WO 02/ 082431 PCT/ US02/ 09958 1 PERPENDI CULAR MAGNETI C RECORDI NG HEAD W TH
SOFT UNDERLAYER BI ASI NG CROSS REFERENCE TO RELATED APPLI CATION 5 Thi s

appl i cat iwo oclosd4as t he benefit of United States Provi si on®CTAmb/H®as i on

No. 60/281,430 filed April 4, 2001. FIELD OF THE | NVENTI ON The i nvention
rel ates to perpendicul ar magnetic recording, and nore 10 particularly, to
a perpendi cul ar magnetic recordi ng head for biasing the soft underlayer of
a perpendi cul ar magnetic recordi ng nmedium BACKGROUND OF THE | NVENTI ON
Per pendi cul ar rmagnetic recording systens have been proposed for use in 15
conputer hard disc drives. A perpendicul ar recording head may include a
trailing wite pole, PERBENDIGULARMAGNEDIKOBRECGORDINGagnetically
coupled to the wite pHEAD WIHHSOFTEUNDERLAYERBMWMSENGve nagneti zi ng coi l
surroundi ng the yoke of the wite pole. Perpendicular recording nedia my
include a hard magnetic recording layer with vertically oriented magnetic
donmains and a soft mMgsis REFRAENEY €O RIY £TEDCErL ity Feper di ng head fiel ds
and provide a 20 flaox path fromfthe traifing wite pole to the | eading or
opposi ng pol e of tHesapplication Slaohs theebanefitiof binited rSéatey BiravisionabliA@pheatioal so

i ncl ude thin, | ayer. en the hard recording |ayer and the soft
under | aylg?' @%r@@%f‘ft&ehg%ﬁﬁcoupl i ng between the hard and soft | ayers.
To wite to the magnetic recording medium the recording head is separated
fromthe magnetic recording nediumby a distance known as the flying

hei ght. The magnetic 25 recofl@LAYORHMEBNVENHON] past the recordi ng head
so that the recordj . o] h : f . :CoT r.qing
medium wth the drr%%e1 |egﬁroéc%)érleg‘lg%g&)ngg;&)l%%&@?lgtmpégtslgﬁ%%{)d}l érslft&ﬁerqbfé
opposi Ngpfetidutariy)do bipepepdizslian ghagnetr retdrdingr heé fprobiasing thier sft underlpyesch
through the coil to create pagnefic flux wwthin the wite pole. The
magnet i cPETPERiGYE SAENERGIRFIAMEIRSAWN. pol e tip, through the hard magnetic
recording track, into the soft underlayer, and across to the 30 opposing
pole. In addition, the soft underlayer hel ps during the read operation.
During the read back proB2geKGROINDAF THEINVENFION oduces t he i nage of

magnetic charges | lperi[)er}l%icular magnetic recording systems have been proposed for use in
15 computer hard disc drives. A perpendicular recording head may include a trailing write pole,
a leading return or opposing pole magnetically coupled to the write pole, and an electrically
conductive magnetizing coil surrounding the yoke of the write pole. Perpendicular recording
media may include a hard magnetic recording layer with vertically oriented magnetic
domains and a soft magnetic underlayer to enhance the recording head fields and provide a
20 flux path from the trailing write pole to the leading or opposing pole of the writer. Such
perpendicular recording media may also include a thin interlayer between the hard recording
layer and the soft underlayer to prevent exchange coupling between the hard and soft layers.
To write to the magnetic recording medium, the recording head is separated
from the magnetic recording medium by a distance known as the flying height. The magnetic
25 recording medium is moved past the recording head so that the recording head follows the
tracks of the magnetic recording medium, with the magnetic recording medium first passing
under the opposing pole and then passing under the write pole. Current is passed through the
coil to create magnetic flux within the write pole. The magnetic flux passes from the write
pole tip, through the hard magnetic recording track, into the soft underlayer, and across to the
30 opposing pole.
In addition, the soft underlayer helps during the read operation. During the

read back process, the soft underlayer produces the image of magnetic charges in the



