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=== (57) Abstract: A perpendicular recording head (10) for use with magnetic recording media (30) includes a main pole (14) and
a magnetic field source which is positioned sufficiently close to the main pole tip to generate a background magnetic field in the
recording media. A conductive magnetizing coil (20) surrounding the main pole is preferably used as the magnetic field source. The
background magnetic field generated by the magnetizing coil effectively reduces the coercivity of the magnetic recording media in
B the region affected by the background field. The recording head enables writing on high coercivity/high anisotropy magnetic media,
thereby achieving extremely high recording densities.
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magnetic field sourceBmK@RQngq:iAgmé | ® 0se to the main
pole tip to generate a background rragnetl I In e recordl ng nedia. A

conductive magneti zing coil (20) surroundlng the main pole is preferably
used as the magneti c CRE IRERED BATED AppidcaaanRtic fiel d
generated by the nagnet|2|ng coi l effectlvely reduces the coercivity of
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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



The present invention relates to recording heads for use with ma gn tM&R 04
storage nmedia, and nore particularly relates to a perpendicul ar n%y
head whi chwogt"ﬂé(ﬂat es a background magnetic field in themas@mcsoc medi a.
BACKGROUND | NFORVATI ON Per pendi cul ar magnetic recordi ng heads have been
devel oped for use in hard disk drive.gystems. Sonme exanples 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 TodaSet SI.,t
4,575, 777 t gecbiaams e thelprseds idVcAtibm dARA awada e
al ., 4,731,157 to Lazzaflla, 974 110t fﬁﬁg“r%ﬁjnrgwéﬁngﬁ&ddgéﬂeégtg‘ 38, 927 to
Nakanur a et SuPRlementyl reaggetic fiebi Whiel ingrseses the mignetic secordiggfiale insdotmparionhar d

di sk drives f [ av ase magnet i c

ani sot r opy vﬁghﬁggﬁﬁgfﬂopgse aﬁz{”&o &a{k %IFB% %ﬂ;ﬁoé R ao) focs“ﬁlbmea exhi bi t
extremely hPQjPPné@élﬂtteomﬂinmeade ogth;e pwetht lmmﬁmnﬁrd}ﬁﬁlcgllirly G]?afmqaﬁ i gnal

er pendi cul ny rdlng heads are not capable of recording on
ﬁed:oarsﬂaw nng uc ﬂﬁhéllfl é%g?m vities. The present invention has been

devel oped | n Vi ew of Attypxcaﬂ@enpgmlndugr rezodlidgheadiRlCluds 2 i fole Al dppbsdmci €s of
the prior I\/{\/}?A;aii Tl-tlE NVENTIIO\I The present invention provides a
magnet i c r or AR ALY §OYRdsd 1B he main pole, And AR plevtrically Spaduptivermagnetizing i ng a
magneti ¢ f i aliidugenglingthe\@aiaQole. DB bbiex Eﬂh@%oslggﬁélé Wi‘ﬁfgmh&rﬁa‘%gﬁr ate a

background magnetic fI§|d in the nmagnetic recor magneti c

recordi ng hBEE°H e &F4 I?C"(?S‘H%Fl}eﬁé%fac& a0 s dipof Iﬂ&rm%@mlﬁgln ation. In 2
MAR 2004 WWQprefetré@ difodithdnt, SRt caP@pient R igth Al gﬁ'etfzﬂﬁ cBirl t@§ a

i nvention, the per pendi cular recordi ng head gﬁerat rrent

magnet i c f i S thiguek theimain pole i and plsorgangnates the b@kgnommgagnem ﬁeldmuharrparl son
wi th convenfei Rk nfe@fapendi cul ar recordi ng heads. Although not limted to
such use, perpendicul ar recording heads of the present invention are
particul arly useful Adypiedmagnetic révardihgdieiiun for weesin Cénjm)qubﬂ‘,@hthw pendi cul ar

i i |
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15 magnetlcally 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



coil surrounding the main pole. The bottom of the opposing pole wll
typi cal l y\{;@}ﬁ(?zz?o surface area greatly exceeding the surface area ot 2t MéR 2004
tip of the mai% Bole. In a preferred enbodi ment, el ect FEEHPIORIEER ont

flowi ng through the magnetizing coil creates a flux through the main pole
tip and al so generates the background-Aagnetic field in the recording
medi a. A typical magnetic recording nediumfor use in conjunction with the
present perpendicul ar recording head includes an upper |ayer having

nul tipl e meRpRidipnedanfficiepdy eloselthemain pok sip3e panentearbadlprowidBagneid feld in
transition ical ermeahl e | r lLeyel. The | ower level is
magnet i cal Isﬂ;e @g t ?gq%g{aﬁl\%elﬁet%éd“? léé)n[clyggr%s. paﬁ?(a\\lf;ﬁrﬂ’%‘ %?)mf“gﬂ-?t‘%@ ki c

recordi ng medi um t hAnetherasmtcng theqmebentsinveatonais & sovilié QfﬂaFﬁHﬁc PRIRkL C
recordi ng nmedi um by a. di stance, known as the flying height. The nagnetic
recordi ng rRBIAH f%"‘ﬂrﬁ%d‘ fb%ﬁg?‘l%rﬁ@w'@%w PR gnd e Kgorlingihead. Themagnetic di ng

head Bol | owscdréifg ineditisSindtidel BeupFROBriavinES PRilifCof TR stifgetia tﬁrag'c?
magneti c recordhg)g%nedl um first passing under t'he opposihg pole and then

passi ng undePVel Fine gerstically, skt gelative do the data storage tiaeks. {The resoidingt o cr eat e
magnet i ¢ flHexd Wchulldsts thils poR Ay ' lohdtizB@s3yf rom the
mai n pole tip thr ous h t hg traé%{?%t%@ﬁ]gg?g‘%gﬁl kf“é‘%‘?v,é ﬂgh%}mglgr%lsls to the
opposi ng pdicgitioned suigiepily¢losedhe main pelg tiptté gentiats| abagigreunstraagnetic fiekkinnai n

