WO 03/ 060882 PCT/ US02/ 16719 HEAT ASSI STED MAGNETI C RECORDI NG HEAD W TH
HYBRI D WRI TE POLE CROSS REFERENCE TO RELATED APPLI CATI ON Thi s application
cl ai ms t hwdosrnebésst of United States Provisional 5 ApplicatdTmorsoba6719
60/ 346, 605 fil ed January 8, 2002. FIELD OF THE I NVENTI ON The invention
relates to magnetic recordi ng heads, and nore particularly, to a heat
assi sted magnetic recording head with a hybrid wite pole. 10 BACKGROUND OF
THE | NVENTA OX S¥ISTED iIM A GNETTH RECORBINGHEADWITHIYYBRIR WRIINEPOLEdi sc
drive storage system Mst magnetic recording heads used in such systens
today are "l ongit udigtids REFRABRICEETOSSR! AR AigadeATHERgi t udi nal magnetic
recording in its conventional formhas 15 been projected to suffer from
super par anagnet i cThiss applidation eslaps dbasbeiefis aboVaitedapfsaioxi Betvasignal 0

it/in2. Lt is, bel t, reduc r changing the bit cell aspect

tio W%PPhﬁ?i’f’ErIu\g’ P@@%ggf)%ﬁfddémﬂ%ygp%@ xi mat el y 100 Ghit/in2. However, for
recording densities above 100 Ghit/in2, different approaches wll 1i keI y
be necessary to overcone the limtations of |ongitudinal magnetic
recording. 20 An al ternati Wcor di ng that overcones at
,l, east Some of th%hcp{ Qf@lt%?leﬁﬁgs g%gtlﬂecgléﬁ%iﬁléaﬂpeﬂ:na% éu'leﬁ ffe_ct IS
per pendi cul ar" nagne recor nmagne | recording is
bel i evedgatl@ealnassﬁtetdhﬁagrﬁﬁabacbrdmg Héadvemtehyzhrngwnecpmﬂejl ng densities well
beyond the Iimts of |ongitudinal magnetic recording. Perpendicul ar

gnetic recording heads for use with a perpendi cul ar magneti c storage 25

medi um may include a pa‘B%@&G@@'@&Fhﬁmm npol es, including a main
wite pole having are Velry sna pottom suriface area and a flux return
pol e having a Iar gmgnettnotdcomirgjhéaisdlaae elalityAimmimagmaﬁct rigscadipleustatagey of
turns is | oca acent t th Wit or 1 ndygi gnetic
field b&lEen “@6%“%??80 E‘Ta &H&%‘r 1%%}‘85 gffte‘inﬁ oday; B a{czj’ ﬂ’é‘ﬁfl‘gﬁ The
soft u nﬁﬁéﬁéﬁ%cdr&mé%@@dse d_daeltedmhiNBadirticl rd¥BaINed indity @H0EtidAgl foaeias of 30

t he storage nedia and enhances the anplitude of the field produced by the
@i n pobeen projeefed ita seffer, fepm cwpermpmmagaetist instailides @b ddeasifies beveher

fﬁe[ ﬁ;vgper%ghﬁﬁ’tely QBS@qu%m lIY is JH%(/gd a}a??éd%cfﬂ' Lt c%%ﬂggg tfd Bftecgll' a@péclf'e medi a.

I 'Ng” process,
ratio will extend this limit up to approx1mately 100 Gbit/in®>. However, for recording

densities above 100 Gbit/in?, different approaches will likely be necessary to overcome
the limitations of longitudinal magnetic recording.

20 An alternative to longitudinal recording that overcomes at least some of
the problems associated with the superparamagnetic effect is "perpendicular” magnetic
recording. Perpendicular magnetic recording is believed to have the capability of
extending recording densities well beyond the limits of longitudinal magnetic recording.
Perpendicular magnetic recording heads for use with a perpendicular magnetic storage

25 medium may include a pair of magnetically coupled poles, including a main write pole
having a relatively small bottom surface area and a flux return pole having a larger
bottom surface area. A coil having a plurality of turns is located adjacent to the main
write pole for inducing a magnetic field between the pole and a soft underlayer of the
storage media. The soft underlayer is located below the hard magnetic recording layer of

30 the storage media and enhances the amplitude of the field produced by the main pole.
This, in turn, allows the use of storage media with higher coercive force, consequently,
more stable bits can be stored in the media. In the recording process, an electrical

current in the coil energizes the main pole, which produces a magnetic field. The image
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20 on a high coercive medium. The highly localized magnetic field from the write pole
allows the use of a narrower trackwidth mainly because flux is efficiently channeled into
a narrow trackwidth. The strong magnetic fields provided by this write pole structure
permits the use of a magnetic recording media having a high anisotropy, thereby limiting
superparamagnetic instabilities at high recording densities.

