CONTACT MAGNETI C TRANSFER OF SERVO PATTERN TO RIG D PERPENDI CULAR MAGNETI C
RECORDI NG DI SK Technical .Field 5 The invention relates to a nethod of
formng a servo pattern on a rigid perpendicular nagnetic recording disk,
and nore particularly to contacting the recording disk with a pattern on a
master disk and transferring the pattern to the recording di sk. Background
of the Invention 10 Conventi onal magnetic recording hard disk drives use
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recordi ng |l ayer and a conventional nagnetoresistive read elenment for
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15  system is one that uses a single write pole or "probe" recording head with a "dual-layer" media

as the recording disk. The dual-layer media has a perpendicular magnetic data recording layer
with perpendicular magnetic anisotropy formed on a "soft" or relatively low-coercivity
magnetically permeable underlayer, the underlayer serving as a flux return path for the field
from the write pole. Fig. 1 is a schematic of such a system showing perpendicularly

20  magnetized regions in the recording layer and a conventional magnetoresistive read element
for reading the recorded data.

For both longitudinal and perpendicular magnetic recording hard disk drives, the most
common method of generating the fixed, pre-recorded servo patterns that are used to position
the recording head to the desired track and record location on the disk, is by “servo-writing”

25  the patterns on a track by track basis, either with a special write head and servo-writer or with
the production head in the drive. This is a time-consuming and therefore expensive process.

Contact magnetic duplication or transfer (CMT), sometimes referred to as magnetic
printing, is a method of instantaneous recording of magnetic patterns onto magnetic media

over large areas and has been proposed for transferring servo patterns to longitudinal magnetic
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over | arge areas and has been proposed for transferring servo patterns to
| ongi tudi nal magnetic -1 recording disks in hard disk drives. The CMI

met hod uses a "naster” disk with a pattern of soft (low coercivity)
magneti c material corresponding to the servo pattern which is to be
transferred to the nmagnetic recording disk (the "slave" disk). As shown in
Figs. 2A-2B, the slave disk is first exposed to a uniformmagnetic field

(i.e., "DC' netj ze i t led Nylns
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openings 6, because in the presence of the field from the magnet these regions generate their

own fields. CMT was first proposed for generating servo patterns in longitudinal magnetic
recording media in U. S. Patent 3,869,711. Co-pending application Serial No. 10/055,638,
filed January 22, 2002, and assigned to the same assignee as this application, describes a CMT

20  process for longitudinal rigid magnetic recording disks that uses a flexible master disk and
differential air pressure to place the flexible master disk into contact with the rigid slave disk.

More recently, Ishida T. et al. “Magnetic Printing Technology-Application to HDD”,

TMRC 2002, Paper A6, The 13t Magnetic Recording Conference, August 26-28% 2002,
Santa Clara, CA, has suggested that the same CMT process for longitudinal magnetic

25  recording disks, wherein a longitudinal magnetic field is applied in the plane of the recording
layer as shown in Figs. 2A-2B, can also be applied to transfer servo patterns to perpendicular
magnetic recording disks. However, a shortcoming of this approach is that it creates

perpendicular field components only at the edges of features on the master disk. This limits




25 recording disks, wherein a |ongitudinal nmagnetic field is applied in the
pl ane of the recording I|ayer as shown in Figs. 2A-2B, can al so be applied
to transfer servo patterns to perpendi cul ar nagnetic recordi ng disks.
However, a shortcom ng of this approach is that it creates perpendicul ar
field conponents only at the edges of features on the master disk. This
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magnetic material on and extending above the first filmand recesses
between the islands. In one inplementation, the_ slave disk to be servo
patterned is first DC magneti zedummaryof the Inyention on perpendicular to the
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because the magnetic field is directed away fromthe spacings or air gaps
in the recsksedskimbe seywapateres is $irsi As magnetized in a first direction perpendicular to the

plane of the recording layer. The slave disk is then placed with its outer layer in proximity to

15 the islands of the master template and a magnetic field is applied in a second direction
opposite the DC magnetization direction. The magnetic field in the second perpendicular
direction passes through the first film and islands on the master template and the regions of
the recording layer beneath the islands, which causes a reversal of the magnetization in these
regions. In the regions of the recording layer beneath the recesses of the template the

20  magnetization is unchanged because the magnetic field is directed away from the spacings or
air gaps in the recesses and toward the islands.

Alternatively, the slave disk to be servo patterned is first exposed to a magnetic field

alternating in opposite directions (i.e., “AC erased”) with an electromagnet that applies a
magnetic field in alternating opposite directions perpendicular to the plane of the recording

25 layer. After being AC erased the recording layer of the slave disk has essentially no
magnetization. The slave disk is then placed with its outer layer in proximity to the islands of
the master template and a magnetic field is applied in a perpendicular direction. Just as in the
DC magnetized implementation, the magnetic field in the perpendicular direction passes

through the first film and islands on the master template and the regions of the recording layer
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Alternatively, the slave disk to be servo patterned is first exposed to a
magnetic field alternating in opposite directions (i.e., "AC erased") wth
an el ectromagnet that applies a magnetic field in alternating opposite
directions perpendicular to the plane of the recording 25 | ayer. After being
AC erased the recording |layer of the slave disk has essentially no

magneti zation. The slave disk is then placed with its outer |ayer in
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invention,  reference should be made to the foll ow ng detail ed description
t aken t ogdlinggiony; khe magnet is located on a rotatable stage within the chamber beneath the plastic

15 film.

For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the following detailed description taken together with the

accompanying figures.

20 Brief Description of the Drawing

Fig. 1 is a schematic of a prior art perpendicular magnetic recording system
comprising a dual-layer disk (i.e., a perpendicular magnetic data recording layer formed on a
"soft" magnetically permeable underlayer), a single pole write head and a read element.
Figs. 2A-2B depict the prior art of contact magnetic transfer on a longitudinal
25  magnetic recording disk.
Figs. 3A-3B are a plan view and partial sectional view, respectively, of a hard
perpendicular magnetic recording disk illustrating a pattern of servo sectors extending

generally radially across an annular data band.



acconpanying figures. 20 Brief Description of the Drawing Fig. 1 is a
schematic of a prior art perpendicul ar magnetic recording swstem conpri sing
a dual -l ayer disk (i.e., a perpendicular magnetic data recording |ayer
formed on a "soft" magnetically perneable underlayer), a single pole wite
head and a read elenment. Figs. 2A-2B depict the prior art of contact
magnetic transfer on a longitudinal 25 magnetic recording disk. Figs. 3A-3B
are a plan view. a ril.al j i t ,
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sectors eyiRRémagnetized &itd bt yutr Fdhepdpgr.acr oss an annul ar data band. -4 Fig. 4
is an expanded view of one of the servo sectors of Fig. 3A show ng the servo
bl ocks magnet i Figi 5Anis @ schematic ofithe RE pagretizationgrowss fos the preseahitvertidr t he DC

magneti zati on process for the presepnt invention. ., Fig. 5B |s.a schematic of
the AC erase- p?&égslsﬁﬁf?h%aglcﬁ&é eeﬁ{3 TR EMGEEH. g‘eﬁrgs.engl&v?%_lo "schemati c of
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master tenpl ate positioned on the perpendi cular nagneti Cc recordi ng disk.
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t he di sk. thdtefplatdA- 8B are side sectional and top views, respectively, of

t he apgarat us used in the nethod of the present inventign. 15 Detailed

DescrilPtion of Hid is audhstratiomofite nefodsd cantacting thengmerdiculpuresordingglish sk
wth a per“%ﬁlntﬂg %gtltearrrl |o¥ iT5Has %%/ 'u%i%g a flexible sheet to conform to the curvature of the disk.
Figs. 8A-8B are side sectional and top views, respectively, of the apparatus used in

the method of the present invention.

