- 1 - CHEM CAL PINNI NG TO DI RECT ADDRESSABLE ARRAY USI NG SELF- ASSEMBLI NG
MATERI ALS BACKGROUND 100011Structures having conponents with di nensions on
a nanoneter scale are being considered for use in the areas of optics,

el ectroni cs, nmechanics, magneti smand so forth. Nanostructures enconpass
various structures referred to as, for exanple, nanoparticles, nanotubes or
quantum dots, and may potentially be used as building bl ocks for ordered
and conplex materials. [0002] For data storage nedia, including bit
patterned nedia (BPM and discrete track nedia (DTM, the patterning of

ul tra-hi gh deagMIvAIOPINNING TO'DIRECEr ADDRESSWBIE ARRAN USING SELRS snmal | as

25 nmor less is desirable. KQUEVMBLING VIaGTERIALsal |ithography is limted
by the diffraction limt, the resolution of conventional optical

l'ithography is usually limted to about 50 nm hal f-pitch. Thus conventi onal
optical lithography may not be suyif@@hRotmp fabricating such nanostructures
for bit patterned magnetic storage media, _[0003] A high-throughput
patterning ni0AHd | Steurer bavipg FomropenthYith dieapsiont ey BI00BIFIH SAHFEr at e.

Sel f - assenbiiyg bdsianed fYsd@shd 6asRP bﬁu&,l M ctrbicd) rR¥hAARSs MRdetism and so

ul trahi gh-density patterning and hi gh throughput. SUMVARY [0004]In one
aspect, th&rihnyd ¥P£UP$§W°%‘F?(§V?T&9@P§S EArB STRETIEY irefgred 1o \Asdiferg © strate
having a phatophdii¥s, Q&Oaiamrfqabﬁtumge@%a%a?%éhﬁmme Ribedf 28 BhitifShloA d
depositing a self-assenbled material on af | east "a portion of the

subst r at e, fageedersdand prsnplesopeteials. and/ or orientation of substantially
spherical dopgaps)S Ofrot Bt §6lake ARGEThUEHndTBIE Fitlefed mibafdl(BPME) Ghl Bi¥crbib e

alignment features, to forma nanostructure pattern, and wherein the period
of the al i Gerkenediz EAEM),dbe paitepungelfeyitrarbigh tdegsity;dob arayner liscuray,10ith _nes t he

period of pO&IRRNEL Lkdl asiBRh BStesd i9A0RLbIB. BORENE! sitte RBALal H‘Flliﬁ;?raﬁl%;/i@ ntion

provi des an agfaratus i ncluding a substrate having a plura

cheni cal | yliwsef pydhedifiactign dimit thezmselptien ofrepventioapls 9%3%%%1’%%;’% erial on
at | east aufahy fifileddb abdif 56 HHaltPiteh. TUS béivenddns BA ﬁith@?rfaﬁtgﬁsﬂsxéynot

orientation of substantially spherical domains of the se enbl ed
mat eri al i Be wtplle fos fabpigating such napestsetures for bil patierned gnagnstin stpragg msdier uct ur e

pattern, andigyhgrei i t ignhAMEEAYR patlming method is desired for forming
nanostructures on a substrate. Self-assembly technology has the potential to provide both
ultrahigh-density patterning and high throughput.
SUMMARY

[0004] In one aspect, the invention provides a method including: providing a

substrate having a plurality of chemically contrasted alignment features, and depositing a
self-assembled material on at least a portion of the substrate, wherein the position and/or
orientation of substantially spherical domains of the self-assembled material is directed
by the alignment features, to form a nanostructure pattern, and wherein the period of the
alignment features is between about 2 times and about 10 times the period of the
spherical domains.

[0005] In another aspect, the invention provides an apparatus including a
substrate having a plurality of chemically contrasted alignment features, and a self-
assembled material on at least a portion of the substrate, wherein the position and/or
orientation of substantially spherical domains of the self-assembled material is directed

by the alignment features, to form a nanostructure pattern, and wherein the average



spacing of the alignment features is between about 2 tinmes and about 10
tinmes the period of the spherical domains. [0006]1n another aspect, the

i nvention provides a nethod including: providing a substrate having a
plurality of discrete chemcally contrasted alignnent features, and
depositing a self-assenbled material on at |east a portion of the plurality
of chemcally contrasted alignnment features, wherein the position and/or
orientation of substantially cylindri"¢adl domains of the self-assenbl ed
material is directed by the alignnent features, to forma |am nar pattern,

and wher ei d})a&ﬂ@oﬂﬁé hIRHmfAt &h&eélslwmsemaboheﬁtlﬂl@%dl SboRQOWRARS tRGRHEd 2 T Mes
and about 10 tines the period of the cylindrical domains. [0007]1n anot her

aspect, t hef erﬁpé?ﬂc?b‘}?nﬁfrﬁw des an apparatus including a substrate haV| ng a
plurality offogesjcr ehﬁmﬁﬁﬁmsﬁé’dt tMe MOGHHbAR PR fliedth hﬁﬂn@&ﬂklufdﬁ@t

sel f - assenbl ed material on at |east a portion of | ura

cheni cal | ySUbgrate havingge Rlurglityef diserstst @F’@?anio\ﬁ@?t@?tﬁd @H@%& iffta%‘i"f’ awb/ or
orientati oc&p@a‘uu@@s?él@d%&émédym&wﬁm Rt fedt QR n”é‘f tad ?ﬁlﬂﬁtys&i{ dheragnbl ed

material is directed by the alignnment features orm'a | am nar” pattern,

and wher ei wnwdaal@rl@g@ fepjares. ighestin theepasition randier Oﬂ@a@tmésf substapgipleen about
2 times ang, ?]ola%ﬁs'df‘%ﬁe L H6sRfhe g‘i‘na?énal ﬁ%ﬁﬁé'tls(} E%’FJS%?%IEH&F?&HE% [0008] I'n

anot her aspect e 1 nvention provides a nmet nning a first
plurality @ffO@pamnadzaﬁemnm& Whersj therreriod pf the lipmeny featuresds higiwgen

i t hogr aphipgudd BA&SAd bduf 1 fnés BEFRIVE ofthl Elratidal @maRaced dots in a bit
area of a substrate, and depositing a self-assenbled material on at |east a

portion of tAThit+ ki eacthexhaspestn theninvemsiont prowidan @R oRPPaRIvE NElYBS Bf dommi ns
of the selfpamaenileth Moty & didcitdideRidAY cQMIaEJa@ aﬁgﬁ&ﬂﬂfeaiuw alridty Of

spaced dots, to forma nanostructure pattern in bit area. BRI EF
DESCRI PTI Of@psempied pratsaphias at j@goopetion of thesplerahmnfrﬁmm@a%m%?ﬁ at i on of

a fabri catjighmif FcRSSs, ivvh ?&?Q{%Qﬁ \bh AioR OF kutfanfiflf d
[0010] FI G {%ﬁns ta sch sernaltel C reepr esglrllt a‘%j?roﬁ&%% 01(1: a3op§'I yprﬂer [0011] FI G

3 is a croipsasof ithasglf-agsempled fmagerial issdivested by [ﬂmWPIGfCWP% teform a
Cross- sectiQRal patleRiValld wherttRE 5@&%8 h i th@%h%énen@fe%ﬁ%s is BEtRedf NEMALI C

representations of dot patterns and 11 are schematic

r epr esent AP apdphoubHktings %ﬂeﬂ‘leﬁ A ﬁaé@riﬁcaéémmmt ed in accordance
with an aspqgospl ! BCanbM¥LE@ the invention provides a method including: forming a

first plurality of spaced dots in a servo area of a substrate, using a lithographic process to
form a second plurality of spaced dots in a bit area of a substrate, and depositing a self-
assembled material on at least a portion of the bit area, wherein the position and/or
orientation of domains of the self-assembled material is directed by the second plurality
of spaced dots, to form a nanostructure pattern in the bit area.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic representation of a fabrication process in accordance
with one aspect of the invention.

[0010] FIG. 2 is a schematic representation of a block copolymer.

[0011] FIG. 3 is a cross-sectional view of a substrate. '

[0012] FIG. 4 is a cross-sectional view of a substrate.

[0013] FIGs. 5, 6 and 7 are schematic representations of dot patterns.

