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STL 13819.00 -1- PATTERNED MAGNETIC MEDIA FOR MAGNETIC
STBI;SCEQQBEQDING 5 BACKGROUND Data storage devices encode data on a
magnetic recording media. Data is encoded on the magnetic recording
media in longitudinal or perpendicular recording patterns. Magnetic media
for a perpendicular recording pattern typically include a magnetic
recording layer and a soft magnetic ynderlayer. The 1o soft magnetic
underlayer provides a magnetic flux path to enhance the magnetic field in
the magnetic recording layer. Form factors for data storage devices are
becoming smaller a%ﬁ@%ﬁ%Mﬁg}g%F%ﬁemand for
higher recording dendifR MAG Eﬂgpr&% ties, magnetic
recording widths are becoming smaller and consequently the width of the
write pole Wrote is 15 narroweg e smaller recording widths.
The narrow width of the write pole limits the magnitude flux generated by
the Wit pote greddburthermadaetiddield anrtireneignetiordoogdingdayeData is
dimenis of the present invention péoévide splutions to these and

Emb t .
NS bIGHRS, AT Sl 05 LBGaAgER el RE PR b Perpendicular
reco WA B tdihE aPplicaiRitiFelalegito fopatienadnaanais MEadRe pattern

magnetic storage device. The patterned media includes etched recording

tYI?}é@Ebh' Halikeha indgaetitereergangolsy of ansbh peagAmRnghgatRgerayer. The
illustrated. embodiments, the. soft tic. layer of edia is etched :

ol TR S AR YN DR R e

fiekbfinmtagneligsegmenvddirifukivaied Bonbodiatenssfdhelaedt sta@igetidevices are
segment enhances magnetic field strength of the magnetic recording

be%}pgn %ﬁ%ﬁim&%ﬁmﬁbme y increasing demand for higher

recording densities. With higher recording densities, magnetic recording widths

are becoming smaller and consequently the width of the write pole Wpole is
narrower to accommodate smaller recording widths. The narrow width of the
write pole limits the magnitude flux generated by the write pole and thus the
magnetic field in the magnetic recording layer. Embodiments of the present
invention provide solutions to these and other problems, and offer other
advantages over the prior art.
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.
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layers are deposited in etched regions or areas of the media. Other

snfq and benefits that characterize embodiments of the present
invention will be apparent 30 upon reading the following detailed
description and review of the associated drawings. STL 13819.00 -2-
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a schematic
illustration of a data storage device. FIG. 2 is schematic illustration of a
write element of a data storage device” configured to record data to a data
storage media. 5 FIG. 3 is a schematic illustration of a write pole and data

storage media MBRIKF PIESARELTIDN EBriieis DRA WIS @Schematic
illustration of a write pole and data storage media having raised recording
portiblfs-ikdRiRTGermbigibie ratiraintesdainstrrase feditediate

segpRAt and sqlbMadrsiiaSEIMENLEENEA IO ABAMIEIUAQ storage device

recording layer, intemediate layer and soft magnetic underlayer. FIG. 5’is
confgpheddticdtestialidn tf a data Storage mstia including a plurality of

i ding bits. FIG. 6s a schematic illusration of { |
ool K TS oSRAg o TH VATAY B2 T, A orage medtia

ha{}@ﬁgrfﬁm@if&egm@gtp@mﬂaw,mediate 15 bit segment and soft magnetic
bit seé;ment. FIG. 7 is a flow chart illustrating fabrication steps for a data

stordge nfedia? FrBaligsttegativanfotiitEie GTalciandstbriagetaragm media
Bl T Y GEAPS I T e, o
intiching s ofegragnetiarithcso20 sagmetits sEfEnéhillusirhtes &rom a magnetic
recOTng 1Ay er Infemediate Tayer and SOl hagiene underlayer.

FIG. 5 is a schematic illustration of a data storage media including a
plurality of raised recording bits.

FIG. 6 is a schematic illustration of a magnetic recording media having
raised recording bits including a magnetic recording bit segment, an intermediate
bit segment and soft magnetic bit segment.

