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[err] temperature and has the same magnetization as the storage layer, and
serves to remagnetize the storage layer by quantum exchange coupling If the
This invention relates to magneto-optic storage  temperature of the storage
layer happens to reach mediums and in particular to provision of a biasing
5   room temperature. The second layer is not used as field for obtaining
desired magnetizations in a stor-  a biasing field to obtain desired
magnetized do- age layer.                                         mains,
but merely to retain magnetizations obtained In many magneto-opfical
storage mediums, data is  by common techniques. represented by a magnetized
domain. The magneti-     A ferimagnetic material operating around its
zation direction is perpendicular to the medium   10   compensation
temperature is disclosed in ISBN which is usually a very thin magnetic
film. The data  0 85226 574 3 - Wiley Eastern Umited - 2nd Edition is read
based on what is called the magneto-opfical  "Digital Computers Memory
Technology" pp. 378 effect. Basically, the magneto-optical effect is the
and 379. This article does not mention the possible shift of polarization
direction of a polarized light  use of this material as a biasing layer.
beam when it encounters a magnetized medium as a   15  A primary problem
with the above methods of ap- function of the direction of magnetization of
the do-  plying biasing fields is that they require a switchable main. The
polarized light beam is commonly provided  energy source. At the high data
recording rates re- by a laser.
quired by today's storage devices, switching the To obtain magnetized
domains representative of   sources becomes a significant problem. It takes
data, a laser is commonly used to heat the magnetic  20   more time to
switch the source of magnetization than medium in the area where such a
domain is desired.  it does for the laser beam to pass by the domain. The
magnetization direction is changed by first heat-  Thus, when writing data,
at least two passes are ing the magnetized domain to a temperature above
normally required to obtain desired magnetic orien- its Curie temperature
which removes the magnetiza-  tations in the magnetic domains. Also, the
high tion. The heating process is then stopped, and a   25  switching rates
produce potentially harmful electro- new magnetized domain representative
of the de-    magnetic noise. sired data begins to form as the temperature
begins    A magnetic field biasing layer for a storage de- to decrease. The
new direction of magnetization de-  vice has temperature dependent magnetic
proper- pends on an applied external magnetic biasing field  ties. The
layer has a net magnetization which which forces the magnetization of the
domain to con-   30  changes in orientation as a function of temperature.
form to the direction of the external biasing field as  It comprises two
oppositely oriented magnetic mate- the domain cools below its Curie point
rial components. One material having this kind of Several schemes have been
used to generate       magnetic property is known as a ferrimagnetic mate-
the external magnetic biasing field In the past. U.S.-  rial. As the
temperature of the biasing layer rises, A No. 3 702 993 shows a printed
wire which traces a   35  the magnetization of both component materials de-
tortuous path between discrete areas of the medi-  creases, but the rate of
decrease is different. The um. The wire requires energization which must be
net magnetization is the difference between the two controllably switched
to obtain desired directions of  component materials. At the compensation
tempera- magnetization of the domains. U.S.-A No.s 3 651    ture, the
magnetization of both materials are equal. 504, 3 949 387 and 3 739 394 use
an external mag-  40   Since they are oppositely directed, the net magneti-
netic field producing coil to produce the biasing  zation is zero. As the
temperature increases past field.
the compensation temperature, the orientation of Other means of providing a
biasing field include  the net magnetization changes direction because of
the use of electric fields to obtain desired direc-  the different rate of
change of magnetization of the tions of magnetization of the domains in the
medium.  45  two component materials. Because of the change in U.S.-A No. 3
710 352 shows the application of a low  direction of magnetization as a
function of tempera- voltage polarizing potential across ferroelectric me-
ture, this layer can be used to bias a magnetic stor- dium during cooling
of selectively heated bit storage  age device to provide desired magnetic
field orien- areas to change electrical polarization of the medi-  tations.
um. The voltage source is indicated as an external  50    In one preferred
embodiment, a self biasing mag- battery. U.S.-A No. 3 710 353 shows a
ferroelectric  neto-optic storage medium has a first magnetic lay- medium
in contact with a thermal capacitive region.  or which retains desired
magnetic field orientations As the capacitive region is heated with the
magnetic  representative of data In discrete domains of mag- medium, a
voltage transfer occurs from the thermal  netization. A second magnetic
layer as described capacitive region to the magnetic region resulting in
55   above Is coupled to the first magnetic layer and pro- a net voltage
across the magnetic region to cause  vides a biasing field for obtaining
the desired mag-     t electrical polarization reversal. An energy source
netic field orientations in the first magnetic layer. for the electric bias
field producing capacitive re-  To record data in the storage medium, a
portion of    t gion Is required. A switch Is also required to pro-  the
first layer corresponding to a magnetic domain     F vide different
polarizations.                 60  is heated from ambient temperature as by
a laser to A further magnetic medium structure is disclosed  a temperature
at or above its Curie temperature. in U.S.-A No. 3 680 065 in which the
Curie point of  The second layer is a ferrimagnetic biasing layer      c
the storage layer from which data is read, is near  having a compensation
temperature, and is heated ambient room temperature. A second layer in
physi-  by the same laser coincidental to the heating of the    d cal
contact with the storage layer has a higher Cu-  65  first layer. Prior to
the heating of the layers, the di- 2    
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magnetizations of the domains in both lay-  present invention utilizes the
heat of the laser to ers is the same, for example, up.
switch the bias field. Having thin film layers and When the domain of the
first layer reaches its    high intensity heat from the focused laser beam
re- Curie point, its magnetization is essentially re-  sults in faster
changing of magnetizations than moved. The corresponding domain of the
second   5   available in prior devices. layer is at a temperature above
its compensation      In a further preferred embodiment, a third layer
temperature and its net magnetization has attained a  of magnetization
below the second layer is provid- net down orientation which is opposite to
Its net mag-  ed. The third layer has a magnetization which has a
netization at ambient temperature.                  predetermined
orientation. When the first and sec- When the laser is turned off, the
layers begin to   10   ond layers are heated above their respective Curie
cool. The temperature of the first layer passes     points, the third layer
causes the magnetization of back down through its Curie point and the
magneti-  the first and second layers to orient In the same di- zation of
the heated domain conforms to that of the  rection as the orientation of
the third layer. The tem- second layer proximate to it, which is oriented
down.  perature dependent magnetic properties of the third As the cooling
continues, the second layer passes   15  layer are selected such that the
projected magnet- through its compensation temperature after which
zation is significant when heated coincident to heat- its net orientation
is up. The coercivily of the sec-  ing of the first and second layers.
Thus, all domains ond layer is small enough to be influenced by the   may
be returned to a selected magnetic orientation magnetization projected from
the first layer and    without regard to each domains' initial magnetic
ori- thus its net magnetization is flipped to the down di-  20   entation.
rection also. When ambient temperature is reached, the first and second
layers are both magnetized in  Brief Description of the Drawings the down
direction. A flip flop of the domain has oc- curred in both the first and
second layers where      Fig. 1 is a gragh of magnetization characteristics
they have been heated.                              of a magnetic field
biasing layer with respect to tem- To change the orientation of the domains
back to  perature; up, the domain is heated again to a temperature
Fig. 2 is a graph of the coercivity of the biasing about the Curie point of
the first layer. At this point,  layer of Fig. 1  with respect to
temperature; the net direction of magnetization of the second lay-  Fg. 3
is a part sectional view of a storage medium er is now oriented in the up
direction. As cooling oc-   30   incorporating a first data storage layer
and a sec- ond biasing layer; curs, the first layer is influenced by the
second lay-   Fig. 4 is a graph of the net magnetization charac- er to be
magnetized in the up direction. As further  teristics of the first and
second layers of the stor- cooling occurs past the compensation
temperature,       age medium of Fig. 3 with respect to temperature; low
enough for the net magnetization to be changed 35    Figs. 5, 6, 7, and 8
are graphs indicating net mag- nitudes and directions of magnetizations of
the first to the up direction. At ambient temperature, both the  and second
layers with respect to temperature dur- first and the second layers are
again magnetized in  ing successive heating and cooling cycles of the the
up direction. This flip-flopping of directions of magnetization     storage
medium of Fig. 3; of domains Is enabled by the biasing field integral to
40  of Fig.9 is a timing diagram indicating magnetization the storage
medium. No external source of biasing  of the first data layer during
writing of data and la- ser bursts versus time; is required as in the past.
