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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'?), 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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25 magnetic grains per unit area in the nmedia and SNR is expressed in units
of dB. Accordingly, increases in SNR can be acconplished by increasing N
However, Nis limted by the individual grain area A required to maintain
the thermal stability of the recorded nagnetization. This limtation
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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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Medi a by Lam nation", |EEE Transactions on Magnetics, Vol. 26, No. 5,
Sept enber 1990, pp. 2706-2709, and patented in U S. Pat. No. 5,051, 288.
Thi s approach i ncreases SNR 20 because N is increased, e.g., essentially
doubl ed when the | am nated nagnetic | ayer contains two magnetic layers. In
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wite field decreases with distance fromthe wite head and thus the
st r engt Hempetahwe of the endgneticimategial. dp ¢his approachibe singlermagnetic tayerlaving 1KY at

the top G Litiaged @B;]ae%ﬁ%l'é’emdg@' et layer e g@@é’mﬁ%‘o%&%‘ﬁ%ﬁﬁ&%’. This different
alloy has smaller grains to thereby increase N, but also a higher anisotropy K. Because the
15  higher K material has a higher H,, 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, ﬁ
What is needed is a magnetic recording disk drive with thermally stable, high SNR
media that has high OW.



wherein a high K magnetic recording layer is heated locally during witing
to near the Curie tenperature of the nagnetic material. In this approach
the single magnetic |layer having a KV value is replaced with a single
magnetic |ayer of a different alloy conposition. This different alloy has
smal l er grains to thereby increase N, but also a higher anisotropy K
Because the 15 higher K nmaterial has a higher Ho, it can not be witten by
a conventional wite head and thus the magnetic nmaterial nust be heated to
| ower the intrinsic coercivity enough for witing to occur. Several
approaches for heating the hi SunimaedoftheinvVéitidnhave been proposed,
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record data in |am nated nmedia on the recording disk. The |am nated nedi a,
ferromagnetic layer is also heated it is possible to use a material with a high K value for the

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.
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5 wth at least two ferromagnetic |ayers separated by a nonmagneti c spacer

| ayer, inproves SNR Each of the ferromagnetic | ayers can be fornmed of a
material having an intrinsic coercivity capable of being witten by a
conventional inductive wite head, but because of the desired |amnation
to increase SNR, the ferromagnetic |layer farthest fromthe wite head is
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the disk drive of the present invention illustrating the inductive wite
pol es arfgcardimgdayectrical |y

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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resistive heater. Fig. 2B is a sectional view of the head structure of

Fig. 2A and the disk with the l|amnated recording |layer, illustrating the
magnetic wite fields and the heat flux fromthe head structure. Fig. 3 is
a schematic sectional view of a disk structure with a |am nated nmagnetic 5
recording layer. Fig. 4 is a graph of nornalized wite field fromthe

I nductive wite head as a function of distance fromthe head pole tips.
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recordi ng | ayer. The ctuator 30 is typically.a voice coil notor (VCM
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shown by : = ' I L i on
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As the disk 14 rotates, the novenment of actuator 30 allows the head on the
trai | i ngVeheetweerntbgpolea Pl B2. Big. 24 shewpths electrical leads 23 connected to heater 20.

10  The leads 23 are formed of a material that is a good electrical and thermal conductor, such as

copper, rthodium or gold. The close proximity of the heater 20 to the disk 14 allows a region
of the 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
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
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
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 AlMg 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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different data tracks on disk 14 for the recording and reading of data. The
head structure |ocated on the slider 22 includes an inductive wite head,
a magnet oresi stive read head and 25 neans for heating the | am nated
recording layer while the wite field is being applied. Figs. 2A-2B
illustrate a portion of a head as described in U S. Patent 6,493,183 that

i ncl udes an inductive portion for generating the magnetic wite field and a
heater f b\ Ghi SR 2 | ' i ead includes
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tips 10 are 'viewed from s alr- bearing sur

di r est | ywhiblovase theetotl slaghdtic hbmentAouldl o ghlan by Mr,§ aCMir®)fo thessthlicaike 4 5
facing the ABS and having a | am nated magneti ¢ recording layer 1 | |ocated

beneat h Eg. Jori shown/ly the arewadn tig, 3.the magngtizatiens of et fsgromagasticilayers