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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recording portions including a soft magnetic segment between a magnetic
gs%%wg segment and non-magnetic segment. FIG. 10 is a schematic
ustration of a data storage media including etched 25 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. STL 13819.00 -3-
FIGS. 12-14 schematically illustrate embodiments of a data storage media
including etched recording portions having a magnetic recording segment
and Hofs magneticlsegaentBnd interme dalyoepiangdetveeathetorage media
_ recording portions including one or more intermediary layers. 5 FIG. 15 is
incuhinec kiRt ITRAAEPREcESEigNstd Y foBrabagig s defardiprgesment and

soff) ﬁ%i%thEcT@ %ﬁ@r@ ERG RIHRNRE 'g&gﬁ&ﬁﬁﬂ%@# e Q&ngl}g?ortions

FIG. 1 is a schematic illustrates of a data Storage device 100 includin
indhatjngtionm edisn ¢ 02ifoestaeihigiditmpeinformation or data. In the illustrated

1 i tt ia 102 is a di hich rotat ill ted
oo A G B S R e e At s 2 data

Stdf@@dﬁgcﬁﬁead 106 to read data from and/or write data to the magnetic

disc or media 102. As shown, the head 106 is carried on a suspension
s 15 LB B B AOP b Heh ISR (TSP ) BEMRNHER G

whickmoyes the i igfrac i r. .
e o e e oot e A niding 2
maggseinhiyettid iHdudes stmicg cdipitadtan{owohstiownmrtath. is Bnéhgizéldistrated
enfBRoiely. move (e naRH 100 0 Posiion the head W0RIANNRL? Mo 104 vi
)

operation of a spindle motor (not shown). The device 100 includes a head 106 to

snlfl

read data from and/or write data to the magnetic disc or media 102. As shown, the
head 106 is carried on a suspension arm 108 coupled to an actuator assembly 110
(illustrated schematically) which moves the head relative to concentric tracks 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
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The head 106 includes an inductive write element 120 as shown in FIG. 2
sn{q ) ncode 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 25 operations, the coil
126 is energized to generate a magnetic flux path between the write pole

codrd® apddhedeitdimpalath2#hE eofarpemdicd an deebrding: tbemmedgstetioveaker or
media 102 includes a maag_netic recording layer 130, an intermediate or

soffomagRgHE ARl Sair alSothaBRetiEtimaerriyira dayes Uy, Titge soft
mdBRGAES/GREENG 1 @UeR ¥ i fPImad A ore:manAiedRAIB IR Rtivity to

ermeability and hig L 13819.00 -4- coercivity fof recording
proféide Thexsgghatimghletic patierfayethis forageettod agveattorgdageft Example soft
magnetic g[nate?rial r?le;itive{\}qgthe a ic recording layer 130. The soft
marﬁag‘a%ﬁ&%%@ has a rératvely Hig O%Er eability and relatively low
COerTipity iendayisteon Bragrelisifioepaib ferithemadnetindedaiding34 provides
layer. Example soft 5 magnetic materials includes NiFe or CoZrNb. Upon
a TRHERYIZENET G tMEIERIPebs 1 Retean Avadn aitnasnekaylipe pathrdhddecyses the

irLor i ri ' ic f
B PN ZE S BRI A AR LR R 550 e
retiare p&RO124 thetaetiedipel ta§ed] 3dtermadint@dayetit 32yisr daramechafaetiaterial,
layer formed of a. material, 10 such as CrTa or NiAl and is ysed to )
st OB RN aBHIG I oHAS PTiR whegRaH Ao iy gty of the
mégﬂ?é?ﬁ%&ﬁgﬁ%gaﬂ%ﬁﬁ@g@fYét%Bﬁ&fé‘]pQé(%%g%@i_o@{ %ﬂaﬁ@%dl%"gfgﬁ}@z of the
layer 130. As previously discussed, the coil 126 is energized to generate a

graios pathe taesudingEayeadiltic recording layer 130 to record data to the

magz'&%ti}%rreev(i(o)lrldsiﬂxgdiscussed, the coil 126 is energized to generate a flux path

through the magnetic recording layer 130 to record data to the magnetic recording
layer 130. The direction of current through the coil 126 is altered to change the
polarity of the write pole 122 and thus alter the recording direction or polarity of the
recording layer 130. In particular, the coil 126 is energized in a first direction to
provide a magnetic flux path from 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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15 layer 130. The direction of current through the coil 126 is altered to

STLCR%%% the polarity of the write pole 122 and thus alter the recording

direction or polarity of the recording layer 130. In particular, the coil 126 is
energized in a first direction to provide a magnetic flux path from the write
pole 122 in a downward recording direction. The coil 126 is energized in a
second direction to provide a magnetiqgﬂux 20 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

préatidiecated @masubsgte ol adiscfocathgle mediadggfuagnetite recording
tape). Example substrate materials include aluminum, glass, ceramic or

laysiher makEnas BOab s Arassy tHoscrathdreivase ariss pri;d 22 and
retiﬁfﬁte?é%eﬁmbﬂ@%mai Ogllg 130the {H@%RE ‘ﬁ%?elﬁzi%nd Peole image

patterned to form raised or etchedrecording portions 140. During wri

anglsetddons the sodtvmagreGe 3irtdenaye Joi defins positiomguepiokiehdt8 in the

res TSR T BT IOE et T8 4 SIS L A iiE e 2 o agBifide of
thdhasafuadaiayRil 3eTTh b33 UROr&opmRMid RS aIcoNastitRAg AR tional

144 to focus the magnetic flux in the recording layer or portions 130 and
to:provide a closed flux path between write pole 122 and return pole 124.

