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- 1 - PATTERNED MAGNETI C MEDI A FOR MAGNETI C RECORDI NG
5BACKGROUND Dat a storage devi ces encode data on
a magnetic recording nedia. Data is encoded on the
magneti c recording nmedia in |ongitudinal or

per pendi cul ar recording patterns. Magnetic nedia for a
per pendi cul ar recording pattern typically include a
magneti ¢ recordi ng | ayer and a soft nmagnetic
under | ayer. The_10 soft etlc under| ayer provides a
magnetic fl ux pEAH‘EEﬁMEPa YayHEWIA field in

t he magnetic recEEﬂih@ACQWEFKZR&KKDREHBHBS for data
storage devices are becom ng smaller and nore conpact

t hereby increasing demand for higher recording
densities. Wth higher BACKERGGNdensi ties, magnetic

recqrdi ng wi dths, are be ng smaller and co
t he Liptaitorege dREiceF FF%OC%’oH]%taW}bPé“?%“%: HSPIURG ?mte@la Data is

en@(fcfet%' d@ﬁ? rﬁggﬂllétﬁlr .rE@c&%% gﬂﬁégfggﬁryﬁgngﬂﬁggﬁg;ne géc}l&ilcular
redd¥dirye phftietss. pOM%ang%ﬁct MHédlid o "R gh&peAdiculrd redbraheg pattern

magneti c recordl ng | ayer. Enbodi nents of the present
typicalgninobwdpa onagletivalectiding layer tanesesefh dnagrietic underlayer. The
robl ens, and _offer other advantages @ﬁr the prio

mag%mmm\l@yer proviges aamgr@af—u doeenhagcg the magnetic

d f '
: e@@ B SnaR R FFrEE oo ofy DRSSOk Rabh pRgRe dfyices are
be®Sthid g@&all@'?' &l | ek @%n?ﬁa%b ecﬂe E&'}ﬁas‘?ﬁﬁe net%gl‘;ﬁd for higher

magneti c underlayer. In I'Ilustrated enbodi
recoedlingrdgmsitiess  Wite hlgifertrheom dehsitie$, alagnétic f@:bmhng widths
radially and 25 circunferentially spaced recording
argyibesomning wanallgr sansbiconpegyreatlyc tlzaagﬂdﬂn of| the wrifet peleeWpole is

enbodi nent s

NEIH TSR ARt g
wxjét%y Sle 1 1t9ttﬂg rmﬁ%%?&&@‘?mxsg%ﬁé}giednw '\ﬁrltﬁégfes aftd Ghus the

Sli te In etc regi ons-or areas Oﬁ the

mdgrieeic fi@at i €ge aﬂaﬂgrk@ﬁefécbﬁdm%a ty@h arBgbedirients of the present
enbodi ments of the present invenfion will be apparent

in@Mtigporproeal rsghttmnsf &b | these gardtb t athier dpehddems,ptaindn offied other
dr evi ew of ttﬂ ssom at ed dravvl ngs. -2- BRIEF
PRReEFPIY e QAT bRA

SUMMARY

The application relates to a patterned magnetic media for a magnetic
storage device. The patterned media includes etched recording portions, which
include etched portions of a soft magnetic underlayer. In illustrated
embodiments, the soft magnetic layer of the media is etched to form radially and
circumferentially spaced recording bits including a soft magnetic segment. In
illustrated embodiments, the soft magnetic segment enhances magnetic field
strength of the magnetic recording layer. In other embodiments, soft magnetic
layers are deposited in etched regions or areas of the media. Other features and
benefits that characterize embodiments of the present invention will be apparent
upon reading the following detailed description and review of the associated

drawings.



10

15

20

25

FIG 1 is a schematic illustration of a data storage
devi ce. FIG 2 is schematic illustration of a
wite element of a data storage device configured to
record data to a data storage nedia. 5FIG 3 is a

schematic illustration of a wite pole and data
st orage nedi a havi ng rai sed-2-ecordi ng portions.
FIG 4 is a schematic illustration of a wite pole and

data storage nedi a_havi ng raised record| n ortions
i WiRCS

i ncl udi ng a RREAEPESCRIRBIQINAGE JEHAEM:

t di at t etched
3 e Mok« JRR e SRR s
andpRpii 15@?@{%&1‘&‘5 1Hﬂgl‘?5’31§‘r)( of 3 write elééat of d dafh storage device

schemat’i ¢ [ustration ata storage nedia

coriffiireditd gecorflldatate 4 aef stordgeatiediacor di ng bits.
FIG 6 is a schematic illustration of a magnetic )
r ecBlCdi hi gs mhamaav iiHystraticr of rewuitdi paje winds dptacstosagegmedia
a nmagne cordl ng bit segnment, an internedi ate 15
hayng rdisg ﬁqor HE BB O ¥agnetic bit segnent. FIG 7 is a

f I opcehpgd 'Jchb’&%@%ﬂﬁ%@%ﬁ of g Wﬂe%cﬁ@%ﬁd" a %}%e media

st orage ne ["ustr at'es ane

hawth ardi'@darédo@ﬂﬁ%e ORGE iritdh dHah §ng aghétid Ye@flﬁalng segment, an
Ci rcum‘ erential I'y spaced recor

ing brts havin
intemgediatec segrendi anyl biaft seggeetic segmeadi efichyd sg@ueda magnetic
e ﬂlngtracks |[€1§Iud|n ft magnet i rack 20
recgé‘%ﬁ‘g @ger, intemedjateslaygr an L IRRGREHHU &ent of a
dat ge in e eqd_regcardi ng. t. .
ol 165 Raes sorem gt bt e e Tupr Bk fala, rffiRting
pldrﬁﬁ@féi‘ﬂa%eaer@%ngl}ﬁsnon magnetic segment.
10 1s a schenmatic illustration of a data storage
nmedFEG.i fid$ adsahgnettezhdlisBatioacol dimggpetid ressdinge miiadaving
a soft rragnetl c segnents and an anti-ferronmagnetic

raigpsipsardipgtbilsdncludeng s magngjicaecerding diftegment, an itermediate

o g o 4 B Rt kB Ry oo o oo T

FIG. 7 is a flow chart illustrating fabrication steps for a data storage media.

