-1- CHEM CAL PI NNI NG TO DI RECT ADDRESSABLE ARRAY USI NG
SELF ASSEMBLI NG MATERI ALS BACKGROUND [0001]
Structures havi ng conponents with di nensions on a
nanonet er scale are being considered for use in the
areas of optics, electronics, nechanics, magnetism and
so forth. Nanostructures enconpass various structures
referred to as, for exanpl & - nanoparticles, nanotubes
or quantum dots, and may potentially be used as
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[0002] For data stosHMBIERYGMATBRIAKG Ng bit patterned
nmedia (BPM and discrete track nmedia (DTM, the

patterning of ultra-high density dot array or line
array, with a periodi giscxd@ogp! ! as 25 rimor less
is desirable. However, since optical |ithography is
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besuisablerfor fabridating ek penestrustiies fasbitpattered magretiggowagmedia.
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don&?hs ?3%05 ﬂ?n another aspect, the invention

provi des an apparatus i ®8MMARY a substrate having a
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a self- assenbled material on at | east a portion
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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



-2- spacing of the alignnment features is between about
2 times and about 10 tines the period of the

spheri cal donamins. [0006] In another aspect, the

i nvention provides a nmethod including: providing a
substrate having a plurality of discrete chemcally
contrasted alignnent featurg and depositing a

sel f-assenbl ed material on™at |east a portion of the
plurality of chemcally contrasted alignnent
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representation of a block copoly FI G i's
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I s a cross-seikpdRkcrIMoRioPTAEPRAWRGGs [ 0013] FI Gs.
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with Bh&sptdk 8f the i¥edfonpor tions of

[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.



patterned nmedia constructed in accordance with an
aspect of the invention. -3- [0015] FIG 12 is a

phot om crograph of a portion of a patterned nedia in
accordance with an aspect of the invention. [0016]

FIG 13 is a schematic cross-sectional view of a
portion of another patterned nedia constructed in
accordance with an aspect ot the invention. [ 0017]

FIG 14 is a schematic cross-sectional view of a
Pesd15PN OfiGanetises ph&@ﬁﬂcﬁfgﬂ?}ﬁi dredlidrtfoR NSt & YWakt&Hed fhedia in
accordance with an aspect "of the invention. [00181
amerdangenvithsancaspiebeldhe lsyeeph of a portion of anot her
Pf[’é(ﬁ@]; nediaeqh disi d) schafmGit dRRES bl vl BFRESIiSH of Rfother
invention. [0019] FIG 16 is a plan view of a
Pptemedmerdin consirugied in aserrdanse with amiaspect ohthe frventioabr i cat i on
0 O(fllﬂg PaiEenn qg m%ﬂatg c}(:)L&ect}cﬁlal LQQ,ZQ} aF;logﬁon &f anotfer
and 19 are schematic representations of a
patteapd -madiar donswrugted inasearance yith aeasmed ofithd inyertionst r uct ed
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preci'se positional control 1 n natura

accarigugelyidurnrasprstefirinyanden. [ 0024] The invention can be
ugﬁezll n tﬁg‘ AR G4 ufagra&f mgqg@su% HRARHRObPam d3Bdchof the
_storage nedi a generally includes a servo area and a

myeRtiofly ea. The servo area includes information that is

used to congppPAnlE TP fON OF e Hiog; head and

the timng of rea and Wite operatlons. e bit area
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,ag’glglﬁﬁejl@ﬁgggﬁ&ir&h- density periodic dot patterns and a

- servo are avi ng nmedi umto- high densit
oE024d ¢ /Terryseidaen be disdin techrisatiar ofsdata 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,



[ 00251 In another aspect, the invention uses a
substrate structure wwth a chem cal contrast surface
pattern that can be used to direct the self-assenbly,
or self-organization, -4- of an array of
nanostructures. As used in this description, a

chem cal contrast substrate, refers to a substrate
havi ng regi ons or materi al 3*that exhibit different
chem cal preferences, or affinities, for different
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[6029] 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



range order and positional accuracy is directed by
surface pattern 14. In one exanple, the

sel f-assenbl ed pattern is fabricated using bl ock

copol ynmers. The conponents of the block copol yner

wi ||l position thenselves on the surface of the
substrate in a pattern that .-5- is directed by the

chem cal contrast pattern o? the substrate. One donain
of the block copolyner can be renoved to | eave the
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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.