P P Ao HRRleRETRblng TRANE fenl hEleloihe SENT! Rl wATERAIRNGE, L1

t he present invention. I ned magnetic f ip and
fromlPhe cabpvectheimegnetin eecondingmaddium dridefurientiispassed throeghkhe magrmetizigy Wit h t he
magnetic flyy of the recording head. Changing the direction of electric
current changes the direction of the flux created by the recording head
and therefore the magmartliet adpeeiof the\prdsérit inveiton PO Hesvide 4 REsdIbMNEGoriRdi UM  An
aspect of Bge resent..inventiopn is ho oyj de a perpendi cul ar recordi ng
head inclu |F’i’gd[l)lafl THRERIG Brasemediyey 1 "H“B‘,E‘o fefudes the steps of BROVMIding@onduct i ve
nmagnet i zi ngnagaeticalyChddiheablefdain BOIE) potiaing 2 OmigneticRRPdge nafth sicbliGhent 1Y
closg the main pole tip to generate a background magnetic field in the
magnéPi c r SRR PRl lineaiing masRee-lux frone the main polestoward:the magyietic steragagnet i zi ng
coi | - ANOL higivht RAG badhforkIhP sddARRI bicRASHA flabek s B Y hfEneflc TRYNeL i ©
recording apparatus conpriSing a magnétic recordi ng nmedi and a

recordi ng 1&5Ee MBimhagnetic recordi ng medi umincl udes an upper | ayer
having a plurality | ayer bei ng
magnetical ly soft r(e)ftgtg?%/@ %thﬂ)g&%g{tggElt%%erng%gent%?g%@ﬁe q‘ﬂ%’e JPR¥FM i ng head
i ncl udes a froam the falloavitgadeseriptiant i p, and an el ectrically conductive

magneti zi ng coil

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.



posi tioned sufficiently close the main pole tip to generate a backgruhdR 2004
magnetic field in the magnetic recordi ng medi um when the recording head
is positi o¥@HRBHTa f|ying hei ght above the magnetic reeordsngseaedi um and
current is passed through the magnetizing coil. A further aspect of the
present invention is to provide a methqd of storing data on a magnetic
storage medium The nmethod includes the steps of providing a nmagnetically
perneabl e main pole, providing a magnetic storage nmedi um ﬁ.dj acenttfthe mai n
ol e, directing magnegigl § if 4 h¥tid | tﬂﬂ]!aﬁ' . netic
gtorage medi u?n and %dditi%&#alll?g%gﬁgﬁgﬁﬁé a a{%:‘gé\f%geﬁéenﬁkfgﬁgtlc field
in the magn€tqrding 8eadpolsdinpndimagnetivicoit eordisnratidlmln'mracmcpﬁod witlbinottee prBeRls E Et

i nvention w . fromthe follow ng description.

DESCRI PTI O%dgé)d%ﬁgn%gﬁe N&(%{@Pédl.tmé' is a graph of magnetic field strength
versus distance fronFighé isd grapiesmparing magntdcBuxdensityada\pepehdifiddr

er perdi cul - i LIl ustratin ubstantial, drop-off in
ragnet, o 11 ol 5AEE Bt fith 8 il gl BbirRlion f abydNeciiad s ekl |
partially schematic Eigdéis;mmanmmuemuﬂé@mmcmgemeapb}@waﬁsarirﬁ'@fgfdl ng hfﬁd
i ncl udi n karaound magnetic. field-generating coil in accordance w
:igcelrjml)d?maa%?? 9’%?‘%‘13%“%%‘8‘&@&?@%&#?4 ‘Br?.g°°F‘f369° with e grpsent inyeRioa- vi ew of a
portion of the recorBigng iswegapioéf phyBack devel Verdis tithe! shoWingahd dfftcfivensgnenat i c
si de secti on | view of apg%ragﬁndl cular recording head pole tip and

magnetic col ﬁhec%ﬁﬂ’m‘ ihFigof-dance with an enbodi ment of the
present invention. - 2 MAR 2004 WO 01/ 22407 PCTI USOQ 25650 4 Fi g. Sis a
partil@l |y schematic side sectiDEPAILEDEVESURIBTISN pendi cul ar  recording head
pole tip and magnetic coil configuration in accordance w th another _
enbodi ment of the prEweprefetred anbddiient bf e plesenbinferfibA prbvidesPar i ng magnetic
fl ux densi tl}/ ofd.a er$eé}di ﬁ“' r recording head with and w thout the .
gener at i on FSFPCALIBYNIELOIdIRg ‘??&3?{&8? With maggetic pecgrding mediay As psef hereing hemat i ¢

side secti OnedordihgNea@! mBars @ HeadiRFERToR Peall Ghd/oDFAR Phrafishs2 Packgr ound
magnetic field in accordance with the present invention.
The present invention has been 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, k7. 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 L10 phase
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



Fig. 8 is a graph of playback |evel versus tinme, show ng the effec;izeﬁgﬁsz
of the tes‘&ﬂﬁggar atus illustrated in Fig. 7. DETAI LED DESCRI PTI ON ET'h 004
preferred Ment of the present invention provi des PERTUBM2E60di cul ar
recording head for use with magnetic recording nedia. As used herein,
"recordi ng head" neans a head adapted-for read and/or wite operations.