FIG. 8 illustrates an embodiment of a data storage media including radially
and circumferentially spaced recording bits having a magnetic recording bit
segment and radially spaced recording tracks including soft magnetic track
segments.

FIG. 9 illustrates an embodiment of a data storage media including etched
recording portions including a soft magnetic segment between a magnetic
recording segment and non-magnetic segment.

FIG. 10 is a schematic illustration of a data storage media including etched
recording portions including a soft magnetic segments and an anti-ferromagnetic
segment between the soft magnetic segments.

FIG. 11 is a flow chart including processing steps for fabricating a data

storage media.
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- 3- FIGS. 12-14 schematically illustrate

enbodi nents of a data storage nedia including etched
recordi ng portions having a magnetic recordi ng segment

and soft magnetic segnment and internedi ary regions

bet ween the recordi ng portions including one or nore
internediary layers. 5FIG 1% is a flow chart

i ncl udi ng processing steps for fabricating a data

st orage nedi a DETAI LED DESCRI PTI ON OF | LLUSTRATI VE )
ENBEEI%/EW schematiqafly fllustrate embedimentsi ofl aidetastozagg media

) ata storage device 100 |{nc)Juding a nagnetic, nedi a
me r‘ﬁo‘?tcé?‘i) r'fg 9’&?&3 iPPHlOIi‘%?“BYW& f a%'?etéfaf%.or‘(iiwgt prgment and
i | t odi . ' i i .
soff ek S alhe SRR R iah g TBH: BeshQigy! fhedrfbitfing portions
incﬂ@&ihgtdr@bﬁ{lo?e ﬁﬁéﬂ?ﬁécﬁaf@la%rs( not shown). The device
100 i'ncl udes a head 106 to"read data fromand/or wite
dat EIG.01% lie anflgwechart dndadiong peodeasih@2steps fahdabricating a data

head 106 is carried on a suspension arm 108 coupled to
stoppgemedia or assenbl y 110 (illustrated schematically)

the. PETREED PR TIGNDELRHRTRIGTE BMRobMEN

i1 pRET ftigdh %ﬁﬂﬂ@ﬂhs&aﬁesa&ft H"ﬁa@% s?&)%@@tﬂexlri]&_l@m including a

i ncludes a voice coil notor (not shown)“which is

magnetigimediat 102 aftiradtbsingraligithhinfbraatidd) @rt datposin ithe illustrated
the head 106 relative to the concentric data tracks

empelimentd thevredia dpisar Hisaswhitheratates ag dlbustrated by reew 104 via

OPEREHR ! LTI TIRLTIRE SBP b he b U0 Ml e 106 to
. Lal arst. 3

rea R R e of MR b o Il e MR 20 A fphown, the

he&ID06l igreditied i suBpérision drmi108 avuiplel 6 afivRtuatéadsembly 110

configured to encode data in a perpendicul ar recording
(illpstrated schosatidadiyh whittemavies ehechearkrelativaOtogionwentiia tiicks on the
disc or media for read/write operations. In an illustrated embodiment the actuator
assembly 110 includes a voice coil motor (not shown) which is energized to radially
move the head 106 to position the head 106 relative to the concentric data tracks for
read/write operations.

The head 106 includes an inductive write element 120 as shown in FIG. 2 to
encode data on the disc or media 102. Data is encoded in a parallel (longitudinal)
recording pattern or a perpendicular recording pattern. In the illustrated
embodiment shown in FIG. 2, the write element 120 is configured to encode data in
a perpendicular recording pattern. As shown, the write element 120 shown in FIG. 2
includes a write pole 122, a return pole or shield 124 and coil 126. For write
operations, the coil 126 is energized to generate a magnetic flux path between the
write pole 122 and the return pole 124. For perpendicular recording, the magnetic
media 102 includes a magnetic recording layer 130, an intermediate or non-magnetic

layer 132 and a soft magnetic underlayer 134 (“SUL”). The magnetic recording layer
130 is formed of a hard magnetic material that has low permeability and high



10

15

20

25

includes a wite pole 122, a return pole or shield 124
and coil 126. For wite 25 operations, the coil 126 is
energi zed to generate a magnetic flux path between the
wite pole 122 and the return pole 124. For
per pendi cul ar recordi ng, the magnetic nedia 102
i ncl udes a magnetic recordi /g | ayer 130, an
i nternmedi ate or non-nagnetic |ayer 132 and a soft
magnetic underlayer 134 ("SUL"). The nmagnetic

coer Ty éq’rrrgcwr dats The S‘Pé Flh%leéiﬁ uRdgHAyeTa é@f@ﬂ% of a weaker or
mat er |

| bi li d h
soGaldr: e Rt TRt Bbrddopaef a0, he st
magxgt i Ia?lé? hab fe?e[ﬂ‘{}?egy Nh%}{" ﬁgﬁﬁgﬁfﬂlﬁf a@ rElaE@Gl@lefd\A? cgerc1v1ty to

relativ gnetic recordi ng Fayer

proVide s0hiaghetioeflice paaly efor the mageakht ireedrylithg dayer. Example soft
permeability and rel atlvelé | ow coercivity to provide

magnefigmeterials ingludea NiFe or Co eNhagnet icr ecor di ng | ayer.
CE:XO l r? e%gll‘cgtlzqsyﬁgﬁgfgtﬁs rce}l ;{%e aI I ncI %@ye{ ﬁ%ﬁl provides
|
R %ﬁ%ﬁ T, s e

ma éﬁtsﬁéidtdmhéfﬂ&{t@tpdre izﬂk@lo@gh H’(éem‘ﬁ/ghétﬁ: ﬂa@bﬁilﬁgza er 130 to the
hrough the magnetic recording |ayer 130 to the return

retyml gole 224. Infermedisde fyer 133 isra 1@2magnetio tayembgmeed of a material,
s Cgayer formed of a material, 10 such as_CrTa or N Al
u

