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LI THOGRAPHY FI ELD [ 1] Enbodi nents according to the present invention
gener al | ywoebetesése 5t hernmal inprint |ithography. BACKGRCOODND201[12}4523

M cro-fabrication involves the fabrication of very small structures, for

1011 T hoar aphy. METHAELABD SYATENFSR T RMATTMERINT ST EHEREARHY .51 e
(sub-25 nnm) patterns in thin filmon a substrate. During |ithography, a

nol d havi n% at | east one protruding feature is pressed into the thin film
The protrudillhgDf eature in the nold creates a recess in the thin film thus

creating an,Aijrag f t.he ld. The thin filmretains the i as_the nold
5 enoved DTe  FsftediErieatraudNaubne misaft VRHPR s Er T BRE on
differept shépidlahpsnt |ﬁﬁ>b%5pa§_SCRI PTION OF THE DRAWNGS [3] The present
invention is illustrated by way of exanple, and not by way of limtation,
in the figures of the acconpanying drawings. 20 [4] Figure 1 is a
cross-sect quﬁzk ﬁ(ﬁ‘j‘f\lﬁ)f thin filmlayers at an early stage of manufacture,
and further show ng an inprinter according to an enbodi nent of the present

i nvention. [@G2]00%)icto-abrieafion hvalvesdhs fsteridationaf venesmafl stroeturegrfont er
formng features in the thin filmlayers of FIG 1 by electrically heating

a thin heattXPH:® SHECHFRR NPV IPQ TeafUEaRIRIH HRPHdEHOT IHEONESER O SHAYRE-i on.

ST e e AR S S RS A e
nm) patterns in thin film on a substrate. During lithography, a mold having at
least one protruding feature is pressed into the thin film. The protruding feature
in the mold creates a recess in the thin film, thus creating an image of the mold.
The thin film retains the image as the mold is removed. The mold may be used

15  to imprint multiple thin films on different substrates.

BRIEF DESCRIPTION OF THE DRAWINGS
[003] The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings.

20
[004] Figure 1 is a cross-sectional view of thin film layers at an early stage of
manufacture, and further showing an imprinter according to an embodiment of

the present invention.

25 [005] Figure 2 is a cross-sectional view of the imprinter forming features in
the thin film layers of FIG. 1 by electrically heating a thin heat layer according to

an embodiment of the present invention.

[006] Figure 3 is a cross-sectional view of the imprinter and the thin film
30 layers after imprinting and separation, according to an embodiment.



WO 2012/ 015634PCT/ US2011/ 044523 [007] Figure 4 is a cross-sectional view of
an inprinter formng features in a thin filmlayer by optically heating an
opti cal aweantwmgesdayer according to an enbodi ment of tReTAISeGI@OB4523
invention. 5[008] Figure 5 is a cross-sectional vi ew of an inprinter

formng fe nathnflml tcaII atn opti cal

L beor bong . BENSE AidlyR A Bdlgoasime ey b an Rt Totng /LS M dent i on.
[ 009] Fi 9Urtﬁin(?‘fnr‘nﬁa?erf&%\bt‘iﬁaﬂgrh%'éhﬁ@ af dﬁfcapﬂbéﬁrbﬁﬁ%%\l addHPc’ithtto laknt hogr aphy
10according to an enbodinent”of the present invention. [0010] "Figure 7 is a

pl an vi ew emkodingot df theeraaent levmtmy\e devi ce. [ 0011] F| gure 8 is a
Cross- secti onal view of a perpendicular magnetic recordi ng 15medi um t hat

b di d t d di t
embod: rént 100801 F6UF, %@ §ors-<aofoid &%@&%ﬁﬁém&%ﬁw AEPHET T cul ar
magneti c r%ﬁrfmhﬂg c(a@_gﬁe ﬁk& t%ah@@ébrldlh'gtres%‘t?%@/"eﬂ'aegoﬁdﬂwg% _
enbodi nent. 20 DETAIL D DESCRI PTI [ 0013] Reference wll" now be rmade in

detai|l to amdbediment ofimpresenbinventiieh are ill ustrat ed in the
acconpanyi ng drawi ngs. \Wile the enbodi nents w | I be described in

i ti 1 | dth t 25 1
o oy ¢ Dot " Figlfie R i cidraef 3 Moo F Hermal FbiiRamanss ar o

i nt endeg t%ceeeb%gﬁié%ﬂ?ddovrﬁént gl 68r1aR%eraRA, equi val ent's. Further more,
in the follow ng detailed description, nunmerous specific details are set

forth in order to provide a thorough understandl ng. However, it wll be
recogni zed [0 @In&igufre ot dianplan \séw lof aidisd déveadataﬁatagdme\écdmdi ments may be
practiced w thout 30t hese specific details. In other instances, well-known
met hods, procedures, nponents, and circuits have not been descrlbed in

detail as nTto FLQHf@@e@%?"Oﬁ? s§6HenAl e 9k arreraendindap FasMeHE feeording

15 medium that may be used for the disc drive storage device (FIG. 7), according

to an embodiment.

[0012] Figure 9 is a cross-sectional view of the perpendicular magnetic
recording medium (FIG. 8) with a head unit, according to an embodiment.
20
DETAILED DESCRIPTION
[0013] Reference will now be made in detail to embodiments, examples of
which are illustrated in the accompanying drawings. While the embodiments
will be described in conjunction with the drawings, it will be understood that they
25 are not intended to limit the embodiments. On the contrary, the embodiments
are intended to cover alternatives, modifications and equivalents. Furthermore,
in the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding. However, it will be recognized by
one of ordinary skill in the art that the embodiments may be practiced without
30 these specific details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail as not to
unnecessarily obscure aspects of the embodiments.



WO 2012/ 015634PCT/ US2011/ 044523 [ 0014] For expository purposes, the term
"horizontal" as used herein is defined as a plane parallel to the plane or
surface ovoaomubsénate, regardless of its orientation. Ph@/usesimodssesti cal "
refers to a direction perpendicular to the hori zontal as just defined.
Terns such
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hor i zont al al%'a'?‘ﬁl%negﬂa%lfél téz'tr%'bl%né drsuffash Bkl sfdt!%ﬂafé PE§arRifsHs @l vi ew of
thin filmlayers 100 at an early stage of manufacture, and further showi ng

an inprint @rlemtﬁﬂloélcc'ﬁlﬂjﬁaﬁ@ NertrpehrremMarﬁbrmctlom ptelmrmhedernho thavention. At
this stage, res 4_has bee arped over,_a.substrate 106 in

br epar at | ool BPTEhER IS CRAFd ST RGP A5 g00T 5 1 Hlofur PENP antRi ment ¢ he
resi st bayesidé04highen” tibReRBFugder3 ber, famd P! @reméfméat\nwr eaw Yl ate
(PM MY, pol ystyrene (PS), or styrene acryl onitrile (SAN. 15 [0016] The

i nprinter 10@hedagitakRlane. mai n body 108, a |ayer of heating material 110
under the main body 108, and an inprinting |layer 112 under the |ayer of
heating material 110. Thus, the layer of heating material 110 is between
the mai n bgoy1F0Figurd 1t isea simplified icngss-seationallZiewst thiddfilm] layée 100 at &rody 108
I's conprised of a r|]g|d material, for exanple Ni or NI allo The | ayer of
heating 8y stage of manyfadiirg. pag dyrthar S&W“é”%éf‘ﬁm@émt%é&?u%/féofﬂ%rt@ al, for
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ener gy |nto thermal energy. ayer eating mater 5have
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(SAN).