15 Detailed Description of the Invention

A hard perpendicular magnetic recording disk with a perpendicularly magnetized

servo pattern formed by contact magnetic transfer according to the present invention is shown
in the plan view Fig. 3A and the sectional view Fig. 3B. The magnetic recording disk 10
comprises a rigid substrate 11 (e.g., glass), a soft magnetic underlayer 12, a magnetic

20  recording layer 13 having perpendicular magnetic anisotropy, and an outer layer 15 (e.g., a
protective overcoat, typically amorphous “diamond-like” carbon). A lubricant, such as a
perfluoropolyether (PFPE), is typically on the surface of outer layer 15. The disk 10 has an
annular data portion or band which is defined by an inside diameter (ID) 14 and an outside
diameter (OD) 16. Interspersed about the data band are equally angularly spaced servo

25  sectors, such as typical servo sector 18. The servo sectors have a curved or arcuate shape
from ID to OD because the read/write head in the disk drive is moved by a rotary actuator that
follows an arcuate path from ID to OD. However, the servo sectors are represented as straight
radial lines in Fig. 3A for ease of illustration. The sectional view of Fig. 3B is taken along the

track or circumferential direction and shows substrate 11, underlayer 12 and perpendicular
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servo pattern fornmed by contact nmagnetic transfer according to the present
invention is shown in the plan view Fig. 3A and the sectional view Fig. 3B
The magnetic recording disk 10 conprises a rigid substrate 11 (e.g.,

gl ass), a soft magnetic underlayer 12, a magnetic 20 recording |ayer 13
havi ng perpendi cul ar magneti c ani sotropy, and an outer |ayer 15 (e.g., a
protective overcoat, typically amorphous "dianmond-|ike" carbon). A
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information fromthe end| ul ar netized servo bl qcks .  cont
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An expanded view of typical servo sector 18 and portions of three data tracks are

illustrated in Fig. 4. The three data tracks 20, 22, 24 are shown in outline. All of the cross-
hatched portions of Fig. 4 represent magnetized regions of the recording layer 13 that have
been patterned by the contact magnetic transfer process according to the present invention.

20  The arrow heads and arrow tails indicate the direction of magnetization for each magnetized
region. The non-cross-hatched portions on Fig. 4 represent the regions of recording layer 13
that retain their original DC perpendicular magnetization direction if the disk was first DC
magnetized, or alternatively the regions that reversed their magnetization if the disk was first
AC erased. A portion of the servo sector 18 is a servo field 30 that includes spaced-apart

25  servo blocks, such as typical servo blocks 32, 34 and 36, 38. Also included in servo sector 18
is a field 40 of radial stripes 42, 44, 46, 48 that are used to provide synchronization and gain
control for the subsequently read servo signals from servo blocks 32, 34 and 36, 38.
Additional information, e.g., timing marks indicating the beginning of a servo sector and/or a

coded pattern for identifying the specific servo track by track number, may also be included in
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towards the track centerline. Thus, during a conplete rotation of the disk
10, the head is continually maintained over the track centerline by servo
information fromthe servo blocks in 15 successive servo sectors. An
expanded view of typical servo sector 18 and portions of three data tracks
are illustrated in Fig. 4. The three data tracks 20, 22, 24 are shown in
outline. Al of the cross- hatched portions of Fig. 4 represent magneti zed

regi ons of the recqrdi t . t 1ct
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bl ocks 32, 34 and 36, 38 in servo field 30 and the radial stripes 42- 48 in

t he syhchtaothe stationary gisknor meviag fiee dislerebxtivade thetstatiogaryanagaatli Algohe diskdlat i ve
to the pl ane §f.the r ordie?i% I%er 3ﬁ Ié'? ei%per i nt o or out of ht,[he
paper in Euybe Sfatiopary apckexpgsedip amaeneiiG fipld fram A Siatighary gjagnrtjagg gnough to

per pendi i @ise ARG Sreh BF fe WiskGo MeSthagretid FHe R, dAMPsuch nidilod3ENt | nvention
is depicted in Figs. 5A-5C. As shown in the first® inplenentation in Fig.

5A, the dimgndiration resukbcinrttie entirk agoordidglayenvi hipinepppemiialdriy magnptieed n a

el d fr ofrtAgHalomagPentrulah g e plakb onias ABune JpRERBREOR e oPeats
el ect [ oragnelis 16'GitHREd%ding layer 13 is AC erased by exposure to an electromagnet with a high-
frequency alternating current that applies a magnetic field in alternating opposite directions
perpendicular to the plane of the recording layer 13. Following AC erasure, the recording
layer 13 has no perpendicular magnetization.
The master disk or template 50 is shown in sectional view in Fig. 5C and includes a
20 base 52, a first film 54 of soft magnetic material and a plurality of islands 56 of soft magnetic
material on the first film 54. The regions of the template 50 between islands 56 are shown as
recesses 58. The base 52 may be rigid, such as glass and silicon, or flexible, such as a plastic
sheet of polyethylene terephtalate (PET), naphtalate (PEN) or polyimide. The first film 54 of
soft magnetic material is deposited on the base 52, preferably by sputtering. The soft
25  magnetic material can be NiFe(22/78) or NiFe(32/68) or NiFeCo(35/12/53) or NiFe( 55/45) or
NiFe(55/45) or FeCo(62/38) or other alloys of Ni, Fe and/or Co. A second film of soft
magnetic material that will make up the islands 56 is then deposited onto the first film 54.
The second film may have a composition the same as or different from the composition of

first film 54. Next a resist layer is deposited on top of the second film and then

-7-



may be noved relative to the plane of recording |ayer 13, either by noving

the magnet relative 10 to the stationary disk, or noving the disk relative
to the stationary magnet. Al so, the disk 10 can be stationary and exposed to
a magnetic field froma stationary nmagnet | arge enough to expose the entire
area of the disk to the magnetic field. Any such nethod of DC nmagnetization
results in the entire recordi ng | ayer 13 bei ng perpendicularly magnetized in

a first rect t I
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AC erased nﬁ?n@dfﬂﬁﬁt‘éﬁ@l 1th@-§bc@i1d?ﬁhﬁ ¥men fimovedl lisiag Mediesis pabigHean adtigg nat i ng
current th applies a magnetic field in alternating opposite directions

per pendi culask, and thehrcspt ismemoved; h?@VmGdb? disirgd patfesn of Blands 56 and regesqes &§.aHit e,

t he recordi 0 cu tizati ter di sk
or tenpl at‘%‘51 Be‘%?y 8\]%’ ﬁhﬁ?ggﬁ e\} %Wlsiai? %ﬁ?‘%ﬁi’?ﬁ ﬁ&énai M3 pase
o2, 8517 Sbmbbaiordnd 2 Ak f'lrxﬁgif%&ﬂ‘fnafséﬁét?crﬁlﬁﬂenéﬂﬁvﬁlgﬁklﬁﬁ&{égldﬁs%d rskards 56
of soft magnet mat er | on the fir 54 he regions of the tenplate