The present invention has been devel oped in order to overcone certain
problenms with conventional hard disk drive systems. G anular magnetic

recordi ng Waiding FeABN (sauration moswyttof BFeslay asthb p6le matedials UREJifaTc feti c

instabiliti WSR 3 kSQL r.opy. ener of the grains (K. x V, where V
is the graitﬁ&vo umeﬂgo %%gﬁé's&e@gl 59[’55?18%15(909}%- grAngement isr nal

f 1 uct uat i ortherefofe ndt syfficiestferdecordifg b fedial Wit cod&iPsibd 6@30{{0%%’5&&13@%9 ntinuous
refinement of the grajn_size. H gher anisotropy materials are Sirable in

H gl C ]
order to keep the ne ﬁgazt“ﬂ’é?‘ﬂ‘éﬂall)g‘l’é'f“é%ﬂsé.SI%P& respgnditwar re¢oeding Beadhase  of

Co50P550 haN) inaccdRiadey wilPsh @Rt oS thepréselt iktiod. LfaM th K, = -
105 J/mB8 for Such hi gh aer_lli) sgt rlopy lregﬁée(spﬁgic@?ri tical size

nedi.a) .
at whi ch grfa‘?"i’iéclo% g indludes akokeyl2 made ahmagnetcall permenbiematerialrsuch si | i i ng

t hese nmat erNigksSCéZHNb! €62¢1di £ ' a [ xt e t he recording
densities well beyond 100 Cb%ﬁﬁ%&lﬁb%&v@?@g&%ﬂﬁ O?Wsé}g?lsggpreventi ng

utilizati orm%ﬁ“et_?ﬁ gerighy, dncludingymulinié layérs ot laminates ofisuck diaterials hiAbinkin

excepti onal | SHLnGOBL 6 Il S} " I N _excess.o 000 .Ce. The

magni t ude f%tﬁe&%l ga gssrﬁghﬁ?r#é)#g?zegﬁt}gd%dg%gﬁﬂpc9 2P {?efﬂlﬁﬂ?‘%ﬂ?l&r“ recordi ng
headd0i s | imdyttsdnasy of huy sitshie mbgreticaity pericatd miatefial\s0iEasNiFE FedlN, Fi 9. 1 is

a graph il rakdn ndence, of net. field strength on the

di stance fr%%ﬁlshéé‘g%eo?:é’i:%p&gﬁ%ﬁaof A, BE; A "gﬁ?qﬂae@te(ms)ncwem kil ent i onal
si ngl e- pol dayees qfanch matkridls. h& Bppodind/Péte Zﬁ%ééﬂet%l’l}?ﬁﬂxﬁlzd i the HafdPcfe650 5

utilizing F%AI N %sa urat. otr111 noment of 2Tesl az. as the pole material. At

di stances dftedP rcordapce withsthe, present jpventign, anglectrically Goadustive magnetizingw 5, 000
Ce. This arcopRgeiredindé te ybiRerah i ff Ad Go®R%n BiRT 2 | n media
with coercivjties of 5 080 Ce and 1hnirksgg’iheer. Fig. Zrlsl(é: e%r’attﬁ?c@g "99‘?‘% ustrates
a si ﬁél e pd&PB 20 peated lase i the grineleHp Mo Rlectri@l pusrentis suphlind to the toil an
enbodi ment 20fmdbhieh déE @ onh 150 ' recardi ng head 10
includes a yoke 12 nmade oof érzr:.\ggl%eztzf ?Aﬁ%&%ﬁ%@%ﬁ%&%ﬁ?f‘%&%m as NiFe,
CoZr Nb, CoZhitable efgericqally canductive niesTialNsuciaf€p, ApFaBoroany ather higher sof t

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



magnetic materials, including multiple layers or |am nates of such ,
materials. A main pole 14 extends fromthe yoke 12 and includes a” nLiMAR 2004
pole tip MR02HE main pole 14 nay be made of any suit aRITUSKRHG®Wt i cal | y
permeabl e material such as NiFe, FeAlN, FeTaN, CoFe, CoFeB, CoFeN or any

ot her soft magnetic materials, includiég nultiple [|ayers of such

materials. An opposing pole 18 is magnetically coupled to the main pole

14. I n accordance with the present invention, an electrically conductive

magnet i ZI n@ePd;&ndl maﬁﬂa@ufsrwm@d& ahmeo/Pqu‘hé?ec&ﬂﬂlgWef‘ h#ve reladVery hown i n
Fig. 2, Ehggagnetlzm% il 20 is | ocated CE Se to e main pole tip 16.
El ectri cal MEAPEpHOPYy &1 &bg&vle@ﬁj grgatenfhan-abopt 107 fmg hFWéleeWMMl

