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BACKGROUND VAGNETI C FI ELD GENERATOR CROSS REFERENCE TO EE#@%%E APPLI CATI ON
This appl i O PB4 ai ns the benefit of U S. Provisional 89l i cati on
5 No. 60/154,880, filed Septenber 20, 1999. FIELD OF THE | NVENTI ON The
present invention relates to recording-eads for use with nagnetic storage .
media, and nore particularly relates to a perpendi cul ar recordi ng head
whi ch generates a background magnetic field in the nmagnetic nedia. 10
BACKGROUND | NFORVATI ON ResGRETIC RECORPING HEAD BNCLUDINGheads have been

devel oped for use in BACKGHOUNDMXENEIICFTELDOERERANOR €S Of
per pendi cul ar 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, cﬁo@smwm {EIITED APPRICE0MO to Sawada et 15
aI , 4,731,157 to Lazzari, 4,974,110 to Kanam ne et al., and 5, 738,927 to

Nekamura et al. In W@ﬁpﬁlx@atioﬁ%faﬁﬁsﬁﬁeB%ﬁﬂ@ﬁ@SSPﬂivﬁ%am% Bdaribar d di sk
drives, the use of magnetic nmedia having increased magnetic anlsotropy has

been pdoposdie. 606880, filehbaprempenl}, d8%%.0pi ¢ nedi a exhibit extremely high
coercivities, e.g., well over 5,000 Ce. 20 Conventional perpendicul ar

magneti c recordi ng heads are nmL?)a@P%%ﬁEﬂl@ﬁ\di ng on nedia having such
hi gh coercivities. The present™— T nvention een devel oped in view of the
foregoing, and to ad : f UMVARY OF
THE | NVENTI ON 25 The ?'3? g‘[’?‘ﬁe\r’/%gﬁ%a?\és(%‘?gé\‘fu Pl héel’&r}r’goﬁ‘gte%m?%%ﬁ%’? "ng head
for use w t hstoragegmeslid, end momrpdrtimglaﬂpd&laedtawmg;eadmﬂgnetqrdmg hedddwigiener at i ng
coil configured and 03| oned .t enerate a ba kground magnetic field in
the nagnet i cgﬁpgétﬁﬂp?fg ’ﬁ?gne%g gageete 8 ﬁr ng head preferably
conprises a perpendi cul ar configuration. In WO 01/22407 PCT/ USOD/ 25650
10 BACKGROUND INFORMATION

"U

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 1o
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 INVENTION

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

The magnetic recording head preferably comprises a perpendicular configuration. In



-2 accordance with the present invention, the perpendicul ar recordi ng head
generates a,, SQSB%I,?ment al magnetic field which increases. k tic
recordi ng fi & ] conparison wth conventional perpendicular Tecording
heads. Al though not limted to such use, perpendicular recordi ng heads of
the present invention are particularly odeful for 5 conputer hard disk
drives. A typical perpendicular recording head includes a main pole, an
opposing pole magnetically coupled to the main pole, and an electrically

conduct i ve nagisedaned wigh thegirdsers imventinnd iheetpleadicmarneqodieg héb eehaysteoa of t he

oRPe 00, oL Syhob PRk Ko W h! 8 ed BB Yl KEE Bl
el ectrical cuvithahvdntiont pepéddicale Pecbﬂaglgrmm.etmﬁﬂoﬂ%l flilnited BAdueBuge, flux
through the main pole tip and al so generates the background nmagnetic field
in the recommyﬁ%ifa@fﬁﬂ& hesrieof thevprgsrat inyentien evediapiyuleeltlusafulifor use in
conj uncki on w per pendi cul ar recordi ng head includes an
upper Igyer h%é{{/lpﬁép%ru? ?#%?‘2%5 magneti cal |y perneabl e tracks separated by
nonmagneti c transiti onA typiratipapendigniet recarding hegkincheddslaendimpsie, dreoppbsinghe
| ower |evel is, magnetigall oft relative to the tracks, To wite to the
gt o r ecBPTHEHR FPERES PECBITRI At ucSricdl sapturats TomAPe
magneti ¢ rec sl kwigouiBEl: W fin folel TheBRRNKHNEoptosihg Bolb il RPicaRy Bhe-a The
magnetic recording nediumis noved past the recording head so that the
recordi ng 20 SHéaEg aFeaI el crqeading tie Rarfase aren of Hgdinaf the ae pelgi A2 medi um with
t he magpetic | . i Ly P QNRASI and
t hen pggsi ng pﬁﬁﬁﬁg‘{rdd%rﬂ%dun%ﬁﬁﬁ e%gir{é:!-ﬂ e@?@?ﬁl g S p sghggﬁh? ?nggﬁ:op%Ié&%(g)?I to
cr eat e magnetfiug thrbugh the mhinrpoidte andialso gedeeatesTthe backpgnet megrktic feldiid thepass
fromthe nmain pol.e ti&) through the track, into the |ower layer, and across
to the opposir?’l%r BF B addition to the magnetic field generated at the
main 25 pole tip, a sux@;ﬁdxeﬁyr%ieﬁm&@mgcm&i&mrh& fe0suadRd wifh tRccor dance
with the present invention. e conbined magnetic flux fromthe pole tip
and from t he PESENt pepgadienlarrecordipghead inchidpeangeppplayss dayipgenlipleo align with
t he maggetic e j ' d ' ' :
el cctr e cur Penreuspy baReiRERie) Al th pofhf\ ok i E b ihaiy
recordi ng headrnzeabiletidvenr dévot. eThehlewersigved isi roagnetiratly sofi telitine tofthe tragknet i ¢
recor ding medium 30 A 8RSS e faghil BIRRER eblhS B BlbrliS bl OV! € @
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



head including a main pole having a tip, and an electrically conductive
magnet i wionngzmoei | WO 01/ 22407 PCTI USOQ 25650 -3 posi traumesdo/zsssd i ci ent |y
close the main pole tip to generate a background nagnetic field in the
magnetic recordi ng medi um when current_is passed through the nagnetizing
coil. Another aspect of the present invention is to provide a magnetic
recordi ng apparatus conprising a nagnetic recordi ng nmedium and a recording