50 bet wiee regissdtvecda@haistansiregionssan beefomaﬁsthagépmbmmms&ﬂ)edmyom inigid,
such as glass and silicon, or f]exible, such | asti c sedget of
1C

pol yet hyl m}t‘@ﬁ%%lﬁm egionspill &f'pﬁfhé‘Fl%]Fis yi egualytp thedBickmess of thes ¢

filmb54 of o1 magneti c material is deposited on the base 52, preferably
by sputtersllnﬁge L'Fhe soft 25 magnetic material can be N Fe(22/78) or

Ni Fe(32/68) or AN shewaisigl 3Cothe r@éor&ihgﬁ(skaﬁ/lélﬁﬂen%snlbhéa?\é/ﬁﬁritéalteﬁrayer 15in
FeCo(62/38) or other alloys of N, Fe and/or A second fil mof soft

magneflDc mpeexdmity |(e1th¢awem dse pnkecantactite tln%llslandm(s@f template50. dElpﬁ)@ut@reldyqrdtSO

he fi fiilm54. Th h h
1T er ent 20 SRR 56 TR RS HeR 1 On ARy oy paneRicany Dressine B reserding iy R M
deposi t ed ol RRofdindl i YRRk &1 d FUrAPEh feels the plebdufoBeraRb Gldisk igrpsed and

devel oped to a pattern in the resist |ayer. The soft magnetic naterial
in the se¢<ﬂnpiafe|, thereby allhwmgr@mosrdﬁrlusresgne empes thettwp antbeontaets Ifitheadiskiwvasy

and T ecosdud 13 magheiaed. hen fegnisaat . Rae itfet raedet F e G BAgRGAAHER <1 ands
56 be19f LG SRS ﬁ&f&m@&gpfaffféré@ﬁcﬁ:ﬁfﬁﬂ in the manufacturing line, applies a magnetic
field in a second perpendicular direction opposite the first direction, to the recording layer 13.
If the disk was first DC magnetized, this field may be applied in the manner described above
for the DC magnetization process. As shown by the dashed field lines in Fig. 5C, the
perpendicular magnetic field passes through the first film 54, the islands 56 and the regions of
20 the recording layer 13 beneath the islands 56, which causes a reversal of the magnetization in
these regions. This reversed magnetization remains after the field from magnet 100 is
removed because the strength of the applied magnetic field through the regions beneath the
islands 56 is greater than the coercivity of the recording layer 13. In the regions of the
recording layer 13 beneath the recesses 58 the magnetization is unchanged because the
25  magnetic field is directed away from the spacings or air gaps in the recesses 58 and toward the
islands 56.
Alternatively, if the disk was first AC erased, the perpendicular magnetic field from
magnet 100 passes through the first film 54, the islands 56 and the regions of the recording

layer 13 beneath the islands 56, which causes a the magnetization in these regions in the same
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5 conposition, then a single filmof soft nmagnetic material having island
regions and recessed regions between the island regions can be forned

| it hographically as described above, in which case the island regions wll
have a thickness substantially equal to the thickness of the single film
As shown in Fig. 5C, the recording disk 10 is then positioned with its outer
|l ayer 15 in 10 proximty (either very close or in contact) to the islands

56 of tenpl ate 50., The,.0 el 15 . i.sl 5 j nto

contact by FEORZRN iﬂlea?qpyeg?@sdsdﬂ%%toﬁé d lerg‘gtg)&i lﬁg Ss%jlz g%lg%%'thg?eg@e%?;ﬁ%ée

toget her, r&brd%{% fah&r USkenehthahd1ea®sséss8 ﬁé'éﬁﬁ)sbﬁlfb e fRetd fréminigee 100 fhey dils k
at e,

and the tenp thereby allow ng atnospheric pressure to nove the two
i nt o cont have the farhé maghetization dirgdtios @as the regignebéneatts the istands flopmgh ddowedr, or

diff t t .f. .the DC tizati 15 f d at
o o Terent omanel L1 CC MONRi 26\ 9 proesss wes bR 0L 2
seconds pe?ﬂ%g@%%z%géﬁfn ?1%6?1%?099“5’153%@%35 Spddisheblidly v S Figl. 9@?]9%@%0?&1 le

recordi ng disk was first DC nagnetized, t ield my be
appl i ed i gotiglngrfeom ehe ‘desan’” nirgdetided vegiodsdrentath tHaGslandm €fhiz stbheomsptlmcess. As
shown by the dashed field llines in Fig. 5C the perpendjcular magnetic field
passes t hsength ohthe maggetic field,from mageet;10) i ths regionshenesa thetgresses léfess than he
recordi ng | ayer .1 th i L,Sl@ands.. i al. af the
magnet i zalﬂfeo efcﬁVI%'t ﬁ?@%@%@@ﬁ?&aﬁ; S[%rlsgggre\spgeygg %&gg"e@l‘ﬁ ??8 iaéﬁﬁe?fet?ralhl after

the fiel dflefRcysEied pdtend, $.f, &tRY BOwhick thesecdshes SBtHaBedliively éhall appl i ed
magnetic field hrougﬁ the regions beneath the islands 56 is greater than

t he cd@r cidimensians aldng thecisguaniargntialyos along-track diraetionggiahenables theedipelecor di ng

| ayer 13 beneath. the recesses, 58. t he magneti zat.i i S unch ed because the
25" mgnet OO S RPERREE TRy PRI Fe 1 us Syt el AR ESeRF R e

recesses %gﬁaqilahgwq,etrg?ong Sen8itH $hedBeesfdst g natively, if the disk was first
AC erased, the perpendicular magnetic field from nagnet 100 passes through

the first fil mldimpbmantséd assurs tb allrod thawegioas pHihs redording layec by dfthg | ayer 13
h the is| Coh o . . ) h . :
? ﬁgeggmet _r%:olrcfinéle gldsi bgr?éatmecpattgr%g gsfangs %6 gf trﬂae%rlla%%ér %g}mlﬂgtré gO”aré m%fg‘getlrzgg,l acr)lgs 'n

15 that none of the other regions of the recording layer 13 are magnetized. This is accomplished

by proper selection of the strength of the field from the magnet 100, and the thicknesses and
material composition for the first film 54 and islands 56. The thickness of the islands 56
determines the thickness of the spacing between the first film 54 and the recording layer 13 in
the recesses 58. Typical examples of these parameters are 80-160 nm for thickness of the

20  islands 56, and 400-1600 nm for the thickness of film 54. Fig. 6 is a family of graphs of the
calculated magnetic field just below the island regions and recess regions for various
thicknesses of the first film in the template. For this data, the first film 54 was NiFe (1.1
Tesla) and the islands 56 were FeCo (2.2 Tesla) with a thickness of 160 nm. The valleys in
the family of curves correspond to the calculated field beneath the recesses 58 in the template.