I ncl udes; | r.Qr to fer i 13, nonmagneti c spacer |ayer
15, andi}pgz\eﬂem%ﬁq‘%@r%ﬂ@&%&n%gﬂﬁ{%é?dz%%%n this head the heating

devi ce is an Hieafst of fRlrkoordias st teudiga bEFig29, which doubledthe hambet bBgrgmp W6
bet ween the poles P1, P2. Fig. 2A shows the electrical |eads 23 connected
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Fig. 2B) whil'e the data bit is being recorded in that region by exposure
to t he raghbens muchas @ dBdess thapthet caanpiayeditesivodvertionalawinddminatessrecordffigy.  2B)

gener ated between the le tips 103, 105. As 15 t.he di sk 14 rot.at beneat h
The. hoada¥etnin MEgHERE O 4t FRHuERRYisgUatR ot sarldr Py fahemetia. The
amplitude of this signal is measured on a spectrum 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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| ayers 13, 17 retain the direction of magnetization fromthe nmagnetic wite
field. Thus if the parallel nagnetizations of the ferromagnetic |ayers 13,
17 in this region were in a direction opposite to the applied wite field,
t hey have now been reversed. Although Figs. 2A-2B show the heater 20

|l ocated in the wite gap W5 the heater may al so be | ocated outside the
wite 20 gap, for exanple above pole P2 or below P1 in Fig. 2A. Also, the
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of the two ferroma%etlc l'ayers 13, 17 are parallel to one another in each

magnet | ZsePtSTBy with Ho ef appsoimately. 8 k@sowhichds loaxenough tqenabledthe pormiegtioml whi ch
doubl es \;[vnhe a&rPo wrife, 19r glke“%he 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 Hg 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 Hg 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 aliows 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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per unit area, has shown a 3 dB inprovenent in nedia SNR However, this
| arge 10 inprovenent in nedia SNR in a conventional disk drive cones with a
significant penalty in witability, which nmanifests itself in poor OW
val ues. For the full 3 dB gain in SNR, the ON can be as nuch as 6 dB |ess
than that conpared to a conventional non-lam nated recording layer. In
measuring OV a | ow frequency square wave signal is witten on the nedi a.

The  anpbihedlef £highK mafridNalhib fealPRSHpBEVATh@maP A&l Mhai@hbetsed th _
signal is then overwitten 15 with a sécond square wave signal at six tines

: Ee fr e?ntéuttgthfuﬁlﬁnesmf ithé tlaaper giagnetic. la);rdnewhlsb eesultsin areldugtm;r mttllnfemagmisur es
e anplitude o Si enpj.ning from or i si gna

defi ned 33?“?53"’%??& ‘fﬂq{éﬁ“@ai?ﬁfl? erdf‘a&“ﬁé Eﬂy g‘FW $ signal
to the ilft}‘gﬁthgflo&é}qaie?ﬁﬁdl fHeRGore Q¥ bwqw&cme %d;ﬂﬂﬁ?eﬁf:tl erbatnlﬁ@s been

overwitten hi gher® frequency signal. ONis nmeaSured’in units of dB
whi cld i sfoﬁﬁd:d)q(matenhiemﬂwhfghmal(; such a¥ h@o?ﬂa&@swithlaeekm%hehxgh Pt kostemtyitHaer i s

i, S g i i e i
fe”orm?(?&’é tCrB 'ﬁo??&ﬁtoﬁﬁc{)&@énﬁj?%ﬁi‘aﬂlﬁaé%i’ kR diiPo A1 !””! nsic

coercivity capa beln Wt wever e poor witability is

because et;ipﬁ»dlmmly mamet Tlms valye iof Hy id lighdrahdntht edite Seldrthatagonggttionals 25
exposed tqQ a nuch lower field fromthe wite head. The typical wite head
field prwww@a%gmhgenpmtrc%t.tbﬁ iSEANGRP He&#vgpybﬁrh@l%lp“@h@amriewgs heged

