A COMPOSITE MAGNETIC RECORDING STRUCTURE HAVING A
METAMAGNETIC LAYER WITH FIELD INDUCED TRANSITION TO
FERROMAGNETIC STATE FIELD OF THE INVENTION [0001] This
invention relates to magnetic recording media, and in particular relates to
magnetic recording media having improved thermostability and coercivity
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the prevailing forms of HRRREMAGNIMAGhSTAdEa recording may be
implemented using different types of magnetic recording media, including
tapes, hard discs, floppy discs, etc. Over the years, significant
developments have been made to increase the areal data recording
density in magnetic data recording. [0003] Superparamagnetism is a

FIEIROIHE 12N MM asing magnetic recording areal density.

Superparamagnetism results from thermal excitations perturbing the
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magnetization distribution unstable. As the magnetic media grain size is
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chiecemgifataomadl issurlilhensupeipatempgatiieseffect is most evident
when the grain volume V is sufficiently small that the inequality K" V/kBT
> 40 can no longer be maintained. K. is the material's magnetocrystalline

anisotropy energy density, kB is the Boltzmann's constant, and T is in
absolute temperature. When this inequality is not satisfied, thermal energy
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stable. Therefore, as the grain size is decreased in order to increase the
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temperature T such that stable data_ storage is no longer feasible. 2
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increase, of switching. field characteristic of the medium (i.e., coercivity).

tap%me‘#sﬂ'f‘e floppy, iﬁcﬁvﬁwab%ver the years, significant developments have been

made to increase the areal data recording density in magnetic data recording.

[0003] Superparamagnetism is a major limiting factor to increasing magnetic recording
areal density. Superparamagnetism results from thermal excitations perturbing the
magnetization of grains in a ferromagnetic material, making the magnetization
distribution unstable. As the magnetic media grain size is reduced for high areal
density recording, superparamagnetic instabilities become more of an issue. The
superparamagnetic effect is most evident when the grain volume V is sufficiently small
that the inequality K,V/kgT > 40 can no longer be maintained. K, is the material's
magnetocrystalline anisotropy energy density, kg is the Boltzmann's constant, and T is
in absolute temperature. When this inequality is not satisfied, thermal energy
demagnetizes the individual grains and the stored data bits will not be stable.
Therefore, as the grain size is decreased in order to increase the areal density, a
threshold is reached for a given material K, and temperature T such that stable data

storage is no longer feasible.



recording heads are not able to provide a sufficient or high enough
magnetic writing field to write on such a medium. The magnetic field
delivered from the write head to reach magnetization reversal of the grain
is currently limited to approximately 10 kOe. [00051 Heat Assisted
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assisted recording, has been proposed to overcome at least some of the
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[0006] It would be desirable to develop a recording medium with improved
thermostability and coercivity characteristics to facilitate magnetic data recording using

current transducer designs.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a novel magnetic recording medium having
a composite magnetic recording structure comprising the combination of a hard
magnetic layer and a metamagnetic layer that possesses a field induced metamagnetic
transition characteristic at ambient operating temperature (i.e., in the absence of any
applied external heating to assist in magnetic recording, beyond the temperature of the
environment in which the magnetic recording medium operates). Under an applied

external magnetic field (e.g., from the write head), the metamagnetic layer experiences



applied external heating beyond the ambient temperature that is below the
antiferromagnetic to ferromagnetic transition temperature of the
metamagnetic layer. The hard magn%tic recording layer is magnetically
exchange coupled to the metamagnetic layer. This field induced
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the hard magnetic layer results in the softening of the coercivity of the
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the applied magnetic field, the metamagnetic layer transitions back to an
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advantages of the invention, as well as the preferred mode of use,
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like reference numerals designate like or similar parts throughout the

magRelifniieddBe g1 EEgN RIS BREHHAMPIMBLBRTEB AL PR S ArRCtC state

andnBe'QiRIVIG BEtHVeRt iBaghagh elier ecarditgdndtiy ftifoat kA da66S the
with one g)mbodiment g;gtge present ﬁqvention. [0010] FIG. 2 |s a partially
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invention. [0011] FIG. 3a is a partially schematic side view of the hard
magnetic layer in a perpendicular ferromagnetic state and the
metamagnetic layer in an antiferromagnetic state. 4 [00121 FIG. 3bis a
partially schematic side view of the hard magnetic layer in a
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transitioning to a ferromagnetic state under the influence of the magnetic
[00PKbD SRt dvideAEag of the nature and advantages of the invention, as well

as the preferred mode of use, reference should be made to the following detailed
description read in conjunction with the accompanying drawings. In the following
drawings, like reference numerals designate like or similar parts throughout the

drawings.