[0014] FIGs. 8, 9, 10 and 11 are schematic. representations of portions of

patterned media constructed in accordance with an aspect of the invention.



- 3 - [0015]FIG 12 is a photom crograph of a portion of a patterned nedi a
I n accordance wth an aspect of the invention. [0016]FIG 13 is a schematic
cross-sectional view of a portion of another patterned media constructed in
accordance with an aspect of the invention. [0017]FIG 14 is a schematic
cross-sectional view of a portion of another patterned nmedia constructed in
accordance with an aspect of the invention. [0018]FIG 15 is a

phot om crograph of a portion of anot hér patterned nmedia in accordance with
an aspect of the invention. [0019]FIG 16 is a plan view of a patterned

surface thatjogs) beritserb ida bbb bPR Mrid 6 RobdAREdgRlia of FI G

15. [0020]FIGs. 17, 18 and 19 are sc ematlc representations of a
Cr 0ss- secticendsre Hibemapes af themyerioredi a constructed in accordance with an

aspect of ! Ngode}Venkicns is L%aﬂ%gfge&n@nﬁ AEPITE phribfRiTeBHEAT I On of 2
data storage disc tenplate in accordance wth an aspect of the invention.
patterned media constructed in accordance with an aspect of the invention.

[0017] FIG. 14 is a schematic cross-sectional view of a portion of another
patterned media constructed in accordance with an aspect of the invention.

[0018] FIG. 15 is a photomicrograph of a portion of another patterned media in
accordance with an aspect of tue invention.

[0019] FIG. 16 is a plan view of a patterned surface that can be used in the
fabrication of the patterned media of FIG. 15.

[0020] FIGs. 17, 18 and 19 are schematic representations of a cross-section of
another patterned media constructed in accordance with an aspect of the invention.

[0021] FIG. 20 is a schematic representation of a data storage disc template in
accordance with an aspect of the invention.

[0022] FIG. 21 is a flow diagram that illustrates the method of an aspect of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] This invention relates to methods of fabricating nanostructured devices
and to devices fabricated using such methods. In one aspect, the invention provides a
method for achieving long-range order and precise positional control in naturally self-
.assembled nanostructures.
| [0024] The invention can be used in the fabrication of data storage media. Data
storage media generally includes a servo area and a bit area. The servo area includes
information that is used to control the position of a recording head and the timing of read
and write operations. The bit area is used to store information that is written to and read
from the media. In one aspect, the invention allows the integration of self-assembly
process into nanoimprint template fabrication of BPM for both a bit area having high-
density periodic dot patterns and a servo area having medium-to-high density
periodic/non-periodic dot/line patterns.

[0025] In another aspect, the invention uses a substrate structure with a chemical

- contrast surface pattern that can be used to direct the self-assembly, or self-organization,



[0022]FIG 21 is a flow diagramthat illustrates the nethod of an aspect of
the i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0023] Thi s i nvention
rel ates to nethods of fabricating nanostructured devices and to devices
fabricated using such nethods. In one aspect, the invention provides a

met hod for achieving |ong-range order and precise positional control in
natural ly sel f-assenbl ed nanostructures. [0024] The invention can be used in
- the fabrication of data storage medi .4 Dat a storage nedia generally
includes a servo area and a bit area. The servo area includes information

that is usgtar Lrag VP hhstrichRed 084 4@ s &sérﬁ»ﬁ@ré @ dAemitePEd i sitdgatt | M ng of

read and write operations, The bit area is used to store information that
is writtentof®s dpce rsubsirater baKing, soginngi o maferighsethals selbit diffgentnchepiabn al | ows
the integr glelefcd! oSAhin&s ff WHeyenPERG AN 159 U THe SEERR oF
fabricati o%%gf_ %PI\/(I)for 1%ot h a bi tn_ ar ea %QV{;FE‘? hi ;t%t)ggl?\lsi ty péegrg)(iL odi c dot
patterns amaerals ey daye Bileanoerrphicediffivnsco- heyKeeras sqryyaterials serve as

peri odi ¢/ napx:pekd Egth&smldi&&%é)@éﬁi&‘srsé}ﬁblﬁ [P hdridsRRREAET s@fR&bIy t he

i nvention uses a substrate structure wth a chem cal contrast sur){ace

pattern t h&eansdhe fuamgtianof peripdicepanostiyetures | of sgié-gwsagbling wategdp.fsugh gani zat i on,

- 4 - of apogs re%%éol%eﬁa'&ﬁétﬁdﬁ%éa‘{iﬁés. As Thgededdlic Mafostastifel PEdnO ot Chem cal
contrast substrate refers to a substrate having regions or materials that

exhi bi t  di peBiEeaqnsly epiclativelp lesgearesmeensding fo thermpéympmicsprogegiiesdi f f er ent

conponent s ofoofsf]bl 00K sRIRRRLYIRIng TNGehfdl Waird HRWR! blliStoCaRediaue little
t opographic difference. The regions or materials serve as al |gnmgnt
f eat ures tPRsitioging coft blogle cepalymersspherifial) op feylingsicalapaedomainy Math. daedis - assenbl y

means the fo mmq Lo b3 '

mat eri al s,geglﬁc i}as fgf:}%g{: g%g%sﬁorrrler gqg% ul%é%%g%?& |ffczl§ g[lsd F’ﬂghgse%%rr%d;% C

nanost r uct the templaterfabuicatios pbhit pattemed npdia (BRM). Referringtoyth¢ drawingsFd@. laccor di ng
to thernod ' LS tatrinati 0 . j.n 1 cal
contrast cgaéﬁ&gaetl%ﬁ@egﬂlg %&%ﬂ ?ef%l%m?thJen g%g%sf ﬁ%ﬁ“?%g‘ia%?é &l%g%ec%ggﬁt%{rg spheri cal
or cyl i ndringetiomanodomai ns wi th domai n periods of 25 nmor |ess,

correspondi an I i i | enpl ate
fabricati onn[g?i@i t ;I)Ig?lgﬁeirlhg?‘g%g?{%&'{d@g%ﬁﬂsﬁg‘%el?r%ﬁ%g% %S'?ﬁatégé?&ae\%ﬂfgs, FIG 1
schemat i cafornped dnl the subatrale Bhef sutfadequattéro meprdesadwmiqal eantrast dunfase polterth one
aspect of i L I I i 10 . strate 12
and has a ﬁsagﬁggga‘éﬁglgt#? grreﬁ{o gg?{%rdr%ggag?{f %ﬁégsﬁiﬁéﬁ%ié%h%dagu&rl acgppatt_ern

i ncl udes afeathssiforasubsagnentlysiepesited agwsipaitres: NWhie ionly & fow megidns tlg ad r egi ons
16 in or q I . r I es for
subsequent 1 SEICR § dorhain] Al BF i Riak R by e e SR b SRALHL S
shown i n Fh@ pricticardegicar Theregions wnd $urfaee bayp difbrent effinitiea forrrasteriabithat r egi ons

16 nay be i i Vi i

it ferent SFFTud ERaRlAC AR Balilf SESTE ARK BLPLARA I, | ed on
t he subst restestatiomef rgagsiracturss. dThegegionsHé cpobs areated tarransntional bhogrephon of
nanost r UCtdiee s ?{Lﬁl ﬁtﬁg%ﬁ{/f& x%ﬁoﬁﬂ)ﬁnir?xl?%ﬁ‘éh?e?&eﬁﬂtrmol& Igﬁ?ﬁilhggx"g*ﬂg{, '1%5%8{3/; aphy,

such as e-beam ogr /.’ nanor nprinting, extreme-ultrav
| i t hogr aphym lithography, P48 o §jthagraghy, Z48y htographivogie.aphy, X-ray |ithography,

etc. [0028] Tggmspal T TR hGiRpRlh b theSIthACFarkfl 1£7cHh 18, £RLxRfple Rbs fMPI €,

tens to

hundreds of nanometers. In this example, the regions 16 have a substantially circular
shape in the plane of the surface 18. The regions 16 are also referred to as dots.