25 Another development that overcomes at least some of the problems
associated with the superparamagnetic effect is heat assisted magnetic recording,
sometimes referred to as optical or thermal assisted recording. Heat assisted magnetic
recording generally refers to the concept of locally heating a recording medium to reduce
the coercivity of the recording medium so that the applied magnetic writing field can

30 more easily direct the magnetization of the recording medium during the temporary
magnetic softening of the recording medium caused by the heat source. The heat

assis”ted magnetic recording allows for the use of small grain media, which is desirable
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magnetic write field is sufficient to write to the medium. Once the medium cools to
20 ambient temperature, the medium has a sufficiently high value of coercivity and assures
thermal stability of the recorded information. When applying a heat or light source to
the medium, it is desirable to confine the heat or light to the track where writing is taking
place and to generate the write field in close proximity to where the medium is heated to
accomplish high areal density recording. The separation between the heated spot and the
25 write field spot should be minimal or as small as possible so that the writing may occur
while the medium temperature is substantially above ambient temperature. This also
provides for the efficient cooling of the medium once the writing is completed.
Accordingly, there is identified a need for an improved magnetic
recording head that overcomes limitations, disadvantages, and/or shortcomings of known
30 magnetic recording heads. In addition, there is identified a need for an improved heat

assisted magnetic recording head that overcomes limitations, disadvantages, and/or

shortcomings of known heat assisted magnetic recording heads.
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medium and means for heating the magnetic recording medium proximate to where the

write pole applies the write field to the magnetic recording medium. The write pole
includes a first layer and a second layer, wherein the first layer has a first saturation
20 magnetic moment and the second layer has a second saturation magnetic moment that is
greater than the first saturation magnetic moment. The magnetic recording head may be
a perpendicular magnetic recording head and the magnetic recording medium may be a
perpendicular magnetic recording medium.
In accordance with another aspect of the invention, a method of heat
25 assisted magnetic recording comprises applying heat to a magnetic recording medium
and applying a magnetic write field to the heated portion of the magnetic recording
medium using a write pole having a first layer and a second layer. The first layer has a
first saturation magnetic moment and the second layer has a second saturation magnetic
moment that is greater than the first saturation magnetic moment.
30
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a pictorial representation of a disc drive system that may

utilize a magnetic recording head in accordance with the invention.



per pendi cul ar magnetic recording medium |In accordance with another aspect
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sjzed and configured to contain the various. c onent f the disc drive.
The disc drive 18 igure 1 is a }l;}ctorial representation of a 81@3 drive 1%) tﬁat can uti fze a

magnetic recording head, which may be a perpendicular magnetic recording head,
constructed in accordance with this invention. The disc drive 10 includes a housing 12
(with the upper portion removed and the lower portion visible in this view) sized and
configured to contain the various components of the disc drive. The disc drive 10
20 includes a spindle motor 14 for rotating at least one magnetic storage medium 16, which
may be a perpendicular magnetic recording medium, within the housing. At least one
arm 18 is contained within the housing 12, with each arm 18 having a first end 20 with a
recording head or slider 22, and a second end 24 pivotally mounted on a shaft by a
bearing 26. An actuator motor 28 is located at the arm'’s second end 24 for pivoting the
25 arm 18 to position the recording head 22 over a desired sector or track 27 of the disc 16.
The actuator motor 28 is regulated by a controller, which is not shown in this view and is

well known in the art.
Figure 2 is a partially schematic side view of a perpendicular magnetic
recording head 22 and a perpendicular recording magnetic medium 16. Although an
30 embodiment of the invention is described herein with reference to a perpendicular
magnetic recording head, it will be appreciated that aspects of the invention may also be
used in conjunction with other type recording heads where it may be desirable to employ

heat assisted magnetic recording. Specifically, the recording head 22 may include a
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write pole structure. Specifically, the main write pole 30 includes a first layer 46 and a
20 second layer 48. The second layer 48 may be formed directly adjacent to, in contact

with, or on top of the first layer 46. The main write pole 30 may have a thickness 30t in

the range of about 4000 angstroms (A) to about 5000 A. The first layer of material 46

may have a thickness 46t in the range of about 1000 A to about 4000 A. The second

layer of material 48 may have a thickness 48t in the range of about 1000 A to about 3000

(]

25 A.

It is desirable to have a main write pole 30 having a relatively high
saturation magnetic moment (M;), thereby resulting in a strong magnetic write field H.
The strong magnetic write field H pernﬂté use of a magnetic storage medium 16 having a
relatively high coercivity or anisotropy, thereby limiting superparamagnetic instabilities

