TWO DI MENSI ONAL  ARRAYS OF HOLES W TH SUB- LI THOGRAPHI C
DI AVETERS FORMED BY BLOCK COPOLYMER SELF- ASSEMBLY
w( 2@8/0317Enbodi nents of the invention rel ate torPeEUN®AS050751
of fabricating nanostructures by use of thin filnms of
sel f-assenbl i ng bl ock copol yners, and devi ces
resulting fromthose nethods. [0002] As the
devel opnent of nanoscal e nechani cal, electrical,

TWOIDIMERSIORAY| RRIRGEY'S dﬁVnga:smﬂm sUmITHUmPHIC
”EWAM@?E%?%RNPE d\%ﬁ‘ié}(&f@lﬂ?ﬁiﬁﬁﬁ fJE S LY

nanosca evi ces and conponents tica ogr apni c

processi ng nethods are not able to accommdat e
[0001) abmbediniests ithesinventionrreltednandtieds of &brigatingheanostructures by use

nQ | S8

of thlnnf?lmsrr? ngl?f Sags%%\élgoélg t-gisb%ié #8?%18&16 b‘lﬂ{d &ngc%gg% Pﬂl%ﬁ::ﬂ‘()% H}Coge methods.
nanoneter dlnenS|ons Di bl ock copol ymer filns
spont.aneously assenbly into_periodic structures

[0002}; &5 Bﬁrﬂgg@og@ﬁatr%ﬁawcalﬁ m%éa%fﬂs pettiehs chsBrgatand glologwal
dev1ce9 laffc‘f ngt@hflst fl re@&@telﬁéw gll%cesfs&I an@l’iﬁ{f@ﬂiﬁs A rfe@@é’d%lfabnca%e nanoscale

anneal I ng a ove ass transition tenperature o
devicet hed pahyoentsorOficaklithvgmaphiapreassinpgnethod nara gooatde e d

secon TR R R e R e Rl £ QLo O B 1O PReSSE s
assemaﬁ{gedablo\é@ hMpd]ﬁH@Pé%es@ﬂg ah&tBer BURID bRgerRRE hEhaRth didr! dihensions.
used as an ‘etch nmask for patterning nanosized features
leloqkmoooltyn@r diie spmtmlgomlﬂomscl_ablef intgi peoiedicsgudyreaiby ngicropbase

separaﬁ vt m% rc];gd %&entgkolymégllal\écﬁsé etrtre]uquée%%hgg,tfh odl o ?elafthermal

anneal{dd§bove ﬁﬁecélws it@Rsicam teﬁi@émﬁe@f ﬁ&:rpdlﬁﬁélﬂjrwfsslv@ﬂﬁdhnaﬂm g,
conventional] photolithogra hy, while the cost of the
fonmr{gé@ﬁwé dempips pppanoggterspalp @P%’é@&n%@iﬂﬂ% 28 Bé%ﬁﬁljﬂbI% one block

of the L(l()ﬁ 2 a E%Fgéig t%éll)g%%o[gg%g%rﬂ)% %fln}n aﬁ@mhérgra )}.l’SCd as an etch

mask fion phttm}nmg nhiesizid featenesl nﬂ;dntheamdérlylhg substrate. Since the domain sizes

m Gr ase-separated dqomai ns, can be. controlled by the
end peripfiet) I Oher g 1S ABO B i RS HraRe) Wb P enagh B
copol;@l’;er %NPWP |r95%ﬁtfbﬂré% HE‘&Ed Bﬁlepfe@gx'ﬁ ﬁ‘esl saBEhd @nventional

cylindri‘’cal, or spherical norphol ogi es, anong ot hers.
photolﬁbwgrep&aznmhde theogosival thertechmiges 1scfmsle$ttharaclp@tsmgbe@m @rbeam)
0 of .the. t of ..a di bl ock
ithogr 3R POV pOf B isny Thish Rt A esPlipfnce
separate and sel f-assenble into a periodic spherical

[0003]dOTHRd filsn mot]fhoi;@wmmdﬂfg thekiyeaiid Shapel bf the l’m@ieﬂ)ph&’seaseparated
matri x of é/rrer A. For ratios of the two bl ock

domal%pmbw%me b theonalgenlpoweight anderofmsg Es&%l%l@ﬁéhl%ﬂﬁ@rblocks of
a dlblcﬁﬁ%geagﬁ‘ér forﬁrgdt?ce ﬁﬁ%&?,ﬂ%&?gﬁf@ﬂ%@bh&lcgpﬁoﬂﬁgh)%yes%mong

array o
others. For example, for volume fractions at ratios greater than about 80:20 of the two blocks

(AB) of a diblock polymer, a block copolymer film will microphase separate and
self-assemble into a periodic spherical domains with spheres of polymer B surrounded by a
matrix of polymer A. For ratios of the two blocks between about 60:40 and 80:20, the diblock
copolymer assembles into a periodic hexagonal close-packed or honeycomb array of cylinders

of polymer B within a matrix of polymer A. For ratios between about 50:50 and 60:40,
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of polymer B within a matrix of polyner A For ratios
bet ween about 50: 50 and 60: 40, | anel | ar domai ns or
W@bRaeoesi ng stripes of the bl ocks are forned. POOLH1008/050751
size typically ranges from5-50 run. [0004] Periodic
cylindrical structures have been grown in parallel and
per pendi cul ar orientations to substrates. A primary
requi renent for produci ng perpendicul ar cylinders by
lamellh o Bhs @ﬁﬂﬁ%ﬂ{a'uﬁ? sirﬁ3e§ Bﬁﬂle bR kS RSbide Iﬁérﬁéﬂﬁ sIPd{piBAly ranges
neutral wetting to the blocks of the copol yner.
from 5°&¢ hwdi ¢ hexagonal cl ose-packed cylinders can be
useful as etch masks to make structures in an
un t h
[0004]S tgeq{aogdéé 1\1/1%%&'12%1 [rﬁé)meesglFlve ?% g(f?\%m? argﬂjeq n? p%rgg%{’ fular
orientdtions FRKIbEGatSS. I N Pritiae s raurbmas f&%ﬁﬂﬁ@ﬂ@pé@@ﬁcﬁeul%yﬁhders by
requi re a rectangul ar or square shaped array | ayout.
thermgl @e@@qlln@% iAloEE sk te faoR mﬁh%n%raﬁge%@m ﬁ’ﬁtbéOCkS of the
0
copols R AR I P AR et AL ERsel ot Plep $ERF 10 make
structwrﬂ:scm@phm.ded)snp awlstrec fdmmxlmmonAlsucﬁmxghagmae skioragn slevined.

have been med,in trenches,, no_efforts have
Howe fir B It o A Sa DL Btk Sy e Ore e onB /g Ciyps o which
requird QE&@m@ﬁﬁ@orQ{uaﬁ@shﬁﬁé@ia&@y]ﬁ t! ocation and orientation

of ordered domains Iin twd dinensions. [0006] Although
re is a single report of form ng ordered

[0005]s pﬁwéomﬁamf fRyhpieeskusing Bibytse tompmhbba‘@rmqg ugad iglan attempt

to 1nﬂ\§e|’}l?n9 &e l(‘]p%{e'i(‘)ltaggré,f o?fbem%&% rg%lg&at e)mlctr@)qnsége Fe%\é?atgde (?oqnalns

Ionar or arra
Althoutlj ome et cigsidray Srrmthaaé b@fﬁﬁdrm&d‘lﬂh techdsges effed eye been made to
of f - set alon he y-axis in neighborin trenches ) ]
addresp grstgvipg pof t nbseovlgg afayge g2, prrgq,p%r Heepsiogfand orientation of

orderefl Bk GRG ﬁ%ﬁin‘léﬁﬁmﬁg. t wo-di mensi onal arrays of ordered
nanostructures that overcone these problens. [0008]

Enbodi ments of the invention are descri bed below with
[0006]r epbheusbdhere it heingle ré i ¢vffomeing wpdensd sphetriaminingdlock copolymer

s R0 G, Sl LS R0 5 DADES, B DR BAGES

one-dith@Beond) ot dveedidraayls Reth adgdtdnd iyS aoEalicate ﬁl@eﬂ@)ﬂmﬂéh@%ﬁﬂg%ff-set
w || be used throughout the several views and in the

along hagcrsipiinsighbering iFediee same or |ike parts [0009]
FIGS. 1A-4A illustrate diagrammatic top plan views of

[0007]aa1g ?fo‘iﬂcp% Send & Hl?%fcfe%fﬁhgdérdfggog?@gﬁ%’fiﬁné&ﬁ%sdlfﬁ nﬁional arrays

cation o m conpose di'mensi
of orderreal:nawgurhcaurealthaayvmtorpetlmssnphoblmlnﬂr oriented cylinders
in a polymer matrix according to an enbodi nent of

[0008] Embodiments of the invention are described below with reference to the following
accompanying drawings, which are for illustrative purposes only. Throughout the following
views, the reference numerals will be used in the drawings, and the same reference numerals

will be used throughout the several views and in the description to indicate same or like parts.

[0009] FIGS. 1A-4A illustrate diagrammatic top plan views of a portion of a substrate
during various stages of fabrication of a film composed of a two-dimensional rectangular
array of perpendicular oriented cylinders in a polymer matrix according to an embodiment of

the present disclosure. FIGS. 1B/1C-4B/4C are elevational, cross-sectional views of the
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the present disclosure. FIGS. 1B/ 1C 4B/ 4C are
el evational, cross-sectional views of thesubstrate
wo egroerTel depi cted in FIGS. 1A-4A, taken al ongPCT/HE2908/050751
1B/ 1C- 1B/ 1C to lines 4B/ 4C- 4B/ 4C, respectively. [0010]
FIGS. 5A-11C illustrate various stages of the
fabrication of a filmconposed of a two-di nensi onal
square array of perpendicular oriented cylinders in a
substrf@ iMPREnt Wb iced RAUET 1 AU A GaRAOHHSY 1Bt 0ARy10fo t he
reséent disclosure. FIGS. BA-5C illustrate
lines %/Nﬁ/%mespe@tlt)@stectl onal views of a portion of a
substrate during stages of producing a material |ayer.

[0010] dl ﬁG$ édf’ lilCﬁ{l%;ﬁl%ged?a%olug &g%ﬁ)sseque %rl&{i%n%lfgsftﬁlac ofhposed of a

eplc
two- dl&&hﬁmﬂﬁs;qtmb lafrgy bf p@}semnﬂﬁrmmeﬁ&yﬁndead inv p&ymer matrix
trenches. 7A- 1f1A are diag ammtl top g) F Vi ews
accordite 1g agether @ﬁb@#meﬁteo Shbeicren B PWEGEIES. 3Ar Chg ustrate

elevatl%HQS&%HseEHc 1§ﬁa§gr‘?e%vsoéf ned?)?tl(‘;r?tbﬁ( d SRk dﬁlflnﬁstfl%éfsmf producing a

nmposed o a two-di nsi onal square arra
materlaMhye-‘rd FIE. bns acpes-yevtipnatatiaw rf thﬁlsmtraikale‘pmdand?l(} 5Cina
el evatio r oss Vi ews the. substrate
subseqighy S&?Pe%f‘qﬁﬁ Sﬁ?é@e”‘*’ H&H%E@R‘é‘ﬁmﬁ Ya “F‘FY‘{%EJ g§n9}§5t 0
FIGS.|71A1% fA:'ah,BdllagﬂaﬁlmzftﬁstBﬁ Blah V@ offal fartidh 6 thé sibstrate of FIG. 6,
cross-sectional view of the substrate of FIG 10A in a
duringsubseelqensrstagps ofths §ahﬁ@ats<nre@f %ﬁlm\f;@igp%d ete twedinegnsipapl square

array ogi%gaﬁ?eﬁ%ma p%ﬁéﬁff h%Ef @%‘%1§§ {l]gi arc e ev lO)’lEl?I cross-sectional views

of the elitaghRMFPicted lhmcisl aH—MIAg\tﬁ(eﬁfaloahgﬂmE:i VBWB)n‘o lthes 11B- 11B
substrate during variqus stages_ of fabrication of

respectiyelin Edrpblleds dFross-aroRn! FHEACP e Fusate of diCal0Adn ayubsequem
proces%g B?e@%ﬁ%in%%&%ufé fe%tvgﬁof%ﬂéjmeé}{@éﬁ Jﬁé aﬁ{ebl%ﬁtfﬁﬁ dn another
cyFinders 11 a poly matri X according to anot
embodémbdi ment of the present di scl osure. FIGS. 128 138
and 15B-18B are el evational, cross-sectional views

o011 s A A KGR f@%‘%firgkhﬁv TPt i 97 B ol pf R syostrate

durmge\férl%{l@é’t@«%és%‘T’@ibmcﬁﬁ%&asﬁl@ﬁ E@Apdsel beNtwb-diiésforRBlet @hgular
3Ain a subsecluent processing ste [0012]
{

array oftperfeotlicolar aygendedend paralish ovigntpd edinsesrig e po mqrénatrlx according
r aw v, v a d
o snoffGF U AERRAEN e ebbh YRS, SR Sl L 058
elevatlsn@lbm@@sgercnpﬁal efevsStakenralond ik IIBBI of gheivbpiose aepaaie& irand
pur oses of limti n%Et he same. [Q013] In the

FIGS., C]@F'l\t é;’g{& ad ASA184, lieél?ﬂ(’ti’c‘ﬁ;ﬁi Gt H)ﬁ anteﬂféfap@}% cross-sectional view
of the s@c&ﬂh{é%@ﬂét %A%&'Q%ﬁs@%&m Pfoces%i?ger 4 g@pducti ve

trate” or sem con ragrrent or
"wafer fragnent" or
[0012] The following description with reference to the drawings provides illustrative

examples of devices and methods according to embodiments of the invention. Such

description is for illustrative purposes only and not for purposes of limiting the same.

[0013] In the context of the current application, the term "semiconductor substrate” or
"semiconductive substrate" or "semiconductive wafer fragment" or "wafer fragment” or
"wafer" will be understood to mean any construction comprising semiconductor material,

including but not limited to bulk semiconductive materials such as a semiconductor wafer
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"wafer” will be understood to nmean any construction
conprising sem conductor material, including but not

WO peoBoeId4t 0 bul k sem conductive materi al s suchPEBEUS2008/050751
sem conduct or wafer(either alone or in assenblies
conprising other materials thereon), and
sem conductive material layers (either alone or in
assenbl i es conprising other materials). The term

(either a%iﬁsc;rrlﬁlb%em‘bﬁf:@éo?nﬂr%x@'ﬁ’[h&qﬂzﬁ@ﬁz{lh e, Uak WEBiconductive
i ncl udi n but not limted to, the sem conductive

materiglubgers &t r algag err infassegrhdis somprisiag ether metseipishethatsone.