to the substrate, the positions of the domains of the
bl ock copolyner will be controlled by the affinities
of the block copol ynmer conponents with the pol yner
brush | ayer and the nanoposts. The exanple of FIG 4
i ncl udes a convex substrate pattern. -6- [0035] In the
exanpl es descri bed herein, ghe pol yner brush | ayer can
be conprised of polystyrene (for copolyners with
pol ystyrene as the major blocks). In the exanple of
FI[6835¥, t]!aeth:a amﬁ@&ﬁ Sdeg@ibed aaeesimpmb S}&dyxﬁéh ﬁiu@<_1@6r can be
ari.oys _netal s uc t an chro [ iym
ce?lense? 06 g%ljvstsffsner Prrkopel sraﬂl'@ Iyslyroge g ea%% %@13 dathe
cR@nple pOFIC. eyl tiRMmahbiRdsie b B¢ B@ﬂlanSdJ bf 8i0] of ivarious metals, such as
§§¥n Cc t|n fron1a dilute solution in genera
P HS, forming nonol ayered spheres
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mbslbmgerw Sphefes $:OY Sptite-foiR Wbck REPUNEE)Sor 1ymgldeaﬁ %ymders (for .
E@F@%glty of nanostruyctures in the forn1o dots (or

orrg - blpgk, cepopympers)y ant AR flompigoaf7the Bplogk copgpeney Fap be
ré126VR8 lusing loHE BFseGaril KABwH BRRhi§iRs, 16 1daVS4 pldfality SThahtRirhdhetes in

gé%Fh donmai n slzes in the order of about 5 rimto
@ﬂ#ﬁﬂ tes (of fgrede}) ock  copol ymer
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cPFtledr handdrhdtu@s ﬁ_&tﬁﬂ% Gk l&fgﬁhﬁ rdérO IArdadRksect, this invention
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l.ong-r e order | ock ner nanost y uct ures.
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WHhQkSmic S cPntrasPX0 lpYsihiaté RArange order in block copolymer nanostructures.
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of 25 indl6r REY @NCPdbiAd’). OBk dRblGtet RERRACHHSI SR g’tﬁerated by
a-beam nanoi nprint, EUWY, 193 nm_ 248 nu, X-ra et c.

VaiQUR GeYces) lEBasTabisolesmigues. SFGh aschpams n@@aﬁmnésE br (93 nm,
Zhbﬁxn;c'?d lfay, 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



assenbl ed material is not limted to bl ock copol yners,
and it can be any self-assenbling materials with at

| east two chemically distinct conmponents, e.g.,
chemcally functionalized nanoparticles and

nanot ubes. In a chemcally functionalized
nanoparticle, besides the 9rgan|c nanoparticl e inner
core, there is an outer shél'l' conprised of organic -7-
pol ymer chai ns whi ch have a distinct chenmi cal property

oy cBaindMvhidh hB@ 4 Bi36Hct CRnBeal pFIPErtE YGHIPHr&l With ehe inner core.

chem cal ly functionalized nanoparticle |s;

Que, FeaBple opfy 12- chemigally, dimsHenalizede inanopariglet isonrpmingpropyl-(3-

Hobhtadid R Baclibrialifed i3 dihopstti&e. 5, 6 and 7 are
schenmati c representatlons o? substrate dot patterns

wi 090} o1 i BYGS- Beb apdi arg sphematic spreprutatiprssof sphstfate dot palierns
\Hﬂ?va{?ﬁﬁé Pioliic 18tice duGufl, SHRRCES ﬂ@%{eviﬁzﬁad (i@, 't}&rﬁfﬁﬁfce between

dots) in substrate pattern, Lsx is .th experlo in an X

aligpnentidgls) Masbistrats patiern; Fex 1s ke pesied jim am Xydirpetiais gpdhsipe the

pRrib@Int£8 iREL 6P oL ChrRELR cSYRIeMsydtQR411 FIG 5 shows a
hexq&on pattern of alignnent do?s positi oned such that

