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The present invention relates to recording heads for use with magnetic

storage media, and more particularly relates to a perpendicular recording head which

generates a background magnetic field in the magnetic media.

10 BACK N

Perpendicular magnetic recording heads have been developed for use in
hard disk drive systems. Some examples of perpendicular recording heads are described
in U.S. Patent Nos. 4,438,471 to Ashiki et al., 4,541,026 to Bonin et al., 4,546,398 to
Toda et al., 4,575,777 to Hosokawa, 4,613,918 to Kanai et al., 4,649,449 to Sawada et

15 al., 4,731,157 to Lazzari, 4,974,110 to Kanamine et al., and 5,738,927 to Nakamura et
al.

In order to increase the data storage density of hard disk drives, the use of
magnetic media having increased magnetic anisotropy has been proposed. However,
highly anisotropic media exhibit extremely high coercivities, e.g., well over 5,000 Oe.

20 Conventional perpendicular magnetic recording heads are not capable of recording on
media having such high coercivities.

The present invention has been developed in view of the foregoing, and to

address other deficiencies of the prior art.

SUMMARY OF THE INVENTI

25 The present invention provides a magnetic recording head for use with
magnetic recording media having a magnetic field generating coil configured and
positioned to generate a background magnetic field in the magnetic recording media.

The magnetic recording head preferably comprises a perpendicular configuration. In
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flux"through the main pole tip and also generates the background magnetic field in the

recording media.

A typical magnetic recording medium for use in conjunction with the
present perpendicular recording head includes an upper layer having multiple
15 magnetically permeable tracks separated by nonmagnetic transitions, and a magnetically
permeable lower level. The lower level is magnetically soft relative to the tracks.
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 recording medium is moved past the recording head so that the recording
20 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 main pole.
Current is passed through the coil to create magnetic flux within the main pole. The
magnetic flux will pass from the main pole tip through the track, into the lower layer,
and across to the opposing pole. In addition to the magnetic field generated at the main
25 pole tip, a supplemental magnetic field is generated in accordance with the present
invention. The combined magnetic flux from the pole tip and from the coil causes the
magnetic fields in the tracks to align with the magnetic flux of the recording head.
Changing the direction of electric current changes the direction of the flux created by the
recording head and therefore the magnetic fields within the magnetic recording medium.
30 An aspect of the present invention is to provide a perpendicular recording

head including a main pole having a tip, and an electrically conductive magnetizing coil
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In order to increase the data storage density of hard disk drives, the use
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per pendi cul @ recording heads of the present invention are particularly
useful for conmputer hard disk drives. A typical perpendicular recording

head includes a mai nAfmter aspectop thepresent invehtn B REVICEd I¥th6@bNdishgt O t he
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storage medium.

These and other aspects of the present invention will be more apparent

from the following description.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph of magnetic field strength versus distance from the air
bearing surface of a conventional perpendicular recording head, illustrating a substantial
drop-off in magnetic field strength as the distance is increased.

Fig. 2 is a partially schematic side sectional view of a perpendicular

25 recording head including a background magnetic field-generating coil in accordance with
an embodiment of the present invention. '

Fig. 3 is an enlarged view of a portion of the recording head of Fig. 2.

Fig. 4 is a partially schematic side sectional view of a perpendicular
recording head pole tip and magnetic coil configuration in accordance with an

30 embodiment of the present invention.
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of CogPt;, has an anisotropy energy K, = 4 x 10° J/m’ (compare with K, = ~10° J/m’

for CoCr media). Such high anisotropy reduces the critical size at which grains become

thermally unstable to less than 1 nm. Utilizing these materials for recording media can

potentially extend the recording densities well beyond 100 Gbit/in?>. However, a major
25 obstacle preventing utilization of high anisotropy media is that such media exhibit

exceptionally high coercivities, e.g., in excess of 5,000 Oe.

The magnitude of the fields generated by conventional perpendicular
recording heads is limited by the saturation moment of the yoke material. Fig. 1is a
graph illustrating the dependence of magnet field strength on the distance from the pole