The subtend e of the write.pol 2 olg.image angle 144
Do e o &

of the soft magnetic u 4 define thE’Magneti¢ field B in the 5
recording layer or portion. For an infinitely thick write pole 122, the

magnitude of the magnetic field B in the center of the recording layer or
portiom s e Fojsortie neaa goetB: £i¢Rb &l the eantivpd shey DBIghptic recording layer;

o T e S P AR

Whpole is the width of the write pole 122;

DsuL is the distance of the write pole to the top of the soft magnetic
underlayer 134.

The above equation assumes that the center of the media is half the
distance from the write pole 122 to the top of the soft magnetic underlayer 134
(DsuL/2). In the above equation Wyole/ DsuL represents the subtended angle 142 of
the write pole 122 and Wyoie/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 Wpole is narrower
to accommodate the smaller recording widths.

As illustrated by the equation above, the narrow pole width Wpele 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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Wrote is the width of the write pole 122; DSUL is the distance of the write
snPﬁ'ﬁgtBothe top of the soft magnetic underlayer 134. 15 The above
eguation assumes that the center of the media is half the distance from
the write pole 122 to the top of the soft magnetic underlayer 134
(DSUL/2). In the above equation Wpole/DSUL represents the subtended
angle 142 of the write pole 122 and Wpoie/3DSTL represents the image
angle 144 from the soft magnetic underlayer 134. Thus as illustrated, the
magnetic field strength B is 20 proportional to the subtended angle 142 of

satiiFi€i poIB. 123 anel Wiretgepang 1 4thdflibe sell magretinehdedayeriBed herein,
Form factors for data storage devices are becoming smaller and more

the spipdupsEn e rskaiRg HdnisreisbrdignanPessriihg dBASRRIC Rl image
14&@5?{&@&954@&9}3%@@%@1 ﬁﬁcs?{gm%ﬂgmsr@e&a [Ring sawpller

and consequently the width of the write pole Wrote is narrower 25 to
accdmpadateltre isnealldivetotdihgmiitdsmastisrate thbll thede gbatienording

aboyg, the narrqw pole width Wrate reduces the subtended angle 142 :
R g8 T4 61 BB R WIEHY it Bl e gl roised
redi\@iH: R FE6AEIITD |ﬁk€lﬁfﬁh% aiyrIReN aHe dhhet i Tledb3819:08 hnent 152, an
_saturation Bsat of the write pole 122. In illustrated embodiments described
intgpRgdiateensutmagiitc sretealdPtand atsrEdmasnRbAGegraent 156. The

| ! 4404nsre icifield | i .
T
sed@nd, 1ffte wevotdingr&layerdiianti@tohethecfo fnagnetietindadayeyer to the

A B o e ot b 190 nckeng n e o
gt e e eGR4 o
media. Flux leakage is inversely proportional to the distance of the soft magnetic
underlayer 134 from the write pole 122 and thus the etched soft magnetic
underlayer regions increase the distance of the soft underlayer in the etched
regions 158 from the write pole 122 thereby reducing leakage.

FIG. 5 illustrates a recording media where the etched recording portions
include a plurality of radially and circumferentially spaced recording bits 160
elevated above recessed or etched portions 162 on the media. As shown in FIG. 5,
the raised recording bits 160 are generally oval or elliptically shaped and are sized
to store a bit of data recorded on the magnetic media. In the illustrated
embodiment of FIG. 6, the plurality of recording bits 160 having an etched
magnetic recording segment 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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segment 156 which increases contribution of the soft magnetic underlayer
ST]Eq3tEH§. 0 magnetic field generated in the recording layer 130. In particular,
the etched soft magnetic underlayer 134 reduces flux leakage in the
etched regions 156 of the media. Flux leakage is inversely proportional to
the distance of the soft magnetic underlayer 134 from the write pole 122
and thus the etched soft magnetic un_(}t_arlayer regions increase the
distance of the soft underlayer in the etched 15 regions 158 from the write
pole 122 thereby reducing leakage. FIG. 5 illustrates a recording media