e ETaeNiA! anddn d@eértys%rmqns@ captkogirBRis Prapsriigs of the
maéﬁgr efa (tjfn% f&&o 48 nt% 31%’11%1 #3%9 oé (%{ OQB& c!r sta}l%gliaﬁgy of the

crystal fogta

grahgqgrtgéf&&(ﬁyl qay’lé;qQ,g As previ ousl y d| scussed t he
coil 126 is ehergized to generate a flux path through

t heAsgyeeibuslyr disoussedgtieagesl 1266 tnergixeal tb daherateoatfhex path
%etl c recording_ is layer 130. The di rectl on of
threugh the magpefigrecordingdayer113§ togegondedata t@d e maghetic gacording

layPE & ey v 16, Pubrep efenbiehy B85 o2 & aPardd o spapee the
pol%llqgrsof1 the R/@trlfe' putt #2 afd ﬁn%oe\l{er 1Rérdorsin rcﬁfe%ﬁgn oP Pr@lanty of the

t directi‘on to provi magnetic Plux path

recoitingrlayer 30| elnlparticalar, caninl2b ieenergized i & dizxdt ditection to
The coil 126 is energized in a second direction to
proyids, pd@agang:gﬂgppgth%{gm the write pole 122 in a downward recording

direction. The coil 126 is energized in a second direction to provide a magnetic flux
path toward the write pole 122 in an upward recording direction.

As shown in FIG. 2, the magnetic recording layer 130, intermediate layer
132 and soft underlayer 134 are fabricated on a substrate 136 of a disc or other
media (e.g.magnetic tape). Example substrate materials include aluminum, glass,
ceramic or other materials as will be appreciated by those skilled in the art.

In the illustrative embodiment shown in FIG. 3, the media or disc 102 is
patterned to form raised or etched recording portions 140. During write
operations as shown in FIG. 3, the write pole 122 is positioned proximate to the
recording portions 140. Upon energization, the write pole 122 provides a flux

path focused in a subtended angle 142. The pole image in the soft underlayer 134
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20 path toward the wite pole 122 in an upward

recordi ng direction. As shown in FIG 2, the

magneti c recording |layer 130, internedi ate |ayer 132

and soft underl ayer 134 are fabricated on a substrate

136 of a disc or other nedia (e.g.mgnetic tape).

Exanpl e substrate material s-3-ncl ude al umi num gl ass,

ceramc or other materials as will be appreciated by

those skilled in the art. 25 In the illustrative )
pro¥idasch senraghiovge angle 34430 fores feeimagaetigitiex ipphe zecording

oy 50 S PP eSS WP 122 ane
et BACPPL B2 R QI SAPLEITHAL LN pole image

angh®1¢4 b22hesofti egneétid Lndefaydt TAdcdefate the magunbtiefidbd B in the
angle 142. The pole image in the soft underlayer 134
recorsling tayer de poaticnnFonan mifinktady dhigk avritegpale 123dhe nmagnitude of

magnetjc.flux . in the recording l.ayer or portjons 130 .
the ZReentis field Binfheccitsn Qhthg aFFPraBEARRT oF ROEHQR iy Piepertional
to: and return pole 124. The subtended angle 142 of the

"wite pole 122 and pol e i nage angl e 144 of the soft

Megpes (B @atd-ﬁ[mole,l%ﬂef{aagmgw})i c field Bin

the 5 recording 1ayer or portion. For an'infinitely
thick wite pole 122, the nmagnitude of the nagnetic
field Bin the center of the recording | ayer or

por.t i ' [ ' tO: 7 )
Do R B eI R IR BBy the Fbg @it e RN layer
fiebg ié the RuARIINHAWObS tHe8W FBRIPSTEI1R2) ecordi ng | ayer;

Bsat is the saturation flux of ' the wite pole 122;
WhOlVgold is théreridéitdofthefwiiteepaleil®®; pol e 122; DsuL is the

di stance _of the wite pole to the top of the soft )
magnet i Pundeheadistancepf the dtepeledodhadop o4 the soanagnetic
that the center offthcf dia is half the distance from
the wite pol®9SRYELPe top of the soft magnetic

un Dso t [ Mpai
Daﬁl,q{ér 2}3?2@ (]ee;{f“ sa ?ﬁl eaéssu t%sn Elgacf gﬁeg ?E‘qﬁz&g% ﬁ{g@d\/\}r\éﬁge%lf the

distaoke fiRA thedviifopele3sTEDto Haptds eftlse s6ft magaetiangterlayer 134
144 fromthe soft magnetic underlayer 134. Thus as
(Dspi/23)s {n sheabovenequadipneWVipee fADwi depresemigithe subtended angle 142 of

the write pole 122 and Wpole/3DsuL represents the image angle 144 from the soft
magnetic underlayer 134. Thus as illustrated, the magnetic field strength B is
proportional to the subtended angle 142 of write pole 122 and image angle 144 of
the soft magnetic underlayer 134. Form factors for data storage devices are
becoming smaller and more compact thereby increasing demand for higher
recording densities. With higher recording densities, the recording widths are
becoming smaller and consequently the width of the write pole Wyoe is narrower
to accommodate the smaller recording widths.

As illustrated by the equation above, the narrow pole width Wpole reduces
the subtended angle 142 and image angle 144 of the recording media. This

reduces the magnetic field in the recording layer for a give magnetic flux
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20 proportional to the subtended angle 142 of wite
pol e 122 and i mage angle 144 of the soft magnetic
under | ayer 134. Formfactors for data storage devices
are becom ng snaller and nore conpact thereby
I ncreasi ng demand for higher recording densities. Wth
hi gher recording densities, -6-he recording widths are
becom ng smal |l er and consequently the wi dth of the

ole Whole is narrower 25 to ac%onnodate t he

wite I : .
Satglf?éanegsaw@ctbfemge pplgt1R2. In illustrafed pmbeéimgnisdesgrippd herein,
e tion abaove he r.ow, pol.e wi dt h te reduces .
thel F R R Al e 10 16 A TRHlge e B amagheifc pole image
144rt%qﬁmhwtﬁﬁ%gne@ﬁadriMHs_%%a Bic @@&}am%alageﬁh@b.l n
the recording Fayer for a give magnetic flu - 6-
satluv partivaldss &i anfilliidteated iengbgutihent 2Rowinnin FIGISE, thé eecording
enbodi ments descri bed herein, the soft magnetic

layendap anceetcted seft anagretia undatayere 184 arengiehad ¢o gorm raised

Tt Sob o % RN b et et 152, an

o ; . I .