" Q14} "10" is the i he ent [
st 0%k ey ST B A B L b PR BRI R y piconsacn
substr:ﬁﬁm%ﬂrifﬂlgﬁ’feﬁmcﬁ vtk deswsibebhbavg. (SA) bl ock copol yner

or a blend of a block copolyner with one or nore of

10014} 1. /B EVSTEM BHOLBOLs BRGOL S ATERONE) &7 SR aa: (Rhtelr ssemble
upon dnﬂgfﬂ ffen‘? 5991? nﬁ:ﬁﬁ?fiﬁ&%ﬁ@cl@éoﬂo@rﬁi‘c& arﬂi’ rRifof%edlf)ck copolymer

asse l'1ng cy rica ase di'b copo ymers t
wnhopcodmw&nﬁﬁﬁcnaﬁﬁaﬂghbmmpdmmesquare arrays of nanoscale
cyIinders by constraining one di nensi on by

r ita t he.second di nen eit
001510 AR Y o e B R PR D B R 4 e
mlcmlsira@enfei@afahe@ of tHi®AERY ofSkERSscniblidg PR AR af-Bhast A1b@AIdpBBmers
t wo- di mensi onal éz D) rectangul ar arrays of cylinders

to progep &nfp é@ptwiré aed sqiaEy arrays o Bgpstala el indesnint ¢onalrginingpne

drmenﬁgn% L gBépci B @ﬁl% gclndcﬁl% élﬂ‘x%(a h&ﬁ%ﬁ
5 ehifiba ! HART PEE R AT P

o an e e 1 nv
chem1aﬂl@' difftrentiatafoahc tréin(ﬂil flaor. 1A- 4C. Th e descri bed
enbodinent I's a graphoepitaxy- onIy technique whi ch

lizes to f eat yr es, he dewal I and
10016 SEP R AT EROR GE Tabcalinh Seg-Imsions| rLIoCABE aIEAYS 6

cyhnd@t@ SritRQl %Elﬁ)@ﬁdl@iﬂaloﬂco PRbRLA e @1 YnRrdrehiffical phase self
cylindrical copolyner domains in both oné di mension

assemiplgign(§lag blapk copelamies acp@rdmgemtane:rrdahdsm@éwéthesyvmhdn are

. eco | MBNSLO0 r eqi st.ered

most G RIS TR 316 S BETFBbatReR) SadbuGiRS appnipapmiave,

which @fili AanescRh i ¢l Cda08td, Uit dideaslls And Bﬁdsfdi“ftféhéﬁesca/s| doﬁ@ieﬁﬁts to
W thin a polymer matri x. [0017] Referring to FIGS

induceigrientation and) Fgistitian eHperperiiGar emqrvrdn@rlwéﬂeﬂicapolvalye@omams
Lyl A
in boténd Arhlh Aible REV fifafll %) e ieh BELaLY B0 sBrobtldifiBRlion
(cyhnc[e@@fb@jste‘f@i patepar &ljacelt kriched) am aghliave 2abDrragtagfular\akiapgdef s
rdi to a first Zgb odi pent . of a hod aof the
nanosqa cur%énﬁ%ﬂfgrm cylnsiers wishipa ge %rrrrrgaxt o form

an array of adjacently
[0017] Referring to FIGS. 1A-1B, a substrate 10 with an overlying material layer 12 is

provided, being a silicon layer 10 and a silicon oxide (Si0y) layer 12 in the illustrated

example.

[0018] To prepare a 2-D rectangular array of cylinders according to a first embodiment of a
method of the invention, the material layer 12 is patterned to form an array of adjacently
aligned trenches 14a; 3, 14by 3, 14¢y.3. Each trench is structured with sidewalls 16, a floor or

bottom surface 18, a width (w), and a length (7). Substrate 10 is exposed as the floor 18 of the
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aligned trenches 14ai _3, 14bi 3, 14ci _3. Each trench

is structured with sidewalls 16, a floor or bottom
waeBaeK418, a wdth (w), and a length (/). SubSI/D81088/050751

10 i s exposed as the floor 18 of thetrench, and

portions of the material |layer 12 form a spacer

interval 12a between the trenches. The width (w) of

the trenches is equal to about the inherent pitch

trenchVQtJidJ;?orﬁ&Qs) of@he IARrBPlaysER, foﬁﬂ @'sﬁfdek YtErROI 22% bW QM the trenches.
about 10-100 nm The of the trenches is

The Wectqhu &v) efghabendhes & e(q'tlmm@gqut thcymh@lam gﬁtqhamgqler(@a)f crfdm polymer,

rpicafE i gt gy R PR bR e B e Taf g pbout
"n*Lﬁﬂgﬁ;ica(lgﬂtdﬁgmg fitoinpghou? R8I (Ratl (0hEn GeeipnBeiad Wn@ﬁ’lﬁbr QfF features

eac adjacent trench (e.g., trenches al 14b] -

or strugigesg(i.p g AEEndersd). sHsviSS qeers (Gndy g tipsy 2Qa,enel théa@cwnd ejdées 20b of
each a? Qﬁ%ﬂ%}lcﬁ Qct@n%ﬂcgessiﬁﬁ 61%' allLIX %&%1%{7}583 a Eﬁoxbrl?ﬂ%‘ib 1A. As

inents, the tr nch MENSi on
such, @lob utljabart &@netniswubkeartiajly ﬂmcka&ﬁﬂﬂe RAGD (HMIh Borthe s@bbdiments, the

o 5 SR A SR e AL Tt 0
of the Q‘@ﬁé’fﬁ‘t@ @arﬁ%@é: &8 atbﬁﬁpﬁj'@@o N T‘l‘l@ fa’aclﬁjtgt 0 Jztcﬁtd}étﬁﬁé p,) between

19] “"The trenches can be forned I ng a
adlacehttm@wamﬂ@r}tbmlls hdeishdlan exposure system capabl e of
patterning at the scale of LO (10-100 nm. Such

0015 FREY Y SR HAE 5 s B B g
capablelo€ phitterninh @athelscdlb 09 LaIdy] 00asn K riish eamisuttsg@tehﬁ ihd18de, for

art. Cbnventional$ﬁpotol|thogra phy. can attain ~58 nm
example gXiIpEe uayiie (L hﬁl?wym&éwm X-ras, apd cleeigrsbeam

ibou gy, £ BRI U0, 0 LB Bty

featuresf the trench sidewalls 16 inpose order in the
X- direction (x-axis) and the ends 20 inpose order in

ozof, e iichSflendlls 18 A8 kol OB R Fuded Mot tuging BF I dfay of

cylind6¥ Wiltge iR )renEidG! Ahe bbiinda®f BHuRtihs Dif B tRenéh BdewhRY1@fmpose
cylinders aligned within the center and for the |ength

order igfthexdhreeticaratpxiv endiths epfe2Gimpdse @fder irethe yediegetion feaxis) to

impos%g émrlj(l,t%% Bﬁ‘[éc‘ﬁﬂ F%«gsetr&cg %511\11:3%?% es Spff?éﬁm ﬁ‘? hén%ders) Factors

in form:m@ alsjtpdy 1-Di :hrt’ay df@yﬁﬁ&ﬁrﬁﬂl%rﬁdimﬂ@rh theakhtgyard fonthedéngth of each
inders with each trench, the trench is
trench gighids e pdih s Ul frmutagipn of thedderk qomelywr Vupdieve the
r
s, PUTE ) R o bl TR0 S S
(row) ofrdydinders wpihircéuch ateneh, dfie tréhohiis tonserseitd td va asvidgi (@) of about

array.of """ cyli e m,ddl e.of. a pol yner,
the L, St e gonand AT 1 b riseiepEtietio ahe piisaiing of s block
| copoly@er in¥#&@¥al having an mherent pitch value of L, will result in a single array of "»"

cylinders in the middle of a polymer matrix for the length (/) of the trench, with each cylinder

being separated by a value of L.

[0021] For example, a block copolymer having a 35-nm pitch (L, value) deposited into a

75-nm wide trench will, upon annealing, result in a zigzag pattern of 35-nm diameter
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bei ng separated by a value of LO. [0021] For exanpl e,

a bl ock copol yner having a 35-nm pitch (LO val ue)
wale@ssdtred into a 75-nmw de trench will, uponPCT/US2008/050751

annealing, result in a zigzag pattern of 35-nm

di anmetercylinders that are offset by a half distance

for the length of the trench, rather than a single

line of cylinders down the center of the trench. As

cylmdﬁﬁthhcﬁré/ @fféé@ b9k HalTRi€AREFMTRE Idngthl JTEECRSRY, raliR% than a single line
exanp %/ formng a ternary bl énd by the addition of
¢¢

of cyllbd@m d@wné apggrtof H@rﬁm@hyﬁr@rﬂ@ﬁ L4 ¥pduecofjthe aomlmﬁ@r i rrwmased for
0] one Wi ers en er
examgi iy BHfink s POG BTy Y enBBPARR MG RERORIRbr, e
is a shéft fromNBRirodk td bee towesdyliadgs with@athe 20ied GRS B6nch.
second di mensi on of ordering such that each

0022 Sic ifoag Bihic cly-fefinehal Rt o tﬁ%fée%?geeég@réﬂaﬁ% PRS2
secon@&m&)ﬁhoﬂ%@ 6§de§1'n §uch thi} ega;lg Pﬁch 1850 chdi oA ?Sat]lﬂ)ﬁdr}ay cﬁtc?ﬁ&?e?sq@ e.,in

due to trench wdth ms
trenchildbe)r ek linpi upcxlmtbthetaldgacbrhtdc]a acepodiyrmindera . da,emrtelnclms ddal

and 148, g s 58 9 Uen d8iedo bbb Pl el e e righ of the
block @(Spoﬁiﬂ'mel(dﬂﬁrb@ rélRived by @lli&)ﬂlal vaH2Re 38 ot 2088 )in tl{egg%?]y -axis

shown in FIGS. B, an array or string of thrée
dlrectlael,] agcleparibed oo hmﬂndly&hﬁag eb@‘eﬁV@’tOchétd 6 (39.c20R824P3 £1006)).
| ayer 12 (e.g., oxide). The trenches are structured
g€
100235 R s i RS A PBER, o STt RhCen R0 Tha-c has
been ehihed kntoﬁnmehml G}@fpﬂlgl(‘@’ adide)t Mhe trensteh afel mcﬂlre%uah ¢hat the
nity for hoth hlocks of, the

| _aff]
SuffaCi;g%IaF%/ ﬁé?‘yal Ehtisaesat, ehbmeberenR wHes §¥Téhe minority block
of the B%cﬁ’j?d'l@tl anHQhé"ﬁEnoIhrfﬁ)oH PS)a‘ire %Eutfreh %vet’ct‘ir?%rﬁﬁual B LiRPt Poth blocks of

forces drive the wetting of a neutr \Nettlng sur
the copnlyiet)tio bllow Fbsth teckslof |th®g>opnlyalep erapeiadiiccuttahe floor of the trench

Eniror O RS MG LG PT AR B D e B0 P ok R e in o

perpeﬂa)’cuw?@ri}éhﬂaﬁoﬂoﬂﬂl@%él@asééﬁﬂ:lddﬁﬁor@ﬁbﬁbg?r to forma
neutral wetting film22 on the surface of the

substrate 10 formng the trench floors 18, as
100245 | R pevivalcusdling e cam b vided, forexamse, §y agpksingch pubiak

P
wettin ge%:rﬂém fo‘f‘ﬁ’i ﬁgly@%ttlggflgl} ?%&@?&%? gmhe§H€% 10 forming
the tren@inﬁqmeﬂ& resnllusmiatednn FEGSI bA-1Bet nithgudeafarSi Biblahdopdier
a d to the trench floor
compogg o1 P DGR et ndie PRI Corner Sy T etV EAA
which R€hiBftf | hé‘rﬁ- B edaRbE Adigral Q/Qmﬁg t%éﬂ?s%ﬁﬁim&f@%an%e éfxghed by
cross-linking (any surface sing WV radiation.
spin- C@ngdmtmtﬂm tshawioard 8RL.G, thﬁ@lrfanercaﬁ‘rsdba'matmhbl Jire |bmsh can be
affixed Qy gra 1ng 5330 %9{1 %B!Jsltr%ge) or by cross-linking (any surface) using UV
radiation. In an embodiment shown in FIG. 1C, a random copolymer solution can be applied
to substrate 10" as a blanket film 22' before deposition of the material layer 12'. For example,
a random copolymer solution composed of PS and PMMA (58% PS) can be applied to the

surface of the substrate 10 as a layer about 5-10 nm thick and end-grafted by heating at about
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to substrate 10" as a blanket film 22" before
deposition of the material |ayer 12'. For exanple, a
wo a200dom7¢ppol yner sol ution conposed of PS and RMVESZ068050751
PS) can be applied to the surface of the substrate 10
as a |layer about 5-10 nmthick and end-grafted by
heating at about 1600C for about 48 hours. Etching
through the material layer 12' to formthe trenches

1 60°C1f6r alSJif%’ 48 evRQS %cﬂlltgethkm%ﬁrthé’ Ak ARYQE Rpf%lrﬂ‘lrfﬁﬁ trédchBd 14'

| ayer 22' as the f the trench
then esmsbahh@ tmblenﬂylns rapdamrcaipolyeter filrg layst RE-ds-t rdldh o’éths drench.
be prepared by spin coating a photo- or thermally

10025 A58 SR SIS PSR LA o prepausi by sl
coatin amﬂom @@ﬂféhﬁﬁﬂ?}l‘ Srog lnﬁia]bfe&ﬁﬁdcaﬁ doprtihy suﬁﬁhh&ﬁz}ébﬁﬂtﬂ)mene- or

i e. d. (styrene-r-benzocycl obutene-r-neth
amdom%h%laww tactiqnakzad. rpngdgm mésysrs Shttyranpend ¥fa/égleafacrylate

(e.g., }%:({12(5 ORtr @Jn%oﬁgldﬂufelﬁlﬁgrxﬁ%ﬁyﬁrﬁ@cﬂ%%t&%pﬁ—hourhﬂ?‘ P %CB)) onto

| nki n
the suffacernfahesubswatk itfleachipdieytreachasaind tiampally emoysiinkingpahe pollymer

. PO BB oL S e S o

copoljlh@é'f‘i(\! Atk btdnPHCILE ireRERE. dN@ﬁf&Eossﬁlﬁl&d?b%%rlnhﬁm lc8n be
pol ymer can be agm_led as a bl anket I'm 22" to the

subsequghidy reamcefedo Tn pasft @nd@émmntt,ltbmcmﬁs titlsbleapady e candga@pplied as

o lanffd e R pRlf s Biop b e T30t T naPoxposed

upon dt€Hind S the Me@ an', hedgravd deridyl dy dhotenmdugtmverdhg durface for
silicon, which can be prepared by a conventi onal

PS-b-BYlybA san be piovised i hedraggn-ferm Hlcang ihishern g prepared by a
convel?ﬁ(lr}af: &%Cés\éﬂ foE e?ﬁﬁafglg e[)fp%q]lg(ﬁ’lcf%rlgﬁ Eidh 'of Qilﬂg&ﬁ it I}H?I\A)O)(lde present,

., as §
about H2H18 GV e g0 lasibulsnatedi), fyteagae, ﬂ)lyummedq&or( lﬂl—'a)quaand; solutlons of

T N S TN P -

M e Em )

