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[57] ABSTRACT

The invention relates to a device for magneto-optic
memories controlled by light and/or heat in an external
magnetic field, in which the magneto-optic material of
the memory has a photoconductive layer which can be
activated by the control beam and which can be con-
trolled by means of electrodes provided thereon via a
current or voltage source.

10 Claims, 3 Drawing Figures
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MAGNETO-OPTICAL INFORMATION STORAGE
DEVICE USING PHOTOCONDUCTIVE CONTROL
ELEMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

The invention relates to an information storage de-
vice having a storage plate of a magneto-optic matenal
which can be controlled by means of a light beam.

The use of magneto-optic memory materials, for ex-
ample, manganese-bismuth or iron garnet, in the form of
thin films for the erasable storage of optically presented
information in optic memory systems 1s known (L.E-
.E.E. Trans. Mag-9,66 (1973): MnB1 films for magneto-
optic recording: Appl. Phys. Lett. 20, 451 (1972): Ther-
momagnetic recording in thin garnet layers). The stor-
age material 1s magnetized at right angles to the storage
plane in a positive or in a negative direction. A given
information state corresponds to a given distribution of
the magnetization in the layer; for example, a region
magnetized in a positive direction represents a binary
information unit “1”’, whereas a region magnetized In
the reverse direction represents a binary “0”, or con-
versely,

The storage material is divided into a large number of
magnetic domains, the storage sites, the magnetization
state of which represents the information state. In prac-
tice the cross-section of a storage site 1s between 1 and
10 um. So storage densities of 10° bits/cm? or more are
reached.

The recording of information occurs by directing a
focused laser beam on a storage site. The storage mate-
rial 1s heated by the absorbed light energy in the region
of the exposed zone. The heating produces a consider-
able reduction of the anisotropy field in the exposed
region. The stability of the direction of the magnetiza-
tion present thereby becomes smaller. This enables the
reversal of the direction of magnetization in the exposed
regions by the short-lasting switching-on of an external
magnetic field. In practice there will be operated mainly
in the proximity of the Curie temperature (for example,
in manganese-bismuth). The local thermomagnetic
switching may also take place advantageously in the
proximity of the compensation temperature (for exam-
ple, in garnet matenals). After switching-off the Jaser
beam, a new magnetization direction with great stability
adjusts upon cooling. Due to the small s1ze of a storage
site, said process of heating and cooling must take place
very rapidly in order that a reversal of the magnetiza-
tion in a storage site be reached before the supplied
thermal energy has flowed away to adjacent regions. In
materials which are useful 1n practice, for example, in
iron garnet materials, said time for the envisaged size of
a storage site lies below 10 usec. A characteristic value
of the energy to be supplied 1s 0.1 to 1 Erg per storage
site to obtain the desired temperature increase. This
involves that for recording information in a storage site,
for example, within 1 usec a laser power of at least
10-100mW is required. It is endeavoured in practical
memory systems to record large quantities of informa-
tion in a short period of time. This is achieved, for ex-
ample, by arranging a larger number of storage sites in
parallel. It is obvious that in that case, however, due to
the required switching power, very large laser powers
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are necessary which can be supplied only by expensive
lasers having a high output power.

It is the object of the present invention to reduce the
light energy required for switching known magneto-op-
tic materials. According to the invention this 1is
achieved in that a photoconductive layer is provided on
the magneto-optic material of the storage plate, which
layer can be activated by the light beam and which can
be controlled by means of electrodes provided thereon
via a current or voltage source.

By means of a photoconductor as a light-sensitive
switching element, the actual energy for switching a
storage site 1s no longer derived from the light energy
but from an electric source.

In addition to the increase of the photosensitivity
which is possible by using a photoconductor, the partic-
ular advantage of the device according to the invention
resides in the fact that as a result of the electronic heat-
ing the power required for switching need no longer be
obtained by absorption of light in the magneto-optic
material and hence the composition of the magnetic
material can be optimized with a view to a maximum
read-out signal, so, for example, in the direction of a
light absorption a which is as small as possible with a
Faraday effect which is as large as possible (that is to
say with a maximum “figure of merit” F/a).

Notably this 1s of particular advantage in Bi-sub-
stituted ferrimagnetic garnet fims which for thermo-
magnetic switching were so far grown in Pb-containing
melts, in order to obtain a light absorption which s
sufficient for the heating by incorporating Pb. Said
layers can now be manufactured without Pb so that the
figure of merit 1s considerably increased.

The invention will now be described in greater detail
with reference to the accompanying drawing, in which:

FIG. 1 tllustrates a known magneto-optic information
storage device, and

FIGS. 2 and 3 show storage devices with photocon-
ductors according to the invention.

In the storage device shown in FIG. 1 the magneto-
optic storage plate SP is surrounded by a coil SM for
generating an external magnetic field. The storage plate
SP can be magnetized in the positive or the negative
direction dependent on the current direction of the
current source SQ).

The laser beam LS directed on a storage site, for
example a domain SD, serves to record information.
The switching of the direction of magnetization in the
exposed regions takes place by means of the magnetic
field applied for a short time by the coil SM.

