CONTACT MAGNETI C TRANSFER OF SERVO PATTERN TO RIGA 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 di sk drives use
hori zont al orCONTACTNALUNETHe JRANSFER QF SERORBAREERNTO BYHMs t hat
define the magnet i cHERPENDICEEARMAGNEFIGQRECORDINGEDISK t he pl ane of
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recordi ng 1ayer per pendi cul ar magneti c ani sotropy ﬁorma on a "sof t
or rel atqmﬁelmsttrolmltmtwwfmyng e gakerh datheyeqadingdiske under | ayer, the
underl ayer serving as a flux return path for the field fromthe wite
pole. Fig. 1 is a schematic of such a system show ng perpendicularly 20
magneti zed regions in the recggg%#guﬁ@gpfhqudﬂﬁ“ﬁpnvent i onal

magnet oresi stive read el enent corded data. For both

| ondi0t udi nal &nﬂeqﬁmkndgnﬂjicaccmgghmdodlsleahwed|ungh¢1wodtaﬂnslong1tud/13&l t he
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track by track basis, e|t er wt aspema wrlte servo- |ter or
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t heref ore expensiv r,0Ge
magnep 1c record?ngpnglﬁ d?s?( drives. The most common type of perpendicular recordin
g

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”
23  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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Contact magnetic duplication or transfer (CMI), sonetines referred to as

magnetic printing, is a nethod of instantaneous recordi ng of nmagnetic

patterns onto magnetic nedia over |arge areas and has been proposed for

transferring servo patterns to |longitudinal magnetic -9 recording disks in

hard di sk drives. The CMI nethod uses a "master"” disk with a pattern of

sof t (Iom#coercivityg g&&netic mat eri al corresponding to the servo pattern
ih 34T,
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r

2 , .
descr i b ShowRY srows ddr i £Br Themenglin Reld applinddo thgsiets disk benspiithyy di sks
t hat)sus&sefingl 6% HnEndBRTyahe dipdte 16k 8 in the soft magnetic regions adjacent the

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 13™ 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



differential air pressure to place the flexible master disk into contact
with the rigid slave disk. Mrre recently, Ishida T. et al. "Magnetic
Printing Technol ogy-Application to HDD', TMRC 2002, Paper A6, The 13th
Magneti c Recordi ng Conference, August 26-281, 2002, Santa Clara, CA, has
suggested that the sane CMI process for |ongitudinal magnetic 25 recording
di sks, wherein a_longitudinal magnetic field is applied in the plane of the
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servo NSt ' afl, i rdi ng di sks. However, a
short08%%%%{%1311?0%?@?%%%?%%#llﬁsthettg%%&?{ed ra{et%ﬁg's per pendi cul ar field

conponent s oriWhatib nbéiRdeslg €MD neltRALYF &FvEOPatiehss ISk E perfbidiculdithigrelipi ts -2
t he shape and size of magnetic patterns that can be transferred, and al so

has t he rpeardingidigks that allews far theniransfer g€ aibiteatily shapad niagaeticrpatthmstwitnghagy r ed
patt grns, V\ﬁst | s needed is a CMI method for servo patterns on hard
perpendiegﬁF fatic recordi ng disks that allows for the transfer of
arbitrarily shaped magnetic patterns with sharp 5 edge boundaries. Summa
of the Invention The invention is a contact magnetic transfer method for

forming a pattern of magneti Stuhmarvwef thedmemgionn t he nmagnetic recording
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material on and extendi ng above the first fi'l mand recesses between the
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applied in a second direction opposite the magnet | zat Irection. The
magnet i cldvedishk to be strvo petaned pdirpdM@inaghetized 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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direction passes through the first filmand islands on the naster tenplate
and the regions of the recording |ayer beneath the islands, which causes a
reversal of the magnetization in these regions. In the regions of the
recording | ayer beneath the recesses of the tenplate the 20 nmagneti zati on

i s unchanged because the magnetic field is directed away fromthe spacings
or air gaps in the recesses and toward the islands. Alternatively, the
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In these regions in the same perpendjcular direction as the applied field.
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t he |slﬁﬂgiug§dng;apressure i nsi de the chamber is increased to slightly
gnet 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.



above atnospheric. This controlled pressure presses the islands into
contact with the slave disk, at which tine a nagnet magnetizes the regions
of the recording layer that are |ocated beneath the islands in the

per pendi cul ar direction opposite to the original DC nmagnetized direction.
The magnet is |located on a rotatable stage within the chanber beneath the

| asti 15 fil F full d t andi f the_ nature and advant ages
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detaile | RLJ:0n - with the acconpanying figures. 20
Bri ef Dg%g(gﬁ%gﬂgg%ﬁ%? lbﬁgoq%rugé)\nﬁ%eﬁegr 1 is a schematic of a prior art

per pendi cul arFigedmedd sche@atd o theg DEY Siagiietizeidoprosess forahél pikkerlt dys@hitioh.s K
(i.e., a perpendicular magnetic data recording |ayer forned on a "soft"
nmagnet i cal |y Iier it sshemates olthe AC eraseqrpepse fosdheprgpant inveeléen-and a read
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recording disk illustrating a pattern of servo sectors extendi ns_ general ly

radi al | y acr dig. Gis adamily af grrghsiobthe @alculategingagnati¢ Seld guss bplamdibe i of one
of the servo sectors of Fig., 3A show ng.the servq,. bl ocks el .zed into
of out JPEIPRRRBESEES e b e Bs OF ViR RS BRTES! FBR My cess
for the (g Reflhtel Nvention. Fig. 5B is a schematic of the AC erase process
for the present invention. 5 Fig. 5Cis a schematic of the servo patterning
prodéss for tHig biseméHustiativenf themeatiml ofi dontastingithe perreadinulet weordémgndisk e
Posi t1 ongh, 8 daliemT SRR 15 s o TRARE b B TBcRfto th irvature of the disk.
Figs. 8A-8B are side sectional and top views, respectively, of the apparatus used in

the method of the present invention.