WO 02/ 082431 PCT/ US02/ 09958 2 magnetically hard |ayer, effectively

I ncreasing the nagnetic flux comng fromthe nedium This provides a

hi gher plwgbaok243i gnal . Per pendi cul ar recordi ng desi gns haca/usozopst ent i al
to support nmuch higher linear densities than conventional |ongitudinal
designs. In addition, the described bil2ayer 5 nediumis used in

per pendi cul ar recording to provide increased efficiency of the recording

head. Thgasflital[jRRdI8 Uk fer, WTHREVAY 8hicrédsing ihe &R diug l&oﬁﬁn%ﬁ@ﬂr i hgedid] um
forms inverse |nag§ charges and substantially magnifies both the wite

field duFhisgravitserdighsr plabackeignpkinging field of the recorded transition
during reproductigi, Qa%u%g r%ﬁogdﬁlﬁgi%%%gﬁiﬁvgft?é BPt'eg{i@ntB'éﬁ p&‘?.rn?@cﬂdqjgﬂérar

recording is to resorve of t “under | ayer  noi se. e noi se
may be clawaedekiptidsrthagicogvehtional doggindimt desigiyy trmgddition, terdesaibed drilayer
unconpensated magnetic charges, in the soft underl ayer. that n be sensed
by>t he rigdium ismged Hkﬁ%?@}c‘iﬁf@c%ﬂ@értf’ é‘y‘é‘fld‘?rﬁ’c"éeraﬁ%‘fl %f,rﬁcgsﬂ% Og e recording

Ni (err) ReGaT MhelofRGEIdL ARG yer ofﬁﬁé’gii?@ﬂ&?édlaﬂék&ﬂdﬁ%oﬂ@&iﬂnﬁﬁﬁh@%&e?@

produce nol se enhancenent 1 n tHe read- k signals, hence, degrading the
si gnal - timageichergeSNRY substatiallyf magrafinnbotbt the woteafieldddwing tsaeidmg aid shech 15

materials. is cacteful ly controll.ed, very large fringing fields can

i nt roduc@‘%ﬁ’@s‘%&\%?ﬁé‘? rec&%&ﬁ?’é‘mgfm ﬂW%repﬁ_ydPﬁtém?ead el ement. There have
been proposed sol ubh®ps tlfe%haﬁéﬂg‘%b 0@ ithPRmRA{iSE perperieirad Rabrdingsisltd $esolveom
utilizing the soft underlayer. The proposed sol utions can be generally

gdBuped thatpeoblera ¢ s0f andarlayerneised The neipssmap bgtcavsed. byMainging: figdssgaperated
solutio have i n, comon, f . : [ hel.dai S to
b as or  WoraERss UoBRI, B uicP g feBirRc be L BB R A G P
radi al , she&Sbyt fheGkadbr.r ®ot bgiinpldwiimagiediyce nhitartald, isattdacNiy g, anCogpFepnal
field generated by, for exanple, magnetic anisotropy, _aglil exch%n e bias, or
it can ba@ay exhibitiayitidomainistetss thafr Bragyeearpistaenhanpesmant An dhgyreadibpck, signals,
per mane i AL S QBHIBM A GO MhAIRid M1 SF stigH NI
an anti?%?@§%§§ﬁ£¥@§h§§?§?fgﬁgkﬁ %ﬁﬁggﬂgdjggent%?ﬁe 25 §0f€ nagnetig.
under | aymatetialsbis asot tdaecfeldy tcontagjled; iveryutrige Ifagging fihdsc bari sntediest swhséantial
referred to as_,an exchang(f lbi ased soft underl ayer. Another exanple of the
pr opos ed AAHISOTNNISE I Hif 1edd elGOERYy 5 permanent magnet adj acent to or under

the soft magnetic pRGeRARYSSn PRofdsEY bsltidRgor ik Mk Rdiepioblewhihhrebslts
sonetinmes referred to as hard biasing. An exanple of a proposed systens

sol ut i onfrpm widlizingf thgrsofixurslerlayere| Bt propegpdetolutong wpn peaganeally farepned: i9ta he

soft magnetd Cootutions and systems solutions. Many proposed solutions have in common, for