etdhbérenthe etitednecusdingqosionetinelide« @idialiypoi-tagiallyabits and the
_circumferentially spaced _recordi& bits 160 elevated above recessed or__
dlsé?é?f@ooﬁ&]?ﬁo?%%l%@%‘ﬁﬁﬂﬁ%‘iﬁé]& AR SHOWEMERIEIBN the Kafdiggpole 122 is the

safBeaidnaRis 169 Areae BRIAN.RYRIFGeHiptically shaped and are sized

20 to store a bit of data recorded on the magnetic media. In the illustrated
embodimetlof. FIGilbyshatekuralitfil @freduading lvissra 80 dhavingearbetdimeeint  for

GOt SOOI AR BORGE G B MGG o magneti

segataidingdaxeioldl deteemedialt JayRiwWs ARG Tt iagnet g0 riasRYRAgnetic
134. In the illustrative 25 embodiment, the raised recordirr;% bits 160 cover

laygpprokamatpencabaaindd dhasaiaTienstsdsyenoti4cnderesititsusing
5 ORI R GRS 5, T LR e 15

is vhggretaiuodetiey eofl 3thahisetitherelislag dosE3df magredtovfielthirsteye 174, the

recording portjon or, bits 160 since the soft magnetjc underlayer is ST
Aty O ST LiERo el e At HSG o belio R ARG Borkaieg 152
Therditeeand Bigpdisanee ehiesoi rRagRBHs underayer ﬂéﬁsﬁﬂgﬂ&fmer 132

the write pole 122 is the same as in the embodiment illustrated FIG. 3.

ang|frghetissadenaykat umeatabeshterfiysaitheneieed 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 Bsi. 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 Wpole ratio D/ Wpole is in the range
of 0.5-1.0.
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5 fabricating a recording media including recording portions having a soft

Qﬁ(}ic segment as previously described. As shown in FIG. 7, in step

, a soft magnetic layer is deposited on substrate 136. The soft
magnetic layer 134 is deposited using known deposition or sputtering
techniques. In step 172, a non-magnetic layer 132 is deposited on the
soft magnetic underlayer 134. As shown, in step 174, the 10 magnetic
recording layer 130 is deposited on the non-magnetic layer 132.
Thereafter in step 176, the magnetic recording layer 130, non-magnetic
layeF328 dldseftevagnatietrdetaybod dfare dtehpatterfariihealiaisedicture.
recording having a magnetic recording segment and soft

i
Asnﬁaaﬁ@ﬁctggé#%‘i?@a% sudhptierisshiy Fﬁgyéré%ﬁlé“éf‘ér@a Wiy of radially
anH@f@ﬂ%@Qf@t@?&%ﬁg’Pg&ﬁeﬁé&S ﬂﬁ&%ﬂﬂaga . dLieh radiallgrspaced

techniques, such eactive ion etching (REI), chemical etching or las
reastchiing . tAdthoubiilludtsativevete tharecshidwngibik @70 iradiditiontdlerd magnetic

.int djate_st be utilized t t tic medi
bit BB 17 Bk AR Y SO DR T8 Eh o A 8l an etched
noHSiRggHYtR: 2fhelersanheradelmy(hEMHfT hgdohMils usrl todatante178. The

magnetic properties of magnetic underlayer 134 relative to flux leakage of

illyreralsr meigpeticastirendiertersiency ehdinpragnaii-etitiealddamnas ot gnetic
se %th}}&ecﬂ%ﬁ’?ltpabsé?‘%%] m?]e\yﬁ&% Rﬁ{?cﬁ%%ﬁqgt%aﬁ%yﬁgaﬁpl%gﬁﬁéﬁse and
ed t , flux

egraded. In contrast If the etched depth is not deep enoug eakage
wilitaitsocagmeticifieit tstréRathréndbéingcbitingdhyercior &% fogived Wyitetching the

pole saturatign Bsat. Based.upon FEM, it has been found that an )
PRI (o ARG Els e b MR GWF R magnetic
lay@latiy/e 1a detehdanth PRtmaly 1the ideptieto Rale widily \Mepie AaiRbively, in

Whpoie is in the range of 0.5-1.0. STL 13819.00 -8- FIG. 8 illustrates an
thexperthadimeodinsriteddpdtierrodiectichsgudentd of the soft magnetic layer

or segments 168 is less than width dimensions of the raised recording bits to

ST

reduce the propensity of a vertical remnant magnetization in the soft magnetic
segments 168.