intogimefBbfe Y EIRAE RBP4 5558 thagrfic KEEREA 186, The

rec8fding! pHRIGris015(P 8 dHfvee Anl BEG! 4i piébvid@é tar0R&ched0soft magnetic
i ncl udi ng an etched magneti c recordi ng segnent 152, an

segimererlPedvhich inoreasegyoettribusiogneithe 1t sragnatis afnderlayer to the
magne},i c, segment. 156. The recordi nggporti ons 150, as

magRetin field generate Jecerdling Layes 130+ dn pagHatlap the etched soft
: . o cof
map O Er Rl 1) b RS RER 1SRRG e Py BP0 of e

mekifh, FHi@x [@kaEd E@E\deﬁé@{/ g%éﬁortidi‘\ap?é the dlstincel didh@lsetefagnetic
soft magnetic underl ayer 134 reduces flux |eakage in

unddréayetr ciH frargi thes wihe pbld 182 nadd ethubl the ktrhkdgsoft smagnetic
i nversely proportional to the distance of the soft

unglerdayeri egionsemaigase e distansget pk the isoét poderlayer indhe etched

t hu et.ched.soft etic underl ayer regions
regiofii B o Be St bate 187 Mereby Ffindldkabe? 1°: e
et i f: it e1bo ; .
CoFIRe. o HSEANE AL IR WheldtHOuERdS Zel B bortions
incluuer a plheal&?rcb@dadiaﬂy ratidhgirpamférensiallpdpaded aecording bits 160
0

plurality radially and circunferentially spaced
eleyated ralpong reessed ep etshed pastiond 462 on dhe srediaofs sheyadn FIG. 5,

R B e o o Py S ae s
to StdrkPL iRl d¢Y a3RARESA0E BhetR Afffnetic media. In the illustrated
embodiment of FIG. 6, the plurality of recording bits 160 having an etched
magnetic recording segmeﬁt 164, a non-magnetic segment 166 and soft magnetic
segment 168 formed of etched portions of the magnetic recording layer 130,
intermediate layer 132 and soft magnetic underlayer 134. In the illustrative
embodiment, the raised recording bits 160 cover approximately 25% of the media
area and the recessed or etched regions 162 cover approximately 75% of the media
area. Thus, in 75% of the media area, flux leakage is reduced via the etched
regions of the soft magnetic underlayer 134. Also, there is no loss of magnetic

field in the recording portion or bits 160 since the soft magnetic underlayer is
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20 to store a bit of data recorded on the magnetic
media. In the illustrated enbodi nent of FIG 6, the
plurality of recording bits 160 havi ng an etched
magneti c recordi ng segnent 164, a non-nagnetic segment
166 and soft magnetic segnent 168 fornmed of etched
portions of the magnetic reebrding |ayer 130,
internedi ate | ayer 132 and soft magnetic underl ayer
134. In the ilkﬁstrathve 25 enbodi e

. 1it, the raised,
etched dn dhR gingeraediary ERGieR REIHICER Wﬁ@@pgmww{eglts and the

. ediacarea and the recessed or_etch [ eg .16 .
cisERe Pt 5 o Minrdf TR RGP b BT Pyl 1221 the
sar{@d8 B the@n PSR i®dstrdtbgFiGeskage is reduced via the
etched regions of the soft magnetic underl ayer 134.
Al so, FIGeY dlusirates 4 flosv cliartilpmsetatingf arebmhbodirhbet for fabricating
recording portion or bits 160 since the soft magnetic

a reeadinganedia includingetespeding rparkiens heging:aisaftymagyeln segment

os RSy CRRIR SARSEM RS, . LSBT sk halnslver i
e T S
depusitsid @i gprittering’ tdchBiquest | 1Y step 172, a non-magnetic layer 132 is
deposited on the soft magnetic underlayer 134. As shown, in step 174, the
magnetic recording layer 130 is deposited on the non-magnetic layer 132.
Thereafter in step 176, the magnetic recording layer 130, non-magnetic layer 132
and soft magnetic underlayer 134 are etched to form the raised recording portions
having a magnetic recording segment and soft magnetic segment as previously
described. Layers are etched using photolithographic techniques or other
patterning and etching techniques, such as reactive ion etching (REI), chemical
etching or laser etching. Although illustrative steps are shown in FIG. 7,
additional or intermediate steps can be utilized to process the magnetic media as
described.

The etched depth of soft underlayer 134 can be optimized using finite
element modeling (FEM). The FEM is used to balance magnetic properties of
magnetic underlayer 134 relative to flux leakage of the soft magnetic underlayer
134. For example, if the etched depth is too deep, the flux path between the write
pole 122 and the return pole 124 is degraded. In contrast if the etched depth is not
deep enough, flux leakage limits magnetic field strength in the recording layer for
a given write pole saturation Bsa. Based upon FEM, it has been found that an
optimum depth is provide based upon a ratio of the pole width Wyl relative to
etch depth. Optimally, the depth to pole width Wpoe ratio D/ Whple is in the range
of 0.5-1.0.
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5 a recording nmedia including recording portions
havi ng a soft magnetic segnent as previously
described. As shown in FIG 7, in step 170, a soft
magnetic | ayer is deposited on substrate 136. The soft
magnetic | ayer 134 is deposited using known deposition
or sputtering techniques. |I-step 172, a non-magnetic
| ayer 132 is deposited on the soft nmgnetic underl ayer

134. As shown, in step 174, the 10 nmgnetic recording

| ayBlG. Bilusiraireass pltetnasn eothodimantal A diatierned apedia structure.
s THGTEShE gl SR o5 A Bl HEGRE B9 Y8t ractiay
A N ) S PAR I ROR AR DI/ droPa pu iy L EAE P dpaced
recORURG tracks AFAE NAsashoiE \the wedordHes bits DE0 indlaye ekchrtdemagnetic