20 example, that a magnetic field is used to bias or hold the soft underlayer magnetization in
place, preferably in a radial, cross-track direction. The magnetic bias field can be an internal
field generated by, for example, magnetic anisotropy, an exchange bias, or it can be
externally supplied through an additional field coil or permanent magnet. An example of a
proposed media solution includes using an antiferromagnetic material under or adjacent the

25 soft magnetic underlayer to bias the soft magnetic underlayer, which is sometimes referred to
as an exchange biased soft underlayer. Another example of the proposed media solution is
using a permanent magnet adjacent to or under the soft magnetic underlayer to provide the
biasing effect, which is sometimes referred to as hard biasing. An example of a proposed
systems solution is use of an external electromagnet to apply a bias field to the soft magnetic

30 underlayer.

There is still, however, a need for an improved perpendicular magnetic
recording system that provides an improved or more effective means for biasing the soft

underlayer to reduce or minimize the problem of the soft underlayer noise.



30 underl ayer. There is still, however, a need for an inproved

per pendi cul ar magnetic recording systemthat provides an inproved or nore
ef fecti vewowans24Bor bi asing the soft underlayer to reduc®Caorusn2/onons ze t he
probl em of the soft underl ayer noise. WO 02/ 082431 PCT/ US02/ 09958 3
SUMVARY CF THE | NVENTI ON The invention3neets the identified need, as well
as other needs, as will be nore fully understood follow ng a revi ew of
this specification and dr awimMaMARY @GEFAEIRNCENTON an aspect of the
invention, a perpendicular magnetic 5 recording head for use in
conjunction wth tThe ipeensiondhnesis dhe identiféad seade@dmdilings othell nerdshasyvilhba sof t
magneti c_under | aygr co ises a read ad i I ng, reans for generating a
magnet i PPl ?%C%Bﬁt%%‘{%ngwf%ganrgﬁe?a({d?%ﬁ S%?C%Jﬁlglggo dr%n 3ti ¢ under| ayer
during a read opghaddcoidafide Wi ﬂﬁh@;}&ﬁdiotfttharinvmi@h,dhnlgerb@ﬂibula'fhﬁagﬁbﬁbs for
generating a magnetic field _may include a current perpendicular to the

pl &ine r ageprdimadisad fapuseningeqnineting evithh the ResPHMiRUar JRagnele perordigg madium

i nventi . [ [ [ . 1, ' jgul ar
ragnot i Qo iR R Bl ficbE ot o LD aMTRE MARIRL FE8H; frgRhBaNL S

per pendimagnatic rfiedh ed ibdasr theomdgmegizitemdop ds sofomeagnatiy anderlayehduring a read

per pendi cul ar etic recordi ng . nediu he perpendi cul ar nmagnetic

recor di r@’eF?élﬁﬂrg?% P%%‘ld?%iﬁ?rer& rQ%gWTWﬁ@mg@ﬁﬁég%@rﬁl%@ peticefieldy ¢ o
bi as t he,RgRRME 2 2bireR REpehliuaPic thd BlaH@eaakbssornder | ayer of the

per pendi cul ar magnetic recordi ng nmedi um duri gg operation of the )

p&d pendi cul ar magdetcordance mdihray dddisivnall aspeat ©b theaneentipht himagifetic diserdrivyepect
of the inventio a net hod of usi a _perpendi cul.ar net.i or di.Rg
nead. heRTREF & e ebines o paidud: pRERGRORESHIAL SRR hfiufRg L Sof
under | ay@isgiiic anBERN dhe Ul Hpdia BRI irhaghe6o reiofdingddidl fodosnedi sikent the
positioning 20 the read sensor adjacent the recording nmedi.um and, passing an

el ect ri cpArpasdicnlsntmagiedagrcartias medums e 146 rpaRpandiruli fBRgEHS racaraiga ised
fieldt Oln%g{bee;[ feé@s%r)éoﬂvﬁ%hﬁé&ﬁerﬁ@g b ARA0GL hgltd td 'B%rth?ﬁﬁ%nét&a{i Yfthe 30K SE
unde u g