connect i ONfay@R haviREallBAHaBY ér?eké}'q{“qes}eis o%@roﬁp%o&elo%da%oﬁfloﬁmﬁ’ Y h& abl e
electrically conductive material, such as Cu, Ag, Au or any O hi gh
conduct i vi #§edrekihe recardingslayes magalso have agilatively high-cagreigity aboee ix@@Q)@cn,dl cul ar
recor4li ng It d ncludlng a
har d ﬂagne?%gdarbé%osr g(l) ng Oadyg?fefsoﬂlgnﬁ&rﬂg@?%@gr@??épﬁﬁgnﬁ aye 32. A

pr ot ect i ve Mmagretic materia Smhcﬂa FeAINjiEzifaN,0CoHek EoEeh, [CofieN ©r oﬂnpplhgled over the
recording laye Q R t dia noves
in the directi %tnégfm al?#dcr}&t&%s ({1%@9” ﬁﬁ Iﬁsfraﬁ’?ﬁémg glggﬁgeel er 30 may
be nmade of swhymaeriatsabl e hard magnetlc rraterl al such as CoCrPt CoCr Pt Ta,
CoCr Pt B, CoCr Pt TaNb or ot her %Q .ani otrgg%fdg Co- cont ai ni ng

al l oys. The recordi ng a‘%?e'%tg Ve‘ﬁp Py, ﬁ'arreﬁ%@{“g CoPd, FePd
or olter hhedd 1@nif ¥ 120 HowlidgdifBistnbiddeils binﬂay@uauaommrpmcmataﬁal als such as
Co/ Pd, CoB/ Pd, CoCr/ Pg CoCrPt/Pd, CoCrPd/Pt, CoB/Pt, Co/Pt, CoCr/Pt,

Fe/ Pd and f—‘@ﬂ’ﬁ“z‘HﬁW‘é Q o Theomagnetizing coil| 20 has.2 pdial AigpensiQneR measured fromer nor e,

hi gh ani sotfeQied &i'thd ke 13 OF the ASngBadihd hkib Bﬁhé@]‘élﬂt}ﬁle‘@ec‘rlﬁ%oﬂ Ii@ i ecording
| ayer 30. Preferred naterials for the recordi 30 include L10

mat eri al s q¢atd atsa diggance Drfrom theapain polp tip 26 \mgRs Gflfl pepallply with
PCT/ USOOY 2%@5&&@5%%@ e i % 1YL (TRt erfaee Qf :ﬁ@w&mn&h?& ecor di ng

| ayer may have a relative ani sotropy energy eater than
about5 106 30mETheruain pole tip Ilé is lpmﬂdral;la fiying heightH alboyre ﬂmglpam ssrfgqeayfsheener gy K.

| evel s of 0 e The recordl ng
| ayer O%&ﬁ‘p géra'%r glih tgl oltlé ‘FPlP%’ %{S{égsﬁx?s aétbog%é %e, e.g.
above 8 OO@urface dOthe Bétofding Mlmnmwmemz@om mpostmdeﬂ ﬂfa distancs Bi tabl e

E?BL rragn%j[ Imcthgﬁlgp%; surl’ace oP tﬁe recordmeg'?%/lélf 36: em-I;%s[)\llired in aedn'ectlon paralle vlvzx(tahN or other

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 0.1 micron.



moment soft magnetic materials or soft magnetic films conprising m# Qi MAR 2004
layers of such materials. Fig. 3 is an enlarged view of a portion of the
per pendi cuM@%/2%%or di ng head 10 of Fig. 2, show ng di meraisevesésodet ai | s of

t he yoke 12, main pole 14 and magnetizing coil 20. The magneti zing coil

20 has a radial dinension R neasured from the center of the yoke 12 or

the longitudinal axis of the nmain pole 14. The coil 20 is |ocated at a
distance D fromthe main pole tip 16, neasured in a direction parall el

with the |ongitudi nah acsidanceiwithiie %glgggﬁttiﬁggnﬁ%&#ge(,{m& 8|t°‘g‘{ }agfé* surface of

the recording layer 30). The nmain ocate | yi ng

hei ght H ab8%entipiRip fedistages Bdbpreferablyecontpelisd i oriderctolgenerate 82 desifed i n
Pole L1 P LonRNBRiehORIE P8 kchlnkIRgEAS. SRR B B |1

recordi ng head 10. e magneti zing co I’'S” posi _ §I°Eﬁ's_t ance Z
from t he uppbe rasigf Bda typicaliheanges dfomuibogt 1: &yoeabo®OL0: Iypeeferaislgl fiom #bo@d I eCt i on

paral lel w NGy t nal | f.th Ln_pole 14. _The distance Z
IS eq ugl totl{lht(e)%%ﬁ%ggf lﬁg%ﬂn‘gtt%%gg m%maﬁsa%H@bT a@e h%%m?sﬁ iTe IS A0s of the
protective kenmoted3TheAstid olfrT,t‘i%lrpr&fdlsraMmrdnlgctes Eo@?bo%ttl:trllheﬁ?lﬁgggo:%%hg?é ?he i
tp(r)]: gkgéel.ssT-rI]-gre}éé?#éﬂsdllezr slggg,f[ ,Prﬂ?/geig%%\%%g% ag‘i?"é 5[:)1:‘ gf erably selected in
accordance with the ptheshtthd MygBlidiRcoil QORAOMHHHEFigs. Q%&h%ﬁﬁﬁseEQCkground
magnetic fiel in the .ng | ayer 30 when current flows through the

.ecor >
coil 20. Fof'® ﬁ?cuﬁaér“ﬁ@h?ﬁ’é’ﬂﬂ%ﬂle VidBstirndipriother coilthppes ana be ysed, Har
preferbl y EARGRS tie/cB0RRY aitbindive be 3RARL, redBfik Relick) k@RGRS(L" OM about
about 0.1 mdron