nead G 1R abtesimay 90 L ifinkt SRR lodend bR BRely ¥R Tl o

the middl e of AesowiPin Hif&, MRANGE difvd R¥6idingltd thelpretdnt thvietior BY¥&o alpEm:dM’é ed
recording layer 11 is mar ked by the solid squares. The field at the mddle

of the bwitha rlatnmatnégnfeﬂerromagvmc re@riling dayesd 1 bwe described inpendinglagplicatione
center OUS%I)QZI(}@% 56191?1%5 struc e the gbttom magnetic 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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illustrating the difficulties in witing the bottom nmagnetic |ayer 13. For
smal l er track widths needed for areal densities beyond 100 Ghits/inch2
this problemw ||l beconme nore severe and wll prevent the applicability of
| am nated nmedia to high areal density disk drives. 5 As shown in Fig. 2B
the top ferromagnetic layer 17 is at a distance S fromthe pole tips 103,
105, where S is neasured fromthe mddle of the ferronagnetic | ayer 17, and
the bOtélﬁH%éseiﬁ FOHTPAHEd Al By BE mbde 'vﬁtlﬁﬁt Qﬂtﬁ% Eu-%ah& kBt ROl €
tips 103 5, where S + X 1s nmeasured e mddl é of the

ferr orragnatntmnl ayeeordiggly, Theediselpsed 1hwmion$s @ beaonsdercd medrely ws illustriteecindnd

t he pol 103, 1Q5 are typi.cally fo f CoFe or a CoFe alloy and 10
gener at "B‘t insgope Qnly apgpeg d&ﬁ’l?ﬂ%’@?@ffege Sat a distance S of

approximately 25 nm Both ferromagnetic |layers are typically forned of a
conventional granular CoPt alloy, such as CoPtCrB, with Ho of
approximately 8 kGCe, which is | ow enough to enable the conventional wite
head to wite, i.e., alter the nagnetization, at a distance S = 25 nm from
the pole tips 103, 105. However, the wite field fromthe head at 40 nm (S
+ X) is only 15 approximately 7.2 kOe, which is less than the intrinsic
coercivity of bottomferromagnetic layer 13, and thus insufficient to
alter the nmagnetization in layer 13. In the present invention the ability
to wite the lower nagnetic layer is inproved by heating the |am nated
recording layer. The application of heat reduces Hp of the | ower nagnetic
| ayer without inpacting the SNR gain. At the elevated tenperature the Ho of
both 20 magnetic layers is reduced, enabling the ONto be inproved
significantly. For a typical CoPtCrB alloy magnetic |ayer, the tenperature
dependence of the Ho value is approximately 15 Ce/ 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 OWas a function of Ho. This figure shows
that a 100 C tenperature rise, corresponding to a 1500 Ce decrease in Ho,
will yield an
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25 inprovenent in ONof approximately 9 dB. This significant inprovenent
allows the lamnated recording |ayer to have conparable ONvalues to a
single magnetic layer, thereby renoving a key limtation of inplenmenting

| am nated recording layers in disk drives. An additional aspect of the
present invention wherein heat is applied to the lam nated recording |ayer
i s the usWhat isaclhintédnias ed recording |l ayer with the top or upper nmagnetic

| ayer -8 formed of a high K material. This | eads to inproved thernal
stability that can be used to reduce the thickness of the upper magnetic

| ayer, which resultg | . ' I ] tic spacing between the
write head andﬁt he ﬁ@@@tﬁ%&%ﬁdf@%@ﬁ@%}@% ‘'t her 1nproves the
witability of the |lower |ayer. and therefore the Thus, the top magnetic
| ayer can be 5“‘?’6@%‘8‘6‘?"“&%& é%smpnwnﬁlﬁga SH %m@%ﬁawt%mamrew 18§
with a relatively high Pt content, that thus has a higher value of Ho. For
exanpl e, layer ondhe subgtrateiand haxing a dawerlferréroagnetic tfyen an Gppir@eBombgreyic layeh Pt
of 16 atom c percent, which has an intrinsic coercivity of approxinmately