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
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 (Oﬁ) 16. Interspersed about the data band are equally angularly spaced servo
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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Fig. 6 is a famly of graphs of the cal cul ated magnetic field just bel ow
the island regions and recess regions of the master tenplate for various
t hi cknesses of the first filmin the tenplate. 10 Fig. 7 is an
illustration of the nethod of contacting the perpendi cular recording disk
with the pattern of islands by using a flexible sheet to conformto the
curvature of the disk, Figs. 8A-8B are side sectional and top vie

r espect i magngtic sicording l?p!ﬁ"a]r:"a‘t"ﬁb typicad magnetizd partioRs A8.0%4, 88 Bakmesupart (of the

i nvention. 15 Det p t I ar
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Servo 25,36l f}gﬁml SA607 185 4s¥é%'b%ﬁéaﬂ§ﬁfe‘{ﬁa§%é @ik dfive’ Ih@a@;fdsmmﬁfg%%@l have a
curved or arcuate shape rom Dto OD bécause the read/wite head in the

di ski0dr i systemsrecaivestseby informbtaory framtthapeapertdiatlarlyf mh@rwﬁvxechserm bloeke path from
IDto OD. However, the servo seciors are represented as s i ght radi al

i nes i rFopfancdnthip thesserw ssptor| i iHermabian C?‘Pfém%‘éb‘% ool SFNYRE 238 i s
t ak te 11,
aken a ﬁﬁaT%Q%orgf AeyiEn §JsEX'BY g{emgng{)m%xﬁ Sme,ﬁ e o

under | ayer and erpen Ic re l'ayer typi cal
magnet i zedapisrthe wack e@ﬁterlihé 'Bﬁ}s,rthkllngg compiete totaﬁontdfehe disk 10, the hcad is
continually maintained over the track centerline by servo information from the 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. 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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servo pattern, and outer |ayer 15. The magneti zed portions are magneti zed
perpendicularly relative to the plane of the recording |layer 13, i.e.
either into or out of the recording | ayer as shown by the up and down
arrows in Fig. 3B and the arrow heads and arrow tails in Fig. 4. 5 During
operation of the disk drive, the read/wite head reads or wites data on a
sel ected one of a nunber of concentric data tracks |ocated between the ID

14 and ocgrvesedpr {helamsanyaplockstZ 3t and 36,78 inseryedield 30 aréia@eéﬁdivbrﬁtrﬂ@sgat a
f . . . i i . i i R t
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servo i rmheptrepy anl protemiveuterdnyas 16linfitss subjectdBtosaloC aaginetec feldfonsect ors. An
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magriét i do theastfoaryplisc es moatgaheldisk relativtette thor satemiary maget.i Atso, 4@ didkel Oar r ow
heads and %rrow tails.,indicate the di re&l&iron of magneti zatjon for .each

magnet i 788 P¢ FRHPRAY 2ahexRege roBaenthie Rt asiadioadry nagngt largecaphgisiont t he
[ 01 ONS RhodeqROLAMDAread Ble disk 'R maLRlRIA NRLY sRhIKRE offycPer pendi cul ar

magneti zat1 on direction s first magnet 1 zed, or
al t er natmapaktizdtion résalts nthe tehtide re@vding ¢éayet e beingpependiadiailpmapietizadirda sk was
first AC erased. A portion of e servo sector 18 is a servo_field 30 that

h
i ncl udedT$HICEIRPAPERYBI AP U5 PlGC sthe sliematgdmplementation shewn b} BigkaBa2, 34
and 136, 1384isi § With1ebdtdfg 1hyRr $8iVRCIREL® by Losure 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 sécond 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
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is a field 40 of radial stripes 42, 44, 46, 48 that are used to provide
synchroni zati on and gain control for the subsequently read servo signals
fromservo blocks 32, 34 and 36, 38. Additional information, e.g., timng
mar ks indicating the beginning of a servo sector and/or a coded pattern
for identifying the specific servo track by track number, nay also be
Included in -6 servo sector 18. The servo bl ocks 32, 34 and 36, 38 in servo

field 3ditegmanhicallysypegedand develoned to fum »patican Wh@ﬁ‘?sbﬁﬁ ay 8- |'5‘??/~°g’§‘i nfield 40
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according to the present invention is depicted in Figs. 5A-5C. As shown in
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rel ati vewhidldcase tlndwlelasd atgiansaviyl hdive k thldmemnbﬁfgnmaibf agjugktortes tidknesstad thehe
statlonarl¥/lrngl[‘1et Al so, the disk 10 can be stationary and exposed to a
magnet i SM&e!'™from a stationary magnet |arge enough to expose the entire

area of the digsqhi 1hﬁ?%@@9ﬂ%tk€orain§|d@sk ¥ ﬂ%ﬁ%sﬁ%h%tﬁﬁts Bster layer 15 in

magneti zation results the entire recording l'ayer 13 being
per déndiprokiatityy(eitteey vetyl dess drin eontddt) tetthalistands S&nf feerpbaa 0. ciﬁhaouteolayd:rsl 5
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15  process was performed at a different location 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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20 base 52, a first film54 of soft magnetic nmaterial and a plurality of