L9041 0. gBIEI- Sxshors @ hegagonawticrn of aliggaqnt gats tnepitionsfl such that

@X:g@ 18891 5x dRIG P@aivk 'a@ﬁg% 5&&% b @lgnmbSVdots pesiiondd! sireh that
OWs a Sguare pattern o gnrmnt dot S posi tioned

Ly chLsxh 4i1Gy & ghows 2 sguare pm?f prtrdotspogitione guch that Lsy =
ISubstrate pattern is not necessarily equal to the
domain perio élX) in a natural block co

pdP4} n, Ths reriod of the|sphstratetpatisrn fissipd @eqeﬁﬁéng'rf@g@ma ¢he dgpmain
;ﬁﬁ&lf @m) iR ftural 1518&&6@91%& ;sa%&lan%emé Héfp@&i td RIGGNEE BleSsure

the substrate pattern, "for exanpl e by "a- beam

af; sompetianahyitheerapbici teshnolagy used dp rg¢ner4tﬁethﬁ #tbstrale pattern, for
dsz'am]ale 8y QbeadfhitiogRPREBPb am&l%yaﬁ{f TRe %ﬁrag Dabtd of self-

sel T-asSsenbl ed nanostructure fofned w t hou

@W&ﬁdo@a@ﬂﬂwﬁféwm thej @lfo@sen@lnslhnaa@stawm@wsi gwithout the
%ﬁe&r oF Q;Refhapﬁélaﬁ shichCds g Jﬁﬁéﬂa%g&g?iﬂ)“c%&em RALA&NEaI contrast

met hod descri bed here a sparse substrate

ngtierne Wit a mpthod deagribed here.comy ﬁaimrye sybtrpte pastepie(e.g., chemical
cgﬁﬁ‘éf) "i‘xta&ﬂ 0¥ %&@fﬁ%ﬁ%&%ﬂ@mﬁ&ﬁhﬁ’tﬁ&éﬁﬂﬂ; with G4l ¥d dskd Redirect

used direc dense sel f-assenb E’gttern Th us,
asganse sféfsaéwmbyedr@ﬁ@as cldg, el f-pwemblytrrlssen e Jesqhigio pressure of

oRVEhERal MBSdragryt hogr aphy. [0043) The pattern
multiplication (i.e., the ratio of substrate pattern

pdPPSH anthe pattemcmuliplinatiorsfi-ep dbe @ of spbhsgaty Patsrp eriod and
Bi&cﬁ%ﬁ&g’tei& ﬂlﬁ&nt&n@@%ﬁgeg- GromMMouterRB labout 10€ Fof Bkanile) fhe

can used if a single grain of 10x10 bl ock

retigef Vhesn boresdq€ acsingle) grain 9ih] GdP | bjock Fopplymerdomains can be
by Fdrmieh $E K nSBRCHBEEES I}])B@H@Pfi‘in Sotirn iRt hny3ii¥ace guidance

surface gui dance and thusS in the formof multi-grain
agd fhye i fheform 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



[0044] Such a pattern nultiplication is useful for
patterned nedia fabrication having an areal dots
density of 1-2 Tdot/in2 and beyond. The patterning
resolution of this nethod is only Iimted by the
properties of avail able self-assenbling materi al s,
whi ch have hal f-pitch di nensions of about 4 nmto
about 50 nm for block copol8§ners, about 3 -8- m to
about 10 inn for nanoparticles, and about I nmto

b f b I
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carspadngrimanca dlenqmwsénﬁaﬂ‘dmnnf of bl ock copol yrer
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patteowsiiractgdbibyt pBIﬂDdJO ﬁuhsaatapttremst\nuthe;amé or diffetexttiattice structures.
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alignsiehi dotedt 'Eheltpbmtlditatlnd.lsgted:b)@u&ﬁ tusiver 60l GTheéSalignomst dots are

pgs?x ad 9 lsucixatF %g.htssr WP] g%%l%%l %E([:IEQ S ogv?s?%ﬁ/sx%q&n%lr gaﬁtte}gnc?isah%%%nt

ddts Bmth 3. tirhé, (3AM dxultipﬂlemﬁn,l wheréin LB e lax(1100k)) for 8 =nn2 ur,a0, and

i.e.,. yn-di.rected |.ock ol pat ern. er,
whirs Tt B PRACHn 4 R EAL Gty SAAREctsd] DIl Sohs e Redt Hov g
tHe@atterd &f dlightbrfldos i FIoN 8 i 10 Ahltedto@ 330melkiph&Gtien. pat t er n