15
[0016] The imprinter 102 comprises a main body 108, a layer of heating
material 110 under the main body 108, and an imprinting layer 112 under the
layer of heating material 110. Thus, the layer of heating material 110 is
between the main body 108 and the imprinting layer 112.

20

[0017] The main body 108 is comprised of a rigid material, for example Ni or Ni
alloy. The layer of heating material 110 is a thin layer of an electrical heating
material, for example an electrical resistance sheet material that converts
electrical energy into thermal energy. The layer of heating material 110 may

25 have electrical connectors or terminals (not shown) at opposite ends.

[0018] The imprinting layer 112 is comprised of a mechanically hard material,
for example Ni or Ni alloy. In addition, the imprinting layer 112 includes a
surface with a pattern 114 formed therein. The pattern 114 is a negative image
30 of a pattern of sub-micron or nano-dimensioned features, for example lateral
dimensions of about 60 nm and heights of about 40 nm, to be imprinted in the
resist layer 104. The pattern 114 can be densely packed, for example half pitch
from 10 nm — 100 nm or isolated features 10 nm -100 nm features with a few

3



300f a pattern of sub-mcron or nano-di nensioned features, for exanple

| at eral di nmensions of about 60 nm and hei ghts of about 40 nm to be

i mpri nt edwOrzot2mase3esi st | ayer 104. The pattern 114 can PpeTdseseloysspacked,
for exanple half pitch from 10 nm - 100 nm or isol ated features 10 nm - 100
nmfeatures with a f 2/016 U2011/ 3urn itch
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112 may be provided wit ayer of "an anti -stl cking or rel ease agent
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formation of features 202 in the thin fllmlayers 200, according to an

10enbodi meilane end@revie fetassanelbleiroeno-iyer stigetureler 102 and t he
per pendi cul ar magnetic recordi ng nmedi um 100 are forcefully noved into
contact, for exanple at a pressure of -0.2 to -10.0 MPa. An electric

current i s [60f9 iFgLreroimasingliéied cross-squiional siepofithée MapristeowR duwinghe
| ayer of heating material 110. The Ia%/er of heating material 110 may be an

el ectrical (Pré%@tg‘a?f(féaﬂ’é% 7h9 “?Tﬂieewrh iIm lyess 260 2499diR84@ €Ni n as short an
i nt er V?Q A Gfitnehest ﬁledﬂreéeﬁﬁﬁ{?@&tﬁ)n zTﬁé)lm&t@nté??Q@%ﬁd tﬁé’ p%apgt |gture

above e glass transiti erature Tg, for exanp about 180
oC, of the magnedic rbag@ng%dlmumrqyetfbmerﬁdm movdzdayﬂ'o c(bﬁtiact dor exdrople
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confined to the terials i'n interfacial contact (in the current
enbodi nment |ayefef h@@tl@g rmaat9@al @umay e matectrg:alrmmtiaace beetingmateria

or extipr SElony akeBal A o b BB on SracisaBly. S7BRRME 28 ey To
the heati ngetdh@s,itéla tehthearature bibuatesiglaBs iRmeitdanamplerstard $g&ofi 9. 3), the
heating material 110, the inprinting |ayer 112, and the resist |ayer 104

are al | owe@x@BIR 8l least abowntid aeue h@é’ﬁéw lewer §P4seausing e fesist faveper at ur e
Tg of the r1%§f't8treh5’\¥.er 104, for exanple about 130 -140 oC for

20 [0020] The heating material 110 selectively heats the imprinting layer 112 and
the resist layer 104, without substantially altering the temperature of the
substrate 106 and the main body 108. Thus, heat is confined to the materials in
interfacial contact (in the current embodiment, the resist layer 104, the heating
material 110, and the imprinting layer 112) and their vicinity. After an

25 appropriate interval, for example less than about 10 seconds, the supply of
electrical power to the heating material 110 is terminated. Before separation
(see Fig. 3), the heating material 110, the imprinting layer 112, and the resist
layer 104 are allowed to cool to a temperature below the glass transition
temperature Tg of the resist layer 104, for example about 130 -140 oC for

30 PMAA.

[0021] In the current embodiment, the relatively large main body 108 and
substrate 106 are not heated or cooled. However, in alternate embodiments the

4



30 PMAA. [0021] In the current enbodinent, the relatively |arge nmain body
108 and substrate 106 are not heated or cool ed. However, in alternate
enbodi nerwe 20118634 WO 2012/ 015634PCT/ US2011/ 044523 t hi nPpCirlusediapessss 100 and
the inprinter 102 may be pre-heated and maint ai ned at a presel ected

I ted ten t heat t |, 110
Feduci ng 1 APAIBLEKEsHPo A R Preter 1Z gy Be Pk oAHER AEeT oI ER be
pre-heat ed 4 re88RcrR abaét@@clempeaétu@é BMEH t%%ééifﬁ@%étriéraﬁng'n%téném mw gl ass
5 transition tenperature Tg of the resist |ayer

Ther ef or e, thuer NG erproeessing intervali tar qxamafesthqolrmmlrtterewz sy be
transition te reT of th reS| a 104 durin mat i on of the
feat ur es 2655 TR e felght &3 Shre BdamERia LI BRe SRIFNRER, of e
i mprintgr Ldshiof tbh@eiéltwe rlrgfdfltrﬁ@ tewisinayerO4a it €05 baEbr PMMWA. and
separation, according to an enbodi nent of the present invention. The

i nprinter Joerefeee. tth@ herting Mataiialalk guicdy m@%um@ﬂw%glpgs feagitignt er

cool 110 Thpekdd 16T A IARE Bl g HiPali BL bR 0000 beer

cross-sectional view of an inprinter 400 during formation of features 402
inthin filmlayers 404 at an early stage of manufacture, accaording to an

al ternate d99ali fightre 3 it eigwpliged éf%%?ﬁ‘?%@ﬁﬁkl“ﬁ%ﬁf the IMRENieE 4020 heer i al
112 (F o

et neonta o MBORlE R R intiy ah saBphiliont 3bteroBioPRml S Rk Ren: |
body 408 rrmjthxepntasentmeetwn afﬁde imprintes 1@2rarmk|medhmnfdmﬂayers mﬁrbavesed of
infra-red and VI e ran SSIV or..ex

quar i 2. Py BEENSPPAEAED oot cheliY. i Er e aRe 104 Bhie bBLE RRrs
optically h@@tl'?e% tb’@érﬁrnh@rﬁntédﬂ'%thﬂhé%@@ré@ﬁ@@m /' photoni c energy, for exanple
IR or visible light, and thus is selectively heated. The heating nateri al

406 may conprise a 25thernoplastic polymer material that is inherently
AT L A S R R LN
dye may be ftig@stion of features 402 in thin film layers 404 at an early stage of

manufacture, according to an alternate embodiment. Instead of electrically

heating the heating material 112 (FIG. 2), a heating material 406 is an optically

absorbing layer between a main body 408 and an imprinting layer 410.