A focused laser beam is preferably used to ob-  Fig. 10 is a part sectional
view of a storage medi- tain  very small domains of magnetization in the
medi-   um incorporating the first two layers of Fig. 3 with a um. The
small domains are detected by a beam re-  45  third magnetic layer having a
predetermined magne- flected from the materials and originating from the
tization; and same laser used to create them. The polarization      Fig. 11
is a part sectional view of a multilayer stor- shift of the beam caused by
the magnetization of the  age medium incorporating a magnetic field biasing
materials during the travel path  of the  beam indi-    layer in accordance
with the present invention. cates the magnetization of the domain. This
polariza-   50 tion shift is referred to as the Kerr rotation angle.
Detailed Description of the Invention At ambient temperature, the
temperature at which      In Fig. 1, magnetization versus temperature is
data is read, the magnetization of both layers are  represented for a
temperature dependent magnetic oriented in the same direction. Increased
Kerr rota-  field biasing layer for a storage medium. The biasing ton angle
from the second layer can make detection   55  layer is preferably
ferrimagnetic, and thus com- of the magnetic orientation of the domain
easier    prises first and second magnetic materials. The than polarization
shift caused by a single layer de-  magnetic material components exhibit
oppositely di- pending on the thickness and spacing of the layers.  rected
magnetizations indicated by lines 10 and 12 The provision of an integral
biasing field means  respectively in Fig. 1. At ambient or room tempera-
that smaller magnetic field sources are required be-  60  ture, the
magnetizations of both component matei- cause the distance from the source
of the field and  als are at a maximum for normal operating tempera- the
storage layer is small. The externally produced  ture range, but are
oppositely oriented. The magnet- fields of prior devices needed to traverse
larger  ization of the second component 12 is shown above distances and
hence required more energy to ob-    the temperature axis to indicate the
relationship be- tain, which lead to slower switching times. The   65
tween the magnitudes of magnetization, but has an 3  



5                   EP0217067B1                      6 orientation opposite
that of the first component. A   The temperature dependence of the net
magneti- biasing layer having two physically distinct layers  zation
characteristics of the first and second lay- will also provide the desired
characteristics.      ers are represented by lines 40 and 42 in Fig. 4. As
As the temperature of the layer rises, the mag-   an area is heated from
ambient temperature, both netization of both component materials decreases,
5   magnetizations are initially oriented in the same di- but at different
rates. The magnetization of the lay-  rection and decrease with increasing
temperature. er is referred to as a net magnetization represented  As the
temperature increases to and above the at 14 which is essentially the sum
of the component  compensation temperature of the second layer 34,
magnetizations 10 and 12. At ambient temperature,   the orientation of the
net magnetization of the sec- the magnitude of the first component is
greater than   10   ond layer 34 changes direction. As the Curie tem- the
magnitude of the second component resulting in   perature of the first
layer 32 is reached its magneti- a net magnetization oriented in the same
direction as  zation is essentially zero. The net magnetization of the
first component 10. As the temperature of the   the second layer at this
temperature is preferably layer increases to a compensation temperature
indi-  at or near the maximum which can occur between its cated at 16 on
the temperature axis, the absolute   15  compensation temperature and Curie
temperature. magnitudes of the component magnetizations are      If the
temperatures of the layers continue to in- equal, and hence the net
magnetization (line 14) is  crease to the Curie temperature of the second
lay- essentially zero. This occurs because the rate of   er, the net
magnetization of the second layer de- decrease of the magnetization of the
first compo-   creases in absolute magnitude until the magnetiza- nent is
greater than the decrease of magnetization   20   ton  becomes  essentially
zero  at its  Curie of the second component.
temperature. At this point data would be lost. As the temperature of the
layer continues to rise,  Temperature cycling (heating and cooling) to ob-
the magnitude of magnetization of the second corn-  tain domains of
magnetization in the storage medium ponent becomes greater than the
magnitude of mag-   of Fig. 3 representative of a desired bit pattern is
netization of the first component and the net mag-   25  indicated in FIg.s
5, 6, 7 and 8. In these Figures, netization becomes oriented in the
direction of the  magnetization of the first layer 32 is represented by
second component, opposite that of the first. If the  lines located above
the temperature axis and net temperature were still further increased to or
be-  magnetization of the second layer 34 is represent- yond the Curie
temperature of the layer, the mag-   ed by lines located below the
temperature axis. The netization would become essentially zero.      30
lines have arrows indicating the orientation of the The coercivity of the
bias layer is represented by  magnetizations. line 20 in Fig. 2. The
coercivity increases from ambi-  In Fig. 5, at ambient temperature 50, the
magneti- ent temperature to reach a peak at the compensa-    zations of
both layers are oriented up. As the tern- tion temperature, and then
decreases above the      perature increases, the net magnetization of the
compensation temperature. The coercivity is zero   35  second layer
decreases to zero at the compensa- at and beyond the Curie temperature.
tion temperature 52 of the second layer. Still fur-        t The
temperature dependent characteristics of      ther heating results in a
noticeable decrease of the       t the bias layer described with reference
to Figs. I  magnetization of the first layer, and an increase of   iI and 2
have utilization in projecting a biasing field on-  the net magnetization
of the second layer, but in the to a data storage medium indicated
generally at 30 in  40   down direction. When the Curie temperature of the
c Fig. 3. Storage medium 30 comprises a first magnet-  first layer is
reached at 54, the magnetization of the    fi ic storage layer 32 coupled
to a second biasing mag-  first layer is zero, and the net magnetization of
the    9 netic layer 34. Data is represented by domains of   second layer
is preferably at a maximum for magneti-        e the magnetization
orientation of the first and sec-  zation between the compensation
temperature and ond layers. Data is written by heating areas of the   45
Curie temperature for the second layer. Heating    d medium 30 to create
discrete domains of magnetiza-  the medium a little further to a
temperature 56 en- ton with an orientation representative of bits of da-
sures that the Curie temperature of the first layer    fr ta. The data is
detected by observing the change in  is attained, while remaining below the
Curie tempera- polarization of laser beams caused by the magne-    ture of
the second layer. tized domains. The same laser is preferably used to   50
The cooling process which follows the heating read and write the magnetized
domains. To reduce    process in Fig. 5 is indicated in Fig. 6. Cooling
from    in the effect of bias fields from neighboring domains  temperature
56, back through the Curie tempera-           th of magnetization when
creating domains, the dis-    ture 54, the second layer magnetization
influences tance between first magnetic storage layer 32 and   the first
layer to assume a magnetization orientation     de second biasing magnetic
layer 34 Is preferably less  55  the same as the orientation of the net
magnetization than one-fourth of the radius of the written domain.  of the
second layer, namely down. Thus, the magne-      za The discrete domains of
magnetization which are   tization of the first layer Is flipped in
orientation    co formed during heating actually have different mag-
merely by heating the medium. As cooling continues netic properties than
that of the surrounding layer.  past the compensation temperature of the
second        sir This permits magneto-static coupling effects to   60
layer, the net magnetization of the second layer       an project the
necessary biasing field from the second  changes to the up direction, while
the magnetization    the layer 34. The discrete domains also present sub-
and coercivity of the first layer increases so that it   sa stantial energy
barriers to undesired nucleation    Is not influenced by the net
magnetization of the which could interfere with proper orientation of the
second layer. At a temperature 58, which is below magnetization.