2ga, 20b of the trenches are preferential wetting by
[0026)onBhesurfage of thepisismatls 1o and the cBiesA0acPoblftie frendhes auce

preterg Rl RHLGE tFiont oF B BETF s SEURBIR PtV fipERE Tormation of

the cySihdekCOFwOHed@id(B Dehctepdtichiat e gfke keifbsaimbietitdr Téﬁample
toward the PMVA bl ock to result in the assenbl
silicort qyide (S grorchibits prsferential woring tewatd ke PWM@%%’\WW@H the

assem@iﬂ? o‘f’?iltthE%ﬁ%%ng Io'f A &Pth% tﬂ%n@lf nﬁ‘}alﬁf fs%veﬁsds WMAX

n eac er prereren
cylindsgiif #easnteo oPVRB Nz béthprach denkh. f@flequaﬁpdmﬁll i&y‘ttmg surfaces

jlicon nitri siI| ono car bi and P I
to PM%F%‘&% el e aant Tesem iy GG i, U0 ony il AEMMA
polym@Nghaft&Biost sifdb Al ﬂnﬁﬂeﬁaﬁdﬁ@ﬁ‘ a@§1i84F8kide, and resist materials such as such
as methacrylate based resists. Upon annealing, the PMMA block of the PS-b-PMMA

copolymer layer will segregate to the sidewalls and edges of the trench to form a wetting layer
(33 in FIGS. 3A-3C). The material layer 12 itself can be a preferential wetting material (e.g.,
S10y), although a layer of a preferential wetting material can be applied onto the surfaces of

the frenches. For example, a polymethylmethacrylate (PMMA) that is modified with a moiety
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as net hacryl ate based resists. Upon annealing, the
PMMA bl ock of the PS-b-PMVA copol ynmer |ayer will
wGeeyseYase to the sidewal | s and edges of the tPERUB2008050751

forma wetting layer (33 in FIGS. 3A-3C). The materi al

| ayer 12 itself can be a preferential wetting materi al

(e.g., SIix), although a |layer of a preferential

wetting nmaterial can be applied onto the surfaces of
contalhlliﬁ%l\mé en ﬁi@)?@hydf@iyl% dé@u;gs?(e@' IR RA RRETYILRY Ban be

that i's nodif a noi et ycont ai ni ng ohe or

applie y@ﬁyf:@ﬁ@gg/qmd( th@-[)'le@mg D8, {eeatput 170°C) to allow the terminal OH

groupg%detna%g L u d en h'{e%%h% nlgi? él%&et?g%? gﬁgbigﬁtof %cﬂ?s Non-grafted

material de@WetrbBot & fibmahe AT GuRiBgllHeeddb ﬁ‘l&ﬁfﬂlgtvﬁtH ﬁﬁa@ﬁ;ﬁﬁte
sidewalls 16 and edges 20a, 20b of the trenc

solveniime-gioktenel Nag-dpi aemple Masskepio e ciprasa 7oh b45r$emq06(11997))

wetting layer 22 by rinsing with an appropriate

0 £.0r I
0027 R o A 2088, SRR DR e 24

havmgwmfnhcreﬁtl 168h 22 A 2Bt o Gylai tcmhatyddbn@fd:ied@@pblymw and

romog e FErnaEy i@ ey A6 e o it e StssBrd Ry spn
castm@egﬁp&iaﬁﬂgy SnRl tBOABEr 1P0MNAY Bechis.t The BbclOEodPRHEr htdrial can be

hen dep05|ted typically by spin _casting
depom{@pmﬁo &@alattﬁrglrd swiface bmequa@mg ﬁ@n@fdﬂtuwesqlmtmdhgs abTile

0.25- 2bvl/‘[9/: bolﬁt%) sur oggb(y er n art s]? I% ﬁgﬁ’ slunEh gs ? F{I}Proetﬂlane (CH,Cly)

&rhed’ spin o
ortoluﬁﬂé b1 éxampée.g. , about 0, 25-2 wt % sol ution) of the
copolyner in an organic solvent such as dichl oroet hane

10028}, b Sogblyigy et fayoh b PRI it L EenPer i B akbess () of
less thhd bﬁé‘%% éc%lsz 1o @k 1] 9518 bhar caf)ol?&%yina?e%% ﬁg)QOtabgutIS@_,o, such that

val ue of copol ymer material to up to a
the cogalpher filant laUhlewdbqﬁﬂ agsaznblé upen drepelingiiol {brms elsinglesroendf] e

tofrma ingle r.o er i.cul.ar
perperiBf a9 PGcldorhng RM A el oS L RERDEe s g 3 the
middld 6f Dpolyrer BauRkithin ehdierdicHdMBe Gim FhiBeX B H‘éﬁhédsﬁred for
within each trench. The filmthickness can

exampig By gHBWOmE®BY. exanpl e, by el | i psonetry. [0029]
Dependi ng on the depth (D) of the trenches, the cast

oS SREAED T e 1T 4L OB Ty gy 4

can fil{ e hehches s frDF Iﬁ.a?.B herefthd trerod' dethﬁB abdwe etuaneh, {0-day, or form
ewal | s 16

. ' onaII ov the trench sjd d
a thin é@fg 22 ossbtic g Had ¥ orpesionslly e b fhert %l(éqMSagpwi edges
20a', 20%' N i%&ljfl%r Zth@Herla@he(tréiﬁh defthYs gre@tefrﬁﬁh '{'B >LHe g hehtiiscus.
(h) of the assenbled cylinders™(F -3C)
The hegghrt ()sd ohmelssserp pled xiy mecteed (FIGS. BBe3C) corresponds approximately to the
thickness () of the deposited copolymer material 24, 24" within the trench. Although not
shown, a thin film of the copolymer material 24 can be deposited onto the surface of the oxide

layer 12; this material will not self-assemble, as it is not thick enough to form structures.

[0030] Although diblock copolymers are used in the illustrative embodiment, other types of
block copolymers (i.e., triblock or triblock or multiblock copolymers) can be used. Examples

of diblock copolymers include poly(styrene-block-methyl methacrylate) (PS-b-PMMA),
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thi ckness (/) of the deposited copol yner material 24,

24" within the trench. Al though not shown, a thin film
w@Rooslg17¢bpol yner naterial 24 can be deposit edP@RUS200$1650751

surface of the oxide layer 12; this material will not

self-assenble, as it is not thick enough to form

structures. [0030] Al though di bl ock copolyners are

used in the illustrative enbodi nent, other types of

polyetwl@iﬁé@xmﬁwlﬁﬁ@i@neﬁ bo@et’hytehb&h@&ﬁoIS’buthdhleﬁJé %l&et}f leleoxide-

mul ti bl ock copol yners) can be used. Exanples o

polystyeng, @@W@&@#ﬁﬂewéwowmhy@@e@@wﬂa& pelsraedqeky vierlpytidine,

polyst?g@@ g&%ﬁﬁﬁieﬁ} (()}i’SygtPﬁg”pow fyrene-po %l?u;?dsl’%n& g%lgl’autadlene-
polyvipdbyediny, sad @okiicerdnel pobyrh ethlyleteehacrylate, among others. Examples of

trlblocg(gpg%lyﬁlgl{sgiqglgié g@?%g%%l{%!glﬂaf @g{hg{b@iemagﬁygte—block-ethylene oxide).

|
An exﬁﬁﬁilﬁl)éi%%eg gﬁg) Ilgg%z?( ch%drlgxﬁéﬂ I‘(ﬂhf.@ﬁal (I]i 35 nm) is composed of about

po
70% P§@h‘1§1§0% BIMA » oishoaitoted imendexular weight (Mn) of 67 kg/mol, to form ~20 nm

dlame‘g{)ﬁ)/} w&ﬁ\@%ﬁ%@wﬁﬁ%@@ﬁ %})Sg anong ot hers.

Exanpl es of triblock copolyners i ncI ude

[0031]P ol‘lye( SbyK afpeﬂ;bhmisamfeeu Ryh 2138 bb &afllaé Eadd Bigkryeirioth@felend
oxid exanpl es of a PS-b-PMVA copol yner nateri al

COmPr{SiIg=a éﬁ blqsk)copalymshpesene GSmes él@moml%mg *rife sme peral
potm L0 e RS QPR e L P b 1 e

of the ptﬂymlexdmﬁaﬂSanc[ DoRdje thhé, bhloe bf tepolymer Tim tveluins frammn of the

be f | bl
homorRURT SHTHGE BATH RO by M XaTagHS (argiiplock copolymer

blend E%WQJPM?T@F@ngPm DA fSYREmPle, ROKMTRI 1S B%’MNFA containing
ol ymer blocks in the bl'ock copolyner, to produce

40% 2@Kem>¢b§t)trhwt anghiik] pCtlh(eneﬁhl)dmethﬁcwbée)p d]hyri:arvahimvﬁlthespcwrder can
| th The vol
aso by PERFRR R 6 %etits I iRl 2R o PBalRENTG about

40% An exanple of a ternary di bl ock copol yner bl end

[0032]i S()ptlcﬁ’ﬁﬂ? Pty S IR bl cende idducedEinah® btﬁ;cttﬁ@%}zdﬂéatmg a slight
S- b- PMVA cont ai ni nﬁ 40% 2K pol gstyr ene and
mlsmﬂffén WW ¢ e fhegnayer wiiisR0d ¢a igberer Rilh qaaw)fﬁlﬁblock

copolyift o ﬁ{e%% g%l(e'ﬁggéso e?cqxﬂ% f?ggg@]t.ﬂ%gogi Jo gg%k Q‘CU'F? gﬁmd One-

Dimengiohall I@anmgtmctmmms;"nﬂ’amﬂetr N6 {He2 90218 L(E@%)bwhmh then reduces
cr eagi n | ight msrmclth%h bet ween the trench and the

the Stressesd ?“gﬁ'ﬁttﬁ?’l gﬁﬁ‘ PR ent pitch (LO) of the bl ock
copolynmer or ternary blend, as described, for exanple,

[0033]1PYR&BRIMG Blv RIFIGS. 3aL3B ks Bk @@bcﬁmﬁer BRI t@&ﬁénneaied as by
Nanostructure Arrays,", Nano Lett., 6 (9), 2099-2103

thermal zomBling abdvelihe gless rangilion dernprsatyre fdbeeompruent blgekswf the

COpOl}é’k? gk%éf‘faﬂ ton%al%lg@ﬂl% E)%ié’nﬁr %90%%% tq&ﬁe&a%{é 419 sng\r%.lsstaeﬁlrl])géa%ardl%g to the

patterndf wettability on the underlying surfaces of the trenches to form the self-assembled

block copolymer structure 28. For example, a PS-b-PMMA copolymer film can be annealed
at a temperature of about 180-195°C in a vacuum oven for about 1-24 hours to achieve the
self-assembled morphology. The film can also be solvent annealed, for example, by slowly

swelling both blocks of the film with a solvent, then slowly evaporating the solvent,
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t hermal anneal i ng above the glass transition

tenperature of the conponent bl ocks of the copol yner
W08 k1 t o cause the pol ymer bl ocks to separBCBUS2A8/050751

sel f assenble according to the pattern of wettability

on the underlying surfaces of the trenches to formthe

sel f-assenbl ed bl ock copol yner structure 28. For

exanpl e, a PS-b-PMVA copol yner filmcan be anneal ed at

[0034p TESREiealeH b@pcﬂ?m@bﬂlﬂﬁ cd;ﬁ@nsel%&@aﬂgﬂla@ amMae Uﬂﬂérﬁé’rﬁﬂctﬂﬂ[y
about 1-24 hours to achi eve the self-assenbl ed

orlentqﬁm@wén@womm 30iqf mfeétrbleﬂksqftb@c%tmwﬁm aanax 32 of o
second t))(l%RiP tﬁe dri tcglvtioﬁi ?1)@% Sm?e%‘sﬁn% ??hg’h ?htahgeeotf e{blom L, and
Ven en’s y evapor a
aligned wlthedjzﬂlnﬂﬂw 4dbmiine ima e@ahé dlmemsm)hwtra Ipltéht tlmanoemﬁ atees2d.,. The
ctangul a arrﬂg o; perpendi cyl arly oriented

aﬂneﬂleg ygniil foneswishin piapenily sppeegrappt grenches with the

ends (&%QQJ WEOI}%P {te RreAc KB bEing afend, afl) %ﬁﬁ@l@cﬁnﬁﬁt‘al dolins within
cyli’'ndric domai ns 1 n one |rren3|0n at pltC

each tltd:'ns;lt scenglt apbpand 40 pind ditirgned abaut b, epd anghed oath the

cylindf gt Minsgr SeRESd AtadieTa 2ol dlafocRitbhtudithance ©f

contai ned within adjacently spaced apart trenches Wi th
[0035F hehepddStriietqreideédBy thdAadef (wh RE treddiae ArbtheehMgcter of the
aligned, and with the cylindrical donains within each
copolymessempPritian spimbmed sithayneatial wetling perdilenr I8 and grederential
t e
weting 30U ah {1800 Q0761 2 N2y LALEIGRl EORPTRpl il 1)
array ([sﬁ@&frbw]'bépﬁpm&ttmﬂmﬂﬂ srigrted icgbatirivy] ddreaing 3@ bf PMM Afwithin a

.tren s.and the character. of the co
mamxc{%q@g Vit <aEnBrRRd Aar Wtk THRESS %@fetydmggtotttfet?e&th of the
trenchfmthma%dsmqum%ﬁtn We ditgalRiggewal I's 18 and

ges 20a” 20b, results, upon anneali ng, |n a
one di mensional (1-D) array (single row)

[003610 etheadiiitenahfaaipro o barbanmenyiof Hgrtrangh 6M0n§mn@mblnatlon
it NS4 PO R BB Ba SR L

two-di@sibhgnen) raﬂdn@lirf’alnl’a $ 282833f AinBiddA dvbins 3¢ 11t1 h&uch the
sidewal I's 18, [0036] The addjtignal feature of th

paﬂenaptrmetr@rwwahwée {a-bofcthe exfipuisrs9avithip sing e ammsiia e das) i
substaiﬁ\h{)lgrt ? aglﬁﬁegf]&?t %{% (()élcz rR€&the Eﬁlgﬂfégeﬁ] of adjacent

I eves two-di mensi ona
trench¢2ch)., t@@amh gabgals sabstaytial Rguil8c 28E,, CYl,) asdepiztdd in FIG 3A.
domai ns 30 in which the pattern period or pitch
i Sfanc of the ers 30 within a single . .
10037, ThERShE miblogiesy e HEFRRIY CeubrPedhTghGigntation of
cylindbRPcd Be@kaﬂﬂt@daﬂﬁ %Xirﬁpl@ t)su%%t&?ﬁﬁﬂfoﬁ'&%@/dsb&ﬂe@&? M9 t@hsmission

adj acent trenches . and 14b3) is
electrcsaub@r@nw:.atTWbqndtscatlomg*emtroaLroyroa@pdéﬁEM)ed in FIG
3A. [0037] The resulting norphol ogi es of the bl ock

[0038]C oRﬁlny aﬁﬁealiﬂg nd'thd ggp%w}gér%t%al ?d &1%@1%8} (.l;ﬁ%rbf(?lfle block components

can be selectively removed from the film, leaving either the cylindrical domains 30 (FIG. 4B)
or the matrix 32 (FIG. 4C) resulting in rectangular arrays 28a-28¢ of openings or coverings
(structures). After selective removal of one of the polymer domains, the resulting thin films

can be used, for example, as a lithographic template or mask to pattern the underlying
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cylinders) can be exam ned, for exanple, using atomc
force mcroscopy (AFM, transm ssion el ectron
wor@soscepy (TEM, and scanning el ectron m cr oBCDP§2008/050751

(SEM. [0038] After annealing and the copol yner

material is ordered, one of the block conponents can

be selectively renoved fromthe film |eaving either

the cylindrical domains 30 (FIG 4B) or the matrix 32
substritE®in é@mfc@ﬁ&‘ﬁ&d}ﬂ'ﬁoée@mﬁ%ﬁd T |ré’%ule% af¥Ss 28 28RoRéter size

openi ngs or coverings (structure fter selective
range fienpmbapt Wr1¥hempf t he pol ymer donmins, the resulting

thin films can be used, for exanple, as a |ithographic

e t I

e e e R L
cyhndpxamewmsresm inleDrresiangelze arrayy e spenipgs 84 within athdwfilm of

10-1 ...[.0039] For exanpl r ef to FI GS
Polystnr&na%%)g@ %@%Wlée J’%Wg‘?ﬁal 2% With shemAige {9 aé9mﬁwer@r%spacer
betwegipeé%ltllenéi?sﬂéﬁlo‘bﬂ O?TI'Q NP @ lnﬁfe?ﬂﬁ aﬂfbe%%ﬁﬁ&? for

hin a thin filmof polystyrene 32 Wt
examlxlfh éaytapgh@aﬂms of AJaOEygmt(@z)t plesnoa iod by hah@mca]z(assohmmmrmss such

oo RS R RO RSN e L g o

254 na pight)Ckh QRra8bnicdlin@ OB ({RhciRl REABaci@ul®¥oicaR®Mnt®ionized
di ssol ution_process such as acetic aci d soni cati on by

water, fapd gipsing ﬁléﬂjﬁ]éft inrdiemecdsaaten te rempye the degraded RMMA.
radiation, 1 J/cnl2 254 nmlight), then
[0040]“' Ha%ﬂ{ék ‘éﬁ%b&ﬁ%eﬁw‘f‘ﬁl Lidi iandei A e S5 Eb&re"ﬁ‘fdv% of a PMMA
trasoni cati ng In e| onl zed wat ér I NSI ng
phase fnatrm 3hwile pomideedDwadtengulxo arrajamvfd)ﬁ blﬁisd eg[mkémﬁﬂad‘ﬂ%pemngs

. 0040 n,.anot her enbodi nent .i| e in FIG 4C
3. ShifoenbpBRdinga: veHdreIse %ﬂJﬁW@lﬁmg b EPPOLmSt g idewalls
compd%@wfgﬁla?en@l {8Ch 0Lty mmsya{l Oefé Phame).cylinders

O and openings 34'. Such an enbodi nment mould require

maj ority PMVA Dbl ock copol yner and si dewal | s conposed
[0041]ofT139 iealEing pprous 8B fily cgp be stddvsiap crmvmnaskao prttgn (ergys L1) the
[ O esul t | m can
underigfﬁ gﬁ%%raanﬂg&% &3&3& ?gano gglr \%Zi?lr ??g # ?rot(:ﬁség %eform a
rectangulgtedriay afepsenibgd 3§iinesuﬂaﬁrat€f 00 (s¥@fRh hardym n FIGS. 4A-4B) for the
non-sel ective RIE etching process, .to forma
fabrication o4 gYiF e sugh fiwﬂp@ﬁlt%eﬁwﬁ@g PBCssingsdhonceperfprmed as
dshown in phantomin FIGS. 4A-4B) for the fabrication
of devices such as capacitors. Further processing can
then be perforned as desired. [0042] A nethod
[0042]ac-6@m&lhwcgaqcordéarlgmrwpthentmwdimnm offthe ingentivnanilizong a

srapndtpiyF il R DRl o R, B 1 for foming

two-difRh&ibAdl (2-D) square arrays of perpendicularly-oriented cylinders in a polymer

desire

matrix.

