THERMAL ANNEAL OF BLOCK COPOLYMER FI LMS W TH TOP | NTE. RFACE _
CONSTRAI NED TO WET BOTH BLOCKS W TH EQUAL PREFERENCE TECHNI CAL HELD

[ 0001] EmboWormeew1d798 t he invention relate to nethods ofPATA2MO&BISAY
thin filns of self-assenbling block copolyners, and devices resulting
fromthose nmet hods. BACKGROUND OF THE | NVENTI ON [ HUl As t he

devel opnment of nanoscal e nechanical, electrical, chem cal and

bi ol ogi cal devices and systens increases, new processes and material s
are neededTHEHMAL SENEAI0PIABEKICHPORYMBH FONIORITESTOVHRNTRRFACE
el ectrical cogipeigrANERNdoli v 8O H8E.RESs METIEQY Al PREFIIAINCE
chal | enge as the dinensions of sem conductor features shrink to sizes
that are not easily accessi bl e bygecopvemi enalnl i t hography. Optica

l'i thographi ¢ processing. nethods have difficulty fabricating_ .
structur ed0diHd f damariEsnie! fivdmsaBont amisonaked of Bharaingian ges of

sel fassenpiri,00, iRl 06k ﬁaﬁ%ﬁglﬁé&?&&i RLRERLFEANRLAMost AlBaS.0
patterni ng at nanostal e di ménsi ons. D bl ock copolynmer filns

b

spont aneously assenbly into m crophase
separation of the consti t dki# D GF JHEINYENITIGNneal i ng, for
exanpl e bygddaer mal; 1[‘?&%@?\%@{?&1’6 %PQMI%%&B%IQA{I%%QI} J@8at RO LATRE LR I&I
of the pol'ynmerf or by solvent annealing, formng ordére domal ns at
nanonet er dseiatsemndisywerss iomsase§, DO PfFiesscs dldmutenighot ogpped imshuditargnpivale
size and shape of, the ner ases;separat ed donmi.ns, can be,controlled
by the. ol LU R GHE B DR AL G e P P ad iy B RE0R &

di bl ock cepalijcamrchiliengs adbe dirdeamehd @lsemiyphduae falres shtinls fuhedres dak are not

nmor phol ogi es, anong others. .For.exanple, for volune. fractions at
at1 05 gr GRS ECTTENC 2B SORVBIETEL G ST R 1 QR OB SRIES P RE oG B B Stieve
pol yner, @iffibhiBCkiGRRed ¥iRfurdsidnifahilrks di MicChLPRDAGR nSRRAERL eTiaNde of self
self-assenble into a periodic spherical domains wth spheres of X
pol ymer BastrbBuhdBchyOra i Frsosls eiRGRsHc AL PHISFIREGRNEROSEHC fiRernpinps:
bl ocks beigesy & .9HE1€§9§1\?§% ) gnégéiggssgﬁigﬁi iﬁﬂg%ﬂ&d{c CORAIYBS 1%&%%%5@&' es

into a periodio hexagona ‘ose- patked ¢ 2yconb array "o
cyl i nder s sqplraioh phise c@siiiveht relangrdfackx altfr apasielimge forAxarmple by dhdrps!

R T T .

5-50 nm forming ordered domains at nanometer-scale dimensions.

eriodic structures
KEHROMIND GF S NS

RS Y]

[68031  The film morphology, including the size and shape of the microphase-separated
domains, can be controlled by the molecular weight and volume fraction of the AB blocks of
a diblock copolymer to produce lamellar, cyiindrical, or spherical morphologies, among
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
scll-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 & periodic hexagonal close-packed or honeycomb atray of
cylinders of polymer B within a matrix of polymer A. For ratics between about 54:50 and
60:40, lamellar domains or alternating stripes of the blocks are formed. Domain size

typically ranges from 5-50 nm.
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WO 20091117243PCT/ US2009/ 035861 [ 0004] Many applications of .the

sel f-assenbly of bl ock copolymers (BCPs) to |ithography require that
t he sel f - aWOahiH1@te48onai ns ori ent perpendi cul ar to the PCTRERF0ANISEH t h
bot h donmains wetting and exposed at the air interface. Wth sel ective
removal of one of the polymer blocks to forman etch nask, the

per pendi cul arly-oriented void structures can then he used for etching

t he under Igseag swﬂﬁsf wz@m{n@@%&@@zw@eﬁab@n% okl esTRImaAnIts) Adithdgraphy
nost BCPs (e.g., PS-b-PVP, etc.) in air or vacuumw Il typically

result in f@ﬁ@*l&‘%%ﬁ@ sahf arsenblsd idammys fiagnt Pergeqdirailag o thvétﬂﬁwiﬂm@rh@&be A
variant ofgLhgL %{mgaﬂ&@htplom LﬁaL, a%qm%ﬂg& F‘W’“@E o6k r,,ﬁ@wefqué gant api d

sel f-assenbly (e.g he ord of mnute I's only effective

for a snalpblimsrblecksdp {EoPn ofed, gaglx %pmmlarPMMMm@mmn
donmi ns thJa,ltus %b%;a‘:tlEXné’\ﬁE u{l&%v o QRAr interface. Solvent annealing
ed to pro

