MAGNETI C RECORDI NG DI SK DRI VE W TH LAM NATED MEDI A AND | MPROVED MEDI A
SIGNAL- TO-NO SE RATIO 5 Rel ated Application This application is related to
concurrently filed co-pending application titled "METHOD FOR MAGNETI C
RECORDI NG ON LAM NATED MEDIA WTH | MPROVED MEDI A SI GNAL- TO- NO SE RATI O
which is based on the sane specification as this application. 10 Techni cal
Field This invention relates generally to nagnetic recording disk drives,
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10
Technical Field
This invention relates generally to magnetic recording disk drives, and more
particularly to a magnetic recording disk drive with increased recording density as a result of
improved media signal-to-noise ratio (SNR).
15

Background of the Invention

In magnetic recording disk drives, where the magnetic recording media on the disks is
a granular metal alloy, such as a CoPt alloy, the intrinsic media noise increases with
increasing linear recording density. Media noise arises from irregularities in the recorded
20  magnetic transitions and results in random shifts of the readback signal peaks. Higher media
noise leads to higher bit error rates. Thus to obtain higher areal densities in magnetic
recording disk drives, it is necessary to decrease the intrinsic media noise, i.e., increase the
signal-to-noise ratio (SNR), of the recording media.
The media SNR is to first order proportional to 20log(N 122y, where N is the number of
25  magnetic grains per unit area in the media and SNR is expressed in units of dB. Accordingly,
increases in SNR can be accomplished by increasing N. However, N is limited by the
individual grain area A required to maintain the thermal stability of the recorded
magnetization. This limitation arises because the energy term protecting against thermal

degradation is KV, where K is the anisotropy and V is the volume of an individual magnetic
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individual grain area Arequired to maintain the thermal stability of the
recorded nmagnetization. This limtation arises because the energy term
protecting against thermal degradation is KV, where K is the anisotropy and
Vis the volunme of an individual magnetic -1 grain. KV nust be kept greater
than a certain value to assure thermal stability of the recorded

magneti zations. Increasing N by nerely reducing the grain area A wll reduce
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Improved media SNR can be achieved with “laminated” media. In laminated media,
15  the single magnetic layer is replaced with a laminate of two or more separate magnetic layers
that are spaced apart and magnetically decoupled by nonmagnetic spacer layers. This
discovery was made by S. E. Lambert, et al., "Reduction of Media Noise in Thin Film Metal
Media by Lamination", IEEE Transactions on Magnetics, Vol. 26, No. 5, September 1990,
pp. 2706-2709, and patented in U.S. Pat. No. 5,051,288. This approach increases SNR
20  because N is increased, e.g., essentially doubled when the laminated magnetic layer contains
two magnetic layers. In this approach the same magnetic alloy composition that was used in
the single magnetic layer is used in both magnetic layers of the laminated magnetic layer, so
that it is not necessary to use a higher K magnetic alloy material. Thus K remains the same as
for the single layer media, i.e., each magnetic layer has an intrinsic coercivity Hy capable of
25  being written by a conventional write head. If each magnetic layer in the laminate is also the
same thickness as the single magnetic layer the grain volume V remains the same because the
grains in the two magnetic layers are magnetically decoupled by the nonmagnetic spacer layer.

Thus SNR is increased without a reduction in KV so that thermal stability is not decreased.

However, this laminated media approach to increasing media SNR requires substantially
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two magnetic layers. In this approach the sanme magnetic all oy conposition
that was used in the single nagnetic layer is used in both magnetic |ayers
of the lam nated magnetic layer, so that it is not necessary to use a
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alloy has smaller grains to thereby increase N, but also a higher anisotropy K. Because the
15  higher K material has a higher Hy, it can not be written by a conventional write head and thus
the magnetic material must be heated to lower the intrinsic coercivity enough for writing to
occur. Several approaches for heating the high K media in TAMR have been proposed,;
including use of a laser beam or ultraviolet lamp to do the localized heating, as described in
“Data Recording at Ultra High Density”, IBM Technical Disclosure Bulletin, Vol. 39, No. 7,
20 July 1996, p. 237; “Thermally-Assisted Magnetic Recording”, IBM Technical Disclosure
Bulletin, Vol. 40, No. 10, October 1997, p. 65; and U.S. patent 5,583,727. A read/write head
for use in a TAMR system is described in U.S. patent 5,986,978, wherein a special optical
channel is fabricated adjacent to the pole or within the gap of a write head for directing laser
light or heat down the channel. U.S. patent 6,493,183 describes a TAMR disk drive wherein
25  the thin film inductive write head includes an electrically resistive heater located in the write
gap between the pole tips of the write head for locally heating the high K magnetic recording
layer.

What is needed is a magnetic recording disk drive with thermally stable, high SNR
media that has high OW.