[0029] A self-assembled material is used to fabricate a pattern 20, whose long-
range order and positional accuracy is directed by surface pattern 14. In one example, the
self-assembled pattern is fabricated using block copolymers. The components of the

block copolymer will position themselves on the surface of the substrate in a pattern that



hundreds of nanoneters. In this exanple, the regions 16 have a
substantially circular shape in the plane of the surface 18. The regions 16
are also referred to as dots. [ 0029] A self-assenbled naterial is used
to fabricate a pattern 20, whose |ong-range order and positional accuracy
is directed by surface pattern 14. In one exanple, the self-assenbled
pattern is fabricated using bl ock cop_cgl_ymers. The conponents of the bl ock
copolymer will position thenselves on"the surface of the substrate in a
pattern that - 5 - is directed by the chem cal contrast pattern of the
3u bstrate. isQ”hectﬁ@ BRithie ditmicAEcdatrast pattsdp of uﬁ*laﬁbs&aﬁ. [@ner dMTAUE 6 ﬂge bloclave t hﬁ
omains 22 in. the ttern 20. .In one exanple, the remainin oma| ns 22 have
a subst ant fq@ff’}yﬁ’%ﬁﬁ’g‘?q r@ﬁ‘f’véﬁ&d@."e thsciompens Zd%ﬂieéﬁﬁ?lagﬁo%éﬁmp bstrate
pattern anthepdneiking afdinsP2hapad SuBstantBPsphefidal sHap@ range from 1:1 to 10: 1.
I n addition, h?fﬁ lattice.structure in substrate chem cal fontrast pattern
[0939], ﬁlﬁfh

is not neces y tiA® Pergderatio betgen sybstrle PRfest g §RROfYIISE PR,

Furt her mor gan ¥4t i B etikgeatror APL £R$0:1 Pkt Mdionetd 1nbte Ruched iDaibstrat¢ 0031] I n
one exanple, the size of the alignnen tg\Ots 16 is srrglfel er than the size of
the bl ock CHSBUHRY REHTEORIFT 15 SOhHETTHBSUP SE¢ A5 4 3 dieabiods FBEDFH. and ¢ he
vol ume of pdiemalFufiidibte, ®o tisentical BdifiiastHaRdrh Réed nbEbe deladic.0f t he bl ock

copol ymer dopnai ns. 0032]FIG, 2 is_a schematic representation of a block
copol ymer BORBHie by ‘?3‘6"}36%%?@%%&%@“&?%‘&?%?6@ Fdhtn B9 S1Z6q a ni nor

conponent  &khe Bﬁaaadgﬁlyﬁer Gorhdin 82 GWherd fressefel 1P R fdterd] d6LtVh, MdARe Vdl@be Of a
chemcally f(%*zitterne substrate 40. Atgol r. brush Iaygr 42 is fornmed on a
surface 44°ifhe gligamentiotsisguch smallenthan %Qﬁg‘;@}“ﬂéﬁ‘é’t‘ﬁm HBANUG are formed in

the polyner feosigh | au@r2 is hARenenislis tepadsentation fod b BREK QbpoRynigr 136 At bloai Nng an
affinity to a first &orrponent of a block co oI%Prrer, and the pol yner brush
| ayer 42 | ©PPlyFisEhIclyfes2 maierepmpeneRtis #d agHofepipensnt 3 3 second conponent  of

tEe bl gck copo33jner FIGVen 5bﬁss{c3§e6ﬁdﬁapﬁiﬁﬂ!df@§%ﬂi&1h6ﬂgﬁﬁﬁtiemy| palttadaedi eql Itob
the substrate, the positiqns t he. domai, ns of _t ck . copo r w e
ot T ol kgt A Pt ivet fiis SEH o8 & SIS ShiBSIBHERT JAURE b t he
substrat e @agplehepepby 46318 Bic el &Y B poifer YT Dhe Jubéiateds forabdides a
concave substrat e,lg ttern. [0034]FIG 4 is a cross-sectional of a

vi e
portion of°k? ERimak Bving 4 akfigitn &¢y ashirsiseamporens of 2,blpck capelymsr. Aod q\'/‘v%lyer 52 is

forned on dﬁblﬁﬂérfb&fsﬁ 154r 8 isfbithed WP 8 tdafikigl habilg b hinR¥ B PécBond RAPBREHE S 56, 58
are formed on the_ polyner brush Ia)éer. The pol yner brush | is formed of

ly yer

a mat eri al °hlGiWRgkLPAmEn Nhep Fhe, black @P@H}ﬁ{o‘_ﬁéﬁ?“@fmﬂy B‘Pﬁlﬁé tedpol yner,
and the nagueRed, thedforitibsy ¢TREE @&fmaans GERY b1dk dopyliyer will B donttblled Byahé second
conponent o I.he ogé}fcogohérrer . Wen th o%k copoJ ymer is E‘Tu“ sequently
appl i ed t & bbb % cORohiEneh GATPITSAS VBT th S0 PopET BiUdt k
copol yner 1afdr) Tb@T])ﬁﬁlBIe{dﬂFi@QbiMucheBl@céﬁcﬁﬁefwgdu@,fﬁ pafterhhe bl ock ﬁ opol yrrelr f
conponents w t he er rusn, er a t he nanoppst.s.. The ex e o
FE 8T her b, Sl e b Siemalyipuyah  porton o 5 Chetically piedied

substrate 50. A polymer brush layer 52 is formed on a surface 54 of the substrate. In this

example, nanoposts 56, 58 are formed on the polymer brush layer. The polymer brush

layer is formed of a material having an affinity to a first component of a block

copolymer, and the nanoposts are formed of a material having an affinity to a second

component of the block copolymer. When the block copolymer is subsequently applied

to the substrate, the positions of the domains of the block copolymer will be controlled by

the affinities of the block copolymer components with the polymer brush layer and the

nanoposts. The example of FIG. 4 includes a convex substrate pattern.



- 6 - [0035]In the exanpl es descri bed herein, the polyner brush |ayer can
be conprised of polystyrene (for copolyners with polystyrene as the major
bl ocks). In the exanple of FIG 4, the nanoposts can be conprised of Si % or
various netals, such as tantalum chromum titanium etc. [0036] To form
the pattern, a bl ock copolynmer can be deposited on the patterned surface
via spin-coating froma dilute sol ut i_%rl in general solvents |ike tol uene,
form ng nonol ayered spheres (for sphere-form bl ock copol yners) or

| yi ng-down cylinders (for cylinder-form bl ock copol yners), and one domain
of L he bl ock[ooszlpol yﬂ‘fErthdSi%?aIﬁliligsr eémf]gm, hét€ih)1 GheO B6lyier S’oﬁ)éﬁl‘ﬁ%lerkmwﬂed (
techniques, to. |legve a plurality of nanostructures in the formof dots (or
hol es) or $9mPESed FrpolysiyFrof 5.°°‘%/)b'5?ﬂ ‘Eﬂ“bﬁ?%y%ﬂﬁrtﬂ %?ﬁlé"rm?ﬂaﬁblg‘flﬁs)agit“d{“’es can be
used to f ogxamplerdfFIGI £%hé)AatopEstsétn fbeoinphsed UTWIO, & Va@idud MethBesueh der  of
about 5 rimto about. 50 urn. However, these bl ock copol yner nanostnttures
usual | y | JBRAUBh G Paivge iBPYEY €t h one aspect, this invention addresses the
poor | ong-r ajogss]or deb férfSte pitserd) aibldk @osoiyatdricad Be Hebokiftd od tisdyattamed pat t ern
with a chem cal .contrast to rorirote | ong-r ange orderg{(n | ock caqpol yner
nanost r uct $FI@ee Via spipgeaiige ﬁPﬂgaﬁ‘H‘é RoIpgRI BReral sgfyerts kg ef‘%"lgflg%mi c

bl ocks (e @enolfdelel Sher&N @& Phde-RnyBIBINVIPOKIRAT bY lyddLdowrOéyliades pogani C

bl ock and one. inorg ric | ock ré}e.g., i

pol yst yr en@ B ‘P&"’pg ook SRRAIKDFIE) |35 006 ) domaife of the Rlocki sRegIFEeTSAR B r enoved
by WV degrraigiddtsidgdre @feshelay kidwhtEchhiqi&Eto 1EAE aPRANRY 6f nanb@ictlds X posur e,
pol ynet hyhnet hacryl ate. is deﬁéaded whil e polystyrene is cross-linked. In

anot her exAfrg of 83t (i holss) 2t faesdorfreehedsed t o remove organi c components.