10 kCe. Tdhdsa noalfdiordgnblic spackt 18yee betwtan thd18weF Addeuppe fe etf: lapapy.ent i onal

wite head can generate at the distance S. However;, when this | ower

magnetic | ayer_i. . iioﬁ i mat L 'tlﬁi .Nsi rcivity
is lowered to aélplgurilgcg%%a el%?/le : ?E&e?ﬁﬂ@%gﬁ%ﬂeﬁ?%eﬁtg ,tﬂ%#ea%glétngﬁ rive
according.to.the present jnvention is also applicable, with a |am nated

ant i f er r SHEEGHRAS 18 TegleRy of %l‘H“é?iié?‘P 9nper Tersorengets fauers: te PAgBStigtiappl i cat i on
US200210098390. In this structure the bottom magnetic layer 113 of the

| ani nat edlireetionsdifithe lawey end appker fesrcomagnetic fapers omsadeh etgians|beingpacgllel dind AFC)
structure, as described in US 6,280,813, 15 and includes two

ant i f er r omagned headdrlfor diftdith@Hedt td 01 rdden ofithe 16 FERbMaIRYICc MYer exposed to
antiferromagnetically coupling film 144. The top nagnetic |ayer 117 is

separ at e%%h%&ﬁﬁ%ie&@%ﬁﬁh&%tﬂ?d%wmgneti c spacer |layer 115. The upper

ferromagneti c as an

2. The disk drive of claim 1 wherein at least one of the lower and upper
ferromagnetic layers is an antiferromagnetically coupled (AFC) layer, the AFC layer
comprising a first ferromagnetic film, a second ferromagnetic film and an
antiferromagnetically coupling film located between the first and second ferromagnetic films
and having a thickness and composition to provide antiferromagnetic exchange coupling of

the first and second ferromagnetic films..

3. The disk drive of claim 2 wherein only the lower ferromagnetic layer is an

AFC layer,
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greater than the Mt2 of the |lower ferromagnetic film 144. Alternatively,
the AFC | ayer 113 nmay be the upper magnetic |ayer and the single nmagnetic
| ayer 117 the | ower nagnetic layer in 20 the |am nated recording |ayer 111.
As shown by the arrows in Fig. 6, the nmagnetization of upper layer 117 and
t he net magnetization of AFC | ayer 113 are parallel in each magnetized
state. 25 Whil4 onl Thediskwirveaofutdiinc3 Wayein tha firl &reshnsdnietic Glh of ke ARQI ct ed
in Figs. 3 and 6, the disk drive according to the preset invention is

appl i cabljgyapinhlla hﬁéﬂﬂ%@éﬂ%ﬂ%%%n 3ioR B 1 Qﬁd’%eﬂta\%’nt%e Ha{f&réﬁg‘%{eﬁlf avefnd

two or nore single nmagnetic | w th non onmagneti c yers

o o R SR TSk RGPl PR Al SLERS a o ol L FRRaten e

preferred enbodi ments, it wi|l be understood by those skilled in the art
that variMasandgvhereindbempgnetismeraent peenit area@\212) pfithe seganddemrontagnetici ng
fromthe spirit and scope of the invention. Accordingly, the disclosed

i nvent i orfilrsistiess ligancthe fiagestizinomet! per asit adeh (oMl xelf) iof theafitst fetromagredici films cope
only as specified in the appended clains. -1la Wiat is clained is: 1. A
magneti c recording disk drive conprising: a magnetic recording disk
conprising a substrate and a |l am nated magnetic recording |ayer on the

substrate and aV| r f etic. layer, an upp ferr.o net.i c
ayer and a ront er His it gy o SIS WP e S PR R couniog BB er
ferromagnetic |ayers; an inductive wite head for generating a magnetic
field to the AFC layer 1$rﬁgmgd of amagarial selected from the group consisting of ruthenium (Ru),

chromium (Cr), thodium (Rh), iridium (Ir), copper {Cu), and their alloys.

6. The disk drive of claim 1 wherein the first and second ferromagnetic layers

are made of a material selected from the group consisting of Co, Fe, Ni, and their alloys.