65  the compensation temperature of the second layer,         but 4  



7                  EP 0 217 067 B1                  8 the coercivity of the
second layer is relatively low.  A further preferred embodiment of a
storage me- At temperature 58, the magnetization of the first  dium is
indicated generally at 110 in Fig. 10. A first layer is large enough to
change the net magnetiza-  storage layer 112, is essentially the same as
storage tion of the second layer to the down direction. When  layer 32 in
Fig. 3. Similarly, a second biasing layer ambient temperature 50 is
reached, both layers   5   114 is provided below the storage layer 112. The
sec- have a magnetization oriented in the down direction.  ond biasing
layer 114 and first storage layer cooper- To flip the magnetization of a
domain back to the  ate much the same as the two layers in Fig. 3 when up
direction, the heating and cooling process is re-  heated to below the
Curie temperature of the sec- peated as Indicated in Figs. 7 and 8. While
heating,  ond layer. A third layer 116 is located below the first the
magnetizations of both layers decrease, with  10  two layers and contains a
magnetization of prede- the net magnetization of the second layer changing
termined, permanent orientation. to the up direction above the compensation
tempera-  The third layer is preferably optically isolated ture 52. Again,
the medium is heated to above the  from the first two layers such that
writing of do- Curie temperature 54 of the first layer. As cooling  mains
by flipping their magnetic field orientation oo- begins in Fig. 8, the
orientation of magnetization of  15  curs in much the same manner as the
writing of do- the first layer becomes up, due to the projection of  mains
in the medium in Fig. 2. The third layer pro- the magnetization of the
second layer onto the first  vides a biasing field which is used to orient
the layer. Further cooling past the compensation tem-  magnetizations of
the first and second layers in a perature 52 results in the second layer
magnetiza-  predetermined orientation regardless of the orienta- tion
flipping to the down direction, and then back up   20  tion of the domains.
When the first two layers are at temperature 58 because of the projection
of mag-  heated to a temperature above the Curie tempera- netization of the
first layer and the relatively low co-  tures of both layers and cooled,
they assume the ercivity of the second layer at that temperature. At
orientation of the magnetization of the third layer. ambient temperature,
the magnetizations of both lay-  The third layer magnetization preferably
Increases ers are oriented in the up direction.         25   when heated
incident tothe heating of the first and The flip-flopping of selected
domains of magneti-  second layers. As the second layer cools below Its
zation is accomplished without the use of external  Curie temperature, it
assumes the magnetic field ori- forces other than the laser. The laser is
used to  entation of the third layer, but then changes orienta- heat the
medium and in the detection of the orienta-  ton as it cools below its
compensation temperature. tion of the magnetic domains. No external forces
30   The same flipping of the second layer occurs below are required to
provide a switchable biasing field.  the compensation temperature of the
second layer The discussion of Fig.s 5 through 8 assumes an   as described
above due to the field effects of the equal temperature of all the layers
of the medium. In  first layer. Thus an erase capability is provided
practice, the layers will have a predictable tempera-  without the use of
external biasing sources. With ture gradient when heated. Thus, the precise
rela-  35  the magnetization of the first two layers known, it is tionship
between Curie and compensation tempera-   not necessary to read domains,
before writing do- tures depend on the heating and cooling character-
mains with new data. This eliminates the need for istics of the layers as
incorporated in the medium.  precision timing when trying to read the
fringe of a In Fig. 9, a timing diagram indicates how domains  domain and
then switch functions and write close to of magnetization are changed from
representing a   40  the center of the domain. The optical isolation sub-
first bit pattern 90 to represent a second bit pattern  stantially prevents
the laser beam from being signif- 92. Initial magnetization of the medium
is represent-  icantly polarized by the third layer which may have ed by
line 94. Magnetization in the up direction is  an orientation opposite the
domain of data to be representative of a I bit, and magnetization in the
read. down direction is representative of a 0 bit. The in-   45  A detailed
block diagram of the storage medium of tial state of a magnetic domain Is
detected near the  Fig. 3 is Indicated generally at 120 in Fig. 11. A laser
fringe of a magnetic domain as the domain is moved  122 or similar source
of heat emits radiation toward towards the laser. If the domain needs to be
a first protective layer 124 such as SiO2. A second changed, It is heated
by the laser as close to the  storage layer 128 beneath the first layer 124
from center of the domain as possible. Reading and heat-  50  the laser 122
is preferably formed of a magnetic ma- ing, if necessary, preferably occur
in one pass of  terial such as TbFe. A dielectric third layer 128, the
laser past the magnetic domain.                preferably SiO2, couples the
second storage layer The first bit encountered in Fig. 9 Is a 1, and the
128 to a fourth biasing layer 130. Biasing layer 130 is desired bit is a 0.
A laser burst Is indicated on a line  preferably formed of a ferrimagnetic
material such 96 to change the domain from a 1 to a 0. The magneti-  55
as GdCo and has the characteristics described in zation of the medium
following the laser burst and  the text above with respect to the second
layer in cooling is indicated by a line 98. The second and  Fig. 3. third
bits of the presently stored data and the de-  A fifth dielectric layer 132
provides a desired sired data are the same, and hence no laser bursts
amount of thermal isolation for a sixth reflective lay- are required. The
fourth bit encountered is a 0 and   60   or 134. The fifth layer Is again
preferably [err] and the desired bit is a 1, thus a second laser burst, the
serves to control the transfer of heat out of the bi- same as the first
burst occurs and the magnetiza-  asing layer 130 into the reflective layer
134. The ton Is changed as indicated on line 98. Similarly, the  sixth
layer is preferably formed of aluminum or oth- fifth, sixth, and seventh
bits are changed by laser  er material which has a high reflectivity to
assist in bursts.                                       65   detecting the
orientations of the domains of magneti- 5  



9                  EP 0 217 067 B1                  10 zation of the second
and fourth layers. The sixth    3. The data storage medium of Claim 1
wherein the layer is formed on a common substrate 136 such as  bias layer
means comprises a ferrimagnetic material glass.
having a first and a second component with magneti- The medium 120 has one
preferred use in hard     zations of substantially opposite orientation.