30 tip or air-bearing surface (ABS) for a conventional single-pole perpendicular head
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head" meanrs11 thead (ggapt, d for read and/or write operations. The present

i nvention HAs IBAEA %‘Y'gb%t—‘jPHCFF%}HM@WOMHG%F@%O@MI&«? magnstizing ens wi t h
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becones 20 through electrical connections 22. The magnetizing coil 20 may be made of any

suitable electrically conductive material, such as Cu, Ag, Au or any other high
conductivity materials or alloys.
As shown in Fig. 2, the perpendicular recording head 10 is positioned
20 above a magnetic storage media including a hard magnetic recording layer 30 and a soft
magnetic underlayer 32. A protective overcoat 33 such as diamond-like carbon is
applied over the recording layer 30. During recording operations, the magnetic media
moves in the direction of the arrow shown in Fig. 2.
The recording layer 30 may be made of any suitable hard magnetic
25 material such as CoCrPt, CoCrPtTa, CoCrPtB, CoCrPtTaNb or other high anisotropy
hexagonal Co-containing alloys. The recording layer 30 may also be made of CoPt,
FePt, CoPd, FePd or other high anisotropy L10 materials. High anisotropy materials
such as Co/Pd, CoB/Pd, CoCr/Pd, CoCrPt/Pd, CoCrPd/Pt, CoB/Pt, Co/Pt, CoCr/Pt,
Fe/Pd and Fe/Pt may also be used as the recording layer 30. Furthermore, high
30 anisotropy ferrites such as Ba ferrite may be used as the recording layer 30. Preferred

materials for the recording layer 30 include L10 materials such as CoPt, FePt, CoPd and
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CoCr nedia). Such high anisotropy reduces the critical size at which
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utilizing [ f 27 f.he pole material . At
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Ce. This aswchmgpteriabtst is therefore not sufficient for recording on nedia
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Cozr Nb, | CoBleRetizias piEe). Foamnencwingioil 20 eea ragiEdimeptionR yneasured framf ¢
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condyctivity materials or alloys. As shown in Fig., 2, the perpendicul ar
reco?Qii ng Hégacef@ and Ii!),dgpsttp% ess of the protective layer 33. As further shown in

Fig. 3, the yoke 12 has a thickness T, which is preferably larger than the thickness T, of
the main pole 14. '
The dimensions R, D, H, Z, T, and T, are preferably selected in
accordance with the present invention to produce a sufficient background magnetic field
25 in the recording layer 30 when current flows through the coil 20. For many
perpendicular recording head configurations, R preferably ranges from about 0.1 to
about 5 micron, D ranges from about 0.1 to about 5 micron, H ranges from zero to
about 0.1 micron, and Z ranges from about 0.1 to about 5 micron; The yoke thickness
T, may typically be from about 0.1 to about 5 micron, preferably from about 0.1 to
30 about 1 micron. The main pole thickness T, may be from about 0.01 to about 0.5

micron, preferably from about 0.01 to about 0.1 micron.



above a magnetic storage nmedia including a hard magnetic recording- 2yMAR 200k
30 and a soft magnetic underlayer 32. A protective overcoat 33 such as
di anond- | i WOW24¥on is applied over the recording | ayecTas002s0i ng
recordi ng operations, the magnetic nmedia noves in the direction of the
arrow shown in Fig. 2. The recording layer 30 may be made of any suitable
hard magnetic material such as CoCrPt, CoCrPtTa, CoCrPtB, CoCrPtTaNb or
ot her high anisotropy hexagonal Co-containing alloys. The recording | ayer
30 may al so be nade @ aéBRnce WithRhe pre@RGiavdaf i sotropy
L10 materials. H gh ani sotrop% mat eII?I al nvsnucg:) t&rm@opﬁg %%P‘%g CoCr/ Pd,
CoCr Pt/ Pd, Eitensien Bito thegistange @)mpierabtw@mt@ted in PrdéFd gemerlatE chieesiredy al SO be
used as thebg(ﬁ Uil R8edeAY881d ot r. errites such
as Ba ferrite grrlgy Qgguge %pﬁef#é{gg’ {‘9%5?‘? égéﬂg’p%@ﬂya?%’f‘@%é Wematerial s
for the recdheiratg of B;sz)&@lly mgﬂﬂd@m_ab@utnhl arabahtswsu@l'efaﬁblﬁwﬂam aboet, CoPd
and 2 /AR 2941 / ;&%%l 50.6. FePd b,t ers of

0 aly@hgll 21%‘&92 10 o %c?mesagﬁgo chf g‘["iq‘{}%‘iﬁ

Co/ Pt ‘and Co/ Pd e recor
ani sot ropy eenétolied. KTheerago of ’gr’g@ta’eramjnmgmm abdub 1:1/téBboul-00: leMd‘r“P' e,

recordi ng L5 otro s of from about 106 to
about 108 J %%T@ﬁlq% apggf"'g ‘I‘ﬁ‘égegé(? E?‘ﬂélit&?g‘i’“t%aly al so have a
rel atively high coer ilthbiigh tﬁ@mvgxeﬁlﬁg)&xlgb sh&mgm,Fl%"st\ﬁﬁd 8 cOMpridas a 10, 000 Ce.