of TIC: Ps duce 4 per pendi cul ar orientation of
the sel f- assenbl ed domains to the substrate, but is generally a very
sl ow pr océ&¥s] tyﬁnmhiuyzabihcmteéamredbmb Qﬂm@aﬁs s g, el PV@gete ) en dimgige

vol unes of he s ol ct

exposi ng 3 CE%:FT,HE‘Iﬂ nj‘y};EmaH y T 51:3{1? gt“’a%m%‘ érﬁfﬁlgl} {1%5?1\, g?@%ﬁg é%?rf?c% A

| east 12 hexins efthémﬁhalhmﬂgﬁfc)ﬂlocﬂ.ﬂﬁi@%ﬁcﬁhﬂ@ﬂ&dprbﬁdﬂﬁa@f&ﬂelﬂ&smfb@dc@ on
t hod f f t I fi f d t hat

nmet hods o ager:bfa | &B{{‘?%gc arra (%?? r e%ﬂ@f os rugégrﬁﬁ\&t a

over cone PHEEE

[ 0007] Enbediveni swith pdifieed divnsiRa eqqﬁz@m@as@gfelaneﬂpcbem\&w bb;&%ﬂf&ﬁ@mﬁe
to the foll ovm n)(% accorrpanyl ng draw ngs, which are for illustrative
pur poses 8hPGPs asbeergredic Rp vr:@mpwﬁgul%r%s!du%@ thetedraaporbiph fREmarss

will be U&ﬁiﬂb Mbs{r!ﬂ@ el %W'cﬁlsge?z ARy LG RaNE,, Ex%fc%ﬂ?&?&%R@E%@;Mnh'w@e
used throughout the several \}I evvs and in the description to I'ndi cate

same or | rdqeir@b‘traﬁg’oh{m@S]EEIagvemt id tvoistlsatvent ;anaf Bgeadneiadity sxpgsing fan

view of aBE‘%ri{uln 0a z,.ﬁtmmtﬁ 561ve 11t .:lIf:l'ﬂOSp}lsrb at 25°C for at least 12 hours (often longer).

[6606) It would be useful to provide methods of fabricating films of arrays of ordered

nanostructures that overcome these problems.

BRIEF DESCRIPTION OF THE DRAWINGS.

[8807]  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.

[6008]  FIG, 1 illustrates a diagrammatic top plan view of a portion of a subsirate at a
preliminary processing stage according to an embediment of the present disclosure, showing
the substrate with a neutral wetting material thereon. FEGS. 1A-18 are clevational,
cross-sectional views of the substrate depicted in FIG. I taken along lines 1A-1A and 1B-1B,

respectively,
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prelimnary processing stage according to an enbodi ment of the
present disclosure, showi ng the substrate with a neutral wetting

mat eri al twereoni7HIGS. | A-1B are el evational, cross- secriusa@b/ 0388ems
of the substrate depicted in FIG | taken along lines I A-1A and
113-1B, respectively. WD 2009/ 117243PCT/ US2009/ 035861 100091FI G 2
Il lustrates a diagrammtic top pI an view of the substrate of FIG |

at a . SPRsOusRs. FhRde.ShaM gL LE: | !satvﬁace\nof%e LeseRgbesric] ) 8 a

material laye forned on mat er | FI GS. 2A-211

i |1 ustrat eubdegueat M&n’aﬁmwmg@issfomtommﬁa’ﬂno}mm ofteraal i;m::t foonedofn ihdeeutral
substrate _d |ct d I, N ] ectlvql

andl | o5 SEEBE S 2476 HEFRue LERRRE SreRral e RS RS
por tMth@sa@MQ&a;@twedah EH}.er@kame@ﬁrcuxr@y,mmsmagzmag@dazescmd| ng to
anot her enbodi nent of the di scI osure, showi ng the substrate with

trenches i d.on. the rat FlG. 4

1 ustr at 001 PRESPuiS e biliutt vl snblafarterie fe o .
subsequentr esmagaay §J‘H@Wsﬁh§ «;falgeacﬂ,@fdwg to@BotaEr stibaEkichadf thelibdlBrdTBlica¥ihgdhe
wi thin the trenches. (1111F1IG_5 is a diagranmmtic top pgan vi ew, of
the subst SEEEaEMRY »@’101?%& *alag&uﬁlslétﬁaé?fﬁuépag@ sERtRien g - HiHGElates a side

copol yner Rhefbpicotbf i @uﬁsﬁ'@te LEENT h% a sﬁ!s%en%g@ Buéwhih el B@ition of 1
el evational, cross-sectional views of a portion of the dubstrate

depi ct ed Peeirl @etting ksl witkinghd trasekessA- 5A and 5B-5B, respectively.
[001.21 FIGS. 6-8 are diagrammatic top plan views of the substrate of

FIG 5 at (@HRFEARRDLS is a diagrammatic top plan view of the substrate of FIG. 2 at a subsequent
stage showing a block copelymer material within the trenches. FIGS. 5A-5B illustrate
elevational, cross-sectional views of a portion of the substrate depicted in FIG. 5 taken along

lines SA-5A and 3B-3B, respectively.