15 higher K material has a higher HO, it can not be witten by a
conventional wite head and thus the magnetic material nust be heated to
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upper layer, and thus the upper ferromagnetic layer can have an intrinsic coercivity which

would prevent it from being written by a conventional write head if it were not heated.
15 The heater can be located close to or incorporated into the inductive write head and
can be an electrically resistive heater or another heat source, such as a laser.

One of the ferromagnetic layers in the laminated media can be an
antiferromagnetically coupled (AFC) structure that has two antiferromagnetically coupled
ferromagnetic films separated by an antiferromagnetically coupling film.

20 For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the following detailed description taken together with the

accompanying figures.

Brief Description of the Drawing

25 Fig. 1 is a top view of a disk drive according to the present invention with the cover
removed.
Fig. 2A is a view from the air-bearing surface (ABS) of the head structure used in the
disk drive of the present invention illustrating the inductive write poles and the electrically

resistive heater.



10 wite to the lam nated nedia, heat is directed to the | ower ferronmagnetic
| ayer to.reduce its intrinsic coercivity below the magnetic field to which
it is exposed. Because the upper ferromagnetic layer is also heated it is
possible to use a material with a high K value for the upper |ayer, and
thus the upper ferromagnetic |ayer can have an intrinsic coercivity which
woul d prevent it frombeing witten by a conventional wite head if it were
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| ayer, il bustvried (OW) iléB.magnetic wite fields and the heat flux fromthe
head structure. Fig. 3 is a schematic sectional view of a disk structure

with 1 ami nat Bg frghechematic sectional view of an alternative disk structure with an
antiferromagnetically coupled (AFC) layer as the bottom layer in a laminated magnetic

recording layer.

Detailed Description of the Invention

15 Fig. 1 is a top view of a disk drive 10 according to the present invention with the cover
removed. The drive 10 has a housing or base 12 that supports an actuator 30 and a drive
motor for rotating magnetic recording disk 14 that has a laminated recording layer. The
actuator 30 is typically a voice coil motor (VCM) rotary actuator that has a rigid arm 34 and
rotates about pivot 32 as shown by arrow 24. A head-suspension assembly 20 includes a

20  suspension 21 that has one end attached to the end of actuator arm 34 and a head carrier,
typically slider 22, attached to the other end of suspension 21. As the disk 14 rotates, the
movement of actuator 30 allows the head on the trailing end of head carrier 22 to access
different data tracks on disk 14 for the recording and reading of data. The head structure
located on the slider 22 includes an inductive write head, a magnetoresistive read head and

25  means for heating the laminated recording layer while the write field is being applied.

Figs. 2A-2B illustrate a portion of a head as described in U.S. Patent 6,493,183 that
includes an inductive portion for generating the magnetic write field and a heater for heating
the media. The inductive portion of the head includes yoke Y and coil C (the segments of coil

C are shown in sectional view in Fig. 2B). The head is mounted on the trailing end 102 of a
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5 recording layer. Fig. 4 is a graph of normalized wite field fromthe

i nductive wite head as a function of distance fromthe head pole tips.
Fig. 5is a graph of Ho of a CoPtCrB all oy magnetic recording | ayer as a
function of overwite (ON in dB. 10 Fig. 6 is a schematic sectional view
of an alternative disk structure wwth an antiferromagnetically coupled
(AFC) layer as the bottomlayer in a |am nated magnetic recording |ayer.

Cet L1 5 B350, ¢ yLDELIMATEN.HE ik inge b0t VBB B Sh oty

rnvention w

drive 10 RagneficfiRUbispodticedasBe dité Bal WEMBEetS tvdhmaghdfidtpdles30 AP a8lr i ve
notor for rotating magnetic recording disk 14 that has a | am nated recording

| ayer. Thshowadnliag. @A Bbereshe ypteduehd polg tipsil83, Iddiare wiswved fiowOYe stiderkrajr-
actuator that has a rigid.ar 4 and ..rofates out pivot 32 as_.sho by
arrow 24 beate Ratua e fire Bty s T hfa(alao shouih peiel 82 Bkt has
one e ; - . :

Cypi a1 3 N Fasr B8 St g adp BRI e R Ao 2 s ST ™At he i sk
14 r ot at egrotectiee ovarscaneDt Thé laadhatad secoihglayavid ihtleddsdadensr Honent rai | i ng end

of head carrier 22 to access different data tracks.on disk 14 for the
r ecor di nglesamagalisi laver 4P, rppmagnatiespasydast A dcandrupper Qydap Edrasmpgngic layerder 22

R TR RN T S R L T M

for heati recording laye I

applied. Wi@setwéén 8B goldsuslt Pat igd 2Rhb e theQflectidi® &Ad9 33 daEfeticd @6 hédlerd0S.