fromthe SO rTayer ng a read operation of e-recordin head.
The met hagdgnedy uadetlay el thigl perpardicubdrimappetih eecardingimediimedueing ropemtion of thent
passi ng thro,uggét he read sans?lrF o control the nagnitude of the magnetic
field tPpARdIcHIIEMAgRGLICISCQIHINE %{/er. The nethod may al so include adjusting

the magnetic fiel dut Q. HR%hdd é8htd Burther aspect of the invention, a method of using a

perpendicular magnetic recording head, having a read sensor, to magnetically bias a soft

magnetic underlayer of a perpendicular magnetic recording medium comprises positioning
20 the read sensor adjacent the recording medium and passing an electrical current through the
read sensor which generates a magnetic field to magnetically bias the soft magnetic
underlayer to reduce noise from the soft underlayer during a read operation of the recording
head. The method may also include controlling the amount of electrical current passing
through the read sensor to control the magnitude of the magnetic field to bias the soft
25 underlayer. The method may also include adjusting the magnetic field to maximize the

signal-to-noise ratio during a read back process.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a pictorial representation of a disc drive constructed in accordance
30 with the invention.
Figure 2 is a partially schematic side view of a perpendicular magnetic
recording head and a perpendicular magnetic recording medium in accordance with the

invention.



signal -to-noise ratio during a read back process. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a pictorial representation of a disc drive constructed
i n accor MOMR/083B1 Wi th the invention. Figure 2 is a parti &CryuSszomssat i c
side view of a perpendicular magnetic recording head and a perpendi cul ar
magneti c recording mediumin accordanca with the invention. WO 02/082431
PCT/ US02/ 09958 4 Figure 3 is a partially schematic isonetric view of a
portion of the p%@g@@'ﬁ cidl & pIRANP dcherh&ROTInaid18acy 25 ot HertRAr BeEN@Lcul ar
magnetic recording dium | IPustrated In Figure 2. Figure I s a graphical
i | | ust r glerpendiofilanmagnetonponmiing béadt el thegrespandichlag |magnStiy eeaording magskum r ack
Iocationlargdeg.difstan e froman air-bearing surface. Figure 5is a
gr aphi cdlU§RIeddR FIEYSA of a y conponent of the magnetic field versus
cross-track |ocat 'F@%‘hr@ﬂdisaa O%ﬂa?hi@élcﬁluﬁtfd@ﬁhaﬁ il X cHRpohehY of id MmagnetioETeM LED
DESCRI PTI ON OF THE T NVENTI 0 The invention provides a perpendicul ar
nmegnet i cversue enogs-tackleaationgind gidisianeg from apir-beargigesurfacainder | ayer of a
recordi ng medi umt e | t ' r rin
operation of the r@%‘%fg i%ga %g%fg.ﬁa[rﬂgﬁ%r%@nﬁfg ?@gg(g{reth fgﬂiﬂggrj%é@%@tgﬂpe fgr
use W t hessuse@estrack WBtasttonsind matigarry Siodiran dir-bearongdiurfgcdhead, as used herein,
Is defined as a head capable of performng read and/or wite operations 15
Figure 1 is a pictorial representation of a disc drive 10 that can utilize
a perpendicul ar recopTg FRFHESCRIP AR DFASE INVENTIONS | nvention. The
disc drive 10 includes a‘%oum ng 1IZ (with the upper portion renoved and
t @ | ower porti on Thesnvdngion pravides a perpamlicular exhgaetit worrdinguiread forobissing ai n
t he vari oys corTBone tfi of }fhe di s dri\clle. '[he i SC .drtive Q0 ipcludes a
spi ndl e gneyc pypderfayer of f regprding, medinm, tqLequee noiss, oW ,Le Jot RS 20
whi ch mayhdb@aydr BEARE BELrakonasf B eRRtdiky harIor TieigverRidh Uspartictibilf stifbld isi ng,
inthis case’a magnetic disc. At |east one arm 18 is contained within the
housi ng us@ wiiht -y magneticadips steraghavsteny. oA reqosding herdy @s whadhheeineisaledingd ahaad or
slider 22, .,and e . j nted on a shaft by a bearin
26. An é@?%g%pgpﬁrgg g%&@gggeaﬁgagg}to\ég&%&%%@?m s second end Y ’
15 Figure 1 is a pictorial representation of a disc drive 10 that can utilize a

perpendicular recording medium 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 includes a spindle motor 14 for rotating at least one magnetic storage medium 16,