FIG. 9 illustrates another patterned media embodiment. In the embodiment
illustrated in FIG. 9, the media includes recording portions 180, which have a soft
magnetic segment 156 disposed between the magnetic recording segment 152 and
the non-magnetic segment 154. The soft magnetic segment 156 is disposed
between the magnetic recording segment 152 and non-magnetic segment 154 to
boost the magnetic field in the recording layer or segment 152. The soft magnetic
segment 156 is formed between the recording segment 152 and non-magnetic
segment 154 by depositing a soft magnetic layer 182 on the non-magnetic layer
132 prior to depositing the magnetic recording layer 130. Thereafter, the magnetic
recording layer 130, soft magnetic layer 182 and non-magnetic layer 132 are
etched as previously described to form the illustrated recording portions 160 as
shown in FIG. 6.

FIG. 10 illustrates another embodiment wherein the raised recording

portions 190 includes multiple soft magnetic segments 192, 194 separated by an
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As shown, the media structure illustrated in FIG. 8 includes an array of
STlfq%i@I[Pﬁ and circumferentially spaced recording bits 170 and a plurality of
radially spaced recording tracks 172. As shown, the recording bits 170

include etched magnetic 5 bit segments 176 and the radially spaced
recording tracks 172 include an etched non-magnetic track segment 177
and soft magnetic track segment 178.. J_ he illustrated pattern reduces the
tendency of the magnetization of the soft magnetic segment to orient in a
vertical direction which can introduce read back noise and write process

anvaféahiifia ghieeiceceginhbitsoanddraekecare fasriediyletehingtagd@ization as
magnetic recording Iaéer 130 in a first etching step and etching the

illyssratrd dheaereyyed 182 Bhaaadic whag fsithayay 132 siched indisgdirrgording
po%ﬁ%%i@&%ﬁ?@%@@%&% é’ﬁ%‘ié@,ﬁ{&q-%é argé%%%ment 154,

depth of the soft magnetic layer o ments 168 is less than widt

a fitisheolionagpicthe segseenie B dingpbits ds ofé dnggribeqegewsityl B4 and an anti-

vertical remnant ma ization in the soft magnetic 15, segments 168.
fert oo e B RS A 0) RN TS LR Bb AT, TRIeEefc segments
192mMbadimenthdlustiaiedds b thematia Holudesiecoraite: RRHIBRSt 196 to
180, which have a soft magnetic segment 156 disposed between the

prowagnéieretasiaingsegment bx derkage Momniagseficseghmiit wpderlayer or
seg&iofh @%ﬁﬁ“&%@gg‘gg&ﬂ?%&&'§B8§6R1?%>%‘?{¥i6?8%£ rgﬁgir-]%tgfomagnetic

ecording segment 1 non-magnetic segment'154 to boost t
laymagngtid éeRiuththeuvec®dihgvayeadhsdgraeninl 52aiipe sbft 4Ahgnetichowever

segment 156 is formed between the recording segment 152 and _
OBt SBGRRANES BT, oS RAHET e higkgiess of the
Rutm%,@pqgmqgﬂﬁ{ic layer 132 prior to depositing the magnetic recording

layer 130. Thereatfter, the ma_gnetic 25 recording layer 130, soft magnetic

layeF1@82 Hhis nonlevaghive reingréalatchdions evisushnbesaripgda soft

to fO{m the iIIustr,cate}g recording pertions_ 160 as §hown in FICﬁ. 6, FIG..10
magnetic seéwmehn avin ami- errom%ﬁnetlc da?ler gs iflustrated —in the
Ifustrates ahother embodci;men wherein the raised recording

embodiment shown in FIG. 10. In step 200, a soft magnetic layer is deposited on a
substrate or media surface. An anti-ferromagnetic layer is deposited on the soft
magnetic layer in step 202. In step 204 an anti-ferromagnetic layer is deposited on
the soft magnetic layer of step 202. Thereafter a second soft magnetic layer is
deposited in the anti-ferromagnetic layer in step 206. A non magnetic
intermediate layer is deposited in step 208 and the magnetic recording layer is
deposited on the intermediate layer in step 210. The magnetic recording layer,
intermediate layer, soft magnetic layers and anti-ferromagnetic layer are etched as
illustrated in FIG. 10 to form the raised recording portions as described using
known etching 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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portions 190 includes multiple soft magnetic segments 192, 194 separated
ST %ﬁg.oﬁTL 13819.00 -9- anti-ferromagnetic segment 196 to force a
orizontal rest magnetization as illustrated by arrows 198. In particular, as
shown, the etched or raised recording portions 190 include magnetic
recording segment 152, non-magnetic segment 154, a first soft magnetic
segment 192, a second soft magnetic %ggment 194 and an anti s
ferromagnetic segment 196 between the first and second soft magnetic
segments 192, 194. In the illustrated embodiment the anti-ferromagnetic