30 at high recording densities.
Referring to Figure 2, the first layer 46 is a relatively low saturation
magnetic moment material that provides the necessary flux efficiency to conduct the

magnetic flux to the second layer 48. The second layer 48 is a relatively high saturation
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Specifically, the main wite pole 30 includes a first layer 46 and a 20
second | ayer 48. The second | ayer 487may be fornmed directly adjacent to, in
contact with, or on top of the first layer 46. The main wite pole 30 may
have a tapsdtiraseme&tmdterial e atangeheofmagtetiu tflugt @D Gnangst fieldeopdgnttatngbout

5000 A. The first | ayer of terial.4  have t hi ckness 46t in the
range oPOTHBB @Y thegpyn ATt Pals Sﬁéﬁlcﬂﬁy’fﬂéﬁgséiaé’ﬁﬂ% r%%@%f’%&t%%% 48 may
ihgvgegi %1%}%1? Q?%&ﬁg}@% rﬂg@nétﬁeméﬁ_&&Qh&fr?ﬁh%STforJeQ_QlQpl‘é, 1eQs ARAWboR000Tedla 25 A. It

main wite pole 30 having a relatively high
sat ur at (Hn Thegfivet lagermmay beMdeperatiheefetysd tockantiniaag 'Jlow anemenigateaynet i ¢

wite fjeld H A The strong magnetic wite.fiel.d erm . Of magneti c
stor ageh%’Eﬁ ﬁﬁﬁti‘éat‘r?g\ﬂj?‘?j‘egc n}cgﬁx%{ﬁig\%?r?ﬂ% ?Né%lnc{glg rrléinei %e?félr%h zllillﬁlleeérgt ;[g%y, °
t her eby sdcofdl tjdyap 48 UP F6iARAASEY HRthidal i HATInabA kithiation nddEnatic Micpiemt ebaridi ng

densities. Referring to Figure 2, the first I.ae/er 46 is_a relatively | ow
sat ur at Eesater Veawnte seturginanmageatisr mamephak ther BT daver dhe Faceamls, PFux

efficienc co e ' e second
Cayer oot SoFERSHRY pyes s BRRNGh b ghods mbReb IR RIS L8 TS °F
magnet i Thevemat 19Rk et rahy bbaenaally refsrredieo hagineds € "highxmomentagatetidle fiel d
concentrating portion of the main w] te@?I@FSO. Sgtﬁfciﬁfhi cally, the first
1Qyer 4Bayiag f stHEBHOR MagneHe apmgnt geﬁ%{“\?hﬁ@” 5 the GgESEHOMR AR ¢ monent t hat
may be, for exanpig, &Eﬁ&ﬁ%mda@%ﬁsolﬁnglua&shﬁans( Tor hgdﬂi%rgiﬂhésﬁlaé@&i@r 46 may

be generally referre rein as a "low nmonent material” 5 having a
sat ur at revordimg metdivm nidmpriximate eloawhgrevihe hivritet pele r3h gadsamprer gpackidglyei n. The

d | 48 is f d, of terial hayi turati o t
Chat | sPrfBAE e Whrng e Saortp e G Ry bt R e QiR RER S OF The.
For exagphf rebhi@ingSR6MAA i@WQge_di_ﬁcﬂ% thanead fathen@id 60 m@ghelide, fooment

that is greater than about 1 ~The second | ayer 48 may be 8en§%ally
fl&f er r edxanoplheameppiicakwaveghidgrschematinel lraerspseated bymstasensedympes aburk

magnet i ¢ FOMENt JSRCERLY ihdBLiRidd Gich ANBRe SSifked 95 WRidhAESisthits light via

an optical fiber 54 that is in optical communication with the optical waveguide 50. This

i on

provides for the generation of a surface plasmon or guided mode that may travel through

the optical waveguide 50 toward a heat emission surface 56 that is formed along the air-

20 bearing surface thereof. Heat or thermal energy, generally designated by reference

number 58, is transmitted from the heat emission surface 56 of the optical waveguide 50

for heating a localized area of the recording medium 16, and particularly for heating a
localized area of the recording layer 42.