20 [0024] The main body 408 may be transparent and, in the current embodiment,
comprised of infra-red (IR) and visible light transmissive materials, for example
quartz, Pyrex®, etc. The heating material 406 is comprised of an optically
heated material that absorbs radiant/photonic energy, for example IR or visible
light, and thus is selectively heated. The heating material 406 may comprise a

25 thermoplastic polymer material that is inherently radiation absorbing, and/or the
heating material 406 may include at least one radiation absorbing material for
facilitating heating, for example a dye may be used.

[0025] A light source (not shown) delivers energy 414 to the heating material
406. The energy 414 passes through the main body 408 and selectively heats

30 the heating material 406, without significantly heating the substrate 412 or the
main body 408. The temperature of the heating material 406 and the time to
reach the appropriate temperature are controlled by regulating the intensity and
wavelength of the energy 414.



[0025] A light source (not shown) delivers energy 414 to the heating

mat eri al 406. The energy 414 passes through the nmain body 408 and

sel ect i veWw9 20e2at156330t he heating material 406, w thout sipgmidSe@antdsg3 heati ng
the substrate 412 or the main body 408. The tenperature of the heating
material 406 and the tinme to reach the appropriate tenperature are
controlled by regulating the intensity and wavel ength of the energy 414. WO

2012/ 015634673 Uﬁ%%lﬁ%ﬂéﬁ&i Q%@hurﬁént' Heéhﬂg Bf #l HuHtinGTREEBPA0G n’ﬁb%ﬂt I ng

of the heating material 406 may stop wh enperature rises above the
gl ass transtap whendheéerapeiadureqisss @tham%hrar@Itn@stmpemtweuTa,lofzal6 The

heating materi al th LN | ayer,.5410, a he thernopl gstic
Feai st “nat draoRiR s AR TS EEu BRI ads. e SR TR o
the gl ass uranand lt@éltﬁeem@@laasttuwr@sﬁgrr@terﬁdm16@&mﬁm akdwed tesbsitddwwi &y i al
416. The inprinter 400 and the thin filmlayers 404 are separated (not

shown) , |eaa/heﬁgoecra@r@ Below thefﬂlaa%ra@smga terapatateesy T¢ of thedhempeRiastis ng (not

shown) . g%%@?%téﬂaﬁ’%@ AreSinth r?ﬁ't%ﬂ%(%d éﬁd’trﬁé’o@%ﬂﬁr‘?ﬁ&;}g?#‘iﬁpﬂé gw of an

i mprinter during forimation ur es ayers 504 at
an early stsegeratéd r(rrmms‘r@wmrIeavmgctbedrnmg‘ulmdayersada%'reladyéoreﬁmbthér ment of the
present invention. | n the present enbodinent, there is no separate heating
mat er i al (P[@Cqsﬁ'rlg @OESQQ\Q(H&] 406 in FIG 4). Instead, an optically heated
resistqphayer 506 is between a light transm ssive main body 508 and the thin
filmlayers 504. [0028] The optically heated resist |ayer 506 may be a

t her nopl as t[(D@ZTf]eﬁigurelﬁaiﬁea simmm‘ied csodssseciioaabigwt dfan iinmrin’néreﬁ%dwng

radi ati on sorbl n cl ydes, a |.east one i ati.on absor bi ng
o ert Ao R RSS b e HG i e BPE R e e B0E B e o oa Py
heat ed res'nﬁéndf@&’tﬁl‘e %ord-rﬁg t&ﬁﬁra‘lhér@]t@ eﬂﬁﬁiﬁﬁlehhbpﬂh@fbrbgénthhﬁéﬁtlon In
transm ssive nmai n body, sel ectively heats the optically heated resi st

| ayer 506, the pr&aﬂnt §h@ﬂdnmeah¢hqreh%aplae@afate healisg maaterigh{ 16rintiie 2 i ght

of the Bpt PO ARk Histéeo AT oslB e Bl R I R BB Sen 8551 ' (e
optically hgptednhsraRkhie mayesod0808 hAE Sha iy @int NB/cPs 868, transi tion
tenperature Tg. The optically heated resist layer 506 is then allowed to

cool down to a terrperature bel ow the glass transition 30 tenperature Tg.

The i npri ng@(? p%’}%t{cgf%bgb@g A’ek@t La%/-‘é?%ﬁﬁw‘?é‘%pé% tﬁ%ﬂ%@%ﬁfi‘c Fékﬁ’%t |§fé’r"‘“)

| eaving th an 1 npri resi s ayer
shown), readgr émubfstnateh@”rZ mamasamer@ﬂ@rrad|a$|bowb)sorb|fd@and/or includes at

e e o T
Flouchar 1 e Lo ST o} RS S, coent
i nventi on dnreugblthe §ght ts@hgroissive main body, and selectlvely heats the optically
heated resist layer 506, without significantly heating the substrate 512 or the
light transmissive main body 508.
25
[0029] As in previous embodiments, heating of the optically heated resist layer
506 stops when the temperature of the optically heated resist layer 506 rises
above the glass transition temperature Tg. The optically heated resist layer 506
is then allowed to cool down to a temperature below the glass transition
30 temperature Tg. The imprinter 500 and the thin film layers 504 are separated
(not shown), leaving the thin film layers 504 with an imprinted resist layer (not
shown), ready for further processing (not shown).



S5perform ng various other steps or variations of the steps recited in the
flowhart. [0031] [0001]In block 602, an inprinter and a workpi ece are
pressed twQebtwarsesfor exanple, in FIG 2 an inprinter c®cDUSI@EI/OMS2RI N
body, a layer of heating material under the main body, and an inprinting

I . The i i i d .10 L.Ast f f th kpi to b

R W R R e T A e R T

manuf act ur %pﬁﬁﬂﬂhbéﬂa’bﬁy%q‘ééﬁﬁﬁé & 8n aRsboyiment st thedresentliRPstlonl 0002] I n.

bl ock 604, energK IS supplied to the layer of heating material, 15 causing
2

a | ayer of Althogghsipebisic\aéeps aneedigelpaed auipediawaehast, Rochk siepseareo heat and
refl ow. For_exanpl e,in.the enbodi nent,, of FIG, .2 the |ayer pf .heating
mterial | SRR s RS arre e anteridE el 1T .

t her mal 5pl gekoemirRsiariodsadtrér stepB Rl YaRgtichL6f theGidpLRRiteY it thd hewehaet ri cal
heati ng sheet heats the electrical heating sheet, causing the thernal

plastic resist layer to 20reflow, w thout substantially heating the

i nprinter h i 0 - I i | nat e
erbodi ment 007 TGS A5 B0k, 7 thalieP 3Rl oRERER dfe Arddctfidbebrr™ 2, |
absor bi ng IFay @xanmfpherig ¥ 1Gs 2 saimpppriadert corhrésespd e bydals Gyler ofheayrey  usi ng
a light source to deliver energy. In the 25enbodi nent of FIG 4, energy
fromthe | iNoAEriaoinqss toa e b&%yo%"t‘q’ 881IMprigiS AYehg TNaYEPIB R BIPVEAe nai n
body and t i t N emr@& : & (G, there
IS no Egpaﬁﬁﬁ%ﬁﬁ%ﬂ&é@%mwg&?gé? .”hPH@ﬂtégad, t g%ﬁeglt%t Q&é?n is also
t he opti calldyerapatareany stageraf NManigactune doayenising atsedsiratg aed aresist in FI G
5is an opi%ycally absorbing resist |layer over a substrate. 30Li ght energy
is deliveré®d®o the optically absorbing resist |ayer, causing it to heat.
WD 2012/ 015634PCT/ US2011/ 044523 [ 0034] [0003]In block 606, the heating

causes the workpiece to be inprinted by allowng the inprinting layer to
f or m f eat ul@@32]n [RAR]IRIpak FOH] erargy is supried taytbe layer od hsating nederial he