in SeGMENtASGtichqt dddetfitbnethstyaégiain e i irkkagdframahesoflayer or
magnetic underlayer or segment to a read sensor of the head 106.. An
P%‘i@ﬁq&%%ﬁ%d%%ﬁ-f@ﬁtﬁﬁa%ﬁ]é%ﬁ: inybeidefsaBe RGN ARFIPRY Radingldie non-

mdBiekAess '&@ﬂ%@%&%kﬂ%ﬂ%&%ﬂ@%g}& HEERRSSHIMBISIORRe Toss

can be used. In one embodiment the thickness of the Ru layer is 0.45nm.

of BIGtratksverftewiehbutitidsthatingdapgtivatforr stefecloisfabriadjngre softks of the
ma(glnetic s%%%me%guaving anti-ferromagnetic layer as illustrated in the

T OO &REN oM in FIG. 10. In step 200, a soft magnetic layer is

depagsitgdo?Rcd banpdairiatalliadResl ataCAN AnthicstemaD betiatayidediary
is deposited on the soft magnetic layer in step 202. In step 204 an

regiffitertengHescAZyRR aspestdaXst e 3o magheisheiiolarep 226. As
shad%, THEESIGH %?&“%j@ﬁﬂ@%@ﬁﬁ?&?@ée{r{é sAEPRS ‘cﬁ‘ciﬂgltgeg%er 134 of

anti-ferromagnetit layer i’ step 206."A non magnetic interme ris
thelepatitcldamstbp 208 anad teeirlagaefi2dendidting tenee di & degasitedrgportion

he jntermediate layer in st 10. The magnetic recording layer, . )
2 AR 5 LAY b RS AP E Gkt g dpanediary
reiGheS ddriyayatesl 5 EHRahCl{REMENE pRiSed R Qi RREIRAEARS portions

described using known etching and masking processes and techniques.

22¢ 1 mshe zmbiplistent BingisaiaskinddGa vatteerieei ghe efathaving-rargaetic 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 to the
soft magnetic underlayer 134. In alternate embodiments, not shown in FIG. 13,
the recording portions 220 or recording bits are formed of etched segments of the
magnetic recording layer 130 or etched segments of the magnetic recording layer
130 and non-magnetic layer 132, but not the soft magnetic layer 134. In these
embodiments, the intermediary regions or portions 222 formed by the etched
segments include a 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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25

25 recording portions 220 including etched soft magnetic segments as
STIP{)%\{L%SW 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 STI_.13819.00 -10- in FIG. 12, the
etched or intermediary regions 222 include a non-magnetic layer or
portion 224 to limit fringe fields in the intermediary regions 222. The non-

ferfvagagtictiegayent 254 alispiosizt bertreds iite flivgefidldstominidizenagnetic
the loss of on track write fields and the strength of erase fields on _
laygisaceit fREkSOF the SYeRaIMYaIeERSToS JingnBURREHSo @it media.

AI{M%{‘%Q i%_fﬂt% 3 tP&Sfﬁ?ﬁg %A%m%%%&%gifgnéﬁ&%ﬂmwdﬁés 12-14,
non-magnetic layer 224 and a soft magnetic layer 226. As shown, the
appbnathelynetiofayeri R24 toether g ithd asofmneghistimtstionayend3thefrecording
the medig from the soft magnetjc layer 226 in the,int iary regions or
ORI 01395 S N e L Vot D9 EREChER e s or flax in
the iniesmedianbirbioRas RATHNOS P22 ecentanasymagielicPpestiRs @fed by

the recording portions 220. In the embodiment illustrated in FIG. 13, the _
etoherd Hiasmisa o Anfailn et thy enageicprerersinealwrs thédke the magnetic

; . I ¢ . .
recofy %%tcl)u ggwgljléq{&ﬂ@éggétﬁaf%@f T@‘f,azgﬁd YR Hhe é.%rf{qf’(t‘?é)é%etlc layer

h the intermediary reégions or portions 222 to the 15 so
134nadneticesaderiayelithtsn tiermaterambodimegimmo2RomnlindelG. fisst soft

the recgrdin rtions 220 o recording hits aréégrmggeof etched 1
MAGHENES BF the i ic? tcﬁ}aﬁbe‘igfy YE30rdret argé-g?ﬁma&m%c ayer
234“%9%@3&%@@%% JBerRNEA Béﬁé‘&%%ﬂ?d%(gfﬁ?@r buionQithe first soft

soft magnetic layer 134. In these embodiments, the intermediary regions

magnssicidager 23 orraeensy 10E atagae o kagmédls mMulnterewgheagniager 234
an ¥1%rrlgr2r1%§rr1enc(ijcnla®aegrﬁtici}? g?crhze%l‘lrfeig{jorsl(s)f(t)f the magnetic recording layer 130
and non-magnetic layer 132.