The underl a er 32 may .b mad of an sui t abl e sof ma netlc mat eri al ,

such as FeA Eizeplay wi windingsand/as othst PFE'rSthegFFaYrmedt Fonf t
magneto c W&Eﬁiﬂpﬂ $he@oil QOfxﬁay ARENAIVER bk lsdniFFe, Q&Eﬂﬁéﬁlﬁl‘ HélicaL! lsﬁ'# Etit etbayers of
such materials. Fi 3 is an enl arged vi ew of ortion o he

per pendi cul Similagly aFrﬁgs-seﬁ@aal shape pf the yokel2 3961 1td14rmnsbmahd details of

20 hae o ¢ At roffinfer, & @6 ke, "PEMAnGLAE 120 pfd fab“’ R Rk, o,

t he | ongi t udl and main pele 3¢ as showndn Rigpdd GldI‘M HdW&yenmhel coﬂ@omld be lozated ach at a
et e | SEBMER iRilR bl okl 14 100k oo TSGR bpk R il bt L ace o
t he rEcordi gepetatede rFuﬁBénnoil'd)althmgmnqncph'ﬁertedpaiaﬁrxnaﬁedtm eedouaa béudell Yt N

hei ght H abgve t.he .up surfac the protective layer 33. The nain
pole tip 16P ?ee‘?fe?“ﬂlag‘?{’ Ihﬁ ’f%f the air bearing surface of the

recordl ng head 10. TiRgsn®gnes schermdicaly) xhlus?iﬁtelaﬁe@@ﬁdetdoﬂ'&@ﬂig%}an@nﬁhﬂance VA
fromthe up surface, of the recordjn {od 30, neasured in a direction
e?‘ﬂ

paral | el F‘?‘iordf“?fé Wit B Pratentigyention. o1 iBqnk showngn Fig. 478 di st ance Z
is equal t Oeléélﬁcaﬂg %ﬂfucﬁ%%&h&ﬁzﬁ@%@ﬁ 2Ds&‘ifﬂﬁimﬁ'§ anllid Soshidfed difeClPRfiRe e

protective | ayer further shown in

20 the outer surface of the yoke 12. In the embodunent shown in Fig. 5, an electrically
conductive magnetizing coil 26 surrounds and is embedded in a recess 28 which extends
around the outer surface of the yoke 12. In Figs. 4 and 5, each of the magnetizing coils
24 and 26 is shown as a single winding around the yoke 12. Alternatively, multiple coil
windings may be used. Although the magnetizing coils 24 and 26 shown in Figs. 4 and

25 5 have square cross sections, any other suitable sectional shape may be used, such as
rectangular, circular, etc. The cross-sectional thickness of the magnetizing coils 20, 24
and 26 typically ranges from about 0.01 to about 5 micron, preferably from about 0.1 to
2 micron.

In the embodiments shown in Figs. 2-5, the pole tip 16 comprises a flat
30 surface. Alternatively, the present design can be combined with a perpendicular head

having a concave pole tip design, such as the concave pole tips described in U.S. Patent



Fig. 3, the yoke 12 has a thickness TY which is preferably |arger -« @aMAR ra804
thi ckness TP of the main pole 14. The dinensions R D, H Z, TY and TP

are pref eMI242| ected in accordance with the preseneCi/vsseesssoon t o
produce a sufficient background magnetic field in the recording |ayer 30
when current flows through the coil 208-For many perpendi cul ar recording
head configurations, R preferably ranges fromabout 0.1 to about 5

m cron, D ranges fromabout 0.1 to about 5 micron, Hranges fromzero to

about 0.1 rmMpplicnion&edalNg. anges from aboyﬁle@s‘iptgtng,egg%%oogeﬁrﬁﬂgégz. The yoke
u ,

t hi ckness _JY typi cal [y be Tromabout O. .

preferably ‘%emfﬁ&g‘t}a’vﬁecetdingtl#%m{dmg Ganeave ip, Priéchriningorpotated thiwerkiyess TP
may be frorrefratd. 0. 01 to about 0.5 mcron, preferably fromabout 0.01 to
about 0.1 micron. - 2 MAR 2004 WO 01/ 22407 PCTI US00/ 25650 -7 | n accordance
“with the present i nvirfcsasdance with thepresensinventioncti hmpundiofitlectricalemsénon R t 0

the dist anGgpghed f e ﬁfa@ﬁeﬁ?ﬂn% cglﬁfﬁ is %ﬂtﬁ)ﬁﬂ& [ q?&eqqg g%xgragegrgg h%}rgd ]E EFI Sesi red

background nmagnetic field I e recording lTayer
descri bed [harkgfpund magnetigifield suength D the/recarding Jayerd0y cEhefbackpradnd waghetit t 0