25  Fig. 6 shows that an increase in thickness of film 54 leads to increased contrast obtained
between peaks in the curves (corresponding to the field beneath the islands) and valleys in the
curves (corresponding to the field beneath the recesses). If the value of the field beneath the

recesses is smaller than the magnetic coercivity of the recording layer 13, and if the value of



direction as the applied field (the "down" direction in Fig. 5C. Wen the
regions of the recording |ayer 13 beneath the recesses 58 are exposed to
the field frommgnet 100 they will have the sanme magnetization direction
as the regions beneath the islands ("down"). However, as soon as the field
from magnet 100 is renoved fromthe regions beneath the recesses, the 5
magneti zation in these regions will reverse spontaneously ("up"” in Fig. 50
due to di {1 ; ] . Sk ' ' m

ol ands. T 20 SCHAUL 06 [T D Rithe BRGNEH ot la% ISpOPRERRIanTRI 100
in the reghetempheans@nill transferctodlssmagretic remsding tayer the coercivity of the

recording | ayer. 13. This AC eras met hod | s,best appli.ed tqQ "hi

[ requency” aor PoSHRTIG i eopIEute ol BEL 1o fulgh I3 IHEOREKSHe dgands o dyemaster
relativel y, samili &ﬁﬁgpﬁﬁ&ahﬁqge ?écpﬂﬂné &Sk & oty %ﬁﬁ%ﬁe%arpéméipa v hRE
direction.: |1 S eéna es the | pol e coupl 1 ng I’0mt e magnetlze regl ons

beneat B t Rketh Spaakds-pedk Varidtiohdn teastidl direetiosy (perpehdiculap@ribé dizhsudace) of § he
regi ons beneath the recesses 58. |t is inportant to assure that al|l of the
regi ons ofmictess peercr 2 man taageer peziodfand RS MISES@VALR inyk pped a9y thisseason

d.isl and f . | 50 -ar . ized 15 th
Pone of -t i arerbisdy R Her bR PR Ry opkDd Bod Sfrlee B Thi o re
acconpl i s Ql?ﬁer@ti‘tia? %g@fﬂﬁ_ss‘ﬁ% R4 hObutbhBy& o edieBordingt digk ftPddhtdct Mimtthe

magnet 100, and i cknesses and material conposition for the first film
54 and i slisladls. This iFldepicted dik higs 3, where the madtentemphee SMkrserfidxikle shdetas hieckness

recesqls 98ic gt Armell difirental s PSP RABPUPLIhe BSD RO RGeS e
t hi ck : 20 | : . \ .
54, Fig.  dpndsiRg oBlaBRUR B o Rila RS bR b flad 1D el RE Rl '

bel ow t he téfiplarRcbriegisohtaially fiecans cupahee as fherredtadingdisk 10hi cknesses of the
first filmin the tenplate. For this data, the first film54 was NiFe (1.1

Tesl a) and t he TheslapparstusdonfeMd ysingsthe Aepibiptemplaterinddifferenticliaas presare 50 nm
Th Il in. th i1y, of d t | cul at ed. fi el
peneat h ¢ HEOVBLEESSARE, Ya e T nch GRRPRtenick LG5wER of vt Arimnetutiee |
thi ckngss phe bpenifgdrt2!is aék%récpb)t] ﬂ&gi_sleﬁaﬂ%lﬁferstor@ﬁﬁ R&@rﬁécﬁ@ﬂnd@% ARERCRSAKSS | N

the curves (corresponding to the field beneath the islands) and valleys in
t he The chamber opening 102 is sealed by clamp 106 and O-ring 108. The interior of

chamber 101 has an inlet 109 connected to pressure regulator 110 which is connected to a
pressurized nitrogen source. A rotation stage 120 is located inside chamber 101 and supports
a platform 122 that rotates about an axis 124. A permanent magnet 100 and a

20  counterweight 140 for magnet 100 are mounted off-axis on the platform 122. As shown in the
top view of Fig. 7B with the template 50 removed, the magnet 100 has its field lines 132
oriented out of the paper so that the recording disk will be magnetized in a direction
perpendicular to the plane of its recording layer. The stage 120 is also movable in the vertical
Z-direction parallel to the axis 124 so that magnet 100 can be positioned at the desired

25  distance from template 50. The recording disk 10 to be patterned is mounted on a gripper
arm 150 that is movable in the X-Y-Z directions above the template 50. The movement of the
gripper arm 150 and stage 120 is controlled by a motion controller, typically a PC.

To begin the CMT of the servo patterns to the recording disk 10 the previously DC-

magnetized disk 10 (or previously AC-erased disk 10) is positioned and centered over
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curves (corresponding to the field beneath the recesses). If the val ue of
the field beneath the recesses is smaller than the magnetic coercivity of
the recording layer 13, and if the value of -9 the field beneath the
islands is larger than the coercivity of the layer 13, then the pattern from
the tenplate 50 will transfer to the magnetic recording |ayer 13.

Positioning the recording disk with its outer layer in proximty to islands

of the master  t |l ate.is difficult,becaus ' ' ~s not flat,
but 1 at horerablatesDPURe e S gbrst ot 150 A ahile pEARK DM BhDCY Y 1

axial dir %ﬁgha&eﬁnﬁwﬂagje afcula® dirb@icdi dovnsanditaciey tegrfpldie SOl FRngAover a 20
nm range or period and 0.25 mcrons over a 4 nmperiod. For this reason it

i s pref er {bppesitotomsves 1123 %0 bbeparaie manufactpingsietion.t hheadisk éQismasitinmedin he t he
b , d i ff, tial r re.to pl age the ouier, er of t

oo dine Zaissctipn st i e Soter St ety QuPie e poheroifals s bVt letplatk 3B o 7

wh h | i : : a
el G ARE R SR Algflatdh 116 feltt6 HicaSe SR3RssE wifln el 1 0B 8

the i sl anBsvddimosplrican e thd templdie SO uttevard sythat the istdnds 156 arepressdi mgodi sk
10 so that the nmaster tenplate 50-has _substantially the same curvature as

the recor dongetavish theputersarfagafidisk k0. t Whilemttial gentde ¢andact pEtheputer suriggenfe and

differentiagl .. LeSSUre | ' ' - . Qﬁm r

upper opeﬁﬁ%‘é@gggQ‘Qﬁtﬁggﬁmggég?%rﬁﬁﬁﬁbﬁbg%&i%aﬁse ‘Pﬁgelﬁopen?rll)a Jv%é'Z‘glg%’ i
cover ed bynok {rfoonflce or §BhIS iparthd corithdt vaat dotfesidhd flaadel So Téhgaiddhe @igke §56265e58.
The chanber opening 102 is sealed by clanp 106 and O ring 108. The interior

of chdfberentggh thasthe prassure diffapentimbmowres e islandsi5é4e press theguintn ol conctahleh i s
connected to a ressuri.zed njt.roge ou. . rofati on sta 1 i s .located
ool e ohaeneBIia My camber A 28, By bt Shit AfQkE e M ahine B OTHT s
124. A per. ; n i :

rount od of 1S Soiiour Ot #REbu e eBBLofng Bisk U ThE ol 1 (30 mRka [PMEAdifMloREE

with the tthedsireé dbfance frowedmplatie 5SoraGhistdistifie degends en thediald btirengsh 432
oriented out of_ the pﬁpir so that t di sk w | netized in a