{ omper Sour e-ahse BFRESEReCtE BBheaiZinG Faih ba AR o BoRa SR and Tne

wor kpi ece ighdhe@bw. frarBxaendiean uheenbodiriensor Fla: @ ok 1ayer ofdidashgce. 1 n a
bl ock 610, the inprinter and the workpi ece are separated. For exanple, in

FIG 3 an imgeriakis@nglactiipineating snapépadiae snajedql todpliewiea hemeal cool i ng
of the res'p?ésti'c%@i%tla&%ﬁt éhﬁ@y%&ﬁﬁ%& ér?érgg% ke LREtIEP hahtin¥ilet @nd the
y rther SI ng.

thin filmlayers are read proc
heats the electrical heating sheet, causing the thermal plastic resist layer to

20 reflow, without substantially heating the imprinter and the main body.

[0033] In another example, in the alternate embodiments of FIGs. 4 and 5, the
layer of heating material is an optically absorbing layer. Energy is supplied to
the optically absorbing layer using a light source to deliver energy. In the

25 embodiment of FIG. 4, energy from the light source causes an optically
absorbing layer between the main body and the workpiece to heat. However, in
the embodiment of FIG. 5, there is no separate optically absorbing layer.
Instead, the resist layer is also the optically absorbing layer. Thus, the layer of
heating material in FIG. 5 is an optically absorbing resist layer over a substrate.

30 Light energy is delivered to the optically absorbing resist layer, causing it to
heat.



10 [0035] Magnetic storage nedia are widely used in various applications,
particularly in the conputer industry for data storage and retrieval

appl i cat iwop1228568@1 | as for storage of audi o and vi deoPsirgrsadig/044523

Per pendi cul ar magnetic recording nedia, for exanple hard disc drive storage

devi Wit h di cul t th
manet ¢ | 6H° 00 EduRtk BiPaehanion GuBEE SR hides B bS Rupalke'sy | "°
magnet i zat igiBwirky tfh@nmmhﬁg @ayyrrt@%mrea@@ﬁe@%%@mei\mau Plafshé ré$1&f |@gsr. of the
magnetlc ITEdIum Blca a ayer of arranetlc material on a

substrate. Irze[mwﬁis &tbeﬁ@wd)fmtarlalrf@eiwe@hﬁbem@a bedy\aadhibedvarypiecel | y
includes a.trailiyn ite oIe and a retur.n, or, o in ol e
manet 1 car 1% CRUEHIE 8 BHERECHE mBRs yReoS R Mg TR BhvarRBaRR taR
conduct 5ve pragreid theViorkpieke 8! highy Rsknihd featakes iafthé Barfaté bethreol e. Durl ng
operation, the recording head flies above the magnetic recordi ng nmedi um by

a di st ance Waskeieeed In 8 k GE0.fthe imerigter anqidhwqu@p@se e6e saRanaiRfhet Pt

recordi ng e cordi ng
head so T nararete, b Eeu3 A AR lo T RS BvBEER sBRStartd e
recordi ng medlingrof Wetr’restsln@ymgﬁeb'tWes e oe tesg fmeniedlm frierretisp et rgndinder

t he returné’ﬁ)ol e and then passing under the wite pole. Current is passed

t hrough t hd'@ 81D Ty Iayesa aee Fraftyeior &UfNenPrapessing-t he write pole. The
magnetiyg flux 30passes fromthe wite pole tip, through the hard magnetic
recording track, into the soft underl ayer, and across to the return pole.

I n additi omO(ﬂSﬁ]pﬂ\ﬂngrtﬁting;teragetmem\iapmerwiﬁehy usied ingrieus eppliaationshe sof t

mor east ng PHERIGHEUNE SPILEnAeRder A AHeORPAp AaEle 8l galceien
current canshgell 8Y f8rstshagkBireRio éﬁd@fo@o@r%rﬁé@ '%@ﬁ@rﬁdléulfaf Rlagnane

reorienting the magnetic di pol es. e perpendi cul ar recordi ng nedi um
is a conti rﬁamréIngam@dlaoforcﬁwrée@a%dmdrgwﬁterammnes dnojedenrecosding

tored Pn Mg iiee B FREGn Mo B ThlyR b PGP e oo

posi tivel y mdgrgigattyeling medis tresigull maghetifitionma foreded fﬁ@dméﬂhﬁf of
i ndi vidual bits on the recording nmediumis a function of the areal density.

As ar eal d@%wend@@uIahtﬂt@gs%lﬁapﬁ@fé%mﬁgr@ﬂc|rmﬁdjwa?mtym¢a"ythyr 2¢RYEH Of Re

10r ecor di n%éﬁﬂétfé%ﬁ!e?%l bﬁ‘ Manuf acturers strive to satisfy the
ever- increastng consurner enan or hi gher capacity hard drives by

increasing the areal densi ty. [ 0038] Hi gh density perpendicul ar recording
g?;ﬁcgé rri@(ﬁfg ul rgglg d régé}%ﬂ}geél dPI(/g eeraaItgglcaI]I;/hlﬁgﬁd%grae{r&‘m&l
write pole, and a leading return or opposing pole magnetically coupled to the
write pole. In addition, an electrically conductive magnetizing coil surrounds the
yoke of the write pole. During operation, the recording head flies above the
magnetic recording medium by a distance referred to as the fly height. To write
25 to the magnetic recording medium, the magnetic recording medium is moved
past the recording head so that the recording head follows the tracks of the
magnetic recording medium, with the magnetic recording medium first passing
under the return pole and then passing under the write pole. Current is passed
through the coil to create magnetic flux within the write pole. The magnetic flux
30 passes from the write pole tip, through the hard magnetic recording track, into
the soft underlayer, and across to the return pole. In addition to providing a
return path for the magnetic flux, the soft underlayer produces magnetic charge

images of the magnetic recording layer, increasing the magnetic flux and
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sufficiently high anisotropy (perpendicular magnetic orientation) to ensure
thermal stability, resist erasure, and function effectively with nodern

di sc dri weohemd1&adi gns; and grain-to-grain uniformty eCTRSQM@LI4523
properties sufficient to mai ntai n thermal stability and m ni mum sw tchi ng

field distribut 9 As di d t
s'n§||er'3r&%9t3e'%lﬁﬁétﬁep%bﬁs?a ey = 'Egﬁs§$r3éﬂ'ﬁ&5¢t§fte§%ﬁﬁtg.c|es

in a bit atthé‘rr%dﬁeltléﬁ‘le}baéh@re&(@ttlhgrthé"n‘?e\q]'t Tcrdl'y%léées are easier to erase,
requiring higher anisotropy to naintain thermal stability, and making

witability worse. Further, when individual storage 25bits within magnetic

ovecs o JOOOR. g apsA TR RS BANE RS Ml A S

i ndi vi dgal cmagt%udomtagnar@c@tseaw@r gbarats. t MaBiMle cdritinudus asddeticor
continuous read/ wite Pprocesses and oper at i ng environnents to create