[0043] In an embodiment to form a 2-D square array, a construction as described with
reference to FIGS. 1A-1C can be provided, which includes a substrate 10' bearing a neutral
wetting surface, for example, by application of a neutral wetting material layer 22", and an
overlying material layer 12" having trenches 14a;.3"-14¢, 3" formed therein to expose the

neutral wetting material layer 22" as the trench floors 18". In one embodiment, for example,
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t wo- di mensi onal (2-D) square arrays of

per pendi cul arly-oriented cylinders in a polyner
wWoredosiox1741 0043] I n an enbodi ment to form a 2- DPGL{US2088/050751

array, a construction as described with reference to

FIGS. IA-1 C can be provided, which includes a

substrate 10' bearing a neutral wetting surface, for

exanpl e, by application of a neutral wetting nateri al

a neutfa@)év%&lr?gzmateﬁHQaféi‘ 20V QhdLydsn i dﬁﬁﬁ@' ncuB¥Bhethidg rAd@¥inNg
trenches 14al 3"-14ci _3" fornmed therein to expose the

(PSP} edpoheneri bﬁgswnéaﬁ'feuquayethe ztﬂﬂstratg 10f eand thewe yer 12"

deposi&\%ﬁ 85 8es%§1b d éfvr{h %}Flggg%) {%gd'zllE riFC hTtI gﬁlg%‘ge%gl?flgérrsa&" can also

be proﬂﬁiléﬂ faﬁH t&ﬁhiﬂafb@ si1aRd owhicPTarbé/Boepaen; Cfbis/ R, lb?/hi T@iide ion
forned on the substrate 10", and then | a

etch Oﬁe pidison gipstrats 198 Swith padvamife prsst.abest k! ﬁc}g@f fowample by
1mmeﬂ§§>ﬂ}_{1t§ udfat Eélﬂg cﬁ%@ﬁrogk%h§%&e8g{f%aéﬂd BlLiCeAH C}:p&oa‘}ﬁ'lrggﬁum

rmnate be prepare
fluoridex il e, Hlbyam)rftﬂeMand etd.,an betexhosuie ® it H, caporsutbgtartatdengen

d b 2-15 A, .f
plasm Fepticat (g Ao SEneerh 29 GBBUGSSDAUG Shhetichjiepgaipd by a
spacer 1hﬂé9sfa'l d2a'( 5Fthe anfe R er £ bR @fdt@pﬂgﬂf ayouf t uoride

HF vapor treatnent, etc y exposure to hot

ﬁﬁﬁor or by a hydrogen plasnma treatnent (e. g.
[0044]at bytnts enyapdigent) the Aislewally] €6of thﬂnm@rlaebwer 12 e hreifigential

Wetting g(p g{ n& gr Q%ﬂcl?ofs L?lgg%rlzl V\Xr% &, V?yé% ent%f’s %&Z?us?rﬁ e?ﬁaf{gmple

Prefer&ﬁb@dieﬁﬁfgtsurfhm 15 Pgewabt §ro3/ﬁied0for Ekeﬁn;ﬂ@,tl@l’a letal 8)Aras gold or a
are preferential wetting to the major block of the

PS- ba%ﬁl RHOEETSIE GpupipRg a Piioacy! penerator; Hier pxqryale.rthe mgterial layer 12
itself c%ﬁ%%gﬁgofe;d%ﬁﬁfﬁﬂgp% 3 gﬁ@l}tdﬁ& siY tha"qg "to?tfﬁpgéﬂalquer 12" can

provi or exa a neta suc as go
be coaR8-bidls @ ¢hm tidr et amtaau foc exanapla,l bygevap@hiodg apattbrmgnar adpdi-on

| | f h
techni iy aRRoTAL A Prtel o o fbeh ors M Eiesdhiitotinae For
exampq)é atrHﬁalr@tger lofd) lﬁy%}‘ 8f abJe%t 298P 8P BR b hefmbhivAporation

for exanple, by evaporation,
onto swﬁws ef thngrendiesefommdnwdnn aaederial layer #2't bf exddowelichosurface can

f t h fl
be preggifef Waf e st srdfan RO wavdr «f el bpfife Byer of
about 2-10 nm can be applied by thermal evaporation

[0045]o NInensdniBoalir@ent G¥itH Reeréce ne KBS, S Mishtial Whitiig 2ayeBRET (24, a
| ayer 12" of oxide, which surface can be precoated

rando%ce]pplgmgre ébtqr@ygl;ed(sgm@n elg p iolRrmerhyn Bis substaimbl|. vihen, as
111ustrdt5H %rpfh@ﬁ)‘?esﬂt PR4p3et! ﬁ | ﬁg&ﬁa e %g}ﬁ' \%@hlggfa?g%ﬁggl&d,

A, neutra
patterr(ed rrmﬂ ylamlopeld—tb éomm o BBIEGI of gﬂuoum’ﬁ?'etRDr Exarspleor radoraropolymer

brush SH?S ?ﬁ%%ﬂta%d %%MATQa%%e graﬁed onto a silicon substrate to provide a neutral
wetting layer 22", and a PMMA resist 36" applied (e.g., by spin-coating), baked (about
130°C) to remove residual solvent, patterned (e.g., by electron beam lithography), and
developed by immersing in solvent. As shown in FIG. 5B, a layer of metal can then be
deposited to form the material layer 12". The remaining photoresist 36" and overlying metal
can then be removed. Such a liftoff process results in a structure as in FIG. 5C (and in top

plan view in FIG. 1A). For example, a layer of chromium and of gold can be sequentially
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illustrated, a photoresist |layer 36" is applied onto
the neutral wetting |ayer 22", baked, patterned and
waleaghoed to forma series of grooves 37". FoPCT/US2008/050751

exanpl e, a random copol ynmer brush of PS (58% vol.) and
PMVA can be grafted onto a silicon substrate to
provide a neutral wetting |layer 22", and a PMMA resi st
36" applied (e.g., by spin-coating), baked (about

depos B vahBratieing thEeBMUA IphsRkasen hnd Badlyay, o§1%dgnetalb&moved
el ectron beam | ithography), and devel op e i mrer si ng

to resyliningeld/aturesasitls proares twtwea thg Eaalrchy@sf slwmmmsquescgémetal

featurésh(g %l D5y he%qatgr lfI Enl 11'?;%(? uaﬂ lk'a p]a T intervals 12a"
e e R

pho ore over ying

betwe&ﬁacﬁﬁﬁ&ﬁtlﬁﬂwh&l@tg ,aaeltwédrlofﬁa;;‘nrl@bgsﬁmd &Scﬂ"b Sandlgrc&bves or trenches
structure as in andlntopp vView in

14a157Afer #o‘fﬂﬂéﬂlar?ﬁp%sedéwv%%}éw‘e%g leHF G iR ft?@ﬁjlgt' rUpon
anneal*?r?g SERELPEI M hYOEIRPG! & &5F PRV L PRAPA! g?&ﬂlﬁ’ﬁ‘t e&%%cltlé%,eté)@?%g%r block

hot or esi st and overiying deposit renove
(e.g., R%wﬂltwatmh@mrﬂwé ebthaselswalls bf the trondss stshewn in FEGS. 7A-7B),
features. As shown, a series of netal features (e.g.,

ol f.orm t rial 12" W si dewa 6" 4
006 febestiBE Bl 16 T Pl Sipu R s Aot SRSy et Byt 247 s
descriliell With rdfeeneen Fiés32A-2803 theh depavidd 146 3nd trerRAgk and annealed.

grooves or trenches 1l4al- 3" 14CI -3 b, with the exposed

The reﬁ'éutlg s¢li-grsembled hlw‘é%opglzm@agtrw@reti’ﬁ nidstratebingFIES. 7A-7B, is
! . O
comp JROP 2010 POPPLR S8y S 980L MIBILLA R S0 il i .

PMM RBithinl 4 muetx X2Meofshy fajoe blvkck (bhg., BEYeweadH dsobvets hiee sidewalls 16"
Ofthehreq}ﬁhes (as shown in FIGS. 7A-7B). [0046] Referring

® FIG 6 a cylindrical -phase SA bl ock copol ymer
material 24" (as described with reference to FIGS.

[004712AF &@wﬂ'@ t&%ﬂeﬁ%@%ﬂb%ﬂngb@tﬁ% nyﬁﬁ:? hegerANd4", the polymer

anneal ed. The resultin assenbled bl ock copol yhe
film 28'f rsmr@ash&kezfab fixi anldurshmcél@b strenFth@d the?s&1f7zBsemlsle@ pnlposewocks
f 2-Dr n arra 28a C ders O"
The pfymfisdndy e FREH R CRAGEIN SR R 1 WP W R Poagi orgne o
both of MR prBinedr UibeRs kf {iR-Bpelye} matiiabihndcSoriMEhedid ontain a
sidewal I s 16" of the trenches. [0047] Follow ng the

crossligking ag¢HgVhicH can e Fheﬁgméﬁrqsw@lﬁlaﬂa@ﬂey fuserhineprraing g neutral
b d enh
wenin 200 XS0, KR e, G5 REBLAGH sl LARD enhancs

polyners may be structured to |nherently crosslink
[0048]( eRg‘ieningpmw YIS <8s\u83)followir®1he arosfioikimgaff thérBlm 28", the

spacerggtlpﬁgr i&ae !‘tctgg gl%%‘lrltgr ﬁQ. %réergo%tsﬁ{iailtgé bf(::tevgel? adjacent trenches
(e.g., between 14a3", 14bs", and 14C3") is then removed, for example, by a selective wet etch
with aqua regia, to produce an intermediate structure with new trenches 15a,.3"-15b13" of
width (w;) at or about L,. As illustrated, the removal exposes the matrix 32 composed of the
major block (e.g., PS) to form the sidewalls 40" of the frenches 15", and exposes the neutral

wetting layer 22" as the trench floors 42",

[0049] In an embodiment in which the material layer 12" is composed of a material such as
silicon oxide (SiOy), the spacer intervals 12a" can be removed, for example by a fluoride ion

wet etch. In an embodiment in which the material layer 12" is composed of a negative resist
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crosslinking agent, which can be the sanme crosslinking

agent if used in formng the neutral wetting film 22"
w@eooske17r ench floors 18" (as in the step of RP@3US2008/050751

1A-1C). [0048] Referring nowto FIGS. 8A-8B, follow ng

the crosslinking of the film 28", the spacer interval

12a" of the material |ayer 12" (e.g., gold) situated

bet ween adj acent trenches (e.g., between 14a3 p ,

such a@é*ﬁ?ethac?ﬁgtejvﬁge%l I)ho'tocrestxﬁet'ﬁe gy ﬁl@erveleM@X@é’fWe@n tréches 14a-c"

sel ecti ve wet etch with agua regla to pro uce an
can be| snl&etn‘méﬂ dexedopetl and thenaemprdd yewet precrsting by spplyinglagmppropriate

wOfy@about LO. As illustrated, the
SOIVEHFEO %Ineggb%‘%%sﬁ? ttix 32 conposed of the nmjor
bl ock (e.g., PS) to formthe sidewalls 40" of the

[0050]t rﬁm siiveen, 1k’ spacerAn i 124" hmbe&ﬁméma&edwet&ﬁmthle&)eﬁch ends or

as the trench fl oors, 42 00
edges W‘hﬁﬁbh 00 FBRQSE ithe mﬁt&}éﬂ"ﬁ[@ . .OgPébﬂg%g 5&“ 8¢l assemb ed block
copol)}ﬁ?ér?ﬂﬁlg%%'stg ggﬁﬁéthé' s]deGalls 49! glerréné h&5a LIS sﬁgc%rare preferential

nterv can be renove or exanple
wetting| Ube radeoviabof the spatcinatetinl Badsbadiueediso ian nottd dambpeor disrupt

. materigl la ef 12" s conposed of a negatjiyve .
the inRF of Do ooie) o mrsn PR oS TGP Agesigigbamount of
the sp&@ﬁﬁﬁferlhmﬁ“’v@gs oiﬂ-&ﬁg) gﬁ%%%{gmve 01=14tﬁe §urf2ﬁ:@'&f BR matrix

sel ecll ve devel ope
32" (ipn @t@i@wghlsn@g by Hmjrqnch gdeas 38pbr B aéc ehwﬂwelth the gdgasr:
" witre e 1,5a e cer.
200 JHGbGTHETARE 5 ety edRRl PR R RS, FFORER

ends or edges 38a , 38b", and to expose the nmatrix 32"
[0051]( eNegxt, astilluRBtedih KIGS. DA%, asmbénchﬁi&@lﬂmkedp&ibzmkmatenal is
copol yner film 28" tq define the sidewal |s 40"

of
depoqude(ﬁ(gh@y spipasting)as a(n 46" dpte thy Bpuly dpgmed trepshes kigi2"'-15b12"
The scdBd lglgapé’(ﬂjolﬁﬁe Iﬁlzﬁ:eﬁzﬁ Q@erha@%&rlé f L@d id ﬁeu@l%p%tng% the

so as not to damage or disru e integrity of
trenchffioost428'e hifid ’dlssmmi Wckolear kP o diewmndstorpubfmm" end@8ial isA

r esi dual nt, of t spacer I a".{e.qg. of
preferg&ahyetﬁi&g ?? c}?w(aH%?&' (ﬁ}ﬁsncg u?%é Té‘ﬁ segﬂ%c? copolymer
materlﬂl&tﬂ"l o4n $é the danf or aSdierent é(ﬁn]ﬂo@ltl)on tﬂ_a{hethé FeRehps i€Smaterial 24".