head. The magnetic . 5 recordi ng _medi um i ncl yde n_upper |aye aving a
b1 ar ai 1t §OSORE iRl SRR AR Rl o g ele F BB Sl cor
sof t rel gfeindgnte: ﬁeb&dﬁ@&@edﬁixﬂﬁvﬁ&ﬁcdrfeﬁﬁé%ass@d‘&r&%ﬁ HehalFhetiABRELil.NCI udes a
mai n pole having a tip, and an electrjcal]ly_ conductive magnetizing coil

posi ti oned suffi cifpthey asnesisef thepreset INVension is tp provideomagngefie resotstirgcgr ound
magneti c fi ' TR ' | ' I.-ng head is
posi ti ong%dag%t&aéoﬁpﬁs% ahEI gﬁécl x%‘é&g%g\%%h {ﬁ%eém;gigﬁéegtrei\gg rli]tgl‘%:d}c])?rdtlE eﬁ%g#gg?um and
curf ent recopbmesmeditunrinagies tineppra tayert havingg pluralidy .of Aath stordpenragkyyand of t he

present invention i.s to provide.a netho o%bitori n data on a.magnetic

D orage. AU HYS REng BRR oA LB 18 e s re skt o Thg o g et | cal |y
per neabl @eddBinélud@lanaif pore havififa dpEdalelerkhlly afudivg mighaigient the 15
mai n pole, directing nagnetic flux fromthe main pole toward the magnetic

st orage PREHNGHsuifcignthyelpte the\mpinpolsdindto genaigfe a baekeraynd magneticfirid ic field in
the magngl : 0 e@&‘ﬂid‘g“’rﬂé‘dﬁlﬂﬁ : ; f .asent
I nventi o? V\rnﬁﬁn e1r nor e “appar eﬁtﬂmégéﬁa?dﬁ%%ﬁ%gﬁgh%e@gﬁ&% ]gﬁrﬁ%qﬁzo BRI EF
DEBCRI PThipive@he MhfneDRAMHNGE medjum ind eureenyispassed thronghribe magretieing st r engt h
versus distance fromthe air bearing surface of a conventi onal

per pendi E¥f-ar recordi ng head, illustrating a substantial drop-off in
magnetic field strgigiter aspett s tibl préficiavénsion Bab ESATE a hbtod 8f dtérigy partially
schematic side sectional view of a perpendicular 25 recordi ng head

i ncl udi g4 oBAcRYmStimMHoTEGPedinR- Fhemethnddludes Hig steBp PT Providingst dance with

an enbodin{iBptticRily f)&&e_ﬂﬂ@ﬁﬁﬁtpow}?ﬁf‘dﬁdiﬁg‘a mbpifdtic Solage AMRaR AfieAt 4t €W of a
portion of the recording head of Fig. 2. "Fig. 47is a parglally schematic
si 82 secmaynpole,\dirggiing magneti¢ Bwhfipmthexmain pole toward the magnetic storage

medium, and additionally generating a background magnetic field in the magnetic
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.



recording head pole tip and magnetic coil configuration in accordance with
an 30 enbodi nent of the present invention. WO 01122407 PC&I@%E{%Y 5650 -4
Fig. 5is &PYPHAYAI 1y schematic side sectional view of &9 Oul ar
recording head pole tip and magnetic coil configuration in accordance with
anot her enbodi nent of the present invedtion. Fig. 6 is a graph conparing
magnetic flux density of a perpendicular 5 recording head wth and w thout
t he generation of a background magnetic field. Fig. 7 is partially
schematic side secti opgl 5V £pur@dllydchedtitic SiAOfcabnas vie@ of a @epeiddilag a
background magnetic field in accordance with the present invention. Fig. 8
is a graph Jecosdiag berdipoledipsgndeagasiis opil genfigyrean ipaceordance wéBapgtltfess  of the
test appar at ohﬂrrleﬂts&rtﬁ‘é f‘l‘ésejnpinﬁnﬂion.l | O DETAI LED DESCRI PTI ON The preferred
enbodi nent of the present 1nvention provides a perpendicular recording
head for use w th naghigt 6ds 2 grapir chimpgringohagnetid\Sux dadithef &papendicoizeor di ng
head" ans a head, adapt.ed far read and/.or i te operations he present

i nvent Pon hd§® %E%hﬁag\}ﬁp’o’i?gdv ifhgus %%?E?BG%%%%O@’PWW” qq})g'pr oblens with
conventional hard di SFigdri'ié’@:ﬁdl@ts%ati@ia@éﬂcﬁémﬂﬁg@@fh@es{ﬁ%_@xraﬁ!s!fék medi a
used in such systens iS subject to_ superparanmagnetic instabilities when the
ani sotropy eSFEeTaNDEHK b@b@O@&aﬂ\?@ewmﬁm\@%Wé Withitle BregnigREnHOR0l umre)
beconmes conparable tg.t i venment s
in recording densiti g?' ? gsqﬁgvra élggfcég%tb%%ﬁ%@b?%#&%%ﬁﬁg? m[e%gfe%dr%?‘%‘gsi Ze.