20 which may be a perpendicular magnetic recording medium, within the housing, in this case a

magnetic disc. 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 arm 18 to position the recording head 22 over a desired sector or track of

25 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 the perpendicular magnetic

recording head 22 and the perpendicular recording magnetic medium 16. The recording head

22 includes a writer secﬁon comprising a trailing main pole 30 and a return or opposing pole

30 32. A magnetizing coil 33 surrounds a yoke 35, which connects the main pole 30 and return

pole 32. The recording head 22 also includes a read head 34 positioned between a reader

pole 36 and the opposing pole 32. In the embodiment shown in Figure 2, the read head 34

shares the opposing pole 32 of the writer section.



24 for pivoting the arm 18 to position the recording head 22 over a desired
sector or track of 25 the disc 16. The actuator notor 28 is regulated by a
control | ewpoatosBl i s not shown in this view and is well Pooarsoz/onoshe art .
Figure 2 is a partially schematic side view of the perpendicul ar magnetic
recording head 22 and the perpendi cul ab recording magnetic nedium 16. The
recording head 22 includes a witer section conprising a trailing main

pol e 30 and a r et till refendposiipare ) ke ;&@pe’iﬁlcuhrmnaid 2eordinpanédidd 16 is

surrounds a yoke 35, which conn e 30 and ret pol e 32.
The r ecdwgitivgecdwnlsr the rawgemg%ewﬁ@is ¢ Fesad 15831321 %@?\tﬁﬂ%ﬁéﬁ disdfioanta

r eader a?RJ‘c‘Ix? ARY I gure
2, the rea eagﬂgzeéogﬁag y?h%&ggg%glleﬁémpo?le&ggieg%?%é vvrlsti’?mgg%qtla?gﬁ WO

02/ 0824 3tade®l/appGaitdde batertal Sichl ds qeedneic rgilasg atmprph@,urga@ ort N&P pletegehdg ul ar

magneti c, recor di dium 16.1 It d di .
Ther ecdh o hRRAR dTier 404 e Rl B FRsHREASon e apf SeR B v

recor di n@) mhhebd BaQE GfNhy RdiabI® Material kb s, afo$ L&amp&t FeB88B, WeACK, Mile,be
made of any Suitable material such as ceram c glass, anorp hous gl ass,_ or

Ni P pl atGeZiNbMver FeCon Boadditieny ibe seft undsalayer, 44 may haxe aéblélsmqs\%@omqab% 50

substrate 4 0, abl e
mat eri al sgoc%bomgoqsor ex a%paﬁlgég%ﬁ{fg%%{)}dﬁéelﬁwr % 1E%¥p &&@ﬁ%e o 8@"&“1“

addi ti on0. t hetablefHardimdgiidtieyiniteddls fierythé hwe aagdretic kmsdang tayer a4bmaty ibBludeym t o
about 400 nm A hard magnetlc recorgl ng Ia er 44 i ep05|te e soft

ub@ler | ayfer exappple. < 0¢1n AieBdnGPRd: fefisd FII) dy dhe dt Wég‘FFé‘rcga}ﬁedg may
recor di Vj: Q)ﬂﬁék'ﬁ %&Xab@&t'%ﬂﬁto Dk Q@ nfrcanpl e, CoCr, FePd, CoPd, CoFePd,
T

and CoCr magneti c | ayer 44 may have a th| ckness from about 8
nmto about 40 nmReRafieg to Riguro3, Rhg‘aneﬂmstrathéa@artal sdhemstic sopetric Yawtafal