i nt erferend®y/sk @'ﬁpﬁ@t%ﬁﬁo'tﬁé@%eﬁ stereduntirdivigypkbitsyt Epe drddyvidealdiitsrargt s t he
d/ |
ot s ST o e B, |

are designe d storing an

i ndi vi dual rimmber'B‘illrsdlwaualetBlEMredtd moaﬁdlbgtrnetatlmasraﬁdnetlor\/‘& the areal
2012/ 015634PCT/ US2011/ 044523 nedi a. By elim nating the continuous nmagnetic
| ayer and G€881Y-cO8Ajerliensities 'Fﬁreé‘ﬁ@c‘ih&%m%@tr@(t' forinafigm gored ondheer ence

|s redyged é%t&’rdﬁtger%?%‘?ﬁ@sb' |ﬁ§r0e%§§s r@ﬁ“& rE‘%Y\‘f‘\)é% satisf/th %ré%'fr dens' ty

bi t pattern e.g., s high anisotropy o

magneti c nmmeeaahgmonshmerdeammmfoBhEm@ﬂmppa@nHmmd(Hwesmadnmeaswwdheres are
descri bed herqép whlch enbodi nents of the present invention as descri bed
above, opt i HFTLEAR ¥otropy for bit patterned magnetic recording nedia. It
is appreciated that nmagnetic recording nedia as di scussed herein may be
utilized with a variety of systens 10i ncl udi ng disc drive nenory systens,
etc. [0042][0®38jutﬁgt7deesiaf ﬂemoenétcutaatgec@elmc@edia use caredulyoenlareed of the

o 2 ol an VERHIGR dBGpBs TheSETRE e BalafeB A B GORE TR Bt el laes
base pl atesﬂﬁ%ldrﬁlyanglh @ntsetfrepygmtpeﬁhmmar rhgietiRoriditatibropeseduan the base

plate 702 to define an encl os housi ng for various disc drive conponents.
The disc difheranatstabikiy) iagisd esarurer angfunciian £fiectyely avity mederrodisedrive

computer-r %galﬁe%lgq%t, %natg%ﬂgt‘a-graln uniformity of magnetic properties sufficient to

maintain thermal stability and minimum switching field distribution (SFD).

20
[0039] As recording densities increase, smaller grain structures help to
maintain the number of magnetic particles in a bit at a similar value. Smaller
grain structures are easier to erase, requiring higher anisotropy to maintain
thermal stability, and making writability worse. Further, when individual storage

25 Dbits within magnetic layers of magnetic recording media are reduced in size,
they store less energy making it easier for the bits to lose information. Also, as
individual weaker bits are placed closer together, it is easier for continuous
read/write processes and operating environments to create interference within
and between the bits. This interference disrupts the read/write operations,

30 resulting in data loss.

[0040] The magnetic layers are designed as an ordered array of uniform

islands, each island storing an individual bit. This is referred to as bit patterned

9



medi a. Typically, both of the major surfaces of each data storage disc 704
i nclude a plurality of concentrically disposed tracks for data storage

pur poses.wWRQERdhseat a storage disc 704 is nounted on a [raib/useo13fppu4sds e 706,
which in turn is rotatably i nterconnected with the base plate 702 and/ or

corer MALTAE, 158 RO S e A SRR el

rotates thejgas@ r’ﬁb@ﬁé‘t@ﬁls%nﬁ%sln?&‘ﬂer@hcé‘% F’ﬁéf&rc@Hrdn@té?eéPG&ﬁsn?é:s §Q043] The

disc drive 700 al so”includes an actuator arm assenbly 710 that pivots about
a pivot bemcragsadleowaveh high taceahdessmobépaﬁemeﬂmpdtat(@eg byS0h&lpsde pl ate
702 and/ or

i v dual RS0 2Pt Bbiho A EREETE lhAuhie MEREE, The i vor

30bearipg 712. Multiple actuator arnms 714 are typi caIIy di sposed in
vertically spaced relation, with one actuator arm 714 being provided for

each maj or [RAH Meshadeasdmedia sy chuen amtaseibaddirrein. g4 of t he di sc

11 zed 28T mebRERr Bk et e bl AR ok SR B e e el O

havi ng one f@rblnpa@enheglrda@@étmmt)rmmgnﬂedm@ tiris tpprdcidted tiettmagmatid ever from
a common structure. Nbovenent of the actuator armassenbly 710 is, provided

by an act udeeRrdnigMeriaRs dissessad hersin maydbeutigedeavithha VashRT SYBIEBS t he
i ke. t|c assenbly that controls the
rﬁ)’c%lﬁ@ng%éc dRtPMe ﬁ(ﬁ}/ §§se ik ,y . ! .

50perat|on act uat or 10 under the direction of control
el ectronics 718. [0044] A | oad beam or suspension 720 is attached to the

HETRERI T R TR TN N A T et P
di sc 704 bynwn¥Bhid@r Bé fﬁ@plemented to form bit-patterned media. Figure 7 is a plan

view of a disc drive 700. The disc drive 700 generally includes a base plate 702

15 and a cover (not shown) that may be disposed on the base plate 702 to define
an enclosed housing for various disc drive components. The disc drive 700
includes one or more data storage discs 704 of computer-readable data storage
media. Typically, both of the major surfaces of each data storage disc 704
include a plurality of concentrically disposed tracks for data storage purposes.

20 Each data storage disc 704 is mounted on a hub or spindle 706, which in turn is
rotatably interconnected with the base plate 702 and/or cover. Multiple data
storage discs 704 are typically mounted in vertically spaced and parallel relation
on the spindle 706. A spindle motor 708 rotates the data storage discs 704 at
an appropriate rate.

25
[0043] The disc drive 700 also includes an actuator arm assembly 710 that
pivots about a pivot bearing 712, which in turn is rotatably supported by the
base plate 702 and/or cover. The actuator arm assembly 710 includes one or
more individual rigid actuator arms 714 that extend out from near the pivot

30 bearing 712. Multiple actuator arms 714 are typically disposed in vertically
spaced relation, with one actuator arm 714 being provided for each major data
storage surface of each data storage disc 704 of the disc drive 700. Other

types of actuator arm assembly configurations could be utilized as well, such as

10



force. A slider 722 is disposed at or near the free end of each suspension
720. What is commonly referred to as the read/wite head (e.g., transducer)
is appropvoabelosesmunt ed as a head unit (not shown) undecTiuseoigloishes 722
and is used in disc drive read/ wite operations. The head unit under the

slider 722 15 tilize various types of read sensor technol ogi es such as
ani sot r opi G HIAGEANIEY OB oF AR, G 2RiaRlgHEl Breds e S (hekRg e VRl | ng
magnet or esifglnh YecommbRstruetter MRS R the bENRtdresiNasRehsg 71 isot her

sui t abl e technol ogl es. 20[0045] The head unit under the slider 722 is

connect ed tPooHded &y @Sl aGtuaior 2P, drivei agsenbly raushcasha goicedolimator fd6asnt r ol

el ectronics, 7 of the.disc drjv 00 by a flex cable,r28 that s typically
mount ed on 0Lk TIGVBICSHh ook bR #feBertindr €Ml alientBlaibe: veen t ne
head ungt pdratioh Gthe RO Aitn @asémshyor FEBendérstbie didction oficastrdlr i ve