E nosiﬁ § ur es for med gn a subst rfgte avin .
08 ron 1o Showe § AR S TAGHBICRRGH fOmmeo § Syt having
alignireRt ddi2 at the @oahdngrmimeddw Berd MEmbEOSY. t TN GiEnfemthdots are

t hat t t
iyt atih T8y sk PG Shons et e et dore wit
3K mfdiHG tion] Q’heer:Ls]a ﬁ,o(ﬂo,%bofor hlevey.er 10.t hewdat, ties patterh of

al i gnnent. dots in i s notllmtedtoaSX

alFﬁﬁ‘PFP‘pﬂofsdﬁtF @7 is P@d’%ﬂed Fﬂ B X pulipligaion pattern of
NAIDASY I UGHE! £ Shdwr ATBstteR of nsdRfichidsCrolddl sia s@bstraie Mg

dots at the_ positions _indicated by item nunber 64. The

alignmgAneaty Afbe posifiens ipdieated; yhibem sther ot Thesgligamegtdots are
p&Q{bﬁQd S‘Eﬁﬁatﬂg,zsn@/\s a square pattern of alignnent

dots wth 4 tinmes (4X) multiplication, wherein Ls =
21008 091G+ &} S‘i‘PWS 3 squarc pattsm pf gligrmment dplg Witk fResoHX)

nﬁit?ﬂmﬂtwﬁ@éﬁ Ilsne bi@ %) forPL 113, M 5 ediohveve, B pattern of
tiplication. [0050] I In'the structures of FlGs 9
aligamenislotsin Fifx 110 ivnat iméted o3 waltigheatierure i s  assu med

t ob§ Obtlﬁﬂfé%g’ll&uﬂeﬁoiaﬂ@s‘)@@ éﬁlﬁﬁ@l ¥ 781 0P 1M duhtOte is

any substrate guidance. [0051] The lattice structure
assymedHe bg gbfainalie i qdzi@*@ppplmrr paiteyn Withow jany subgirate guidance.

tipes10f RaL vidklsdugl br @8 aﬁﬂmtsfgatéw e tieh B8 diffeRint from that
exan‘pl e, substrate pat terns wt exa on, st agger, or

ofspaiurplly sglfasgerabled atructuzgs| qur@xanplgnswﬁmpml\ylF%hexagon
stRRRE T drCdhint Yaria) vk G 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.



domains with a naturally hexagon lattice. Furthernore,
the substrate pattern need not be periodic, as |ong

as it can direct |ong-range ordering of block

copol ymer domain structures by pinning sonme bl ock
copol ymer nanodonmains to the underlying substrate at
sone spots. -9- [0052] FIG 11 is a schematic
representation of a bl ock thpol ymer pattern directed

by a non-periodic substrate pattern having alignnent
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agsymblgdh on aau@mawthemgmylgt pattein veithpe tavowpegrephycheritalmontt st,
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il et Al cHRASnd P o B SN Bl 0 DO PBected
by sulssgetef dotilayraysdwithh asperiadieitly of 34 trim/48 améi?phre/96ttime haset been
: =
RSl AT S5SN8 L08Rt
deyénstrated. clalthib txaoiple, weploﬂsymem:anged imihe arat fosmutfanK} 5.
Wﬁfl)gg ng C‘ﬁﬂl?el to{hgl@ fla el ?grp%%e %Fa'rlgev enge? liddrical bl()ck
ation ~ perpendi cu N copo‘i
copolyaicks @ @cwtrall swiapowetting écmdruon s reqficd ¢o achievé)domgin snemzftlon