0.1 to about, 5 micron, Hranges fromzero to C . , and Z
ranges fronP&BBUY, the gropsosegtinuak shapespeihe okeTiReang oiain nots nasske rotind, may

typically b 0 : ) from about 0.1
tgpabout yl ?nc%u%{eb%gcah e ngrl é}le E)lo '?%#hgaﬁ%@rﬁgapr%ﬁ%gﬁi?“Lr%(ﬁug%so@]f Y®1 to
about 0.5 g andonain peleflé anghoyniin Gigs.chaondt3. HoMeven tiwoiltcodld be dcatedaca - 2 MAR

2004 WO 01/ g ! - accprdance with the pr nt

i nventi on, %ﬂ;ﬁ%‘%ﬁ thﬁéégdgﬁ asrq%'ifinagla su@{cﬁﬁtn%gﬁfﬁﬁ“ﬁgf@g?ﬁg fg’f Bance Dis
pref etfabl y gematated| |Racthérmors, ditioutl n@@aeféredde a plienad@s infagsibt chAE knsed i

magneti c fiell d i.n the.recordn %’i er 30, as nore fully described bel ow.
The ratio of a‘ﬁ:%?ﬂ/‘ﬂiag‘iﬁl?vorg'ﬁg ‘rom about 1:1 to about 10:1, preferably

fromabout 1:1 to ab®igs. Haki 5 SoheématRhliyoilldirateibedadi@ doldicodtip@Stiodyint O t he

ol e thickness Tp is_ also ) ) . N
P accordance Wslth tLe 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 énd 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



controlled. The ratio of TY:Tp preferably ranges fromabout 1:1 to 2bMAR 2004
10:1. More referably, the ratio of TY:Tp ranges fromabout 2:1 to about
5:1. Alth 492 magnetizing coil 20 shown in Figs. 2PCRdsoB25snprises a
single circular winding, nultiple w ndings and/or other coil shapes may be
used. For exanple, the coil 20 may alBernatively be square, rectangul ar,
helical, straight, etc. Simlarly, the cross-sectional shapes of the yoke

12 and main pole 14 may be round, square, rectangular, or the like. The
magnet i zi ngAppticdtior SegilNoer abl y sur r oundsfifd SeprédiRr 1%220@6‘911{?1@%” pol e 14 as
shown in Figs. g.lgngk& However, the coll could be I.ocatec‘ at a different
posi tion onllﬂ??@ IfearRerarding Hegd dnclnding Goneave diim rwhidhae ligerpomated texginctiyi ¢ i el d

I S gener at agferenty.t her nore, al though not preferred, a permanent magnet

could be used in place of, or in addition to, the coil 20. Figs. 4 and 5

" schematical |y il | ustinfceordancewish thepeesens invensionf thg amaurit ofieleétrical ameak dance

w th she pr | §nTan ouaelotel Ln. Fi.g. 4, an
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directly adjrekesonnd megnasigtiield strengtinatdheofecarting Yaykre30L 2Thel backgheund g Aétize Nt

shown in Fi . | onduct.i.ve magnet i zi || 26 surrounds
and is enbef%l e‘g ,t)i’pr?]&g? %%g{géish&g@%a}u%% pé#?@ﬂ%lgma%g@ﬁ%ki'wgr gﬁb(éga%“"ﬁrr face of
the yoke 1Zepemiing won ti maptietic, propeetes of tht R ortgIayer 30, e Bikhdund?4 and 26 is
shown as a _sjngl 1 ndi ng. around fhe yoke 12. Alternatively, nultiple coil
wi ndi ngs mbpenge el may picellygnee o ipHL 1004 Abput 9,000 Ganseictombishoun | n
Fi gs.104 andrdm htauel SOMRIBoRIS D0 Sagsk) Qﬁinor@f)ﬂéfe?atﬂibefroxtﬁl%&flﬁﬁl,(ﬁo ggctional

e

shape may bg uslgian ?’E‘Ch as rectangular, circular, etc.
cross- sect 28 100D Gapss ek thg recordinglaygn Qi Fhebpckespyng magnetifielind 26

typically refegRelyfdesastd@e odeitily SfineROtling ;agiugog MhefofRitd B e T O ADOUL

0.1 to 2 mcrgn. In the enbodi ments shown™ | e pole tip 16
conpri ses d¢qording layer304may. beslefivadias Hi.\anf yhe batkgronnd snaguetid disldgpffectivelybe

conbi ned w ' i ncaye | g, t.3,p design, such
as the congg&\}gﬁgo éeﬁ?g{s” e@{g’ﬁ“ﬁ‘ﬁ% v?ﬁgﬁ%eaﬁgﬁﬁn?yqraggﬁﬁﬂ‘"gﬂm WO 01/ 22407

PCT/ USOQ 2 peseradly sanges fromiabout $alitmabokind: 10, rhork préfédaly Enineaboudt3; 104600

entitled P i qul. ar rdi Head J.ncl udin ave Tip, ichis
i ncor por at eag&ﬁzp@i' EIHB@ anirgg]%g)f Brr?geg'.ed ng%‘id‘?}%ﬂ‘n‘gﬁ@giﬁ? Fl; ica &essﬁ:t
i nvention, the anouninhacfordinecwith & lrthedspenbdf 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 H,: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



supplied to the magnetizing coil 20 is controlled in order to generape ﬁg%“"
desired background magnetic field strength at the recording |ayer 30! hﬁ
backgroundVRiRét7ic field is typically greater than 100TAGSMWRSsS0 preferably
greater than 1,000 or 2,000 Gauss. Depending upon the magnetic properties
of the recording |layer 30, the backgreynd magnetic field may typically
range from about 100 to about 20,000 Gauss, preferably fromabout 1,000 to
about 15,000 Gauss, and nore preferably fromabout 5,000 to about 10, 000
Gauss at t hincreadbdiab(nll 2Y44,)3fhe edthefibagekaraes bl APGRS :bE cédfﬁécgto the.

