WO 01126097 PCTI US00127356 LONG TUDI NAL MAGNETI C RECORDI NG HEADS W TH .
VARI ABLE- LENGTH GAPS CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s - .
application clains the benefjt of United States Provisional Patent 5

Appl i cation $&jjiRkpsNo. 60/ 157,883, filed Cctober 5, 1999. PE.})@E@,Z =5 THE
| NVENTI ON Thi s invention relates to nmagnetic recordi ng heads, nor e

an
particularly, relates to Warn I tudi nal recordi ng heads for
recording at high densiti e‘%%&;a vk%%éﬂﬁmlé"%gnet ic hard disk
drives incorporating |ongi TTHARIARLELENGTH GARSe| | known. However,

conventional |ongitudinal recording heads suffer fromthe disadvantage
that at high recordi ng dZRG$S-REBERENQE TOSREERTEDQAPKICRTION N2, the track
width is relatively large. In particular, a track wdth cannot be defined
which is smaller than Thisepphatich §5ing kneWest ob UtBed Stted ProviSiohd Pa@aP | €ngt h
of the gead. This,limtation results from15 side fringing magnetic fields

whi ch spr eagABRICEHGR SerighNe. G137 R83 oRlgd PeigheriHd9%ap | ength from the both

track sides across the track. Decreasing the gap | ength should reduce this

characteristic side fringing re@mE OfCFErN (VERTIONE dap length is
decreased, the magnetic fields in the region of recording nedia along the
track are al so reducedhisigVensreRles to Ahgrric RErAML 381! £2 i mum in
plane field conponent at a 10 nmflyin 3 hé‘i; gh? i §’ I eg’s 2815(?%5%119%0 Ce,
assum ng a Hhickss i i filng longitudinal regotding dortreording afrtiigh demsitiessed. Thi s
field is not sufficient to record transitions clear enough for such high
densities. At such high densitiQg\g@%ﬂqﬁql\J 3 expected to have
dynam c coercivity above 5,000 Ce, an approij nat € 9 wo tinmes the
coercivigty i s requir esbReicHa dskSdHbd mb&GPbatniGhdi &&ﬁg’ |

Therefore, there is a trade-off si_n dvecrea é%gnﬂgféélgg%ﬂlrtgéngt .héfgp%:e

trade- of f opvelhkuemn; dloweven. cenvertionaldongitedinaglredordisg hapdpsuffenfrbin tid  whi ch t he
maxi mum ar eaj;fdensis : ' -4Using a convepti.anak | ongitudi nal
recordi ng hgde{sc?q rl r‘r%¥hsat? ?{t}é u?eg&?fgg\aég’%%déﬂe it §15° wrﬁbl{?’we‘rdé? %%g,w’gthés

snal | est tr aelativilyliangd. Hatpantisniahe trask Widtly ethnbtsbeaipfiiedehia i€ bivalk® thadfhet 2 X 50

urn = 150 n aking. .nto account 20 percent -1 WO 02/ 26097 PCT/1JSOQ 27356
for the tragi?a%Fgﬁke%’PQ‘tHE‘éﬁWBrﬂmcﬁﬁﬁ’gg g0of therhead, ‘This lmitation gesults fiomat el v

180 inns Assgid# fifigifg magnetic fields which spread at a distance on the order of the gap length from
the both track sides across the track. Decreasing the gap length should reduce this

characteristic side fringing region. However, as the gap length is decreased, the magnetic
fields in the region of recording media along the track are also reduced. For example, at a
30 nm gap length, the mMm in-plane field component at a 10 nm flying height is less

20 than 10,000 Oe, assuming a high moment (4=M, ~ 20 kG) pole tip material is used. This
field is not sufficient to record transitions clear enough for such high densities. At such
high densities recording media are expected to have dynamic coercivity above 5,000 Oe,
and approximately two times the coercivity is required to record sufficiently defined
transitions. Therefore, there is a trade-off in decreasing the gap length.

25 The trade-off optimization indicates that the smallest gap length at which the
maximum areal density can be achieved using a conventional longitudinal recording head
ring structure is approximately 50 nm. Therefore, the smallest track width that can be
achieved is approximately 50 nm + 2 X 50 nm = 150 nm. Taking into account 20 percent
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2:1 bit cell, the maxi mum areal density that can be achieved is
approximately 40 Ghitfin2. U S. Patent No. 5,621,595 to Cohen discloses a
magneti c recogdopgedread with a pinched gap which is said tecTessoensesi de
fringing magnetic fields in the gap region. 5 While the disclosed pinched
gap design may reduce side fringing fields, the fields in the track region
are also red LaR 1 f:d : ' | O ] ' Lol r

hi gh coerci Vi gne?'@eagileg&r%% é?’nt%e?sz@t tglq%%ﬂg;qeg Iggﬁgﬂgéet%?éﬁdﬁg gﬁﬂ@nngﬁy
sensitive to 2ulibiteellcthe makinmm abal dpsity ént canrbe acticved iswpproxoeatelyl 40 Gbisfird i n

vi ew of the foregoing, to .10 S her. deficienci.es of.the prior
art. SUMVARY OF THE | N@EEI%"&Q‘ ?’ﬁeig?ﬂéﬁ‘? 9%&%%‘5??“1?%3 PPEAHELLURE R f or m
or contour ed @i 2 PREHEIAP WHidhlis sald'e 18@ke Bide BSpRfE Midgnéid MBIt méldgapkegion.
recording head. T er&iggalloms the magnetic field stren%gh and prof le to

be contr &l | edWhile the ¢d pinghed garodesign may reduce side frnging fields.the feldyinthe ¢ he
gap region. rong . I ol ' -1 he in the
magneti c ref%?c%irgﬂhﬁ%i%sﬁ%gdn@er‘ { 'é&!glﬁae}ﬁ% egl%gtg‘é%?smtoggéég(ien ﬁgh

non- uni f or m gagercvignmédic aRtrthermoracthe pimelred ighe detignds ettremalyesenbitiveito weite whi | e
avoi di ng the necessity of making substantial nodifications to conventi onal
| ongi t udi nal ?‘E’EFSFdi ng head designs. An aspect of the present invention is
to provide a |ongitudi Ak pfeR&GR i¥kmibnh8fbken dveldpEd #HSBew\bt the For8FREHES bhdto
recording medium the |ongitudinal recording head conprising first and
second pi® es, addness athaodefigiendies ohthpapriogarti ned by the first and second pol es.
Anot her aspect of the present invention is to provide a nethod of making a

gap between first and second p‘%kﬁﬁnﬁl;fk@obgﬁé iM’ ploN ecor di ng head for use
with a magnetic recording nmedium e method includes the steps of
providing first and Se%@gra?%t ongroidts & Son- r{ﬁro?%ﬁtwe@gﬁ@wa%%n*}ﬁétwee“

the first and second pole urther aspect of the present entionis to
provi de a net imickecdndypoles ofig longdintdinabrecerdingdwst. | Thesgap abiopes the diagaetic Tield net hod

i ncl udes the ste of provjdin neticall rneabl e first dssecond
pol es defi nin éﬂdipiéq%{?gle\ﬁg@émg%?/mx’gg R al?eé etlg?%’%ﬁc Rty m
adj acentyst he fhelplh r Foap theRiire® hagrviie fieldP & Thdrédyi geferMed REthé fagrti\O