disk files, where the medium is formed in a disk   5  4. The data storage
medium of Claim 3 wherein shape and rotated about its axis to create
movement  the first component comprises at least one magnetic with respect
to a source of radiation used to heat  layer and the second component
comprises at least selected portions of the medium to create domains  one
magnetic layer physically distinct from the first of magnetization
representative of data. Other     component magnetic layer. uses, such as
in a tape form, are apparent to those   10    5. The data storage medium of
Claim 3 wherein the skilled in the art
first component magnetization decreases with in- Since the coercivity of
the magnetic layers se-  creasing temperature faster than the second com-
lected in the present invention is relatively high at  ponent magnetization
decreases. ambient temperature, and the Curie temperatures      6. The data
storage medium of Claim 5 wherein the are also relatively high, very stable
domains of mag-  15  first component magnetization is greater than the
netization are created. The fact that no slowly    second component
magnetization below a compensa- switchable external fields need be switched
enables  tion temperature and the second component magne- fast flipping of
the domains. A further benefit is re-  tization is greater than the first
component magneti- alized in that both the magnetic storage layer and
zation above the compensation temperature such the bias layer have the same
magnetic orientations   20  that the net magnetization orientation below
the com- at ambient temperature which is the normal tempera-  pensation
temperature is opposite to the net magne- ture at which the orientations
are detected. Thus, a  tization above the compensation temperature. beam of
light used to detect the orientations by     7. The data storage medium of
Claim 6 wherein the change in polarization of the light is polarized by
Curie temperature of the bias layer means is above both layers, enhancing
detection of the change in  25  the Curie temperature of the data layer
means and polarization if the thickness and spacing of the lay-  the
magnetization of the data layer means de- em are chosen correctly, as is
well known In the art.  creases faster with increasing temperature above
The invention further takes advantage of the     the compensation
temperature than below the com- benefits provided by optical/magnetic
recording    pensation temperature of the bias layer means. and reading in
general. These benefits include re-  30  8. The data storage medium of
claim 7 wherein the duction in the need for extensive readwrite head
coercivity of the bias layer means is low at a second aerodynamic design,
because the writing and de-    temperature below the compensation
temperature tecting means need not not be extremely close to the  and the
magnitude of the magnetic field at the bias medium. Less sensitivity to to
electromagnetic noise  layer means projected from the data layer means Is
is a further benefit. Also, by use of a laser with dif-  35  large compared
to the magnitude of the coercivity fraction limited focussing systems, very
small do-  of the bias layer means at the second temperature. mains of
magnetization are created permitting an in-  9. The data storage medium of
claim 1 wherein the crease in data density compared to media requiring
bias layer means has a magnetization with an orien- external magnetic
biasing fields. Although if too  tation in a first direction below a first
temperature small a domain is created, fringe effects may be   40  and an
orientation In a second direction at tempera- great enough to affect the
reading and writing of do-  tures above the first temperature. mains. A
further benefit of a self biasing medium is  10. The data storage medium of
claim 9 wherein the size reduction of the size of storage devices in-  the
data layer means has a Curie temperature corporating the present invention
by eliminating   above the first temperature. large magnetic field sources,
or a potential reduc-   45  11. The data storage medium of Claim 10 wherein
tion in the complexity of the data writing head which  the net
magnetization of the bias layer means con- may have been used to provide a
biasing field.    forms to the direction of magnetization of the data layer
means at the second temperature. Claims
12. The data storage medium of Claim 11 wherein 50   heating a portion of
the medium from an ambient tern- 1. A thermally written magnetic data
storage medi-  perature to a third temperature above the Curie urn for
retaining domains of desired magnetic field  temperature of the data layer
means, but below the orientations representative of the data comprising
Curie temperature of the bias layer means and cool- data layer means (32)
for retaining the domains hav-  ing the medium back to ambient temperature
causes ing desired magnetic field orientations, character-  55  the
magnetization of the data layer means to change ized in that it further
comprises:                 orientation. bias layer means (34) coupled to
the data layer      13. The data storage medium of Claim 12 wherein     p
means for providing a biasing field as a function of  the bias layer means
changes orientation consistent temperature of the medium for obtaining the
domains  with the change in orientation of the magnetization of desired
magnetic field orientations in the data lay-  60  of the data layer when
the medium cools from a er.
fourth temperature which is less than the compensa- 2. The data storage
medium of Claim I wherein the  tion temperature of the bias layer means to
ambient desired magnetic field orientations of the data layer  temperature.
means are changeable as a function of the biasing    14. The data storage
medium according to any one field from the bias layer means.
85   of Claims 1, 3 or 4 and further comprising a third    or 6  



9                  EP0217067 B1                     10 zation of the second
and fourth layers. The sixth     3. The data storage medium of Claim 1
wherein the layer is formed on a common substrate 136 such as   bias layer
means comprises a ferrimagnetic material glass.
having a first and a second component with magneti- The medium 120 has one
preferred use in hard      zations of substantially opposite orientation.
disk files, where the medium is formed in a disk   5  4. The data storage
medium of Claim 3 wherein shape and rotated about its axis to create
movement  the first component comprises' at least one magnetic with respect
to a source of radiation used to heat  layer and the second component
comprises at least selected portions of the medium to create domains   one
magnetic layer physically distinct from the first of magnetization
representative of data. Other      component magnetic layer. uses, such as
in a tape form, are apparent to those   10  5. The data storage medium of
Claim 3 wherein the skilled in the art.
first component magnetization decreases with In- Since the coercivity of
the magnetic layers se-   creasing temperature faster than the second com-
lected in the present invention is relatively high at  ponent magnetization
decreases. ambient temperature, and the Curie temperatures       6. The
data storage medium of Claim 5 wherein the are also relatively high, very
stable domains of mag-   15  first component magnetization is greater than
the netization are created. The fact that no slowly     second component
magnetization below a compensa- switchable external fields need be switched
enables  ton temperature and the second component magne- fast flipping of
the domains. A further benefit is re-  tization is greater than the first
component magneti- alized in that both the magnetic storage layer and
zation above the compensation temperature such the bias layer have the same
magnetic orientations   20  that the net magnetization orientation below
the com- at ambient temperature which is the normal tempera-  pensation
temperature is opposite to the net magne- -    ture at which the
orientations are detected. Thus, a  tization above the compensation
temperature. beam of light used to detect the orientations by      7. The
data storage medium of Claim 6 wherein the change in polarization of the
light is polarized by  Curie temperature of the bias layer means is above
both layers, enhancing detection of the change in  25  the Curie
temperature of the data layer means and polarization if the thickness and
spacing of the lay-  the magnetization of the data layer means de- ers are
chosen correctly, as is well known in the art.  creases faster with
increasing temperature above The invention further takes advantage of the
the compensation temperature than below the com- benefits provided by
optical/magnetic recording     pensation temperature of the bias layer
means. and reading in general. These benefits include re-  30  8. The data
storage medium of claim 7 wherein the duction in the need for extensive
read/write head   coercivity of the bias layer means is low at a second
aerodynamic design, because the writing and de-    temperature below the
compensation temperature tecting means need not not be extremely close to
the  and the magnitude of the magnetic field at the bias medium. Less
sensitivity to to electromagnetic noise  layer means projected from the
data layer means is is a further benefit. Also, by use of a laser with dif-
35  large compared to the magnitude of the coerciviy fraction limited
focussing systems, very small do-  of the bias layer means at the second
temperature. mains of magnetization are created permitting an in-  9. The
data storage medium of claim 1 wherein the crease in data density compared
to media requiring  bias layer means has a magnetization with an orien-
external magnetic biasing fields. Although if too   tation in a first
direction below a first temperature small a domain is created, fringe
effects may be   40   and an orientation in a second direction at tempera-
great enough to affect the reading and writing of do-  tures above the
first temperature. mains. A further benefit of a self biasing medium is
10. The data storage medium of claim 9 wherein the size reduction of the
size of storage devices in-  the data layer means has a Curie temperature
corporating the present invention by eliminating    above the first
temperature. large magnetic field sources, or a potential reduc-  45  11.
The data storage medium of Claim 10 wherein ton in the complexity of the
data writing head which  the net magnetization of the bias layer means con-
may have been used to provide a biasing field.     forms to the direction
of magnetization of the data layer means at the second temperature. Claims
12. The data storage medium of Claim 11 wherein so   heating a portion of
the medium from an ambient tem- 1. A thermally written magnetic data
storage medi-  perature to a third temperature above the Curie um for
retaining domains of desired magnetic field  temperature of the data layer
means, but below the orientations representative of the data comprising
Curie temperature of the bias layer means and cool- data layer means (3?)
for retaining the domains hav-  ing the medium back to ambient temperature
causes ing desired magnetic field orientations, character-  55  the
magnetization of the data layer means to change ized in that it further
comprises:                 orientation. bias layer means (34) coupled to
the data layer       13. The data storage medium of Claim 12 wherein means
for providing a biasing field as a function of  the bias layer means
changes orientation consistent temperature of the medium for obtaining the
domains  with the change in orientation of the magnetization  t of desired
magnetic field orientations in the data lay-  60   of the data layer when
the medium cools from a  t. er.
fourth temperature which is less than the compensa- 2. The data storage
medium of Claim 1 wherein the  ton temperature of the bias layer means to
ambient desired magnetic field orientations of the data layer  temperature.
means are changeable as a function of the biasing     14. The data storage
medium according to any one field from the bias layer means.