. e

effectively decreases the coercivity of the recordin ayer
B‘chef‘l‘re%ﬁ

coercivity ¢ DRgHdnf thegdditiony field AR willherrronoetionsl thiALaAe fitld
back d i i f bR L\ t
ackground f@OwRtdeGptea® bibr @fsipRfchits l%g?rql‘%%i:h?l_gﬁgﬁ gier}@cog(ﬁ)ﬁ;é %géﬂ" {ng SPF o o0 a

| ower val ue defined as Hb. The ratio 0 era nyes m about
1:10 to abofftWkichis detgpmipedhycthe diameter ofithmsoilisive to tBe tefative proximitytof8hel 0. | na
parti agul arl yjl [ d [ fe HQ IS, about .5:10. In
accordance WllltQ E%{ﬁ %f?ﬁ%gpggp’?g?ﬁ ag{‘uutaﬁgf%%g%e%tﬁl!éﬁedeégtbyglﬁwpﬁgtlf'ét{fel of
t he backgr otfild Fesgringledum;cell thethagnitudeofinBad giesh iyn rel ation to the strength
of the magnetic field Hp generated at the main pole tip 16. Preferably,
the ratio of Hb:Hp is fromabout 1:10 to about 10:1, nore preferably from
about 4:10 to about 3:1. As a particular exanple, a recording |ayer having
a coercivity of 10,000 Ce may be witten on with a recording head of the
present invention which generates augql e tkp coercivity Hp of 5,000 OCe
and a background coercivity Hb M#?@g—ﬁe—}hg 562)/ us, while the magnetic flux
/f

generated fromthe pole tip woyl d no icient to wite on the

recor di ng |%{§eé? kdf B‘ﬁé?d??stfgﬂlfaﬁ?ﬂ@P%EWthif@“ﬂ?‘%F@ fodheshard Jayerent t o

ef f ecti vel yForeRi=0.2 inland BRI, 6RREGIM fidlds i bxdelior1eedd AoBo 0y &h: t her eby
enabling witing on the recordin ayer. As long as the pole tip is not
conpl @ el y %ea&ea?rate%a{ﬁhtcme%@mﬂes ﬂ&lﬂAi"é‘th &mN%Itsﬂﬂ@ﬁﬂth-‘r Qe/od ifiat hi n t he
pole tip. Aishenepéd vaskdof operating a single pole head is to choose a
current value | SAT that causes conplete saturation of the pole tip. The

fields generated by Thepresence oftthaiadditional hackgtoundifield aB effiectivelyakduces adi ent s
wi thin the C i erJ the.mni.numbit ..cell..size. If the
current in fl %ﬁ@%i ﬂ?é‘%ﬁ‘%gﬁr Iglnﬁﬁff bise:d %%ﬁ%ﬁ"d‘—}' iy 43880/ 25650 9

i ncreased blyead¥ bagedl on—availdbBAbjt matdnialse Becansd dflbighodaneraes, afle dyramicio | onger be
confined to e. po tip. . The nmagnitude of the additjonal field oB will
be prlgport i%’%%fmlyé” lhﬁ’? a é"dr-lﬁyg“edmgf’#‘{ﬂowflSPCI‘O@C%?‘E’QJJ‘G&%F“&" egnificantly
| ar ger regidymamictcbéroivithes signefivantiytggeastan thetsBific soe@vity.

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



of which is determined by the dianeter of the coil due to the rel ati JeMAR 2004
proximty of the coil to the recording |ayer. The magnitude of AB can be
fine-tunedV@WPR#MB current in the coil. For a single tBcTUSIoResE he

magni tude of AB is given by: OB = uocAl R2 2 (R2 +z2)312 where R is the
radius of the coil and z is the distange-fromthe coil to the hard | ayer.

For R=0.2 mand z=0.1 m background fields in excess of 1Tesla (10,000 Ce)
can be generated with currents as snall as 400 mMA with a resol ution of

about 25 Oeaokgroinddielsiraisla@oil Urthe $oflivhas ipfacaSif Slose Hroxiti e
addi i onal background 1 eld AB ef fect Phe fidiose P16 é‘?i?@‘??ﬁ’“‘y% t he
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based on thWehl?tMy%rs%?fdo/P‘EBt;neJ doﬁhﬁderﬁg&adfg‘aqﬁf, nivig) aQ&HﬁviE;g‘tg%g$ea{J%§ dynani c

coercivity will be affected by the 1htroducti'on of suc field
because t hef00}/Banfisstcbe meipivay DiCssairajed (DC-exased)yin hisghmy mhgneric fidleé st atic