01/ 26097 PCT1US(012 356 flux between the first and second poles in the
vicinity of tresorging regiomprsderthe 2ap. Seamseof the preser @on-uniform gapisignifisantifagnet i ¢

storage medi Ufllereases the data storage densities while avoiding the necessity of making substantial

modifications to conventional longitudinal recording head designs.
An aspect of the present invention is to provide a longitudinal recording head
20 for use with a magnetic recording medium, the longitudinal recording head comprising first
and second poles, and a non-uniform gap defined by the first and second poles.

Another aspect of the present invention is to provide a method of making a
gap between first and second poles of a longitudinal recording head for use with a magnetic
recording medium. The method includes the steps of providing first and second adjacent

25 poles, and creating a cavity between the first and second poles.

A further aspect of the present invention is to provide a method of storing
data on 2 magnetic storage medium. The method includes the steps of providing
magnetically permeable first and second poles defining a gap therebetween, providing a
magnetic storage medium adjacent the first and second poles, and concentrating magnetic
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These and ot her aspects of the present invention will be nore apparent fr.om
the follow ng description. 5 BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
top view Mogml‘%i cal computer hard disk drive for whi cRCTHE2ZRSesent

i nvention may be used, illustrating the disk drive with its upper housing
portion renoved. Fig. 2 is a partially schematic bottom view of a

convent i orfhix betvwegn thedirstznd sddnd polos thi the) vikinityl ofithe igamytogproduce aldovalized. Fig. 3

is a partially.sch i c_bottomview.of a conventional |ongitudinal

recor di ng W@&é‘%ﬁﬂf@%%ﬁ?‘%‘&ﬁﬁ’%ﬁ“ﬂ% side shields. Fig. 4is a _
partially schemati cThéakaadote s of thept@dehtidvéitibn WALBE MbRapparest frdniCl Udi ng
a non-uniformgap in the formof a cavity in accordance with an enbodi ment

of 15 t hdhgfollewmg deseFiPHeR-on. Fig. 5 is a graph of magnetic field strength
across the track width for. conventional uniformgap recording heads and a
non- ugi form gap recordi ngﬂﬁﬁﬂgﬁ' Qg@gﬁ@pmmm%senbodi ment of the
present invention. Figs. 6a an are partralTy schematic side and bottom
vi ews, respectivel yg; g (e @kn | p=t el head
having a uni form gagl.g' é?g??op%&ﬁﬂféﬁ%i are gg???g??&k@h’%gﬂéﬂsﬁge and

bott om vi epaesentrivwgntion mag by nsedoillustriting ghe disk drivie withditsrupperchonsiagipdrsion ng a
non-uni formagap in the formof an ellipsoidal cavity in accordance with an
enbodi nent’ V'{%he present invention. Figs. 8a and 8b are partially
schematic side and Py 2Gsm pareidlly scheagixtottum| vew of2beonvertiohal NGrigituidihalal

recordi ng head having a non,uniformgap in the formof a partially

el |'i p8oi daeceding padfiaying$ UnifeER 88, curved sidewal I's in accordance with

anot her enbodi nent 08 pRERRE L EHNktb AW b .0f1 magnetic
field strength acr ogg'tsﬁggpr ack é\;vll:thtcalll%lh forblgmﬁvgggﬁ %ﬁéﬁlglam?selggg%@ﬂg head
havi ng .a rmecording headrhaying a unifoue gapiwith sideshieldan enbodi ment 30 of the

present invention. 3 ' 7 ' and. re
partially schemati CF%FS%%]%%%@%%E%%&%?% ‘u%n"g“'ﬁ’?‘é ﬁo@éﬂdé%?geg@rg@g%%?
pt 6f t ei N jacladifg W Rbs-AfiforgEgpiin tie formin of 4 Bkt @l adcordmicdiwith diestbotinent of

15 the present invention.

Fig. S is a graph of magnetic field strength across the track width for
conventional uniform-gap recording heads and a non-uniform gap recording head in
accordance with an embodiment of the present invention.

Figs. 6a and 6b are partially schematic side and bottom views, respectively,

20 of a conventional longitudinal recording head having a uniform gap.

Figs. 7a and 7b are partially schematic side and bottom views, respectively,
of a longitudinal recording head having a non-uniform gap in the form of an ellipsoidal
cavity in accordance with an embodiment of the present invention.

Figs. 8a and 8b are partially schematic side and bottom views, respectively,

25 of a longitudinal recording head having a non-uniform gap in the form of a partially
ellipsoidal cavity having inwardly curved sidewalls in accordaxice with another embodiment
of the present invention.

Fig. 9 is a graph of magnetic field s_trength'across the track width for a
longitudinal recording head having a non-uniform gap in accordance with an embodiment

30 of the present invention. |
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accordance wi th an enbodi rent of the present invention. Fig. 11 is a
partially schematic side sectional view of a focused ion beam5 direct

et chi ng apparwdumesged t o produce a | ongi tudi nal recordi ngeCRAIRINLHAS6
accordance with an enbodi nrent of the present invention. Fig. 12 is a

phot om crograph of a |ongitudinal recording head including a non-uniform
gap in the formof a Caet | with an
enbodi nent of the presgy 3 pﬁg@%%ﬁ?blo #ﬁ?@%%%ﬁglg%?%ﬁ% i nvention
i s described fabricatibmstepsfor pfopwcigsamadnyuniforsmeapl io adonsitadipal recopdingohegd iy heads

used with a hard,disk.drive.1Q for .co r.s e of which is illustrated
in Fig. 1. A&ccgggweﬁg&éqnﬁ,m @88505%3}%%%@&”%%@%5 a head adapted for read
and/ or write operatiopsg, 17 pailydtisknate sdescbforiaheibwdes faused o begml 2
(wth the upper portion renoved 15 and the | ower portion visible in this