7. The disk drive of claim 1 further comprising an underlayer located on the

substrate between the substrate and the magnetic recording layer.

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

over the magnetic recording layer.
9. The disk drive of claim 1 wherein the heater is an electrically resistive heater.

10. The disk drive of claim 1 wherein the heater is a laser.
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directions in regions of the | ower and upper ferromagnetic |ayers, the
magneti zation directions of the | ower and upper ferronmagnetic |ayers in
said regions being parallel; and a heater for directing heat to the region
of the I ower ferromagnetic |ayer exposed to the nagnetic field fromthe
wite head. 2. The disk drive of claim1 wherein at |east one of the | ower
and upper ferromagnetic layers is an antiferromagnetically coupled (AFC

| ayer, the AFC |l ayer conprising a first ferronmagnetic film a second

ferromagnetic {fji | MARYi &AL df Bl ROMEL donfirlsingCLitRlet R shp r#dﬁlﬁ%’ﬁl%t ed

between the first and second ferromagnetic filns and havi hi ckness
and conpos vi de antiferronmagneti c exchange coupllng of the
first and™ i‘g@ anﬁ%ﬁ?a@rmgnetl c films.. 3. The disk drive of claim2 wherein
only the | ower ferromagnetic |ayer is an AFC layer. -11 4. The disk drive
of claim3 wherein the first ferromagnetic filmof the AFC |ayer has a

t hi ckness tl and a magnetization ML and is adjacent the nonferromagnetic
spacer | ayer ,12t he Berdiskddrerofechagridtwiteréin it lodfater hesupbtitédyrethelstidera
thickness t2 and a nagnetization M, and wherein the nagnetic nonent per
unit area (M2xt2) of the second ferromagnetic fil'mis less than the
magneti c nonment per unit area (M1 xt 1) of the first ferromagnetic film
5. The di sk dri,ve C L. ei.n tlferrona net | 1y. coupl, ng
Fiimor the ABC 1 ape ARG ARG uheRgindRs oot EPRRPRE S B ESRE
consi sting of _ruthenium (Ru) chrom um (Cr), . rhodi um ([Rh), |r|d|um(1r)
copper ( @materig]dhavingian lamm&woerswﬂrﬁebﬁwéwln higher han ghedntringicgegrcanty afhe
first and second ferromagnetic |layers are made of a nmaterial selected from
t he grouphelongr friompgnéticiayer-e, Ni, and their all oys.

14,  The disk drive of claim 1 wherein the lower ferromagnetic layer is located a
distance from the write head such that the write field at the lower ferromagnetic layer is less
than the intrinsic coercivity of the lower ferromagnetic layer in the absence of heat from the

heater.
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7. The disk drive of claim1l further conprising an underl ayer |ocated on
the substrate between the substrate and the nagnetic recording |ayer. 8.
The disk drive of claim1 further conprising a protective overcoat forned
over the magnetic recording layer. 9. The disk drive of claiml wherein the
heater is an electrically resistive heater. 10. The disk drive of claim1l
wherein the heater is a laser. -12 11. The disk drive of claim1 further

conprising a s|jder for the .inductive wite head. 12. The disk
drive of cl aini 1 widnagngt 1$FF€ F#é'ﬁg@ﬁkﬁgv%wsﬂﬁi on the slider. 13. The
disk drive of claim1 wherein the upper ferromagnetic layer is formed of a

mat eri al havi nap iadugtivervnits ihead fos generating smbgnetintfield;| y hi gher than the
intrinsic coercivity of the lower ferromagnetic layer. 14. The disk drive

of claim1 wheigiagnétieedorididp diskidofiphiginglal sibstaieind SlahBfaéehagnetidi rédAMHL
fromthe wite head such that the wite field at the |lower ferromagnetic

| ayer f ant I,C
| aver i PREOnheRbetE sh AR b fo G bt € al ot RATaRBELOHRARRA 87 o,
di sk dr|ve risin uctive |tehadf eneratjng a, magnetic
field; a 1?9@3?{5 Eﬁgﬁﬂa&P gﬂ fvees s §"°F1E)“ “%bgqqoglfa&“%a&erﬁ < HBRE d
magnetic recording |ayer on t he substrate and having a | ower
f er r omagnfetromagneticUayee being locatadgrdistancel Sifrom thewrise headraild thedemgnet i ¢ spacer
| ayer between the | ower and upper ferromagnetic |ayers, the upper

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.