The optical waveguide 50 may include a light transmissive material in

25 optical communication with the light source 52 and optical fiber 54, as is generally

known. The light transmissive material provides for the described generation of a

surface plasmon or guided mode which propagate toward the medium 16. At the surface

of the medium 16, the surface plasmon or guided mode can no longer propagate and a

portion of its energy radiates light which in turn heats the medium 16. The light

30 transmissive material may be formed, for example, from a silica based material, such as

SiO,, as is generally known. It will be appreciated that in addition to the light

transmissive material, the waveguide 50 may include an optional cladding layer, such as



The recording head 22 al so includes neans for heating the magnetic

recordi ng nmedium 16 proximte to where the wite pole 30, and nore

speci fi cawby3/opissxi mate to where the high nonment naterial PCaysp2/4831appl i es
the magnetic wite field H to the recording nedium 16. Specifically, the
means for heating 50 may include, for815 exanple, an optical wavegui de
schematically represented by reference nunber 50. The optical wavegui de 50
act s i namssa@napogihonsttddjaeht diet lighy uranembRivedmatéridl ransnpptsonal ghercodta an

optical ;fiber 54 that js in optical co ni cat i with the i cal

wavegui e Guckgs a al ot %Pr?tﬁ@méénﬂg?’@‘t’ng‘f?% - 88 @@Pﬁé@y[ﬁ?‘é‘g%n or

gui ded rmode that mR,GHARUClo (Y QYA WhRgRE! SB theamesy @ héhtingwaed a heat
em ssion surface 56 that is fornmed along the air 20 bearing surtace

t her eof rechigling mediunelgraay dmdudp otheyemeardsyor devicesiat pepviding Bleaieesfé¥y nunber

58, is transmtted from.the heat, em ssion rf . t i

ngegui 88€ engreY °h {rflﬂgengrgyg‘?%p?aélgg%%er réeggrglfngtarﬁgdlalglc@;%}dn%g)n%%llg&%tl6, and
parti culkadrby tbothe Neadrtiing spot! OB& tzgmplar eR Mbadshéor! Reoingi may liaglade 42. The

optical waveguide 50 may include a |ight transm ssive material in 25

opt i cal WesRSHIME. At avenng ehsalidelnpngisionsisnt. e vayeside deciafes lengr 052, as is
gener al | light transm ssive material provides for the

descri bé a&%@%ﬁ%ﬁnﬁ%ﬁbf a surface plasnon or gui ded node whi ch propagate

toward t he nedi umThe light sdube: 52 nfagde, fafexhimplepedasemdibde, othethsusifitable pl asnon
or gui ded npde can no | onger propagate and a portion of its energy
r18di at e$2SEF UERt SQWMPEh in turn heats the medium 16. The |ight 30 transmi ssive

material may be faqiRds E@EcRYBMMR thE 18Brding ithddidmbEs Qe MREEE@sionsuch as
Si02, as is generally known. It will be appréciated that in addition to the

i ght srdaeniGsl the aptit@drvateguidaOnane Jaispeced Gpat framn themediam dpeandnal
cl addi ng | ayer..such as WO 03/060882 PCT/ US02/ 1671 1 sitioned
adj acent™FRaPFLY $PARed RAL] é%m 08 U;I?Zlyer 2 at(gSta&ie% S Bodts & ye

an ‘éptironal” oveéercoat ayer,

such as (@abadt YD Mgn. Ok v, bef PpraiéEtiat 0@ didigncedy egalicldefpldemoni the glgner al |y
known. |n addition to the optical waveguide 50, the ans for Qeat' ng the
rlécor di hgighbmauited &0 matRRGEILECRiPE sigHReReisertigr (SR 108 &he t5RAS Yvi di ng

t he necess . hesal energy or thermal energy for heating the recording
medi um ?%e%%rd%:%n ?%F%g that energy to the recording spot. For exanple,

t he means for heatlhagnemy forrtebting aad spevifiglily des; optivabhwaesguide X aodthet
| e s %tr}uclztgpe? ’ma?/ l\)leval\{)%gtlej(ii %ﬁjaggrﬂ%oitﬂg %écolng ']Ey’er Us & the write pole 30. More
specifically, the optical waveguide 50 may be integrally formed with the write pole 30.

20 Advantageously, these arrangements allow for heating of the recording medium 16 in
close proximity to where the write pole 30, and specifically the second layer 48 thereof,

applies the magnetic write field H to the recording medium 16. It also provides for the

ability to align the waveguide 50 with the write pole 30 to maintain the heating
application in the same track 27 of the medium 16 where the writing is taking place.