vi ew f or Smexi diuest orhing anparatis weekip prrducesigngitndimalpeprding figpd Ip ARSI ocat e
t he vari ous cowgﬂﬁ&t?f hEEﬁsQ{tﬁ*@mﬂfohve 10. The disk drive 10 includes a
o attl g a

spi ndl e not or or east one magnetic storage nmedi um 16
within the housing, i Fig.l2ds zplstonsicnoggpleof lodgigidinajwecording heagriacluding a8 i s

contained within the housi 12, with.each arm vVl n [T d 20
with a |ongi t ¥ g%P’o‘B%&fﬂé’Ea a9 bﬁﬁffe%ﬁ]ft?oiegjceg‘%dn 3‘%8%%‘%110 ally
nmounted to a Qﬁﬁj’mtgﬁghe,ﬁfbsaﬁﬁmﬁm_ notor 28, such as a novable coil DC .
notor, is located at the arms second end 24, pivoting the arm 18 to

position the head 22 over a desiémm.@pm sk 16. The actuator

nmotor 281 s regul ated by a contr shown, and which is

wel | known. Witing is _acconplished by rotatjng the disk 16 relative to

recording head 22 25 é@"t’W&@“‘tﬂH‘éd‘?s@é‘%?Pd?ﬁg‘mﬁg%prffn&%ﬁ?" Rt _6'\/e t he

appropriate Sf‘eg&ia ihdshds&EHn QHarhfa&k%ﬁ% 10 i comp@etis Néheflof Wlichheildintdiedlif MaY
ea

be acconplished eit"her using the sane 22, or with a separate_ read
head adj acent Figolt te used kezeiheorecording head? meansracieod erlsnted frgea and/or maitels ar e

too close to each other. within.th ti - | : Li 1 ng
to the magnet PWB?‘agge h%(q}st ﬁ?@’ﬁ Fq ﬁglg@eggth%ﬁ%@girlfvg&!tth%&gggﬁér&gépf%ﬁggﬁ on
on the disk, dmelcwer pertiohhiibleig thio viewifonsaxibim Cheitydimensionakindiconfigpréd ux
density within a desired section of a track ile.m n]g m ig’gﬁ‘ﬁ -4 \{\6)
01/ 26097 PCT/ toSmatainzanddocate the vaTions cqmpopents,pf he, disk Agtye: Ongﬁ’f idWE Woernmits
the tracks to, %ﬂ?% (R bt icabtdele FhafiicBie b@Fagh Hishim & witin eles
within a di skfdg'glrd] apﬁéﬁ&ﬁﬁéﬁf%ﬁﬁ%irgk to storee % g . .
housing, in this case a magnetic disk. At least one arm 18 is contained within the housing
12, with each arm 18 having a first end 20 with a longitudinal recording head 22, and a

20 second end 24 pivotally mounted to a bearing 26. An actnator motor 28, such as a movable

coil DC motor, is located at the arm’s second end 24, pivoting the arm 18 to position the
head 22 over a desired sector of the disk 16. The actuator motor 28 is regulated by a
controller which is not shown, and which is well known.

Writing is accomplished by rotating the disk 16 relative to recording head 22

25 so that the recording head 22 is located above the appropriate sectors of tracks on the disk

16. Reading from the disk 16 may be accomplished either using the same head 22, or with
a separate read head adjacent to the write head 22. If the individual magnetic fields are too
close to each other within the magnetic layer of the disk 16, writing to the magnetic storage
medium will affect not only the desired location on the disk, but also neighboring locations.

30 Therefore, maximizing flux density within a desired section of a track while minimizing
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additional information. Additionally, concentrating the flux density within

only the track dlrectly bel ow the recording head 22 will permt the sane
flux dens™MOME®Rhin the track to 5 be achieved by a | oW¢T B5¢ evel .
Al ternatively, concentrating the magnetic flux will increase flux density

at the same power |evel, thereby permtting a track to be magnetically
har der (hﬂuwedmshygmhmnmbmmg segtiona petinits tha tmacksaovbe sthallee| therfbyronvent i onal

| ongi t udi nal record ri havi.ng fir t an cond ol es 31 and
32 defi ni REtREAES Q‘HEE%APP} d’&WPﬂ ﬁl&‘f} O3W%as a uniform
10 | engt haddidéraPigoriiation. " AGktivhady fbovl\éemgsmeﬁeﬁaaﬂuf&aﬁﬁ th@frafieduci ng
side fringing fields generated % t he conventional head 30 of Fig. 2 is to

create si disectlyjbslowsthe fecordingjaged 22 aifl permitthe mﬁu&mmygmﬂ@nthm@chgad 40 of
Fi g. in t ap 44

t hat “has gkﬁ%ﬁ e& 10\9({}&@@1;%9%529 {eﬁﬁﬂé}é%a‘{%g Mg%agn%{m m‘g']gs 46a and
46b are pﬁmmasbﬂu:adnnmattdmagmrpoMr leVi]t theteby parimiieing b ratkin béGragaedtalipb, t he
15 magnetic flux te to flo ough the shi el ded regions, thereby

reduci ng Pﬁélersdﬁa\??ﬂ'gﬁfécﬂﬁm f%‘ftg&" a'ﬁ’ﬁ PRVENIEVEli | ds, cal cul ated using a 3D
boundary el enent figleghvefiotal long ﬁanﬁreaom rrmgmeadmkzﬁf 8 nk Reond! € ded
heads shown in Figs. 2 and 3 at t he saturation oint are shown in Fig.

It can bepelesal ank32 dafiningagiviform gap bisrshownyinje 2-cThisgapr34 hagdwoifornp0 i n the
head f Fi h r 7

o ani €1 canpeyt adf e Erckio W e Bgghelcl Bolnc 6 BRI S ERBHR . s of
this si gntﬁélde gmeraftemh;cme convieationahieead 30 of Eigce into creaeaside shividstihehefdapx flow in
t he gap regi,on. di saqy e of .t i n ap. or side shjeld design
shown in F§&en. gs shown igJa &n%%&%é@ Qg‘ﬁ ﬁ ﬂ’é’gs ﬁﬂﬁ'r*ﬂ’ﬂ’[se%n @PE&&HN‘%UOUS
reduct i on 4h i Rfifé a FhP40MRr ka8 AGTForM lengh 1f fos§ tHéQfack AaR W eSidet , heads of
this type are known to have problens of extrene sensitivity to wite