[0009] FIG. 1 is a pictorial representation of a disc drive incorporating the inventive
magnetic recording medium in accordance with one embodiment of the present

invention.

[0010] FIG. 2 is a partially schematic side view of a perpendicular recording head and
the inventive magnetic medium in accordance with one embodiment of the present

invention.

[0011] FIG. 3a is a partially schematic side view of the hard magnetic layer in a
perpendicular ferromagnetic state and the metamagnetic layer in an antiferromagnetic

state.



[00131 FIG. 3c is a partially schematic side view of the hard magnetic
layer further switching its magnetic (;i%rection when the recording medium
is further under the influence of the magnetic field (H) from the write
head. [00141 FIG. 3d is a partially schematic side view of the hard
[00TRORRGC 3BY_raWihithE dacardad dataand dhenaneiamagiriic By in a
transitioning back to an antiferromagnetic state when the recording
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of the best presently contemplated mode of carrying out the invention.
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kY et S e A el
swicbipg 0f thegirventiortobedicater revediby refdiiende fiatie appentded
. _claims. H'}IIIS inven ior¥h I%efn d cribetd per(iin in reference to various
Ao diments Jng lra%/?/lnés. Il be Vglrﬁp?reg?a'ed by those skilled in the
art that variations and improvements may be accomplished in view of
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recording medium for a data recording syste aving a novel composite
stafpagdieatibeeeordimg saeditungs Throngbowndgishsradbrendisefcbanaagnette figld
frofNElamagnglg’ refers to the transition from an antiferromagnetic state to

a ferromagnetic state under the influence of an external magnetic field,

independent of temperature effect on such transition. As will be detailed

below, the novel composite magnetic recording structure comprises the

combination of a hard magnetic layer and a metamagnetic layer that
DHDASESRDESESRIMOLENd metamagnetic transition characteristic in

ambient operating temperature (i.e., in the absence of any applied
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invigetidy tlhdeviedatermgmnedt djasederence to the appended claims. This invention has
been described herein in reference to various embodiments and drawings. It will be
appreciated by those skilled in the art that variations and improvements may be
accomplished in view of these teachings without deviating from the scope and spirit of

the invention.

[0016] The present invention is directed to a magnetic recording medium for a data
recording system, having a novel composite magnetic recording structure. Throughout
the present disclosure, the term “metamagnetic” refers to the transition from an
antiferromagnetic state to a ferromagnetic state under the influence of an external
magnetic field, independent of temperature effect on such transition. As will be
detailed below, the novel composite magnetic recording structure comprises the
combination of a hard magnetic layer and a metamagnetic layer that possesses a field
induced metamagnetic transition characteristic in ambient operating temperature (i.e.,
in the absence of any applied external heating to assist in magnetic recording, beyond

the temperature of the environment in which the magnetic recording medium operates).



experiences transition from an antiferromagnetic state to a ferromagnetic

state, and the magnetic field induces magnetization of the metamagnetic
layer, at temperatures below such transition temperature (i.e., even in the
absence of any applied external heating beyond an ambient temperature
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temperature of the metamagnetic layer). The hard magnetic recording
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removal_ of the applied magnetic field, the metamagnetic layer transitions
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of magnetic data recording system, such as tape drives, floppy disc
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as ﬁyes(i%éﬂetggggl%ﬁ]}%ea@%l¥060rienting magnetic domains within a magnetic
recording medium substantially perpendicular to the direction of travel of the recording
head and/or recording medium. Although one embodiment of the invention is
described herein with reference to perpendicular magnetic recording, it will be
appreciated that aspects of the invention may also be used in conjunction with other

types of recording (e.g., longitudinal) where it may be desirable to deploy the inventive

magnetic recording medium.