about 10: 1, d 1:1 t.0 .about 5:1. ratj o of the yoke
t hi ckness ﬁeﬂ{%f‘ﬁgﬁ%éfcé{ef%m%“sw rﬁﬁgabj?' gisater. than F’H}ﬁ? %f’bé‘h@aqs&t io gf
TY: Tp pr ef diepbiding upog elw rhagnericaivopetticd of th Pecaliiglayed 30, thdBicRgrobief er abl y,
the ratio of TY: Tp,.ranges. fromabout 2:1 to about 5:1. Al t%ough t he
magnet i zi nd"28fH° %@ﬁ’gwlcf‘l Tapggirom abay;109 tp 3bayr 20,00 Gauss, preferablyi r cul ar

wi ndilg, mftdni goat WOOWionEutaB OO Gatks Nl niddé brefPABERoBYoRS 0dBs. FOr

exanpl e, the caqil may alternatively be square, rect angul ar, helical,
strai ght, égi}‘!‘qgi‘)ﬂ&%é\’%ff the ﬁ@%ﬁ"&%@%é@:t Tembackerpendanagaetic figdd yoke 12 and

mai n pol e effedtiiiylRcreReie codtEIvRY &t thd REHAAG ty&r 30, thftzcﬁgrﬁghgglf %IIBG

magneti zing coil 20 preferably surrounds the yoke ole 14 as
shown i n FiTeeording layer 39 maydeaiptined a5 He andithe hackgreint enaguatistfiell effectivelydi f f er ent
posi tion onetbReNGad I .6 LRt c d,magnetic field
| S gener at eg. Fle,ll‘ t ﬁe?er}r%‘r,@,sH‘aﬁa{lﬁ%ugk@rl\%P gé)dreefa g??’e?l?e égégfﬂﬁﬁem magnet

coul d3be ugeeferably rarigasfromfapoudl: 10ro ahwait 9:il@rmdre prefdrably from abbut 3Fioxe. 4 and 5

schemati cal gl nUSE T, Lalternative coll confiaqurations in accordance
with the praéésluet ;10 Th aPhfticftal’ idfcd Embliment B rtg of B apout S0,
el ectrical ly conductinwecordgoewitza AgtheispecPdf thelpresonnihvertiofl, thé 1Rt | oned
directly agj acent the outer face of the yoke 12. In the enbodi nent
shown in F?lbe?bagf?grgw SPABRENC f@ﬁ’f‘yls C%Whﬁ‘i i rG%tl?PatQﬁ]é"cﬁ“fPﬁb of the magretis yr r ounds
and i s enbdittied, geferated QMBS Sathold HrCTs. EPtERAGE, the ratio of Hy:H, is from about

20 1:10 to about 10:1, more preferably from about 4:10 to about 3:1. As a particular

example, a recording layer having a coercivity of 10,000 Oe may be written on with a
recording head of the present invention which generates a pole tip coercivity H, of 5,000
Oe and a background coercivity H, of 8,000 Oe. Thus, while the magnetic flux
generated from the pole tip would not be sufficient to write on the recording layer alone,

25 the background magnetic field is sufficient to effectively reduce the dynamic coercivity
of the recording layer, thereby enabling writing on the recording layer.

As long as the pole tip is not completely saturated, the magnetic flux is
mainly concentrated within the pole tip. A standard way of operating a single pole head
is to choose a current value I, that causes complete saturation of the pole tip. The

30 fields generated by the saturated pole are localized and their gradients within the

recording layer determine the minimum bit cell size. If the current in the coil is further



around the outer surface of the yoke 12. In Figs. 4 and 5, each of jhe 2004
magneti zing coils 24 and 26 is shown as a single w nding around the y@ég

12. Altern¥PPV8M7 nultiple coil w ndings may be usedPCHMUStOsEIh t he
magnetizing coils 24 and 26 shown in Figs. 4 and 5 have square cross
sections, any other suitable sectional-9shape nmay be used, such as
rectangul ar, circular, etc. The cross-sectional thickness of the

magneti zing coils 20, 24 and 26 typically ranges from about 0.01 to about

5 micron, pinefeasedby I {a10a1aR0Vihe @xtia fik geRertlied ill'no tofigek BE cGEROLITENT S Shown
in Figs. 2-5, the 1l%ol e t_|g%16 conprises a flat surface. ternatively,