H gher ani sadfrtieyst apgasstusillestPieddn Eigd@sirable in order to keep the nedi a
thermally stable. As an exanple, the LI O phase of Co50Pt5Q has an

ani sot,ropy energy K,, =4 x 10 e-winih K, = -1(5 J3J/nB for
CoCr nltbdi a). Such high ani sotrGDﬁ E8 S X ical size at which grains
become thermally unstable_to.less..than nm d1izing these materials for
recordi ng nedia can E@?{%rﬁfci“gijFV%WE%?%’I’?@@S@&?WP@%’%@WE *H es wel | beyond
100 Gbi t/ i nZperfiatieMer recérdMBhedd foP Bse Gl rAgnetidfeeot e intdialltAs is&Bhdrei, Of hi gh
ani sotropy nedia is that such nedia exhibit exceptionally high

coerciviti es,reerding head” aeapssashegd adpptyd dorssad andfor VHER PRGOS the fi el ds

generated by conventi ?ﬂ@{)re&%{ REQHHLE HisHeen developed in order to overcome certain

15 problems with conventional hard disk drive systems. Granular magnetic recording

media used in such systems is subject to superparamagnetic instabilities when the
anisotropy energy of the grains (K, x V, where V is the grain volume) becomes
comparable to the energy of thermal fluctuations, 7. Improvements in recording
densities requires continuous refinement of the grain size. Higher anisotropy materials
20 are desirable in order to keep the media thermally stable. As an example, the 110 phase
of Co,Pty, 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 thau I 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. 1isa
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



recording heads is limted by the saturation nonent of the yoke material.
Fig. 1 So@m@aph illustrating the dependence of nagmpetrukocRisésost rength on
the distance fromthe pole 30 tip or air-bearing surface (ABS) for a
conventi onal single-pol e perpendicul ag head WD 01/ 22407 PCT/ USO0/ 25650 -5
utilizing FeALN (saturation nonent of” 2Tesla) as the pole material. At

di stances greater than 15 nmfromthe ABS, the field drops bel ow 5, 000 Ce.
This arrangenent is therefore not_sufficient for recording on nedia with

coer ci vi tytidigingFeAll) (atuestion mpmeng pfd Tesle) 35 thopale material. cAt digtanqes gesatent es a
single p | gl ' [ @fr?:ﬂ]"g wi th an
enbodi m%&oﬁﬁ%glgéﬁs’ P%\Sf%?}f?ﬂgﬁs @}ﬂgsggg?ghd@éu ar Eilrﬁée}{égsr di ng head 10
i ncl udes thergfokendZuffeitet of revagiing dncmedia wpk conseibities ofad,800 Gk asdibighars Ni Fe,
CoZr Nb, CoZrTa, CoNMi Fe, FaALN.. FeTaN CoFe FeB or. any_ ot her soft
magneti c materi al s%ﬁ'%@f’*&f*&?aﬁ IWﬁ?ﬁ%ﬁfeéals%]&pg ec?rerqegﬂ\cﬁlg%ego@f‘“gstﬁ

mat 8ri al s10 i ab®rdanc® Hitk ad mbédife of iieqifesemcnytation. 1 Phapdpéndiduliges a mai n

pole tip 16. The main pole 14 10 naé&be made of any suitable magnetically
per meabl erepryiagihgad 10 inpludes anyoke 12 mada f magngtically perieable qpptersl sush@sN or any
ot her s of \iFfREBRINY: (B2 P GUNIEe, TARIN FAANT Wb AbSFeB! HYRY Suftf soit!Ch
mat eri al s. An opposi ng pole I's magneti cally couple o the main pole
14. | n acwmagndtnmetevials hintlhding mudtiphe layery enlaminates of swheanaterials| Aynagonduct i ve

magneti zi n oi | SUrroun t he yoke 12.an ' le 14, shown in
oo ite MEgHende Sromyht SORGR andGochhF o b e (UG BB el hald B por'e o1 p
16.10El ectmhybé mady sfemy shiabRUndEne®Ally perieable GiateriaPlich B NURE) FeARG ri cal
connections 22. The magnetizing coil 20 may be nade_ of an sui t abl e

el ect ri caF4kaNe §vFEcEPREB, FaFEN jon pny atherfofi snagpetic spaterjals. dpcl wekigle hi gh
conduct i vy ' ARl QAWHadnPtidal ] | cul ar
recordi nglal %ggpg 1“%1:l :ngdlteg%gi t@oﬁ@gﬁnz%ﬁgﬁgge a g#gtéﬁg?fg%é?%‘?ggﬁﬁ#g??g I ncl udi ng
a har d nalfheln accordanse aiithdghd present B0endion, an alestricallyrgopductive roagietiding/er 32. A
protective. [ coat such,as.di amonds ] i carhon.. i i .over the
recor di ngcqﬂ%gﬁm?ﬁl.‘d%%r Y‘#‘S q?@%%%‘&%‘rpg&%#éré%elshggjsnfg? F%aﬁaﬂ%ﬁ%qnggzm ia noves
i n 1she di ¢aic20 ie Mocated clvee Rrthomampolatip 16. FElgctridal ciftentieaupplicdwg thagety 30 may
be made of any suitable hard nagnetic 25 material such as %30Pt, CoCr Pt Ta,
CoCr Pt B, €HErMgh&Iastrisal ORPREHONSi Gh HHTiTGBEFEHE COHSR AR M85 L 3RY ai ni ng

al 1 oys. THgah18eRERCAY dodifive thatthil, 3hch%s T8, ARIRuk affPBiher 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



FePt, CoPd, FePd or other high anisotropy L10 materials. Hi gh ani sotropy
materials eyghas Co/ Pd, CoB/ Pd, CoCr/Pd, CoCrPt/Pd, CofgrfistosfiseseCoB/ Pt,
Co/Pt, CoCr/Pt, Fel/Pd and Fe/Pt may al so be used as the recording |ayer
30. Furthernore, high 30 anisotropy ferrites such as Ba ferrite may be used
as the recording layer 30. Preferred naterials for the recording |ayer 30
i nclude L10 materials such as CoPt, FePt, CoPd and WD 01122407