di r ect i on MagEebHL ¢s8 of the tsmaﬁgp g)qe%ﬁ‘glgﬁggélcﬂnél% J&?/gfthrem Hergedge 120
I's al 58 MRl 4 hdtHE mafial fithe recording layer of disk 10. For example, if the magnet is a
10 MGOe (mega Gauss-Oersted) NiFeB permanent magnet with magnetic field perpendicular
to the plane of disk 10, and the plastic sheet is a 25 micron thick polyimide film with 160 nm
thick pattern islands formed of Nij;Fegs, then this distance is selected to be between 0.1 and
0.3 mm. The stage 120 is then rotated and the magnet 100 applies the field 132 to the annular
20  data band on the disk 10. This reverses the magnetization in the annular data band in those
regions of the recording léyer that are beneath the islands 56 on the template 50 (or induces
the magnetization beneath the islands 56 if the recording layer was initially AC- erased). This
results in just those regions of the recording layer beneath the recesses 58 remaining DC-
magnetized in the first perpendicular direction (or reversing spontaneously after removal of
25  the field from magnet 100 if the disk was initially AC-erased).
The process has been described with a recording disk that was previously
DC-magnetized in one direction. However, the disk can be DC-magnetized in the apparatus
of Figs. 8A-8B if the permanent magnet is replaced with an electromagnet. In this case, after

the disk 10 has been positioned over but not in contact with the islands 56 on template 50, the
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Z-direction parallel to the axis 124 so that nmagnet 100 can be positioned at
the desired 25 distance fromtenplate 50. The recording disk 10 to be
patterned is nmounted on a gripper arm 150 that is novable in the X-Y-Z
directions above the tenplate 50. The novenment of the gripper arm 150 and
stage 120 is controlled by a notion controller, typically a PC. To begin the
CMI' of the servo patterns to the recording disk 10 the previously DC

magneti ze j ! i .l ikt haned and
centered gl\fag#r&?i%%tt %ﬁ%ﬁsg{ogg‘gg%ﬁln@%ﬁ%aggp%Bg;%u%@rtnl1%(5’% ?'rt]é ﬁ%i s exanpl e
the disk &RchéBagireth g¥nerawngfield ia et ditecdon bpmdsitp diephrediicubfarralis B3X i on down
and facing tenplate 50 in Fig. 8A (opposite to arrows_132) in a separate
manuf act u%ﬁggggx akhectage 28 igfosated and becpessithe pattean jstandp 86 aregiot dxeqriast 3dtht hat

et ot e U et SE sk ADHERED fiolF w8 HecFaMeki BHeRe o L BERE ity 0
chambes 1@0s8 ?%'drecﬁ?@ﬂ@sﬁéﬁﬁ%%é&té& WiMBe FdeBsst&5P | Pheprolesaiiarar d so

that the islan 6 are pressed into contact with the outer surface of disk
10. Wi | e praveedsads dgsamibed praymauslyt, exdept thet autent isspplietio thé electramatinekinitbe wi t h

he islands 56 i | ef d he .di sk. 10 .ne. i.tioned b I ,
but ot PRPGSRKREROED i o6 g0 aPET i o i ik InA FITRE O PTPNE 11L1 AR, <o
I t ' [ ; : ' al th
| o1 ands 56 PG URE 103 FRfisCACRIRA T B b B RO R e b S parber

101 and t kethfdnesi¢dutomagyetof the sheet allows the islands 56 to follow the
contour of the outer surface of the disk 10. The magnet 10Q is noved in the

Z-di r 88t i on t o TheKlexidessheatfontherhase s rrefersblyenplpsticdilay suchasPhy, HEMee depends

on the field.stren .Of i t t he
mat eri al 885’ “P}#etwg(églgg%rfeg?ﬁ@ﬁ %)5 gFD ﬁ%’%gﬂé%g ?Qﬁﬁ“@@s'aﬁgﬁ‘%m@%ﬂﬁg‘?‘ei n

t he recor gjlag shigb® fop thedhladfic kBeet MTludXABIhe, 453f MeliGexTPEB) Melinex 361,10y MeDA

(mega Gauss-Cersted) N FeB permanent nmagnet with magnetic field

per pendi c ahdKadanext 1080 palbanailable drok DuBontaand spirecestedspalyimideBlmg availabls francr on
t hi ck pol yj.m rrmed of 2Fe68,

(hick, oL YA KLt e ROk PRt o b Al Lo ech ol o S8Ee0,
i's they rQfaletdnaRtof e isRASSE wittheBRlel RFer Iof thetedorid disk i BlentanRYb@d
that a pressure in the range of between 0.1 psi and 1.5 psi above atmospheric can be used to
successfully achieve contact. The pressure required to achieve contact depends on the period
of curvature of the recording disk surface and the thickness and stiffness of the flexible sheet.
The objective of the fabrication of the flexible sheet with the pattern islands is to
20  produce a mechanically stable, durable master disk that can be used many times. In one
method of fabrication of the plastic sheet, a polyimide solution is spin-coated onto a
conventional single-crystal silicon wafer and then cured at high temperature. The cured
polyimide film can then be physically removed from the wafer, or the central portion of the
wafer can be removed by etching from the side opposite the polyimide film, leaving the
25  polyimide film attached to and supported by the outer silicon ring that remains after etching.
In an alternative method of fabrication of the plastic sheet, a thin plastic film of PET or PEN
material is attached to a rigid substrate using an adhesive applied to one side of the plastic
film. The plastic film is attached to the substrate only during the fabrication process. The

adhesive may be an ultraviolet light detachable adhesive, so that if a transparent substrate
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20 data band on the disk 10. This reverses the magnetization in the annul ar
data band in those regions of the recording |ayer that are beneath the

i slands 56 on the tenplate 50 (or induces the magnetization beneath the
islands 56 if the recording layer was initially AC erased). This results
in just those regions of the recording | ayer beneath the recesses 58

remai ni ng DC- magnetized in the first perpendicular direction (or reversing
spont aneo f t £ i di sk was
initially J&f}f‘e%a@tsl%% {Sqf%ﬁdéq%lf%fge"ﬁ ?leh&agstlfﬁefg}rtllq}d%éﬁ% jgeat taﬁﬂg e#"féé’g{r?l ing di sk
that was pfabntatios ipyoceb¥Gsnplyieedd tyeidradiation evithiuleaiolenlightiohveug thetshbstelitesk can
be DC-magnetized in the apparatus of Figs. 8A-8B if the permanent magnet is
repl aced with ah tkingsetegfivggeating, such afplasmaspolymerizad 2.9 pm fglcgmeafblqﬁ%@rbs@en

osi tioned ..but not i ntact W i.sl:and 6, QN .at e, 50, the
POT el ect r@ica i e Womple S Wik snbtab ol HE rliE Piby B2 rbER e ¥

appl i eds t Ginfheve AlrSEiLiERAGERIce Wt GRBRfEAGRn! i €l d in the direction opposite
the direction of arrows 132 (Fig. 8B). The stage 120 is rotated and because

the pattern i sl Bmdianv&gioarhas betn dascrilwadiwith regpachto 4 mnventi@ral magasticatcatdimg 10
the field fro tﬂe el ectromagnet nagneti zes .all of the disk, even ? t hose
regi ons di lélf:{HaE/ ??pﬁ’)‘d%’it"’tréamg‘ 'ﬁ‘ﬁforﬂTﬂo . EF&E‘VWY%CQaﬁeﬁPE’GE%rs eyergat ¥¥ie
PrOcess t%Q%lgﬂgﬁﬁ?gﬁ%gﬁkgﬁa&rﬂet@ﬁgro%%Bh‘t'%féh t ?étfc%ﬂ{rnérbi%11¥ ﬁ%ﬁfaﬁ { Sigh

applied to't omagnet 1 n opposite ection so at the freld is
appl i ed t odisksewil lsdve amdgheticfecedingilayerfthais loasd ed@iph tdindvrequiré a progeddivek 10 i s
to be first AC-erased this can al so be done in the apparatus of Figs. 8A-8B

with alf el everqoshabrepresendinygation isfulby appdipehle tg wich oxercpatless diskyr Brustanihy a

bet een 5 BiTbodE i Bpshton Bt dlessitfh BotPrimSole et} flOCRRora Spdi o] AERE
pl astic sh@etuppétGutiae: dfRhé RRYrddiSlaydyih ki ovérdoatldd ldisks sokd a dH Bdvidda and