Polbyfli rrft hyl p?énxans%dﬁa%ﬁmgﬂerlrﬁﬁm?amﬁte chogawafta ﬁhﬁﬁ&aeutn%m&%}g he :
supbstrate .e win cnemnical contra and custom ze atter ayout can
be used to‘Pai‘f‘H‘@EHmPﬂB sigedp the ?%Q?%H”“‘séwi%@é we Hawoebenloti t h domai n

peri ods of cogblymermabsthRtigesGhalildady/ ioﬁ%}angér Bider. subsid abéct,CthR Mheeatiopat t er n

can be generated by vari ous advanced |ithographic techni ques, such as

e-beam  naAfGTeRSP MFtROCEIgYETANGS OFlst isseebyyFinga ubsirate havingrp PG RAtSTH C k
copol ymer swiiti £cHéfsil esnteaé 8 prbAste MigQandelveied B Hlockes hahdRir@dthrdd. | S Not
limted to bl ock copolyners, and it can _be any self-assenbling materials

with at | ead0038ho chbsbledh Fepolymer e includeumn aigpwc blocks (e-grhobistyzmey
funct i onal jlgpolamaBihéthicrAsfte e R REREBlock And ofid Gibrgald Mobki(&s.] onal i zed

nanoparticl e, besides tgle. organi c nangparticle inner core, there Is an
outer shelBolYSHEEbLk PRl digregiiilexane). 70ne plothg damainp samBe fmorst Maly a
dlhst! ncltI fith Hﬁlfqﬂﬂ:ﬁfj)byCQﬁweﬁnélMthFohgeﬂﬂ{pﬁ Q@cﬁrﬁiU?W%x@ﬁﬁﬂgm e of a
chemically functionalized napoparticle is: 3-amninopr - ?ia oxQbut anoi c
aci d) 11 mepEpehaceiie 08 draierh PHIE ReDEpEDR 0T Fress-linked. o Ta Agother o
schemat i c éx@RpRS € Bkydeh Oplasih SdalStHeat e Otto Pati6¥eNS oMhaitil \tBfmbérestsperi odi ¢
| attice str cturtﬁs,, where Ls is . the erlodégs.e., t he di stance between
al i gnnent %’iY e ﬂ?‘?ﬁfb‘}ﬁ%g@d@ﬁt@ﬁP%ﬁm tfe period in an X direction,
and Lay is t[besr?n)erl @EkhduBstﬁte\ﬁadbthﬁﬂllcﬁ&?i@illc_antfé@f&ﬁ%hﬁﬁnﬁé& putteinnalodt Sy SL emh
[0041] F Gcag bg us% to %recte t)flg'%gsrljti nali}gto%rsaf-gsserr?blgg Qar;lgggmaqgst%t é)c)%llagnl Igjerr]iggs such that
of 25 nm or less (21 Tdot/in?). This substrate chemical pattern can be generated by
various advanced lithographic techniques, such as e-beam, nanoimprint, EUV, 193 nm,
248 nm, X-ray, etc. Although block copolymers are used as examples here, the self-
assembled material is not limited to block copolymers, and it can be any self-assembling
materials with at least two chemically distinct components, e.g., chemically
functionalized nanoparticles and nanotubes. In a chemically functionalized nanoparticle,

besides the organic nanoparticle inner core, there is an outer shell comprised of organic



Lsy = 0.866Lsx. FIG 6 shows a stagger pattern of alignnent dots positioned
such that Lsy = Lax. FIG 7 shows a square pattern of alignnment dots
positioned such that Lsy = Lsx. [0042] The period of the substrate pattern
is not necessarily equal to the domain period (1X) in a natural block
copolynmer pattern, which is helpful to release the pressure of conventional
| it hographi c technol ogy used to genergte the substrate pattern, for exanple
by e-beam |ithography or optical |ithography. The natural pattern of
self-assenbled materials refers to the self-assenbl ed nanostructure forned

Wi t hout t hgolgbdeHams wifichehah 8 idtinét! BbflRal Frbseity@dmparsd Rathred BinbORRIr aphi ¢
pattern or chem cal contrast pattern, Wth a nethod described here, only a

e . .
sparse sub§Pf atxampler of & qhemigally fyagtiopalized grpnenagtioe e damigePRPYhBner at ed by

convent i 0ngkobutah&ie déidHINotio¥Mlized'siWbal dandpartieged to direct a dense
sel f-assenbl ed pattern. Thus, self-assenbly rel eases the resol ution

pressure of 9AUent iF&ERnIS: 16 306 olyfra SRematio sepmsyrations of aybsttaiedet pAte@at i on
(i.e., thewifithGoRpefdddshfiRl SrRakisCiRerb €5 itle pObAR. O ke ERAAIMTIRIecRAt t € N

period) ranges from about one to about 10. For exanple, the ratio of 10 can
be used i f 2gngiepigdats) dn sybsirgse patiprm d-sk iR Pedgsoinyaret ddentian.Aed dah ivdet ypi cal | y

formed in etk & diltbiRnlor & CRALYNRE-RBHAPALERM W t hout any surface gui dance
and thus in the formof nmulti-grain structures. [0044] Such a pattern

mul tiplicati B04s ud®;{ shavsra pexagen patigmelplignmensr dotsapesieneaich dhain ar eal
dots densi iy, 9t shoksx| 496/ 6 @%V@%t&%&’%ﬁemmpa]iﬁﬂ%lgg&k PakitiRedbuchige Of this

method is only limted by the properties of avai | e sel f-assenbling
mat eri al s, LGhT &8x-hBle 71shpWs pEquare natters of plignsnest doippesitionedisich $hahbylt 50 nm
for block ggpolynmers, about 3 - 8 - M to about 10 inn for nanoparticles,

and about 1 nmto about 5 rimfor nanotubes, correspondi ng} to areal
densities of [00420 Tdbe peripsl of[thrspbstrategaattem is gotegessaly peiakorbederpain

represent abddag1%) ink!akikal GRER LTRImdP Bhtked, Whidlii§ RpoIMeRE leQplsgurs UbST r at €
patterns wth sane or different |attice structures. 0046] FIG 8 shows

a pattern ©f comygeional,tithagraghis deqrelomyh usedsivhgemertice theatibFiaPPEAMERE dots at
the positi gignpld 8y cHeiH mogrépﬁg\d?taméan 1ﬁﬁbgr££i1ﬁ. e R pattefnSoPLefr
positioned such that Lsy = 0.866Lsx. FIG 8 shows a hexagonal pattern of
al i gnment  #semsbled matesials yefass (@) self-esspnbledmrenstructpre r orped, withoyt; the (1094 ,
for n =1, %\;jdancc 40 xté?‘ﬁ'aglﬂé’ﬂﬁ,r &ich 8s b Sublstife Bb@ﬂu{é atfard 6 el cal donfast

e
un-di recte bl ock copol yner pattern. However, e pattern of alignnment
dots in FImteg. | Withamethed desgrived hereg amlna weyse isehstrate patten (e.g.oeheptical| G 9
shows a patdn@hdl) fkdddne %Eﬁag&d%f&n@aﬁieﬁﬂ 11913W§1ap1§y Retdhatif bh a¥dang agdds gnnent
dots at the positions indicated by item nunber 62. The alignnent dots are
posi t i oned? densp selfqassembled patiey  Thmselfepssorbis releases dhgyreroliionimaessug of g | gnment
dots w th g&fveohdiBiogabhPn, Wherein Ls = nLo(10%, for n =1,2,...,10.
However, the pattern of alignnment dots in FIG 9 is not limted to a 3X
nul tiplicati [9843] The pattern multiplication (i.e., the ratio of substrate pattern period and

block copolymer pattern period) ranges from about one to about 10. For example, the

ratio of 10 can be used if a single grain of 10x10 block copolymer domains can be

typically formed in a natural block copolymer nanopattern without any surface guidance

and thus in the form of multi-grain structures.

[0044] Such a pattern multiplication is useful for patterned media fabrication
having an areal dots density of 1-2 Tdot/in? and beyond. The patterning resolution of this
method is only limited by the properties of available self-assembling materials, which

have half-pitch dimensions of about 4 nm to about 50 nm for block copolymers, about 3



[0048] FIG 8 shows a pattern of nanostructures formed on a substrate having
alignnent dots at the positions indicated by item nunber 64. The alignnent
dots are positioned such that Loy = Lax. [0049] FIG 10 shows a square
pattern of alignnent dots with 4 [imes (4X) nmultiplication, wherein Ls =
2nLo(10%, for n =1,2,...,5. However, the pattern of alignnment dots in
FIG 10 is not limted to a 3X nultiplication. [0050]In the structures of
FIGs. 8, 9 and 10, a 10x10 natural |aBtice structure is assumed to be

obtai nable in a bl ock copol yner 'pattern wi t hout any substrate gui dance.