PCT/ USOQ 25650 -6 FePd, and nultilayers of Co/Pt and Co/Pd. The recording
| ayer may hde8daandenytiayess 9f CofPhpdLr/Bbt Thpspeardiae dgyemay haveg relagyedat er t han

about 105 J/ o j I nas havi 3 t .energy K'
| evel s of f rﬂg‘?ﬁnI £ %&?@%@%&E%dﬁ%ﬁwrﬁyﬁég QIZI ’ Egreéc{. g%é‘[éragr)gbn di ng

| ayer may alls@rdimvinganisetaptyi eneigy Kyiayhls ob fromiaboitylObloabeut 30006 Gy b6 €. g. ,
above 8, 000 or , 000 . . The under] ayer 32 . be made of a itable
sof t magnet4sed: iﬁli‘eerrei’%’{ e %‘?.YE?\H‘%??% ?W%ﬁ”&@%&,ﬁﬁmw Bve %é%gﬁf’o_r ot her
hi gh  gonente $0hiovBBIOE bk 0,080 O hs uiieridRt B2 TRYBEabe bf dnFBufMPIHSI NY

multiple |ayers of such materials. Fig. 3 is an enlarged view of a portion
of the per pemaginetid materizcwell pnbeAlNo Fakad Oofe o€ olfaBy CoPeN oheliemigieii nensi onal

details of t n, n@gp | 71 i T

magneti zi ng XQ%I%?E%[ ﬂ;‘g%negg radi a %égbﬁ‘e‘ﬁ%g‘étﬁ rrg:g}sné}rlggg ?’?giﬁ%e%?%és $(}gnt er of

t he yoke 12 sach tlteridlongi tudi nal axis of the nmain pole 14. The coil 20 is

| ocated at a distance_D fromthe i, N le ti 6, neasured in a direction
parallel with the | of ettt i"ée“bgfoﬂtWé‘lﬁ?fﬁhw%@&?“’%&w&f“gt o the
surfaqg of thegd I®EORIE! NGnbRAME Mimdnsid3fat detdikCoftBed FokR Qb CmbinPolkbi4ismdl ocated at a
flying height H above the upper surface of the _afr,ot ective |ayer 33. The
mai n pol e t i'pagherizinsedoii2@b | Kpeimngnetizipgepil 30 hasrroragdial dipepsiom messwrddafzemof t he
recording h . 4 Ol i 1 L] d +dhstance Z
fromthe upgcgérjc%’%rr g@g yg?eg {ﬁgj trﬂé%gg‘gﬁ#éﬂ %‘gi/‘léﬁh%&gh#g%gﬁf e@%icﬁﬂgb Irection
paral | el w tibcatddhue a distged Ddionathe angitepodd tip e mmsuredinl aadifedtionlaealidl ithnce Z i s

equal to the sumof the 20 distances D and H,_ plus the thickness of the
ot ect | ve. 115 PEgsinangs of e BREgRIBM (oimakicghl wifien 6 e Reorimaiasrs
thickngss Ty;gphirgbmam p%[eetilﬁf@i@|Idﬁaie§59@ﬂyih£‘ﬁéi_r%)ﬁth§aﬁobé HenPP& shrfafor tiehe mai N
pole 14. The dinmensions R D, H Z, T. and are preferably selected in

accor dance \iremctivadaysr &% ehie mﬁm;ﬂnbit@dﬁtmefaf@blﬁd@@isaﬁa@wff thedieearipgick gr ound
magnetic fi

esklg‘ace of the recording head 10. The magnetizing coil 20 is positioned at a distance Z
from the upper surface of the recording layer 30, measured in a direction parallel with
the longitudinal axis of the main pole 14. The distance Z is equal to the sum of the
20 distances D and H, plus the thickness 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 8.1 micron.



25 in the recording layer 30 when current flows through the coil 20. For
many perpagpagidl ar recordi ng head configurations, R pipefgisassser anges from
about 0.1 to about 5 micron, D ranges fromabout 0.1 to about 5 mcron, H
ranges fromzero to about 0.1 mcron, and Z ranges fromabout 0.1 to about
5 mcron. The yoke thickness T,, may'typically be fromabout 0.1 to about
5 mcron, preferably fromabout 0.1 to 30 about 1 mcron. The main pole

t hi ckness TP may b& frorr about 81 01 to about 0.5 mcron, preferably from
about 0.01 to abouti®BECOrdHGeE Wi thopresant imveptonp e Terigef e gajbradiay |

accor dancgmhdibh R1& te'deaRe D8 }sfe?érmg corttftfled & dr@erqb [gElna?atE tile! debipedi @l
dinmension Rto the distance Dis preterably control In order to generate
t he desi reatkgrionndkgagngticl field dm theirecofding l#)'érrBOt, hempmcibﬂyjdcﬁgrlb@ybnloveo as nore

about 10 150 P PR e fenaBiitndbai 4 & Bal bt bR oalReB0P, 12 ok

t hi gkness1:Tto bout 54 pmeeaﬁmomﬂga& d[i'emaess aj mhe mmhm&.ésscr islileo rati o of

Ty: TP preferabl(i/ ranges from about 1: ab re preferably, the
rati o of gapirphed. gRpaatie phfy: M&i"’@lylraf‘gﬁsef’if’é‘b?b"gtll“N’@%é%ﬂ tM&eragnet i zi ng
coi | 20 sgumwam,n 1fid Eifo of TARCragRARRE b 23 0 Sbagba Ci T cul ar wi nding,

mul tiple ndi ngs and/ or bther coil shapes may be used. For 10 exanpl e,

the coil 20 may al tAdthonghi the maghnsizinggail @0 shavar mrfugs. drand Rebinpeises ast r ai ght

etc. Siml.arl S n |npole14
may be rouiﬁll1 ¥irc‘}1%§¥l§58 ?ﬁﬁﬁ vﬁﬂﬁhgs a'ﬁa g%u@,f %lﬂ%ﬁegﬁng &%?gl gg coil 20

pr efter abl yxampw merm ZOhﬁayyﬂﬂeﬁlau\ler bmst]uam, recmglﬂarlﬁelaﬁl sh@i\ght ee. Figs. 2 and
3. However, .the coil couldaie Io%ted at 2 $|ffer os'tion on the head
10 as | ongimilarly, tecrasgsectienah shapes of by gks dAand main palgy € iy at ed.

Fur t her méq%areakécmgaar P theAfiel amhk %gnalzﬁ@rce’ﬁae %Eeféﬁﬂ? %&n&mak theQpkeised in
place of, or in ad ti'on to, the corl . 5 schematiically

i || ustrat & aid maingole/d @Ghd’wll:mrfflg&g@r@ﬂﬁorﬁowfwel‘ ahftmlw&hldé)cvlmatﬁdtﬂhe pr esent

i nvention i.n. Fl @ . conducti ve
mgnet i o1 efest PR ORAY 18 10RO u Shfhciche bellpoRGfldnbAGha 105 0C) |
out B sur gaeratal Firtheymdre, dthoughmot peeferrddod ipemenaners moagneticoulHibg usdsl inan

el ectri caliﬂgﬁgconductlve rn}ﬂnetliunng coil 26 surrounds and is enbedded in a
recess 28P n OB addigion o, e outer surface of the yoke 12. In Figs.