[0018] It is well contemplated that the novel magnetic recording medium of the present
invention may be applied to other types of magnetic data recording system, such as tape
drives, floppy disc drives, etc., which may comprise in addition to magnetic data
recording, other forms of data reading, such as a magneto-optical recording system,
without departing from the scope and spirit of the present invention. While the present

invention is illustrated in reference to a magnetic recording system that does not apply



external heat beyond ambient heat to the magnetic medium, it is
contemplated that the novel magne(t]iéi recording medium may be used in
a HAMR system, for example, to reduce the amount of heat necessary to
reduce the coercivity of the recording medium. [00191 FIG. 1 is a pictorial
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medium in accordance with this invention. The disc drive 10 includes a
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the write pole 52. The recording head 50 also may include a read head,
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known in the art. The magnetic recording medium 40 is positioned
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52 for energizing the recording head 50. It will be appreciated that the recording head

50 may be constructed with a write pole 52 only and no return pole 54 or yoke 56 and
that the magnetization coil 55 may surround the yoke 56 instead of the write pole 52.
The recording head 50 also may include a read head, not shown, which may be any
conventional type read head as is generally known in the art. The magnetic recording
medium 40 is positioned adjacent to or under the recording head 50 and travels in the
direction of the arrow A. An air bearing surface 59 separates the recording head 50

from the medium 40 by a small distance.

[0021] The medium 40 is schematically represented as having a layered structure,
including a substrate 42, a soft magnetic underlayer 44, a magnetic recording structure
comprising a metamagnetic layer 38 and a hard magnetic layer 46, and a protective

overcoat 48. In the illustrated embodiment, the aforementioned layers are stacked (e.g.,



comprising a metamagnetic layer 38 and a hard magnetic layer 46, and a
protective overcoat 48. In the illustrated embodiment, the aforementioned
layers are stacked (e.g., 7 by deposizion) in the sequence shown in FIG.
2. However, it is contemplated that to the extent it is consistent with the
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the various layers may be stacked in a different sequence not shown.
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intermediate layer or layers. Also, certain layer or layers disclosed herein
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rigid materials including ceramjc glass, amorphous glass, Al,.or NiP plated
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scdpFandGp#iNIT, thoplifsenfiavaliohhe soft magnetic underlayer 44 may
comprise one or more soft sublayers, which may be made of the same or
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ﬂoﬁ%g' 8%%%%5%’85&%?}% g})ee Iak)Blpcqg%‘fni?, g{ﬁtable flexible materials may be used for
the substrate. The soft magnetic underlayer 44 may be made of any suitable material
such as, for example, alloys or multilayers comprising Co, Fe, Ni, Pd, Pt or Ru, such as
CoFe, FeAIN, NiFe, CoZrNb, CoNiFe, FeTaN. The soft magnetic underlayer 44 may
comprise one or more soft sublayers, which may be made of the same or different
materials. Suitable hard magnetic materials for the perpendicular magnetic layer 46
may include, for example, FePt, CoCrPt, CoPd, CoPt, and FePd alloys having a
relatively high magnetic anisotropy at ambient temperature, such as the L1, phases of
such alloys, in a multilayer structure. Other types of magnetic recording materials may
be used instead for other types of magnetic recording, such as longitudinal recordings,
and magneto-optical recordings. Suitable metamagnetic materials for the metamagnetic
layer 38 may include materials such as YMngSng xGayx with x = 0.1 to 0.2 and Y.

LaxMn,Ge, with x = 0.25. Further details of these materials may be referenced to

Zhang et al., Phys. Rev. B, 64, 212404 (2001); and Fuji et al., J. Magn. Magn. Mat., 54-



such alloys, in a multilayer structure. Other types of magnetic recording
materials may be used instead for other types of magnetic recording,
such as longitudinal recordings, and“magneto-optical recordings. Suitable
metamagnetic materials for the metamagnetic layer 38 may include
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[0024] The various layers of the recording medium 40 may be formed by known
conventional process steps, such as sputtering, deposition, coating, etc., which may also
include the steps of polishing, prepping, heat treatment (e.g., annealing), sintering,

etching, lithographic masking, etc.