[ 0051] The | trueture of ubst r af.te an_al s di fferent
fromthat m?? ifoﬁ'l‘r?é Iy sell}anapsse (Sﬁl el turP gboll—l{(’)?n%‘gor an&u%gbstrate
patterns wonhsphmkn@tomeakdaggaqfleﬁohkmmfe array are all abI e to align bl ock
copol ynmer s ca n donai ns wlthantural exag nlattlce
Furt her nor e%ﬂ% ﬁ@ér gte ? t[eﬁf T A TP perl 08¥ bYocE 216 as it can
direct | ormttemm@eactedbgpen@ﬂhbdﬁa&qhttmm&iﬂym*re oddrf&remt lattncelsttmnms by pi nni ng

sonme bl ock y n donaln to the subst .SOMe spots.
20 100851 ARG Y T °Fic" 3 BORE R PRer e e SHer S B Ehb R B rer
pattern dialigahe dbgs aatlreopnspmns Mcmeambsteﬁ)ammumﬁo erThe lahmmt abtsgremsnt dots

at the posit di,c [ n thi xa eaverae
di mensi (F;n RS ﬁl rh g’f@ %86@}1 ]Igig;n‘g %WSF 3&5’8"?’??%9?%%5? 5 about )
10Lo. [0051515Tm swm (30)anylfiplicatin, Wh&eiﬁ&s@ﬁ ﬁm(&m%y fomt*(lal, Lllotkmlgr aphy. A
substratevté’w hem cal co trast urf an include a ﬁ_@r nati ng

hydr ophobi ISEII‘HRCF‘B Peafasel (- upr E"F’i‘? ‘8“’68?&‘?‘?%@?“50 YY%ygi ons
Pg\éis 2 ]g SaI ]Eihésﬁdttmblfalﬁékﬂmt %btilﬁ FUlG. ¥ ik ﬂ@ttlm’ﬁfbea @dés 3X ﬂmﬂﬁpﬁcz&ﬁﬁm y lrorer ]

e e ot arrays can be directe a subsirate chein
cal patter nﬁﬁ’ﬂb a'?lf:'le]gns ' &rpatic Waftna%‘?sgu‘f?ﬁréﬁ??rﬁ‘le ar3 %‘I‘B?‘Faf%é V& ches of
t hﬁ nanoﬁﬁﬂlgﬁﬁimylots By twpdagmgsl?ﬁrcafew Ibly )ﬁeﬂl&ﬁhﬂﬁﬁ @2. E ahé aﬁgﬁﬁm’ﬂ ints s;e; tem a
spherica ck .copo r s subs te on_dot :
pgt tern wif® %%%yaphv (ﬂ%ﬂ?éﬁb c%ﬁ?gﬁegi’a i b{rﬁﬁﬁ"’aﬂg:&g@%m e bl ock
copol ymer ﬁ@huﬁbli@&i&n WitlefeirdHBs 9 RLEE) OR), fok-n3= TAQL. /10N Bowdidr ot pattelyofsubstrat e

dot arrays with a per.i odi mtg@gf 24 nn1 48 nn/ 72 nm 96 i nn have ben
fabri cat ediismen dets i1 5G; O innoblimited to o 3Xgwliipliceticfot  arrays have al so been

successful | XO@QFD”SFI'GatSeéﬂowé'Q férd o@m&&m&mr&ea dnal fvafkSnGaE i n the
array format of FIG e others have studied Fer pendi cul arly

oriented @iErmet detyat Eﬁed(?&‘["‘e{‘ﬁp’élfi?#é‘i by itgmypypben p4.5 The ghgnmgat 49tk grecondi ti on

i s requi r?,QSI{l&eagﬁuhqyﬁLgp%p orientation perpendicular to both
substrate gq ]\; interface and copolyner/air interface in the case of

cylindrical [ 19nibpys 2y Wuﬁﬁé’aﬁgrﬁélftahgfnﬁl"g dots, WHR b Hmeh 4Mdes a
spheri cal nﬁlllﬂﬁiéatﬁﬁ?@h&@ﬁ%é’“:tm%lé‘aﬁ EORCEI D, Ok NEsidvar, tRUpdemeofretting to

generate an addressabl e dot arra is in thernodynamc equilibrium
and t hus |ahmwsfquam%mh&lsaoqlwedéqeéxnwétrﬁwgpnand l ong-termstability.

[0050] In the structures of FIGs. 8, 9 and 10, a 10x10 natural lattice structure is

assumed to be obtainable in a block copolymer pattern without any substrate guidance.
[0051] The lattice structure of the substrate pattern can also be different from that
of naturélly self-assembled structures. For example, substrate patterns with hexagon,
stagger, or square array are all able to align block copolymer spherical/cylindrical
domains with a naturally hexagon lattice. Furthermore, the substrate pattern need not be
_periodic, as long as it can direct long-range ordering of block copolymer domain
structures by pinning some block copolymer nanodomains to the underlying substrate at

some spots.



[0056] FIG 12 is a photom crograph of a portion of a patterned nedia in
accordance with an aspect of the invention. FIG 12 shows a 1.3 Tdot/in2
spherical |'SPDVS bl ock copol yner pattern directed by a hexagon substrate
pattern with 3X period. [0057] FIG 13 is a schematic cross-sectional
view of a portion of a patterned nedia simlar to that showmn in FIG 12. In
the exanple of FIG 13, a substrate 70 with a chemcally contrasting
surface 72 includes a polymer brush Fdyer 74 and openings 76, 78 in the
pol ymer brush | ayer. A bl ock copolymer 80 is deposited on the chemcally
contrasting ace h C I ' I 1Ly

subst anti al I@b%zgherﬁda:l A @ %0&?&3%%&%%£6§%98%ﬁea;gﬁggd%ggb%%r g&;elmr st
conponent dirgcigd doycd men-pemqiin suhistrge  patteyndiaming Stigament 3Bt aly theappsiions nity to

the substra. ?{1@ ef far e |0 t eplngs; i n the
brush pol ylﬁ%](rgat a elﬁ. JU%%F%I%G%%E z‘lﬂéﬁ]eatﬂs?%ﬁgg et@er%iogsféﬁsggt :ﬂ%ﬁa d vi ew of

t he port i oflsafis inhaangstfioersbeut 2edd sbovf 10LG. 13, after the second conponent
has been su tia 0 nAat eqgt e

i nvention, E@ﬁ%irrbi E#%%Jbg@%ggﬁepa‘fag dghcgfgh?‘;gaqﬂﬁ’gl? E@eﬂr?ﬁ({%\?) ? 2 a(Ascu%tIatrtl%ri cal

bl ock copdiaymera chémgbalycontreikt rsutfactecmeinciude atemstngnbydrephobie/hfdibphilicat ed. FI G

15 is a phgi.Qm Gr >y 1y N |y St vrene:- di hyk . si | oxane)
( PS- PDIVB) t}gélgﬁ&cag%%%gaﬁa?’?éélwgé lr”gsc ‘e’glgt%y(ﬁsg&%tu s'?t?'g%) re&?s go b%)ogitét ern. FIG
15 shows anpzetcopelymer. portion 92 and an unpattenmed portion 94, wthout an

under | yi ng rat g p e ] | ' [ jon in the
unpatter nedslgégzti. [gﬂg%ﬁ%&cﬁﬁﬁéa#%% E?nr g'g;éh%g tgfgesgﬁsﬁtg{?e&%%s rate
i ncl udes aafitrumathipattero pitches thatdfe mechslgenthamthépihed & thd manodnd apat. tByr n of FI G