4 and 5, each of th@gdragmnetsi séheihtieAly iflustrate alternative coil configurations in

accordance with the present invention. In the embodiment shown in Fig. 4, an
electrically conductive magnetizing coil 24 surrounds and is positioned directly adjacent
20 the outer surface of the yoke 12. In the embodiment 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



24 and 26 is shown as a single wi nding around the yoke 12. Alternatively,
mul tiple cgydehpdi ngs may be used. Although the magnetpgipgsekd s 24 and
26 shown in Figs. 4 and 25 5 have square cross sections, any other suitable
sectional shape may be used, such as regtangular, circular, etc. The
cross-sectional thickness of the magnetizing coils 20, 24 and 26 typically
ranges fromabout 0.01 to about 5 mcron, preferably fromabout 0.1 to 2
mcron. In the enbodi ments shown in Figs. 2-5, the pole tip 16 conprises a

flat 30 surAapkcation SesiahNei vely  the preseifed Srpsimhsr 22008 extifleBi ned with a

per pendi cul a ele . L B I o Lhe ncave
ol ot ps. dosaprdey RepinR HERTERGR Cfielvh Bt Sy RN b1
Application Sdeeade. No. , filed Septenber 19, 2000 entitled Perpendicul ar
Recordi ng Head I ncl udi.ng Concave . Tip, which is incorporated herein by
reference. In accordaﬂﬁg‘:“ﬂf‘{;ﬂceﬂﬁ@ %EBE?@‘?W Wvﬁ?}@ﬁtﬁhﬁﬁf“_o?ﬂé’tfﬁfﬁﬂﬁﬁi Cyrent _
electrigzal chippB&t o tﬁeﬁhﬁ%ﬁiﬁi%’c&i&di@@oﬂ@ﬂ&?ﬁﬂo%&é?@o 8Qietate?Be asie@ntrol led in
order to generate the deSire background magnetic field strength at the
recor di ng | apeakgend magnetie Skl stensth srdleprieedrding 4ye 30. | Bhet Bagkgrogridymagnetict er
than 100 Gau . r ndi ng
upon the mag%g]{j i‘%ﬁ%@é@% %{%%5%?1(@&35?52266&%%%83 atf/%‘rhggg’,eg?%g%‘gg% g‘?sgimd
magneti c fi eDdpamingtuppn thalniagnatiapaeeftico of thb eeebrdiddaged 38t backQrdald Gauss,
preferably 10 from_about 1,000 to gbout 15, 000 Gau§$ (ﬁnd nore_ preferably
from about 5MEERSUF Feld ARy yPisRly aRee Ears okt 140 apout 4GP0 GayssyIETesdly The
backgraund magpehbe £o00 i avsth iS00 Bely, HABEREIUIEFERAHEMW, 400 (8 the
recordi ng | ayer 30. The coercivity of the recording |ayer 30 may be
defined as Habauh#0.0¥EGise Righe tasordingdayet Be Thebagkgrpimonignetiyfieldecr eases the

coercivity H I v, ' | O Hh: HC 15
preferably rg%%cggé}’ P %ér%%g%sotg% Ea%rc?ﬁty{dg%gebxgé rmgg }L%?%rgﬁ?gﬁepcrog{me\,r@tﬁf g/iwf rom about
3:10 to abordcofsink(ayel 30 anap de definet as Hy, and ﬂfe]gfaclegﬂmmﬂbmghmrﬂeld éfﬁb*etivayi o of
Ho: HC i s aboyt 5:10 | n.accordance wiih rther, aspect e present
venti on. ¢ ReErrsgdhe BerRE Wede Rgr e RGN At B, 2hctet of Bvdbit ol | ed i n
relation to pbhGersy PRGENTGH abde 1118908 0kEo: 16,1 184:€ fpmergﬁg@ﬂ’oﬁ{ﬁﬂu@ézlétbe mai n
pole tip 16. Preferably, the ratio of Hb:Hp is fromabout 20 1:10 to about

10: 1, nore peldueBdBl yn & paticeladiupreierred embodiesit the ratio ofdl, . pastiobtiier

In accordance with a further aspect of the present invention, the level of

the background magnetic field H, is controlled in relation to the strength of the magnetic
field H, generated at the main pole tip 16. Preferably, 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
Qe 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 Iy, that causes complete samration of the pole tip. The

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

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



exanple, a recording | ayer having a coercivity of 10,000 Ce may be witten
on W t hwag elf2849" di ng head of the present invention whpehuSRpsdsat es a pol e
tip coercivity Hp of 5 000 GCe and a background coercivity Hbo of 8,000 Ce.
Thus, while the magnetic flux generaged fromthe pole tip would not be
suffi cient to wite on the recording Tayer alone, 25 the background
magnetic field is sufficient to effectively reduce the dynam c coercivity

of the recordin t hereby enabling wjtjng on the recor di ng | ayer. As
| ong as t‘ﬁgeﬁS@g)'@?gﬁr‘s Inia?) rFfSF%%B%‘ gencrated, willnp longer beygosimed 0O the yx i s

mai nly congey.r fheBapitubé Br thé Sadiinal fidi As%ﬁtbew@roﬁxdr@ym% GREGRl N9 2
single pole head is to choose a current value T that causes conplete
sat ur at i dixo¥illtteesprsad QVerarﬁlgmﬁ@H@OIafgeetﬁtng%m t;heeGbOb@mz lagers dhtewsizzt ed pol e
are | ocal n. e .cr,\rer eterm ne the
o i o b Akt B ARloRcR: bt el Ero hERHAL B bR BE 05 D07
PCTBUSO0/ 866 the reording layas eThdxaghiitude’df AB éanl he%ﬁh):-tuﬂehaayenet ¢uareht inthgener at ed
wil | noloqr.ai:r becnfrnogéﬁothe ‘?Btln& The magni tude of the
addi t i onafollf ko g sipgle,fum copdhe;magptud IS EVERDY: The field flux will be
spread over a significantly larger region within the recording | ayer, the
size of which is determ ned by the dianeter of the coil due to the
relative proximty of the 5 coil to the recording |ayer. The magnitude of