I slands 56 of soft magnetic material on the first filmb54. The regions of
the tenplate 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 terephtal ate (PET), naphtalate (PEN) or polyimde.
The first film54 of soft magnetic material is deposited on the base 52,

pr ef er atslingctign asghe applieddieldrithe ‘sdomn” liregiiomiatfiig. et Vhen the segions afitiee( 22/ 78)

or Ni Fe(32/68),or N FeCo(,35/12/53 r_ N Fe 5,4 Ni Fe or.
Feco( 6T oIk 145en bt DERRLyBe BeeRPs sBhrehee Toue Heid fromhipagter 100 ey Sfip
magnet i G pR{R shak rﬁz{ﬁétiﬂtibh diFBK RNUR tﬁéﬂ&ﬁioﬁh saskattofie istaridd e oMAPPSHbREVANt O
the first filmb54. e second fil mnmay have a conposition the sane as or
di f f er ers sboroas thia fekdoingro snagnemnl 00fis refmaved fifoir the Segiomdehemeath thesiesessesather i s
deposited on.top of .the second. filmand then -7 1ithagr i,cal ly. osed
o e SeSBEFAOn S S RS S e RBoT ERoSE (R it Ei SCa R 1o dagier o

mat er i alcoir@isr}gw%lﬁgﬁf%ﬁﬂﬂlrﬂaggl&iiéa%giaﬁmﬁ%&hq& REnHNETHEN RlcalRlther n as an

et chi ng he resist Is rehoved, |eaving the desired pattern of
i sl ands skéngthof theanasetic fi6ld frdm intagnétd 00 és itreadgivns brneathttheerecesset isflessthdmd and

the islands 56 be of the sa sof t netic terial 5 conpositjon, then a
singl e fth sREEFVIELP mﬁﬁijﬁ?&f‘?ﬁ%@riﬂﬁgﬁg}ﬁrﬂﬁmi@ s,bggiaggge Qd hfgg’cessed
regi ons n ' r el j : ' ly as
descri befgﬁg ove,SéIQﬁ ph%@%ﬁ'eég?ggtﬂﬁgﬁlﬁg l@f@ﬁ%@%ﬂ%ﬁ%@??ﬁ@g&?t hi ckness
subgpantdimbhstorsalalg the cirbianferindiinesdonpttradckelirestiony| Ehi$ enablesAle dipolen in Fi g.

5C, the recording disk 10 is then positioned with its outer layer 15 in 10
pr oxi ni pupling e themperatisedregions heresth e dglands Sore mase sadly 5CBF eenpl at e
50, The (QUhelizdidYSh thSeeiBithdRbiflorifisiig be placed into contact by
mechani caldy pressing tne recording disk and the tenplate together, or by

the use of a Ipisrimpbaartee ussard ther ) cfsheiregione bfdereddading ller Bhdf thee

tenpl ate, thereby allow ng atnospheric pressure to nove the two into
cont act regerding dish; hepeath, the patterned islands 56 of the master template 50 are magnetized, and

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




first DC magneti zed, then the magnet 100, or a different magnet if the DC -
magneti zation 15 process was perfornmed at a different |ocation in the

manuf acturing line, applies a magnetic field in a second perpendicul ar
direction opposite the first direction, to the recording layer 13. If the
di sk was first DC magnetized, this field may be applied in the manner

descri be bove for the nefization process. As shown by the dashed
field |itﬁ%§ekdrbemfﬁﬁ thgds apﬁés[ﬂ%ﬂg ol |°a?r05(ayﬁ fhedaxqréﬁdt%&agfse&ansm h the
first fi ] | 20 the recording layer 13
beneat h tbﬂ}ae%ll s%?tgﬁgs lgéﬁﬂ%f %ﬁhgg%ggélﬁar@%ggiggggﬁfé " the nmagnetization in

t hese regi onsPosiiiuning the e¢coatingrdigh etithdatoutsr layembi proxmbityeto islaeds dfehdimistem
magnet 100 js rempved because the_strength of the applied magnetic field

t hr ough temelateigiditiculs deeasmihe pecording diski4s mpy flab byt edlicscan erefHbif AsuB@BIE vi ty
of the rgepl éﬂ&o'élgéséﬁrggéﬁod i twsiiéﬁﬁlﬁ[ei?ﬁ& Erﬁeﬁ&lﬁm%?ﬁ);}hg RY shay 8%3 .

beneath the feces e nmagnetl zatl on rs “unchange ecause

nmagnet i anict@lsdvesa 90 HEE taigte anBatidd i 0. 1Emidénsl d1@6a 9mmdiperiod PBor thistrBson
recesses 58 and toward the_ _islands 56. Alternatively, if the disk was
first AGtsmasfemblethaspa fissivli wastentemplgirovith aflesible sheetras thabaseranlo0 passes

t hr ough §. fi.rnst filmb4 the,islands 5 nd the regions of the,recording
| ayer “14ifiEraliiby piesfler b prhiint SN BTl BERoG M R B et P RR " heos
regi ons islands) eTEdi¥Riepittediih Fod. i70Whae thdRadeenpthtd $E€hak 4 fldieble dRMD as el CL T ON
in Fig. 5C). Wen the regions of the recording layer 13 beneath the

r ecd¥s e $a585hrand @xpudlatifferentidl gas prebsiird ABms appdieé to the dlexibde/sheet to présavte t he