FIG. 2 shows a first embodiment of a storage plate to
be used 1n the device according to the invention. The
magneto-optic material 2, for example the said iron
garnet, provided on a substrate 1 has a light-permeable
electrode 3. On the electrode 3 is present a photocon-
ductor 4, for example of cadmium sulfide, which on its
surface i1s covered with a transparent electrode §. For
switching the magneto-optic material 2 the surface to be
switched of the device consisting of several layers is
illuminated by a laser beam 6 which can be deflected.
As a result of this the photoconductor 4 becomes con-
ductive in the illuminated place. When a voltage is
applied to the transparent electrodes 3, 3, a current
flows in the photoconductor 4, the strength of which
depends upon the irradiated light power. It 15 assumed
that the resistance of the photoconductor 4 in the unex-
posed condition has such a high value that unexposed
zones remain non-conductive. In accordance with the
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product current times voltage, a power is converted 1n
the photoconductor 4 which results in the rise of the
temperature in the photoconductor in the exposed
place. Besides by switching with a direct voltage source
7, an effective generation of heat due to energy losses in
photoconductors is also possible with an alternating
voltage and high frequency voltage, respectively, in
particular when, as a result of this, resonance move-

ments of the charge carriers are excited. As a result of

this the ratio between electric power and light power
can even be increased. The produced thermal energy
flows to the adjacent region of the magneto-optic stor-
age material by thermal conductivity so that this i1s also
heated. By means of the applied voltage the generated
thermal energy can be adjusted so that a sufficient tem-
perature increase in the storage material 2 1s obtained. A
short-lasting temperature increase is achieved in that
the voltage across the photoconductor 4 is switched on
only for a short period of time. The energy for switch-
ing the storage material 2 is thus derived from the elec-
tric source, the irradiated light being used only as a
control parameter. The described device thus combines
the storage power of the magneto-optic material with
the known photosensitivity of a photoconductor so that
information can be recorded with a very low light
power.

A second embodiment of the storage plate to be used
in the device according to the invention 1s shown in
FIG. 3. In this case the magneto-optic material has an
interdigitated structure of electrodes 8, 9 which serve to
supply the electric energy. The distance between ad)a-
cent interdigitated elements 8', 9' should be smaller than
the focus diameter of the control beam. The photocon-
ductor 4 is provided on said structure. When the photo-
conductor 4 is exposed to light, a current flows through
tthe photocorductor 4 in the region of the exposed zone
10 between each time two electrodes of the interdigi-
tated structure which are connected to the two termi-
nals of the voltage and current source 7', respectively.
In the same manner as already described above, a local
heating of the magneto-optic material 2 is thus obtained.
Other electrode forms are of course feasible within the
scope of the described embodiments. |

In order to enable the reading out of the stored infor-
mation by means of the Faraday effect in transmission,
the photoconductor 4 must pass the irradiated light at
least partly. When using non-transparent photoconduc-
tors, the magnetization condition can be established
optically in reflection by means of the Kerr effect. Both
partly transparent and non-transparent photoconduc-
tors are therefore useful in principle.
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As explained above, within the scope of the invention
there is thus available, besides light and magnetic field,
a third control parameter as a result of which another
degree of freedom, in particular with respect to a block-
wise optical addressing, 1s obtained.

What is claimed is:

1. [An] In an information storage and retrieval de-
vice comprising [a] an information storage plate of [a
magnetizable ] magneto-optic material, [ means includ-
ing a light beam] means for heating selected area of said
storage plate, means to produce a magnetic field to effect
storage within one of the heated areas of a value repre-
sented by one of two stable orientations, and means utiliz-
ing a magneto-optical effect for [ recording and} retriev-
ing information [in] from said storage plate, the im-
provement comprising a photoconductive layer on the
magneto-optic material of the storage plate, and elec-
trode means on said photoconductive layer, said heating
means including the combination of optical means for
positioning a spot of activating radiation on said photocon-
ductive layer whereby a selected area of said photoconduc-
tive layer is rendered electrically conductive, said elec-
trode means being connected to an electrical power
source [to heat said layer] whereby a current can flow
within said selected area and thermal energy is dissipated
in said area which heats an adjacent area of the storage
plate .

2. A device as claimed in claim 1, wherein the elec-
trodes are transparent and the photoconductive layer is
disposed between the transport electrodes.

3. A device as claimed in claim 1, wherein the elec-
trodes are positioned only on one surface of the photo-
conductive layer.

4. A device as claimed in claim 1 wherein the magne-
to-optic maternal is iron garnet having a domain forma-
tion.

5. A device as claimed 1n claim 1 wherein the photo-
conductive layer is transparent.

6. A device as claimed in claim 1 wherein the photo-
conductive layer is not transparent and the surface of
the magneto-optic material remote from the photocon-
ductive layer 1s reflecting.

7. A device as claimed in claim 3 wherein the elec-
trodes are positioned on a surface of the photoconduc-
tive layer facing the magneto-optic material.

8. A device as claimed in claim 1 wherein the photo-
conductive layer 1s cadmium sulfide.

9. A device as claimed in claim 4 wherein said magne-
to-optic material is a bismuth substituted ferrimagnetic
garnet.

10. A device as claimed in claim 1 wherein said [light

beam} optical means is a laser beam.
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