25 Locating the optical waveguide 50 adjacent to the second layer 48 and/or integrally
forming the optical waveguide 50 therewith, provides for increased writing efficiency

due to the write field H being applied immediately downtrack from where the recording

medium 16 has been heated. Advantageously, the use of the hybrid write pole 30 allows

for optimum positioning of the optical waveguide 50 and the magnetic field H

30 concentrating portion of the write pole, i.e., the second layer 48, relative to one another
for heating and writing, in close proximity. The hot spot may ideally raise the

temperature of the medium 16 to, for example, approximately 200°C. The recording

takes place at the thermal contour in the medium 16 for which the coercivity is equal to



surface plasnon I ens. The light source 52 may be, for exanple, a |aser

di ode, or other suitable 10 laser |ight sources. To nost effectively heat
the recorwpmg/osmss: um 16, the heat emission surface 56 of pChaSoptd7eal
wavegui de 50 nay be spaced apart fromthe nmedium 16 and, nore
specifically, spaced apart fromthe r®cording | ayer 42, a distance D of
about 5 nm to about 200 nm It will be appreciated that the distance Dis
al so depengelied eeoidieg fidlyl. Ideatip) tgfmtcon@qushcmﬁi beonemm ihetealign Ofaﬁlea”@%émabl e
signal-to-ngise ratio

r the reader e 2. The
means f 8Plehvhsig th%%é@ﬂéé}eﬁ(?%‘&p’reﬁtst%% gc‘?%\t Ljf/bé% Fe&grd;%e %%F
st ruct Uurgn 1By iPBe higRieds.adj acent to the second Iayer 48 of the wi te pol e
30. More specifically, the optical vvavegw de 50 may be integrally, forned

with the wite polTe mﬁhemhlwtda.tarﬁhea‘g@@ﬁélo thet Indsid wrifeaprie ﬁ@nf eIgn¢eoly f or
t f t h t
peie. 3040 Bl i Shier R B AT SRRl Eple SuNPTERug fie Wit e

rragnet i Qhéf&ﬂc& @t (ihehdvitidOtakBepla@s ROt NGailingedgn 66 (set Figihrs a) pf theiwdéis f or the
ability to allg t he wavegui de 50 with the wite pole 30 to nai n&_laln t he

heati ng POI?p%Q %TQPFPS?% thefaldiprafile foy abe1H¥%&%§twt%e§ Whtdse
wrltlng aRlheal oMBRoAl ditpgent to
the secont pg%éerggﬁﬁh th%%ujsi)i%g Hag?‘lorm nggt%e opt j|qcé<'31rﬁi agﬁg& de 50

t her ew tollagnpti® viiohesit foﬁrO Tman@a]sseslemnd tlayeg 4&f liasca dndylessdgé 3000 henduai t e

fleldeeln appl i ed i medi rack fram wher n
i um fgtu%%ngg&@eﬁ%g{og&m %ﬁ%ﬁlﬁ V\%‘é F?restﬂﬁt%%t?slga %f" lg?dn ?‘? dfio\ﬁ/ra?t e pol e
30 al | oy, me ?&%{%M RQsidid %P'lﬁﬁg’oﬁfl ﬁlﬁk@ﬂﬂ?ﬁ kSal nyyauaed 6165§ru%ﬂﬂet he

magneti c 11 concentrating porti the wite pol e e., the
second Ivaheesin 4 writel palé s 2 hicknessaf GOAGA arfdghe n@émahgfalﬁde.pple@s 3n close

proxi mt The hot s | 1 e di um 16
to, for § é%éﬂtﬂnénagé’ﬁ5$8$?ﬁ?ﬁ¥ of §%30ks IR IEghRER U pIhPoPbBE ALl

t her mal (GORYIHY white fole3 cugpfaxhﬁat%@rzsdolﬁcksmbex ﬁﬁmmemﬂmguedgeqo@ﬂusto WO
03/ 060882 PCT/ US02/16719 t he applied recordi n fi eI I deal I th| S

cbnt our poi@f avrsimgrigance h%all]é’é‘@@e@)ﬁs Phin Figess 2o Hb
magnet | Cf81t k! Sqlil%é i 'ugl%ﬁn %@erfaﬁ] Srlt@pofeSdrucli & éﬂpHmﬂh@ﬁP}r 5'0(30hﬁ ﬁ(li}ﬁraDGSt

transt! correspondmg trailing edge thereof. Accordingly, it will be appreciated that the hybrid
write pole 30 provides for the writing to take place at a location that is closer to the
location in which the optical waveguide, or other means for heating that may be used, is
20 positioned for heating the recording medium 16. This allows for the writing to take
place while the temperature of the recording medium 16 is higher than the temperature at
which writing would take place in a single or uniform material pole structure.
In operation, the recording medium 16 is passed under the recording head
22, in the direction indicated by arrow A. The light source 52 transmits light energy via
25 the optical fiber 54 to the optical waveguide 50. The optical waveguide 50 transmits
from the heat emission surface 56 thereof the optical or thermal energy for heating the
recording medium 16. More specifically, a localized area of the recording layer 42 is
heated to lower the coercivity thereof prior to the write pole 30 applying a magnetic
write field H to the recording medium 16. Advantageously, this allows for a higher
30 coercivity medium material to be used while limiting the superparamagnetic instabilities
that may occur with such recording media used for high recording densities.
At a downtrack location from where the medium 16 is heated, the

magnetic write pole 30 applies a magnetic write field to the medium 16 for storing