h ti i tri i e f h d head
S0t o) ubie g RRd A AneEitcdy thdtealt BRI AR o 2T Sispf Ay posiidritd efREen o
nmagnet i GoMiflcdnéd& withd HBSREEIshick48! A1EnaBLLISERIGSSE YighydSls?Ber¥® as an

el ectrical |ead for passing a current | through the read sensor 46. An
adidli t i ored¢ctuigadteadifor passing| alcimsend Inthgnugb the sqadi sepsad 46n An adgppiesalngagnetie of

ggﬁsgfagggxeigfé gfég by %wflecp 34 ar% A s1de!t: &gt?{% ?ea%l Je%or %Eg%%t 1% %}%tgshowﬂan ead

perpen sensor
wherein ngaegubfgﬂltphblt}f,l ows perpend| cuI ar to the pl ane of the filns which
formthe read .

The read sensor 46 may be a current perpendicular to the plane (CPP) type

sensor wherein the current I flows perpendicular to the plane of the films which form the read

20 sensor 46. However, it will be appreciated, that the read sensor 46 may be constructed as
other type sensors, provided that the sensor is capable of generating a large enough magnetic
field for biasing the soft magnetic underlayer 40, as will be described herein. In addition, it
will be appreciated that the particular material choice for the underlayer 40 and the magnetic
properties thereof (such as, for example, the Hk anisotropy field value) will have a direct

25 relationship with the strength of the magnetic field that is needed to provide the desired
biasing.

For purposes of illustrating and describing the invention herein, the read
sensor 46 will be considered a CPP type sensor. The CPP type sensor 46 is in direct contact
with the shields/contacts 48 which act as large heat sinks. This allows the CPP type sensor

30 46 to operate at a large current density, for example greater than about 1x10% A/cm®. At the
dimensions of interest for high density recording, for example less than about 100 nm device

widths, the current can be substantially uniform across the CPP sensor 46. In a CIP spin-

valve sensor, the current density is only this high in the very thin, ~2.5 nm, Cu interlayer.



20 sensor 46. However, it will be appreciated, that the read sensor 46 may
be constructed as other type sensors, provided that the sensor is capable
of gener awpDrg/0se4Bar ge enough magnetic field for biasing tPhe/set/o9smgnetic
under| ayer 40, as will be described herein. In addition, it wll be
appreciated that the particular materi & choice for the underlayer 40 and
the magnetic properties thereof (such as, for exanple, the Hk ani sotropy
field valhefelifod bibgng tie sdifr @rlerl2per 40l medonsbd relatively higk, for eeagpla gaéatérhe
magnetic field that is needed to provide the desired | asi ng. r r poses
of i I 1 usthamehavg2anie. abakaut Briig nomdromh e Braring susfpce qfﬁé@ Feaidiead s ihelig
will be [ : : s Lfsect
Cont act "o T T HEOS et KO8 SRR by P o iRl SSer 4 R T
al | ows tdiga@ePfrompthe simisaaring Gurféeet depepésy an ghasersot 46 geidtdhurandrthe deder the, f or

exanpl e greater. than ahout 1 x 10 r)y Alcnferr). AL the dinensions of

S er et b SaesE ey maadelie fehaectessess b phowCor e MR 5 .,
device éﬁ)ﬁ@d td thE s6f¢ nh&dtlay 64D Vig (EIOBP 86risbalé Ymulfildyer 67 sik-08ise) then BiRP
sensor 46. In a CIP spin- valve sensor, the current density is only this

hi gh i n €EWespirevalve-hin, -2.5 nm Cu interlayer. WO 02/ 082431 PCT/ US02/ 09958
6 The field for bigsi e f I t L ef-atd hi gh,
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field generated by the current through sepsor 46 decreases versus. .distance
4B ¢ RePaleras 4hY FRICIG dRBieNEsshBREST Dby hE ad ST 46, MCTHER NS48 dor
the 5 s 4 ONES si WS fdriglk . dehfitis& @IY dgor