cur rent s. shislds 46mand<d6biaee prpvided aaness dhe gapd4c WEith the sids shiglds dbapandAgbuthe t he
si degs of ggetﬁ'ﬂ?&%s Q@Homﬁé]ﬂ %Lﬂl%ﬂiﬂéﬁ{?ﬁo% Sherdby r@dlfcﬁ@;lhé %18{ ﬁﬁl%in ration,

t he S1des one magnet cal | n turn”neans nched
gap turns fieldso a regul ar gap effectively vmthout any magnetical ly soft

si des. Therefore, e of t is 30
necessary to keep tﬁ’)?epTl Pfle fﬁ?‘i“iﬂ?“ tﬁ%&f(’lﬁ%‘f ore

sat ur at i O\rhpk&s fi tRCRguladtidabe hiidlded\HRRIS sabwnngﬁ 5 Mﬁw dt AEEvAtugation t he
wite current control. Another drawback of -5 c) 01126097 PCT/tJSQONn7356

the pi nch®aingass shewn FrFigsS.qliean be se5a thag althouph the 51ds fripging fields arpreducedount
f1 ovgg t hr gifatheld 6f Fig. 3, the fields in the track region are also reduced significantly,

preventing recording on high coercivity media. The cause of this significant reduction is

the existence of a path for the flux flow in the gap region.
A disadvantage of the pinched gap or side shield design shown in Fig. 3 is
that the pinched gap has an abrupt or discontinuous reduction to zero of the gap length at
25 the sides. As a result, heads of this type are known to have problems of extreme sessitivity
to write currents. As soon as the write current reaches the saturation value, the sides of the
pinched gap magnetically saturate. As a result of saturation, the sides become magnetically
hard, which in turn means that the pinched gap turns into a regular gap effectively without
any magnetically soft sides. Therefore, to take advantage of the pinched gap head, it is
30 necessary to keep the write current exactly at a value just before saturation takes place,
which puts very stringent requirements on the write current cdntrol. Another drawback of
-5-




soft. sides before satt On. The magnetic flux emanating itomthe gap region
Is therefore relatively small, resulting in relatively small recording
fields. This Woovn®%7 a critical problemfor recording at hcpbsuenssties. 5
The use of a non uniformgap in accordance with the present invention

resol ves these critical problens because the gap non-uniformty is

relatively C%Ebﬁidﬁusﬁapﬂéﬁ B dho® et datl Sfntch R Aob U io¥si 1RBudi el des a

gap having a varyi n% engt h.:.di nensi on across the %rack. Such conti nuous

reduction in Yoftesides beforrcsatitifion., The magnetig iy qmanating Fom theygap regiba jsaharefore
abrupt shi el dref

' ' | Laurati-on shown.in 10 Fig.
3, allows nagneat%'?%:k?Hngg’ Hf%m%%ﬁ% Z%é%ﬁgﬁgﬂ?%cﬁgﬁ&éﬁl N ﬁ%‘a%"@‘f‘?fea ‘6&}3& As usgd
herein, the preblem'faorecondingat high daisitiesnic| udes gap configurations for which

the gap |l ength is not onstant either alqng the dinension across the track
or al ong>t he di mensi on [P&PH G MORTUAIOTLEP R ACCREsiaRss il the, presqnt HIVERHgN s ur f ace.

WLh the presgiivaist BifQl Fobfhs 885hhe Sk Qsex%}a?@%lg%ﬁuﬁ?ﬂfshe 15

magneti ¢ charges on the inner sides of t gap effective e
recordi ng fi edcgossithetgap. A prgfesnad qenfignratibmprgsides agep haviag e vadyirgtiengttap control s

the focusing eff . s I there 1s.no sensitiyity to,

saturation cu‘r%lrilttézﬁlsg‘?n aégffs(s)rﬁ:ee t?“%%‘ ggﬁhucrog?x}u(%s %8'&%?%}“‘?‘%@“%%%3@%&3&@@@“‘ due
to the flux cesfornigag tuniike the abrapt shiefd regition irdtie squraredhicRPéonfitrafondhOPRgAt | On
t hrough the non-unjiformgap sides. After the sides saturate, the field is

enhancedi n tHg- 3aAlope 1 g spcangentme ip Biegegiomuader @ie gamyAs hed dpreist i ve
magnet | ¢_char @efchOnBRtnififil 16" irdfbes S Lofndlars ich e & gﬁk
saturation process. nIglﬁg. 4 i%ustratsegzab%sﬁﬂ gl tgﬁoggﬁlcpéﬁggoéag?%n q%g%l 50

havi ng a non-comsthnsreitheytongithe dimensiabcacmss thie tilackaor adorigabk dimensiaf perfeadioulaswnt

I nvention. T 0.l ncl. first and second poles 51 and 52 which are
made of mgn%?ggﬁ%éﬁgﬁéﬁﬁggﬁ%?'eri al s such as N Fe, 25 FeAl N, FeTaN, '
CoFe, CoFeB or CoFeN. Wiﬂﬂﬁepﬁkdnynéwﬁdimﬁhigﬁllahesigh,Mﬁ&%ﬁﬂ%ﬁkﬁﬁ’ate?ﬁ%i ty 54
S provilged bet ween the first and second poles 51 and 52. The di nension D

of the Xavi t§RERg0S charges on theduner sides 9fithe.gap ffgetively focns gherscardips Geldiim the
defines a no | M | I .
The magneti cnl;‘elgli(eﬂll](ijlﬁﬁE rom éhﬁggﬁaaﬁggféﬂgg%ﬂoéﬁhgﬁﬁ% @%ﬁ@@%{@% ?%a?%s@ﬂg‘ﬂ?%gi on
defi ned by t Hé&npeenditivity tokthevsaiurhtiony cupngt. | Befart e ssturating eccurs) tiR(felbinoicasesie

than the fiel nating from an ui val ent, conventignal ring head. \Wen

saturated, t hcheﬁ%”ﬁx_e%fc g?%a:ﬁgn Dy 4R g e ?%mﬁa& 89?‘ ProPasa ugh the

generating vedops-uniforny\Gapsides 6 Aér Mo bidelSeheikaté 36 field is enhanced in the gap region due
20 to the focusing effect by the effective magnetic charges formed on the inner sides of the gap

during the saturation process.