AB can be fine-tuned by the current inthe coil. For a single turn coil
the magni tude of oB is given b /g,BAp 6JRR2 2 (R2+z2)3,2 where R is the

radius of the coil and z |Et m%@mnthe coi | ]Eothelhazd | ayer. )
For R=0.2 ac e I N exce 1 a (10,000 Ce
can 10 b‘@h"é"eﬁ‘éfﬁ’(eé'a‘}b\ﬂ’?ﬁh g&? %ﬂCF Qg“gﬁﬁmﬁﬂ‘ﬁﬂ“ﬂgiay%sol uti on of

about 25 gx/RaA0 bf I@an@:aahquﬁ LUa &lnh flefds 4 Bkbess 0T TRALEONIO ) chle
addi ti onal background field AB effectively reduces coercivity of the

r ed@r di ngpel gfyerratedrwﬂleqwﬁméss §palt asPOamA wiie resadytionof ahousdd Og/maiifiy heads
based on ay Hh% materi al s. Because of high data rates, the dynam c
15 coercivity w e fect ed by the introduction of such background field
because the dynamThe pmamc'evfthy additienad) backgoand figld aBgiffectitelharedodes St atic

COBT C1 V1  enchidy ot e debdiib Thee. RS rddelhohish Bbthalih Hhedi 3l o vt no @
heads based on available soft materials. Because of high data rates, the dynamic
15 coercivity will be affected by the introduction of such background field because the
dynamic coercivity is significantly higher than the static coercivity.
Fig. 6 illustrates magnetic field simulation results using a boundary
element solver, Amperes, for different values of coil current. The field profiles at I =
50 mA (=I,) 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 background field of 4,000 Qe.
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



el enment sol ver, Anperes, for different values of coil current. The field
profiles at 0 mA (=1SAT) and =200 mA (Al = 150 . The
addi ti onal vi%ﬁlwgof 20 current on top of the saturati mcﬁﬁoe’%d SAT
generates a background field of 4,000 QCe. This background field would not
be high enough to erase the previ ousl y -ft8corded bit pattern, but it
effectively increases the wite field of the pole tip, i.e., decreases the
effective nedia coercivity. A test was conducted to confirmthe performance
of the presekickglesadifield Abmka cgnl iffthe chibwad placet Iiryclb:telpnsxunay esthe MBSt €Bfe. A
conventi onal perpendi cul ar o 34 Rgﬁ}n n et C oi |l 35 placed far

fromthe pol ESPHREIFIHYEE fn FtF g 3’§ﬁ8ﬁ‘?& i COrBPTISed 9t used in
conbi nati on widnfy 1 r@é’i’:@dlla@bn bis6H thaBAaet 6f BN nSlifONEbeF Hify I8 _kEHs Hrased

per nanent magnet at could generate stray fields in excess of 2,000 Ce) to
sinul ate a V890 OE/ Fa thepariiusnd O sepred (B0 arieRdr 8 siens megogtiq fiddh a coi |

if the coil S i gt t ng tests
wer e cojflduct a erap'd%%%glatlg}ﬁgm&% g%gein(r'gsé% etc{édh@% tg\lég-ﬂag:bﬁorrﬁrrul@r géeigsrg twenty
| ayers of CoétRy fiehi @ntafes frumctm Da)e%ram‘d theidd, Kesuhiay imgera sigaed teadvout.y i n
excess of 8,000 Ce. First, the nedia was DC saturated (DC erasedg in a
strong nmagneNFE: FqC%fIdHJgE}”‘S’e?h@“&?”é’Bnaé§F1ﬁ§“décullaél”ﬁgerevr’aé@ft?lﬁé%ﬁ’@i‘d’ BUChy pect ed,

due to demgﬁ'@tb%ﬁsﬂﬁicﬁénﬂn@ﬁnmﬁ@oftﬁéfe@é’rdfn‘g%sﬂi efRBRGns EAML PR DC saturat ed
nmedia, resulting in zero stgnal read-out. Next, recording with a

convent i onal cquéirpehii e Iabaeanftt@rrewa@taxgnérrﬁlwy swmallpermpiegtimaghge wao

i nsuffjcient_naagn of the .reco | ure was
confirtmed bypl?‘ﬁgg h C{ﬁ Iéecgrfd“igﬁga‘fl@agas%g{oxm é’dmth EJlaelca?sgieHﬂnéaﬂ}' per manent
magnet was 1{upraged m@wand mﬂreefmmdmggmbmpmasrpeffbm mmxesmtvgastao t he
medi a, as schemati cal | illus atﬁ% in I;Wg not recordi ng
attenpt was H@T‘??P’ﬁ’é@lb“?ﬁ%er?é’ Ithe Rigyback s PF“F‘SC err mﬁ‘l‘fs Sﬁ%‘f’?g’r gV\Ath t he
pl ayback showQedbhsh thdd the BRRBotk Gy WE e rS0RNMg inddiiiCerrecBellP@RBSLFiBL € that the
ani sotropy of the recording media is effectively tenporarily |owered by

t he applicat lmmﬁbetthfeanwc@Ugnoﬁtbdbn@k@mmﬂmagﬁe@mﬁemw The present recording
syste ffectively reduces

accorrgﬁashed by gener;k;fl H@esemﬁecg Jﬁt feiﬂofftge@tre?u@sd&gmgm'é’nééﬂﬁlh% ng coil

whi ch is pl agRéial Mhi3ri®Adcoinpishbdbi g@efaﬁﬁgaa Sackgrouny A¢ld uilliiss 4 eagietizing System

enables witing on high coercivity/high anisotropy nedia that can support
very high r ebeit wahiﬁl@ is placed in proximity 16 the récording layer. This recording system enables

writing on high coercivity/high anisotropy media that can support very high recording
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.