| ar ger ?riﬁn}gﬁéf ?égs ?%f%@ to'E SIBE’QQE%F?%W%O rt heﬂs}g‘?ﬁﬁﬁgglﬁl gygrl 40 é’%ﬁ? he CPP
sensor Atrqughlithe seayardbowitlspit overhbatimp thhrsamsordd. Therewsinhl padsing. thfovgh réad CPP
type read sensor 46,. described, the ma t leld 48 ma al so _serve
as an el @Efqri%a‘ies‘ﬁ@alﬂa@ﬁﬁlﬁﬁwq %fsa Pﬁén%tlf?ﬁglﬂtﬁ'l sﬁlg rgwt&de }lél?ﬁ P]ﬁlgn%é:nsor
46. 10 fnefrfsakbportibie tothe @hfdufiBof curlelt Hiah@ phrtic@RHAGS thY duirechh@ersRAhatensor
46. The magnetic shield 48, in turn, acts as a |large heat sink, which
allfows frasseniktough geatead sansemnd6. dEprsexample, tap inwegsad seaenttlprgnepased sugemsor

46 wi t hoyut .over.heatn he ns e C L NG ad
sensor 45nPRLa] S APk enERERTIa P A wEHISERY shodBR8) IR CHBIGERC
t he magngiidl@ 48 facehgdadh iBgPherpoinki RFgdr niagntfiefialkds Bhinagfbeqenearet Hy, thanehd
particularly to the current density, that 15 passes through the read sensor
46. For ¥Rs¥be, an increased current | or increased current

As described herein, one of the challenges of implementing perpendicular

20 magnetic recording is to resolve or minimize the problem of noise from the soft underlayer

40. The read sensor 46 advantageously generates a magnetic field, such as the magnetic field

H illustrated in Figure 3, which reduces noise from the soft magnetic underlayer 40 during

operation of the read head 34. Specifically, the magnetic field H generated by the read sensor

46 as a result of the current I that passes therethrough magnetically biases the soft underlayer

25 40, by holding or biasing the magnetic domains of the soft underlayer 40 in a desired,

uniform direction. Preferably, the magnetic domains of the soft underlayer 40 are biased
substantially in a radial cross-track direction.

To illustrate the invention, and particularly the magnetic field H applied to the

soft magnetic underlayer 40, reference is made to Figures 4 and 5 which set forth a graphical

30 illustration of the variation of the x and y components, respectively, of the magnetic field H

versus cross-track location and a distance from the air-bearing surface (ABS). The x and y

directions are indicated by coordinate system 50 in Figure 3. The results set forth in Figures

4 and 5 are for a sensor 46 having, for example, a track width TW (for modeling purposes the



density will result in the magnetic field H having an increased magnitude.
Wth the magnetic shield 48 acting as a | arge heat sink, l|larger nmagnetic
fields Hwew2los4generated by the read sensor 46. As desciPCivamorea9ss n, one
of the challenges of inplenenting perpendicular 20 magnetic recording is
to resolve or nmininmze the problemof doise fromthe soft underlayer 40.
The read sensor 46 advantageously generates a magnetic field, such as the

magnet i Gefidoebh betdnkide@tisfirdttly lonk), @utripedeighn SEIofT 50 @sd noisent dessitytdie
soft magnetic, underl ayer 40 duri nﬁr operatign of the read h
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d 34.
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Accordingly, it will be appreciated that the present invention provides an
effective means for generating a magnetic field to bias the magnetization of the soft
underlayer 40 which reduces noise from the soft underlayer 40 of the recording medium 16.
In use, the read head 34, and particularly the read sensor 46, is positioned adjacent the

25 recording medium 16. By controlling the current I, and the current density as well, which
flows through the read sensor 46, the magnetic field H emanating from the read sensor 46 can
also be controlled. By providing for a larger current I, larger signals may be produced by the
read sensor 46 as well as larger magnetic fields H. Advantageously, by controlling the
current through the read sensor 46 to bias the magnetization of the soft underlayer 40, an