the present PHREPgfhemasnimde of fhe sdduions! fisld A Bwilkhenorortional thadd Thefieldg a
concave pol fud will stapiedd ove? YGlknARadtl are @AY witith Shels i i izen U S.
Patent - 2 NAR 2004 \/\0.01/22%07, %%Q/aﬁgoa%%‘go h Aepr%@?%’gﬁgén"@gg}zgl No. |
filed Septeffdchyis detormineddhy; the diametetref;theqodli due loethe Riative giomimityefdhd ncl udi ng
Concave Ti Peoiib tifelYetoddihg faPEr? i | = € e drd§GQLdance
with the present i ﬁyenlt?og, ) ?ﬁgtng‘%%lﬁﬁ%%g{mg%e%{ﬁeggﬁa%ﬁﬂeewrcntﬁwl ied to
t he magnet i @ilngFog @isingleguingoll thetmagnitusid of nBads gieen iyo generate the desired
background magnetic field strength at the recording |ayer 30. The
background magnetic field is typically greater than 100 Gauss, preferably
greater than 1,000 or 2,000 Gauss. Depending upon the magnetic properties
of the recording |ayer 30, the background magnetic field may typically

range from about 100 to about 20,009 usgz preferably fromabout 1,000 to
about 15,000 Gauss, and nore pr&Ber é@ 4@? 7about 5,000 to about 10,000
Gauss at the recarding,.|layer 30. The“bacCk und magnetic field

ef fectivel yVBER &é%g'&g‘{‘w fihrerotliand ¢ {5 the distRgee fropythe Foihtolths kard Bger. The

coer ci Vi ty Bir R40.2 e 0g uhd ¥Rkgrdtnd Mldshif extels st %ests (10,008 0R) &ﬂe
backglround magnetic field ef#ectwelx decreases the coercivity H to a

| owerlQal uePecRERFTAEE With cpysentsrassmal] s PHithHcregsiwtioa of shopt 2%Qefew ifraom about
1:10 to aboyigdiPeoi@ugeapr ef erably from about 3:10 to about 8:10. Ina
particularly preferred enbodi nent, the ratio of Hb:HC is about 5:10. In
accordance with a fulhhpnesenegnfdhe asiflitiohal backgeund field wBreffectivelytraduckevel of

(1, pacher o RS ek et o R B 8 S
the rati o dfcaddhabipl ansavhilable safiomaterials: Becduse oftiighi daidratks, th®dyhamicef er abl y from
200Ut 10 S e o R o ke o
present i nvdymhmiercowbivith isotgneicanttshighep Gaf tHelspitic 8®k&liw.t y Hp of 5,000
Fig. 6 illustrates magnetic field simuiation results using a boundary
element solver, Amperes, for different values of coil current. The field profiles at I =
50 mA (=I;,y) and I=200 mA (Al = 150 mA) are given. The additional 150 mA of
20 current on top of the saturation current I,, generates a backgrouhd field of 4,000 Oe.
This background field would not be high enough to erase the previously recorded bit
pattern, but it effectively increases the write field of the pole tip, i.e., decreases the
effective media coercivity. '
A test was conducted to confirm the performance of the present design.
25 Fig. 7 schematically illustrates the test. A conventional perpendicular writer 34 having a
magnetic coil 35 placed far from the pole tip 36 or the air bearing surface of the writer
was used in combination with an external field source 38 (a strong rare earth-based

permanent magnet that could generate stray fields in excess of 2,000 Oe) to simulate a



Ce and a background coercivity Hb of 8,000 Ce. Thus, while the nagmeliMAR 2004
flux generated fromthe pole tip would not be sufficient to wite on the
recor di ng Wa§¥R403| one, the background magnetic field i BCHUSdREsSENt t O
effectively reduce the dynam c coercivity of the recording |ayer, thereby
enabling witing on the recording | ayeto- As long as the pole tip is not
conpletely saturated, the magnetic flux is minly concentrated within the
pole tip. A standard way of operating a single pole head is to choose a

current val buekdrGAl fieltbrort @ U6 & (ROGHR!vils 1ol iH fikd i |- The
fields generat g,d t he saturated pol e9£re 1I gcal l?‘?’é% “gngﬂltcﬁsge#gr? -gﬁregdi ents

b
Wi thin t he TPERIZE ist grerasnaducirdran amyidlayes pempendiowianmsilia 30ebpesedef | f t he
current in dxeeytiets dfofpdr - 2 PCT/ US00/ 25650 9
i ncreased b ,%? ?XIS Ay S%‘Ir%as,r()ﬁtuﬁgere troi??@&{\@ a@%é%écf&g%w lInlexﬁza“;?onger be
confi ned togl’Q‘Pﬂaoe-pEF@' the prediveas Piopaturatetie(DST erased) inddirbagmagnefic fitld 0B wi | |

be pragporti : i I L1, he spread quver significantly
| ar ger regqi %ﬂé&]\?\}e%l ﬁ?lﬁé % hag&%é{:cgr%%%g Ikag;g\ﬁ%étﬁdhgucsﬁogi‘émawtw ﬁﬂdﬁ’élgdet erm ned
by the di anna fieldfemahasescfoin thetUXC saturatbdmedih, aresulting[ii @otb Bighal rédd-duble coil to