16, Ls = nj.ka(1Q9 it = n r ' ricod in

nat ur al (iru.se.%, al%é?egllﬂy\é\é:e%lgﬁ%h %ﬁl%aéger%bé’bg?%en@rgﬁﬁ%ﬁ ggnl%lgﬁﬁﬁg?#oﬁegﬁirf\dri cal

bl ock copaissembiedi an aisibetsite kekagom doh patfeat with mdow-depograpky, chelnicat pdnitmster s at t ach
to the paty: j e | Wy i t i to the
patterned l'é rl 3%%%@%@3%@&%&"1%3&f%ggn‘gﬁigyg@ﬁ@% Igg%rg%i?@% ?iﬁlf"g‘%’sde ntations
of a crosdysabstiats detf arsayp antithes peribdivitpti of 24ome48 Urow/@2l nwi/9hnm laye ibaedr i cal

bl ock cop i a i . C el ti 62] FI G
17 shows gla%:ﬁrzg{seg'- snlgci [ or?g’l Hﬁﬁ%ﬁ%n%?@%ﬁ@bﬁl%‘ag{ (I)%Jsl %léogié%gd%u ?%Eif‘f“gﬂ In the
exanpl e ofdefbfBitrated, Irethsichanple itiee dofOarevirtangal io terarmeyn fdrmatbddiGast i ng sur f ace
102 i ncl ude ol yggk. br I r -104 and.. I n 1 L, ymer
brush | ayer .S[OI%SEW in rlF coél? é%lh%‘%zg%%%%pfﬁ’ggdlﬁgﬁi}% gggné%dggylf@gggﬁbl{? e

chem cal | wopadpherast nentyal surfica settingleenditianGk regoipal ty mehieveniomathawiestatidnur al i ty of

bst ant | . . : b’ ) 7
= second detpeaibl WGP b SRRBLABLAD kb IS cdblinftyal sl i YONCT 1
subst r at e casechftcybindsicalr odkoropelymenshdn burcaspeat1bis diventivn iopladdsragphérisak he brush
pol ymer | %Y&k'ec%g%gé}- E\Ienﬁﬁouti%é SofteiC BPRLISA GIRSS whGly ' Pendtie€ VOl the

portion of 't
addressable dot array, which is in thermodynamic equilibrium and thus intrinsically has a

low defect density and long-term stability.

[0056] FIG. 12 is a photomicrograph of a portion of a patterned media in
accordance with an aspect of the invention. FIG. 12 shows a 1.3 Tdot/in? spherical P'S-
PDMS block copolymer pattern directed by a hexagon substrate pattern with 3X period.

[0057] FIG. 13 is a schematic cross-sectional view of a portion of a patterned
media similar to that shown in FIG. 12. In the example of FIG. 13, a substrate 70 with a
chemically contrasting surface 72 includes a polymer brush layer 74 and openings 76, 78
in the polymer brush layer. A block copolymer 80 is deposited on the chemically

contrasting surface. The block copolymer includes a plurality of substantially spheri:al



media of FIG 17, after the second conponent has been substantially
renoved. [0064]FIG 19 is a cross-sectional schematic view of the
structure of FIG 18 in the down-track direction. [0065] The bl ock copol yrmer
materials can be any spherical (for a dot array of nanostructures) or
cylindrical (for a dot or line array of nanostructures) block copolyners
wth two (or nore) highly inmscible Rgocks/conponents, A and B (or nore),
whi ch can form nanostructures w th dofhain spacings of 25 nmor |ess, such
as pol ystyrenepol ynet hyl net hacryl ate (PS-PMVA) (down to -20-25 urn),

pol y(styr ediaitisrsef M|86 Shd OK&MNEfirs( E3PIn 4 sbedMd dofipordddt 90T) Domains §2

pol ystyrene- poly(et | ene OXIde% - PEO) (down to -15 urn PS- P2VP (down
to -12 nmand$ghaesapaghiuty e e Rubs ?tyerztiﬂ;rrﬁ rep@waﬂth%wca(npss A%P%&im to -15
nm, etc. thQﬁﬁkh@ogﬂ@raygnple t he bl ock copol yner nanostructure can be
directly usedwgs a record media if one conponent/bloc i ncl udes magnetic

el enent s, 8l keF{%Bél‘staselh?IBﬂw CEPsE-sectipRAd YIeW Al thedqopti él?‘PcH alteMmehnodonai ns

can be |ntrﬁélﬁ@&ﬁdGlIKQﬁ@'ﬁMd@&iﬁ@cﬂﬂiﬁéﬂéﬁtHa@H&h@ﬁ&taBﬁQIy‘r@xﬁMe@n i ncl udi ng both
a regular bit pattern and a non-regul ar servo pattern as shown in FIG 20.

[0068] FI G 2803% a &bﬂmla@eﬁkgﬁ@seﬂw&lw}a&h@n&%asg?%masg@emcgk tenpl at e
120 in ac qﬁ&éarwlqa wcyimﬁemaﬁ&%%g%mw%wsﬂa%@ '&ensIhﬁxe(iia&&mE gaPbat €

i ncl udes pl ur al Hay/ of tracks 1 onl'y_one of which i.s shown. Each track

i ncl udes afa cgted 1§ 4s wxo@nmrpgrapwwﬂmmém yéstysensrdipethyl dlpxagl vo ar eas

126. The CtPSfPﬂMS) m&&@sp&ﬁﬂer%rté@bﬁéc%tb% sHER@ dbi RO FRS.S sWBSwdd bed
herein. The servo areas can be fabricatéd using a'lithographic process

such as e-R3tsHRIMPPHPRG? Jnd FooYPRitsmeg pqrigor, 4 & an |upderhyinggtulfrate

i1l ustratigafed. TBérbRGholoBliokSdonthifrieffatigfini®d dnpassfiaiatad bl ock copol yner
nanostructures in BPMtenplate fabrication including both a bit pattern and

a servo pat t{8089]1 | nThe,shemigal epgiyast patieanpn theisuh Sﬁ@‘ewsﬁgl%’@d%‘%?tsgenerate a
servo pattgri LWi.hhe Serye aIEmetﬁ‘ B?tﬂegn A H86 1 (?s]ssenp foe/r gjkﬁo_cess s

used to prepare a high-dens array in the b| 130 shows
that the neg, hqﬁ afd ahérs LbYs tﬁepérioagn ﬁatﬁutxsé [ @i~ ﬁreaea)kblaclddapama{ paf@h. brush

| ayer. In X l.e e th ner, rush Ia er. can have hi ckness of
about 1 n ﬁgﬁﬁn%b(?f: °°pf) ositrel An ths B2 do?“ﬁgﬁe %}m{ﬁm{eﬁs t hen
coated w taha@ Rt patah Slots! ay afe llﬂaa/umnoﬁ elibsREIN| RralR] thihelpagatedof about

20 tun tosa a?clét 50 urn. The photoresist can be

[0061] FIGs. 17, 18 and 19 are schematic representations of a cross-section of a
patterned media constructed with a cylindrical block copolymer in accordance with an
aspect of the invention.

[0062] FIG. 17 shows a cross-sectional schematic view in cross-track direction.
In the example of FIG. 17, a substrate 100 with a chemically contrasting surface 102
includes a polymer brush layer 104 and openings 106 in the polymer brush layer. A
cylindrical block copolymer 108 is deposited on the chemically contrasting surface. The
block copolymer includes a plurality of substantially cylindrical domains 110, 112 and
114 of a first component in a second component 116. Domains 110 and 114 have an
affinity to the substrate and therefore form at the locations of the openings in the brush
polymer layer. '

[0063] FIG. 18 is a schematic cross-sectional view of the portion of the patterned

media of FIG. 17, after the second component has been substantially removed.



- 12 - patterned using known techniques to include a regular dot pattern
(in a bit area) and a non-regul ar servo pattern (in a servo area). The

phot oresi st can be patterned using, for exanple, e-beamlithography,

optical lithography, etc. (block 132). [0071] Next, a first evaporation and
liftoff process can be used to forma first hard mask pattern in both the
bit and servo areas (using for exanple, chromum tantalum etc.).