read/ wite operations. In this regard, the voice 25coil notor 716 is

utilized t&lgntianics AB.act uator arm assenbly 710 to sinul taneously nove the
slider 722 along a path 730 and across the correspondi ng data storage disc
704 to position the head unit at the appropriate position on the data

st orage di $6044)4 A loaddiezen dr suspersiah Y20 ieattarhicat todhs fredritDédadthen t he
disc drive 700 is not in operation, the actuator armassenbly 710 is

pi vot ed t o 2&tuaiah #& /pand Gantilgverg fngrslkemeabipiclivatiie suspegsioay 49 § at or
beyond gy } r: [Mafat ol , i an
ca)s/e i %@vgﬁééc;égjl ﬁnéiélycfggvaﬁglltgﬁ?)g%% gﬂlaltngac%:ag? r%Eeds?mé)gﬁSjilénygﬁgj'atggﬂisstpgf}hH gllak%di s)é
704. | n t hiferceD A2 68liderP263 4pOse8 20 bt hedd 8r3free gaddf eblck sdispension V20700

i ncl ud nbly 732 that is di d b d j met f th
dat & st or adUnal s SORGHORY rETciBS TRIeaBrT e SERt Re-STARRICYSSver | cal | y

away from idoprGsHaAtEGRAGEHEE 424 Aedd AhAYRotERAVMUhdRRthd SliddrTR2XR Is
sonmewhat of "a retaining force on the actuator armb5 assenbly 710. [0047]

[ 0004] Fi guused in disg driviepieatiiveite anssatiansct Thmhead Lsilvuptieathseslisiendi2eul ar

magnetig r rdi.n i 0 iC for .t orage disc
TRATeL 4 & 558 G IR BP0y MR SRk St BE BB
10appar at usnadrdtodsigiveyAMP), gidrm yeighetsrealetivg hetRpamrrelingbstrat e 802. A
seed layer 808 is a layer that is established overlying the substrate. A
base | ayer MeAgnstaregistiygdl uMhay other sagnatereristive jeghnalogies s alberd | ayer 808.
Per pendi cul i ecording islands 812 are recording areas that are
est abl i sheéﬁ!tﬁgltgﬁg%%cg%élﬁgyer 810 and on the seed | ayer 808. 15 [0048]

[ 0005] The substrate 802 can be fabricated frommaterials known to those

ot or age0dol ULy Thei st G10eHSSITR F24 & VRSN oo PERRTRHESd By om
3\/: ;Jlm num (Alnictt Rahedcshidtiéd Wahahe Sbnftbr&gLirhies P8 ise GNcRIriveHRIENET » 11

a flex cable 728 that is typically mounted on the actuator arm assembly 710.

Signals are exchanged between the head unit and its corresponding data

storage disc 704 for disc drive read/write operations. In this regard, the voice

25 coil motor 716 is utilized to pivot the actuator arm assembly 710 to
simultaneously move the slider 722 along a path 730 and across the
corresponding data storage disc 704 to position the head unit at the appropriate

position on the data storage disc 704 for disc drive read/write operations.

30 [0046] When the disc drive 700 is not in operation, the actuator arm assembly
710 is pivoted to a “parked position” to dispose each slider 722 generally at or
beyond a perimeter of its corresponding data storage disc 704, but in any case

in vertically spaced relation to its corresponding data storage disc 704. In this
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20be appreciated that the substrate 802 can al so be fabricated from ot her
materials such as glass and gl ass-containing materials, including glass-
ceram cs.wOher2ubsstir at e 802 may have a snooth surface upom/uskéiaios4she
remai ning | ayers can be deposited. 25[0049] In a further enbodinment, a

buffer |ayer 804, s established overlying the substrate, 80 a soft

inder | ayer TEGH NSBEETVEITR BYBHES PGSR AT ADat SEBRSER ¢ he seed
| ayer 808 'b%y@MG’é' peritefeP Bf 8 datard6rabd)nsc 208 to BB Bl @he | ayer 804 can be
established fromel ements such as Tantalum (Ta). The soft underl ayer 806

can be est &birespending shtenf22 vegicely ewanfion éb sogasporaingdapgiokkge CoZr Ta,
FeCoB and EegT The.sof t underl aye 06 can. be formed . .with, a.hi gh
ormean | PCTar ANF 15 Also SR ChaPERRaF S, it IRESRA b BBt Hhe sort

under | ager z886mbas7e0.coercivity of not greater than about 10 oersteds (Ce)

and a magnetic perneability of at |east about 50. The soft underl ayer 806
12 WO 2012/ 015634PCT/ US2011/ 044523 nmay conprise a single soft underl ayer

or ULt Pl 0607 (80IREIGRYERTs aXplIRY BRsIRRRIBLILION oFRISSEmablpy L1 Pl e

soft underl‘aye esent, nderlayers can ricated from
the sane sohignaigretorimpiadiurh 800, ivhioh ahial foey esed footiie dagnstorayenditeri al s.
5 [0050] In the enbodinent illustrated, the seed | ayer 808 is di sposed on

the soft ud@r(Fief)- sbiee Pemengiciian moghelecorting et 1 or

exanpl b i I b - [ ! jtion
(oD §PomERBaIaUE Mo ARgmafaRIac RsidbioheRugbl e A ugraB0D. FRR0R, ' °F,
Rh, Au, Aglayer@0Beas allegert thwasis ddiablishedadverlyagethesubsirates A dasktlayarBidesi r ed

wt h i f th ! di cyl. ti i i sl ands 812.
P0081] The aimitdie b ashishes oveihlh i 68 e F08, R Rendicl T bed her ei n
may be for mpsyytichieBoldivgy RERISI @ eareSHRorfg g%é#ﬁaﬁﬁ@eétﬁbﬁ’éh&ﬂﬁ tagcor di ng

15 to the enbodi nents of the present invention. e perpendi cul ar nmagnetic
recordi ng ibasarexerdi®d athobéheseedldayenéd8t o have an easy nmagnetization axis
(e.g.,.the Caxis) that is oriented perpendicular to the surface of the

per pendfcul ar magnetic recordi ng nmedi um 800. Useful materials for the

per pendi cul[@E48TagUEIS]|The e0pstpateBOSERNDS fadrtatés frofemaedralié khesedo al | oys
wi th a 20hexagonal cl ose packed (hgﬂ structure. Cobalt can be alloyed with
$1)

el ement s sieseskibed sringrart orlye Uppal TorRgIFRNC reBerdiig (1Bpa FArdIFTd HSTND)
tungsten (\Yo30d dedted! 8- Cl@Mple, the substrate 802 may be fabricated from
aluminum (Al) coated with a layer of nickel phosphorous (NiP). However, it will
20  be appreciated that the substrate 802 can also be fabricated from other
materials such as glass and glass-containing materials, including glass-
ceramics. The substrate 802 may have a smooth surface upon which the

remaining layers can be deposited.