Kadanex 1000, all available from DuPont, and spin-coated polyimde filns
avai | abl e fecondingHiyaviand esputeelayer ofttbe peconding layel shild alsncecansinaypicoattess diskhe
tenplate 50 to control the dﬁgree 15 of. the contact of the islands 56 with

|
the outer RAYREaFsording layer Witlran ippet ©10. 1t was found

15 While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various
changes in form and detail may be made without departing from the spirit and scope of the
invention. Accordingly, the disclosed invention is to be considered merely as illustrative and

limited in scope only as specified in the appended claims.
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that a pressure in the range of between 0.1 psi and 1.5 psi above

at nospheric can be used to successfully achieve contact. The pressure
required to achi eve contact depends on the period of curvature of the
recordi ng disk surface and the thickness and stiffness of the flexible
sheet. The objective of the fabrication of the flexible sheet with the
pattern | WhdeSclaimeldds: 20 produce a nechanically stable, durable master disk
that can be used nany tinmes. In one nethod of fabrication of the plastic
sheet, a polyimde solution is spin-coated onto a conventi onal
single-crystal silicon wafer and then cured at high tenperature. The cured
pol yi m de fijl : ) : e central
portion of tlh?qﬁ?é¢8€g@b@§mgy8§ﬁ%\é |r€§rlﬁ?%r;r%ﬂ??ﬁdg?é§ﬁ{(?g Hg%g?s?(?te t he
pol yi m de fil | eavi ng,.t he 25 palyimde.filmattached to and supported by
Phe” out or disk ITAEBRTS Fsg i iesPe RATRY Phreadcu ke Fsckfof fer B o et hod
of fabrication of the plastic sheet, a thin plastic filmof PET or PEN

mat eri al FETR{ISiched to a rigid substrate using an adhesive applied to one
side of the plastic film The plastic filmis attached to the substrate
only duri ng et herovidingi & andgoetipreserding diskecompaisiagi 4 sigith julstratan a unagngti¢ ol et

| i ght detachabl e adhesive, so that if a transparent substrate -12 (such as
gl ass) i s usedtecordingdayer oh thelsabgptats andarf outen layepon theeresarsigrastee at t he end of
the fabrication process is achieved by irradiation with ultraviolet |ight
through the «supevidaigea rastddi templa@l esihprising @aabd)ta st CRINASS RbASHEgnRGE yTer i zed
2.5 nmthick perfluorocarbon (PFC) film can be applied over the surface of

the plastic shgeferigingh tHa®aRathe ablarihiG i sihs DrisOR MR Ak fotagdtd T educe
wat er contam nation. The invention haS been described wth respect to a

conventi onal W&%téxfenﬁﬁg%%%@@eﬁ%t%ﬁt hat has an outer layer in the form of
at . ver, '

a protective overco , overcobatless" magnetic recording disks

have been proposed but are nat yet c rcially avai.lable. . Such disks wl]l
have & magne | EeOERgSoRue Uikt Tel e ko R matGt SRR iondh
protective 10 overcoat. The present invention is fully applicable to such
over coat | ess dmaser template; pit t he purpose of this invention and as descri bed

in the clains the term"outer |ayer" shall al so nmean
o generating a magnetic field perpendicular to the plane of the recording layer to

magnetize the regions of the recording layer beneath the regions of the outer layer
that are proximate the islands on the master template in the same direction as the

generated magnetic field.

2. The method of claim 1 wherein providing a magnetic recording disk comprises
providing a magnetic recording disk having an AC erased magnetic recording layer,
wherein following generation of the magnetic field the regions of the recording layer not
beneath the regions of the outer layer that are proximate the islands on the master
template become magnetized in a perpendicular direction opposite the direction of the

generated magnetic field.
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t he upper surface of the recording |layer in such overcoatless disks, so that
a disk having a recording |layer and an outer |ayer on the recording |ayer
shal |l al so mean an overcoatless disk having a recording |layer with an upper
surface. 15 Wiile the present invention has been particularly shown and
described with reference to the preferred enbodinents, it wll be
under st ood by t HhesmethRi [of ethimnl wherelr providing a mageriis reedrdingedisk epmprsas and
detail may be nade without departing fromthe spirit and scope of the
i nvent i on. préeidorgd mggnetictrhevrding diskdmdlingrasmagrietin rec®rding beyec om ghedaibstchterer el y
as illustrative and limted in scope only as specified in the appended
claims. -lgavWNpah pcitiéd ahdppetized: inla ﬁ*sﬂtr&@ﬁmgjﬁerﬁéﬁdiﬁuw @ that pland obfthe
per pendi cul arl'y nmagnetized regions in a rigi di sk nmagnetic recordi ng | ayer
havi ng per fé@&‘éin%uka%r, BN Shefeif PeA@bfiP Y% nla RetRHBRU comPARS! Sdrneghtinpr Vi di ng
a magnetic recording disk conprising a rigid substrate, a nagnetic
recordi ng . {. r . an.. / . .ecordi ng | ayer;
provi di ng }éﬁ%%élf g‘r@ldtlg?ripsﬁéab?lgtpgg)tﬁg?lf@%%?egt@gé@m%%?ségﬁﬂ Ftlt‘{h%c%&soft magneti c
material on the base, and a plurality of islands of soft nagnetic nmaterial
| ocated on and extendi ng above the first film positioning the recording
disk with the outer |ayer proximate the islands on the paster .tenplate; and
generating a“med ri%?th?,da pi farminged pattean ofi perpendicwatly Mpgnstizest regils ipadiel ng
| ayer to magnetize the regions of the recording |ayer beneath the regions
of the out disk magaetic rasarding daypr bavingperpendicylal magretisnanisedropnsthermethopl at e i n
the sane direction as the generated magnetic field. 2. The nethod of claim
1 wherein gomyrisitigng a magneti c recordi ng di sk conprises providing a
magneti c recordi ng di sk having an AC erased nagnetic recording |ayer,

o providing a magnetic recording disk comprising a rigid substrate, a magnetic

recording layer on the substrate having a portion magnetized in a first direction
perpendicular to the plane of the recording layer, and an outer layer on the
recording layer;

o providing a master template comprising a base, a first film of soft magnetic
material on the base, and a plurality of islands of soft magnetic material located
on and extending above the first film;

e positioning the recording disk with the outer layer proximate the islands on the
master template; and

e generating a magnetic field perpendicular to the plane of the recording layer in a
second direction opposite to said first direction to reverse the magnetization
direction of the regions of the recording layer beneath the regions of the outer