Patent 6,493,183 that includes an inductive portion for generating the
magnetd ¢ Whé keeds 23edrd farmtdanflagnatenal ftlat ihegeddrajectti¢ad aned theemal Hoeduato sudhwas

por o0 of puhe heal Dol HISS YRS Y A SO 1€ BE SEITERS OS2l oS 21
102 of a 4fthe laminated magnetic layer 11 to be heated (as depicted by the wavy lines in Fig. 2B)
while the data bit is being recorded in that region by exposure to the magnetic field (as
depicted by dashed the dashed lines in Fig. 2B) generated between the pole tips 103, 105. As
15  the disk 14 rotates beneath the head, the magnetic layer 11 cools and both ferromagnetic
layers 13, 17 retain the direction of magnetization from the magnetic write field. Thus if the
parallel magnetizations of the ferromagnetic layers 13, 17 in this region were in a direction
opposite to the applied write field, they have now been reversed. Although Figs. 2A-2B show
the heater 20 located in the write gap WG, the heater may also be located outside the write
20  gap, for example above pole P2 or below P1 in Fig. 2A. Also, the heater may be formed as
part of the coil C, as described in published U.S. Patent Application 2003/0021191A1, in
which case portions of the coil serve as the electrical leads to the heater. In addition, the
heater does not need to be an electrically resistive heater and may be a separate element not
directly associated with the inductive write head, such as a laser that directs a light spot to the
25  media.
' Fig. 3 is a more detailed view of the disk 14 with the laminated magnetic recording
layer 11 and also shows the substrate (typically an AIMg alloy with a surface coating or glass)

and a conventional underlayer for enhancing the growth of the magnetic recording layer 11.

The layer 11 comprises at least two individual magnetic layers 13, 17, each with a magnetic
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-5 head carrier, such as an air-bearing slider 100. As wite current is
passed through the coil C, a magnetic field is produced in the wite gap W5
bet ween two magnetic poles P1 and P2, as shown in Fig. 2A where the wiite
head pole tips 103, 105 are viewed fromthe slider's air- bearing surface
(ABS) directly above the disk 14. Fig. 2B also shows a section of a disk 14
5 facing the ABS and having a | am nated nmagnetic recording |ayer 11 |ocated

peneath anobiehl @6t hfParll AR, whkre ¢ g‘g@@gﬁﬂ%g&gfa@g iafaged%erll I ncl udes

| ower or erro gnetl ayer I C spacer 15, and

upper or faferf@nigrtgiceclayaiét This conmposithbtBudngadias b eothledtt=DRIrg € £8vd-S an
electrically resistive heater 20 built into the wite gap W5 between the
pol es P1,laper lamingte. ént@ﬁéwmlﬁé derernagnetis layersdgvothesema sempasition.isedhasr  20.
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| ayer 11 to be heated (as depicted by the wavy 'lines in 2B) while the
data bit Fig. heAnghowrby thedmiowstin&ig. Bethc omgoytizkipnsof the two fdrmnmam lagerbi el d

(as depi ct ed by d ed the dashed Ell nes i.n Flag 2B) generated between the
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direction opp05|te to the applied wite field, they have now been reversed.
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L T A TSI oL B e TR °
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heat er angm}r)rlﬁ%dg gf t%lsss?gn%rl ?strgeaes{lr%g%rrllta sr}])gétrum analyzer. This signal is then overwritten
15  with a second square wave signal at six times the frequency of the original signal. The
spectrum analyzer then measures the amplitude of the signal remaining from the original
signal. OW is defined as the ratio of the amplitude of the original low frequency signal to the
amplitude of the remaining low frequency signal after it has been overwritten by the higher
frequency signal. OW is measured in units of dB which is 20log(of the above ratio). The
20  absolute value of this number is used.
Unlike in TAMR, where the inability to write is due to the high K value of the
recording layer, in the laminated media structure the ferromagnetic materials have an
anisotropy K value and thus an intrinsic coercivity capable of being written. However, the
poor writability is because the lower magnetic layer in the laminated recording layer is
25  exposed to a much lower field from the write head. The typical write head field profile as a
" function of vertical spacing of the recording layer from the write head pole tips is shown in
Fig. 4 for an inductive write head with a 100 nm write gap and a 100 nm wide write head.

The field at the middle of each of the magnetic layers 13, 17 in a two-layer laminated
recording layer 11 is marked by the solid squares. The field at the middle of the bottom
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directly associated with the inductive wite head, such as a | aser that
directs a light spot to the 25 nedia. Fig. 3 is a nore detailed view of the
disk 14 with the | am nated nagnetic recording |ayer 11 and al so shows the
substrate (typically an ALMy alloy with a surface coating or glass) and a
conventional underlayer for enhancing the growth of the magnetic recording

| ayer 11. The layer 11 conprises at |east two individual magnetic |ayers
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write head to write, i.e., alter the magnetization, at a distance S =25 nm from the pole tips
103, 105. However, the write field from the head at 40 nm (S + X) is only

15  approximately 7.2 kOe, which is less than the intrinsic coercivity of bottom ferromagnetic
layer 13, and thus insufficient to alter the magnetization in layer 13.