CaE g g L A Sl e e S SRS Ryt kAR done )
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nmagneti zed r éficappataansdat GMThesingthaflégibleliemplats atbdiffareatialgas psdssadd h of
the maonctic.fel O 1M Nafneher 190 thllad ek SEL.00S BERRALD Lhe Legesses, 1o
15 The opening 102 is covered by flexible template 50 with patterned islands 56 and recesses 58.
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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the coercivity of the recording |ayer 13. This AC erased nethod is best
applied to "high frequency" servo patterns, i.e., those in which the
recesses 58 have relatively small 10 di mensions along the circunferenti al
or along-track direction.. This enables the dipole coupling fromthe
magneti zed regi ons beneath the islands 56 to nore readily reverse the

magneti zation in the regions beneath the recesses 58. It is inportant to
assur e tteaplatd 30 by mpieble gypranarmfl SOn i thiscaxamplaghe diskrl 01@s beentBe  recor di ng

disk b th.t t d i ds 56 pf th ter t te. 5
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of the field fromthe magnet 100, and the thicknesses and naterial
conposi tZ-diredtion sphlatfits pater Siifape pénthnuckdsdheipatsen isteinds S&oe kemeplate50. t he
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t he calwntaat with thegneéri sarfhcecdftlishull. Whilemitifiazentld econdact efjthermtcasurfacecds s
regions for, variqus, thicknesses_of the first filmin the tenplate. For
this datthe diskdOmyiphsthe fslands 52 15 pefegegethe s l%fé%#’aPo%{Hﬂn%ﬁetngjéafergs% Ulher e
FeCo (2. .t ' . ' : i i 11y of
Curves. (B FEGriley Wriel ofty R BiiA e g phe dfthe Tl B0 s e oy 1B Y

t enpli0at &nodgh fhiagthe presbwresliffdrantiah movecthe dslandsH6tth padsnthes iafo fulll oontaét. | Bleeds to
i ncreased contrast obtained between peaks in the curves (corresponding to

the fielRIessutsauitiin threchambsh Hah angrie fexibdify of the sheet allowvs e iflarsis 03B dpiiawig t o
the fielde Q&HS&HMJ‘? téres?ﬁgaéee&?the 'd[sktlh.e Tﬁ@h&h@n@fmﬁﬂ? V€ %&8?&&%&{%&%
recesses IS snaller lhan e nmagneti c coerclivity of fnne recordal ng ayer

and if tthedssded distdnce Sronhendplat 60.bThie distarich depenldfon thei ficld sttgrgth dhan t he
coercivity of the layer 13, then the pattern from_ the tenplate 50 will
t r ansf ermgnet Ko, theghieaknessiof they tempiate 33 dhe material and thickness of the patterned

15 islands 56 and the material in the 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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Positioning the recording disk with its outer layer in proximty to islands
of the master tenplate is difficult because the recording disk is not

flat, but rather can exhibit a curvature 5 with a peak-to-peak variation in
the axial direction (perpendicular to the disk surface) of 5 mcrons over
a 20 mmrange or period and 0.25 microns over a 4 mmperiod. For this
reason it is preferable to use a flexible master tenplate with a flexible

sheet a<lackemggaa is mlorﬁﬂﬁvﬁmﬁéh&pafrm@}a@ Yraad surrentiipapnligddo thee outer | ayer

2" RED Rkt Bkt f ARRMIE aiicin bBBosits el Bt finde¥s P 51 PO

52, and (BigS BB).| TEH §they BNtk Adtatdd Snd bE&AE the Pitdr ishitiak Isseré&tﬁxheoﬁtbawim e
sheet to press the 1i1slands 56 into contact with the outer i/ 15 of the
1

recor di ke wtsklam of diskhi4kthe fieldrfeam dre electroplagnet ra@nbtazes slliod thendislalevon t he
sane .cur vat ure
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and rec wsesteﬁectld’m@ ihhtthb Eieldop epplieg to @ disk sght énledmpncnlf anpwi082.akds® ri ng
108. The_.jnter C a I pl et 109 connecte ure
egul at of e ) il isfo pOREAT et 15 ¢ glﬁ?gsga?qmmnar%%ﬁfé%% 68

rot ati oRyef A08ediitndesied OCat ed inside chanber 101 and supports a pI atform

122 that rotat es about an axis 124. A permanent magnet 100 and a 20
courter vei ghtTh}:ém:xihie sreegfoe thellfxe isrmeﬁafmbbueplasﬁcfﬁlax isschm RE BHMNabf orm 122.

Asshovvn Vi ew, o 7B with t 50re ved, the
magnet Roby e pith tﬁlﬁ’éﬁlﬁ‘as in ‘ftisgaf%sivew(ﬁepéﬁpe&%%mw nﬁ) %Y H'élP t he
recor di | t I

pl ane o?ﬂ {ntg Sﬁllfagé\éo*r‘dé %lﬁ%&%&é@%@{%@f %?’I g&gpgyg%ngyﬂngklsgﬁiﬁdgl verfi cal
Z- di r ectand Kadariex! 1080, slbataileblaxtosn DRARostparidspin-owaetepol tiiide A mdevafiable tromned
at the desired 25 di stance from enpl ate 50, The recordi ng disk 10 to be

pat t er natP MICFRYHERS- dAe Bregurp rqwmm igdh 1 the templata 04O contrel thedegree
di 1§61 | QpeneARAYRt b e iEAHR 3bSvit the SRr POVETES thOFechfifng disk 10. It was found

that a pressure in the range of between 0.1 psi and 1.5 pst 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 afier 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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gri pper 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