38b" are al |gned wth the edges 20a", 20b" of

8a" |
The thtqkéﬁ?é e thescastiidlar 46'is lesg dlian arigboytedqyaltio (d;e) L@famqu the second
block EJI?%%%%% 3951315 is LO. [0051] Next, as illustrated

a second SA bl ock copol ymer materi al
is deposited (e.g., by spin casting) as a film 46"
[0052]i nTlee fikeseheasksmbled m@brt‘dlc&fkdhgﬁriﬁﬁﬂlmﬁt‘ieﬂﬁ]lyiw% a resiEluel amount

OFspaci 408 S LETIA) REDT) NCh GRS P S G grenhes 15AG1H",
prov1d%§§t6e‘ri§lﬁia185 oPbOGHafyEcditioR P 1 x-4:1E (S§EANHe FARAMBBES the
self-assembling second copolymer film 46", In addition, the edges 38a, 38b provide
boundary conditions in the y-axis (J). The trench floors 42" are neutral wetting, and the
matrix 32" of the first assembled film is preferential wetting to the major block of the second
copolymer, allowing graphoepitaxy and the formation of perpendicularly-oriented cylindrical
domains within the trenches 15a"-15b". Optionally, ellipticity can be induced in the
structures by creating a slight mismatch between the trench width and the inherent pitch (L)

of the block copolymer or ternary blend, as previously described.
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preferential wetting to the sidewalls 40" and trench

edges 38", 38b". The second copol yner material 46" can
wheooslgl7same or a different conposition than tPer//52088/050751

copolymer material 24". The thickness (t) of the cast

film46" is |l ess than or about equal to the LO val ue

of the second bl ock copol yner material. [0052] The

first self-assenbled najor block (matrix 32"

[0053]0 p’frh@&@loha/ cd}idl}ﬂné} RIgS4AURh AR Plo PRAGRS sele&sembled block
Cy ereon) which forns the sidewalls 40" of

00polxm@r$@hets1rel " dephited mﬂﬂ&ﬁ d84-HB. chhyl facrleer@ﬂrtbnwmpgs linking

f h f
siep o{iRIOUEY Rk Selelfel gl tiuBe B reperb R B A1 ifrd e
castin@ghéd drrehling Hthe dgtosd Bak c@%ﬂylﬁéﬁﬂﬂnﬂ eTIROMMEACY copolymer film
conditions in the y-axis The trench floors 42"

COMPrifes a HGRATe aTrax ek Rqrwgidlcamlymﬁ@n%wh&drs:z degpaippel g ﬁrsé plock of
the cofREIPYAfirfd it rsséoq{deaﬂ(sal@khe%flhw&l BOmbAAS 1B
He secon copol OW ng grap oep|
a smg]arrdwtalne pitoln dntamcmofxfbopﬁ];mﬁchlxgubchvﬁty cybﬂidr&:lat éehains in a second
i ndr | % within the trenches 15a"-15b"
dlmen@BPlaB?lBFcl\/dlSté‘P‘Fq ‘Hn% €¥ike- can be induced in the
structures by creating a slight m smatch between the

[0054f 1 @BGI‘F aiedfihe, FRIscb bR blBH@E(ﬁﬁ'lylﬂértfﬂHl sfel—f@sséi‘ﬁbl&@ﬁtcm Pflrays of

mer or ternary en previ ousl

perperumRa et GO E SV Y sl aagor shete mMlex) withinan
0 formd h \
polymBN BB @ o UePS). Bl 1R S he R ABR bl 32 of

the treﬁﬁfeﬁqsm 3RS th{ﬁeﬂ@ﬁﬁ}ﬁﬂylﬁ&mib(ﬂb@’iﬂﬁx 52" tdwe, of PS) wettmg
struct ural |ntegr|t Lof the first self-assembl ed f

the Sldﬂsﬂallﬁﬁ(? nigachrrylipger0nds afr@seda%n@étawut% cah renehdal ﬂéb") bya

: ¢ n

Pl S o O T B 0 R SRR AT b iy e

cylindeng30H dviildmirenthenil 4mscdf a fi rst bl ock of t he copol yner
within a matri x of a second bl ock, the cylindrical

jovss 5 TBL OSSR A 2 Bh° 853 o S st s
of trendREERI4AS - 14@' dn SQAPNGSH WRRE tRActPividih I A1 tinsh Pﬁél?(z@fbetween
about LO. 0054Léu pon anneal i n t he 'second

adjacepiolesicherele. o i 14as 5 d5as"a d dlatip s of Abant Lo [Dr@!mmseéﬁassembled film

" Tl' 1 | " :
18" cBEIRA0NEWALINGAL 20! ol FIMEL B BET bERNiIZNI oS0, with
each c?lﬁnd%ﬁ)mth%&rci’m@f l:&lr[g&@psﬂa&:ﬂeﬂ' dsitchhisisicd epabl B,.40"

(matrix 32") of the trenches with the major pol yner
10056 L3RS irmony s 1587 4G Seloaib o mpuAIOT e Rf legmpipner domains
(i.e. rﬂaﬁl@f‘&hcﬂéaers)léﬁ therP¥e ﬁ’erfi’ﬂrltn%‘ t I%Elﬁ&caeteﬁag)l dp)ral i ttemmg

he cyli nders 50" are al so reg stered
the sulwﬁratq: 0fe For example, selective removal of the cylindrical domains 30" 0" (e.g.,

1men51on in

of PMMA) will produce 2-D square arrays of openings 54" contained within a polymer
matrix 32", 52" (e.g., of PS), as in FIGS. 11A-11B. Selective removal of the matrix phase
32", 52" of the film will provide 2-D square arrays of cylinders 30", S0" and openings 54",
as shown in FIG. 11C. The resulting film can be then used in patterning (arrows | |)
substrate 10" to form openings 35" in substrate 10" (shown in phantom). Processing can

then be continued as desired.
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cylinders 30" within trenches 14a-c". [0055] The
al i gnnent of the trench edges 38a", 38b" with edges
wWQws/092@b" of the first set of trenches 14a"-RAEBUS1008/050751
conbination with a trench wwdth (w) and trench pitch
(p t) between adjacent trenches (e.g., 14a3" , |Sa 3"
14b " , etc.) of about LO produces a self-assenbl ed
film 48" containing two-dinensional (2-D) square

[0057]ar Ad¥@edBeithod 86cor@ihg ¢ hn BEBSEM3R of (ROInveNtid) iIRAGRed with
linder within an array being separated by a pitch

refereléﬂ@st@ IEeS. 1¥18) utdfze&both[g@m@@?plﬁéﬂ é@pogrgphm\ﬁi:awes?la@ chemical
patten‘}f]r&s%e’lrct:ecik&ﬁtl%g{d % ra%\/&)m ofs%dd)gtezs ﬁ rgé ﬁn%l.ﬁ%l’ %{%s of parallel- and

rx or C

perperfiiularoriatddaylindes it polymﬂ’pinatrﬁi f@raphispithty RakéEoNbRY arrays
t he substrate 10". For exarrP 55(9 sel ective renoval of
ster

in onecirmersjon, ghd ¢ chrmigakReam wm higae i usedto i) fogfoption of the

re arrays of openi ngs 54" cont ai ned
arrays‘?ﬁgglwr‘?%g%bo?%?rd{ef matrix 32", 52" (e.g., of PS), as in

FIGS. 11A-11B. Sel ective rermval of the matrix phase
[0058}3 21n thg preserft entbodimdnty Qlwbﬂnlicabpalwimi‘ea@f@ isapicd tadiffeyentiafe and

sh in FIG,,.
create Bty 6 Beile prelgrensim dareiscrianen e Bor A pletebrkingy toned
trenchéPds DRFick ol stfipBSiriedted pbibenliRulaPfothe ReAdH dgewills. e dlffermg
substrate 10" (shown in phantom. Processing can the

wetting paigeng inprnse oxkeriae on béatk[copslymepfibahidat are thepdast on top of the

?|Q o an enbodi nent of the invention,
Subsmﬁ‘%% Fa leg. with reference to FIGS. 12-18, uti lizes

both gr aphoepi taxy (topographic features) and chemni cal
[0059]p af\s gliowrt indf<E e 1 28et2B)iig bl €isst tstepfod pmparuﬁg' h patcongbestemically

-D rect angul ar ra arallel- a
actwa‘ﬁ@ﬁﬁéﬁ&@@dﬁ%ﬁ% ﬁfﬁ"qu|aﬁlﬁa"é41swqtﬁmgaraaéq>rwﬁpolmﬁ psash 221"

(e.g., aci’faﬁ@ctlﬁ?’BLEM/IA $olpis) & Qokted Hht%rars%}ﬁﬁrdté‘l@newﬂicﬁ% b8

_ and a chem cal patterntrans er tech nlquels used to
inheregtdyprefireriton mettingrmasérialisechaasrsalyeni(with nebeomdde)i oxids (o, silicon

.1 [cOQ58] .In the pre nte I qeRt. chem cal .patter .

oxide, S3H o reaiE s B PR s SOReG R e IR £ Photoresis

56", Waith & pidteficd We thdvitg bp o?ﬁ@a{l m&%&saph@ odlbfef QlifbRIB&Bo®NThe
the floors of adjacent positioned trenches as a

polymerghrugislager 224'f ilSpr@n @Iﬁh@msm the pm@ﬁdcr@matrlarqr S6Heas & magkhto
j -p "

e L R

removed top of the substrate and anneal ed. [0059] As shovvn
in FIGS. 12A-12B, in a first step of preparing a

1006017 o sEher eibodiin i I8 cifponed of M ARkable netral

wetting ﬁgﬂhﬁéfrﬁé’ dREHBN, £ example, in USP 6,890,703 and USP 6,992,115 (Hawker et
al.), which can be photoexposed and selectively crosslinked in the desired regions 60" by
exposure to light through a reticle. In another embodiment, selective crosslinking of the
neutral wetting layer 22" in defined sections 60" can be performed with the use of a
patterned photoresist mask. The non-crosslinked regions can then be removed by wet

processing using an appropriate solvent,

[0061] The resulting structure, depicted in FIGS. 13A-13B, is patterned with discrete

sections 58"" of the exposed preferential wetting substrate 10"" (c.g., silicon with native
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(e.g., a random PS-r-PMVA polyner) is coated onto a
substrate 10'", which can be an inherently
wee@BesEmt i al wetting material such as siliconP(mis1908/050751

nati ve oxide), oxide (e.g., silicon oxide, SiOx), or

inorganic film The brush l[ayer 22mis coated with a

| ayer of photoresist 56'", which is patterned as

shown, by optical |ithography or other suitable
ox1de}'@l§il:@ﬁlt to URRrAObaEBhAs 60 U tﬂeel'béﬁfralzv?ettmg ﬁol‘yﬁ%f‘la%xcmd In some

using the patterned resist |ayer ""Tas’a mask
embodigsoisethe Iﬂ@onmt@m yﬂ amgrlm eff stripast ihaIneumltWQﬁ@l$$IbBQSrcatSectlonS

60 it o width Lueh Aot RO o GYTEe BRferpd Ry TR Sfringh 08 S¥tioh{'sg

with aptidthoat @i @&t iLRK dh lagothetdniidimeit! ¢308 of He)s8Biond S8, 60" has a
descri bed, for exanple, in USP 6, 890, 703 and USP

Wldthé“’r@@leabPE}”(«i-IaV\ker et al.), which can be photoexposed
and sel ectively crosslinked in the desired regions

[0062P0A mﬁ’&érl@m 45 e {eog 'df@% )i EHRH AR R tE@E{ré}'tﬁe §db§ﬁ%te as illustrated

anot her enbodi ne 'sel ect |ve cro Ing o
in FIGhdult ammd patetreidngith ayeies 2Ptréndhas ‘dmxnpnedhs paﬂtdmafdssw@fra‘te 10" a

can.pe performed wth attern
tne 808 B B 8RRk R0Vl FIGS. 155080 TaphEsPiivesr tP‘i‘]B’ﬁte“al
layer 128" CRBY @&OQMGM thB s Q:Ba Rl 109" URd RencABs ABRIIORIJ Bt ﬁlaterlal layer
sol vent . OOGlJ The resulting structure, depicted in

to exppyecthe sulgmatea@d the np@tratl ephyarwyeh2 ' slepesiied oaiottho Agors of the
trench?%%an}efandttﬁgn ?tcﬁedst% Eir;]s%f grtﬁ)rr]lt §J" do\éﬁﬁ%w%gg%tﬁ?ﬁt' tl%n the

rcon”wi
trenched. screte sections 60'" of the neut ral wetting polyner
| ayer 22'". In some enbodi ments, the floor pattern is

0065 3 e HBETR, i St st bdoangs
adjaceftf RERHENIAAL RIS LGLEMRES s SERIL A aﬁgngthggbba ut L,

at or "about” Lo. In another enmbodi nent
The wtdtﬂ@ (%):d;ﬁ tbe speﬁs:mnterﬁﬂ 12a'Nad tle matihl layer 12" betwadroadjacent

v RS AR S FOE Sl S, e L

presentbfamplé., ThA tfl%%lfcﬁrdﬂ.@ﬁlcwfﬁoiaa@&%hﬁ%n@ﬁest1§ ﬁ&ﬁﬁ' es1.1o

expose the patter ned substrate 10'" as the floor of
the trenches, as shown in FIGS. 15A-15B. I n another

[0064]e rberiirershrsideyalls Aa ' grzgsAPal, 200" (sgn 05 S1Q0 gosprefsacntial
wetinglh SARIBUORIL PO crid B0 155 SN AT dSerned y

the altMMmgipreﬁmémmbWeﬂmg sectidas 58'depusirhed 08D tand bherd healng sections

n Of the trenc d.and then etched to expose
60" (€ gAE SBODEE: BTISE G ubst rat e 10 it hi n {he
trenches.

[0065] Referring now to FIGS. 16A-16B, with the french floors chemically patterned, a
block copolymer 24" with cylindrical morphology of pitch L, or a ternary blend of a block
copolymer and homopolymers formulated to have pitch L, can then be cast into the trenches
1o a film thickness () of about L, and annealed. As depicted in FIGS. 17A-17B, the block
copolymer film will then self assemble in each trench into a 1-D array of a
perpendicular-oriented cylindrical domain 62" (or a string of such perpendicular domains)

extending the length (/;) of each neutral wetting polymer section 60"' situated between a
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[0063] As illustrated in FIG |SA the structure has

been patterned with three sets of adjacent trenches
WQ2@8/08(74t 14ci -3 t" of width (w) at or about ROI/HSIN0E050751

| ength (0O of about Lo. The widths ws) of the spacer

interval 12a'" of the material layer 12'" between

adj acent trenches (e.g., between 14a3'", 14b3'"; 14c3

tp , etc.) is constant and at | east LO, being LO in

parallél@%eﬁfe@%?ﬁﬁdrﬁ?&ﬂﬂ&hﬁn 64N Uﬁmlﬁc{}ﬁnﬂ’ér? gﬂ Smn%Theﬁ@ﬂ ﬁ&&ﬁei@lﬁmalns)

adj acent "trenches 1 s about trench
extendingidwad¢rgsh (6of eartdpreftyagiaPattinlse i’ 58"(e g., of Six)
are preferential vvetting to one block (e.g., PM\/A) of

10066], o RREpKEE o P Ff Bitplne8 fiblylac By B e omatas of

a first ()li‘:ldla of ﬂ&t(ﬁp&@me} waihth Newirtxedt mbdmdwlgoele ld SMigdAbal’ domalns in
(e.g., randaom copol yrrer brush 22' ﬁ;o 65] Referring
one dlﬂ’]@W;I?]@ cuppysing g aeries ot mpgernengigalag pgﬁg p)rlg)@lp@ 62" between two

paralleqc-&ﬁ%]ﬁ%r : gﬁ?&% 58h Q$g’sm%lebrlow %%Eg Li%MRke 8i4abouY\tE,hYlt6hntge

nmor phol ogy or a ternar
cylmdnéalaiohiamlahgnabw;ﬁheyluahmtahmnﬁmn& mmsreSOridJahmehabﬁ dt 4 pitch
nto, the s to

distangd §5abPHs lmods ?thﬁ Ionely e Hih e aw&%r%ee&@%@pﬁd&csﬁly
spaced aﬁ)aﬁl t@Achds i 1ddh 208 1 P%ltl?@)@%h&ﬁ@:ﬂ dsh boawi ﬁ(bl%'t' Rethe

assenble in each trench into 1 D'array o
trenchp‘ebq@@@llugmﬂaandomﬂeﬂlewhn@rnqahdl@m@ais W@ibmanh gench m@rsnale array

and ac§ g fispine§ SE oA R ERE U WBREF s eBPaBpiedfeen

trench&fat'a ﬁtchldasitﬁﬂ:e beame n*BRaGc thel the emgretaeﬁg/emthnm Sﬁdhctaénch
domain 64'" (half-cyli nde% §or string of such

COMPI{FgH apm@rm%l#aw @fsfant veinderfd 't pen P}élﬁgierﬁ etiyecpitwoperplicl-oriented
Cyllndglrs%f4er ential wetting section 58 ". [0066] The anneal ed
pol ymer filmconprises a rectangul ar array of
cyllndrlcal domai ns of a first block of the copol yner
[0067]wi Thﬂ a:dga a6tt bétweaf tha ssemond8b), 6&'I'<‘,prbﬁéesczylbdumdmiycmhdition for the

sharp gzg}s I nq:e%r,]pea{)ﬂ Eerﬁnaltﬁ’%&?ﬁ??ﬁ@r@# gli‘i%g%? cﬁer Les t1}%goses order in

one-diRRR&bh Si DO 84hGhtNdehSrefdlting bt@uc@m@hé"ﬁ{ @rdElQWlaﬂ) afray of
pitch distance of about LO, with the cylindrical

alternaiogwerpsndictlgheaadweratlclgtientett ¢ydinren donthe kenegth (Leefach trench.