[ 0072] The regul ar dot pattern in the"bit area will be used as a substrate
pattern to guide a subsequently applied block copolynmer pattern and the
non-regul ar Lol P&ic.80Ns b Bro3SEekfor] &flethtlc! vilP ot e Gr@turd bMAIG. §85Y0 pattern
(bl ock 134). [0073] Bl ock 136 shows that the bl ock copolyners are coated and
anneal ed ('@cgown-{rpck direetiodr mal / sol vent process) to forma highly ordered

bl ock copol yfggs)Pat FhE Biokid c%ﬂggy%, e G b8 Gho dptlbicdi for A a3 e Ot

pattern forned previously.. ock 138 shoWws that ‘a second ‘evaporation
and | i f t of panpsiyetares) ¢raylinlsicald oy aidet grdinprpmaysefenastraeiumgs)blosk conolymeath i n t he
bit area, j =1 PRV ] [ rnin
core pot 5 G07S] Kigk? ish R ekl Bkt orints, £ 3he BUrimdIDE ypieh L1

patt ern ( f{ogm nahestryeturgs dviia demain skaqigst eff 29 namdr dessefuph asanolystenes r om t he

first h f d;J nHe. : b
quartz 1 ROk E e MER WY (Rbliic, 000125 P BB GRe Gl TEY, °C
al | hard nelokangh(RSePIAMISE 4¢pvretor eiforml peystrepepokyfegityleng oxideh @S-FPEOD| ock 140.
0076] Th il R | 1

OOTEL e (Bl 38 kel 3z 2 Bl AL B,

fabrication of BPM ndnol nprint nmaster te
pattern (HESB4YPA(dowgie =}5 ek ¢ted, hi gh pattern density, single shape, tight

si ze/ posi ti hgna I ;Iag@s - L.@4dd C or
periodic, w ?‘lﬁé no e@ﬁ? ’é?’%pg?’ﬁ‘?{"g#%%%’{“g?‘ﬁﬁ( ens&%@fc@%gﬁéggg% etc.). A
di rect ed skfefardiag arediadfonpsgomperent/blackimclydesdnagnetic ghemasis; sychdike gotalid an

e- beam defjped.pattern can be used for server region. [0077] The bl ock

copol ymer can | nclude two organic blocks (e.g., polystyrene- )
[0067] The self-assembled nanodomains can be integrated into BPM nanoimprint

template fabrication including both a regular bit pattern and a non-regular servo pattern
as shown in FIG. 20.

[0068] FIG. 20 is a schematic representation of a data storage disc template 120
in accordance with an aspect of the invention. The disc template includes a plurality of
tracks 122, only one of which is shown. Each track includes a plurality of data bit areas
124, and a plurality of servo areas 126. The data bit areas can be fabricated using the
process described herein. The servo areas can be fabricated using a lithographic process,
such as e-beam writing.

[0069] FIG. 21 is a process flow diagram illustrating a method for using directed
self-assembled block copolymer nanostructures in BPM template fabrication including
both a bit pattern and a servo pattern. In this method, e-beam writing (EBW) is used to
generate a servo pattern in the servo area, and a self-assembly material/process is used to
prepare a high-density dot array in the bit area. Block 130 shows that the method starts
by coating a substrate with a thin polymer brush layer. In one example, the thin polymer
brush layer can have a thickness of about 1 nm to about 10 nm.

[0070] The thin pofymer brush layer is then coated with a photoresist layer

having, for example, a thickness of about 20 nm to about 50 nm. The photoresist can be



bl ock- pol ymet hyl met hacryl ate) or one organic bl ock, one inorganic block
(e.g., polystyrene-block-pol ydi nethyl sil oxane). One of the donains can be
renoved by UV degradation followed by a wet rinse. For exanple, upon W
exposure, polynethylmethacrylate is degraded while polystyrene is
cross-linked. In another - 13 - exanple, oxygen plasma can be used to
renmove organi c conponents in a hybrid, organic-inorganic bl ock copol yner.
The inorganic block (i.e., polydinmethyfsiloxane) has good resistance to
oxygen plasma. [0078]1n one exanple, spherical block copolyners are

directed byat@med @B &howd tthib&les %/ Rsfulieh Qeddbil 1461 pattdint (in @ balsdapamzed dot
pattern layout to generate highly ordered dense dot arrays with ultra-high

pattern defQIesUa SSPOPASFR (s Protredx ke PRotoresist Gap be paterpnddiiveci9pol ymer s
are direct gdmb, abgﬁeﬁmgﬁhp}@pggﬁ@mﬁhog%ﬁ%re@t @1dRRYEHr N wWith a custom zed dot
ed |i

pattern |layout to generate highly order Ine arrays wWith high pattern

densi ties. [8888]1 nNsre2 fsheraporatiopeang lifnfiprasesy splp used tofprmyy fiskbasd at ed by

using the ghaepdesh Rotir e PR8I HA (HaRCHE BRfAQ QR nEaN, Aftalul €gr at ed
with an e-beam | ithography process to fabricate a Rill-disc BPMtenpl ate

I ncl udi ng #6)h a servo pattern and a bit pattern. [0081] I n another aspect,

this inventi gm:% OV ITHle feoRIRP@t Dhttktn fnARE hif ALLAILR 381 AEsuBltratdWane@ser | bed
met hods. [0Q82] Wiil e the invention has been described in terns of several
exanpl es, #4ds# pybsermentlyippplssd block qopelymenpatiemaayd ithe nopaegilar seryaPatiesR | ous

changes cap sbfo BREAVil Be §8E aPhint iPRAFhtEMFPBEES4)M t hout departing from the
scope of the invention as defined by the follow ng clains. The

i mpl enent at | BAB]des Blackdad shsdha the backeppalymparesre seaied BWanpgaled(f-&hi n t he
scope of t{igaeRhilRolvent pldtess) to form a highly ordered block copolymer pattern in the bit

area directed by the hard mask dot pattern formed previously.

[0074] Block 138 shows that a second evaporation and liftoff process can be used
to form a second hard mask pattern in the bit area, which may partially overlap with a
first hard mask pattern in some spots.

[0075] Next, the final hard mask patterns, including a bit pattern (from the second
hard mask pattern) and a servo pattern (from the first hard mask pattern) are transferred
into the substrate (that may be quartz, for an ultraviolet (UV) imprint) by etching (or
other methods), and all hard mask patterns can be removed by a wet etch, as shown in
block 140.

[0076] The method illustrated in FIG. 21 can be integrated into the fabrication of
BPM nanoimprint master templates including both a bit pattern (having a regular period,
high pattern density, single shape, tight size/position sigma) and a server pattern (that can
be non-periodic or periodic, with a moderate-to-high pattern density, flexible shape, etc.).
A directed self-assembled pattern can be used for the bit region and an e-beam defined
pattern can be used for server region.

[0077] The block copolymer can include two organic blocks (e.g., polystyrene-
block-polymethylmethacrylate) or one organic block, one inorganic block (e.g.,
polystyrene-block-polydimethylsiloxane). One of the domains can be removed by UV
degradation followed by a wet rinse. For example, upon UV exposure,

polymethylmethacrylate is degraded while polystyrene is cross-linked. In another



What is clained is: 1. A nethod conprising:

providing a substrate having a plurality of chemcally contrasted al i gnnent
features; and depositing a self-assenbled material on at

| east a portion of the substrate, wherein the position and/or orientation
of substantially spherical domains of the self-assenbled material is
directed by the alignnent features, to forma nanostructure pattern, and
wherein the period of the allgnnent f&htures i s between about 2 tines and

about 10 times the period of the spherical donmains. 2. The
t hod of ' j [ th
phori cal Gt Sxyeth afihd o't y R PRARRE oL BRI UL R BER AT orklEy 11O

al i gnment  ineeganic dlock cepqbipaért i Thedubrginihblackp@iei, pdlydimethylsilaxmie) kas good

sel f- asse a natural period of Lo, and Ls = nLo(10%, for
n = ”R's’%g_n&‘?&&[)lgélpﬁﬁﬁ The nethod of claim1, wherein the alignnment
f eat ur es ar e[00?8i t | Ineuk wiatriplea sphericab blask copglyraers atehéirestetl fby zas shemitab d

| h =
oo b b O S R
f eat ures ad@smamxsmeﬂi ultra-Tiglapattemnateagyeesper i od of <Ls>, and the
| f nbl tu
From about 200 0. o apotid; phu herkel L8, Hodtinedie Trkdied by, £ 2 [2N0°
substrate ¢tmmqag campktumstratwpmermhmhm:adstqrmwnwas\ttad layaug) mcmgmemfteat ur es;
and

highly ordered line arrays with high pattern densities.

[0080] In one aspect, the highly ordered dot array generated by using the directed
self-assembly method described above can be integrated with an e-beam lithography
process to fabricate a full-disc BPM template including both a servo pattern and a bit
pattern.