[0025] During the recording operation, the recording medium 40 is passed under the
recording head 50 in the direction indicated by arrow A. A current is applied to the
magnetization coil 55, which induces a magnetic flux 58 that is directed from the write
pole 52 perpendicularly through the magnetic layer 46 and the metamagnetic layer 38,
then back to the opposing pole 54. The soft underlayer 44 provides a flux path, which
directs the magnetic flux 38 back to the opposing pole 54. It will be appreciated that

the magnetic recording medium may be constructed without a soft underlayer for non-



etching, lithographic masking, etc. [00251 During the recording operation,

the recording medium 40 is passed lgder the recording head 50 in the

direction indicated by arrow A. A currént is applied to the magnetization

coil 55, which induces a magnetic flux 58 that is directed from the write
pepRIRIRAIREFREIMIRYIFHY HURiH (ennaRelalRY BABROSHIR and spirit of the

metamagnetic layer 38, then back to the opposing pole 54. The soft
PrESARESRIAU provides a flux path, which directs the magnetic flux 38

back to the opposing pole 54. It will be appreciated that the magnetic
[0026JoRIBGY. 1B disd iflaytlae: chasticiedt witbimitge Softhincagayerdosmonte
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layer 38, on the other hand, is shown in an antiferromagnetic state and the
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layer 38, on the other hand, is shown in an antiferromagnetic state and the magnetic

moments of its particles are approximately zero.

[0028] FIG. 3b represents the state of the recording medium 40 in the early stage of a
data bit recording process. An applied magnetic field 83 is emitted from the write pole
of the write head and travels perpendicularly through the magnetic layer 46 and into the
plane of the metamagnetic layer 38. Due to the high coercivity of the hard magnetic
layer 46, the magnetic flux is not high enough to reverse the magnetization in the
magnetic layer 46 and thus, the recording is not yet performed. However, the magnetic
flux from the write head is sufficiently high enough to change the metamagnetic layer
38 from a antiferromagnetic state to a ferromagnetic state as shown by the arrows

showing the magnetization direction and magnitude.

[0029] FIG. 3¢ represents the state of the recording medium 40 in the latter stage of a

data bit recording process. Under the continuing influence of the applied magnetic



data bit recording process. An applied magnetic field 83 is emitted from
the write pole of the write head and travels perpendicularly through the
magnetic layer 46 and into the plan Y the metamagnetic layer 38. Due
to the high coercivity of the hard magnetic layer 46, the magnetic flux is

fielo8igte anemahRderRVaIse 188 IRINEHSHIOB dhedrrgRakc layer 46
and thus, the recording Is not yet performed. However, the magnetic flux
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state as shown by the arrows showing the magnetization direction and
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malefeamagneifaraia siihidng epagnetizationidi estiansnhaintingdavmward.
Since the metamagnetic layer 38 is located next to the magnetic layer 46,

odJfSR3gange coupling Interagtion beteen the g yera, This

eéxchange coupling interaction temporarily e Coercivity 0
praviag ieticnpyerd rtd thelemelitiahatiomis feddiidirgnioybé foerfohn et drylithe
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.coupled to the ha agnetic. layer 46, the coercivity of the magnetic,.
o B R U R ine or o
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reduce the coercivity of its magnefic layer through the assistance o a
an ppplagvagtetial lopeneindfiald applied external magnetic field.

[0031] It can be seen from the above disclosure that the present invention makes use of
a metamagnetic layer to effectively temporarily reduces the coercivity of the hard
magnetic layer during data write operation. A weaker write head of lower magnetic
field strength may be deployed to work with the hard magnetic layer that ordinarily has
coercivity too high for writing with the same write head at ordinary operating ambient
temperature. The metamagnetic layer is made of a material that undergoes a reversible
magnetic phase transition from antiferromagnetic in the absence of an applied magnetic
field, to ferromagnetic state under the influence of an applied magnetic field. During
data recording, the magnetic write head creates a magnetic flux of sufficient magnitude
to temporarily cause the metamagnetic layer to change from an antiferromagnetic state
to a ferromagnetic state. Since the metamagnetic layer is adjacent to the hard magnetic
layer (in the disclosed embodiment, the metamagnetic layer is immediately adjacent the

hard magnetic layer), the magnetic exchange coupling between the two layers



[00311 It can be seen from the above disclosure that the present invention

makes use of a metamagnetic layer to effectively temporarily reduces the

coercivity of the hard magnetic Iayer1 Eluring data write operation. A

weaker write head of lower magnetic field strength may be deployed to
effi@ReWitedhehard wagneticdanry that &%‘E@Eﬂﬂ%ﬁ TR GOy iGRening