To further illustrate the benefit of the hybrid wite pole 30, reference is
5 made to Figure 3. Specifically, Figure 3 illustrates two nagnetic field
profil es weriswersshe distance at which witing takes plac@cCirusovas7e ailing
edge 60 (see Figure 2) of the wite pole 30. Line 62 represents the field
profile for a hybrid wite pole struéture, such as wite pole 30, wherein
the first layer 46 has a thickness of 2000 A and a saturation nmagnetic
monent @figridtid Hatnih theeresedandmedipar 168 Tas wait¢ Hietrk Ble s appflied0@ilAtend a 10
saturation magnetic nmonent of 2.0I._ Ljn 4 represents the magnetic field
prof i | geeasfing mgdiune 1§oedainy gbd élffflalegﬁﬁg‘%h SPIRRRES fPr LT Ty f‘heu .e., a
non- Ny BeriRA) Bf $he Yeddkie mbMBRCLP. tMfisilkiiSs ok anbawrie pblochmemd, of 5000
A and the materral of the"wite pole has a saturation nagnetic nonent of
2. OT. Apetificaldy, thd highi momemsecoB] laybred$ dientof shn wroviden g speicient |98 bighor i d

wite pole 30 is approximately 2500 A.-3000 .A fr JTaill ge 60

(1his 180opgh RAZBRC Tt fﬁ%gc}? gt ‘%“‘ﬁqpﬁgaflPﬁtoélgﬁéa%&&ﬁlﬁg ﬁe&i&g%% ). In

contrasky dbOSive@ ndtei fthéVhiybiid Gvrith Pold BE 28ia@AgRotly Wllbiverfor et peihabf write

pol e structure is approxi mtely 5000 A froma ,corresq}%gtg;i_n%tt railing edge
i

t her eof wriiog ty lofi ingllgse praximity to aiereghe eprdingmegizm this hefisfe pol e 30
provides for the witi . : I thatind Ss8kORe to the
| ocatio eil?{g%ﬁ Sﬁhﬁtﬂlge %%tt"?"%‘éf‘% (\)/e{ggfﬁrelﬁh%rqn%ﬁﬁg&rdlﬁgbafns f%gr ksleati ng that
may be Msesfficiest RBoiabgipro@sedud ortheebidig mbdumgempetiange hesdbgimlanger Thi s
allows for the witi ng to take gl,ace Vi'hi | e theﬁ#en’ggrature of the

@cor di e feerdl Priostoj te wrigheld Hhbeing aeplied i thedpef¥dP- which writing woul d
take place in a s{ artiMl £ 0L b ORERhishavROb&nS HESeEbed Gherdild fopanat i on,

t he recording rred?vt}%e%%qfs pa%sélgbunder St hae reccr)lr ding head 22, in the

di r ect i purpbsecdfcisitirchtiny tizer inventian afideok figytthe popesseofimitingribersanse.|it §Ht ener gy

via 25 the optical fibe 4 to . the tical wav i - 4.cal
wavegui B‘éa%e‘ili‘tﬁﬁgﬁfbcoée ‘P{%t %Smﬂé& ngrﬁnstg?t N SUr aévqgla@%lsﬂ-g??e e(géf?gu%she

opti cal midfe et @b &ehdi dOparlRenhy B nidde witlee Giedprigiple dhdisedps. oflvhe e
specifica fy, a local1zed area of the recording |layer 42 is . heated to
l16wer t tnyventomr without depardngaomihe syventgon %éleﬁ‘irrﬂleg ipdearpendsd slahg a magneti c
wite field Hto the recording nedium 16. Advantageously, this allows for a
hi gher 30 coercivity nediummaterial to be used while limting the

super paramagnetic instabilities that may occur with such recordi ng nedia
used for high recording densities. At a downtrack |ocation fromwhere the
medium 16 is heated, the nmgnetic wite pole 30 applies a nagnetic wite
field to the medium 16 for storing WO 03/060882 PCT/US02/ 16719