16.  The disk drive of claim 15 wherein at least one of the lower and upper
ferromagnetic layers is an antiferromagnetically coupled (AFC) layer, the AFC layer
comprising a first ferromagnetic film, a second ferromagnetic film and an
antiferromagnetically coupling film located between the first and second ferromagnetic films
and having a thickness and composition to provide antiferromagnetic exchange coupling of

the first and second ferromagnetic films.
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ferromagnetic | ayer being |located a distance S fromthe wite head and the
| ower ferromagnetic |ayer being |located a distance S + X fromthe wite
head, the |Iower ferronmagnetic |ayer having an intrinsic coercivity
enabl i ng magneti zation reversal when exposed to the magnetic field from
the wite head at a distance S but inhibiting nmagnetization reversal when
exposed to the magnetic field fromthe wite head at a distance S + X, and
means for heating the | ower ferronagnetic layer to lower the intrinsic
coercivity to 14 her i ' ' r : he
magneti c fieIdréron?@%%§€??%§0ﬂ%§g§i%fﬁgkgp??gg@éég?ﬂﬂ%gm%ﬁﬁa@ﬁgﬂ%?if{drive
of cIain1Ag erein at |east one of the | ower and upper ferromagnetic
| ayers is E %mﬁiferronagnetically coupl ed (AFC} | ayer, the AFC | ayer
conprising a first ferromagnetic film a second ferromagnetic filmand an
antiferromagnetically coupling filmlocated between the first and second
ferromagnetic filns and having a thickness and conposition to provide
antiferronagneld.c eKoddisigdrivoofidlaingl bivhereinethé firss ferrombgnetiofith bétheuEQ@net i c
films. -14 17. The disk drive of claim16 wherein only the | ower
ferroma i i & ; s o I LI rein
g rlﬁ*ér%a& 3 YREkreSs AMinARmadhkEEatiohi1 llﬁkfls%ﬁggﬁ gh%’ﬁ?dgﬁrr%ﬁ‘éﬂ@u% SphE

the first Terromagnetic filmof the AFC [ayer ness-tl

magneti zation, ML and . s _adj ace t n rro tic space | ayer, ..t he
Second 1 dPYENLE et foRiusBhE flm R S FARERRE FickesR U285 5 madftiation
magneti zation @M, and wherein the magnetic nonment per unit area (Mxt2) of
t he secon¥2f @ whergindhs magagticmement pssuniharga fM@X%gE@@isecqndrfemmmeugni t
area (ML xtl) of the first ferromagnetic film

film is less than the magnetic moment per unit area (M1 xt1) of the first ferromagnetic film.

19.  The disk drive of claim 15 wherein the heater is an electrically resistive

heater,
20. The disk drive of claim 15 wherein the heater is a laser.,

21.  The disk drive of claim 15 further comprising a slider for supporting the

inductive write head.

22.  The disk drive of claim 21 wherein the heater is supported on the slider.
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19. The disk drive of claim 15 wherein the heater is an electrically
resistive heater. 20. The disk drive of claim15 wherein the heater is a

| aser. 21. The disk drive of claim15 further conprising a slider for
supporting the inductive wite head. 22. The disk drive of claim21l wherein
the heater is supported on the slider. -15 23. The disk drive of claim 15
wherein the upifer fEhedisimdriet ofcléiay by whareinotheapperferramagietic ltr REvin@ ¢n
intrinsic coercivity substantially higher than the intrinsic coercivity of

the | owerg ﬁﬁfeﬁﬁl‘lﬁﬂrﬂ@ drCintrBéRy ooercl»qty substantially higher than the intrinsic coercivity of

the lower ferromagnetic layer.
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