In the present invention the ability to write the lower magnetic layer is improved by
heating the laminated recording layer. The application of heat reduces Hy of the lower
magnetic layer without impacting the SNR gain. At the elevated temperature the Hy of both

20  magnetic layers is reduced, enabling the OW to be improved significantly. For a typical
CoPtCrB alloy magnetic layer, the temperature dependence of the Hy value is approximately
15 Oe/ °C, which corresponds to a 1500 Oe decrease for a 100 °C temperature rise, or about a
20% reduction. Fig. 5 shows the dependence of OW as a function of Hy. This figure shows
that a 100 °C temperature rise, corresponding to a 1500 Oe decrease in Hy, will yield an

25  improvement in OW of approximately 9 dB. This significant improvement allows the
laminated recording layer to have comparable OW values to a single magnetic layer, thereby
removing a key limitation of implementing laminated recording layers in disk drives.

An additional aspect of the present invention wherein heat is applied to the laminated

recording layer is the use of a laminated recording layer with the top or upper magnetic layer
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anplitude of the remaining | ow frequency signal after it has been
overwitten by the higher frequency signal. ONis neasured in units of dB
which is 20l og(of the above ratio). The 20 absol ute value of this nunber is
used. Unlike in TAVR, where the inability to wite is due to the high K
value of the recording layer, in the |amnated nedia structure the
ferromagnetic materials have an anisotropy K value and thus an intrinsic

coerci vi t K Pt Whit 16a8s toHaRY R thdrifal staBifity Wi dadlelusty td S
because t%gﬁ%%ﬁﬁgg%leti c | ayelr I ns% he "I am rﬁat ed ?tecosyd%!g I a;edrS igd 25

exposed tredacerthe thi¢kmess offthe hipper moagnetivelayeri which eemilts ithe radypticrain the magnédtead
field profile as a functiaqn of rtical spacing of_the recording |ayer from
the writ eSPAEAE bsweénﬁhep‘grlteﬁwéﬁ g0 theroves rgagngtie B e Thin ST VBPAES B head
with a 100.. i ' i - fii t he

i ddi o o MiREG b fiedRe R Bnd i AEMEBUY This AERD madc BBt Sufte |

recor & nofokay®of rhatetial With Kédbhey Kt BechselaiChPs guey @ith atbliati{élghibhdtt cohent)iiddl e
of the bottom-7 magnetic layer 13 is 20 %lower than the field at the

cent er of thuhbasoighergnbiciof Hoayer exanple,the teptmagnietie layhecag tefforued ofes i n
witing t oftam magneti.c | ayer 13. For. |l er track wi.dths. needed for
areal den &?ﬁ%éé aﬁ@%’/g’h@qﬁé’éqéﬁf ¢ PRERD- Wﬁlcilq’g? HLIGARSHF FCTHUEBRE nore severe
and w || Pirh&akidel of hi-ALA R irald j density
Aok orf ahsaifRtel} fPLOBPIhE: g.dezoté?H"t%elgtﬁ%FS ?‘%‘?‘?5‘?&3‘5‘3“. tgatlma%y efiia S0
di st ance Wriferlmml cheggrrae at thpdistase S1tbwewke nvaerbtliisovwea saapeetid lagenis heated ddl e
of the ferromagnetic |ayer 17, and the  bottomferromagnetic |layer 13 is at
a di sttanct® approxinatelyn Q0HE itoinerinsiqrpenadaty is deverodh oy appximgtely &5 kblgsur ed from

e e o Aot ol PBSAL Gl YLD S5l SRR e
al | oy andyif) 19808LaHSnA M Int@nitiEletoafngdRRE 2X1 MR8¥ b h&%@r@lng]aapghéétﬁﬁce S
of approximately 25 nm Both~ ferromagnetic |ayers are typically fornmed of a
convent i od8R20G@ON3B60. Bothis sfuktyg ths bottomsnagnetic layer 113 of the laminated recording
layer 111 is an antiferromagnetically coupled (AFC) structure, as described in US 6,280,813,
15  and includes two antiferromagnetically coupled films 142, 146 separated by an
antiferromagnetically coupling film 144. The top magnetic layer 117 is separated from AFC
layer 113 by nonmagnetic spacer layer 115. The upper ferromagnetic film 146 has an Mrt;
greater than the Mrt, of the lower ferromagnetic film 144. Alternatively, the AFC layer 113
may be the upper magnetic layer and the single magnetic layer 117 the lower magnetic layer in
20  the laminated recording layer 111. As shown by the arrows in Fig. 6, the magnetization of
upper layer 117 and the net magnetization of AFC layer 113 are parallel in each magnetized
state.
While only a two-magnetic-layer laminated structure is depicted in Figs. 3 and 6, the
disk drive according to the preset invention is applicable with laminated media that may have

25  two or more AFC layers and two or more single magnetic layers, with nonferromagnetic

spacer layers located between the neighboring magnetic layers.