I . e ) i ]
otfrdlak b Ba R BRI Byl PO BIREE e blcico in e
cage ofi oylindtitrd bk ceprotynarirs. nlaudne abpesty tismaention tinoligles @ spherical
r d Y. [ i .n
WRE RoBlmalr Bl i fbf of pBp iy SRuhE bl gemie
addgessablsf dnt prraje mhichys lanhbmno&ngnamququ@bratbn ind thus {noSEHIly has 2
L aph of a portion of a
oy %fé%%% Ey&&%}%tt&% %%:bg dance with an aspect of the
i W@éﬁt | 0 rFIGFllZa is 2plgitmuisrograph f Tal portion Dfsp Ipeitdreed| medis-in
r | Y. H QL
E’%@ e pa gck éﬁ%é tuﬁz%ét%g%p gixlébgz_e&to%g 23 RadtiR AP RMical PS
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



[0057] FIG 13 is a schematic cross-sectional view of
a portion of a patterned nedia simlar to that shown
in FIG 12. In the exanple of FIG 13, a substrate 70
with a chemcally contrasting surface 72 includes a
pol ymer brush | ayer 74 and openings 76, 78 in the

pol ynmer brush | ayer. A bloq% copol yner 80 is deposited
on the chemcally contrasting surface. The bl ock
copol ymer includes a plurality of substantially

d&aaﬁg BZ,-82| 86 - 88d%&irmoﬁgone&4m a&écoam dorﬁ&neﬁt 9. fDdnslins 82
gggnent in_a second conmponent mai ns 82 . and 88

2y am pifinity foythe sybstrate and phergiore éoré{‘rﬂﬂ ﬂteﬂ%ﬁa%?‘&r"é the pgRings
uﬂmebﬁﬁhf& ¢dbd19ps of the openings in the brush polymer

8 FIG. 14 is a schemntic ross sectiona
v.l@%ﬁbf é L‘b&s@. sghematic ciees-fstiqnal ey o %apﬁoap}wgaﬂemed

media AFIG r13t 4TRr 618 6BHY ERHPRAAR A BRaSsubRERialY Ritoved.i al | y
renpved. 0059] In anot her aspect of the 1nvention

cEP9hi ndn anathers tspent of the fAvention, By cpwbining) 4 ubstrate Chemibl
phivem Rk dsaﬁmbh&@ blocle REPIYIEL:, lu%llﬂgmrd’er&f 8RE& Undl pitfeens! dal e

patterns can be fabricat ed.
fbrigttehi Hiboly ia pmhejpmisreayaph efip pdindripnd psl(/@tywléﬁgnﬁhﬂéﬂwe)
(123 PONEY 8lock EdpstyRieMpatteR] m&e@gfgkmte RADhERIR FiG, 85 8RWs a

substrate dot pattern shows a _patterned
z%ﬂqddr?ﬂw &handhAn yapiemedeartioard4 arithow, an, padstios gHbsirate

patfeete I'Thétd 19 né RS Us AbRain RAEALRIRA in Ex@%ﬁﬁﬁb&e@ﬁe@ bvi ous
donmain orientatiqn in the unpattened area.

CFIDROL o1 16 Shivated! SomTasLpaReBr i the sbsie Pgides gl dots
5B bt Yy R 8 %) 98 Ao NI G ol 08wt n =

t ern o
1,]2, 2,5, and, wher@Ddlis\@giefiod i afird] (ige. ,p@rdireded) rbldam:woa}mer pattem.

Wigh S eyl g e 051 15 Seoolel Sruibp 2bbied s facgothe Gylibders

at@h tte e patet ﬂ(ﬂ@ and 1i8en @YditeBEtRr SubstaitiaBg Paralelttbehe patterned
ttern dots and lie in a direction substantially
@lel to the patterned surface. [0061] FIGs. 17,

1[3]061](31 1¥1@¢. 67,31531@'6&19 &e EERMBEERPREINAISNSIIf adcross-section of a
Ct ion o a pat t.er ne onst.ruct e W t a
Pl et e YD YRR ioek P Jh Rt ith
m@saeﬁﬂwmhwmmm i nvention. [0062] FIG 17 shows a
henat i t
R e DAL AN ——
Inl\thlb hsxﬁmplg amm: 1y acsnniouz&stognglﬂs d rch&ﬁlean(l_;/gamtmsmag $okEree 802
. nmer rus ayer n Q In t
iR B POl Rrup s 108 ang perings S e Bg B ayer A
c;zlﬁa?m bmel_pr ﬁcﬁjotyghlir ()3 ishepdahmmé bnenﬁ@ny E:ﬁﬁfabtﬁ&] surface. fThe
ac e ocC ur al.l
g PR imen reipgy f piverieE et Siremaing cyipricd damang 110113 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.