_etched using photolithographic techniques or other 15
bit segments hip and the chdiallytspabed gemsding tiacks 172 indide an etched

ion etchin REI), chem cal, etching or |aser etchin
nongy ek Septieng o 72 apd stk TRRBARTS ragk segment 178, The
. o or i . i .
8] QAR e DL TR PR ARG 780 o magrei
segddtititoWriciRfih aldachiadieéctibwhith &f Ritfddliceedad Yabl noise and
finite 20 el enment nodeling (FEM. The FEMis used to
writelpaowess vagakility. fihe perdridésg bits emdnetcks avenfhenherd/by efiching the
relative to flux | eakage of the soft nmagnetic

magpgide regpedingslayerb30 vxa fissteetching: siep apdifichingfha nog-magnetic
to eep, e flu at h tween the kte pole 2 d ‘

layp 358 888 5o Bragntbs TR L BER Gedcht Elshinfe, SEef AlfepBtively, in

theCrAB6SintE Rt iNubGatedl indEeP & 'Pl‘?eﬁ Bfthedi|dbhth @RKRESott A Setic layer
magnetic field strength in the recording layer for~25

or segnents 168 ilasslthas avidtht dienerBiaris oBake daispdreE&dingtbits to
has been found that an optinmum depth is provide based _

redygerthe prapensitif of keversical yranantpeignetization én the spfhmagnetic
de th1 gptinally, the depth to pole width Wok ratio

See il88is in the range of 0.5-1.0. -8- FIG 8
|| pit IR IGS 0 aes %'rlksﬁ'{&ﬁ;a%te?ﬂ%’cﬁ B o dimBat. (1R tHE8mbodiment
medi a structure. shown, e nedia structure

illustratist IaFkS] 9, Iﬁhé:h@dizBiﬂdD@(ﬂém&oﬂﬁn%\r}fo&lﬁoﬁi 18@®dirkichyhave a soft
and circunferentially spaced recording bits 170 and a

maghgtiab¢gment 156adisppsed beiueed the swaghietig reearcling segmenis152 and
shown, the.recordin its 170.i ncl ude etched eti G.
the Roptha B CEOTPRt 12g. (TS S0l BB ap e 3o, i isposed

8 e - | 6
betl/eBf the dhghdl HeBr AR ot P2 RO Bl Rabhdllsement 154 to
bodst ltHe i irgic FRld ¢ thé eside@gt laget B8 SEA¥NIOI5Z Mhe soft magnetic

magneti zati on of the soft nmEgnetic segnent to orient
seginmerst 15 i 6arimet] betweem théiretordamg isagmentdd2raadl nvaetkagnetic
noi se [ ity. The recordin

nd ite process vari abi .
seghnent Lygby yg@peglﬂaugea ﬁ@ftr@ég’b%‘/tl“el%if A2t th%nﬁagﬂ%smeélc layer

' [ f] . e i t .
157 G L OERAMIEE el Rl S0LR S0 el e magreti
recbfdifE [b3dr i1302 sSRCANGNBEE ARG $82RindAnbAMahMEd ngrérmsz are
the enbodinent illustrated 1n FIG 6, the etched depth
etchéd tak eprevidusiypdesdribed @y formothe dhystrated t6@rding pestions 160 as
than wi dth di nensions of the raised recording bits to
showq i ElGe1fe propensity of a vertical remant

mag i zathon,.in the soft etic 15 se ts 168, .

ety 1) 8Pt ke TBARFhe . IhaERT Bh iR apcording
portibrs"B0CHRRM IBRIti A1k WSk RlaBfetid sédftentd 192) Q9@”%@?§rated by an

i ncl udes recordi ng ‘portions 180, ich have a soft

magneti ¢ segnent 156 di sposed between the nagnetic

recordi ng segnent 152 and the non-nmagnetic segnent

154. The soft magnetic segnent 156 is disposed 20

bet ween the magnetic recordi ng segnent 152 and

non- magneti ¢ segnent 154 to boost the magnetic field

in the recording |ayer or segnment 152. The soft

- o A=~ " " - o I L
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25 recording | ayer 130, soft magnetic |ayer 182 and
non-magnetic |layer 132 are etched as previously
described to formthe illustrated recordi ng portions
160 as shown in FIG 6. FIG 10 illustrates
anot her enbodi nrent wherein the raised recording
portions 190 includes nmultipffe soft magnetic segnents
192, 194 separated by an -9- anti-ferromagnetic

segnent 196 to force hori zont al_ rest gnetization
antirderromagnets cesmentr F o1 farce | 3 lb%rﬁ%qrggf Apst magnedigation as

a.the,. etghed or j sed_recordin ortigns [ .

it B Sl 1M, o epeiet, B8sRAH. BSRARRs oRifid recording

portrths l@OfihéI%Hesfﬁﬁbé{ﬁ%é%ﬂcﬁng@ Beht 15 nod-28EAGEL S&ihent 154,
magneti ¢ segnent” 194 and an anti- s ferronmagnetic

a fisegotthagAétidbstonrart 198ea fédosid softimagaetidsegrhentrifgreatd an anti-
segnments 192, 194. In the jllustrated enpodi nent the

ferrpmagnetic sgmrenit19% ketyieentthe dizst and sesargesalt mragnesis segments

1o, gAY B DAL L B SRRk, sgment 19 to
prJVQ&T: gﬁgl%{?g@h Cefove L@J‘l%bkééer {rﬁfﬂggﬁeegdfﬂﬂa@ﬁ%ﬁc undel(')l]@yer or

I'nc ni um Ru havi ng ess I n“a range

segdnéhntltoZa fead Saveioe fof e deldr106hi AK Reample OF RS Afts-fe@@omagnetic
e used. In one enbodi nent the thickness of the Ru

layenimstudes Rutheninm Ru havipg@ thidkness in filrenge phP#-1.2nm, however
il lusirati fabrication steps for fabrjcati .Sof t
othes thiEkness Baions AP BSRA. | FuPho IR} Hikthidness of the