di sk 10 the previously DC nmgnetized disk 10 (or previously AC erased disk
10) is positioned and centered over -10 tenplate 50 by novabl e gripper arm
150. In this exanple the disk 10 has been DC nagnetized in a first
perpendi cul ar direction down and facing tenplate 50 in Fig. 8A (opposite

t o arr ovsuch3p)glass) ia usesh aelease ofrthguilastic @&’mrfgm thetsubsiraterptdheierdcofithe | s _
positio .inthe Z-directiqn.so.that iL1s.outer .surface ntl,y touches the
Par t er n TREitigh Piose  abiie) 4 1Egb U pirh SpicTE B PGS dBE M S0
used to increqsfnphftediveTostim, Wichiis plahal SrR3d 219 Aitrhivk Feqtfma)carbon

at nospheric to nove the tenplate 50 outward so that the islands 56 are

pr essed (PREY filmorndetappliechoven thecutfaee afithé plastiosheel anld thopatigm istandata i al
gentl e contact, of .the quter surface of .the disk 10 with the islands 56 is
pr ef érréﬂl,pr?‘i‘?éiuﬂ‘i‘tgﬁty 86 058"3&6@?@’6‘?{@80{"0 be very close, but not in

contact, or itheQRlshiidf'Hab BeenCRBirflel WHH Rsei® Xonk&fiond] ARRtc$&okdRg as
the disk is close 10 enough that the pressure differential noves the

i sl ands dik thet lmseauten dayer it the farin ofagprbiective lrecoapridewenes, ‘lovetrbatldskie

chanber 101 and the flexibility of the sheet allows the |slands 56 to
fol l ow THBCHGFeamingfiskHavsbedt Proppsed but g nphéet&P@wei%al'lvrwéﬂ%@gngmoo is

noved i ny; : i Mee¥ i i ]g,tg)% Thi s

di stanc;hlﬁgggﬁagbéﬁﬁédﬁg&ﬁ%fﬁh@ rl ng'tt a?%f%rr(ggne ﬁi%%&r%ie t @%Eer?gg% of the
t engdloat eovefioat, HEhermtweni mversting it RillykappEeabdd totsneh pedrtentlessids. iThuafieksh&6 and
the material in the recording |layer of disk 10. For exanple, i he magnet
is a 100uryseof H@@@vwgﬁw&wm&%@ﬁ&%ﬁw rﬁéﬁﬁggy% fh%fllr?i%j&féF%
field p ' [ . | t,is a 25
i or on' (1 SR e of s fPatafleife B ich Sertlay REBisk S R Ml LIl BOBRS

Ni 32Fe6&ecdriing ikt andlasbweclayéronikd fecorlihd laydahilbalee arad ad owdrdoatRss3diskn  The

stage 120 is then rotated and the nagnet 100 applies the field 132 to the
annul ar PYINgATEcHdRE layer il an uppenirfashi s reverses the nagnetization in the

annylsar data Rgfd tﬂe’br&ﬁﬂtsﬁvention 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.




regions of the recording |ayer that are beneath the islands 56 on the
tenplate 50 (or induces the nagnetization 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-
magneti z in the first perpendicular direction (or reversing spontaneously
after reﬁgl\;'éflscﬂla‘%’dt'ﬁe field frommagnet 100 if the disk was initially
AC-erased). The process has been described with a recording di sk that was
previously DC-magnetized in one direction. However, the disk can be

DC- magneti zed 1.n t hi negipal eftfosning b peitera.of pAep8Bichlatly mageetived esgionsdgaet i s
repl aced with an el ectronagnet. In this case, after the disk 10 has been
posi t i ongshi@¥Rk ntighefi@fechrdifpOaye hhvitk pBrpehdicilat MAgftie AnRBrbSMMAhethad. the
-11 el ectromagnet 1s positioned beneath the tenplate 50 and current is

appl i ed t%n;gﬁi el ectromagnet to generate a field in the direction opposite
the directTon"0f arrows 132 (Fig. 8B). The stage 120 is rotated and because
the pattern islands 56 are not ic{,l contact with the outer layer of disk 10
the field frorATPHEINg adnRgnsHA FrreIdIng sk comprsipg p rigid SuRstraie.AmagnElif 5 t hose
regions directly opposite but not in contact with the recesses 58. The
process trhendinglmee enl theambstese, and enl opteelayeaus] the resocdipg laybrat current i s
applied to the el ectromagnet in the opposite direction so that the field
is applied to grB@ddi s&hhﬂkﬂr&ﬁﬁﬁté&@ﬁp@pﬂm@é,wﬁt A3Pof DfSRagnetib nidi&Gialli Sk

10 is to be first AC-erased this can al so be 'done in the apparatus of Figs.

8A-8B wit |l ec . T | exi bl. for .the base i.s
pr ef er abl Oﬁl the}gg?%s %‘l’dizg' ﬂ%ﬁéﬁlg%ﬂ%@&#tﬁ@%@pﬁ@%ﬁf Wﬁ‘le% én av\fb?’ﬁte?‘#ﬂj% kness
in the range hetween 5 and 200 microns. Conmercially available filns
sui t abl e a8y WRdIB fHBY | ¢ sheet include Melinex: 453, Melinex 725, Mlinex
561, Mylar DI, and Kadanex 1000, all available from DuPont, and
spi n- coat ed paqiopitivnog the fevsrdingadiblabith the arter 1efer pravindesheistandThe ther essur e
difference is applied to the tenplate 50 to control the degree

master template; and

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.