While the present invention has been particularly shown and described with reference

to the preferred embodiments, it will be understood by those skilled in the art that various
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CoPtCrB, with Ho of approximately 8 kOe, which is | ow enough to enable the
conventional wite head to wite, i.e., alter the magnetization, at a
distance S = 25 nmfromthe pole tips 103, 105. However, the wite field
fromthe head at 40 nun (S + X) is only 15 approximately 7.2 kQCe, which is
| ess than the intrinsic coercivity of bottomferromagnetic |ayer 13, and
thus insufficient to alter the magnetization in layer 13. In the present

i nvention Bieh 4 [ o ' i8¢ 4

noat  ng. ¢ hE Ean o Betl el tepiude MR RGARMATORMR ST ARREONE Y 1 of
t he | ower invergnmetAcotdiygly, the dsolosed mpedionng td beecddbiderpdi merelftastihestmtiew aded
tenperature the Ho of both 20 gnetic layers is reduced, enabling the ONtO
be i npr ovhﬂ“@iigh?oppﬁﬁﬂ]g’l%S.Spﬁﬁé@nt%?ﬁﬁpgedﬁﬂ% B all oy magnetic |ayer, the
t enper at ure dependence of the Ho value is approximately 15 Qe/ C, which
corresponds to a 1500 Ce decrease for a 100 C tenperature rise, or about a
20% reduction. Fig. 5 shows the dependence of OWNas a function of Ho. This
figure shows that a 100 C tenperature rise, corresponding to a 1500 Ce
decrease in Ho, will yield an 25 inprovenent in ONof approxinmately 9 dB.
This significant inprovenent allows the |am nated recording |ayer to have
conparable OWvalues to a single magnetic |layer, thereby renoving a key
limtation of inplenmenting |am nated recording layers in disk drives. An
addi tional aspect of the present invention wherein heat is applied to the

| am nated recording layer is the use of a lamnated recording |layer with
the top or upper nagnetic layer -8 fornmed of a high K material. This | eads
to inproved thermal stability that can be used to reduce the thickness of
t he upper magnetic layer, which results in a reduction in the magnetic
spaci ng between the wite head and the | ower magnetic layer. This further
inproves the witability of the |Iower |ayer and therefore the ON Thus the
top magnetic |layer can be 5 fornmed of material with a higher K, such as a
CoPt alloy with a relatively high Pt content, that
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t hus has a higher value of Ho. For exanple, the top nmagnetic |ayer can be
formed of a CoPtCrB alloy with Pt of 16 atomi c percent, which has an
intrinsic coercivity of approximtely 10 kCe. This value of Ho is higher
than the wite field that a conventional wite head can generate at the

di stance S. However, when this | ower magnetic layer is heated 10 to

appr oxi ely 100 G.ts intrinsic coercivity is lowered to approximately 8.5
kCe. Asr{ghﬁ% ‘i}ﬂ“ﬁggl.s' 6, the disk drive according to the present invention
is also applicable with a |am nated antiferromagnetic recording |ayer 111,
as described in pending application US2002/0098390. In this structure the
bottom magnetic |ayer 113 of the Adnagnstierecputing diskdrive 49®prising: i s an
antiferromagnetically coupled (AFC) structure, as described in US 6,280, 813,
15 and i ncl udemagneticaretofding diskgmeprisiag b gulsstrapd ed o liahmmatddiDagdatts sepdinat ed
by an antiferromagnetically coupling film 144. The top magnetic layer 117 is

separ at eghybr GMnBkibstiady Sid ﬂab%%ld‘bm HRetRidretis RAGE ran'n@ﬁ@i fedrbmagléife ldpaer
ferromagnétic film 146 has an tl greater than the t2 of the | ower

ferromag J ilm144... X i 3 . : s e upper
ragnet | o g fnetrfeicphcth 0t K een WMo Rk e FhbmdBREAE BTG DERT, |
20 the lam nated recording |layer 111. As shown,by the arrows i.n Fig. 6, the
mmgnet i 2 BEFGeaH B IGHEr payae Fretineln LSRR SRR AR e SRRt CARC i 173
are parallel in each nmagnetized state. Wiile only a two-magnetic-|ayer

| ami nat e6AEEY} lareruthe AEC dasjsr eomarising piflyst fersompgnegic filme a segosd Tampmagngt€or di ng
to the preset invention is applicable with | am nated nedia that may have 25
two or mbitre aAd-@n hayykerromaguietioally couptinedilsi logited hetgreen ithe fimyardssecond h

nonf erromagneti ¢ spacer |ayers |ocated between the nei ghboring magnetic

| ayers. Whidneaghbgc Ailresat hdviventhickhehpgdap@ibopitivhits Bt@ide/ariiievomadtbtic
described with reference to the preferred enbodinents, it will be

under st ogghayod ARSAnS b tHetfhst Mhdl BEoR ferbRRbnMRIfilRIS -9

an inductive write hcad for generating a magnetic field to alter the magnetization
directions in regions of the lower and upper ferromagnetic layers, the magnetization directions
of the lower and upper ferromagnetic layers in said regions being parallel; and

a heater for directing heat to the region of the lower ferromagnectic layer exposed to the

magnetic field from the writc head.