[ in the enbodi ment shown in FIG 10. In
Rusl%.}éégsigg%?ﬁ%.so“ magnetic | ayer is deposited on a 15

SUbBIC.at1eih ffﬂ%“&a?@ﬂﬁﬂ%tingnfaﬁﬁ%ti(ﬁ@ Istep¥e Sfhbficating a soft
| ayer is deposited on the soft nmagnetic l'ayer in step

magfgtic | segrnent 2bdviag antti-fefheomagmegitet laget aper illstrated in  the
%ep_osi ted on the soft magnet ic | a¥er of step 202, i
embpdiraent sovn guElad Us dnistemgib isoty mpgneticlayep isdepagited on a

subisfeald Br 3M0dip SPHRR A PhfdebBanpet 15l P iotoaled g the soft
maBReid 1B BRY Mot 6 Sfefl 204 drPRS fdrSoRAeHERORIYeP S @Bposited on

e internedi ate layer in step 210. The nagnét

ther sufo mlagreeticalager of ritep 2081 Therdaftgera, ssohtl sufgmedgretic layer is
| ayers and anti-ferromagnetic |ayer are etched as )
depositgdt Ant Ee i antiEfacromagnefiq dayien Ha staPs eW6r ecéy diqRy magnetic

. porti.opns. as descri hed. usi wn .et chi ng _and_naskin .
inefiPR RS e E & Rbrwirer L o A5 49 T Tt aRrdinayer is
desosRd! 5% the ierel Rt 4 b 102 'l'ikgn{agré' &€ réeording layer,

erecor di ng pcl)rtlror?s 220 ){kﬁgpﬁ?gg et\c%ed soft nagn%licjilrég ayer
interegediateslager, pof \hagisdtic ldpas andethti-ldreorabghetic lagepaft dtghed as
., portions 220 are elevated above etched or inter rredi.ara/ )
illustgteshin ¥3G. 10toeform the raised roentiding portipnsas deseribed using
kngxyvﬁhe?&ﬁg{; and masking processes and techniques.

FIGS. 12-14 illustrate embodiments of a patterned media having raised
recording portions 220 including etched soft magnetic segments as previously
described. The etched recording portions 220 are elevated above etched or
intermediary regions 222. In each of the embodiments shown, the etched or
intermediary regions 222 include an intermediary layer or portion to enhance

magnetic properties of the recording portions 220. In the embodiment illustrated
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intermedi ary regions 222 include an internediary |ayer
or portion to enhance nagnetic properties of the
recordi ng portions 220. In the enbodinment illustrated
-10- in FIG 12, the etched or internediary regions
222 include a non-nmagnetic |ayer or portion 224 to
limt fringe fields in the-lt ernediary regi ons 222.
The nonmagnetic segnent or portion 224 controls wite
fring: fields to mnimze the loss of on track wite

in KlGe 1 4sthgretchadeonsintermegdiant regiense2d? isrhleghnamnargnintic layer or

pork 54 % 5 b0 P e R, seioph " e more
mafigAPLEETEN GF ol S 226 ARl SIS TRIGERIRGH i the Lo

of GWeradRonitd fleldsyaid Gdstse@nahadfasgasd feklsf dn adpient tracks of the
under| ayer 134 of the nedia fromthe soft nagnetic
recorling pppdons220ae i nternedi ary regions or portion 10

225 SR ey ARG TR SIS B b oy
s YRR RANEL EnM BRI ReP'a) It OB hIBA, fePs. s

sho@i, ahe r%—ﬁllagnél@@ ldjRg el isepAray@ thé 24ft Maphefie ualibsayer 134 of
above the soft magnetic segnent 156 to Irmt flux path

theanediedkamethe sofh mhgnetid lagep22ein @@ interogghatyheegions or portion
internediary regions or portions 222 to the 15 soft .
2224 §Rspftcmashetic lysr 226 abserbsfringe figlds eriluiy inethesintergrediary

shown _in.Fl the recordin orti.ons 0.or .. .
regFUL ot @PRiOH 12 & ehpirciadanety ehoerLeg RETRS riiording portions
220MRONRE drAbb&mRd i iNdsteA048"in F3€. 03, tRE T@ng\t%? gﬁ'@ﬂéﬁ-rﬂigﬁéiﬁ layer

magnetic recording layer 130 and non-magnetic | aye
22418 preferablpabové eheswift nuggetit segayet56lddimitrfluhpsth or leakage

enbodi ments, the internmediary regions or portions 222
fromotheewritey polre122 Ehreughothedptasmeslianycregirnsaon pprtions 222 to the

w2, BTl 4, B 1,
the rf%@&’é:ﬂg QE%IH M ortelofinp! r;%oagé £birh#d of @Ic?ltgﬁ'egégﬁ{eﬁts of the

ustrates an®e I nent where

maghétis reedirdinyg lape 185oétched se@menB2e theahdgretie recording layer
non-magnetic |ayer 224 E;loxi mate to the soft magnetic
1302and, ﬁ@@rmageenquerﬂs%% yinolghy soétsragnetic lagerghi4. ofin these

e G Y 22 PRELEERT TR P e cchea
seé&?ﬁ@%cl&&gg soft magnetic layer 226 or non-magnetic layer 224 and soft
magnetic layer 226 to confine magnetic flux to the recording portions 220 or bits
as illustrated in FIG. 13.