boundar y  Segnded By b ifle ReSmiBRN M Giptdcd, oo RmBlnelitng B8 mScir 1 ot -
The fiel d pieey fitldsmanates from 8@ DO safurhtGimpdianesulting 30 zerb sighdl réadlpf) M) are
DSAT genor e i whEd civeRiondt toenting wailr astempRbBo Al | ol
woul d not hineho bufficientgimghitude ofithe réddRiiny ftd. ODRd cdr@ing baIRek Wist pattern,

but it effectjvely increases.the wite field of the pole tip, i.e.,
decr eases tﬁ?@h”’é@%{’gé&i qpsene af ‘ile regerws signgly Fipallyoa smalhpermancatmegnst wes confirm

the per f or nmaee akve tHeareddr@RE Rad RESD@ Provithlly tothS MBERBL sGRbadcalry ! UStrat es

the test. A conventjional perpendicular witer 34 having a nagnetic coil
35 placed filpstiied in Fige7 a9 @nethes reqording atisaptives nsefarmadg Hherésubavash t he

writer V"aswélﬁl%gorhéh BiOpERkRA it e g‘?&t{aﬁﬁﬁo%tufgﬁgk The k&ulﬁ%ﬂ&@f *n3l§ (a strong

rare earth-based pernanent magn at cou enerate stray rierds in
excess of 2 dryongeare that the anisosropy ef the 1vpoRding Oedidd Flec@RBHOEMPEEHIYSOD 25650

-10 backgr qyy gj i)flhg aﬁ’@,%%‘ﬁ‘[%ﬁelsba%&f&ﬂﬁ rrgaglimlt. pas pl aced in close proximty

to the ABS. T eco e conducted on a multilayer
per pdAdi cul ar nedi a Bl preseprieseding Systetvetfettivelyayduces thé céspdiviey 6mhe@ sof t

he med o vaSDCHbs P aYiRiheRel BFicbits »FrevdeBed B inect meseigrg
coil which is placed in proximity to the recording 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.



generated using a |l arge el ectromagnet. As expected, due to demagneti zj
fields, no stray field emanates fromthe DC saturated nedia, resul fizjn%anom‘
zero signal read-out. Next, recording with a conventional perpendicul ar
witer was attenpted, which failed due to insufficient magni tude of the
recording field. The recording failyne was confirned by the absence of

the read-out signal. Finally, a small pernanent magnet was pl aced above

the recording head in close proximty to the nmedia, as schematically

il lustrated WHAT IS CLAIMEDdABot her recording attenpt was perfornmed. The
result was a well-recorded bit pattern with the playback showm in Fig. 8.
The results shown in Fig. 8 denonstrate that the anisotropy of the

recordi ng mgdia i e : ' owered by the application of

t he backgr gg nd na%%ﬁ% c fl%ﬁééeraﬂﬁgn %erg(;lte)mé’r H %ecv\(l)‘\’ﬁ f‘ﬁlbagé%‘i @ﬁ?‘@‘?‘\‘ge‘&? vy

reduces the (¥b82kithd peyparidicules reqvedihgheathil®) ¢nmizarppl i shed by generating a

background field uti.lizi magneti zi n coil which is placed in

proximty to theatnéad%Pé]FRg“)ﬁ?y@%.at’Pnéé) E’é%téﬁla‘ihﬁ@en%%@’éﬁ%fmﬂﬂuéf@ce ofrthe i ng

on high coercivity/hi ghoftlthsRda | ; .support very high
SRSIIRY h%ﬁ%?tl&lg@&?’?flﬂ,?

recording densities, e.g., in excess 'n2. High recording
densities can théyekefld) penngeted v the miin polet(14)mvingcethivkhess T, ) Pedatsr tedranges

in the recordi ng procgss,. Wer rticul bodj nents of this invention
have been descri bed gﬁ%@%@%ﬁ ?gﬁjPB&?&@‘BP‘%‘{CI(E‘E}ts)?‘i‘%‘tqfa&ﬁteflzpd\hﬁI be

evi dent to thoseasklettrieally conduetiv@thadnaing Bsh YBle¥R parlal9R8rrQind

details of the present invention magb lﬁ%dem%(?hogt pggpa?ti ngjr}d%@i?\h%he

i nvention as defined YoKeand P&ﬁlﬁ@ﬂ%%lfﬁgiamthsclose to thenRaip(®de tif (1 6)\kdAFenkefite
CLAIMED I S: 1. A per L r : for ith a magnetic
recordi ng medi um p(38,§Bg‘£ﬂ%& L?]ﬁéﬁ e?%%ﬁ@?égﬁgg) lélég%ylalinhté%iﬁlfglp(‘m‘fh’ no

conprising: a main potembihdfornaith agnagnéticfidld Gindras@iresh e haGeple 4P (86)
bearing surface of the recording head and having a thickness (Tp?; a yoke
(12) connected to thelsrfélff 10 (R WHE9N g Maggetic mediblness (Ty) greater than
the thickness (Tp) of the main pole (14); and characterized by. an

el ectrical Ig conductive magnetizing coil (20) at least partially

sur roundi ng2¢ he Aypskpendivdlap oscordingiaahd< 1) of Glaint 1 ywiedrein ehd magreeizingicoilpol e

ti 16) t : . back d tic fiel 20AB) in th icinit
of "the 11 p 0 SoBiifes <SRBT R RHOG MAGLRRE (491 ol o generated from { he
main pole tip (16),