for writing with the same write head at ordinary operating ambient _
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the



details, materials, and arrangements of parts may be made without
departing from the scope of the invention as defined in the appended
claims. 12 What is claimed is: 1. A rh gnetic recording medium,
comprising: a hard magnetic recording layer; and a metamagnetic layer
wisauplagitethg:-hard magnetic recording layer, wherein the metamagnetic

layer has a characteristic of magnetic field induced transitioning from an
L. antifériBpsaghietrestdibed sadditbrgritid&tate when it is subject to an

extegnalr-apiiac i agnelinfielder-ahie magnetic recording medium of

claim 1, wherein the metamagnetic recording Iaﬁﬂer has a transition

tempPerstaregReiin iy RTodeieb s thaheitdnagatiie srraising layer, wherein the
me@iiferanagnetin stataanddnaitesamaapat¢isiatadadbheabsangamf tgn an

external applied magnetic field, and wherein the metamagnetic recording .
antiioRPARRTHE S e S oI RARRGHE SiRtrahEmidhathi s 4B Grisrnal applied
mal@fégoraglaetic state at below the transition temperature in the presence of

the external applied magnetic field. 3. The magnetic recording medium of

claim 1, wherein the metamagnetic layer is magnetically exchange

2. coupiad fenthrtharetoragnRatiedaysonbiehine wrirmagnatigahay@ieciscat the
ferromagnetic state. 4. The magnetic recqrding medium of claim 1,

m .

re 8i%¥ﬁé%&&%wt&%ﬁmt%§n%]ﬁtc SPASERRSE AN Ve besyeon

thewhgfethehinatamagnetiadayerfisrohihendesramagnelicasirifed th€external

agnetic recording medjum of claim 1, wherein the metagmagnetijc layer is

apl?rﬂﬁﬁé’&‘ﬁ?&&‘/cd‘ﬂrf?é%eﬂ’i’@ﬂh‘?éeﬁh SRR RIS W Re g rereoes
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adjacent to the metamagnetic layer and the hard magnetic layer. 7. The
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supporting the hard magnetic layer, the metamagnetic layer, and the soft

layer. 8. The magnetic recording medium of claim 7, wherein the substrate.
 comBREERBPRESSHUSE AT RAEALT dndt HHEERS FASkRggnetc Tayer s

magnetically exchange coupled to the hard magnetic layer when the metamagnetic

3
layer is at the ferromagnetic state.

4. The magnetic recording medium of claim 1, wherein the coercivity of the hard
magnetic layer is effectively reduced when the metamagnetic layer is at the

ferromagnetic state.

5. The magnetic recording medium of claim 1, wherein the metamagnetic layer is

immediately adjacent to the hard magnetic layer.

6. The magnetic recording medium of claim 1, further comprising a magnetically

soft layer adjacent to the metamagnetic layer and the hard magnetic layer.

7. The magnetic recording medium of claim 6, further comprising a substrate

supporting the hard magnetic layer, the metamagnetic layer, and the soft layer.

8. The magnetic recording medium of claim 7, wherein the substrate comprises at

least one of a rigid material and a flexible material.



13 9. The magnetic recording medium of claim 8, wherein the hard
magnetic layer comprises magnetic domains configured for perpendicular
recording. 10. The magnetic recordirlg medium of claim 1, wherein the
metamagnetic layer undergoes transition from the ferromagnetic state to

9. the anfifesremagnetisraiateniadhen abspneesoltha &xterplPRLSHctic layer
magnetic field, 11. The magnetic recording medium of claim 10, wherein

copuINe ARG HE HOTRIES GHAEUGENY PRPShNEddrdRIFETard magnetic
layer at the antiferromagnetic state, to return the hard magnetic layer to
higher coercivity. 12. The magnetic recarding medium of claim 1, wherein

104he hBEIRMEGREGEAREINESNSPILB O e RiaLE oBBF NS ARTBMAsASHRItIY R
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medium of claim 1, wherein the hard magnetic layer has a coercivity of at

abjencg qlptheraiemal whtiethuaaneirefitdthagnetic state, the metamagnetic
layer effectively lowers the coercivity of the hard magnetic layer, to permit
data recording at the hardd[ln}gfgnetic IaIyer, reaching a data recording%