FIG. 14 illustrates an embodiment where the intermediary regions or
portions 222 include a non-magnetic layer 224 proximate to the soft magnetic
underlayer 134. As previously described, height of the non-magnetic layer 224 is
preferably above the soft magnetic segment 156 to limit flux path or leakage from
the write pole 122 through the intermediary regions or portions 222. In the
illustrated embodiment, the intermediary regions or portions 222 also include a

first soft magnetic layer 230, second soft magnetic layer 232 and an anti-
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the wite pole 122 through the internmediary regions or

portions 222. In the illustrated enbodi nent, the

internmedi ary regions or portions 222 al so include a

first soft magnetic |ayer 230, second soft nagnetic

| ayer 232 and an anti- ferronmagnetic |ayer 234

di sposed between the first dihd second soft magnetic

| ayers 230 and 232 to enhance magnetic recordi ng

propertjes of the nedia, Although a particular '
ferjomaagnaticglaysr 1234ndisppsrd pebveen dheirst end) essongdpsafg magnetic

apphhcat i hs,not. . limted to. the ticular.,. .
lay BB gl L 23Roteh CHRRN T S oGP PP BT g ofn e, media.
Altﬂbhgﬁnét ﬂ)é&@icﬁfa_rruFéd&%ﬁaéoHi&ﬁ'S&fﬁﬁﬁ i Jro@ iR Fiss. 12-14,

I n ot her” enbodi ments o G 14, internedi ary regions
appl#atiands hot hieditd te tichpartRafiranhbodimdrittshodfn hhé the recording

magneti c recording |layer 130 or the nag&etic recordi ng

pottippeganimyealerndhivestactures asdllustrated inddgSndl0t he sof t
maghetic | ayer..134. | ese .enbodi,nents,.th
T b S s OBBIC T e ey SR B 222 pre formed by

i M- i .
ecBERErl 88 0 RESEER. b TR 16k 4, of e magei
recOfdihpday@oTBY akd heachdbnaid Riyef 1330indhot thé E6ft rigdrietic layer

magnetic | ayer 230, second soft magnetic |ayer 232,

134antln-these enehpibtrientd, aher in2&unadiarynoegioag 2R incleden first soft
224 i etgﬁsd region§ of the magnetic recordjng |ayer,
magnefic, iy ek srUntRsRBH) S0t mipgnetiglayer 5P cand antistegramagpetic layer
chard i B t &pS r f. i Y ' .
2 5 ANSESHEAD LG8 Bl SO SR 338 or o it st
bRdayer 234

bREtd HyRE 280EsQondN Rt hiblefic 3syd 230, Qnsilte
nmgg ého%ﬁ? in gte8'240, a sof% gnetic undgrla er 134

and aodapagndtdaper 22t etahed 18Hongof tre nagnetic cedoagiang layer 130
132 is deposited on the soft magnetic underlayer 134
and posaagrEtir layer B2ep 244, the nmgnetic recording |ayer

IS ited 20 244, | t 246 a patt.ern mask .is .
doph LB S i tre Mt the ueas (BT IRt faitdt recording
- . . r .
PO 1o < B O o bR B previously
describbddiAxgstowmtinhsteb 240,ta sofg netgnetis egiieniayant34 is deposited on
internedi ary regions 222. Thereafter in step 250

substipte 4361 e Adapesmagaetia layer 132 d6 ndepasitpdr e thessofp magnetic
oS R 2 o SRS s B 8 1 o
244@: Ié%?étgﬂf?’ Ié‘iab&la‘lsh FIHIR Y {I@}I%s?teﬂr c{ %Het{ﬁgéﬁét?@réca{cgigg layer 130,
no

app atiron I's no Imte e“particu

ietie Nages N8Marah doft! irapRatie witeyerBe arecétdded to form
selected attributes and features of the various
raispdbgdconshing poxion iincluding| @s. etched soft magnetic segment and

intermediary regions 222. Thereafter in step 250 layers are deposited in the
intermediary regions 222 and thereafter, the mask is removed in step 252 and an
overcoat layer is deposited on the patterned media .

Although various embodiments are illustrated in the FIGS, application is
not limited to the particular embodiments shown and alternate embodiments
include selected attributes and features of the various embodiments shown in the

FIGS.
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-12- It is to be understood that even though nunerous
characteristics and advant ages of various enbodi nents
of the invention have been set forth in the foregoing
description, together with details of the structure
and function of various enbodi nents of the invention,
this disclosure is illustrafléve only, and 5 changes
may be nmade in detail, especially in matters of

structure_ and arrang of parts . within the
pr i Hcispledeopnderst Shak evemafonsh TemERRS Gharasiaristics and

ad\}lé(%{;t{écéeast ﬁfgvg%o%% gn‘g)r %]%%eg%ngf %e HR/%WUBQOI%IV tgc?ent gétnﬁ)rﬂpm the

I'nms are expresse

forb§SinpadédceiptRin %g@@ﬁ@} Swﬁﬁ)’dét%‘il)ﬁ éife@ﬁ@%riﬁtt@ré bﬁa function of
partl cul ar appfl cation while maintaining substantially

vattidus eatbedimentsnof ithe ahvéntios, tthisutlisdksard iis glh[lstmmtm enly, and
scope and spirit of the present jnvention.
Chaé‘fgﬁﬁt may, ke tmadghin h@etsﬂef@ﬂ’ﬁ@éuﬁnmdm% @%s%m%w: and
n_ar

arrfiib Pt BE raps i i ByRiioes S hel SESHH FRsMEPh o the full
extER@tlnél §téde2)§fh 'tlﬁ@%r%‘édé?&&ﬁ?éﬁéﬁmh@vgptthé’ Nt RE which the

applie her recordrng ne
appended claims are expressed. For example, the particular elements may vary

depending on the particular application while maintaining substantially the same
functionality without departing from the scope and spirit of the present invention.
In addition, although the preferred embodiments described herein are directed to
a particular recording media, it will be appreciated by those skilled in the art that
the teachings of the present invention can be applied to other recording media,

without departing from the scope and spirit of the present invention.



wi t hout departing fromthe scope and spirit of the
present invention. -13- WHAT IS CLAIMED IS: 1. A
recordi ng nmedia conprising; a plurality of etched
recording portions including an etched soft nagnetic
segnent and an etched magneti c recordi ng segnent above
the etched soft magnetic seddent. 2. The recording
media of claim1l wherein the plurality of recording

ortiaons include an etched non-magnetic segnment. 3.
Mﬂ%ﬁllﬁégaiﬂﬂﬁglﬁédia of claim2 wherein the etched soft

magneti c segnent is between the etched nmagnetic

recordi ng segnent and t he etched nonmagneti c segnent.