65   of Claims 1, 3 or 4 and further comprising a third 6  
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for providing a biasing field   21. A method of writing data on an
opto-magnetic having a known orientation.                        storage
medium having a first layer for retaining do- 15. The data storage medium
of Claim 14 wherein  mains of magnetization having orientations repre- the
third layer means has a Curie temperature      sentative of data and a
second biasing layer having above the Curie temperatures of the data and
bias   5   a compensation temperature less than, and a Curie layer means
such that when the medium is heated to  temperature greater than the Curie
temperature of above the Curie temperatures of the data and bias  the first
layer, characterized in that it comprises layer means, but below the Curie
temperature of the  the steps of: third layer, the third layer retains its
known orienta-  heating a selected portion of the medium to a temper- tion
of magnetization and projects a greater magnet-  10  ature greater than the
Curie temperature of the ic field onto the data and bias layers than in an
un-  first layer, but less than the Curie temperature of heated state.
the second layer; and 16. The data storage medium of Claim 14 wherein
cooling the selected portion of the medium to a tem- heating of the medium
such that the temperature of  perature substantially less than the
compensation the data layer means is greater than its Curie tem-   15
temperature of the second layer such that the orien- perature, the
temperature of the bias layer means is  tation of magnetization of the
portion of the first lay- greater than its Curie temperature and the
tempera-  er is changed in a desired manner. ture of the third layer is
less than its Curie tempera-  22. The method of Claim 21 wherein repeating
the ture forces the magnetizations of the data and bias  steps of heating
and cooling returns the orientation layer means to the same direction as
the known di-  20   of magnetization of the portion of the first layer to
rection of magnetization of the third layer upon cool-  Its original
orientation. ing of the medium.                                   23. The
method of Claim 21 wherein the second 17. The data storage medium of Claim
14 wherein  layer has domains of magnetization corresponding the bias layer
means has a compensation tempera-   to respective domains of magnetization
of the first ture at which the orientation of the net magnetic  25  layer
and being oriented In the same direction as the field changes and wherein
heating of the medium    domains of the first layer before heating and
after such that the temperature of the data layer means is  cooling.
greater than its Curie temperature and the tempera-  24. The method of
Claim 25 wherein the orienta- ture of the bias layer means is less than its
Curie  tion of net magnetization of the second layer flips to temperature
but greater than its compensation term-   30   an orientation substantially
opposite the orientation perature forces the magnetization of the data
layer  of magnetization of the first layer as the medium is means to orient
in the same direction as the orienta-  heated through the compensation
temperature of tion of the net magnetization of the bias layer means  the
second layer. between the bias layer means' compensation and       25. The
method of Claim 24 wherein the orienta- Curie temperature upon cooling of
the data layer  35  tion of magnetization of the first layer assumes the
means below its Curie temperature.                 lipped orientation of
the second layer magnetize- 18. Apparatus for providing a biasing magnetic
tion during cooling of the medium from the Curie ten- field for a magnetic
storage device, having domains  perature of the first layer. of
magnetization representative of data, character-  26. The method of Claim
25 wherein upon further ized in that It comprises:                    40
cooling of the medium past the compensation temper- a ferrimagnetic layer
having a net magnetization   ature of the second layer, the coercivity of
the sec- with an orientation in a first direction when such lay-  ond layer
becomes low enough such that the net er is at a temperature below its
compensation tem-  magnetization of the second layer assumes the perature
and a net magnetization with an orientation  same orientation as the
magnetization of the first in a second direction different from the first
direc-  45  layer. tion at a temperature above its compensation tem-    27.
A method of returning magnetization of a self perature, but below its Curie
point temperature,   biasing magnetic medium to a predetermined direc- said
layer providing the biasing magnetic field for  tion, the medium having a
first layer for retaining do- establishment of the domains of magnetization
and  mains of magnetization representative of data, a the ferrimagnetic
layer means comprising a fer-  50  second ferrimagnetic layer for providing
a biasing rimagnetic material having a first and a second com-  magnetic
field for obtaining the domains of magneti- ponent with magnetizations of
substantially opposite  zation in the first layer, and a third layer for
provid- orientation.                                       ing a magnetic
biasing field of predetermined direc- 19. The data storage medium of Claim
18 wherein  tion, characterized in that it comprises the steps of: the
first component magnetization decreases with  55   heating the first and
second layers to a temperature increasing temperature faster than the
second com-  above both the Curie temperature of the first layer ponent
magnetization decreases.                    and the Curie temperature of
the second layer to re- 20. The data storage medium of Claim 19 wherein
duce their magnetizations to substantially zero; and the first component
magnetization is greater than  cooling the first and second layers to a
temperature the second component magnetization below a com-   60   below
the compensation temperature of the second pensation temperature and the
second component     layer and the Curie temperatures of the first and
magnetization is greater than the first component  second layers such that
the orientation of magneti- magnetization above the compensation
temperature   zation of the first and second layers is in the prede- such
that the net magnetization orientation changes  termined direction. on
either side of the compensation temperature.  65 7  
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die vormagnetisierten Schichtmittel eine Magneti- sierung mit einer
Ausrichtung in einer ersten Rich- 1. Thermisch geschriebenes magnetisches
Daten-  tung unterhalb einer ersten Temperatur und eine speichermedium zum
Zurfckhalten von Bereichen      Ausrichtung in eine zweite Richtung bei
Temperatu- von  gew~nschten  datensymbolischen  Magnet-   5   ren oberhalb
der ersten Ternperatur aufweisen. feldausrichtungen, mit
Datenschichtmitteln (32) zum  10. Datenspeichermedium nach Anspruch 9, wor-
ZurOckhalten der Bereiche, welche gewOnschte       in die
Datenschichtmittbl eine Curietemperatur ober- Magnetfeldausrchtungen
aufweisen, dadurch ge-      halb der ersten Temperatur aufweisen.
kennzeichnet, daB es femer enthalt:                  11.
Datenspeichermedium nach Anspruch 10, wor- vormagnetisierte Schichtmittel
(34), welche an die  10  in die Nettomagnetisierung der vormagnetisierten
Datenschichtmittel gekoppelt sind, um ein vorma-   Schichtmlttel der
Magnetisierungsrichtung der Da- gnetisierendes Feld als eine Warmefunktion
des     tenschichtmittel be! der zweiten Temperatur ent- Mediums
bereitzustellen, um  die Bereiche ge-      spricht wfnschter
Magnelfeldausrichtungen in der Daten-      12. Datenspeichermedium nach
Anspruch I1, war-           c schicht zu erhalten.
15  in die Erhitzung sines Teils des Mediums von einer 2.
Datenspeichermedium nach Anspruch 1, worin    Urngebungstemperatur auf ine
dritte Temperatur die gew~nschten Magnetfeldausrichtungen der Da-
oberhalb der Curietemperatur der Datenschichtmit- tenschichtmifttel
veranderbar sind als esine Funktion  tel, jedoch unterhalb der
Curletemperatur der vor-    t des vormagnetfsierenden Feldes von den vorma-
magneftsierten Schichtmiftel und die Rlckk~hlung          c gnetisierten
Schichtmitteln.                  20   des Mediums auf die
Umgebungstbmperatur die Ma-           r 3. Datenspeichermedium nach
Anspruch 1, worin    gnotisierung der Datenschichtmlttel veranlaSt, die
r die vormagnetisierten Schichtmittbl sin ferrimagneti-  Ausrichtung zu
verandem.                              1 sches Material enthalten, welches
sine erste und ei-  13. Datenspeichermedium nach Anspruch 12, wor- ne
zweite Komponente mit Magnetisierungen von im   in die vormagnetisierten
Schichtmittel die Ausfich-       b wesentlichen entgegengesetzter
Ausfichtung auf-  25  tung ver~ndern in Obereinstimmung mit dem Wech-
i weist.                                             sel der
Magnstisierungsausfchtung der Daten-              c 4. Datenspeichermedium
nach Anspruch 3, worin    schicht, wenn sich das Medium von siner vierten
S die erste Komponente zumindest sine magnetische    Temperatur, weiche
niedriger ist als die Kompensati-      t Schicht enthalt und die zweite
Komponente zumin-   onstemperatur der vormagnetislerten Schichtmittel,
Ir dest sine magnetische Schicht enthIlt, welche von   30  auf die
Umgebungstemperatur abkGhlt.                 a der magnetischen Schicht der
ersten Komponente       14. Datenspeichermedium nach elnem der An- physisch
verschieden ist.                          sprOche 1, 3 odor 4, welches
femer dritte Magnet-         h 5. Datenspeichermedium nach Anspruch 3,
worin    schichtmittel enthAlt zur Bereitstellung eines vorma- die
Magnetisierung der ersten Komponente bei an-   gnetisierenden Feldes einer
bekannten Ausrich-           si steigender Temperatur schneller als die
Magnetisie-  35  tung. rung der zwelten Komponente abnimmt.