114 of a first conmponent in a second conponent 116.
Domai ns 110 and 114 have an affinity to the substrate
and therefore format the | ocations of the openings in
t he brush polyner | ayer. [0063] FIG 18 is a
schematic cross-sectional view of the portion of the
patterned nedia of FIG 17, after the second
conmponent has been substantﬂally renmoved. -11- [0064]
FIG 19 is a cross-sectional schematic view of the
St 606@] ur ep1ef 161G crdf-sbtiondiREneHRNE vieh st helthuetald HFIG. 18 in

065] The bl ock copol ynmer naterials can be any

rieagk digecipna dot array of nanostructures) or

03[506@{:” | ofle 16QF 0 ol%’iter ﬁ’l’étehél@ Carftbd QIYy ﬁfhencal for a dot array of

nanostruct ures) copol yners or nor e

DERQFHRGRIIESheF sidmén@l b‘pm@@m& begyaree of sanomhm%)sbleek copolymers
W tR) ( oﬂiﬂéﬁmgﬁ{r‘ muBfaElme rﬂ)ﬂﬁﬁs%d’nﬁﬁhéﬁ’tse% AMdtﬂ“(oSi QUER),"Which can

spaci ngs of nm or | ess, such as po yrene-

forg) panostmdtiTes. Wilh rdpimsine sgEPBLPINKIRS (moqm ssO suczhoa&@olaﬁyre e-

PO IR TP AT AT TP, oy Pyt

sileronn -PDMS)t VI tPS102uD, P@Ilumetlfbpoll(zthvikm oxide) (PS-PEQ)
Lo I . g0

T e
'BéYPkﬁWWMVméﬁnm%ﬁEStructure can be directly used as

af Gdﬁﬁfr di IHQ;nMn?]e' fhe %E)g]l( Sﬁﬁﬂgﬁ(} B om'&ﬁﬁe éaﬁ%le Hﬁ@&ly used as

magneti c el enen I ron,
2[re0Bing mada fng catsgmr’lé@knmiwg mgmw clements, such like cobalt,
Hgﬁgrated into BPM nanoi nprint tenplate fabrication
i ncluding both a regular bit pattern and a non-regul ar
s#06dl patkherseli-aggembladpanodomaipsgan pg int¢gpaiebintorBRY napimprint
I;
gl SR RALGRMNTL L AaP bit B ol AUBRGE Rt pattomn
a$ﬂm®mﬂ¢EK32¢he dISC tenplate includes a plurality of
t 1 0 .
| 688 o 720, ATl sy sffesbflatih o KU gkt @fiflate 120
upaqqmém*ymwf angaspegholothe nyentipg. Thhdisd semplasé tmhlri@aa;plwhty of
uh&s138 rdng%&%fmcﬂq?é Gn. RAQPERR i 1&’&§fé£ia9ﬁ%]ﬂ%f€‘da& bit'ddas

servo areas ca rlcated usi n
184 e g pluralgy of seo arctself \Whietdataghit mm b |fgt ncmd psing;the

pRIES ﬁés%nf)éd%’é’ reh. 29 easggzbla}fd%fﬁ%'fﬁ%cgte&rﬁélﬁ?ghﬁzgéraﬂﬁé Becess,

Pdirected ock copol
mn&mégbﬁw@wuﬁms in BPM tenpl ate fabrlcatlon i ncl udi ng

bﬂf()@]a b']:'IIGpé‘lt fs%rpﬁloc@&dﬂ di& iﬂﬁﬂ i@tk tg{grh méthod fat tising directed
-beam witing V€ IS use