At ISHEN By LS LA O o Bt

regionadjpa¢ol dy)hn&@&ﬁ ha]@g_f/,te 4.l declach Rhgthegtb+TH{IHvhéleGr is the
with the ends es) 20a 1" , 20bm of the trenches
numbes Of Hig %FW%'&PW% eiiealytngEeragd siriges exd 7 Bdhanwmbetiof iyahures or

structu?@sc(lg. gt.,rvﬂfegg m' dhd% a?fe ﬂgjeﬁerﬁfeflﬁ’y 1-50).

[0068] The inversion from perpendicular to parallel cylinders that occurs at the boundary
edges 66" imposes a second dimensional constraint whereby the structures in adjacent
trenches (rows) are also aligned in a second dimension. The resulting structure is a 2-D
rectangular array of sublithographic cylindrical structures in alternating perpendicular and

parallel orientations.

[0069] Referring now to FIGS. 18A-18B, selective removal of one of the polymer domains

(i.e., matrix or cylinders) can then be performed to produce a template for use in patterning
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and at a pitch distance of about LO and aligned with
the cylindrical domains in adjacent trenches at a
W@rashodist ance of about 2*L0O, such that the sPEUS2008/050751
array within each trench conprises a perpendi cul ar
oriented cylinder 62'" or n cylinders between two
paral |l el -oriented cyIinders 64‘". [0067] The edge 66'"
bet ween the sections 58 ", 60'" provides a boundary
the su&@ﬂaﬁél foro nF&OéxahHﬁe shladiRetrEaBsd1 bk ot RELIBEN AL lb8Y+ 64
rpendi cul ar-oriented cylinder$ and | nposes order
(e.8. erPMheﬂé’n)dmﬂmﬂeql@n % Iﬁt)tarwutam |arramﬁ13plemeg$: $8"'THE" contained within

w oy P P VB DR P PGP REdy R RE e garering
substraty |10'f'l'délThi: cfoﬁﬁgﬁxﬁ&oﬂ @iﬁlﬁé bpdiih&d) witf vaepadeotdigf ththe orientation of the
Alternatively, the structure is a repeating series of

CYldeC%é‘PH’@HElV@E}P%F ecyanchese iy ep%na%gSeﬁ?"' yilhexterd torhgfrench floor
18", tﬁa§ fh' &hgr;ag/ fgﬂgﬁﬁn SR ok % ch @n el ectN%fy fe‘i*%hé &Hﬁfd?ar
e prefe

re mis e Aunber o rentia
pattern/\eﬁ the pgrpeﬂrthmlmadyllmdmﬁﬁé’rmehb siderlpag sahdrate {shotvhas phantom
. nugge of features or structures (e.g., where mand n

openings d4"igependent | y 1-50). [0068] The inversion from

perpendicular to paraIIeI cylinders that occurs at the

bo S, 66'" | nposes a secon dlnen5|on
[0070] oﬁ@gré wrr%éreewerttwe hEeYide SrseHRE P dofpg BT eYR! aﬁrreﬁ éffésand
controf fRWSdatiBh EndbéhtAtdridiFRAddrid %/lﬁl%ﬁ@ﬂ‘iioﬁia%rlﬁ LA, dnﬁ_é}ﬁmns Such

resulting structure is a 2-D rectangular array of
featuresieph bt m::ﬁg)amphnco:re anydxipemiivedyathas by gtectror bedm lithogeaphsior BYV

and.paral | el ent ations, .[.0069
photol{p ot cin B8 Sefbiarodin SebeRECRY (i Pesparcagpot be
prepar@@sy@aﬁmrehﬁomw&smh@gﬁ?h yis (i.e., matrix or cylinders)
can then be perforne 0 produce a tenplate for use in

patterni ngthe substrate 10'". For exarrpl e, seI ective

removal of the cylindrigghyv@engiins 62'", 64'" (e.g.,
PMVA) will produce Z-D rectangul ar arrays of

[007 1]8 pEmnrrgﬁg 266 mmdecpgvith wisthsarnging ﬁmtrh'r’iﬁmatorﬁﬂ()yrre having giligon
oxide glgewalgs ang 1{08I1 o fc)arbl %ﬁp&%% h{&glcfec}h S g%g? | lg (ﬁﬁtE? FVSF?IS, oxide

g su rate

was ddpf)sﬁdale)mpﬂﬁlsREWalllfs hhd thai¢nelcfiose] Bgthl t9péshe tehtiefibavs ivdhe
' of the cylindrical domains within the trenches. Only

treateddfg dingygalogettingdo IS e BMYl4o the trench floor 18",
thus the structure fornms an etch mask whi ch can

[00725e1& gét é;\égie}ﬁdfcﬁﬁp é{nﬁ{ elh® Y&HBH’CWP?M%%SE%%SE)EOIE% (about 58%

per ar cylln ers 62'" to 't
PS) costmhxsng atws{lgthovgagest ph!acmsbzm m‘@lﬁnofnjwuﬁrlt‘)m {hﬁx(Wcﬁ)]to the
nbodi ments of t Vi rderin
featurqiom aﬁrgeegplti?t ago Qf@eﬁ %horgﬁg api lary £31ces pulle% t‘ﬁe PS-r-PMMA to
the trench floor prior to complete cross-linking, leaving oxide sidewalls that were
preferential-wetting to PMMA. The resulting trench structure had sidewalls that were

preferential wetting with the random copolymer layer as a mat on the bottom of the trenches,

which provided a neutral wetting surface.

[06073] A 0.425% solution of cylinder-forming PS-b-PMMA in toluene was then cast onto
the treated substrates so as to form a film about 30-40 nm thick. The PS-b-PMMA material
(46K/21K PS:PMMA; 67K MW) was formulated to form PMMA-phase cylinders (diameter ~
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control the location and orientation of ordered
cylindrical domains in two di nensions. Such features
W@ 20080217t epar ed nore i nexpensively than by el BRCT/D82908/050751
beam | i t hography or EUV photolithography. The feature
si zes produced and accessible by this invention cannot
be prepared by conventional photolithography. EXAMPLE
I [0071] Trenches 250 ran deep with wi dths ranging
20 nmf) ampaa'i b BRI JFHPaB&WSBQm‘@id thé ed@s o€ e PSiHaNR! HowaRek, the
i con oxycarbide floors were provided. On several of
arraystmgdmﬂmgencé\gq; werews aligisdsi t ed onto the sidewalls and
the trench floors. Both types of trench floors were

[0074]%r ﬁf"cjtb%ﬁt e nB%H@ u‘ﬂ]{eﬁales Wbl {5\}9 of 93&13 rﬁgﬁgger%g @@B%ﬁz&e slightly

per pendi cul’ar ¢y I|n ers,
offset ﬁ@pod:@cl’m)thes Obtrhingn "(zr:g}zmg,l‘t st1518ﬁdrd3fﬁ)a ©eguibarenistkgedpattern with each
crossl.inkin nt, was, cast as a filmof about 5-10 nm
side beig RV HAE PESCENESof BhdATheal ed at about 160 C
for 4 hours. Capillary forces pulled the PS-r-PMVA to
the trench floor prior to conplete cross-Iinking,
Ieaving oxi de SidGMﬂ||SEXh@[PEEQB preferential -wetting
The resultlng Trench structure had sidewalls

[0075l h@@rnmrléermse(ﬂ @87 0§ omemqlmgrsm b Ehe&0da RYBYRA) were prepared
in 0.4 /Q %%ﬂgﬁs WZ% Ps. kgglgl\,fﬂ ih qu%%t tl@lg%eosfol&tfbﬁs ]}Nere cast onto the

renc rovi a neu
substr§t@OdSkribe Dabb2b U mﬁikuéSSenbﬁﬁO £yhinndée aﬂdmml bﬁh(ﬁﬁ@]bblﬁm swells
in, taluene was then cast _onto the treated substrates
the dogginysi245 ) oy oA AGTIORS, ATHANESD 48 APGHFASE hIBRICHT e VAlue (Lo) of the
polymEs- b- PMVA material (46K/ 21K PS: PMVA; 67K MY was
ormul ated to form PMVA-phase cylinders (diameter ~20
run) at repeat periods (pitch) of about 35 nmin the
[0076}ri Adlle-28Y0 konmgokemers e tWdoweagZzag phtierard aylsndens was formed as seen

by sESE) Qi bR bR e B S8 e rBiinand
numerbi@rro¥e ed Shisghl ﬂerpﬁﬁlfog%E v\fei'@ﬂbsemb Wikara tefrafyblogd af 46/21

i\'EA g&structure in Qj]igjular %lstered pattern
PS-b-Riyt K cepelsmeewiy 4@@2 & archE 0K PYRYIAHomenebimagrs wes cast and
r T

IS 605l SOELE. 2 LOOEShT G, AP0 S0dRY or,

oxide BiddR5l%) sxhgl# fmmoquerp@ﬁkﬂcﬁfhKcﬁ&dbrsRMHAappardw Hiaﬂm&:r of about
These, so ons onto the s bstr

35 nm{gEpsq ‘B‘é!?i %B%W trFH éégéé’ ]IS’F“(’?Q YREH e ‘T‘H@L‘re caused a pitch

of aboBfSh fhORsRfin 1R %ﬁ‘dﬁ?iﬁﬁ o8 Wehé-Bimensional (1-D) array (single row) of

cylinders. This is an example of graphoepitaxy technique in which lithographically defined

physical features are used to cause ordering of block copolymer films. The cylinder arrays in

adjacent trenches were not aligned and were off-set along the y-axis.

[0077] The results show that the boundary condition of the preferential wetting sidewalls
and neutral wetting floor within a trench of width equal to the inherent pitch value (L,) of the
self-assembling polymer film enforced the formation of a single row of cylinders. The results
also demonstrate that, by increasing L, so that it is a closer match to the sidewalls, there is a

shift from a two row structure to a one row structure.
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the domain sizes of the two fractions, resulting in an
i ncreased i nherent pitch value (LO) of the polyner.
WO 0@3683174t 10- 20% honopol yners, a two row zi gzegr/us2008/050751
pattern of cylinders was fornmed as seen by SEM Wth
30% honopol ynmers content, the zigzag pattern began to
break down and nunmerous errors and unusua
nor phol ogi es were observed. Wen a ternary bl end of
[00781 6!&%1’11%1? %e?%’%n%eﬁlfen@s%% YEE! 111%&31??&-91@ d%@crﬁa%d%f’m@ Qwill be
mers was cast and annea onto the samne
apprecgaibd by ttoee Of odinarBgkilhm thiedet thartemy: lesngement which is calculated to

. r- BCB-r e SI
achiovb JeSSaie b s LA b Raten TRIRE sttt Spibonds St This
applic@fonib duenRd 16 Bd IR raﬂﬁ dddpiation® oBPariflond Mhet dieets RQDrdif) to the
40% honopol yners, e mxture caused a pitch of about

princiies efrthe invsniien sdaseribede Therelerei b intendedohat thisrevesiionp limited
only b& thqulfu?i{sra%}ﬁ tﬂesécﬂlgva?er{tg%ret%g Cﬁye% %18(28{11268 V%-E:})lcz:tﬁenjts?re?&ences and
pubhchmdmo:@ediﬁhuhe applycadieh arddcqrporaied dly réfeainde Rere € used to
cause ordering of block copolynmer films. The cyli nder
arrays in adjacent trenches were not aligned and were
of f-set along the y-axis. [0077] The results show t hat
the boundary condition of the preferential wetting
sidewal I s and neutral wetting floor within a trench of
wi dth equal to the inherent pitch value (LO) of the
sel f-assenbling polynmer filmenforced the formation of
a single row of cylinders. The results al so
denonstrate that, by increasing LO so that it is a
closer match to the sidewalls, there is a shift froma
two row structure to a one row structure.[0078]

Al t hough speci-fic enbodi nents have been illustrated
and described herein, it will be appreciated by those
of ordinary skill in the art that any arrangenent

which is calculated to achi eve the sane purpose may be
substituted for the specific enbodi nents shown. This
application is intended to cover any adaptations or
vari ations that operate according to the principles of
the invention as described. Therefore, it is intended
that this invention be [imted only by the clains and
the equival ents thereof. The discl osures of patents,
references and publications cited in the application
are incorporated by reference herein. WHAT | S CLAI MED
IS: 1. A nethod for fabricating nanoscal e

m crostructures, conprising: formng a filmconprising
a self-assenbling block copolynmer within a plurality
of trenches to a thickness of about LO each trench
having a width of about LO, a |ength of about
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LO, a pitch distance between adjacent trenches of at

| east about 2*L0, preferential wetting sidewalls and
wepes/9amd a neutral wetting floor, with ends PET/UR®08/050751

trenches aligned; and causing the copolyner filmto

forma single array of perpendicularly oriented

cylindrical domains of a first polyner block of the

bl ock copolynmer in a matrix of a second pol yner bl ock

WHAquSt@EAl;mlgopol ymer within each trench, wherein the
[ Istance between each cylindrical dorral n wthin

p
1. aAtm@th@@fQﬁalarmung nanosegiel mi¢restipicturks, ¢Pwprsiog: bet ween

Rt R R HRAR PP e the SRRk chbARER shid ety of

trenche®RA] hidkhe RUTRBORES, cactbirattl Halinghewiaiiostkube o), ¥ mafgth of about
w th a honppol yner. of the first polyner bl ock, the

#Lo, a@é—:tela) Astanes Wﬁiee% p@agent Benahes pf atdeastdhoundtlne arediremtish weiting

|
sidewdls HEHEL, Aol BB A APRO TR SIS BERBALY Pl Mg
Wheass migrthd b@oﬂ)ﬁmlﬁlnnqodbm sing lerguraly f pegpandibalatly 68emted
. 0: 20 t] f th | k t
cyhnd@lggcsﬁ&w&ﬂ @ﬁﬁefﬁrgfu?weﬁ% k%‘l"f[éh%‘ioﬁge mﬁygrdpmoma%@f ajsgpond
polymtepﬁoélk gFfP@'bhO%k%B?OI?HQ% WAL R GeAdh, WheRS (1B 1tIH Bistance between

dam further conprising applyi ng a
each cmbmrrcal d@mamlm@nmmmﬁais abouttlhearfd thopiclodistahee between the

. tr hes t,hod further
exlind eI i AT AR PRl vt 1 ng material to
the sidewalls and ends of the trenches. 8. The nethod
of Claim1, wherein the trench floor conprises a |aye

2, o?h%lmﬁﬁwécﬂﬁwcéﬁﬁbl yrherein theheckgoprlyanes comprsanaglend o the block
COpOl)IIIlII{ Rﬁ‘?}{ a ﬁg‘ﬁ%ﬁfﬂ&g{’ﬁﬂp h%@t ggllygle% ﬁi’e/o%{( rtg% c% E& gbl:'yﬁ’ler E](S)Ck or both.