15. Datenspeichermittel nach Anspruch 14, worin        wI 6.
Datenspeichermedium nach Anspruch 5, worin    die dritten Schichimitel eine
Curiotemperatur ober-      O die Magnetisierung der ersten Komponente
grOBer    halb der Curetemperaturen der Datenschicht- und          PC als
die Magnetisierung der zweiten Komponente un-  vormagnetisierten
Schichtmittel autweisen, so daB,       ur terhalb einer
Kompensationstemperatur ist, und die  40   wenn das Medium erhitzt wird bis
Ober die Curistem-  gr Magnetisberung der zweitsn Komponente gr8e8r als
peraturen der Datbnschicht- und vormagnetisier-          ne die
Magnetisierung der ersten Komponente ober-     ten Schichtmittel, jedoch
unterhalb der Curietempe-      de halb der Kompensationstemperatur ist, so
daB die   ratur der dritten Schicht, diese dritte Schicht ihre     de
Nottomagnotisierungsausrichtung   unterhalb  der   bekannte
Magnetisienungsausrichtung  beibehalt Kompensationstemperatur
entgegengesetzt ist zur  45   und ein groBeres Magnetfeld auf die
Datenschich-      eil Nettomagnetisierung oberhalb der Kompensations-   ten
und vornagnetisierten Schichten projiziert als        stE tempetatur.
in einem unerhitzten Zustand.                             ru 7.
Datenspelchermedium nach Anspruch 6, worin      16. Datenspeichermedium
nach Anspruch 14, wor-         ge die Curietemperatur der vormagnetisierten
Schicht-  in die Medium-Erhitzung so ist, daB die Temperatur      mt mittel
oberhalb der Curietemperatur der Daten-  50   der Datbnschichtmittel hbher
ist als ihre Curietem-    alk schichtmittel liegt, und die Magnetisierung
der Da-  peratur, die Temperatur der vormagnetisierten          tur
tenschichtmittel bei ansteigender Temperatur ober-  Schichtmi-tel hoher ist
als ihre Curietemperatur und    Sc halb  der  Kompensationstemperatur
schneller      die Temperatur der dritten Schicht niedriger ist als    ge
abnimmt als unterhalb der Kompensationstempera-   ihre Curietemperatur, die
Magnetisierungen der           Ed tur der vormagnetislerten Schichtmittel.
55   Datenschicht- und vormagnetisierten Schichtmittel       ein 8.
Datenspeichermedium nach Anspruch 7, worin   in dieselbe Richtung wie die
bekannte Magnetisie-        rab die Koerztivikraft der vormagnetsierten
Schicht-   rungsfichtung der dritten Schicht bei Abklhlung    !iet miftel
gering ist bei einer zweiten Temperatur unter-  des Mediums zwingt.
AbI halb der Kompensationstemperatur, und die GroBse     17.
Datenspeichermedium nach Anspruch 14, wor-        ein des  Magnetfeldes  an
den  vormagnetisierten   60  in die vormagnetisierten Schichtmittel sine
Kompen-    Koi Schichtmilteln projiziert aus den Datenschichtmit-
sationstemperatur aufweisen, bei welcher die Aus-   ;daf tein bedeutend ist
im Vergleich mit der GrOBe der  richtung des Nettomagnetfeldes sich
verandert, Koerzitivkraft der vormagnetisierten Schichtmfltel  und worin
die Medium-Erhilzung so ist, daB die Tem-    der bei der zweiten
Temperatur.                        peratur der Datenschichtmittel h8her ist
als ihre Cu-     2 9. Datenspeichermedium nach Anspruch 1, worhn  ss
ritemperatur und die Temperatur der vormagneti-       derl 8  



15                 EP 0 217 067 B1                  16 sierten
Schichtmittel niedriger ist als ihre Curletem-  lung die
Magnetisierungsausrichtung des Tells der peratur aber hoher als ihre
Kompensationstempera-  ersten Schicht in ihre ursprOngliche Ausrichtung
tur, die Magnetisierung der Datenschichtmittel da-  zurOckbringt. zu
zwingt, sich in der gleichen Richtung auszurich-  23. Verfahren nach
Anspruch 21, worin die zwei- ten wie die Ausrichtung der
Nettomagnetisierung   5   te Schicht Magnetisierungsbereiche aufweist, wel-
der vormagnetisierten Schichtmittel zwischen der   che mit entsprechenden
Magnetisierungsbereichen Kompensations- und Curietemperatur der vorma-
auf der ersten Schicht Obereinstimmen und in der gnetisierten Schichtmittel
bei Abkfhlung der Daten-  gleichen Richtung ausgerichtet Aind wie die
Bere!- schichtmittel unterhalb ihrer Curietemperatur.     che auf der
ersten Schicht vwr dem Erhtzen und 18. Vorrichtung zur Erstellung eines
vormagneti-  10   nach dem Abklhlen. sierenden Magnetfeldes fOr ein
magnetisches Spei-    24. Verfahren nach Anspruch 23, worin die Aus-
chergerAt, welches datensymbolische Magnetisie-    richtung  der
Nettomagnetsiserung  der zweiten rungsbersiche aufweist, dadurch
gekennzeichnet,    Schicht in sine der Ausrichtung der Magnetisierung daB
sie enthflt:                                   der ersten Schicht im
wesentlichen entgogengesetz- eine ferrimagnetische Schicht, welche eine
Netto-  15  ten Ausrichtung umkippt, wahrend des Medium magnetisierung mit
einer Ausrichtung in sine erste  durch die Kompensationstemperatur der
zweiten Richtung aufwelst, wenn sich sine derartige Schicht  Schicht
erhltzt wird. bei einer Temperatur unterhalb ihrer Kompensati-     25.