' genstlf SRAn SIS BEINBHEIGh S AR A-StECr d RS a#Re
maghpliedipnagneiitclieidafiné mesimbacte ke k4hAperpaodisuhtic state, to
magnetic recording medium, comprising:.a hard magnetic recording layer

retighg e RS RSP RS RS 4% a metamagnetic layer coupled
to the hard magnetic recording layer, wherein the metamagnetic layer has
a characteristic. of magnetic field induced transjtioning from an )

12 antif oML %‘ng%lf’&&’é’n% Hate LearaSIRmnT rRelamRisiicdayer
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magnetic recording medium, comprising: a hard magnetic recording layer;

~ 0ol a metamagnetic layer coupled to the hard magnetic recording layer,
wherein the metamagnetic layer has a characteristic of magnetic field
induced transitioning from an 14 antiferromagnetic state to a

13 ferrohhagnrane Seatec rege imediunjeE claiain! extestran Apphiatd magnetic layer

has a coercivity of at least 10 kOe, and wherein at the ferromagnetic state, the

ic layer

metamagnetic layer effectively lowers the coercivity of the hard magnetic layer, to
permit data recording at the hard magnetic layer, reaching a data recording density of at
least 150,000 Mbits/cm®, when subject to the external applied magnetic field of at most
H =10 kOe.

14. A perpendicular magnetic recording medium, comprising:

a hard magnetic recording layer configured for perpendicular recording; and

a metamagnetic layer coupled to the hard magnetic recording layer, wherein the
metamagnetic layer has a characteristic of magnetic field induced transitioning from an
antiferromagnetic state to a ferromagnetic state when it is subject to an external applied

magnetic field.

15. A magnetic recording structure in a magnetic recording medium, comprising:
a hard magnetic recording layer; and
a metamagnetic layer coupled to the hard magnetic recording layer, wherein the

metamagnetic layer has a characteristic of magnetic field induced transitioning from an



magnetic field. 16. A data storage system, comprising: a magnetic

recording medium as in claim 1; a dat recording head directing a

magnetic field at the magnetic recordihg medium; and an actuator

supporting and positioning the data recording head with respect to the
antiRiBoraEORBiNG Mediain aigch dalatiec ANeing: ik cubRetIYIE Bk RE &M UPplicd

16, wherein the magnetic recording medium is configured for
magpehedtfidhilar data recording and the data recording head is supported

and positioned by the actuator relative to the data recording medium to

effect perpendicular magnetic recording on the magnetic recording
16.meditiffta SloRETtTEd FREHERE data recording, comprising the steps

of: previghee @redsanet¢ieEar ndmeasiwmm.as in claim 1; providing a data
recording head to direct a magnetic field at the magnetic recording
medfUfAREoLtRSditR Arta sy tod aktaieoraeR e serdidine
mekBEREGHLID the data recording medium to effect data recording. 19. A
method of making a magnetic recording medium, the method comprising:
formftAg ARG THRRATERE FREdTCRHEPPEa R RSEHITIYS ArathrAYFRSREC o
thelAyer i dheinamemagnetiafesading day@nhgvherein the metamagnetic
layer has a characteristic of magnetic field induced transitioning from an
antiferromagnetic state to a ferromagnetic state when it is subject to an
17 extema! sppptiesrFlagnetc finldeidQhd ke gaethod @i elaimtdiuvhigredn izared
o MARNRY eopreing iover,  imed, adRcent g e metamagneti

positioned by the actuator relative to the data recording medium to effect perpendicular

magnetic recording on the magnetic recording medium.

18. A method of magnetic data recording, comprising the steps of:

providing a magnetic recording medium as in claim 1;

providing a data recording head to direct a magnetic field at the magnetic
recording medium; and

supporting and positioning the data recording head with respect to the data

recording medium to effect data recording.

19. A method of making a magnetic recording medium, the method comprising:
forming a hard magnetic recording layer; and
coupling a metamagnetic layer to the hard magnetic recording layer, wherein
the metamagnetic layer has a characteristic of magnetic field induced transitioning from
an antiferromagnetic state to a ferromagnetic state when it is subject to an external

applied magnetic field.

20. The method of claim 19, wherein the hard magnetic recording layer is formed

adjacent to the metamagnetic layer.