The rrethod of Clalml wherein the trench fl oor
c ri ge r.ogen- termn con. 11. The net hod
3. ofﬂ%naﬁ@fw Pt heyhe ﬁ%@%gcopa TSF CoRRAESASPRystyrene and

polyméﬁgfe g’ch‘éﬁl Ward €moving the first polymer block to
provide a“rectangul ar array of cylindrical openings

extendlng t hr ough the matri x of the second pol yner

b t f|| t of Claim1l, furthe
4, Jgﬁep}fnl é)?g?tl h(eﬁeén g’ﬁg@{gj‘a@go YRS GRS ah a[)out 6%:40 and
80:20 ratio of the first polymer block to the second polymer block.

5. The method of Claim 1, wherein the sidewalls and ends comprise an oxide.

6. The method of Claim 1, further comprising applying a neutral wetting material to the

floors of the trenches.

7. The method of Claim 6, further comprising applying a preferential wetting material to

the sidewalls and ends of the trenches.

8. The method of Claim 1, wherein the trench floor comprises a layer of a random

copolymer.
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openings in the film 13. The nethod of Caim1l
further conprising selectively renoving the second
w@ologer74bl ock to provide a rectangul ar array PET/US2008/050751
cylinders masking portions of the substrate. 14. The
met hod of C aim 13, further conprising etching
unmasked portions of substrate. 15. A nethod for
fabricating nanoscal e m crostructures, conprising:
form ng a bl ock copolymer filmconprising an about
60: 40 and 80:20 ratio of a first olyner bl ock to a
9. sblomathedof fisimy, dethegicomprisiag apmlmguat gyesfol o mewe exctiing

@?ﬁ each trench having a wi dth of
Hmdmﬁcgﬁ?9ﬁ%§&ﬁo eng Hgkbgbout LO, a pitch distance

betmeen adjacent trenches at | east about 2*L0,
efer nt| mettl ewal | s _and ends, a neutral
0. 5 Frgorel) SRty e Sfene h SOPE CaRRTisEs Ewﬁggf‘@dterrawate
silicoldnneal i ng the bl ock copolynmer filmto forma single
array of perpendicularly oriented cylindrical domains
of the second pol yner block of the bl ock copolyner in

natr X .0 he f|r bl.ock of..t he 0c .

i e U Bt B e\RF Rt elph @yremoving the
first p&?ﬂﬂ%ﬁblﬁ&k ) ﬁrbﬁ@lk:@ rémﬂg@iar Anay bf Belndeiell Ghermbsextaidify through
pitch distance of about LO and substantially parallel

the mﬂl’fréx phitie spepad malvimer flockipd the fdlgeh, with the cylindri cal
domai ns of adjacent trenches at a pitch distance of
about 2*L0.16. A nethod of form ng nanoscal e

12, nler msthodof Clam, 11¢ onther sormprisifigetohing the dabstedte topadhiher
film having a thickness of about LO within a plurality

‘*EHHE$14ﬁh§2ﬁW%S within a material |ayer, wherein each
trench has a wwdth of at |east about LO, a length of
about riL , a pitch distance between adjacent trenches

13.  ofheamnethed of Céddouit, f@thed cpnpiigng mtleaivelyatmonggshadewatd solymer

neutral .wetting. floor

block o FRE A esriiefr gifo i ESEm oRkios darmms T ibsiing
about 60:40 and 80:20 ratio of a first polyner block
to a second yner bl ock, and capable of m crophase

14.  SHisapethpégf GS@H 13nfratier ﬁgnprmmg eohing gnmegied dortng of substrate.
within a matrix; and causing a m crophase separation
in the bl ock copolyner to produce a single array of

15.  pampeinei GHu Ifaﬂzmlcytmg"ﬁamtcath m;drd;smdubt'uml cathyedshsd:r uct ur es

conposed of the second yner block in a matriXx
ﬁ%&nmgrashb%?cswﬁb?n% @@wommﬁmﬂ 28 20Au 0:Hkand %@Flﬁ of a first

ol 58 0 ST ) B, RO e v
L, eachirtudh Ihivitgamweith of about L, a length of about s, a pitch distance between
adjacent trenches at least about 2*L,, preferential wetting sidewalls and ends, and a neutral
wetting floor, with ends of the trenches aligned; and

annealing the block copolymer film to form a single array of perpendicularly oriented
cylindrical domains of the second polymer block of the block copolymer in a matrix of the
first polymer block of the block copolymer within each trench, wherein each trench contains a
single row of n cylindrical domains at a pitch distance of about L, and substantially parallel to

the sideswalls of the trench, with the cylindrical domains of adjacent trenches at a pitch

distance of about 2*L,,.
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between cylindrical mcrostructures of adjacent
trenches is about 2*L0. 17. A nethod for fabricating
W@200892HE M crostructures, conprising: form NRCEUS2008/050751
neutral wetting material |ayer on a substrate; formng
a material |ayer on the neutral wetting nmateri al
| ayer; formng a plurality of trenches in the materi al
| ayer, each trench having a wi dth of about LO, a
| engt h of about nLO, a pitch distance between adjacent
trenches of at |east about 2*LO preferential wetting
16.  sharsthed of farmingmasoscalddnigropiresiregieoinpsigingy t he neutr al
e f r
V\l%h% gg] ISIEék éop%gyn'lé}ﬁm %ﬁtﬁﬁﬂﬁes‘gé}fég ‘L %Hﬁﬂ;o? plugality of

trench@d @ﬁMn@Qﬂﬂbr}(ﬂﬂﬁy@N Wwidréintehéh frérRhdiaes utldxha)fhhleaéﬂaesm Igf a length
bqut and causing the copolxmer filmto form

of abogﬁ rﬁg»b %plécffr dtante hrbvprrndiacentdranghesqlahleast a@ym 2{1*&1«»4 laraferentlal
Wettmg Lgs Qfa gk arnﬁta e rM'WJttn*S?éeﬁs& folthtehgs o tg?oc]ﬁ‘:hg? altl%né:d, the

yner ina mtrix of cond pol yner
block daipoty@&mpmlpyzg abo a0 Oeeand 80t 20emtidr of wfiest @olyntendlpk tie b second

nce, bet each, cylindrical domain w.thin.a,. .
polymet G 3P oD PR ot AEDSE g Nl omains
mthm%étﬂglré@al domai ns of adjacent trenches is about

.18. A nethod for fabricati ng nanoscal e

rﬁa@sms emuetophess, sepasatio ivithgblotloperohgner toipragduce psimgle array of

rerperRBE R0 Pl PEREHELRR: R SRR RGPl prock
in a marik dif ﬂi@’lﬁ@ﬁpcﬂj‘/ma@@wék wihineachtréndneherteamhe giteh WisAhbe Bftween

about LO, a length of about LO, a pitch distance
adjacenfegyindrical gy aostycties withwseagh tragsis ab%lho apd (g pitch distance

betwe&reﬁﬁlﬁaﬁ&? F‘glérf’mv&tt?rﬁg o?%@fc\@?{ tlrﬁqecﬁgbdis gﬂﬂg pxpnd a neutral

trenches af'i gned;
cau5| ng the first copolymer filmto forma single

di cul ar| ted | i nd | d '
7. Gt P BB el Bl RO B ror 11 B

rﬁ%hfﬁn)g aq{euﬁfaisv@@tﬂﬂgnﬁ%riﬁ[‘ﬁ'&elbérp&&b@{rat%he bl ock .
copol ymer within eéach of said first trenches, wherein

tienimgtachatdiisltiayer en sl neaignl *@a@mg@}dt@rrwiaycal domai n

thin a.tr bout, LO an i.Stance
tlobind BByt e R theomuPRE Horee b Bl PP wiam of
about L, M&R@sof sboabAuf a plttRdisthesbdtiveld fMfadeheraitResdad least about

first block copolyner filmw thin each of the first

2%Lo, mreigrrmiel wettiog sidagabls anscenda ap aribor dyfinsd byrbpapies! pretting
materifIGARY Woh LR JFRAELLRhed A%REgSUCh that each

forming a film comprising a self-assembling block copolymer within the {renches to a
thickness of about L,; and

causing the copolymer film to form a single array of perpendicularly oriented
cylindrical domains of a first polymer block of the block copolymer in a matrix of a second
polymer block of the block copolymer within each trench, wherein the pitch distance between
each cylindrical domain within a trench is about L, and the pitch distance between the

cylindrical domains of adjacent trenches is about 2*L,.
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of said second trenches is situated between the
anneal ed and crosslinked first copolyner filnms within
W@ b@s0yrgt trenches, each of said second trencP@sUS2008/050751
having a width of about LO, a |length of about Lo, a
pi tch di stance between adjacent first and second
trenches of at |east about LO, preferential wetting
sidewal I s and ends, and a neutral wetting floor, with
18. tﬂ%&ﬁ@@f&ffaﬂrt&%ﬁgﬁﬁﬁ%m ARGhascali g8ee mlh@ the ends
of the first trenches; formng a second
clompirigsd figgt Alg ebmptisiag ﬁbd:lf-ﬁ@emlbbng bloogk cbgoiwmewtﬂmmra first

phoatiy B PSR Wity oot LRI SOy N PR @ naving o

width EpﬁHBuﬁL§ iangh@h aF Eigdt 0f.,, ReieR AtkG1E BEYe®hdj@Ene thenches at least
Ilndrl cal domains of a first polynmer block of the

about % loe Rredespafia) wiektingrpide vagls pnd engs, alds%ewﬁr@ pettipgioop| vgglkends of
ck copolymer within each of said second

the tre?%lg%%ﬁ%@éd?mﬂ ein the pitch di stance between each

cydusing the Atst d@mymewﬁlmhb rfom 8 emgruhrtaly@lﬁ@hmamicwaﬂyveﬁmted

. ,the cylindrical ce nches i s abo
eylindigal dpfpalnpigg'a r@ﬂm? %?rrl@ ﬂs Iockheamemmeria a@%mf pgecond
polymglf blba@oﬁﬂg ‘B[Hék%ﬁﬁ&l?ﬁ%lswﬁ%@abl? §f §aﬁ@ﬁf§9¥r@ﬁdh@% WY& the apitch
he matrix of the annealed first copol yner I'm or

dlstan@obﬁbwclfat d¢agh cplindsphd @in Fhibimetrbrod ipfbadit &i,mand8he pitch distance

th d h
betwed i E i RaLRE RS RECRRC TR G Rhes ¥ oBiPeg T o1
COBRADNRR th hifickied bR LI BolsdLREh Wb cdchof §RARSCrenches

trenches, 21. A nmethod of form ng nanoscal e
rfoeming:a weondt plyralicopiirenshesy remosiigtthnmaterie] oz such that each
| f
of sa1fs%881{@/et?i§{é: 1%@1&?&11:?% {)% o?‘érﬁ 121 %Fu?é ;letdz:/a(l)la St srsﬁlﬁgepqﬁ' V}%i:‘)myﬂaer films
w1th1nah¢ fitse iramdiss, @ﬁclﬂbfmtd dcQondeerhes lwﬁ:ﬂfg 4 wiik bf fiasit &, a length of
dth,of at |east about LO, a Ien t h, of bouft ITOTa%O
about ﬂrqa efpitgh distimee bereesmeatiacsa) Hebmd o5 ik ey Oft Tastahout Lo,
ik |, Wet
preferé’m Pge%le g?}%mgﬁ%ﬁ%ﬂd@? ﬂnggarﬁe'u%%tvﬁétgﬁ%g%ls vﬁiﬁd[hf&% 'of the
second; Wremhh‘ed@)led guiadhe trhb dbtteclrstiopehysyer conpri si ng about
40 and 80 rati o.of a ol r block to, a
o ita e LA SR i ladsrabBRe WOEh eoelter Winftn the
seconcﬁﬁlﬁﬁ.‘h@;t bNGerdRE Lo ANARRAISE BT AP LG HntiNdr i cal domains -
thin a matri X; causi ng a mecr ophase separ ation in
t wsmg ithast sebwi:q‘@p@bmmrfﬂ@rto forma sisgls mo@m @ép@rpsmmgﬂ@rly oriented
extindfitd PRuBlned anad b b O bRl GG R gt second

polymerblack®it the $look cbpyhed ®ithin@byiBf sakd Rekndrirédehss, @aRkeithe pitch

the first trenches, wherein, adjacent
distance between each cylindrical domain within a second trench and between the cylindrical

domain of adjacent trenches is about L.

19.  The method of Claim 18, wherein the sidewalls of the second trenches comprise the

material layer, the matrix of the annealed first copolymer film, or a combination of both.
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cylindrical mcrostructures within each trench are
separated by a pitch distance of about LO, and
wa@losmelzecal m crostructures of adjacent firstPCT/ENEES0751
are separated by a pitch distance of about 2*LO;
crosslinking the first block copolymer filmwthin
each of the first trenches; formng a second plurality
of trenches by renoving the material |ayer between the
20. CTRSfletidiied dliinsS1s, GARRNY fRMmild theBedtnt Plutalith @ tleh&es comprises
trenches, each of said second trendies having a width
exposio thbogi N @ thaannealgd hird fcopdlpmer Almto defipetlehside wallsrnd éhe second.
tremhg%tween adj acent first and second trenches of at |east
about LO, preferential wetting sidewalls and ends, and
a neutral wetting floor, with the ends of the second
trenches aligned with the ends of the first trenches;
21, g8gnened pyformnggapescaledpisrashustulgst $MPIsHE: second
p .| . . .
PasfloBlim ook BOGRRE il PR P13 ARP DE nGRAG: YT d bl layer
to formiadireiptopskhnse pidmdtving aithickiwas bf dokt Egpdieysie cadharench has a width

roduce_a singl]e.array, of perpendi cul arly-ariented
of at It Foaiienite pE btk ur sl ok Brppss b Bed pbbeafF lepiches of a
least aBOUYIRL RLREMhMwaARLEXaIN add@ds 268 A e BRAIWIRSin PIO&GK with
W thin each of the sécond trenches, wherein adjacent

ends of g gt irgmhenaligned.itheiblook eepokimer aomauisingtabewicdy:4thahd 80:20 ratio
Lindrigal, mcrostructures of adjacent fi.rst,trenches
ofa i b SR €525 LGP RECRF Bl bbb ST pon
annealifgt MeslcflpdritARIohsiwithinanesggl e m crostructures,
conprising: formng a neutral wetting naterial |ayer

ofrUsing uBicrophase sepatationyinghefirst blogk cppglamenfln feproduce a single
: i t ef-L at '
ey SHRHIRIEH BB Sl cal Bl EhatnkRid bk of A 8heond polymer
block i dinhtrdf ofabofitst pOlymar bleok iMithof caah ofithertirf, trechdst eherein adjacent
. di stance between adj acent trenches at . | east about
CYh“d?@?S_iQ’}‘CWEP@P’@ﬁt‘Y‘%‘F“ b ng %aewea@fﬁi _LY a@&dﬁ\ﬂrag& of about L,
of i . , :
o Sl PO PGBy B B plA fhstance of
about 28lmgpri sing a sel f-assenbling bl ock copol ymer within