15 of the contact of the islands 56 with the outer |ayer 15 of the
recording disk 10. It was found that a pressure in the range of between 0.
1 psi and 1.5 psi above atnospheric can be used to successfully achieve
contact. The pressure required to achi eve 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 nechanically stable, durable
mast er di sk t hht cahhdyaethodef plainy 1 twheesin praviding a magnetisreodrdingidiskcat i on of
the plastic sheet, a polyimde solution is spin-coated onto a conventi onal
si ngl e- croosipisesprovizky amiagietizrekordiag disihadingta maghbtié RIFPRYGE My onlthe cur ed
polyimde filmcan then be physically renoved fromthe wafer, or the
central ' : f f . ' f '

opposi tepﬁaﬁﬁé&%gPﬁlﬁ %goﬁ‘u\lﬁlﬂr%% %nglgi\}idﬁg Eit %@%@Y@ﬁ&gﬁa&?ﬁ: It(!r;nﬁ%]tél%%ho?égﬁeo and
supported by .the outer, sili.con ring that remajns after etching. In_ an
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of PET or PEN material is attached to a rigid substrate using an adhesive
appl i ed tfipldiea sqcged perpendicylardirecidon eprosite Mhaaidfiestdirestiohl m i s attached to
the substrate only during the fabrication process. The adhesive may be an
ultraviolet |ight detachabl e adhesive, so that if a transparent substrate
-12 (such as glass) is used, release of the plastic filmfromthe substrate
at the end of the fabrication process is achieved by irradiation with
ultraviolet light through the substrate. A thin protective coating, such as
pl asma- pol yneri zed 2.5 nmthick perfluorocarbon (PFC) film can be applied
over the surface of the plastic sheet and the pattern islands to 5 inprove
durability and reduce water contam nation. The invention has been descri bed
wWth respect to a conventional magnetic recording disk that has an outer

| ayer in the formof a protective overcoat. However, "overcoatl| ess"

magneti c recordi ng di sks have been proposed but are not yet comrercially
avai |l abl e. Such

-15-




di sks will have a magnetic recording layer that is hard enough to not
require a protective 10 overcoat. The present invention is fully applicable
to such overcoatl ess disks. Thus for the purpose of this invention and as
described in the clains the term"outer |ayer” shall also nean the upper
surface of the recording.|ayer .in such oyercoatl ess disks, so that a disk
having a recdrdi ngﬁvﬁg@ﬂ@ﬁwﬂaﬂgm@mpﬁy@?e Cﬁﬂi‘/m@ml&ﬁi@egméﬁlashan

al so nean an overcoatl ess disk having a recording |ayer with an upper

sur f ace. righl 4Kk magnétes neeardimgtlayenhaving perpbradicieromaggtic anigdtaenyy themethodind
described with reference to the preferred enbodinents, it wll be

understogsmgﬁsitngpse skilled in the art that various changes in form and
detail may be nade without departing fromthe spirit and scope of the

s i1 sty at i SR e mfraghpl L AERRAG: ARERIAPLLR SRufie OPRLSE 00 o0

clainms. -13 Wat is clained is: 1. A nethod of formng a pattern of

per pendi E8ACKHRG layaryprethe substiafshaying 4 pprion magnetizad dxa BEy AEeStonr ecor di ng
| ayer havi ng perpendi cul ar magnetic ani sotropy, the nmethod conprising:
provi di ngemendigulet focthe plaoe df thg retiosding taypr, iasd aw oater lagercbrsthb stconting lager;
magnetic recording |ayer on the substrate, and an outer |ayer on the

recording | ay@kavidihpirkHsha ténﬁf&t%tcﬁﬁlgyﬁﬁi'ﬁg ladae, GITFRITIEI S¥%0f rRAMEtic raldrfab!
filmof soft magnetic material on the base, and a plurality of islands of

¢ . : . _ . .
posi t1 onohot s pe i syvia 623 a R PR T TRE AferBBYFed MFald SRt s
on the nmster tenplate; and generating a magnetic field perpendicular to

the pl an@boye hpdrstdd®d; di ng 1 ayer to
positioning the recording disk with the outer layer proximate the islands on the
master template; and
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.

5. The method of claim 4 wherein providing a magnetic recording disk

comprises magnetizing the portion of the recording layer in said first perpendicular direction.

-16-



magneti ze the regions of the recording | ayer beneath the regions of the
outer layer that are proximate the islands on the nmaster tenplate in the
sanme direction as the generated nagnetic field. 2. The nethod of claiml
wherein providing a magnetic recording disk conprises providing a nmagnetic
recordi ng di sk havi an, AC erased magnetic recording. . |ayer, wherein

ol Low g gendrati oegretbAbofAaRES plemmbrasE sty Bitondt firacrutieding

| ayer not beneath the regions of the outer layer that are proximte the

i sl ands dm saif dirsrpstpsndiculengirection isemprisesrapplying ededirical currens tp am diecuormagnet
direction opposite the direction of the generated magnetic field. -14 3.
The et hqflofd digéctiofl) dndWiildr€in Eefdr@ingh MRl Rtiveipein id Reoidpdrgerdiar
conprises providing a magnetic recording di sk having a magnetic recordi ng
| ayer on {he. s i . i j i i jrection
per pendi cdlifjlggtrlont %@lﬁr@s@%f}%ﬁ@ﬂgw ¢ ﬁlég&{oég g? ﬁ%ﬁf%dﬁ‘rﬁgtoatﬁ%é‘l ﬂéé@%%‘%ener ating
a magnetic field conprises generating a magnetic field in a second

per pendi cul ar direction opposite to said first direction. -15 4. A nethod
of formng a pattern of perpendicularly nmagnetized regions in a rigid disk
magnet i ¢ recoridi ng Theymethtxhof dlgimp® mheretti magnetizmggheportionof thetreapding layer

met hod conprising: providing a magnetic recording disk conprising a rigid
subst r at §p sfid TR&MRIetdichRE 8irélitio chApAtesAPplyiiy SmAstdtie fRI Ry HKpermBRk i ON
magnetized in a first direction perpendicular to the plane of the
recordinqné@%fr, and an outer |ayer on the recording |ayer; providing a
master te ate conprising a base, a first filmof soft nagnetic materia
on the base, and a plurality of islands of soft magnetic material |ocated
on and extendi ng

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.