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



generate a servo pattern in the servo area, and a |

sel f-assenbly material/process is used to prepare a

hi gh-density dot array in the bit area. Block 130

shows that the nethod starts by coating a substrate
with a thin polynmer brush |ayer. In one exanple, the
thin polynmer brush layer cgn have a thickness of

about I nmto about 10 ruh11'0070] The thin polyner
brush layer is then coated with a photoresist |ayer
ﬂ&&&h&gusufgi’tno%& uesatotlﬁélﬁd%n@fe‘gulﬁxf dabatém 4@ 60 biRa) and a

about (50 run. otoresjst can be_ -12- patterne
neaTreglaE SRR P@t&f@h ﬂp GuUe o aEEa). n he photogesist 54 b Payigtned using, for

eRﬁhﬁlS reﬂbeﬁinﬁxﬂ%gﬁphy,%ﬁ&l 1ilABgta y, &@ Mblb&OHE2Rr Servo
n (in a servo area). phot oresi st can be

D al997éi nedNewi fifst vaporation &ﬁ‘bll@ff BOSFERFAN b UpRIGP &qsma first hard
2Rk ipa@dm lih bHRIREPRYind Sdrfo atel QSig ¥2oxampleO SHrbmMEX ttantfum,
first evaporation and liftoff process can be used to
9% ma first hard nmask pattern in both the bit and

Sqo0/R] ar ChR r(eglﬁér%t PeernSX BVitCreaGit BB LD as b 3iMshthtd Phttern to
etc.). [0072] The regular dot pattern in the bit area

apjde|a sybsequestly 4Bplisd SISk coRAlENss Pettesn ALd e ngRrTegulag servo pattem

1§Wﬁb@®ﬁﬂ%u§éﬁﬂs'fﬁﬁs@h@%ﬁ&@@:@&kq§h pattern and the
n-regqul ar servo pattern in servo 'area wll be used

4097911 al Blesk @%ﬁ"f’%ﬂﬂt the blgel copglymers|apreated Bnd apnesled (e.g.,
Vi WErmtal ﬁlvénhﬁ‘ro&!sgqg f&ﬁ&%ﬁﬁ@éﬁe@& Blo8O&pSAnRNFhttern in the bit

anneal ed a a thermal /solvent process) to

afe&rdﬁf‘ée‘hb)gﬁF %ém%pﬁr%fgna@mv%}y pattern in the

bijpo74fr eapRil £3BBOwOMat \RcdidleVapPBitibn e 17T proédds {RbeRSkd
previously. [0074] Block 138 shows that a second

teforpot sacpishhasthaapk patisry inghe bié greaculichymay partfally everlap with a

8 heRGnR patteiPiRloRat R N i n the bit area, which may
partially overlap wwth a first hard nmask pattern in

sdPRSE pot Next, [tb@fml hayd gask patterng; indpdingss bit patisrn (Frarmthe yegond
haRiGhA i) Rlita RALRAEN (kbR B MS: RRCARE p a'&%ﬂ ax%%hsfemd

pattern) and a servo pattern (fromthe first
upfatﬂeee pubstrate @hatimagysheonyasty, for jgp pltraioles (WY) jmgpranty b:h a&chlﬁaﬁor

olifRr giéablid, axfdoill lﬂﬁ’d Hadi p"’aYtbﬂLs %Im bd Mol Eioby 8wkt Bi¥h, 8k Ghdwilin

or othér nethods), and all hard mask patterns can be
b‘@hﬁ%d by a wet etch, as shovvn in block 140. [0076]

76pt hofhel thdthtst 1[1@&‘?&% iOFIG. 91 canlbeCidfdghatedinth A fbridtion of

|nto the fabrication of BPM nanoi nprint mnaster
BRMAprginerrint RererdPmplalss tnslugingibethsehit rattam (haKig pjregular period,
H@Paltdh daRith, Athgle slnh&huga%&@/mnﬁa@fgxﬁay andSd RBlePpifd t can

t1ght size/position sig nd_a server atte rn (that
be gen-pggiodic pﬁ%qdilc@ Hiith aépodﬁ)@];ertg-@pg}g patfgrp ﬁerglty, flexible shape, etc.).