FIG. 15 is a flow chart illustrating steps for fabricating raised recording
portions and intermediary regions 222 including one or more layers as previously
described. As shown, in step 240, a soft magnetic underlayer 134 is deposited on
substrate 136. A non-magnetic layer 132 is deposited on the soft magnetic
underlayer 134 in step 242. In step 244, the magnetic recording layer is deposited
244. In step 246 a pattern mask is deposited and the magnetic recording layer 130,
non-magnetic layer 132 and soft magnetic underlayer 134 are etched to form
raised recording portion including an 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.



10

magnetic layer 226 to confine magnetic flux to the recording portions 220
sno&piggooas 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 25 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

includeia firsbeoftnagnetd laer 238nsekongdisofiumrgoatcdayeicSistics and

and an anti STL 13819.00 -11- ferromagnetic layer 234 disposed between
adirentpgeacd acke sorbrdgmetits I8§é?§2‘§‘6%9¥602€§%8@e REnast forth in the

forTAAnsli i EREAst! ,pr%%%'% qithe madigs GHNARIBARAINCUAG function of

recording portion structure is shown in FIGS. 12-14, application is not
vatiipitecctolthdipaeticsilaf ehthacimenoshdin aliskthewecdsdilgsGatovioonly, and
can have alte[)native tructures as, illustrated in FIGS. 9-;50. InQ

h
chagsodiMahts Bt FREE4, Thteiriathari RishY 222 abact ?ﬁ?ea"éygét%ﬁtéﬁ e and

ariegheRis 0bhe a6 tha thiagfetipiesarsiag dyelel 3o-0r e MAARRIC to the full
recording layer 130 and non-magnetic layer 132, and not the soft

exiepigiadearipsr BBathg thededeiBbeiA e s aMBEntatnibEialsrragidRs whuch the
! by Ay .
apglﬁﬂé‘a;é%?cfléﬁ%%fkl&{?f&@s& PX?%%%%@%Z%H? gammgﬁﬂeamﬁ{saﬁay vary

rromagnetic layer 234 in egions e magnetic
depecatdiggolaybe 120tionk firgtsiia tivagnétile [ayen280jsecabdtsatially the same

magnetic layer 232, anti-ferromagnetic layer 234, and.nop-magnetic layer .
Fu AL SO RSBl HE BB T OHoHE SR AR AJaF Sb (i resent Hhvention.
In AEQRGENLRI t}%zgl]erféﬂ@d Barissuflowah L dPvBsatingrstBRT EQllirected to

fabricating raised recording portions and intermediary regions 222
a pattisailg seeobilimgragsyerstasifrbgiopsiieciated 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.



described. As shown, in step 240, a soft magnetic underlayer 134 is
STQ%Q%% ed on substrate 136. A non-magnetic layer 132 is deposited on

the soft magnetic underlayer 134 in step 242. In step 244, the magnetic

recording layer is deposited 20 244. In step 246 a pattern mask is

deposited and the magnetic recording layer 130, non-magnetic layer 132

and soft magnetic underlayer 134 are ef,t_ched to form raised recording

portion including an etched soft magnetic segment and intermediary

regions 222. Thereafter in step 250 layers are deposited in the
WHETIedijuxMegDNS222 and thereafter, the mask is removed in step 252

and an 25 overcoat layer is deposited on the patterned media. Although

various embodiments are iIIustrated in the FIGS, application is not limited

tg tha particyl ﬁ emhadipeh n and alternate embodiments include

selected attribu es and featur es o he various embodiments shown in the

FIGS.[8Ttalig8 09 sﬂoheltirdatccsrthtthmmmltt@m}@m ¢hdhaghsoft magnetic

numerous characteristics an anfa&% §of vari s embod| ri%s of

il

invention h37e BERHEt fHh ‘EH‘? C ng deschigid tgeth SV

details of tk@@{é&@fg@@%ﬁ@ﬁ@tg@g@{eﬂanous embodlments of the
invention, this disclosure is illustrative only, and 5 changes may be made