t he recordi | . The magnitude of AB can,be fine-tuned by the current
inthe coi IIG&t O%IO?%ID% iwﬁr}g pgox?ﬁpthong@?erpepﬂgul%xgﬁﬁ Watempiag whicthfajed, py: 0B =
uoAl R2 2 (dRe te-nR)fBdientwiugnhitudRof the rdvordigicls The rebRdia@idilaN\fhsz i S the

di stance from.the.coil .to th haer?g |l ayer., _For R=0.2 mand z=0.1 m

backgr ound $PBIFS by ﬁhee‘?z’é@sc% °€‘Pe Tepdopsigndly Kipally ca smalbpermprenymagnetivasd wi t h

curraot s aSplmh&ova&eélr@&rdn%lé%ag*ﬁl QodePrXiticy ﬁqh@ﬁle‘ﬁp’%kcﬁ%%%{'}gfoi e

single turn_coil is_used. resence of the additiona und field
AB ef f ect i viHPSraled i Eigs 7. and apetheriresprding atigmpt waschetformed) heresultwasmabl es

Writing on JiGRc&a&! wi %%ttéﬁﬁ Ma?lg@ggashoamgi basqde Péaul?s.vsﬂw@m g 0Ll

material s. Because of _data the dyrmam c coercivity W

af f ect ed by8 damonstrate Gakrhe anisetropy efithdreberding mediads ¢ffectivklbemporarilyt he dynani ¢
coerci Vi ty hoersd Bkl : [ h ic coercivity. Fig. 6
illustrates rrealgé\gﬂhg a?@%%ééaﬁs(?rrﬂ%%gpf $r!l%rgér'gsaﬁ%tt%tﬂ%fsdl‘ ng a boundary el enent

sol vd5, Amperes, forThi frésentem¢ording sysemodffectbiely reducesthé coefdieityl ofahel profi | es

at 1| = 50 (=sRLSAD). and..[.=200 mA (Al = 150 re.qiven. The additional
150 mA of cngér%r‘a(e‘ n'thlsoﬁ af%’&*’&'f“egﬁé gg’&f%‘?ﬁf‘ibﬁ%g@ﬂ?n?éﬂgu "‘S’aﬁg YRAZICHEIRG o
background doilethithd$ placddGfi pfoRimity b itife rocvedify Ryerd Thiserecbritiag kydtetPénables hi gh
enough to erase tflgg reviously recorded bit pattern, but it effectively
i ncreases t'HaMME Y hlfo‘ioéﬁca’ ’%g"g‘ﬁé‘sﬁ%@é{ ey that can suppRIt very dugh reqeeding

densities, e.g., in excess of 100Gbit/in®>. High recording densities can therefore be
20 achieved without the necessity of major changes in the recording process.
‘Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the art that
numerous variations of the details of the present invention may be made without

departing from the invention as defined in the appended claims.



effective nedia coercivity. A test was conducted to confirmthe

performance of the present design. Fig. 7 schematically illustrat es'tZ‘né“AR 2004
test. A conventional perpendicular witer 34 having a magnetic coil 35

pl aced far fromthe pole tip 36 or the air bearing surface of the witer

was used in conbination with an extgrnal field source 38 (a strong rare
eart h-based pernmanent nmagnet that could generate stray fields in excess

of 2,000 Ce) to sinulate a 2 MAR 2004 WD 01/ 22407 PCTI USOCO 25650 -10
background WHAT IS GbAMEDIIStf the coil was placed in close proximty to

the ABS. The recording tests were conducted on a nultilayer perpendicul ar
media 30 conprised of twenty |ayers of Co/Pd on a soft underl ayer of

FeAl'N, having a QogLGindi [ ~ 0 . First, the nmedia was DC
s?t u { at ed (23% %ragig‘{ir? n:ﬁhctugarfrﬁ:rogdé%i ?ri?agfgli%g ?%W%ﬂﬁ_é%?gﬁ?%’i?%@f”ﬁd%‘%’é& ?g

el ect r omagnétl), leexpeepdneibul 2t wecokdin ¢ompiide: el ds, no stray fie
emanates fromthe DC sa]tegif@t ed. nedia, resulti nl,ggi ng zero signal read-out.
Next, recording ®iH" 8O éﬁﬁnﬁﬁéfp Gé} |osptad adineant ap pir beariggssurfaceaithed,
which failed due to fasuiif Rlanhd WAL buleIRL the recording field. The
recording failure was confirmed by thd8 absence d&f’ the read-out signal.