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



is sufficient to wite on the magnetic nedium 2. A perpendicular /= 2 MAR 2004
recordi ng head (10) of daim1l1, wherein the magnetizing coil (20)
conprises a single winding around the main pole (14). 3. A perpendicul ar
recording head (10) of Cains 1 or 2, wherein the magnetizing coil (20)
is spaced apart from an outer surfagﬁ of the yoke (12). 4. A perpendicul ar
recordi ng head, (10 ai ns or. 2, wWherein the magneti zin coil (20)
is positi ongﬁch‘ﬁe}s?zﬁyﬂp Sﬂj‘%‘éﬁé’]egﬁcm%apéﬁrﬁ%éb% 2t a?@'k‘efcil(-lzy 5. A
per pendi cul ar recording head (10) of Cainms 1 or 2, wherein the
magnetizing coil (20) is at least partially enbedded in an outer surface
of the yoke & 12)A perrendigdanreeetidinglhead (163 os drimpdieady pAOYf ths pedcading dlaimis,any
precedi ng cl gj in.the ratio of the yoke thickness (Ty) to the
mai n pol e ttﬁHg E%%%h\smﬁ{’l%eﬁlzlgg (e éﬁblﬁﬁ am&%@wl@m@ﬂ\%@fﬁwwmar
recordi ng heafinddl®) themada pola(14), thwwgﬁet&iﬁ%1ﬁoir gb) HasodE pl_c;l?ﬁP nﬁrﬁcén 2 MAR

p) Ts tr

2004 -12- thickness (Ty) to the main pole i ckness om about 2:1
to about 5: Ir_leagl_lregb\frﬁg}%é AHfigaenzang eal@PHiorthe pela dip((16)in adlircttémpataliad wathy one
of the precegl ngi | RN S $ BYUSLLZ coil %@ has a radi al
di mensi on R rreas&?ggé@%r%nan 5%1651011%2% neﬁ%@oﬁg tﬁ'&lﬁjﬂu Pe (14), the
magneti zing coil (20) has a pole tip distance D neasured fromthe

magneti zingcoil (20) to the pole tip (16) in a direction parallel wth
the main poPe axi gliq r?‘g’t’ﬁth fadt1P) oiClaing & wherein the natiowf RsBs from 1.
9. A perpendbsuthiar i Beafgiing head (10) of A aim8, wherein the ratio of
RDis from about 1:1 to about 5:1. 10. A perpendicul ar recordi ng head
(10) of Clainms 8 or 9, wherein the radial dinmension Ris fromabout 0.1

to about 5 nphecron. 11, er pendi cul ecordi ng head (1Q) of Clains 8, 9
or 10, wher gp n t%ep eﬁ.gtfnélﬁ‘tu? rgc&r@pgﬁgag(éb] %fo(?lflﬁ?ﬁg%lﬁbfgtw}l??‘?ﬂ%fl@ adishit 5
mcron. 12. din@isfadeRodh festh about®Colotibbek $'@ddod. 10) of any one of the

precedi ng clains, wherein the background nagnetic field is greater than

100 Gauss. 13. A perpendicul ar recording head (10) of Claim 12, wherein

t he backgroynd i | k: an 00 uss.. 14. .

per pendi cul g? re% %1&8? cﬁﬁadégéc%%ﬁg géa%glﬁgj?#qlﬂm%%oéilﬁ?Wﬁ%reﬁéB?BéSGWd
magneti c fi dsthnceDgs atreabouhidud t@ abdid S@aivsm. 15. A perpendi cul ar recording
head (10) of Caim1l to 11, wherein the background

12. A perpendicular recording 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



—

magnetic field is fromabout 5,000 to about 10,000 Gauss. 16. A Fz MAR 20ns
per pendi cul ar recording head (10) of any one of the preceding clains VR
wherein the background nagnetic field has a strength Hb, a magnetic field
generated at the main F 2 MAR 2fPA -13- pole tip has a strength Hp, and

the ratio of Ho:HP is from about 1: to about 10:1. 17. The perpendi cul ar
recordi ng he 1 of Claim 16, wherein the ratio of Ho:Hp is from about
4:10 to abOLR% ?%éﬂggsl%s.treﬂg%ef%é%ﬁhe gatgy of BBy iR Aoy L{100p aboutdyl.one of

the preceding clains, wherein a saturation current is passed through the

magneti zing coil (29) to generate a magnetic field at the nmain pole tip
(16). 19. A lfet hokhegerpendicnlagregardingiead (M)gri€tlaion b6, whegsn tedhticrof BOH, 32) .

t he net hod i,5i s of: providing a nmagnetically per meabl e
[PRBLR 400 (b Qsou%;agg

mai n pol e ( ving a trp ); providing a nmagnetic storage nedi um
(30, 32) adjacent the tip (16) of the main pole (14); directing magnetic
flux fromtflg tip élG) of the main pole (14) toward the nagnetic storage
medi um (30, “32); A RerpeMHc Ut resqrdiag hggd (10heliiyraneaf tregkgeedingtlamgnwhérein
field (AB) i : OV SR L [ whi ch,. ibn conbi nation wiith a
magnetic fi N Irkgiu?ﬁlg\r{:ecgg?gﬁyp ?“{)S?ﬁi Pﬁ%ug?’?atﬁ%&égll)'eélzﬂgpcopfz%, to;genegiess RRggtc ¢ o
wite on tHglhaigheman polaiip o).

19. A method of storing data on a magnetic storage medium (30, 32), the method
comprising the steps of:
providing a magnetically permeable main pole (14) having a tip (16);
providing a magnetic storage medium (30, 32) adjacent the tip (16) of 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.





