnetic field stabilizes the domain walls and limits their
movability. The gradient field is created by two pairs of small permanent magnets. The magnetic
field generated by each pair has opposite polarity, and the rotator is divided into two domains. In
the absence of other magnetic fields, the domain wall is located at the place at which the gradient
field passes through zero (zero field line): a stable state of the switch (corresponding to Set 2 in
Fig. 1). The scratches are applied on both sides of this line. They represent straight lines parallel
to the zero field line. Under the action of a magnetic field pulse, the domain wall reaches a specific
scratch, If the pinninig is strong enough, the domain wall remains held at this scratch after the
end of the pulse. This results in stable states, corresponding to the sets of scratches.

In a broad range of the external magnetic fields the absolute value of the rotation of the
polarization plane in the domains is independent of the strength of magnetic field, and accordingly
the function of the rotator is not affected by the inhomogeneity of external magnetic fields.
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The changes in the domain structure between the stable states are of a regular nature. They
consist of the displacement of the domain walls and do not cause any undesired light fluctuations.

The shortest switching times of the rotator are mainly limited by the minimum duration of the
single magnetic field pulses; they lie in the ns-range.

Fig. 3 shows the diagram of a switch based on a multi-stable optical rotator. The thickness of the
orthoferrite platelet 1 is selected in such a way that the polarisation plane of the light initially
transmitted by a polarizer 7 is rotated through 45°. The sign of the rotation depends on the
domain through which the light passes. If the light passes through domains with the
magnetisation anti-parallel to the propagation direction of the light, then a rotation takes place in
the clockwise direction. After passing through a polarisation separating element (6), the light
propagates in the horizontal direction. If the light passes through the oppositely magnetised
domain, the polarisation plane rotates through -45° and, after passing through a polarisation
separating element (6), the light is propagated in a vertical direction.

Fig. 4 shows a diagram of an optical shutter, based on the multistable rotator. In the case a), the
polarised light beam is extinguished by the analyser (8). In the case b), a part of the light beam
passes through the analyzer 8, namely precisely the part which is passed through the domain
magnetised parallel to the propagation direction of the light. In case c), the whole light beam is
allowed to pass through the analyzer 8.

As already indicated in the preamble, instead of the surface scratches in the crystal of the rotator
for stabilizing the domains, other lattice deviations can also be provided for, such as cavities
provided in the interior of the crystal, foreign inclusions, or the like, or even, in specific areas,
changes in doping concentration. Instead of such lattice deviations extending in linear fashion over
the crystal, it is also possible to operate with other forms or arrangements of such lattice
deviations; also possible are delimited areas, broken lines, etc., whereby it needs only to be
ensured that these areas are suitable for fixing the domain walls after the disconnection of an
external magnetic field. As long as magnetic domains of both signs remain in the rotation crystal,
in the stable state of the magneto-optic switching element which is thus derived, then the
advantages of the invention otherwise mentioned will also be retained in full.
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L #$%&' () *said- ddrfdiBS HBitig 32 pable of GMBEDIERG for sw1tch|ng into another stable state by the
imposition of an external magnetic field without the creation of additional domains.

2. The switching element according to Claim 1, characterised in that, for the stabilization of
domains in the absence of an external magnetic force, lattice deviations of the crystal are
provided for, in order to fix the domain walls thereto.

3. The switching element according to Claim 2, characterised in that the lattice deviations are
formed from surface scratches, grooves, slots, or the like on the crystal.

4. The switching element according to Claim 2, characterised in that the lattice deviations are
formed from cavities, drillholes, foreign inclusions and the like in the interior of the crystal.

5.. The switching element according to Claim 2, characterised in that the lattice deviations are
formed by doping the crystal area by area or by doping changes of the crystal.

6. The switching element according to one or more of Claims 2 to 5, characterised in that on
both sides of the domain walls several lattice deviations are provided at given intervals,
corresponding to several stable states of the crystal.

7. The switching element according to one or more of Claims 2 to 6, characterised in that the
crystal is cut essentially perpendicular to the optical axis, and is orthoferrite arranged
essentially parallel with this to the direction of the penetrating light beam.

8. The switching element according to Claim 7, characterised in that the lattice deviations
extend essentially linear and at least approximately perpendicular to the crystallographic a-
axis of the crystal.

9. The switching element according to one or more of Claims 1 to 8, characterised in that a
magnetic gradient field which passes through zero in the area of the crystal is permanently
imposed on the crystal, for preference by means of at least a pair of permanent magnets.

10.  The use of a switching element according to one or more of Claims 1 to 9 as multistable
optical switch, shutter, modulator, or attenuator.