Finally, a small ayekatideaenneaigdee thaasaippaledti)aiaving a thiekness ¢T)ighghtdreinch | n
close proximty to th di a schematically illuystrated in Fig. 7, and
anot her recordi ng att glr?pqﬁlc\lx%é S@ng’ﬁé’&@n?ﬂ d‘@sﬁ‘F chpgacteizedey] - r ecor ded
bit pattern withat blectpicalypesidusd@hadngtifzing coi$(ZOjfla?leBﬁZ)H}tfaﬁg%GH?%dﬁﬂk}ﬁFg'
effectively

8 denonstrate that the anisotropy of the recording nedia i
temporarily |owered B9kaand pesisionedsutiicientty ¢lpse th shskmriopote imGiodto genetatd d.

The present recording f J: ces, the. coercivity of the
nmedia. This is accorrpfl?)s{ﬂ%g%g %@%&?éﬁ%lﬁéé(g&j@alﬁger Bangy of BTCCP %q“lcf"z‘f‘ng a
magneti zing coil whi cémbinatpdrawill aintagpétixfield g¥ndrated fony 186 alaeh g&e kiBY £6);
This recording systemengbles wiiting on high coercivity/high anisotropy
medi a that can suppor S SPEFGCH I HTieRng magnetitdneditmes, e. g., in excess of
100Goit/in2. H gh recording densities can therefore be achi eved w t hout
the necessity of nmjor changes in the recordi ng process. \Wereas

particul ar 2nbodAmsmendishlar kecordimyheadi(d0) dflainbbewhetein thid aghetiaing\ceilf or

pur poses of Johl ration, .it.wll be ident to ose skilled in the art
t hat nurrerggzcéllrgl rll% iagﬁjsgleo\y"{[ﬁiﬁg ﬂ%‘f’ﬁ‘e%gn@fn P‘H‘é(‘:ﬁesent i nvention may be

made w thout departing fromthe invention as defined in the appended

clains. - 2_MAR 2004 -11 _ ‘
3. A perpendicular recording head (10) of Claims 1 or 2, wherein the magnetizing

coil (20) is spaced apart from an outer surface of the yoke (12).

4. A perpendicular recording head (10) of Claims 1 or 2, wherein the magnetizing

coil (20) is positioned directly adjacent an outer surface of the yoke (12).

5. A perpendicular recording head (10) of Claims 1 or 2, wherein the magnetizing

coil (20) is at least partially embedded in an outer surface of the yoke (12).

6. A perpendicular recording head (10) as claimed in any preceding claims, wherein

the ratio of the yoke thickness (Ty) to the main pole thickness (T}) is less than about 10:1.

7. A perpendicular recording head (10) of Claim 10, wherein the ratio of the yoke



WHAT |'S CLAIMED I'S: 1. A perpendicular recording head (10) for uselmit MAB 2004
magneti c recordi ng nmedium (30, 32), the perpendicul ar recording head (10)
conprising: a main pole (14) having a tip (16) |ocated adjacent an air
bearing surface of the recording head and having a thickness (Tp); a yoke

(12) connected to the main pole (14) 2haV| ng a thickness (Ty) greater than
pol.e g and characterized bi/ an
ly

t he thickne t he main

electricall 3§18%9P§%18f$ \féthﬁﬁltfﬁ‘é?‘i’lfltm@“@é‘i Tp) 50mm abqus 35k torabpet 34

surroundi ng the yoke and positioned sufficiently close to the main pole
tip (16) to generate a background magnetic field (20AB) in the vicinity
of the tip Whi ch peipendietny nieeeridimg haid fL0) asrelgimedd in aﬁyehﬂo@tﬁﬁ@f&é@dgﬂaﬁﬁgthe

le t f f t th di 2. A
por pend cul AT e pideting o6 B3 gt i diRensiobri FRSoeed frogh @ik g col |
(20) conpr i slefin iy thg neaimbaldi( 19, aewgdetmeg &ﬁl @opﬁis V#]olélil d?StahnAbD

n

per pendi cul ar recordln% head (10) of C ains ere
magnet i zi ng Meagited from the @aﬁﬁ%ﬂ*?é‘@g empk(R0) ffortbm?@ln tltptiﬂ ©rinsudifeatien priralieh avithoke