layer that are proximate the islands on the master template.
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wherein follow ng generation of the magnetic field the regions of the
recording | ayer not beneath the regions of the outer layer that are

proxi mate the islands on the naster tenplate beconme nagnetized in a

per pendi cul ar direction opposite the direction of the generated magnetic
field. -14 3. The nmethod of claim| wherein providing a nmagnetic recording
di sk conpri $esThgmethodioT@lAmMRgMeteirc pfoekiiigda Rthgiétikreberdingadisk c@maprives C
recording |layer on the substrate having a portion magnetized in a first

di recti onpRgkdeRGitkdipcHion Of thB fecBtdIEIaPdr it Bd fiFse papENdIcIAraNREtiorRNd Wher ei n
generating a magnetic field conprises generating a magnetic field in a
second perpendi cul ar direction opposite to said first direction. 4. A nmethod
of formng a pattern of perpendicularly nmagnetized regions in a rigid disk

magneti c recordin ayer. havin er pendi cul magnet i.c, ani satr .t he
Teehod Cconti el S SRR soheRih vt PG i fRed e B o i gi o
substrate, .a rra(t;neti c ,rlﬁcordi ng | ayer on the substrate havi ng{ a portion
magnet i ze®id nfigt pergendicylarc (diggRtion, SHEEET APRNIRS ¢lRgiripal afBITet ¢heaR ecor di ng
| ayer, and an outer |ayer on the recording |ayer; providing a nmaster

tenpl at e eleetprmagnplgingonigadirectien, fand geherqin gensratingfa magnptietfield imeaidp¢cand on t he
base, and a plurality of islands of soft magnetic material |ocated on and
ext endi ngpependiculdredifdctien cbimlprizes peisingahe nirettimn pf etecttical cairait taithé t he
outer layer proximte the islands on the nmnaster tenplate; and generating a
magnet i ¢ tleettdingp@ependi cul ar to the plane of the recording layer in a
second direction opposite to said first direction to reverse the

magneti zation direction of the regions of the recording | ayer beneath the
regions of the outer I|ayer that are proxinmate the islands on the nmaster

tenpl ate. 7. The method of claim 5 wherein magnetizing the portion of the recording layer in

said first perpendicular direction comprises applying a magnetic field from a permanent

magnet.

8. The method of claim 4 wherein generating a magnetic field in the second

perpendicular direction comprises applying a magnetic field from a permanent magnet.
9. The method of claim 4 wherein generating a magnetic field in the second
perpendicular direction comprises moving the magnetic field relative to the recording

layer in a direction generally parallel to the plane of the recording layer.

10. The method of claim 4 wherein said portion of the magnetic recording layer

magnetized in a first direction is substantially all of said magnetic recording layer.
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15 5. The nmethod of claim4 wherein providing a nmagnetic recording disk
conprises nmagnetizing the portion of the recording layer in said first

per pendi cul ar direction. 6. The nmethod of claimb5 wherein magneti zing the
portion of the recording layer in said first perpendicular direction
conprises applying electrical current to an electromgnet in one direction,
and wher ei n |gemR¢ Mkihdd oficlam A Stheteid p&itibniny tharedofiafpodick wiB e dérdayedr
direction conprises reversing the direction of electrical current to the

el ect r omagnRimatd the iN18nd¥InNAE nfabteflefpMidcoMiRist PlaBRg AR bidéMaydr e cifthck i on of
the recording layer in said first perpendicular direction conprises

appl ying g @ﬁh&;field froma permanent nmagnet. 8. The nethod of claim4
wherein generating a magnetic field in the second perpendicular direction
conprises applying a magnetic field froma permanent nmagnet. 9. The net hod
of claim4 wherein generating a magnetic field in the second perpendicul ar
direction conprjses nmopving the magnetic field relative to the recording
layer in a di%r &b mgthogehelpim fwheeeimihe bpsetiga flggibleisherd- of the recording Iayer.
10. The method of claim4 wherein said portion of the magnetic recording

| ayer magnetized in a first direction is substantially all of said nmagnetic
recording layer. -16 11. The nethod of claim4 wherein positioning the
recordi ng dilsk The miethdieobhcelbian 1P ayterein positiomag ¢het teeordiigadidls with thheutenst er
tenpl ate conprises placing the outer layer in contact wth the islands. 12.

The et hothyerf \A%@kﬁkiam theviblaiddi dh thE endR6 niptaté copaidedlapplsingead difféntidings met hod
of claim12 erein positioning the recording disk wth the outer |ayer

pr oxi mat e i I ; rd j ;
Y erone PR AR, ke SRSy ARG EOIRIAA IS i fing

agai nst tggkouter | ayer of the recording

14. The method of claim 13 wherein applying the differential gas pressure comprises
applying a pressure difference between the two surfaces of the flexible sheet in a range

between 0.1 and 1.5 psi.

15. The method of claim 13 further comprising providing a chamber having an
opening with an outer perimeter, sealing the perimeter of the chamber opening with the
outer periphery of the flexible sheet with the islands located outside the chamber, and
wherein applying a differential gas pressure to the flexible sheet comprises pressurizing

the sealed chamber.

16. The method of claim 12 wherein the flexible sheet is a plastic film having a

thickness in the range of 20 to 200 microns.
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di sk. 14. The nethod of claim 13 wherein applying the differential gas
pressure conprises applying a pressure difference between the two surfaces
of the flexible sheet in a range between 0.1 and 1.5 psi. 15. The net hod of
claim 13 further conprising providing a chanber having an opening with an
outer perineter, sealing the perinmeter of the chanber opening with the

outer peri phgr Themethvd dfl daimbl 2whbreri thaifleRiblensheetSis anslasticoflat Remedibshde t he
chanber, and wherein applying a differential gas pressure to the flexible
sheet CoOMpfaicFiah sQERKP BbmZ I Yroty) @01?5%%{15’ &f PoREene LbrepHtafatd BoRRthyRhe Cl @i m 12
wherein the flexible sheet is a plasti¢ filmhaving a thicknéss in the
range of -17 17. The net hod of cIa|n112 wherein the
flexible é%g%¥m§%%JB ?IC filmforned of a material selected fromthe
group consi sting of polyethylene terephtal ate, polyethylene naphtalate and
pol yi m de. 18. The nmethod of claim4 wherein the soft magnetic materi al

magnetic in the first fjilmis | Qw- coer.ci vi t ic materi conpri si ng
an all oy of §ndh 6?“‘?%‘%ﬂde°fo‘?rlalm4"§’ére‘%ﬂl? ma@ey fﬁrm@%J ims‘an?sfc wg? §rsh wher ei n

the soft nagnetic material magnetic in the islands is a |lowcoercivity
magnet i c ko éy & Jw-eearpivity imagnetis matedsl compoipiag an alley ef ene pi moreofadiigFe Co. 20.
The nmethod of claim4 wherein providing a master tenplate conprising a first
filmof sefidComgnetic material and a plurality of islands of soft magnetic
material |ocated on and extending above the first filmconprises providing
a nmaster tenplate having a single filmof soft magnetic material with

i sland regions and recessed regi ons between the island regions, the island

regions haviRgThe hainol 3¢ ehint YRR kRl o¥t neialic hatetiBEnagnetic in the islands

is a low-coercivity magnetic material comprising an alloy of one or more of Ni, Fe and

Co.