SRR AP o ek RPN AR et Gf pR g Heh 0! e
PRIAGTRH bkl bliradiiy SMt@Rh&yy rafhol i@l thél MARIABIaQér Retween the
first polymer block of the block copolyner in a matrix

crossligkechiissbeensdypen fimswitintr fust tramehas) eask of spidisgana trenches
having™® AR oPRG L[,,%%Hgth‘é’f‘%o% ﬂL(t,, I%%ﬂ@h td‘i:sl?ang!: BLANES a%%e% Bt and

second trenches of at least about L,, preferential wetting sidewalls and ends, and a neutral

wetting floor, with the ends of the second trenches aligned with the ends of the first trenches;
depositing the block copolymer within the second plurality of trenches to form a
second copolymer film having a thickness of about L,; and
causing a microphase separation in the block copolymer to produce a single array of
perpendicularly-oriented cylindrical microstructures composed of the first polymer block in a
matrix of the second polymer block within each of the second trenches, wherein adjacent
cylindrical microstructures within each trench and cylindrical microstructures of adjacent first

trenches are separated by a pitch distance of about L.
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each cylindrical domain within a trench is about LO,
and the pitch distance between the cylindrical donains
w@R00adyrreent trenches i s about 2*LO; crossl i nkPeEryUs1ve8/050751
first block copolymer filmwthin each of the first
trenches; formng a second plurality of trenches by
renmoving the material |ayer between the crosslinked
first copolymer filnms within the first trenches, each
of said second trenches having a wi dth of about LO, a
l ength of about LO; a pitch distance between adj acent
22. 1 pymgethaghforJelrénating patmseale magrogiruches compBsingLo,
p ' [ i .neutral wetting
ffog%ﬁge%\nh%"ﬁlla% ﬁ%&}élﬁggatgﬂfaq? éfg@ é@%gﬁ%qrta%énches al i gned
Widriningemegial afer diethé nestal Wealighrserilddyer,Nbe hase@bhger
,copo‘ y‘ﬂgr filmconprising a self-assenbling bl ock
definipg o BluraHy ohirerihss.aeh Kenchhavine @raidfh §f a5put ke A dangth ¢lgbgut nL,,
a pitc BsGKALEIWOEn ﬁ*{?&:‘éht telhich A Bl BHGuP AT ChORAGR 1 wetting
separation 1 n the second copolynmer filmto produce a
sidewdlspghdea Hooradefintd pp thpardireluvetting matariahtaget, eythiends oL@k trenches
1 icrostructures conposed of a first polymer block in a
allgneajatri x of a second polymer block w thin each of the
SeeR 4 FRPENESompPNERLhH @el@-%s%ﬁl%‘ﬁh% &)k REpdIGRbr within the trenches
m crostructures within each trench and cylindrical
to a thigkpessof ebettdroes of adj acent first trenches are

S [ i;teh distance of about 23 A .
PRy BaBoPuliier A LEREE il Wb flnerslpitanty orented
cylindgioalRiohRi@ af fastfodgné Hleakest thd black esfotdhenviBatrhdifix of a second
material on a preferential wetting substrate; maski ng
polymghbloglept the blagkicopelgmenyihingcgcly gnahg whareyethe @iclydisipnce between
3 . 4.1 of : :
cach SRS SO UREHE Q00K 1R 5L LB e
cylindeicd domamspdngmnelit cneheares dr abent 2tli,on to the sidewal | s,

TP R AT B 4 o
PSR ROp It HOMBSI R HEChlos R mtafé?ia{]ﬁg&r Bekween the

wetting layer within each trench to expose
crosslipkest Brséprpodmedilmisrvgthén Bstiirsittegnchesneach g sail ecopad krehelem

.t he. peutr.al tting, |l ayer: form. a material |ayer
having %10 0L 8 o et R ¥ o v A PR R Rap et irst and
second @éthBgofat Mast ot ¥, pheferefid Resstind kiddRalRPdRId @utrhBivefing
0. expose the substrate and the neutral wetting |ayer,

floor, ‘féfiib F\hﬁtp"rnéﬁ ehtheosayg teenghestatignsd with the ands obthe dingtirenelfes;
a Q + * ()« i |
1- glggnggg %??%%Coé’il"g’ 3 %gm@ a?f]%ﬁ\'a%&?'ﬁﬁ@gg’wé‘s&ég?ly‘&?f

tance bet ween-adj acen
withinltkasdcond plurality of trenches to a thickness of about L,; and

causing a microphase separation in the second copolymer film to produce a single
array of perpendicularly-oriented cylindrical microstructures composed of a first polymer
block in a matrix of a second polymer block within each of the second trenches, wherein
adjacent cylindrical microstructures within each trench and cylindrical microstructures of

adjacent first trenches are separated by a pitch distance of about L,

23, A method for fabricating nanoscale microstructures, comprising:

forming a layer of a neutral wetting material on a preferential wetting substrate;
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about 2*L0, and preferential wetting sidewalls and

ends, wth the ends of the trenches aligned; formng a
whk@skowaepol ynmer film conprising an about 60: 4BCT/0S2008/050751

80:20 ratio of a first polyner block to a second

pol ymer bl ock within the trenches to a thickness of

about LO; and causing the bl ock copolyner filmto form

a single array of cylindrical domains of the second

PalayliBE (Hel rRalfalodetti %la@bﬂ@ ré&A8Oh YRS off A RadkRE hh& udhasked
ock of the bl ock copolymer wthin

the first pol
sectiopsfi? for éhf—‘clgngtﬁﬁém trenglyerch sesHembadng a“ﬁéthmf b Lofand in a
perve SRR TE S0 il 4 055 930 gy s
L, angpedchhmakiksd antien diivia @déng?i hilor abogk Alke cyl i ndri cal

domai ns nthe ctipns qf the ?rdeutral wetting |

yer
afeEqvingt Bé‘%‘éﬂﬁﬁéﬁ?%n% theediralorettins taper %‘B%F‘g} fgench to
exposiHd phlErHhl e HlbsiERi ns on the sections of the
preferential wetting [ayer are in a parallel
omnumxmuh@masbﬁwhethsmlbmadatemngzlayem met hod of form ng

noscal e m.crostructuyres, .c rising: a Iayer
R Fr S BT B e SRs SR B B¢ iliel Refirkdpete
\Aﬁirﬁ:ﬁr@a plubsgity af RénchBSkKitROmhReiaNRYta kxR ihd\@ibbi@dt€hnd the
rovide a series of mnmasked and unmasked secti ons

neutrabwe ingdgyertrach gﬁ@thhaamgt%@d(th et baetiengie of dhouhans i) Lo
where % }%Cﬂ}g Qrqude}gﬁ#&lﬂ& dﬂﬂﬂh 4 S % 8&%68& Lﬂ beeRt {rgllﬂcthgé bpeﬁ least
to aving a

section

about 28ng tuld p:tef@entaiﬂ)wettmlgmdearaﬁs emd:hadmwkle thesedt bf)ﬂhe h@yithrg aligned;
a.length at or about_LO; reppving._ the unmaske
S BoEmT ASLIGE K onoT B 1) ¢ CORRRTISIER Aot 6Gi#H 19 0 %)a@ﬁo of a first

polymbf 5186h:d @se%&ﬁ’c?ng(ﬂﬁﬁllalebleﬂ@%ﬁﬁﬂhé fendRt 1d Q&lcg&@%taf%sm Lo; and

removin to expose the sections
nrawslmglthf:/\blbck oxgpolayertjlfncoriomy a aingtet aerayalf oy aydricabdwenains of the

sccond by e FybEP i BinckacrfFen S a it g B5Eponpotisiafine
block ¢RI EHEASIilIRA SadtteerichewR@eihcath Weichi cBﬁtairﬁyﬁl‘owseﬁQ%yhndncal

trench having a w dth of about LO, a | engt h of about

domalm* giraqitchdistangof abent &n avith the eylinddiepletomnsing of adiasent tegnches at a

e . e eas
pich b S5BAR5E AR AR el SRRt b
wetting @y arslif b pbf]ﬁnﬁﬂﬁll&r ofierdtdtidnltd SRCIIBSIrAL, 280 €k cyliddfitdd domains
bl ock c yner film conprising an ahout. 60:40 to
on the ggpstipgs pg ed)r@eregtl?.l, Vilfg‘[-ln HEYSiAES 1rbq1 5@'gllql@rlgn§g@@ﬁﬁthe substrate
pol ynmer block within the trenches to a thickness of
about LO, the bl ock copol ymer capabl e of m crophase

24, sépaathed olfgforrpmg mnma]leimﬁgrdshh@umy,l dongriso@l domai ns

t hin
V\fbrmmg a ayer of a neutra?l wetting material on a preferential wetting substrate;

masking the neutral wetting layer to provide a series of m masked and unmasked
sections of » for the length of the trench, each section having a width of about L, and in a
perpendicular orientation to the sidewalls, each unmasked section having a length at or about
Ly, and each masked section having a length at or about #L,;

removing the unmasked sections of the neutral wetting layer within each trench to
expose the preferential wetting substrate;

removing the mask to expose the sections of the neutral wetting layer;
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causi ng a m crophase separation in the bl ock copol yner
to produce a single array of cylinders in a polyner
worgaosioxi7wi t hi n each of the trenches, wherein tPE&r/US2008/050751
cylinders on the sections of the neutral wetting | ayer
are in a perpendicular orientation to the substrate,
the cylinders on the sections of the preferentia
wetting layer are in a parallel orientation to the
SERSted RateBaCBydr VB he PRt Endthd AMEraPlveflingMhyjcpder s,
and the cylinders within each trench are at a itch
diosmingceplotalifhelirenchesindhy m@tewl layrrde mewe él@f-] strate and the
h a .25,
neutra ‘5\/?{1]1% ??ye e%f:}? T %hgiaéf Lxl'xg %}?&C ate% 91I ]ﬂ, tlr" ﬁ)&uﬁg:*(ngr{ )*Le

where avnmiah e 1ﬁm@hd/diﬁﬂ§1 1£50, mpiwch His[hn&éibaﬁveﬁﬁ hdj a@qaafre@bhapaf At least
renches, ends_of the trenches belgghallgned the film

about %Hrpp?ﬁl%wﬁ&r@twée@gwgmd&waaﬁ g engle rfcle of e tpnches aligned;
Of lgyll 3: n‘fé’l‘l ﬁIHPc!B%ﬂB§ J%fanaabt)htr &0 4(5){008"(1?(9;%15 R a first
copol ymer a matrix o second bl ock o

polymeolgotky/foer secomtbp@inBnbﬂDclcarhthnhahatrmchm td thidaeds dfrabouttL,, the

in single.array at a |tch di st ance of about
block hofiaty AP PRl e tepeing Rt HEer i s ol tomains
withinla RigiREgn@t a pitch distance of about 2*L0 26. A
polynerlc filmon a substrate, the film conprising: an
awmelag @dm@rqmlagrsrﬁsparaﬁmnndbn’plopb mgalﬂnwetctpw@wb asingte aryay of

cylind$.r-s HIE Efggek (I:rg?fr%{ | thglg%gﬁt ﬁ@;%&ﬁ{:}ﬂe‘gr\g\r r dtﬁ? g(ylg}%lelg onthe

sectiorpasfashdut@t Wetingiher eRAfkpaRfendiciar E¥éAtADN 16 dhe HOBWAEShe
in one dinension at a pitch distance of about LO and

cylindegsiogtaeisentions efyhe pigferential weiaedayer aredn ewile! eniertaiinngn the
substra% e@cl?{ %I?JB (%'n‘?atn?sqﬁ ‘f“o‘gg ?Iafpgﬁﬁldgrsl‘g‘ldztﬁe cﬁhr&fg@’\gﬁl’i b%aéﬁ rlfch are
anneal e

a substrate risin
‘ata pr(ch pidtaree of Abdurlg angthesly hgdeas Bmalm’centa"ramlyesdre at a pitch distance of
rpendicularly oriented cylindrical domains of a
about £h%t bl ock of the copolyner within a matrix of a
second bl ock of the copolyner, the cylindrical domains
in a single array at a pitch distance of about LO and
25, afipghweckeriei filln edg swsthatectk ifihd congrisingna ammealed sopmilyroér film

di sta e of bo t LO. 28.. A fil .on_
withing B G Rt R el isonide o G elFh i e g G
comprisidgd EOMREWISI ﬁﬂay&fﬁﬁﬁﬁh@xcﬂlﬁﬂ?)ﬁn@ﬁte@ @j’;lﬂﬁﬂﬁhﬁdﬂn@dihsvofa first block
oriented cylindrical domains of a first block of the

of the eenebymerarithin aimairiy ohasedond lock o tegwaolymseiboeylingeical domains
e r: cvl.] ri- £n ' [ |
i SSBPYTy oAh AP Bl 0 50180 0
cylindatdl gomdinaiit bdjagent trebidheaht edlmt‘ﬂhl disianice of ab&aan,.di mensi on
at a pitch distance of about LO.

26. A polymeric film on a substrate, the film comprising: an annealed copolymer film
comprising a rectangular array of perpendicularly oriented cylindrical domains of a first block
of the copolymer within a matrix of a second block of the copolymer, the cylindrical domains

in one dimension at a pitch distance of about L, and aligned with cylindrical domains in a

second dimension at a pitch distance of about 2*L,.
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29. A polyneric filmon a substrate, the film

conprising: an anneal ed copolyner filmwthin
w@oposoertsl y spaced apart trenches, ends of thePCT/Esh&850751

being aligned; the filmconprising a rectangul ar array

of cylindrical domains of a first block of the

copolynmer within a matrix of a second bl ock of the

copol ymer, the cylindrical domains within each trench

27. | A R Bndb A¥ulRiraR, M th &w@ﬁ@emﬁmﬁﬁl@a%#&yﬁeﬁmm

al i'gned with the cylindrical domains in adjacen
comprisingn$ereaarray giiperiendicslady osewed apndricatdapaingedraefivgt block of

the cof{ 153t DAL ARLEK ALl OLSACH ARPED SRR 138 ifrical domains i

cularoriente nders
a single@fal heh pineH gistaget eydbbixderhd aBPned wile hyja®dnt eylindrithiadontains at
. Substrate, the filmconprising: an anneal ed copol yner
a pitchr diptanceasbruilng a rectangul ar array of cylindri cal
domains of a first block of the copolynmer within a
matri x of a second bl ock of the copolyner, the
28.  calpohmércafilndonasuistate, the dildicverpsismg: amoamealsd ngpalymer film

er pendi cul ar qriented cylinder et ween. t wo
compr3 e Nepe e G TET ALY SHPReq O Gauiias obe fit bk of
the coﬁcbl?xh@ﬁ\%ﬁhfﬂfa abeMtoflaQeccid o &Yt RIEIpofm G ORI PBndil daBi&Rains in
Wth cylindrical domains in a second ‘di nension at a
one digiengibn i ssingle gowfat abuelt digtange of about L, and aligned with cylindrical

domains in a second dimension at a pitch distance of about L.

29. A polymeric film on a substrate, the film comprising: an annealed copolymer film
within adjacently spaced apart trenches, ends of the trenches being aligned; the film
comprising a rectangular array of cylindrical domains of a first block of the copolymer within
a matrix of a second block of the copolymer, the cylindrical domains within each trench in a
single array at a pitch distance of about L, and aligned with the cylindrical domains in
adjacent trenches at a pitch distance of about 2*L,, wherein the single array within each

trench comprises » perpendicular oriented cylinders between two parallel-oriented cylinders.

30. A polymeric film on a substrate, the film comprising: an annealed copolymer film
comprising a rectangular array of cylindrical domains of a first block of the copolymer within
a matrix of a second block of the copolymer, the cylindrical domains in one dimension
comprising » perpendicular oriented cylinders between two parallel-oriented cylinders in a
single row at a pitch distance of about L, said cylindrical domains aligned with cylindrical

domains in a second dimension at a pitch distance of about 2*L,.
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