11.  The method of claim 4 wherein positioning the recording disk with the outer
layer proximate the islands on the master template comprises placing the outer layer in

contact with the islands.
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above the first film positioning the recording disk with the outer |ayer
proxi mate the islands on the nmnaster tenplate; and generating a nagnetic
field perpendicular to the plane of the recording |layer in a second
direction opposite to said first direction to reverse the nagnetization
direction of the regions of the recording | ayer beneath the regions of the
outer layer that are proximate the islands on the master tenplate. 5. The
nmet hod of claim4 mherein(PrOV|d|ng a magnetic recording di sk conprises
magnet i zi ng t H&. porfhieanctbéd efadaimed wheieirythe bgseris adlesdleisieet st per pendi cul ar
direction. 6. The nethod of claim5 wherein magnetizing the portion of the
recording layer in said first perpendicular direction conprises applying
el ectrical current to an el ectronagnet in one direction, and wherein
generating.a rggne %%qﬂ : o

conprises r evg? Si ngl}% rﬁétgl (?%%‘{]?lgﬁi %?VES'FRIE% v R@% cué ?éghf&ﬁ:t)%&'éﬁ%ﬂﬂﬂe outer

el ectromagnet. 7. The thod f claim5 wherein ma tizing.the portion of
the recoldHCRBrOFUYaE the iy sHaady on ﬁgwgqst%%@ﬁfa.cewaﬁes pLAg %ﬂ&% jal wise

applying a magnetic field froma pernanent nmagnet. 8. The nethod of claim
4 wher ei pregeure tathierflpxéblerslipettol medsithe lands ageenss theawterjayep ehthiecedoadinglidiséct i on
conpri ses applying a magnetic field froma permanent nmagnet. 9. The net hod
of claim4 wherein generating a magnetic field in the second perpendicular
direction conprises noving the magnetic field relative to the recording

layer in a dijecti I di ng
| aver. 10, nddnet gl B! & ityPE Bhirkln dBAEER el IEERRRL T
recording |ayer neti zed |n flrs direction is substantially all of
sai d nag SETPE oY YRy Presses di Trerencd heseen ﬁ’GdWBfS“EfP%P F iedfpatle fhckim o
positioning the recording disk with the outer

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
periphéry 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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| ayer proximate the islands on the naster tenplate conprises placing the
outer layer in contact with the islands. -17 12. The nethod of claimi4
wherein the base is a flexible sheet. 13. The nethod of claim 12 wherein
positioning the recording disk with the outer |ayer proxinmate the islands
on the master tenplate c rises ing . a different.ial gas ress to
The 1 extbl o sieer Tis prbetol dam If Ty fruble reegs aeife suk 5an

recordi ng disk. 14. The nethod of claim 13 wherein applying the

di f f er enta métegalselprted Stome thegoyr ¢ongistingpf Bdlmjh)dermtewg telipblyethyiene bet ween
the two surfaces of the flexible sheet in a range between 0.1 and 1.5 psi.
15. The umgté)jndcﬂ@jgimidé further conprising providing a chanber having an
opening with an outer perinmeter, sealing the perineter of the chanber
opening with the outer periphery of the flexible sheet with the islands

| ocat ed outside the chanber, and wherein applying a differential gas
pressure to the flexible sheet conprises pressurizing the sealed. chanber.
16. The met hod®f cihsimsthod phdpigr f Whsesin ﬂ)@%@fi&a@ﬁ%maﬁe&a‘amﬁw&?il% i |'m
having a thickness in the range of 20 to 200 mcrons. -18 17. The net hod of
cl ai m 12 firbicfilei is atlbwe-dokmivity magietie matgiahcophpritingar alloy dfenged mefe ofNiydeer i al
sel ected fromthe group consisting of polyethylene terephtal ate,

pol yet hylgag . napht al ate and pol yi m de. 18. The nethod of claim4 wherein
the soft magnetic material magnetic in the first filmis a |lowcoercivity
magnetic material conprising an alloy of one or nore of Ni, Fe and Co.

19.  The method of claim 4 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.

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.