(12). 4. A pgy gél%)gg r i or 2, wherein the
magneti zi ng co?lﬁcyf ’saﬁgg%l ?ﬁ%%felg%ggrféin?%boua& @ﬁ?“@? uter surface of
the yoke (12). 5. A perpendicul ar recording head (10) of Clainms 1 or 2,
wherein the magn i zin ¢ (r£ S at | east Earti ally enbedded in an
outer surface of ?}%%é‘ftrf%o 82 headyd Phefrein Bayherainghelratig i &R if from as
claimed in apyutlrERSHHCs:¢! ai ms, wherein the ratio of the yoke thickness
(Ty) to the main pole thickness (Tp) is |less than about 10:1. 7. A

per pendi cul ar recording head (10) of Claim 10, wherein the ratio of the
yoke r- 2 2004 -12- |ckne

from about 271 t %%B‘Hl[dl%‘ afrevgrc?ig(g b%&hﬁ?g@?’a’?ﬁ% %@rﬂ}%ﬁ%fq%g@og Tg)s 'S

claimed in diyerkivd Pfs fkdif ab61R ©e0iocBokd Pniden. Wherein the magneti zing coil
(20) has a radial dinension R neasured froman axis defined by the main

pole (14), the magnetizing coil (20) has a pole tip distance D neasured

parall o w bt AuPipdiliculde bordife hOR (701 & Clafos s Slor Bt peinBipdlisim 1. 1
to about 10dﬂstan©eDAsﬁenpamdtﬁmltaabdwsomdtdng head (10) of Claim8, wherein

the ratio of RDis from about 1:1 to about 5:1. 10. A perpendicul ar
recording head (10) of Cains 8 or 9, wherein the radial dinension Ris

fromabout @21 tQ @bHdicald&loffing head (10) of any one of the preceding claims, wherein
the background magnetic field is greater than 100 Gauss.

13. A perpendicular recording head (10) of Claim 12, wherein the background

magnetic field is greater than 1,000 Gauss.

14. A perpendicular recording head (10) of Claim 12, wherein the background
magnetic field is greater than 2,000 Gauss.

15. A perpendicular recording head (10) of Claim 1 to 11, wherein the background
magnetic field is from about 5,000 to about 10,000 Gauss.

16. A perpendicular recording head (10) of any one of the preceding claims, wherein

the background magnetic field has a strength Hy, a magnetic field generated at the main



—

11. A perpendicul ar recording head (10) of Clains 8, 9 or 10 V\/nerelp 2Imm 20Nk
pole tip distance Dis fromabout 0.1 to about 5 mcron. 12. A

per pendi cul ar recordi ng head (10) of any one of the preceding clains,
wherein the background nagnetic field is greater than 100 Gauss. 13. A
per pendi cul ar recordi ng head (10) of Claim 12, wherein the background
magnetic fie eater t uss. 14 A per pendi cul ar recordi ng
head (10) ofﬂo%gh%laz%r%@r}gﬂ A WE“H%PC Jllinis fr%gmﬂeloftp@bwm@ Igr eat er
than 2,000 Gauss. 15. A perpendicular recording head (10) of Cdaiml to
11, wherein the background magnetic field is fromabout 5,000 to about
10, 000 Gausst’-1 h&m&epéwulacmcardmmddm@fmam 16, ®hetein eR)aghef Hi:H, e
preceding clgj eeretbe '.Etlgel background magnetic field has a strength
Hb, a magnetic enera éd'at the main F 2 MAR 2f PA -13- pole tip has
a strength Hp, and the ratio of Hb: HP |s fromabout 1:10 to about 10: 1.

17. The perpi%ndl cul ar recaording headé of Claim16, wherein the ratio
of Hb: Hp is 1 rorft REFBERdIIaTgesesdiag head 0] of ary.ona qﬁdtqanmhdmgl daintsewhérdinng

head (10) “of a saturation
current is Sasg%aéwtﬁ%ru %gﬁ@? ﬁ%éﬁg]gﬂigﬂ ﬁlzulﬂrll‘%gr(rgegliz ng(cfgﬁb%o O FERERGMEENSHE net i ¢
field at thdicihitrthemhin poletip (8). 19. A net hod of storing data on a

magneti c storage nmedium (30, 32), the nmethod conprising the steps of:
providing a magnetically pernmeable main pole (14) having a ti p (16)

provi di ng a19&9”@&hféth%a@f@ﬁﬁngﬁ%‘éma(rﬁ%?eﬁggt%ﬁghe el gi})e)aé Oﬁq f the

main pole (14); directing nagnetic
pol e (14) tsmpasmaéhemm@u c storage nedium (30, 32); and characterl zed

by: inducing a b n ne K. fie vicinity of the tip
(16) which, in C%?Afé%ﬂ |grha apﬁ%%hf lﬁmv.pgiedlﬁﬁw BRIBom tho nai n
pole tip (16), i providifif ﬁhﬁighetidktWagé fhedidth G3b?32§%_{h%&ﬂt%é@§ltw%f the main

pole (14);

directing magnetic flux from the tip (16) of the main pole (14) toward the

magnetic storage medium (30, 32); and characterized by:

inducing a background magnetic field (AB) in the vicinity of the

tip (16) which, in combination with a magnetic field
generated from the main pole tip (16), is sufficient to write

on the magnetic medium.