ABiRtcatseihQeRbB phtdnt 84 be R8s Kdrithe bit R%idRl MAd $h3Ram defined

etc
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



A directed sel f-assenbled pattern can be used for the
bit region and an e-beam defined pattern can be used
for server region. [0077] The bl ock copol ymer can

i nclude two organi c blocks (e.g., polystyrene-

bl ock- pol ynet hyl net hacryl ate) or one organic bl ock,
one inorganic block (e.g.
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providing a substrate having a plurality of chemcally
contrasted alignnent features; and depositing a
sel f-assenbl ed 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 patt-dfn, and wherein the period
of the alignnent features is between about 2 tines and
t,10 times the period of the spherical domains. 2.
@Eagﬁr?&?q]%& Sof claim 1, wherein the alignnment features
are snal ller tAhaethédwnppkiegi cal domai ns. 3. The net hod

f claiml, wh .n th l.i t t .
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substrate having a plurality of chem cally contrasted
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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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positioned with a period of Ls, and the self-assenbl ed
material has a natural period of Lo, and Ls =
nLo(10%, for n =1,2,...,10. 9. The apparatus of claim
6, wherein the alignnent features are positioned wth
a period of Ls, and the self- assenbl ed material has a
natural period of Lo, and Ls = n-vr3Lo(10%, with n =
1,2,...,5. 10. The apparat U of claim6, wherein the

al i gnmant features are positioned with an average

period ofg<Ls ﬁheaébgaﬁﬁg o?eélsxmaﬁs%ﬂgjeﬁdthgaz{h%ﬁ:héﬂt 128 8red are

natural period <Ls>is in a range from
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wherein the ald gpmEat res are snaller than the
cylindrical domains i rg—lt%#east one direction. 13. The

met hod of cl aipeviding ahwbstrate having, b i Riwrakithit off digerete cherpicaly
g@s{eagﬁggnémfems%ﬁu od of Ls, and the self-assenbl ed
a as a natural

mat er i eriod of Lo, and Ls =
nJi Lo(10% , wepdsiting-a1self;assembipd maferighon 45 Jegstae @ertion of the
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akjgnyaent featurey j bgtqumdabos;taﬂ tdoesainds ahwhit ifdimes the period of the

?ﬂ&cgﬁﬁggmed material is directed by the alignnment
eatures, to forma lam.nar pattern, and wherein the

aver age shaci rige grethads of pigimal i, grheesin the glignment jfeatures are
s?lﬁfé%%ﬂ%ﬂhdr%afdoﬂﬁﬁns%pgl@a@m%dﬂrgmbhms the period of

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



cylindrical domains. 15. The nmethod of claim 14,
wherein the alignnent features are smaller than the
cylindrical domains in at |east one direction. 16. The
met hod of claim 14, wherein the alignnment features are
positioned with a period of Ls, and the self-assenbl ed
material has a natural perigd of Lo, and Ls =

nVi Lo(10%, with n = 1,2,.2195° 17" A net hod
conprising: formng a first plurality of spaced dots

dliBnrAer® GEMGre@ (L BetRberfabobt RSHME! Shd Sl 90 Airhdst RO g;ea&h lof the
process to forma second plurality of spaced ots in

cylipgricaldoggingt 5 substrate; and depositing a

sel f - assem)| edrn@eh@hodlof Aimt 14, 8ffdreiRt RO lalipBhen® ffedtli€s are
bit area, wherein the position and/or orientation of

sagHer than thy cligdricabdomainsdatdeastrngditedtioal is  directed by

the secongs pl uhgl méthod of TRARCHY, APhePein (tRe faRfdédt features are
nanostructure_wgattern inthe bit area, 18. The nethaod

nesitipnedwithpperigghef I andithgeselftasiembied mgterigl kas pinptyed perjodiof Lo,
rQcesspato form a.second urality of spaced dots in a
??’Sérn@g?ilgﬁg]u‘ggf?a?g"agé i npl emented by coating a

substrat e1ai t A Rethod yoiriskgUsh | ayer and patterning
the polynmer hrush | ayer. e method of claim 17,

wherei n the dotri®s 20Fmst ﬁg‘}ajlgf ;? Sped fofseiP AERP gPa of 2

sGleyfiptej se spherical domains. 20. The nmethod of claim

17, wherein the domai ns of the self- assenbl ed ..

mat eri al conprfi8é aciHERIRICIEPCefo P%aé?ﬁﬂ’ggﬁg‘“hty of spaced

doR s bit Weh Uf £supstdkeS bl conpri ses a | am nar pattern.
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.