2. The disk drive of claim | wherein only the lower

ferromagnetic layer is an AFC layer.
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changes in formand detail nmay be nade w thout departing fromthe spirit and
scope of the invention. Accordingly, the disclosed invention is to be
considered nmerely as illustrative and limted in scope only as specified in
t he appended clains. -10 What is clained is: 1. A magnetic recording disk
drive conprising: a magnetic recording disk conprising a substrate and a
| am nat ed magnetic recording |ayer on the substrate and having a | ower
ferromagnetic | ayer, an upper ferromagnetic |layer _and a nonferronagnetic
spacer | ayeB. bet ween t helh@disk deivelof) plaer 2 mdiereamthgriest fermompenatic Bkm of Bast one
of the | ower and upper ferromagnetic |ayers being an antiferromacnetically
coupl eAF(E AFE) hdsaytbicknedse ]l ARCa heageetiztiop M k amija afjacatt thenordamgmegricticf i I m  a
second ferromagnetic film.and an antiferronmagnetically coupling film
| ocat edpRet WoeN tHehRchhd fekrorHEnEREHMA of heTARUTBEBEkdsG thidkiBssapdndravi ng a
t hi ckness and conposition totrovide antiferromaenetic exchange counting of
the first and..: ' I 1 j Gl N e r
léiﬁaéuﬂnﬁﬁ %n&%l{q?ﬁﬁgl?)eeglkgneftlc %rg e egklﬂt‘&ﬁeh \élﬁﬂ‘%dil) oF theadod P

generat| a nmagne ic fie er the zat'l rections In

regi ong of the.l r. and_ upper ferromagnetic |ayers,, th neLi zation
di rect i%‘é}'ﬁ%mag.r)’f’t‘f ﬁﬁgllﬁ%é?‘ th&ﬁgﬁﬁ’ﬁ‘ﬁ%‘?et‘f’é?‘%a??ﬁ@%?’?%a‘ieﬁMl§<?]i)gﬁ. ti’érsfegi ons
being parallel; and a heater for directing heat to the region of the |ower
f er r ondgHAPAECHAFEN. exposed to the nmagnetic field fromthe wite head. 2.
The disk drive of claim 1 wherein only the lower ferromagnetic layer is an
AFC | ayer. -11 3, The disk drive of claim2 wherein the first ferromagnetic
filmof the AFC |ayer has a thickness t1 and a magnetization M and is
adj acent thg nonferromagneti c The disk drive of claim 1 - whercin the

antiferromagnetically coupling film of the AFC layer is formed of a material selected from the

group consisting of ruthenium (Ru), chromium (Cr), rbodium (Rh), iridium (Ir), copper (Cu),

and their alloys.
5. The disk drive of claim 1 wherein the first and second
ferromagnetic layers are made of a material sclected from the group consisting of Co, Fe, Ni,

and their alloys.

6. ‘The disk drive of claim 1 further comprising an underlayer located

on the substrate between the substrate and the magnetic recording layer.

7. The disk drive of claim 1 further comprising a protective overcoat

formed over the magnetic recording layer.
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spacer |ayer, the second ferromagnetic filmof the AFC | ayer has a thickness
t2 and a. nmagnetization M2, and wherein the magnetic nonent per unit area
(Mext2) of the second ferromagnetic filmis |less than the magnetic noment
per unit area (M xtl) of the first ferromagnetic film 4. The disk drive
of claiml wherein the antiferromagnetically coupling filmof the AFC | ayer
is formed ofg. a material sAlmagnetc facominghdisk grivepomonsingt i ng of rut heni um
(Ru), chromium (Cr), rhodium (Rh), iridium(lr), copper (Cu), and their

al loys. 5. TheagheGK réboidify afsk Gbinikihg Wiabgidte tMba fAnisitc@hthoi&ORdording
ferromagnetic layers are nmade of a material selected fromthe group

consi sqgﬁg%%fhe%bstﬁﬁe atd aviﬁ%ﬂ 16W&! fErréthh Sedic l%r.Tﬁ%pﬁe?kchr%aéﬁcﬁé la%ﬁi m |

further °c ri'sing an underl@yer located” on e su rate ween -t he
substratg andfthe nmagneti c rlecorbdb%% I‘}i%/ler_. 7. .The disk drive,of claim1l

f ur t heAE BRBYPEPREERCYS SRACHH AV DEOUTFR AAT 10Wer PO HORS dsTORBENSHE XS recor di ng
| ayer. -12 8. A magnetjc recording disk drive conprising; a magnetic