densities, e.g., in excess of 100Ghit/in2. H gh recording densities can

t her ef W(f"ol%w;o achi eved wi thout the necessity of mj??ﬁuﬁm%‘ﬁs in the
recordi ng process. Wereas particul ar enbodi nents of I's 1nvention have
been described above for purposes of illustration, it will be evident to
those skilled in the art that nunerdus variations of the details of the
present invention may be nade wi thout departing fromthe invention as
defined in the appended cl aims. WD 01/22407 PCTI USOQ 25650 -11- WHAT IS
CLAIMED I S: 1. A perpendicular recording head for use with a magnetic
recordi I er pendi cul ar recordi ng head conprising: a main pole
havi ng W@ﬁ'ﬁ@l{%ﬁ@llgb”i cal ly conductive nmagnetizing coil positioned
fs_uf }‘ IdCI ent Ihy cl ose toAtpbq;eﬂ%ié:marpeédgn_iih'g h%d(lfoﬂ&ﬁaﬁﬁt emgﬁhﬁeif&fogcuﬂ magﬂet ihC
ie in the netic  recording nedi umwhen current is passed through the
magnet i ﬁmgﬁﬁgm@?ﬂ%@rﬁw&%h@m%m@%r ding head of daim1, wherein
the magnetizing coil AhaGRw taﬂtﬁi;'ai{d surrounds the main pole. 3. The
per pendi cul ar recordi ng head of aim?2, wherein the nmagnetizing coil
conprises a single w nalelertrigalin gondubtiverraagnetimihgcoikiposifioeedsufficiendlyc ul ar
recordi ng head of .Cl ai Jher e _De in ole Jj.s connected to a yoke.
5. The p sﬁi%ﬁ%’ﬂﬁ‘%?‘ﬁ? ggi? H'f%@at%%gﬁfkbﬁo“@%ﬁ C AGITP e megnstc rpgnet i zi ng
coi |l at reenging prtiunthen citfenoid passed theough e mBenefizigg Bail.pendi cul ar recordi ng
head of Claim5, wherejn the nmgnetizing coil is spaced apart from an
outer surface of the ybReperpendipuiar prep ead, phflaim dohersip ead of O ai m 5,
wher ei N hiigetiiRIERT 4t 4daSpar@illy solRS hilel RARGoR! reCt |y adj acent an outer
surface of the yoke. 8. The perpendicul ar recording head of Caimb5,
wherein the nagnéti zi Ble pespendiculaprecbrsiingthepdiof Chiirn 2, whireibtbel i n an out er

f f th ke. 9. . The.. i cul di ng head of C aim S5,
onr or n pieselind S Fcombrints f afE BB BEERARPID, CKncss of the min

pol e. 4. The perpendicular recording head of Claim 2, wherein the main

pole is connected to a yoke.

S. The perpendicular recording head of Claim 4, wherein the
magnetizing coil at least partially surrounds the yoke.

6. The perpendicular recording head of Claim 5, wherein the
magnetizing coil is spaced apart from an outer surface of the yoke.

7. The perpendicular recording head of Claim 5, wherein the
magnetizing coil is positioned directly adjacent an outer surface of the yoke.

8. The perpendicular recording head of Claim 5, wherein the
magnetizing coil is at least partially embedded in an outer surface of the yoke.

9. The perpendicular recording head of Claim 5, wherein the yoke
has a thickness greater than a thickness of the main pole.

10.  The perpendicular recording head of Claim 9, wherein the ratio of
the yoke thickness to the main pole thickness is less than about 10:1.

11.  The perpendicular recording head of Claim 9, wherein the ratio of

the yoke thickness to the main pole thickness is from about 2:1 to about 5:1.
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10. The perpendi cul ar recording head of Claim9, wherein the ratio of the
yoke thickness to the main pole thickness is |less than about 10:1. 11. The
per pendi cul¥® evBe®r di ng head of Claim9, wherein the ratFdE002%He yoke
thickness to the main pole thickness is fromabout 2:1 to about 5:1. This
Sheet Has Been Replaced [ITLITTETTETTTRE 11211111 1211121312 100 1 IL MS
WO 01/ 22407 PCTI USOO 25650 -12 12. The perpendi cul ar recordi ng head of
Claim 2, wherein the magnet i zing coil has a radial dinension R neasured

froman axis defined h dPhErecd iRy TRANRICIARNY wieldin @S a pole tip
di stance D neasured fromtﬁ é%arﬁg}rllletlm r?g cmg to theq%ol etipina

di rection pamagietitingiceihhasheaadial dimgnsios Rama@ureérmnt dnexisatefipedofy the Dains  from

POV, T 1, LOoSR ik o J05 R SRRl BB ™ 12

per pendi cul afo theSQE tp MPa BRetiod parkiieh with 1k miih @b iakis | 4@ thieadiiabf R BENSi on R
is fromabout 0.1 to about 5 mcron. 15. The perpendicul ar recording head

of O aim 12, fromebeytd 1 19eabp#)18:1.t i p distance Dis fromabout 0.1 to about 5
mcron. 16. The perpendi Cubp Jrg&ﬁfc@bpﬁc&ﬂ%géﬁiéa@(ﬁéﬂ 1, WiBREEHD rhide
's 9 an

background magnetic fiéld ter t uss. 17. The perpend| cul ar
recordi ng heafiRdf isGtomt sholit 1 WMteateunl®:he background magnetic field is

greater than 1,000 Gauss. . _The endi.cul ar ord head, of Claim1,
wherein the backgr oulria' méﬁ%gaqrgenfiﬁg@gr F‘%rd{jllgéﬁ?de?re(tq 22%'(5‘5"(9”’(%5&‘1 Bl19. The
per pendi cul agimeasion Riingronedsht @1 ©la8bun5Imickdaer ei n the background magneti c
field is fromabout 5,000 to about 10,000 Gauss. he per pendi cul ar

recordi ng head of O ailh 1, T%qu@nﬁlcﬂlﬁémc‘bféélgd’?%ﬁﬁfcﬂﬁ‘ﬂ’g%ﬂhémﬂ@FHOlﬁas a
strength Hb, ;34 BIREH i€ &bl 89N 85£S riikrohNe main pol e

16.  The perpendicular recording head of Claim I, wherein the
background magpetic field is greater than 100 Gauss.

17.  The perpendicular recording head of Claim 1, wherein the
background magnetic field is greater than 1,000 Gauss.

18.  The perpendicular recording head of Claim 1, wherein the
background magnetic field is greater than 2,000 Gauss.

19.  The perpendicular recording head of Claim 1, wherein the
background magnetic field is from about 5,000 to about 10,000 Gauss.