4. TR&eb&&RAS nAHiARE! ri%ﬁn%z,! aiml wherein the
plurality of "recording portions include a plurality of

spacagpluratioy df elghéd recordirigupbrtipna isdttingpgmetched Boft magnetic
segnent and a magnetic recording bit segnent. 5. The
recor di riggmeadit andfancetehed magmetie recordingniegmeantiapoge the
recordin oftions includes a plurality of recording

bits iné%Q&FLﬂﬁngﬁgﬁﬁﬁﬁ@ﬁ@FpE recording bit segnents

and a plurality of recording tracks including etched

soft magnetic track segnents. 6. The recordi ng nedia

af cThe rcbrifigl @iedid dfeclgihvl avhdrinotherptasal iy of re@rtingns
include a first soft nmagnetic segnent and a second
pottiommignabidecarsetghed noardagnetirgegniantr omagnet i ¢

segnent between the first and second soft magnetic
segnents. -14- 7. The recording nedia of claim1 and

onpki. Si . - i. ; i nt : '
oo onE RS R IR 2 R ral T BB i Bt segment
is between the etched magnetic recording segment and the etched non-

magnetic segment.

4. The recording media of claim 1 wherein the plurality of recording
portions include a plurality of spaced recording bits including a soft magnetic

bit segment and a magnetic recording bit segment.

5. The recording media of claim 1 wherein the plurality of recording
portions includes a plurality of recording bits including etched magnetic
recording bit segments and a plurality of recording tracks including etched
soft magnetic track segments.

6. Therecording media of claim 1 wherein the plurality of recording
portions include a first soft magnetic segment and a second soft magnetic
segment and an anti-ferromagnetic segment between the first and second soft

magnetic segments.



8. The recording nmedia of claim7 and conprising a
soft magnetic layer in the internediary regi on between
the etched recording portions. 9. The recording nedia
of claim8 and conprising a first nmagnetic |ayer, a
second magnetic |ayer and an anti-ferromagnetic |ayer
in between the first and seddnd magnetic layers in the
internediary region between etched recording portions.
urality of

2 S\m{efir%g e T
{
SR o Rl RS e 0l L .75, 2

segnent. 11. The recor ding nedia of claim 10 wherein
the magnetic recording bit segnent and the soft

Bagn&he cedurtlirgegieeliv ofdlaine 7 anelccomeprisings sofft magagtietayer in
recordi ng | ayer and soft magnetic underlayer. 12. The
the rtarmedissriregion betwieen the etphedresordiagragtions.c
recording bits include a non-magnetic bit segnent.

13. The recording nedia of claim12 wherein a depth of

5= 1 oI U O IER i g er

di nensi ons o

secsdimagnenely epbndladi arﬁtﬂ-fbrﬁﬁﬁagﬂéﬁtflla?éﬂﬁl lpetiveentthe first and
soft magnetic bit segnent, a second soft nmagnetic bit

se¢amshmagndtialayans in nntama@danycregggnlmtwenen ebehtedaienording
the first and second soft magnetic bit segments. -15-
POTHANS et hod conmpri sing: depositing a soft magnetic

| ayer on a substrate; depositing a magnetic recording

| ayer; and

10. A recording media comprising:
a plurality of radially and circumferentially spaced recording bits and
the plurality of spaced recording bits including a magnetic

recording bit segment and a soft magnetic bit segment.

11. The recording media of claim 10 wherein the magnetic recording bit
segment and the soft magnetic bit segment are etched segments of a magnetic

recording layer and soft magnetic underlayer.

12.  The recording media of claim 10 wherein the magnetic recording bits

include a non-magnetic bit segment.

13.  Therecording media of claim 12 wherein a depth of the soft magnetic

bit segments is smaller than width dimensions of the magnetic recording bits.
14.  The recording media of claim 10 and comprising a first soft magnetic bit

segment, a second soft magnetic bit segment and an anti-ferromagnetic

segment in between the first and second soft magnetic bit segments.



etching the soft magnetic |ayer and the nmagnetic
recording layer to formraised recording portions. 16.
The nmethod of claim 15 and further conpri sing
depositing a non-magnetic internedi ate |ayer; and
etching the non-nmagnetic internediate layer to form
the raised recording portiodd 17. The nethod of
claim 15 wherein the magnetic recording | ayer and the
sgft magnetic | ayer are etched to forma plurality of
adi éwtmc%mpélé’fﬁgér entially spaced recording bits.

1o TSR 2ol Tl SRR, JoPosii Lo 2

soft magQ ebit € _ the magnetic

recordi dsit a4k tit ro®FAeld RykAYed 19. The
met hod cg%) csl gi%r?lSagz%d gon‘pri s% ng: depositing a

non- magstehing thaygeft mapreiticlegerragl thesnagnéticerecagtiagilayer to
recording | ayer or soft magnetic layer. 20. The

net hod of femarsisadregpadiegRitionsg depositing a first
soft magnetic | ayer; depositing an anti-ferromagnetic

| ayer on the first soft nagnetic |ayer; depositing a

98 Onfh St INGLES 15 A48 Fur MR compPising
depositing a non-magnetic intermediate layer; and
etching the non-magnetic intermediate layer to form the raised

recording portions.

17.  The method of claim 15 wherein the magnetic recording layer and the
soft magnetic layer are etched to form a plurality of radially and

circumferentially spaced recording bits.

18. The method of claim 15 and comprising
depositing a soft magnetic layer in etched regions of the magnetic

recording layer or soft magnetic layer.

19. The method of claim 15 and comprising:
depositing a non-magnetic layer in etched regions of the magnetic

recording layer or soft magnetic layer.

20.  The method of claim 15 and comprising
depositing a first soft magnetic layer;
depositing an anti-ferromagnetic layer on the first soft magnetic layer;

depositing a second soft magnetic layer; and



etching the first soft magnetic |ayer, the
anti-ferromagnetic | ayer and the second soft nmagnetic
| ayer to formthe raised recording portions.

-16-

etching the first soft magnetic layer, the anti-ferromagnetic layer and
the second soft magnetic layer to form the raised recording

portions.