Verfahren nach Anspruch 24, worin die Aus- onstemperatur befindet und eine
Nettomagnetisie-   richtung der Magnetisierung der ersten Schicht die rung
mit siner von der ersten Richtung verschiede-  20   umgekippte Ausrichtung
der Magnetisierung der \,>nen Ausrichtung in sine zweite Richtung bei einer
zweiten Schicht wahrend der Medium-AbkOhlung Temperatur oberhalb ihrer
Kompensationstempera-    aus der Cuistemperatur der ersten Schicht an- tur,
aber unterhalb ihrer Curiepunkttemperatur, wo-  nimmt. bel die genannte
Schicht das vormagnetisierende      26. Verfahren nach Anspruch 25, worin
nach Magnetleld zur Bildung der Magnetisierungsberei-  25   weiterer
Medium-AbkOhlung Ober die Kompensati- che zur VerfOgung stellt und die
ferrimagnetischen  onstemperatur der zweiten Schicht hinaus die Koer-
Schichtmittel ein ferrimagnetisches Material enthal-  zitivkraft der
zweiten Schicht kiein genug wird, so ten, weiches sine erste und zweite
Komponente von  daB die Nettomagnetisierung der zweiten Schicht im
wesentiichen  entgegengesetzter Ausrichtung    die gleiche Ausrichtung wie
die Magnetisisrung der aufweist.                                     30
ersten Schicht annimmt. 19. Datenspeichermedium nach Anspruch 18, wor-
27. Vertahren zur R0cdf0hrung der Magnetisle- in die Magnetislerung der
ersten Komponente bei    rung  sines selbstwormagnetisierenden  magneti-
ansteigender Temperatur schneller als die Magneti-  schen Mediums In sine
vorbestimmte Richtung, slerung der zweiten Komponente abnimmt.
wobel das Medium sine erste Schicht aulweist zum 20. Datenspeichermedium
nach Anspruch 19,  35   ZurOckhalten von datensymbolischen Magnetisle-
worin die Magneisierung der ersten Komponents      rungsbereichen,  sine
zwelte  ferrimagnetische grOBer ist als die Magnetisierung der zwelten Kom-
Schicht zur Erstellung sines vormagnetislerenden ponente unterhalb siner
Kompensationstemperatur    Magnetfeldes zum  Erzielen der Magnetisierungs-
und die Magnetislerung der zweiten Komponente      bereiche In der ersten
Schicht, und eine drite grOBer ist als die Magnetisierung der ersten Kompo-
40   Schicht zur Erstellung sines vormagnetisierenden nente oberhalb der
Kompensationstemperatur, so     Magnetieldes vorbestimmber Richtung,
dadurch go- daB die Nettomagnetisierungsausrichtung sich bei-
kennzeichnet, daB es folgende Schritte enth&it: 4,rseits der
Kompensationstemperatur verindert.    Erhitzen der ersten und zweiten
Schicht aut sine Xj 21. Verfahren zum Aufzeichnen von Daten auf
Temperatur oberhalb der Curietemperatur der er- sine optomagnetisches
Spoichermedium mit einer er-  45  sten Schicht und der Curietemperatur der
zweiten sten Schicht zum Zur~ckhalten von Magnetisle-      Schicht, um ihre
Magnetisierungen im wesentlichen rungsbereichen mit datensymbolischen
Ausrichtun-   auf Null zu reduzieren; und gen und einer zweiten
vormagnetisierenden Schicht  Abkflhlen der ersten und zwelten Schicht auf
sine mit einer Kompensablonstemperatur, die niedriger   Temperatur
unterhalb der Kompensationstempera- als die Curietemperatur und mit siner
Curietempera-  50  tur der zweiten Schicht und der Curietemperaturen tur,
die hOher alh die Curietemperatur der ersten  der ersten und zweiten
Schicht, so daS die Ausrich- Schicht ist, dadurch gekennzeichnet, da3 es
die fol-  tung der Magnetisierung der ersten und zweiten genden Schritte
enthalt:                           Schicht in der vorbestimmten Richtung
liegt Erhitzen sines ausgewAhiten Toils des Mediums auf sine Temperatur,
welche hoher als die Curetempe-  55 ratur der ersten Schicht, aber
niedriger als die Cu-  Revendicatlons rietemperatur der zweiten Schicht
ist; und AbkOhlen des ausgewAhiten Tells des Mediums auf      1. Milieu
magn6eique de stockage de donnees sine im wesentlichen niedrigere
Temperatur als die  ecrites thermiquement pour conserver des domal-
Kompensationstemperatur der zweiten Schicht, so   60   nos pr6sentant des
orientations d6sir6es de champ daS die Magnetisierungsausrichtung des Teils
der   magn6tique repr6ssnives des donnees, compre- ersten Schicht auf eine
gewOnschte Weise veran-    nant une couche de donn6es (32) pour conserver
dert wird.                                        les domaines presentant
les orientations de champ 22. Verfahren nach Anspruch 21, worin die Wie-
magn~tique d6sir6es, caract6ris4 en ce qu'il corn- derholung der Schritte
der Erhdzung und AbkOh-  65   prend en outre:   
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polarisation (34) coupl6e a la couche  11. Milieu de stockage de donnees
selon la reven- de donn6es pour produire un champ de polarisation  dication
10 dans lequel la magn6tisation nette de la en fonction de la temp6rature
du milieu de fagon a  couche de polarisation se conformo & la direction de
obtenir dans la couche de donnees des domaines   la magnetisation de la
coucho de donn6es & la se- pr6sentant les orientations de champ magn6tique
5   condo temperature. desirees.
12. Milieu de stockage de donn6es selon la reven- 2. Milieu de stockage de
donn6es selon la reven-  dication 11 dans lequel le fait de chauffer une
partie dication I dans bequel les orientations d6sir6es de  dudit milieu et
de la faire passer de la temp6rature champ magn6tique dans la couche de
donn6es peu-   ambiante a une troisibme tbmperature, qui est supe- vent
varier en fonction du champ de polarisation  1t0  reure a la temperature de
Curie de la couche de 6manant de la couche de polarisation.
donn6es mais inferieure & celle de la couche de po- 3. Milieu de stockage
de donn6es selon la reven-  larisation, provoque un changement dorientation
de dication 1 dans lequel la couche de polarisation est  la magnetisation
de la couche de donndes. constltuee par un materiau forrimagn6tique ayant
13. Milieu de stockage de donn6es selon la reven- un premier et un second
composants dont les ma-  1S  dication 12 dans loquel la couche de
polarisation gn6tisations ant des orientations pratiquement op-  change
dorlentation do fagon compatible avec le pos6es.
changsment d'orientatbon de la magn6tisation de la 4. Milieu de stockage de
donnees selon la reven-  couche de donn6es lorsque le milieu refroldit et
pas- dication 3 dans lequel le premier composant corn-  se d'une quatfibme
temperature, qul est Inferieure a prend au moins une couche magn6tique et
Is second   20  la temp6rature de compensation de la couche de po-
composant comprend au moins une couche magn6tl-   larisation, a la
temperature amblente. K   quo physiquement distincte de celle du premier
com-  14. Milieu de stockage de donn6es selon l'une posant.
quelconque des revendications 1, 3 ou 4, compre- 5. Milieu de stockage de
donnees selon la reven-  nant en outre une troisieme couche magn6tique pour
dication 3 dans loquel la magnetisation du premier  25  produire un champ
de polarisation ayant une orion- composant decrolt plus vito, lorsque la
temperature  tation connue. augmente, que celle du second composant.
15. Milieu de stockage de donnees selon la 6. Milieu de stockage de donn6es
selon la reven-  revendication 14 dans lequel la temp6rature de Cu-
dication 5 dans lequel la magnetisation du premier  oie de la troisieme
couche est sup6eieure aux tomp6- composante oet sup6rieure a celle du
second coin-  30  ratures de Curie des couches de donn6es et de posant
a-dessous d'une temperature de compen-     polarisation, si bien que,
lorsque le milieu est portl a sation, et dans loquel la magn6tisation du
second  une temp6rature sup6rieure aux tbmp6ratures de composant est
sup6erure a cello du premier au-    Curie des couches de donn6es et de
polarisation, dessus de la tomperature de compensation, si bien  mais
inf6eieure & la temperature de Curie de ia troi- que l'orientation de la
magnetisasfon nette au-des-  35  sieme couche, cotte demiere conserve son
orienta- sous de ia temperature de compensation eat a l'op-  tion connue de
magn6tisation et indult un champ ma- pos6 de la magn6tisation nette
au-dessus de la tern-  gnetique plus important dans les couches de don-
p6rature de compensation.                         nees et de polarisation
que lorsqu'elle nest pas 7. Milieu de stDckage de donn6es selon la reven-
chauffee. dication 6 dans loquel la tbmp6rature de Curie de la  40    16.