recordi ng ditskndustpe neitphicad fonsenaraling adpgenetic|figld waalter Uivaypenctiatiat or di ng

| ayer on the substrate and having a | ower ferromagnetic |ayer, an upper

f er r omelgaetdns it ayedons afitoe Boweo afid upmendgrehagiesp dayers, leyeagrivtvawenditdreiohower
and upper ferromagnetic hers; an inductive wite head for generating a

magnet of tHeiloWer &fdl @ef fertditadRRGORIVEE 3 508 redbildin@parallél; sR0I Ons of the
| ower and upper ferromagnetic |layers, the nmagnetization directions of the

| ower and uRRRleclRaONBAIRK! Heals YR SrelithedHRafltd B1rOlSy BPiHadoper @l | el and an

electrically resistive heater i rectlng 1heat e region of the | ower

ferromagnetic layer exposed to the magnetic field from the write head.
9. ' The disk drive of claim 1 wherein the heater is a laser.

10. The disk drive of claim 1 further comprising a slider for supporting

the inductive write head.

11. ‘I'he disk drive of claim 10 wherein the heater is supported on the

slider.
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ferromagnetic | ayer exposed to the magnetic field fromthe wite head. 9.
The disk drive of claim1 wherein the heater is a |aser. 10. The disk drive
of claiml1 further conprising a slider for supporting the inductive wite
head. 11. The disk drive of claim 10 wherein the heater is supported on the
slider. -13 12. A magnetic recording disk drive conprising: a magnetic
recording disk conprising a substrate and a | am nated magneti c recordi ng

| ayer on the substrate and having a | ower ferromagnetic |ayer, an upper
ferromagnetic layer and a nonfemegnigrnetdrdingpliskedrivieayenphsntgieen t he | ower
and tipper ferromagnetic |ayers, the upper ferromagnetic |ayer being fornmed
of a materi al Vi ng.: L0k L0 RS 1yl bst Lall i .t he
"nt i nai o coer BRAeRgiofbebis B3k ForiBRliag Kbt AN BN 0GR
head for generatin a magpetic field to alter the magneti zation directions
in regi ong‘%‘i’ oR \59@ SHW&‘C %‘Hﬁhsc‘ﬁl%% L‘“’f“é TR FRRATSLS LQYF’%% L@per [REORAGAYHS 248 on
directions of the lower and upper ferromagnetic |ayers in said regions

bei ng par aid @honfardmagieiigtseacer dayed beavsen thy lnwar andounpierfermmagneidd layirs. thewer
ferromagnetic | ayer exposed to the magnetic field fromthe wite head. 13.
A magnet i appee darahamedt $dyedbeivig ferongdrofai mgeria bavigipeiiittringie@oetichdndi sk
conprising a substrate and a | am nated magnetic recording |ayer on the
substr at esatnfiaNy Rghar thatVeile ihBlsRIBRBRSCof tAY Rfwer 38rdRRS etk BfyepmagNet i C

| ayer and a nonferromagnetic spacer |ayer between the |'ower and upper

ferromagnetic 5? . -}pﬁ#ﬁ"y M. A fi OFic 8f ht Eﬂgﬂﬁ ic

field to alter ?;n? rér%‘éne 1|k zat| t(‘)fh E%l:%dé%l iagﬁs I {ﬁ ?‘Sgiﬁgg‘g‘@‘g@’@?‘h%“ ower and

upper fer i2ECHONS gr{ r%gio% %E‘?het lggvexm51 ik &ﬁplezz‘ %ﬁo%]ag%trice I(zzi%rg.n 316, magnetization directions
of the lower and uoper ferromagncﬁc layers in said regions being narallel: and

a heater for directing heat to the region of the lower ferromagnetic layer exposed to the

magnetic field from the write head.

13. - A magnetic recording disk drive comprising;

a magnctic recording disk c;omprising a substrate and a laminated magnetic recording
layer on the substrate and having a lower ferromagnetic layer, an upper ferromagnetic layer
and a nonferromagnetic spacer layer between the lower and upper ferromagnetic layers:

' an inductive write head for generating a magpetic field to alter the magnetization
directions in regions of the lower and upper ferromagnetic layers, the magnetization directions

of the lower and upper ferromagnetic layers in said regions being paraliel: and
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of the | ower and upper ferromagnetic layers in said regions being parallel.
and -14 a heater for directing heat to the region of the |ower ferromagnetic
| ayer exposed to the nagnetic field fromthe wite head, and wherein the

| ower ferromagnetic laver is located a distance fromthe wite head such

t hat the vvritﬁjii%l dd.at the lower ferromagnetic layer is |ess than the
intrinsic cobPASPLAICtygdeptdadhc eaionpidignlomer fareraenetic layer expnsed o BF heat
fromthe heater. 14. A magnetic recording disk drive conprising: an

i nduct i Pegtie figlddsem the prigeheadaanthyhereinayn dawer feiremdgnesicimgmed locatcdaor di ng