20. The method of claim 4 wherein providing a master template comprising a first
film of soft magnetic material and a plurality of islands of soft magnetic material located
on and extending above the first film comprises providing a master template having a
single film of soft magnetic material with island regions and recessed regions between
the island regions, the island regions having a thickness substantially equal to the

thickness of said single film.

21. A contact magnetic transfer method of forming a pattern of magnetized servo
regions in the magnetic recording layer of a rigid perpendicular magnetic recording disk
comprising:

o providing a magnetic recording disk comprising a rigid substrate, a soft magnetic

underlayer on the substrate, a magnetic recording layer on the underlayer having a
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t hi ckness of said single film 21. A contact magnetic transfer nethod of
formng a pattern of magneti zed servo regions in the magnetic recording

| ayer of a rigid perpendicular nmagnetic recording disk conprising:

provi ding a magnetic recording disk conprising a rigid substrate, a soft
magneti c underlayer on the substrate, a magnetic recording |ayer on the
under | ayer havipagioa maghgtizedrin iadirstreirgntéan pespendicubar to thetplatieraddheé ording
perpendi cular to the plane of the recording |ayer, and an outer |ayer on

t he recordi ng ll@ygenand apower diy¢erpnaheresddingtleygp] at e conprising a flexible
sheet, a first filmof soft magnetic material on the flexible sheet, and a
plurality of,i ?F&{iﬂiﬁg of magkt tdRsInet dompridiizes ifRkiblOGRdeE da Istafifn @ftAdi ng
above the first filny providing a chanber having an opening with an outer
perimeter; sealing: rq : : i j ter

peri phery of t%{edgﬂgfctelﬁlﬁgﬁg dsn ﬁgéetﬁ E%B{eﬁh%’eﬁag@n g@ﬁg@g@géwgﬁggﬁﬁgnﬁﬁe
chanber; positioni the r i di,sk with the outer |ayer facing the

i slands on the ma??neagg’ﬁf‘tgggﬂgfe@%gmgogne%ésbgﬁ %erﬁéﬁtﬁghchamer above at nospheric
pressure to flex t(pe flﬁxi blg sheet and press the islands into contact with
the outer |ayeP Bfidipsachans drvige af SRENgyth YLOMFTRFAYSS magnetic fiel d

per pendi cul ar to the plane of the recording |layer in a second direction
opposite saitl ffaligg the pedmietsh of she ehambes appeingawite thezauteoperiphieneef then of t he
regions of the recording | ayer beneath the regions of the outer |ayer that
are in contact flekible sheet wig thaddands lachted patside thet chapbat; e. 22. The net hod of
claim 21 wherein generating a magnetic field in the second perpendicul ar

di rection coapipbsitenifi®\the)gedobdingraigrkeivith the @utdr rgyentfhsifig tthe tidighdsestohdi ng

| ayer in a direction generally parallel to the plane of the recording |ayer.

flexible sheet;

e pressurizing the chamber above atmospheric pressure to flex the flexible sheet
and press the islands into contact with the outer layer of the recording disk; and

o generating a magnetic field perpendicular to the plane of the recording layer in a
second direction opposite said first direction to reverse the magnetization
direction of the regions of the recording layer beneath the regions of the outer

layer that are in contact with the islands on the master template.
22. The method of claim 21 wherein generating a magnetic field in the second
perpendicular direction comprises moving the magnetic field relative to the recording

layer in a direction generally parallel to the plane of the recording layer.

23. The method of claim 22 wherein moving the magnetic field comprises moving the

magnetic field in a circular path around the disk.
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23. The nethod of claim 22 wherein noving the magnetic field conprises
noving the nagnetic field in a circular path around the disk. -19 24. The
nmet hod of claim 23 wherein noving the magnetic field in a circular path
conprises locating a permanent magnet on a rotatable stage within the
chanber, the magnetic filed formthe permanent magnet extending in a

di recti on geerlhelmethed af tleimt23 whdreinandoengther magrtetiorfiedd it heinculpapatbl e
stage. 25. The nmethod of claim 21 wherein the magnet is an el ectromagnet,
wherei n  pomptists rgcdting a peratademgnalingk ofs QNiutatsids stige neithiaz ithg chdmgbetether di ng

| ayer in the first perpendicular direction by applying electrical current

to the el etdh&nBGIeE forthd gelhident MlafiRE tk@AdiAD th AAibatnt RBerdBY PealléiNod
circular path around the disk, and wherein generating a magnhetic field

having a gid 58 drBaRRPoshE F‘ot&thlnga?%fi rst perpendicular direction of

magneti zati on conprises reversin e direction of electrical current to the
el ectromagnet. 26. The nethod of claim 21 wherein pressurizing the seal ed
chanber conprises pressurizing the chanber to between 0.1 and 1.5 psi above

at nospheri c sure, 27..The thod of claim 21 wherein the flexi ble sheet
is a plasti 3 i1 metho g*faclapm, HHBeein fhe Raenel g Ao flegiormagnsp oV ireifons . 28.
The method of claim 21 wherein the flexible sheet is a plastic filmforned
of a mat ®Fevading dhegecording shiskt prmpyisss agpefiging ithegresprding Javenyn dhe first
terephtal ate, polyethylene naphtalate and polyimde. -20 29. The nethod of
cl ai m 21 \phperdiculathdirentibh byagppying alextrinal abrrerd goethe cel¢atronfagndti insa firgti Imi s a
| ow-coercivity nagnetic material conprising an alloy of one or nore of N,
Fe and Cdiredfdon dite niowingocheOmaghedi i 2 kirollar @ath hidend ahé diskgraati whereiner i al

magnetic in the
generating a magnetic field having a direction opposite to said first perpendicular

direction of magnetization comprises reversing the direction of electrical current to the

electromagnet.

26. The method of claim 21 wherein pressurizing the sealed chamber comprises

pressurizing the chamber to between 0.1 and 1.5 psi above atmospheric pressure.

27. The method of claim 21 wherein the flexible sheet is a plastic film having a

thickness in the range of 20 to 200 microns.
28. The method of claim 21 wherein the flexible sheet is a plastic film formed of a

material selected from the group consisting of polyethylene terephtalate, polyethylene

naphtalate and polyimide.
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islands is a lowcoercivity magnetic material conprising an alloy of one or
nore of NN, Fe and Co. 31. The nethod of claim 21 wherein providing a
master tenplate having a first film of soft magnetic material and a
plurality of islands of soft nagnetic material |ocated on and extending
above the first filmconprises providing a master tenplate having a single
filmof sof t2%dbeetethodmdtodaimal]l wherbinithe saftimagngitio msatented magoetssmdthe digitons
between the island regions, the island regions having a thickness

subst ant i &ilhys &dtpvakodroivith enaghétickmatstal cofmpsiging agialigy ef bnd 68 mozlof Ni, Fe

and Co.

30. The method of claim 21 wherein the soft magnetic material magnetic in the
islands is a low-coercivity magnetic material comprising an alloy of one or more of Ni,

Fe and Co.

31. The method of claim 21 wherein providing a master template having a first film
of soft magnetic material and a plurality of islands of soft magnetic material located on
and extending above the first film comprises providing a master template having a single
film of soft magnetic material with island regions and recessed regions between the
island regions, the island regions having a thickness substantially equal to the thickness

of said single film.
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