[0081] In another aspect, this invention provides apparatus fabricated using one
of the described methods.

[0082] While the invention has been described in terms of several examples, it
will be apparent to those skilled in the art that various changes can be made to the
disclosed examples without departing from the scope of the invention as defined by the
following claims. The implementations described above and other implementations are

within the scope of the claims.



a self-assenbled material on at |east a portion of the substrate, wherein
the position and/or orientation of substantially spherical domains of the
sel f-assenbl ed material is directed by the alignnent features, to forma
nanostructure pattern, and wherein the average spacing of the alignnent
features is between about 2 tines and about 10 tinmes the period of the
spheri cal domai ns. 7. The apparatus of claim6, wherein the

al i gnment features are smaller than tHe spherical domains. - 15 -

8. The apparatus of claim6, wherein the alignnent features are positioned
with a pery .of . .and the self-assenbled material has a natural period
of Lo, andw@%lglﬁlh%? SO%, for n =1,2,...,10. 9. The apparat us
of claim 6, whereinlthe Amethodenhprisamt ures are positioned with a period of
Ls, and the self-assenbl ed.naterial S _a natur iod of L and Ls =
o hLo(10% , wvi thon o Proviane Sl Wity HiREsbheatumdll o,
6, wher ei malighmemralf¢agmespaid f eat ures are positioned with an average period of
<Ls>, and the sel f-asserg)l ec{. materti al S a-tnatluralt 10&I iaod %1;1 Ifg% and <Ls>
is in a range from about®BYEes sPavembid matenal on'a PPl %t hod
conpri si ngsubstrate, wherein the position gndéy iotieigtich flshbdtantinily kyheticad) damghsiofl ity of

di t Lcal l t t | i . f ; d
deposi 1 ngraodErrentEERurET s e Brt HY BE gt e GOV LMmBrmERE pi ural ity
of chem calaltgrncardt winsdie thegderigh 0Bt aligahant Eaturestie betwaert dboupD silvies aml and/ or

orientati o 0of1 Jul%s aentelida (I)ch%{)bi nd{]' cal domains of the self-assenbl ed
materi al i 2OW PER o0 g POFrRHOMA®St ures, to forma |aminar pattern,
and wherein the per2.od Cfhetnlethodlof glaine hf wheesih theadigisenb atessnarednalier 2 ti mes

and about 10 rines.t eriod of the cylindrical donains. 12.
Ayt Figal ork

The net ho Werein the alignment features are smaller than the
cylindrical domains3.i n dihel mathtd aifecldaii d¢twherein the alignment featdr&s adehe net hod

of claim1l,..wherejn the align t at ur are. positioned wi.th.a period of

s, Cana 't s8R CAR B R e el e e i B B B 18, ) L °C

t ai Lo( 10%and Le=tnlo@16%, f@n = 1,25..,10. 14. An apparatus conprising:
4, The method of claim 1, wherein the alignment features are

positioned with a period of Ls, and the self-assembled material has a natural period of Lo,
and Ls =n+3Lo(+10%), withn=1,2,...,5.

5. The method of claim 1, wherein the alignment features are
positioned with an average period of <Ls>, and the self-assembled material has a natural
period of Lo, and <Ls> is in a range from about 2Lo to about 10Lo.

6. An apparatus comprising:

a substrate having a plurality of chemically contrasted alignment
features; and

a self-assembled material on at least a portion of the substrate,
wherein the position and/or orientation of substantially spherical domains of the self-
assembled material is directed by the alignment features, to form a nanostructure pattern,
and wherein the average spacing of the alignment features is between about 2 times and
about 10 times the period of the spherical domains.

7. The apparatus of claim 6, wherein the alignment features are

smaller than the spherical domains.
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a substrate having a plurality of discrete chemcally contrasted alignnent
features; and a self-assenbled material on at |east a
portion of the plurality of chemcally contrasted alignnent features,
wherein the position and/or orientation of substantially cylindrical

domai ns of the self-assenbled material is directed by the alignnment
features, to forma |amnar pattern, and wherein the average spaci ng of the
- 16 - alignnent features is bet ween-dbout 2 tinmes and about 10 tines the
period of the cylindrical donains. 15. The method of claim 14,
wherein the alignmert fe I e g e j | mai ns in
at | east one direct irgbn. .%éjaﬁﬁdrﬂs oﬁg.ﬁhﬁrﬁﬁr’a &nﬂét Qgﬂ&o?lg%t]lkﬂgiﬂﬁﬁfﬁgsvﬁgrei n the
al i gnnent pesHiogedwith p peripdof Lb.gné theaplf-pssempled malgrigd hag anatyplperipdof Lo,
self-asseng}!?qg__nﬁ;f B _a natyral period of Lo, and Ls = n,fiLo(10% ,
withn=172,..., ?ﬂa@l)’ﬁ?ﬁ 1.2 . A nethod conprising: formng a first
plurality of spaced9dot sThaappassusvof elaima 6o fwheresu ittt alggneient features are

using a |i | t LI ural i f dots in a
bitar oa. ob bBPM K BARATE R R b3k B BRRT BT 4 i peBBREAR, SO T
mat eri al oahdaLsiﬁdimo(ﬂqg@r,witﬁm:qf,z,t,ng bit area, wherein the position and/or
orientation of domains of the self-assenbled material is directed by the
second plurality of 18pacEee denamtiust of tleimmoa whereds theughianmenty featuggsare n t he bi t
ar ea. 4 f ' AT, i Qfurat'si Ng a

l'i thogr aph?(z:smp?gl%dcégg agg&f%?ga?asdgé%%%a% ur 5‘???%%‘%@3%%@3%5? sn In a bit
area of a bwedof he.and <bsY igjy erepgst feam pyout Ve opbowy 18kbstrate with a pol yner
brush layer and patterni Rg,dhQ BQbySEs: brush Iayer. 19. The

met hod of claim 17, wherein the domains of the self-assenbled nateri al
conpri se spherical donaipreviding a substrate lpging phplurplityhefl diseretel eiemically wher ei n

the donai n&nﬁ%st&dﬁgﬁlﬂla{tfeahnes; and
' depositing a self-assembled material on at least a portion of the

plurality of chemically contrasted alignment features, wherein the position and/or
orientation of substantially cylindrical domains of the self-assembled material is directed
by the alignment features, to form a laminar pattern, and wherein the period of the
alignment features is between about 2 times and about 10 times the period of the
cylindrical domains.

12.  The method of claim 11, wherein the alignment features are
smaller than the cylindrical domains in at least one direction.

' 13.  The method of claim 11, wherein the alignment features are
positioned with a period of Ls, and the self-assembled material has a natural period of Lo,
and Ls = n+/3Lo(10%), withn=1,2,...,5.

14.  An apparatus comprising:
a substrate having a plurality of discrete chemically contrasted
alignment features; and
a self-assembled material on at least a portion of the plurality of
chemically contrasted alignment features, wherein the position and/or orientation of
substantially cylindrical domains of the self-assembled material is directed by the

alignment features, to form a laminar pattern, and wherein the average spacing of the



assenbl ed material conprise cylindrical domains and the nanostructure
pattern conprises a |am nar pattern.

-16 -

alignment features is between about 2 times and about 10 times the period of the
cylindrical domains.

15. The method of claim 14, wherein the alignment features are
smaller than the cylindrical domains in at least one direction.

16. The method of claim 14, wherein the alignment features are
positioned with a period of Ls, and the self-assembled material has a natural period of Lo,
and Ls =n+/3Lo(+10%), withn=1,2,....5.

17. A method comprising:

forming a first plurality of spaced dots in a servo area of a
substrate;

using a lithographic process to form a second plurality of spaced
dots in a bit area of a substrate; and

depositing a self-assembled material on at least a portion of the bit
area, wherein the position and/or orientation of domains of the self-assembled material is
directed by the second plurality of spaced dots, to form a nanostructure pattern in the bit
area.

18-. The method of claim 17, wherein the step of using a lithographic
process to form a second plurality of spaced dots in a bit area of a substrate are
implemented by coating a substrate with a polymer brush layer and pattemning the
polymer brush layer.

19. The method of claim 17, wherein the domains of the self-
assembled material comprise spherical domains.

20. The method of claim 17, wherein the domains of the self-
assembled material comprise cylindrical domains and the nanostructure pattern comprises

a laminar pattern.