di sk conprising a substrate and a | am nated nmagnetic recording |ayer on the
subst r aligaamdrdrathengrie hadaucl tar thenghe fiek, atalie lwpre ferf@ndorEg Mk & lkayer and
a nonferromagnetic spacer |ayer between the | ower and upper ferronmagnetic

| ayer s, hihteURpasic cheichABRENRS Iot ek BHFImABENT 1dyRLALRE aBsentl SF ARE From fHeOM t he
wite head and the | ower ferromagnetic |l'ayer being |located a distance S + X

fromtheaweite head, the lower ferromagnetic |ayer having an intrinsic
coercivity enabling magnetization reversal when exposed to the magnetic
field fromthe wite head at a distance S but inhibiting magneti zation
reversal when exposed to net i | d,tromthe wite head at a

he ma f
distance S + % and nean F&gnﬁ@%’f’?{ m[gtfgSlf BT IR gnet i ¢ | ayer to | ower

the intrinsic coercivi t'%/ to thereby enabl e nagnetization reversal when
exposed to t#einddgie Vet headdor gawialing aupagretindigls at a distance S + X 15.
The disk drive of claim 14 wherein at |east one of the |ower and upper
f erromagnet i enlagpeticrecerdang dink comprisngg vebstmtd dnd aclooyatet aEEYiclrageedingt he
AFC | ayer conprising a first ferromagnetic film a second ferromagnetic
fil m angyaion the substrate and having a lower ferromagnetic, an upper ferromagnetic layer and a

nonferromagnetic spacer layer between the lower and upper ferromagnetic layers, the upper

ferromagnetic layer being located a distance S from the write head and the lower

ferromagnetic layer being located a distance S + X from the write head, the lower

ferromagnetic layer having an intrinsic coercivity enabling magnetization reversal when

exposed to the magnetic field from the write head at a distance S but inhibiting magnetization

reversal when exposed to the magnetic field from the write head at a distance S + X; and

means for heating the lower ferromagnetic layer to lower the intrinsic coercivity to

thereby enable magnetization reversal when exposed to the magnetic field from the write head

at a distance S + X.
15. . The disk drive of claim 14 wherein at least one of the lower and

upper ferromagnctic layers is an antiferromagnetically coupled (AFC) layer, the AFC laycr

comprising a first ferromagnetic film, a second ferromagnetic film and an
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antiferrornagnetically coupling .filar |ocated between the first and second
ferromagnetic filns and having a thickness and conposition to provide

antiferromagneti c exchange coupl i ng of the first and second ferronagnetic
films. 16. The disk drive_ of claim15 wherejn_only the |ower ferronmagnetic

| ayer iatifronmeneigAkly couplingrfilm én%wd&@rwndhe érsaﬁff»ﬁl 95 OPh ETEIRALDREC filmst
ferromagnetic filmof the AFC | ayer has a thickness tl and a nagneti zation
M 1 andndsasnpadkitkn¢ssand combesitiomtgprevide asptermmalgastar exchimgcseopimy of
ferromagnetic filmof the AFC | ayer has a thickness t2 and a nmagneti zation

M2, andh@kiest ehdisdcoad faeneidnetioimat per unit area (Mxt2) of the second
ferromagnetic filmis less than the magnetic nonent per unit area (M1
xti..) of the first ferromagnetic film 18. The disk drive of claim 14
wherein the heater is an electrically resistive heater. 19. The disk drive

of claim 14 gherein the Igalgk drivedt|asarns wibreifial Kmdéﬂfu@omfa%@n@l m 14
further conprising a slider for supporting the inductive wite head. 21.

The di e m 20 wherein the heater is supported on the slider.
22. ThZ‘EHQ %(XHd‘r&\?t 18{5%] claim 14 wherein the upper ferromagnetic layer is

formed of a material having an intrinsic coercivity substantially higher
than the intl7i nsic coer Thadisy dofe pfieladimwe whieesin tedgseferromagyeic. filnd 6f

the AFC layer has a thickness t] and a magnetization M1 and is adjacent the
nonferromagnetic spacer layer, the second ferromagnetic film of the AFC layer has a
thickness {2 and a magnetization M2, and wherein the magnctic moment per unit area
(M2xt2) of the second ferromagnetic film is less than the magnetic moment per unit area

(M1x%t]) of the first ferromagnetic film.

18. The disk drive of claim 14 wherein the heater is an electrically

resistive heater.

19. " The disk drive of claim 14 wherein the heater is a laser,

20. The disk drive of claim 14 further comprising a slider for supporting
the inductive write head.

21. The disk drive of claim 20 wherein the heater is supported on the
slider.

22. The disk drive of claim 14 wherein the upper ferromagnetic layer is
formed of a material having an intrinsic coercivity substantially higher than the intrinsic

cocrcivity of the lower ferromagnetic layer.
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