Fig. 4 illustrates a longitudinal recording head 50 having a non-uniform gap
in accordance with an embodiment of the present invention. The head 50 includes first and
second poles 51 and 52 which are made of magnetically permeable materials such as NiFe,

25 FeAlIN, FeTaN, CoFe, CoFeB or CoFeN. A generally cylindrical or hemispherical cavity
34 is provided between the first and second poles 51 and 52. The dimension D of the
cavity 54 varies across the track width W. The cavity 54 thus defines a non-uniform gap
between the first and second poles 51 and 52. The magnetic field from the head 50 is not
only concentrated in the region defined by the head track width W, but is also stronger in

30 magnitude than the field emanating from an equivalent conventional ring head. When
saturated, the non-uniform gap head 50 shown in Fig. 4 is capable of generating very
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strong in plane fields, e.g., stronger than 16,000 OCe, as shown in Fig. 5.
Also, fromFig. 5 it can be seen that a bead 50 as shown in Fig. 4 with a
50 nm di ar‘?@?@gzq”? capabl e of defining a track wi dth of PCRASHNZE6 of 80 nm
(significantly smaller than a 150 nmtrack w dth defined by the equival ent
conventional ring head descri bed above), which is suitable 5 for very high
recor di ng sikeng in-plane fiedy, e.g. gsteonger thanko0000%:, @ shotwinrilt Fig. Sal Alse rfsom Fig. | n

accor danceg Wi ' t.of esent invention, . desirable
field pr of?w&g{;‘r’m%s"g{‘?‘Ieagéé‘ﬁﬁaﬁe]gggdé‘g;}eg‘a‘:‘ﬁy“Wﬂﬁ?fghd‘."{ LS GBRO, i n t ho
vertical dtfinigta wack ofidth o€ thei obder (of 80 pRISighifitaitly istalldrendaat 150RnPiradd ' bearing
surface) as,well_as tg}?‘yé hori zontal direction. It should be noted that in

convent i on¥idtydedingd, by thecquxalens comyentional ping bead described ahoxe), whick ds suitable enai ns
const gnt f I]qu ; t LT J; to the |evel
of thg thrfgg?hkel ] lﬁgﬁg‘gg{df usf’?%%'é agl&t elggﬁgg_}r??%é%gfl&ﬁedd 36 of Figs.

6a and 6b. As showin ageordange. wina preéen@ld embbdimentrof theapresenicinventiomol es 37 and

38 defi ne uni.f ar 39 |l n accordance w t.h an enbodi nent .of the present
i nventi on, 'ﬁ%%lﬁﬁﬁlﬁ]@??af@e a4d ﬁeag‘ﬁ%?ﬁeﬁwd"a&‘?%ﬁ‘@t@ BromeEy IR 5 veghiFah,y
varying tMir@ﬁéhéﬁﬂéﬁﬂg(pbrﬁehﬁcﬂﬁﬂ’foitﬁé\botﬁhf&@ﬂmm%&ﬁfa&é)rﬁ%i} at g use of a
general ly el]ipsoi dal geonet r%, as shown in Figs 7a and 7b. The head 56

i ncl udes’ fharizentalgiresden nl shayid-be npred-that in gonyentipnallesigns the grpiggometiyiiny 59

t her glget They: | s ' ' B 0 DI ' nce

M vhineh copt agciauer o Bautipcorkald froem il VS BIVES pitedh B A Bhobl Suctle® 8100,

t he gap 59he Fvgisof thesthepath¢ighti 4 illustrated by dheermulerdional heat-3oofdige €a and 6b.anot her

nmbodi t 0_of. tk t . tion. FEirst d I 61 .and 62
eTbodt ot o SR i B HFE R om0 7S,
cavity 64 has an el ln pdcofiahcesigtpan eéthibodiigent 6f\@E presént ifvemion) theSmdgha@e of the

head 60, with inwardly curved sidewalls which forma narrow hollowtip
def i ni ng afifid AY gth areoptoliod byrvarying therg9n spgien injths vartical dixection,

cor r §3pondigydudh kiiGusk 8F & irerang eniPRditial gebhieHX ﬁﬁi@ﬁﬁés!ﬂ'lﬁ?ggo‘i‘gé R&a0ap 64.

The 25 inwardly curved shape”of "the pole cavity shown in . 8a and 8b
conpensat e ingndes first and sedopd peles 57 and Jcwittnah ellipsaigal eavity H2 therehetmaieny cur ved

wal.ls int . ' ' . . i .i.n Figs. .8 nd 8b is
o, | ner oas e AL eaief 5o LR, dRmii foke dRnSO M thibl ool iona? b B8

negl i gi bl ylosatishlof enaxineroflux éomcentatdenbelywkie gapSOct ure can be saturated at a
smal l er coil current, value than an eqgui ent conventjonal rin oke. 30
The snal | est cross-se&t %%mﬁdﬂgﬁf%&%é%b&wdé%ﬁewﬁt@gm% foter
currept VabiuRe plasdnt inventioRS tFiki addf;ecdﬁalpsles 81 ¥RKE2 KIRE ARbANEA Bai§ @@hosen such

that the narrowest yoke cross- -
. forming a non-uniform gap therebetween. The cavity 64 has an elliptical shape at the lower

air bearing surface of the he;d 60, with inwardly curved sidewalls which form a narrow
hollow tip defining a minimum yoke distance M. The minimum yoke distance M
corresponds to the location of maximum flux concentration béiow the gap 64. The
25 inwardly curved shape of the pole cavity shown in Figs. 8a and 8b compensates for spacing
losses. Another advantage of the inwardly curved walls in the generally ellipsoidal cavity
as shown in Figs. 8a and 85 is to increase the magnetic surface charge.
Because the gap length is negligibly small or zero, the present yoke structure
can be saturated at a smaller coil current value than an equivalent conventional ring yoke.
30 The smallest cross-sectional area of the yoke M saturates at a'smaller current value than the
rest of the yoke. A yoke geometry can be chosen such that the narrowest yoke cross-
-7 -



WO 01! 26097 PCTI USOQJ27356 section Mis |ocated above the position of the
pol e cavity. As the current value is increased above the saturation pt 't,
t he yoke regiwgeigeesind the ca ity starts to saturate. Bef orcriyspo/zdlse
saturation occurs this region is relatively soft and the magnetic field
outside the yoke is perpendicular to the surface of the relatively soft
pole materi al ' | : s g leCenfrBa" deRs at
the cavity susref@eﬁ:ueg)gﬁg(ghwgﬁ%&%lﬁxﬁ%&ﬂf%%&%%r‘{ggygg g%ape g?ﬁ '? he pg{lS\eéd
cavity effectibsed the baroratiers piitits thee yokeyregion atouad thefca\atycitarts npsatnzate. Baforditetalredi a

regi on. By adjustjng the shape of e.cavity, . the fie an .
cogl:ent ra%/ed 4aﬁn§{o§ﬁ>§1:qrs ﬂ?serﬁglt?ﬂ W{aqulyégo}ﬁ#ﬁlbe W‘Eﬁﬁg l?lrea%ﬁg?lfeclsf i el ds
are det er m neghohvdichir SUhé Affacs HRLERIARES isby pold rafeial. 14 @R\tedivh Qturkteg pol e.