20.  The perpendicular recording head of Claim 1, wherein the
background magnetic field has a strength H,, 2 magnetic field generated at the main pole
tip has a strength H,, and the ratio of H,:H; is from about 1:10 to about 10:1.

21.  The perpendicular recording head of Claim 20, wherein the ratio
of H,:H, is from about 4:10 to about 3:1.

22.  The perpendicular recording head of Claim 1, wherein the
magnetizing coil generates a magnetic field at the main pole tip in addition to the
background magnetic field that is generated when the current is passed through the

magnetizing coil.
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tip has a strength H and the ratio of Ho:Hp is fromabout 1:10 to about
10: 1. 21. The perpendicul ar recording head of Caim20, wherein the ratio
of Hb: Hqué’Z?“P'gm about 4:10 to about 3:1. 22. The perf %68 recording
head of Claim1l, wherein the magnetizing coil generates a magnetic field
at the main pole tip in addition to-the background nmagnetic field that is
generated when the current is passed through the nmagnetizing coil. This
Sheet Has Been Replaced Il11112I1 "~r~ 11 1I1I1IIIl~l~~1~~ L 14 S ~~111 WO
01/ 22407 PCTI USOO'565Q magmtie decordinpa@pahius, dofpeiilgng appar at us,
conprising: a magnetic recording mediumincluding an upper |ayer having a
plurality of data st or @deagngticciecordigg mediumpineluding o pppsa laygr havipget i cal |y sof t
r el att vephiui Bt aiPlidrasd RERE arkAGWS: 10 2P Beifl LREALTLAGAGR I IIdiE! No @ main
pol e haang atip, ana an electrical ?y conauctive gnet1 zing coi l

posi t i ondata siofdge aiackst bnd cl ose the main pole tip to generate a background

posi t1 oned at & f1yi ng NERGHPE MARVE RS BB IR BE A A8t Rba um and
current eRctpiefiBesbninitiot Sagidiginge@n pdsitinedsuffitientlyZdose Them#TB PoRttipGo " €COr di Ng
apparatus of Claim 23, wherein the magnetizing coil at |east partially

sur r ound§enere Ahackerynd maguetic-figld indhpTedgneti weerdmgaediymwhen the of O ai m 24,
wherein j | g : A [ reater
than a t 'Ttlg{(dr%@s%ag dﬁle&oﬁr%cfﬁap éﬁ% lé}‘g?&%gﬁm gﬂt“?%c?rg@gr délﬁ ﬂgﬁg%%ar at us of
G ai m 24 cunéng isepassed Waronglythe magictigingooil. has a radi al di nension R neasured

froman axis defingd by.the in le, th etizing coil has a pole tip
di stance D maasurre@'fr r‘r\%‘??é%dﬁ%“?@% ?Pd’*‘&"g‘rs{g%ﬁmﬁe“%aeg‘ fpin a
di r ect i ofmapRet2ingebil wt lelist paialPisutrontdsahéitiatpodld the ratio of R D is

25.  The magnetic recording apparatus of Claim 24, wherein the main

pole is connected to a yoke having a thickness greater than a thickness of the main pole.

26.  The magnetic recording apparatus of Claim 24, wherein the
magnetizing coil has a radial dimension R measured from an axis defined by the main
pole, the magnetizing coil has a pole tip distance D measured from the magnetizing coil
to the pole tip in a direction parallel with the main pole axis, and the ratio of R:D is
from about 1:1 to about 10:1.

27.  The magnetic recording apparatus of Claim 24, wherein the
background magnetic field has a strength H,, a magnetic field generated at the main pole
tip has a strength H;, and the ratio of H,:H, is from about 1:10 to about 10:1.

28.  The magnetic recording apparatus of Claim 23, wherein the
magnetizing coil generates a magnetic field at the main pole tip in addition to the
background magnetic field that is generated when the current is passed through the

magnetizing coil.
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fromabout 1:1 to about 10:1. 27. The magnetic recordi ng apparatus of Claim
24, wher ei @dd}gzwpackground magnetic field has a strenghrihgonsssiagnetic
field generated at the main pole tip has a strength Hp, and the ratio of
Ho:Hp is fromabout 1:10 to about 10:1..  28. The magnetic recording
apparatus of C aim 23, wherein the rra'g]ﬁ”e‘ti zing coil generates a magnetic
field at the main pole tip in addition to the background magnetic field
that is generated when the current is passed through the nmnmagnetizing coil.
This Sheet Has Been R¥hl adegetiod pf storing datajopn|a magnetd storpge mediym,the | 1111111

INL Ms 1%%%%%#5%?&9%{652&97 PCTI USOOY25650 -14 29. A nethod of
gnetic s

storing data on a orage nedium the nethod conprising the steps
of : providing a magneti calpryvidiey amagietcalifipernpeable mapt golé;di ng a magnetic
storage nedi um adj acent the main pole; directing nmagnetic flux fromthe
main pol e toward the magnd¥f9*dingt BRERsHC Ha@st AR PIRE theswail PYlegener at i ng

a background nmagnetic fielglad J } J~~f1# 1M
S This Sheet Has Been Rep gég%g%netﬁ%ﬁ?{drrpmﬂr&frﬂﬂfe BRAAMER midneht

storage medium; and
additionally generating a background magnetic field in the

magnetic storage medium.
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