10 magnetic data in the recording nmedium 16. The wite field His applied
while the recording nedium 16 renmains at a sufficiently high tenperature
for | owerwog@s3wbmss2 coercivity of the recordi ng medi um 16. TPhirgSonsires t hat
the wite pole 30 and, specifically, the high nonment second | ayer 48

t hereof can provide a sufficient or High 5 enough magnetic wite field to
performa wite operation on the recording nedium 16. As described herein,
t he hybhwHAT™S CEAPMED I80 advant ageously allows for the point of witing to

be in close proximty to where the recordi medi um 16 i s heat

Ctherwise, the lar gerAt%“&?l%trﬁ?fg@nﬁelﬁ%geﬁgtfﬂ’euﬁ%i"ﬁtw&un\%ﬁ?fi‘ﬁgj dnd the

poi nt %fla g&é[erggrdﬁ LdiSml 1% @%m ﬁ§§g:effi cient recording process due to the
I@?rﬂf;leraturé a

recordi ng nedi um ing a longer 10 tinme to _cool prior to the
wite field H being apphiied pole 86 fonmgplyingl 6. magnstie auritsafieldcH) tor the

enbodi nent s .have been descr.i bed her.ein .f t he . pur j rating the
i nvent iTBBAHE r?ﬁpg(%pg)gnegiﬁgnd&? Stideviie P‘?lf‘n%!t’ i %Oég Rrﬁgn%sgﬁeﬁs f|21 elJV\HS :éﬁ& be

appr eCisg&ﬁfa ]]Qzertém(?%ﬁd(ﬂrsﬂé?ér% Navaitd b Ifirktnsatuigionr iagresit momertond sagk i at i ons
of the details, rmaterials, and arrangenent of parts may be de thin the
pri nci peeoninidysicéhbadng @rsecontssatypen MeANGHC MOMENHRAhL IS STHYSE {Lg% S@}ﬁe

i nvention a escribe ICi 0 ttMa, a%ﬁpended clainms. WO 03/060882 PCT/ US02/ 16719
11 WHATIPSA A GPRR4IEHe PO dGhet i ¢ recording head 22 for use in
conjunction with a nagagsifer ieating 50 thy maghetioret6rdinpmpdivgl prgxinatevd t e pol e
30 for applying a magnetic wite field Hto t netic recording nmedi um
16, sai \MEW isgid %@@0??03(?: aPRIes Spidgmagteiip Syt ef’;?gjreHigqg?n Hla§netéce¥:egﬂlgfnf§y er 48,
sai d fixfé&iu}naly r 46 having a first saturation nmagnetic nonent and said

second Tayer 48 having a second saturation nmagnetic noment that is greater
than said first ZaturBid magmsigrmetirdingdieed 22 ofrriaime bnwhergin $hieags 50 t he

ol d moRER A0 PR TR e e Rl e BT 36, 7P he
magnetic recording heaﬁh@%agﬁetgl Rtdiiihg MR of Gaindlwhasin fad nieeat i ng 50
is located adjacent to said second | ayer 48 of said wite pole 30.
for heating 50 is integrally formed with said write pole 30.
4. The magnetic recording head 22 of claim 1, wherein said means
for heating 50 includes an optical waveguide 50.
5. The magnetic recording head 22 of claim 1, wherein said means
for heating 50 includes an optical antenna.
6. The magnetic recording head 22 of claim 1, wherein said write
pole 30 is located down track from said means for heating 50.
7. The magnetic recording head 22 of claim 1, wherein said first
layer 46 has a thickness in the range of about 1000 A to about 4000 A.
8. The magnetic recording head 22 of claim 1, wherein said first
saturation magnetic moment is less than about 1.0 T. ‘
9. The magnetic recording head 22 of claim 1, wherein said second
layer 48 has a thickness in the range of about 1000 A to about 3000 A.
10.  The magnetic recording head 22 of claim 1, wherein said second
saturation magnetic moment is greater than about 1.8 T.

11.  The magnetic recording head 22 of claim 1, wherein said means

for heating 50 includes a heat emission surface 56 located at an air-bearing surface

thereof.



3. The magnetic recording head 22 of claim1l1l, wherein said neans for
heating 50 is integrally formed wwth said wite pole 30. 4. The nmagnetic
recor di ngwbeade®@®2 of claim 1, wherein said nmeans for heatrcagssgidme!| udes
an optical waveguide 50. 5. The magnetic recording head 22 of claim1,
wherein said means for heating 50 ildcl udes an optical antenna. 6. The
magneti c recording head 22 of claiml1l, wherein said wite pole 30 is

| ocated down tragl, f r aResahghetieadordiay Headt?2ng @gim 11, Whereimspdthieat
recording head 22 of claiml, wherein said fi rg&, I ayer 4@. has ?tthi ckness
i n t he enussgen 9hfage 86is spocrl aRatdrop g magnshc ACorme MU A S151UF &cr di ng
head 22, 0f, £| ai in said first saturation magnetic nonent is |ess
t han abagﬁltlt%?%t ?&@{t%ﬁé&h&gneti c recording head 22 of claiml1l, wherein

sai d second | ayers. 48 Tiesnagrelit ckoveding ihnad B2 of alhife lofwhetrinsaidgeeond t o about
3000 A.. 10. The magnetic regaqrdin ead 22 .of .cl ai Lk {d second
sat ur atlpyss 48dg hetnesnrsneRie ﬁédgpg%pgﬁu%g%”ﬂ%mapgf?gl ]grth @ﬁa.rgﬁkligce®§'taegnet ic

recor di Ghmaectit kéofide mMagmei® sai d neans for heating 50 includes a
heat eanégc'ls?lgtg surtagézee1 %60I ocgat ed at an air-bearing surface thereof. WO