in detail, especially in matters of structure and arrangement of parts

vgthkﬁ{g &89&13?%1%1:&&60? '&?Eﬁﬂ%%ﬁ@i‘&?&% I‘%&fgh éggf‘% tlons
the broad generafmeaning o terms in which'the appended clai
eixplestenh Etrhexdanoplentipnptitisegdaneiements may vary dependlng on

the particular application while maintaining substantially the same 10
functionality without departing from the scope and spirit of the present
'Bveﬂ‘l'férkedara@ﬁg'ﬁ{bcﬁﬁhg‘{gbifﬂ@ RrefaustRMORArIaR ﬁ@&gﬂ@@é’ segment
herein are directed to a particular recording media, it will be appreciate

by heduecerified etchrslanagaetic recording segment and the etc ed 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. The recording 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.



the teachings of the present invention can be applied to other recording
Sngﬂ'@m without departing from the scope and spirit of the present

invention. STL 13819.00 -13- WHAT IS CLAIMED IS: 1. A recording

media comprising; a plurality of etched recording portions including an

etched soft magnetic segment and an etched magnetic recording

segment above the etched soft magnetic segment. 2. The recording

media of claim 1 wherein the plurality of recording portions include an

etched non-magnetic segment. 3. The recording media of claim 2 wherein

the edhetbsoftinganeticsepoiant Isabetweepthggichedimagpatieic layer in an

recording segment and the etched non- magnetic segment. 4. The

rBUSTa RBarE FIeR AR SRR RS 5 e fItF ARt BIF RUTAMS 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

chaimlhevreexsiditipprdadity ofaienofding ponijerisingcurdés magoediitylafer in the

recording, bits includi tched magnetic recordjng bit segments and a
L SFRING R RETCH S BEEhSS Qo et Tk
segments. 6. The recording media of claim 1 wherein the plurality of
recording portions include a first soft magnetic segment and a second

sdft hiyFrase diygiens el elaiam-rforRaYPIIGE SeyfiehtiraneiénlaweT, a
firgt g &%wlg %W& 1% §ﬁﬂ@&@£§n§§ﬁé¢ﬁ%?e@% Between the first and

second magnetic layers in the intermediary region between etched recording

portions.

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. The recording 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.



7. The recording media of claim 1 and comprising a non-magnetic layer in

sn?ﬁsl@. %rmediary region between the etched recording portions. 8. The
recording media of claim 7 and comprising a soft magnetic layer in the
intermediary region between the etched recording portions. 9. The
recording media of claim 8 and comprising a first magnetic layer, a
second magnetic layer and an anti-fe_rg[g_magnetic layer in between the first
and second magnetic layers in the intermediary region between etched
recording portions. 10. A recording media comprising: a plurality of
radially and circumferentially spaced recording bits and the plurality of
sgﬁaced recording bits including a magnetic recording bit segment and a
sbit MAYRRRASFOBHHRERAE: 11. The recording media of claim 10 wherein

the magne&igprgé‘iﬂ ing Dj¢ enta ghgnsgfgﬁgggg@g}c bit segment are

etched segments of'a magnetic recording layer and soft magnetic
underlayeddpositieg ecoating ivedizood iclgitaykd;,\ahdrein the magnetic

recording bjts .inclyde a non-magnetic bit segment. 13. The recordin

mecia of LIS (RS GE N JF 5L SO MAJRERC I LETRUHIE laver to
smaller than Widtn@ﬁm%@@a&@édb@iﬁgagaﬁﬁgﬂgcording 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

*EameRtimateep dindrsbandivacand selhmaghglic bit segments. STL
13819.00 -15- 15. A method comprising: depositing a soft magnetic layer
on a substdaieositépp aiting-armaggetd drrecandihig taleregrachd

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 soft magnetic layer and the magnetic recording layer to form
ST{qﬁ%dugecordlng portions. 16. The method of claim 15 and further

comprising depositing a nhon-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 p%rallty 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 éeddrdingdayen ebfofiagagtietiayayehd tnfitermaingchefic/rifer and

15 and comprising; depositing a non-magnetic layer in etched regions of

the magnetic rec%mﬁaq%v o6 SBR BNsGdaY ayef 2D feraisadotpetrding

claim 15 and comggﬂ%sdeposmng a first soft magnetic layer; depositing

an anti-ferromagnetic layer on the first soft magnetic layer; depositing a

second soft magnetic layer; and STL 13819.00 -16- etching the first soft

magnetic layer, the anti-ferromagnetic layer and the second soft magnetic

layer to form the raised recording portions.