Milieu de stockage de donn6es selon la reven- couche de polarisation est
sup6rieure & celle de la  dication 14 dans lequel le fait de porter ledit
milieu a couche de donn6es et la magn6tisation de cotte der-  une
temp6rature telle que cello de la couche de don- niere diminue plus vito,
lorsque la temperature aug-  n6es sait sup6rieure & sa tbmp6rature de
Curie, mente, au-dessus de la temperature de compensa-   que cello de la
couche de polarisation soft sup6rieu- V tion qu'au-dessous de tbmperature
de compensa-  45  re a sa temperature de Curie et que cello de la troi-
tion de la couche de polarisation.                sieme couche soft
inferieure a sa temperature de 8. Milieu de stockage de donnees selon la
reven-  Curie, contraint les magn6tisations des couches de dication 7 dans
lequel la coercite de la couche de  donn6es et de polarisation & sorientbr
dans ia meme   t polarisation est peu 6leave a une seconde tempbra-
direction quo la direction connue de la magn6tisation ture Inf6rieure I la
tempbrature de compensation et  So  de la troisieme couche lors du
refroidissement du mi- dans lequel l'amplitude du champ magn6tique indunt
lieu. dans la couche de polarisaffon par la couche de don-  17. Milieu de
stockage de donn6es selon la reven-  c n6es est importantb par comparaison
avec l'amplitu-  dication 14 dans loquel la couche de polarisation   t de
de la coorciiviti de la couche de polarisation a la  possede une
temp6rature de compensation & laquel-  C secondo temp6rature.
55  Is l'orientafion du champ magn6tique not change, et      C 9. Milieu de
stockage de donn6es selon la reven-  dans lequel le fait de porter ledit
milieu a une temp6- dication 1 dans lequel la magn6tisation de la couche
rature telle quo celle de la couche de donn6es soft de polarisation est
orientbe dans une premiere di-  supbrieure a sa temp6rature de Curie et quo
cell o rection au-dessous d'une premiere tempbraturs et  de la couche de
polarisation soit inf6rieure a sa tIsm- dans une secondo direction aux
tbmp6ratures sup6-  60  p6rature de Curie mais supbfieure a sa temp6rature
Si rieures A la premnire tempbrature.                de compensation,
contraint la magn6tisatlon de la 10. Milieu de stockage de donneos selon la
reven-  couche de donnbes a sofienbtr dans la meme direc-  It dication 9
dans lequel la couche de donnbes a une  tfon que cello de la magnetisation
nette de la couche  0 tbmp6rature de Curie superieure a la premiere tam-
de polarisation entre les tbmpbratures de compen-    p p6rature.
65  sation et de Curie de la couche de polarisation lors   | 10   
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au-dessous de sa tempera-  avant chauffage et aprbs refroidissement. ture
de Curie.                                      24. Proc6d6 salon la
revendication 25 dans le- 18. Appareil pour produire un champ magnetique
quel l'orientation de la magn6tesation nette de la se- de polarisation pour
un dispositif de stockage ma-  conde couche bascule vers une orientation
prati- gn6tique, ayant des domaines de magn6tisation re-   5   quement
oppos6e a cello de la magnetisation- de la presentant des donn6es,
caracterse en ce qu7l     premibre couche lorsque le milieu est chauff6 au-
comprend:                                         dela de la temp6rature de
compensation de la secon- une couche ferrimagn6tique dont la magnetisation
de couche. notte est orient6e dans une premibre direction lors-  25.
Proced6 selon la revendication 24 dons le- quo la temperature de ladite
couche est inferieure A   10  quel la magnetisatlon de la premibre couche
adopts so tbmperature de compensation et dont la magneti-  I'orientation de
cello de la seconde couche lors du sation note est orentee dons une seconds
direc-   refroidissement du milieu depuis la tbmp6rature de tion diff6rente
de la premibre A une temperature su-  Curie de la premibre couche. p6rieure
A sa tbmperature de compensation, mais in-  26. Procede solon la
revendication 25 dans le- f6rieure a sa temperature de Curie, ladite couche
15  quel, lorsqu'on laisse le milieu refroidir au-dela de la produisant le
champ magn6tique de polarisation re-  tmperature do compensation de la
seconde cou- quis pour etablir les domaines de magnetisation et la  che, la
coercitivit6 de celle-ci devient suffisamment couche ferrimagn6tique etant
constituee par un ma-  basse pour quo sa magntisation notte adopts la m-
teriau ferrimagnetique ayant un premier et un se-  me orientation quo ia
magnetisation de la premibre cond composants dont les magnetisations
pr6sen-  20  couche. tent des orientations pratiquement oppos6es.
27. Prdcci6 pour remettre la magnetisation d'un- 19. Milieu de stockage de
donnees solon la. reven-  milieu magnetique A auto-polarisation dons une
di- dication 18 dans lequel ia magnetisation du premier  rection
predeterrnine, ledit milieu comportant une composant decrott plus vite,
lorsque la temperature  -promiere couche pour conserver des domaines de
augments, quo decrolt la magnetisalion du second   25   magnetisation
representatits de donnees, une se- composant.              '
conde couche ferrimagn6tique pour produire un 20. Milieu de stockage de
donnees solon la re-  champ magnetique de polarisation permettant d'obtb-
vendication 19 dons lequel la magnltisation du pre-  nir los domaines do
polarisatlon dons la premibre mier composant est sup6rieure a celle du
second   couche et une troisibme couche pour produire un' composant
au-dessous de la tbmperature de com-  30  champ de polarisaffon magn6fique
d'une direction pensaton, et la magnetisation du second composant
pr6d6termin6e, caracterise en ce quil comprend est superieure A cello du
premier composant au-   des etapes consistant a dessus de latemperature de
compensation, de tells  porter les premibre et seconde couches a une tem-
sorts quo l'orentation de la magnetisation notte  perature superleure -aux
temperatures de Curie de change de part et d'autre de la temperature de
corn-  35  la prerniere couche et de la seconds couche afin de pensaton.
rlduire leurs magnetisabons A une valeur pratique- 21. Proced6 pour 6crire
des donnees dons un mi-  ment nulls, et lieu de stockage magnlto-optique
comportant une  laisser les premibre et second. couches refroidir premibre
couche pour conserver des domaines de   jusqu'A une temperature infrrieure
A la temperature magn6tisarion dont les orientations sont repr6senta-  40
de compensation de la seconds couche et aux tem- tives des donnees et une
seconde couche de polari-  p6ratures de Curie des premiere et seconds cou-
sation dont la temperature de compensation et la  dies, do telle sorts quo
l'orientation de la magnetisa- tbmperature'de Curie sont respectivement
inferieu-  tVon des premiere et seconde couches se trouve re et sup6rieure
A la temperature de Curie de la pre-  dans la direction predetermin6e.
miere couche, caractdris6 en ce qu'il comprend des   45 6tapes consistant
A: porter une partie choisie dudit milieu A une tempera- ture supefiure A
la temperature de Curie de' la pre-         - mibre couche, mais inferieure
A. la temperature de Curie de la secondo couche, et               50
laisser reftroidir ladie partie choisie dudit milieu jus- qua une
tbmperature praiquement inferieure a. Ia temperature de compensation de la
seconds cou- che, de toile sorte que la magnetisation de la partie de la
premibre couche change d'orientation d'une fa-  55 con desiree. 22. Procidl
selon la revendication 21 dons lequel le falt de repbbr les etapes de
chauffage et de re- froidissernent ramene la magnefisaffon de ladite par-
ti de la premiere couche A son orientation Inifiale.  60 23. Procldd selon
la revendication 21 dons lequel la'seconde couche a des domaines de
magn6tfsation correspondant aux domaines de magnlfisaton res- pectifs de la
premiere couche et presentant la m~me orientation quo les domaines de la
premiere couche   65    