25 [0049] In a further embodiment, a buffer layer 804 is established overlying the
substrate 802, a soft underlayer 806 is established overlying the buffer layer
804, and the seed layer 808 is overlying the soft underlayer 806. The buffer
layer 804 can be established from elements such as Tantalum (Ta). The soft
underlayer 806 can be established from soft magnetic materials such as

30 CoZrNb, CoZrTa, FeCoB and FeTaC. The soft underlayer 806 can be formed
with a high permeability and a low coercivity. For example, in an embodiment
the soft underlayer 806 has a coercivity of not greater than about 10 oersteds

(Oe) and a magnetic permeability of at least about 50. The soft underlayer 806

12



[ 0052] The perpendi cul ar magnetic recordi ng nedi um 800 can al so include a
25protective | ayer (not shown) on top of the perpendi cul ar nmagnetic
recor di ngwo=berdse3812 and/ or the base | ayer 810, such agCa/yscati®etseye
carbon | ayer, and a | ubricant Iayer di sposed over the protective |ayer.
These | ayers are adapted to rﬁ hﬁ:gdamat e fromt T? g &/Wl’lte head

i nteracti oRSAYFPRPEIRR 8 LYF FO deNRT Aumutty'e Balt UPEeBRY P MELe 30

[0053] Fi guepafhtéd b ?s‘b‘a@@n‘s’ flTﬁﬂJIt‘FﬁI@%ftiﬁﬁ'éHQ?é\Js arbPreséntatHeosdst on of the
per pendi cul ar magneti c recordi ng nedi um 800 With a head unit 900. During

the writingngedagsrs can tpfequnatedjﬂr@m the isenehseftimegpetic ineatedal drfaems above
the WO 201@'% 15€ AIFECT/ UsS 011/,[044]523 per pendi cul ar magnetic recording
medi um 800 &Mhe? |n8 b 8% ?'Pe head 902 includes a wite pol e 904
coupl edsto an auxili ary pol e 906. The arrows shown indicate the path of a
magnetic flux 908, which emanates fromthe wite pole 904 of the

per pendi cull@@5Qr il &%@@@odmzentelﬂuséwat% taﬂéeﬁdééﬁf@%lﬁ(ﬂ@j}?s&ﬂ ®) k@s3ofone

per pendi cul HB?Q% the wite
pol e 904, éﬁgeen er|d6c Zﬁ%% \%élrzalo%r}%nﬁﬂ@e%%e un rrﬁ 806 for a
di st ance. ijysmagmrmrmwpbg|t|snf(P\/UD)dﬂfrdh@mca|8@©os depesltlom) (@VDdérommgobmal c
flux emanati ngbf romthe head unit 900 through the recording island 812, and

enhances wetahimaterals adch ag. fergxampe. T, Rty @9eRE. AIwAS R ORI r et ur ns
to 10thg a%by%ggﬁe%b%f?@@se% dlt% if !d’ééw@@? %t@%%é@ﬁles[cﬁ%é] The

magneti c fl ux I'S concentrate e wite pole causes the
per pendi culpgrpereiodar mageebmmmdlngllsladd$822under the wite pole 904 to
magnetically align according to the input fromthe wite pole 904. As the
15magnetic flux 908 returns to the auxiliary pole 906 and disperses, the

magnetic flopsQ08 h@%éré@ﬁdu@ul%ﬂﬁ%q;ﬂb% ré&6rdfig |§l%fn%|smelr2p§é16‘é§dﬂb%6 Hergmet i ¢
recordi ng |slands . However, t'he magnetic flux 908 is no | onger

concent r at éaRyahd f@m\ylthﬂwtbaé}ﬁwﬂ@yqfe%ﬁbﬂm O[]Itb@ Sﬁa@ taster 80Beansotling

per pondpcural EBREPHHSAHE Brombrf LM ERbLA ST e HeaRaRTb e PGBl ™ "

descri pti omgcdrain (?qgramg@mfcaemé éstaatbn@rmed ftasaegn edeg efiadrrdizatiom akief er ence
to specific enbodi ments. However, the illustrative discussi ons above are

not i nt endd@.g.dhe&-axihihatiiv erigrtedparpandicylne ta eesirfase afdhe
perpendicular magnetic recording medium 800. Useful materials for the

perpendicular magnetic recording islands 812 include cobalt-based alloys with a

20 hexagonal close packed (hcp) structure. Cobalt can be alloyed with elements
such as chromium (Cr), platinum (Pt), boron (B), niobium (Nb), tungsten (W)
and tantalum (Ta).

[0052] The perpendicular magnetic recording medium 800 can also include a
25 protective layer (not shown) on top of the perpendicular magnetic recording
islands 812 and/or the base layer 810, such as a protective carbon layer, and a
lubricant layer disposed over the protective layer. These layers are adapted to
reduce damage from the read/write head interactions with the recording
medium during start/stop operations.
30
[0053] Figure 9 is a simplified cross-sectional view of a portion of the
perpendicular magnetic recording medium 800 with a head unit 900. During the

writing process, a perpendicular write head 902 flies or floats above the
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25t he precise fornms disclosed. Many nodifications and variations are
possible in view of the above teachings. The enbodi nents were chosen and
descri bedwDreorades34t o best explain the principles of thecCiTsentiosss2and its
practical applications, to thereby enabl e others ski IIed in the art to best

e e ST P 1 2 SRR, Yk horBiadenrRAld hosy ore =

2012/ 0156 34j96TiA 415484 & Ml Tote SoANMRpNMRAD drﬁa@*uﬁ’ér?%lé 506 1The drrdvaod

conprising: 5moving an inprinter aga| nst a surface to be inprinted, wherein
sai d i nmpri shewndodiatesiee rathw @ ragdyeticaiiif aQﬁ,uwhlch@rrpﬂtat@ﬁ frorragv‘@rwrlt@nd a

| ayer of hea erlal en ald and he 1.oprd nti pattern
ayer: o0l Bl AP b @ineRG U A el iR, SRR v PR Y HPLOR Y Oy

features i meais’clldﬁhe%érbélﬁ@iculgr h%grmﬁblréé&ﬂmghgland 812 A.theeegBhistowithél ai m 1
wherein said surface to be inprinted conprises a resist |ayer dlsposed over

a subst r at avrite pole 904, andrerterpg lend tervetingiwithen ieeselt Icln@%r'@eilﬁ&ﬁl 9r g ener gy
t d | t hout
substant | atlSaTer 6 gradietiesly SOTBRUSEA He tvae I olBRl Pbgn Xt | oo

4. The net hmhaﬁatﬁgafrdmlhe\headlumt 900 through the reaorﬂjlm@)sﬂnobsm,@td ng materi al
Is an electrical heati ng[ sheet dis ed
enhances writability. As the ma netlc flux 908 travels towards and returns to

10 the auxiliary pole 906, the magnetic flux 908 disperses.

[0054] The magnetic flux 908 is concentrated at the write pole 904, and causes
the perpendicular magnetic recording island 812 under the write pole 904 to
magnetically align according to the input from the write pole 904. As the

15  magnetic flux 908 returns to the auxiliary pole 906 and disperses, the magnetic
flux 908 may again encounter one or more perpendicular magnetic recording
islands 812. However, the magnetic flux 908 is no longer concentrated and
passes through the perpendicular magnetic recording islands 812, without
detrimentally affecting the magnetic alignment of the perpendicular magnetic

20 recording islands 812.