03/ 060882 PCT/ USORY. 1674 magagticidisc duie siergaesysient EQSPEIPRE™ead 22 of claim

11, wherein said heat em ssiaon : . paced apart fromthe
magneti ¢ recording rreoz\lﬁﬁgl}f%ﬁires Oﬁ%@éﬁ%ﬂgﬁl&%ﬁ%ﬁt 5 nmto about 200 nm 13.

The magnetic recordi ng, fgakbtidZeqirdial abmd 22 podittoret ndpeénd te egdmepgnbléyer 48 is
the magnetic wite field concentrating po%on for_applying the nagnetic
wite kretlimginediumis, spdmesneicreedtine N5atetfUM™EIe 14. " A magnetic di sc

mgnet 1o recording head 22 BREN 1o ag O et e Tecor ding.
medi um dhgnetiai lcsramgahedivmebi raicdyrite adle230 comprisisg agfirst layer 46 and a
second layer 48, said first layer 46 having a first saturation magnetic moment and said
second layer 48 having a second saturation magnetic moment that is greater than said
first saturation magnetic moment; and
means for heating 50 the magnetic recording medium 16
proximate to where said write pole 30 applies said magnetic write field H to the magnetic
recording medium 16.
15. The system 10 of claim 14, wherein said means for heating 50 is
located adjacent to said second layer 48 of said write pole 30.
'16.  The system 10 of claim 14, wherein said means for heating 50 is
integrally formed with said write pole 30.
17.  The system 10 of claim 14, wherein the magnetic recording head
22 is a perpendicular magnetic recording head.
18.  The system 10 of claim 14, wherein the magnetic recording
medium 16 is a perpendicular magnetic recording medium.
19. A method of heat assisted magnetic recording, comprising:
applying heat to a magnetic recording medium 16; and
applying a magnetic write field H to the heated portion of the
magnetic recording medium using a write pole 30 having a first layer 46 and a second
layer 48, wherein the first layer 46 has a first saturation magnetic moment and the second

Jayer 48 has a second saturation magnetic moment that is greater than the first saturation

magnetic moment.



a wite pole 30 for applying a magnetic wite field Hto the nagnetic

recordi ng nedium 16, said wite pole 30 conprising a first layer 46 and a

second | ayero3d&isssai d first |ayer 46 having a first saturCrasomagmnet i c

monment and said second | ayer 48 having a second saturation nagnetic nonent

that is greater than said first saturation nmagnetic nonent; and neans for

heating 50 the nagnetic recordin? medi um 16 proximate to where said wite
£

pol e 30 applies sald meldwenethoduof claiml8) Erther mclusingpepitéanieg thesgenndi ng

medi um : e svst . ¢l al 4. wher ej ' ieati ng 50
is | océgﬁajz%d?g@gnﬁl eoséﬁlgi%g) g(ftla]ggeﬁl t a‘%/hee,rwﬁs@e é&tg%?‘%b@?ﬁ%ﬁ%o&%%&%g 16. The
syst em kbc@dlingln@ddinrd46. wherein said means for heating 50 is integrally
formed with'said wite pole 30. 17. The system 10 of claim 14, wherein the
magneti c recording head 22 is a perpendicular magnetic recordi ng head. 18.
The system 10 of claim 14, wherein the nmagnetic recording nedium116 is a
per pendi cul ar magnetic recording nmedium 19. A nethod of heat assisted
magneti c recording, conprising: applying heat to a magnetic recording
medi um 16; and applying a magnetic wite field Hto the heated portion of
the magnetic recording nediumusing a wite pole 30 having a first |ayer
46 and a second |ayer 48, wherein the first layer 46 has a first
saturation magnetic nmonment and the second |ayer 48 has a second saturation
magneti c nonment that is greater than the first saturation nmagnetic nonent.
WO 03/ 060882 PCT/ US02/ 16719 13 20. The nethod of claim19, further

i ncl udi ng positioning the second |ayer 48 of the wite pole 30 adjacent to
where the heat is applied to the magnetic recording nmedi um 16.