The larger the surface charge is, the larger the field is, In turn, the
surface &har ge magmatio gharegs density atghe mxtwenrgaée ehchen ifs ardEgm: | Theiconcays shape

magneti zation . conponer f AC ' uch as

t hat shown i nOfﬁﬁ%Eae %’%ﬁ@@%ﬁ’% ésgﬁ%%oﬁéﬁgﬁﬁ%%&n%ﬁ%&gﬁggge at the
cavity becausggiohe Byaudjustingsthe flmpeofthe aavity Ate fields cambeeomentnaiéd ina sl f | ux
propagation direction, thus increasing the magnetic charge. 15 A nodel ed

al ong- t he- t r aXeRion of p BecORliRgMEHN My er sus the di stance across the track is

shown in Fig. 9. The gy Haphehic Hels bt ReehBingd by @ shrpidk eMurs de8fifnheSONM at
a |IOmflying height is approximtely 13,4000e, correspondi rﬁ% to a storage

density ¥ noeayity pfithn pole0 Gibe dargershe srfaeecahatge ds therlanges the el 4 Hartyeg heor

elliptical ga eonetri. . DL TR ] erein.. ral ot her
non- uni form g gﬁee er‘?é?shrglﬁg%é&rﬁlgggﬁf ﬁgﬁﬂ%gg‘?@l%ﬁgﬁgﬁﬁg@ o?%lﬁﬁégé?heads to
i nprove thei rcdgjohért Mbihed tothe sur€aeey Elhdep petimelries gudhiad ithan bhowado Figs nép andeshd's .
Al ternative enbodi nents include ‘g S havyi %g .curved glré facet %d cavities, of
vari ous shap¥il prpgptealargsr magnefee & {he Vty%ﬁﬂ?? CaVIY PTG SR AP ko e
having an axi eqx;,f-.a ' rorbhghtdR direéticBCtd Mereddmly BE agmitit eliRgd. i vel y,
the axis of t\;ngr cy |%3g:ﬂggliﬁt¥o?ﬁeigrmy be 25 parall el gwith %Tﬁe g
across-tie-track directA madekd along-thetrack fisldcomponent yersus; thhdistanne 4p@ss B¢ such
cylindrical hgles he £ rC I . Lpik.] o 1Ll I uare,
Lot angul ar, ek B 15 P 05 R ity Bbus ok ik eetort Jr B B o1
geonet ri es of 16mcying Beightrigampedimacely 16,4080 &etrespoadingto astorageaiensityaif moze g. |
one pole may have a curyed cavity and the other pole may be flat or may
have a cavit ytha®280GYtéRant shape. Any gap cavity having contoured sides 30
adapt ed to concentrat € gfholBARherflPRii4RECAI orleitiR GAPhdomefres e Phitnariye
advant ageous as conmpared to conventional uniform gap_Iongitudi nal

recor di n3P headescribedihgreie sqverabethesnopqygiform gap geometries may be used in longitudinal

recording heads to improve their performance over conventional longitudinal recording

heads. Alternative embodiments include gaps having curved or faceted cavities of vatious
shapes. For example, the cavity may comprise a cylindrical hole having an axis
perpendicular to the air bearing surface. Alternatively, the axis of the cylindrical hole may be

25 parallel with the across-the-track direction of the head. The cross-sectional shapes of such
cylindrical holes may be circular, ovular, elliptical, triangular, square, rectangular, hexagonal,
octagonal, etc. The various non-uniform gap geometries of each opposing pole may be
symmetrical or asymmetrical, e.g., one pole may have a curved cavity and the other pole may
be flat or may have a cavity of different shape. Any gap cavity having contoured sides

30 adapted to concentrate at least a portion of the magnetic flux will be advantageous as
compared to conventjonal uniform gap longitudinal recording heads. This description and
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-8 WD 01126097 PCT/ USO0/ 27356 acconpanying figures therefore provide only
representative exanples of the nmany possible gap geonetries, not an '

i ncl usi ve woeineé7 all that will work. Figs. 10a and 10b g@ﬁ ally
illustrate fabrication steps for naking a | ongitudinal Pr%g@%r [ n‘% head 66.

First and second poles 67 and68 are initially nade by 5 standard techni ques

to form adj ' ' trated in fig. 10a. shown in Fig.

| ob, mat e?%cai #sy?g%%gﬁﬂ%ﬁ? %;thegﬂ rS?reﬁeH@LquWplﬁ%ﬁ%@mﬁﬁpks 67 and

68 t o for rgap geoetriesyy nGiSn imalusivedist oftail s kéll wotk- uni f or m gap | ongi t udi nal

heads of the present.inyenti conyventional processes for initially

fabricating a |ongi ﬁ’tﬁir X@mpﬂﬁbs “‘@gﬁ "@E"ﬁg Tication stepy farimgkingar | engt h

defined i nofigininal ReGAMg A6 Firehid sbid mescdvq%ezle%eqmﬁaﬁy hlgefy 0, 25 10
nole, e.g.,” W

shown _in Fig. 10a. As a second step, a circular , a 50 nm
di anefer, Sandanddechgioupstodforys adizpentsectinny, asdiustratedineFighlGag As showh e Fiy. r

bearing s : s 1o P (o) Al ternatjvely. the circular
hol e can g@g@ﬁ%@%@%%@;ﬁ%yﬂ& %‘t glﬁ%ﬁqmgpaﬁfe#elﬁlwo pheri cal
cavity 69 dagity 69.ubt orderctd make Romunifdiin, gapiyngitudifal heads obide prézentiihvenbipre  may
be used whi c/hﬁn?uffici entI%/a_con eg,ﬁtlrat es tp)e magnetic flux generated by the
head 66. 1SPWRRRMAl proceyses {0F Mitiplly dabricating  loggitudinal ting head caypbasased 7 Thed 68 ar e
shown as hgii Qéfidth &éﬁnefhg;ﬁjsp}&ﬁs- ngtively
have differ eﬁ%ﬁi dths. Preferred rres'[ad%g‘éilg%(pﬁf‘elrrarggg ggﬁ?ﬁgﬂ%%ongl udi nal
head PecorshowyinEig. 4¢a. 1 Ava sespredssten, 2jcirgular hale, 6-g\c Withle 50 aoudiamieten cabbam