19. The nmethod of claim4 wherein the soft magnetic material magnetic in
the islands is a lowcoercivity magnetic material conprising an alloy of
one or nore of Ni, Fe and Co. 20. The nethod of claim4 wherein providing
a master tenplate conprising a first filmof soft magnetic material and a

lurality of islands of soft ti ial |ocated d_ext endi
Coove the 11 v f1 1A EoAT P EmERE RS o horBrecra & AR B N ¢

filmof soft magnetic material with island regi ons and recessed regions
bet ween trhgions il thethagagticoneordingdayes phatgidamwrpandiculey magnetic isreingls

substantially equal to the thickness of said single film -19 21. A

contact r@gpeising: transfer method of formng a pattern of magnetized servo
regions in the nmagnetic recording |layer of a rigid perpendicular magnetic

recording dis QML Sk - di b Gi ol EG DTt i gd%@;grisi ng
arigid substlriyé?glgﬂ}g ds@?@ﬁ%g%gﬁlgé Eﬁlﬁg‘gﬁpﬁ?gé hglﬁ tﬁ% Sug%%@gfxg? a magnetic
recordi ng layer on the underlayer .havin ortipn netized in first

di r ect | orhSER ISR BT 18 SYPSIFR A BAgI N B R TRg leY redRE PRLFT AV B A POt or

| ayer on the recording |ayer; providing a master tenplate conprising a

f1 exi bl e rségnetizedainfa first difactiom pérpemsdiculareig lag plane efthe racardiaglay¢reand axowee
sheet, and a plurality of islands of soft magnetic material |ocated on and

ext endi Nga@R @¥ehd ReoddirgSlhydri | m provi ding a chanber having an opening wth
an outer perineter; sealing the perineter of the chanber opening with the

oute per 0y L L o TS AT st
' sl ands OnQatteHgl ofnI tﬁé iﬂg)lci%le sheet, and a plurality of islands of soft magnetic material located on
and extending above the first film;
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;
positioning the recording disk with the outer layer facing the islands on the flexible
sheet;
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
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.




sheet; pressurizing the chanber above atnospheric pressure to flex the
flexi ble sheet and press the islands into contact with the outer |ayer of
the recording disk; and generating a magnetic field perpendicular to the

pl ane of the recording layer in a second direction opposite said first
direction to reverse the magpetization direction of the _regiagns of {he
recording | ayés ber@mmetb%@ogﬁa%%%w pre{igengaLiag amagaetiq ﬁ%&ﬁ i the sependont act
with the islands on the master tenplate. -20 22. The nmethod of claim 22
wher ei n gerpendiculag daectimgroenipeisés reddng thetthagrstic finld rejativp trnttie cedoatingllayect i on
conprises noving the magnetic field relative to the recording layer in a
directi Oﬁngﬂﬂﬁéﬁ’dﬂagénﬁﬁ'l@!phﬁhleh@tﬁ aid 6Mfe Ricofdigy 9&or ding layer. 23. The
met hod of cl aim 23" wherein nmoving the magnetic field conprises noving the
magnetic field in a circular path around the disk. 24. The method of claim
23 wherein noving the magnetic field in a circular path conprises |ocating
a per manent na%net on a rotatable stage.wthin the chanEFr, the, magnetic
filed form t he3per meRdnethpmehdeinkdd BAgtcHYMPYING thy ragnetip HEKLGABRRIISEY par al | el
to the axis of rotation of the rotatable stage. 25. The nethod of claim 21
wher ei n trhevingitieahagnstiafieldlie atciromagpeth aronheé thei disk. pr ovi di ng t he recordi ng

di sk conprises magnetizing the recording layer in the first perpendicular
direction by applying electrical current to the electromagnet in a first
direction and noving the nmagnet in a circular path around the disk, and

sher 1 Senet g 10 o BRARFH b 2 SRR B e B Gk RE ERRRGLS ol

direction of electrical current to the el ectromagnet. 26. The nethod of
cl ai m 21 SRAPFIESOPAHEEA RTFARRA! PRENE OB adgtatabimpiage wishipthaehamber, the

magnetic filed form the permanent magnet extending in a direction generally parallel to the

axis of rotation of the rotatable stage.

25.  The method of claim 21 wherein the magnet is an electromagnet, wherein
providing the recording disk comprises magnetizing the recording layer in the first
perpendicular direction by applying electrical current to the electromagnet in a first direction
and moving the magnet in a circular path around the disk, and wherein 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.




pressurizing the chanber to between 0.1 and 1.5 psi above atnospheric
pressure. -21 27. The nethod of claim 21 wherein the flexible sheet is a
plastic filmhaving a thickness in the range of 20 to 200 m crons. 28. The
met hod of claim 21 wherein the flexible sheet is a plastic filmfornmed of

a material selectednfromthe.group,consi sti f pol yet hyl ene. t erepht al at e,
pol yet hyl ene ﬁ;pht lfealpgﬁlgﬁaf &I@?nglgm%é{er}%ﬁg’l?r&eﬁéd adﬁaSBFg‘ilﬁe@MSf?er ein
the soft nmagnetic material magnetic in the first filmis a lowcoercivity
nagneticthﬁg@ﬁﬁélﬂ@dﬂﬁﬁﬂﬁﬂﬁgo f0 mi¢tens.of one or nore of Ni, Fe and Co. 30.
The met hod of claim 21 wherein the soft magnetic material nmagnetic in the

Islands is a lowcoercivity magnetic material conprising an alloy of one or
nore of Ni, Fe and Co. 31. The method of claim 21 wherein providing a

master tenpl atg havhmneth6¢ b8Llaint 21 Whgfeiﬁﬂghegﬁ?é;%;e%tgiaqg%ﬂig gi'l ggﬁréegi Af

plurality of islands of soft magnetic nateria

above the first, fil 0 I ses providing.a ter tenpl ate having a single
film of saorp?’teﬂ%lggﬁk:f{ggwgﬁg'&?ugaﬁoﬂlﬁlspgg gﬂﬂ)l}‘ Iepectereppta @QE/@HW? i ons

between the island regions, the island regions having a thickness
subst ant i"a@Phtplageand polymidge t hi ckness of said single film -22

29.  The method of claim 21 wherein the soft magnetic material magnetic in the

first film is a low-coercivity magnetic material comprising an alloy of one or more of 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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