30 efficient and effective means is provided for biasing the magnetization of the soft layer.
Advantageously, this allows for biasing the soft underlayer without the need for additional
components, such as a permanent magnet, being formed as part of the recording head and,

more specifically, as part of the read head.
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di stance froman ABS of the sensor 46 to a top surface 43 of the soft
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claim1, wherein the magnetic field i's greater than about 25 Ce for
bi asi ng meansnfgyeenérating armagnetip diekbincludes meurrent papendigyler toqthe planeriead
per pendi cul ar, magneti c recording head 22 of claim?2, wherein a current
density ieﬂscfrhg' range of about 1.0x107A/cnR to about 1.0x109A/cnR is passed
through said read.sensmie gdpendiculbf enagaétierdodingiicad @ iclaimrie adietbimchehead
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The perpendicular magnetic recording head 22 of claim 2, wherein a

current density in the range of about 1.0x10’A/cm? to about 1.0x10°A/cm? is passed through
said read sensor 46.

5. The perpendicular magnetic recording head 22 of claim 2, further
including at least one magnetic shield 48 positioned adjacent said read sensor 46, said at least
one magnetic shield 48 serving as a heat sink to provide for increased current density to pass
through said read sensor 46.

6. A magnetic disc drive storage system 10, comprising:

a perpendicular magnetic recording medium 16 including a soft
magnetic underlayer 40; and

a perpendicular magnetic recording head 22 positioned adjacent said
perpendicular magnetic recording medium, said perpendicular magnetic recording head 22
including a read sensor 46 which generates a magnetic field to bias the magnetization of the
soft magnetic underlayer 40 of the perpendicular magnetic recording medium 16 during
operation of said perpendicular magnetic recording head 22.

7. The system 10 of claim 6, wherein said read sensor 46 is a current
perpendicular to the plane read sensor 46.

8. The system 10 of claim 7, wherein a current density in the range of

about 1.0x10"A/cm’ to about 1.0x10°A/cm? is passed through said sensor 46.



6. A magnetic disc drive storage system 10, conprising: a perpendicul ar
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22. 13. The nmethod of claim 12, further including controlling the anmount of
generates a magnetic field to magnetically bias the soft magnetic underlayer 40 to reduce

noise from the soft magnetic underlayer 40 during a read operation of the recording head 22.

13.  The method of claim 12, further including controlling the amount of
electrical current passing through the read sensor 46 to control the magnitude of the magnetic
field to magnetically bias the soft magnetic underlayer 40.

14.  The method of claim 12, further including adjusting the magnetic field
to maximize signal-to-noise ratio during a readback process.

15.  The method of claim 12, wherein the electrical current passed through
the read sensor 46 has a current density in the range of about 1.0x10’A/cm® to about
1.0x10°A/cm?.

16. The method of claim 12, wherein the read sensor 46 is a current
perpendicular to the plane read sensor 46.

17.  The method of claim 12, further including maintaining the distance
from an air-bearing surface of said read sensor 46 to a top surface 43 of said soft magnetic
underlayer 40 in the range of about 5 nm to about 100 nm.

18.  The method of claim 12, further including biasing the magnetization in
a substantially radial cross-track direction.

19.  The method of claim 12, wherein the magnetic field has a value of

greater than about 25 Oe to bias the soft magnetic underlayer 40.



el ectrical current passing through the read sensor 46 to control the

magni tude of the magnetic field to nagnetically bias the soft nmagnetic
under | ayewo0o4Q/082441 The net hod of claim 12, further includiPag/sd/o®ss ng t he
magnetic field to maxim ze signal-to-poise ratio during a readback
process. 15. The nethod of claim 12, rein the electrical current passed
through the read sensor 46 has a current density in the range of about
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fromana4 r-bearing surface of said read sensor 46 to a top surface 43 of
said soft nmagnetic wunderlayer 40 in the range of about 5 nmto about 100
nm 18. The nethod of claim 12, further including biasing the nagnetization
in a substantially radial cross-track direction. 19. The nethod of claim
12, wherein the magnetic field has a value of greater than about 25 Ce to
bi as the soft nmagnetic underlayer 40. WD 02/ 082431 PCT/ US02/ 09958 11 20.
The nethod of claim 12, further including determ ning the value of the
magnetic field for biasing based on the magnetic properties of the soft
magneti ¢ underl ayer 40.