di rect et cfyj i t |t phy, with focused
i on beam |F§%:tusetg%{n%g&]€gibhgﬂ%§]?‘ggﬁoe @F ;ﬁg&eﬁilﬁ Sgglﬂ??gﬁﬁgﬁfaséhw Pocused

i on beam dig.clfb. AAltsmatiyelpthe cintular hoR: dan bie ldefised rag the ake? 1évieD . AltHoupl@si ti vel y
charged ions of. li.guid petal f exanpl |I'ium_ are focused onto the
bot t om surff g%g?yoye@%qlfﬁ?my%ds ﬂ@&% ’%gﬁ@?a"é(.rfﬂheﬁ guiablecqaxity ghape cavi ty
69. Dur i ngndyt yRed WAk suffiolRfthPERcaRRARS McSfagnbiic Mk deABRAYY 4R Hedd gpass! ng
through a suppressor,_76. The ions then Eroceed t hrough an® extrac

or and
spr ay- aperitlifoughythe wigths pf e fish and gego 67 gingh 68 exeshowmscbeing ¢qualiions pass

25 througlpiad 10£a%1E 1000 fhel RIS Q- Blekt Dot O fOCcus the ions. A
sti gmat or é is placed eg\’f%ter ?@é@ﬁ@@gggwﬁﬂp@%% 80. The ions then

pass through any onBrefirred meithods bf tnynuficturinigrd bbngitdinplcliend reeordings gaploraie nay be
selected to fur. . narrow.the i.on beam After exitin the aperture 84,
the ions Eg?gﬁt'%%ﬁﬁ%%ﬁfug? g’ﬁ%eﬂé"’m&{eﬁ%& Biéﬁ'ﬁ% ogiaphyand eptigal and

def | ect i onitasgsapiip) witldfocuded 361l beam! dirct SHingoehss thbst Prgdredl

addi % onal_1|ens, 80 before 30 striking the bottom gurffalce %I?éﬁhkggp?rast and
seco polf‘é%’sﬁi?ma?fﬁa‘%é“?% elching appagat]3 ¥ jliustrated in Fig. 11. Positively charged

ions of liquid metals, for example gallium, are focused onto the bottom surface of the first

and second poles 67 and 68 to etch the cavity 69. During the process, ions are generated
by an ion source 74, passing through a suppressor 76. The ion_s then proceed through an
extractor and spray aperture 78, which begins the focusing proéess. Next, the ions pass

25 through at least one lens 80, thereby continuing to focus the ions. A stigmator 82 is placed
after the first group of lenses 80. The jons then pass through any one of a plurality of
limiting apertures 84, which may be selected to further narrow the jon beam. After exiting
the aperture 84, the jons pass through a blanking deflector 86, blanking aperture 88 and
deflection assémbly 90. Lastly, the ions pass through at least one additional lens 80 before

30 striking the bottom surface of the first and second poles 67 and 68 to etch the cavity 69.
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-9 WD 01/ 26097 PCF/ USCa/ 27356 Fig. 12 is a photom crograph of the bottom

or air bearing surface of a Ilongitudinal recording |ad, showi ng a

non-uni f orm cerc@xeegap (depicted by the arrow G between fpcigikaoRisksSecond
poles PI and P2 of the recording head. The first pole P1 is the |[eading
pol e, and the second pole P2 is the trailing pole. The concave gap is

generally 5 elli psoi dalg.j h L th enqt 1 asured.in the
al ong-the-track hori zonI:'E1 1mﬁ8?$§%%ﬁ°%§?hﬁ?g%°%@‘?m8§% g{%ﬁggu%ﬁ oﬁﬁn
measured in t heghediod Secoting Kéad,shbwing a@mbh-ahiforth dofaie gip (depittedby the arewds
depth of 250 nm nmeasured in ver%ii(;%s di rection, perg?ndfpc I ary to the )gi r
beari ng surfa@@WW@ﬁt@dlsFﬁ%‘aiPBl&? L ankP2pithe recording head. cthefistpols Rhisdhee

present invempl,} h %icgﬁ fepefar : bout
300 nm wi dt hggagiﬁglp?%hﬁfotﬁ% out 1;5%6 its%liég%elout le(r)m'%ﬂ eang gggﬁ]‘éég’?&@?’gm
about 50 3o akbipsoidadin shape Wil & keingth of 18 nm umeasupednin geeplong:-the-track hovizordal

cavity, instead of the unjfor In_conventjonal ri ruct ures

provi des seveﬁﬁf‘%ﬁﬁ\‘}hﬁlgag%sa %&§%W¢W5§H¢%ﬁros§' eré}ﬁq‘fgthﬂ_‘@n gh

densi ty pot eniirédtioR in BigVZ nind @/@8pth bOPSD rirkl diefldded\ifi b vertiba AgteciRaipaipendidular
form ng a non-uniform pol e cavi t%/, unli ke the two-di nmensional gap slits in

convent i onal stheaisbeg syrfacec SNRenAliRIoigal Bapsase Bivd dt acsopslancs wirhghe PresaXi bl e
control of t hguvﬂﬁﬁ,eﬁﬂe% _tsﬁvﬁlclﬁwhav%tl ﬁﬂto?ﬁ‘oﬁ’}@oﬁrspftd LRt m%ﬂfﬂs By ﬁ; e

recordi ng head. e no orm gap geonetry allows t ghetic ux to
concent r ¥ e i abduh50 gegbouts1i0am, and depthsad Sionpabout 5tto wkduy 582 amng and

| ocalized fields in th I sk reqion under the gap., This.solves.the_problem
of conventional ring ﬁ%egf&ngiaﬁmamn%ﬁuqﬁa@,gﬁa&%%ﬁegﬁwbsl e ?@‘8‘35’9 gap
I engt h. Consegunh tohvemRidnhiongy structafes provited severaDadvensies.i ThOpeentinvagiohhe
present non-uni formegﬁps can be used at densities well beyond 100

Gbi t/in2, whi P&endsdhehigh densitypatential of conyeations] longifudinal wris hedd designs by i ng

heads is appr@%hﬁwg{' . bbte iciNiry, ARk %ﬁ{s h

i nvention is that ﬁ%%ﬁfgﬁgg%ﬁgﬁwf ecor %ltaﬁ—hea %g@sg‘ié]%}%t %e%&?%gggﬂrraj or
change ol5 cur designs. fTabrcontaurébgrppegicraliomes for motedlekiblercontoal tof the masgnetivfield

el ectronics. 25 er eas rticul enbodi nent.s of this invention have been
described aboJ&R8 Fn@gﬁpﬁgegggneg?tgqumtﬁé’ﬁ;g]{&fengh{eaﬁﬁ%rpp— IR, FWSATPIEDY ¢ hose
skilled in theldisthé hagnefiv flax alconcentratedh theRap figichhtuslelsing felaivelyaons amient
I nvention may_ be made W t hout departing fromthe _invention as defined in

t he appended &gcalized fieldy in thgdish resganoundesctire gapo GYhgs7spbyss the problem of conventional
ring heads in which the track width is limited by the gap length. Consequently,

20 longitudinal recording heads incorporating the present non-uniform gaps can be used at
densities well beyond 100 Gbit/in?, while the maximum density achievable with

conventional ring heads is approximately 30 Gbit/in>. Another advantage of the present
invention is that the longitudinal recording head does not require a major change of current
fabrication processes or the introduction of new electronics.