[0055] The foregoing description, for purpose of explanation, has been
described with reference to specific embodiments. However, the illustrative
discussions above are not intended to be exhaustive or to limit the invention to
25 the precise forms disclosed. Many modifications and variations are possible in
view of the above teachings. The embodiments were chosen and described in
order to best explain the principles of the invention and its practical applications,
to thereby enable others skilled in the art to best utilize the invention and
various embodiments with various modifications as may be suited to the

30 particular use contemplated.
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20bet ween said nmain body and an inprinting |ayer; and sai d suppl ying
energy to said layer of heating material conprises electrically heating
sai d el ecwoizoo1b@at i ng sheet. 5. The nethod of C aim 1l wo@Emszer/0263ai d

| ayer of heating material is an optically absorbing | ayer disposed between
said main body and an inprinting Iayqé' ﬂ@g said supplying energy to
said |l ayer of heating material conpri Eé ing a light source to deliver
energy to sghstieRidigayliy: absorbing | ayer. 306. The method of Claim1l

wher ei n: said layer of heating material is an optically absorbing
resi st |ayer disposed over a substrate; and WO

2012/ 015634PCT/ q82%11/t34§523 ... said supplying energy to said | ayer of
heating material "c r%‘? QBSOS ng light energy to said optically

absorbi §g resi stmbasgan irhpfiRteriRfaived acfurfdcai thibk MeIeéd) wiedrdirssdi§ace to be
inprinted is a S5thernmal plastic resist |layer, and wherein said supplying
energy to SAPHNEREPAIIISEP &sMpth ey, an iImpyidting Hadtes art aneed favergf asti c

resist layer . to.r . - : ] ' it .hogr aphy,
said met hogleggﬁ%ﬁéstlgﬁé\{: beg\r/\/eeggis%bd @éﬁpﬁgfaﬁﬁ ﬂigélrpr ﬁﬁrbt'edrd@énﬂéé}h l‘{%érrkpi ece,
wher ei n sai d i ngupplyirtg di0ergyo isaislagenai mediiodymatediaito fomprfieatureg i saidr; and
heating a |l ayer of material disposed between said nmain body and said
wor kpi ece WHETREEHO BEWIPHAGal |y heating said inprinter and said main body,
wher ei pgsai d heating inprints said workpiece. 159.The method of G aim38
wherein said heating said | ayer of materi al

2.The method of Claim 1 wherein said surface to be imprinted comprises

a resist layer disposed over a substrate.

3.The method of Claim 2 wherein said supplying energy to said resist
15 layer further comprises heating said resist layer without substantially altering a

temperature of said substrate and said main body.

4. The method of Claim 1 wherein:

said layer of heating material is an electrical heating sheet disposed
20 between said main body and an imprinting layer; and

said supplying energy to said layer of heating material comprises

electrically heating said electrical heating sheet.

5.The method of Claim 1 wherein:
25 said layer of heating material is an optically absorbing layer disposed
between said main body and an imprinting layer; and
said supplying energy to said layer of heating material comprises using a

light source to deliver energy to said optically absorbing layer.
30 6.The method of Claim 1 wherein:

said layer of heating material is an optically absorbing resist layer

disposed over a substrate; and
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di sposed between said main body and said workpi ece conprises electrically
heating said |ayer of material between said nmain body and sai d workpi ece.
10. The newbeadi2afisa34ai m 8 wherei n said heating said | ayePCofusemtiondisat 20
di sposed between said main body and said workpiece conprises optically
heating said | ayer, of %}at erial betwegn sai d, maj.n boag .and sai d workpi ece.
11 . The et hod SPICFURRNBOGIETSY 1o SAIF (YEL L hefng dalF e COmaiRSed bt veen

sai d main Rpdyedyigtichen§y tPs A8 DtiRaRS A5&sTbihg e8istlayeryer, and said
25wor kpi ece conprises a substrate and 'said reSist |ayer. 12. The
met hod of Claim8 wherein said heating causes said material disposed

bet ween sai d mai_n-bod n i d rkpiece to reflow, and further conprising
cooling said mtﬁ?%ﬂ%ﬁ?%ﬁﬁﬁ%@wwﬁ%ﬁ”88@Sﬁ est&%emprwﬂ?géseato 30 a
t enper afur enghedl pladtRaesist lyef, Hrl Wwhemiesaidl suppt @né?gdor@limtf@ﬁwl and
said workpiece is high. WD 2012/ 015634PCT/ US2011/ 0445 13. The
met hod of cglaaﬁtlmrgsmhgw&r pageasasaig themal ®lasdiggesistlayar turedlomat e, a buffer
| ayer overlying said substrate, a soft underlayer overlying said buffer

| ayer, and a seed | ayer overlying said soft underlayer. 514. An apparat us
conprising: a md. A dethod efthermali intpring liihageaprdi, SpidsedtHuet odeprisiagd mai n
body and a workpiece, said inprinti nglF | ayer inc| udi n% a surface with a

pattern formed tPReSSIGIOgGGEr-AN MYRNINTEF NG 3tWHEPIBLEeWNEIeiRiSsHERY et ween
sai d mghn ' & BhEEBrink™ Theyapparatus of O aim 14,
wher ei nbsa?zgﬂTbarsgrg agiﬁla&e%(??))rfl\g 6r(rgt eﬂ%egp c%r%,reir’s%? an electrical heater for
converting el ectheating adayenyf rmateviat tispos¢d babvepn said main body and said
workpiece without substantially heating said imprinter and said main body,

wherein said heating imprints said workpiece.

15 9.The method of Claim 8 wherein said heating said layer of material
disposed between said main body and said workpiece comprises electrically
heating said layer of material between said main body and said workpiece.

10.The method of Claim 8 wherein said heating said layer of material
20 disposed between said main body and said workpiece comprises optically

heating said layer of material between said main body and said workpiece.

11.The method of Claim 8 wherein said layer of material disposed
between said main body and said workpiece comprises a resist layer, and said

25 workpiece comprises a substrate and said resist layer.

12.The method of Claim 8 wherein said heating causes said material

disposed between said main body and said workpiece to reflow, and further
comprising cooling said material between said main body and said workpiece to

30 atemperature where viscosity of said material between said main body and

said workpiece is high.
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16. The apparatus of C aim 15, wherein said |ayer of heating material is

di sposed between said nmain body and said inprinting | ayer.

17. The appar at us

of C ai mwo20as@in said main body is transparent. PCTAB20he44ppar at us

of Claim 14, wherein said |ayer of heating materi al corrpri
heat ed materlal aratus, of Claiml

ses an optically
wherein said

"ayer of heat | ndSrHiemelobst IS BB SH BaTirSHe BaiSeeT ot | ayer

di sposed oyghsfatel Bl fayer overlylﬁg s-Eftﬁs@cPéIﬁHtété'%oﬁfun@bﬁé%r]&ﬁerw ein said
pattern conprises a pattern of sub-m cron or nano-di nensioned féatures.

said buffer layer, and a seed layer overlying said soft underlayer.

5 14.An apparatus comprising:

a main body;

an imprinting layer disposed between said main body and a workpiece,

said imprinting layer including a surface with a pattern formed therein; and

a layer of heating material disposed between said main body and said

10  workpiece.

15.15. The apparatus of Claim 14, wherein said layer of heating material

comprises an electrical heater for converting electrical energy into thermal

energy.
15
16.The apparatus of Claim 15, wherein said layer of heating material is
disposed between said main body and said imprinting layer.
17.The apparatus of Claim 14, wherein said main body is transparent.
20

18.The apparatus of Claim 14, wherein said layer of heating material

comprises an optically heated material.

19.The apparatus of Claim 14, wherein said layer of heating material

25 comprises an optically heated resist layer disposed over a substrate.

20.The apparatus of Claim 14, wherein said pattern comprises a pattern

of sub-micron or nano-dimensioned features.
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