25 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,
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This Sheet Has Been Replaced 11111 [0t ettt 1l We claim 1.
A longi tudi nal recording head for use vmth a magnetic recordi ng medi um

the | ongi 1Bgde7 r €cor di ng hea irst and £s defining
a non-uni formgap; and meang,f r oncentrat| ng magnetic vveen t he
first and second poles int quiacadhe gap to produce a | ocal i zed
magnetic field in the nagneuﬂ, ium 2. A longitudinal recording
head according to Caiml uni form gap conprises a cavity.

3 A | ongi Wedilgimt recordi ng head accor d| ng to Claim 2, wherein the cavity

Is curved. 4. Alongitu rec rd| ead according to Claim2, wherein
the cavity is cylihdri %ﬂ’ B&S%?MF“%WHW@QHEWOMrdl ng to

Caim2, wgshRl thell ,mgﬁm,teyorgﬁ Edd@mpAismgbst antial |y el lipsoidal or
hem spher| cal shaeplgﬁ\g . | ongi ?ﬂdl nal recor di ng head according to Claimb5,

wherein the cavity comﬁﬁtmsﬂﬁmdnfd&deﬁmgﬂmnmﬁymwvw wall. 7. A

| ongi tudi nal recording cav ty has a
| engt h of from about 50 %gg@c%%n%&a% cﬁxﬁb%t\?%? @&%5%8’6‘! egﬁn o0 about
300 nm apélesindbpibinity of ﬂﬁrgaplhnprbdlﬁﬁ atlocalibed thagnélit fie)d intthe Aageeig isfortge nal

recording head for use with a magnetic recording nedium the |ongitudinal
recordi ng“ﬁ@&ﬂ‘-corrpri sing: first and second poles; and a non-uniform gap

defined by the first ang ﬁ,ﬁﬁmmhap@caamg%eaﬁdcaaﬂig&mﬂﬁh WheRI e dodicad
according to Caim8, wherern the non- "uniform gap conprises a cavity.

uniform gap comprises a cavity.

3 A longitudinal recording head according to Claim 2, wherein the
cavity is curved.

4, A longitudina! recording head according to Claim 2, wherein the
cavity is cylindrical.

5. A longitudinal recording head according to Claim 2, wherein the
cavity comprises a substantially ellipsoidal or hemispherical shape.

6. A longitudinal recording head according to Claim 5, wherein the
cavity comprises at least one inwardly curved wall.

7. A longitudinal recording head according to Claim 2, wherein the
cavity has a length of from about 50 to about 300 nm, a width of from about 50 to about
300 nm, and a depth of from about 50 to about 500 nm. |

8. A Jongitudinal recording head for use with a magnetic recording
medium, the longitudinal recording head comprising:

first and second poles; and
a non-uniform gap defined by the first and second poles.

9. A Jongitudinal recording head according to Claim 8, wherein the non-
uniform gap comprises a cavity.

10 A longitudinal recording head according to Claim 9, wherein the
cavity is curved.

11. A longitudinal recording head according to Claim 9, wherein the
cavity is cylindrical.

-11 -
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10 A longjtudinal recording head according to Claim9, wherein the cavity
Is curved. 11. A longitudinal recarding head according to Caim?9, wherein
the cavity wo@gbondrical . -11 1112 11EEE THEEDE TE 1D petdokdaladssé ! L WO
01/ 26097 PCT/ US00/ 27356 12. A longitudinal recording head according to
Claim9, wherein the cavity conprises a substantially ellipsoidal or

hem spheri cal shape. A e o Caim
12, wherein the cavi t]‘?/ conpr@léﬂargﬁ%é%é%ﬁe%ﬁgw%d\%ﬁg%ﬁgﬁ&ygﬁr 14. A
| ongi t udi nal cdvitg etdprings h&aﬂtaaﬁm@remp@@dﬂmmsmﬂcalmé ein the caV| ty has a

| engt h of from about 50 to about 300 n a w dth of from about 50 to about
300 nm and a depth off3frofh hrafl accorstingtq Clam 12, wherelnghe of

maki ng a gapcﬁﬁ?\é@ﬁﬁﬁeb ﬁtslf:ast"‘&ii ﬁ@ﬁ'ﬁi}‘i‘.u%h of a longitudinal recording

head for use w magneti c recordi'ng nedium the method conprising the
steps of providing firldt aAdomandrady&n@mdwmgmﬂmm ederamgtba cavity

wherein the G bt HiepdS BF REm3Bo 30 ¢ sboet 05 VLRI e e dbirmt or | a
fromat | eassommg, ﬂ;ﬁatdepﬂlfdfmina’bﬁﬁimSMtgmm 17. The met hod accordi ng

to Claim15, wherein the step of creating a_ cavi t%r,sl s acconpl | shed usi ng
f ocused i on beam di r ed®- et AHngthpd of gnaking a-fap befwser: peqagd plss of a1

wherein the ifhidhal fefilinfSfad o Soc fiorB n'gmrmalféSQ{dﬂigthﬁ%i‘iem,Spﬂig“Ca’ “wherein

the cavity conprises a bstantially ellTpso | shape.
Thi s Sheet | GasprBegtthegémotd 1'i 1 11111f I1LH11 (f11 -12

providing first and second adjacent poles; and

creating a cavity between the first and second poles.
16.  The method according to Claim 15, wherein the step of creating a
cavity is accomplished by removing material from at least one of the first and second poles.
17.  The method according to Claim 15, wherein the step of creating a
cavity is accomplished using focused ion beam direct etching.
18. A method according to Claim 15, wherein the cavity is curved.
19. A method according to Claim 18, wherein the cavity comprises a

substantially ellipsoidal or hemispherical shape.
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