(00312} FIGS, 6-8 are diagrammatic top plan views of the substrate of FIG. 5§ at subsequent
stages showing annealing of a portion of the film according to an embodiment of the
invention by a zoned annealing technigue. FIGS. 84-8A illustrate elevationsl,
cross-sectional views of the substrate depicted in FIGS, 6-8 taken along lines 6A-0A, TA-TA
and 8A-8A, respectively, showing an embodiment of a heating device for zone annealing the
film. FIG. 6B is an elevational, cross-sectional view of the substrate depicted in FIG. 6

taken along lines 6B-61,

{HIE3]  FIG. 2 is a top plan view of the substrate of FIG. § at a subsequent stage according
to another embodiment of a methoed of the invention, Nustrating placement of a
non-preferential wetting material over the block copolymer material during an anneal,

FIGS, 8A-8B are elevational, cross-sectional views of the substrate depicted in FIG. 9 taken
along lines 9A-9A and 9b-98, respectively. FIGS. 10A4-188 are cross-seciional views of the
substrate shown in FIGS, 9A-9B, respectively, at a subseguent stage showing the annealed,
self-assembled block copolymer material, and removal of the non-preferential watting

material after the anneal,
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stages showi ng annealing of a portion of the filmaccording to an
enbodi nent of the invention by a zoned annealing technique. FIGS.

6A- 8A i | | ugDr2a%81eHevat i onal, cross-sectional views of ROTAISSUWBOEFEEL e
depicted in FIGS. 6-8 taken along |ines 6A-6A, 7A-7A and 8A-8A,
respectively, show ng an enbodi nent of a heating device for zone
annealing the film FIG 6B is an devational, cross-sectional view of

Lhe subst rigbey demelem. 1bhd oifh didkesr oL guwuizk DEACEE3r Beck0013 e,

FIG 9 is a top pl an vi ew of strate of at a subsequent

stage accoiddingng o amodhamt emg@s&ﬁﬁhe i@ffﬁﬁswéﬂwdﬂo%f»opﬁémﬂmiém feon,
illustrati

et ek DA SESIIL Sl R0 S SN LSk BLL DR TR L AW Lo
el evat.i. 0naippnmgsadﬁG§eI:IAﬂBahs1ussmml@ﬁu@hbwﬂhmmmMMgmcmo{Ehﬁ

o aken 1] 853 AR 20195, L oRRect VALY Gy 10fa0,r

respect i veatiy:s. alB-a38 uRSeaYealiofl|agevsITeW fBsidahlcpitdal BIGS. 11-13 taken
sel f-assenbl ed bl ock copol yner materlal and renoval of the

non- pr ef er&RgiliEps W@t‘“fﬁg’ 1B, atSpefiveY. t he anneal . WD
2009/ 117243PCT/ US2009/ 035861 [ 0014] FI GS. 11-13 are top plan views of

the substrate of FIG frpiigubPemdenrT3OA0eS THE DYVBKTABNNG an
enbodi ment of the use of the self-assenbled bl ock copolyner film

af ter remuygls) of TRNRNBRINRsRRL¥ARIH BekS 10 8% davWBSKprbOded iGhstiah e
substrate and filling of “the et ched openi ngs_FI GS. J. 1Aal 3ki |l | ustrate
el e_vat i osadm@eselesecescnd imsmads preitingP cnbedientsvl g Tp¥atios Bt at e
depi cted i N Aol o? iR &ame.
ot vels T AR AL MR A b e e
substrate depicted in FIGS 11-13 taken atonic.: lines 11B-11B to
13B- 13B, d@Hskct invkt an%mllemwmbmmvmﬂmmmmr epgstrate” or
[0015JThe "fe;%lo(?i%cr?ﬂe d@éﬁadﬁ&# QE‘IDN¥E{E1!L{]‘9; @&@Pﬁfgngéﬂl"t&ewgfe?%&ﬂéﬁ o1

provi des i TTustrat
"wafer" will be understood to mean any construction comprising semiconductor material,

including but not hmited to bulk sermiconduciive materials such as a semiconductor wafer
{either alone or in assemblies comprising other materials thereon), and semiconductive
material layers (gither alone or in assemblies comprising other materials). The term
"substrate” refers to any supporting structure including, but not limited to, the

semiconductive substrates, wafer fragments or wafers described above.

[0817F "L, as used herein is the inherent periodicity or pitch value (bulk period or repeat
unit) of structures thal self assemble upon annealing from a self-assembling (SA) block
copolymer. "Lg" as used herein is the periodicity or pitch value of a blend of a block
copolymer with one or more of ifs constituent homopolymers. "2 is used herein to indicate
the center-to-center eylinder pitch or spacing of cylinders of the block copolymer or biend,

and is equivalent to "L," for a pure block copolymer and "Lz" for a copolymer blend.

{6018]  In embodiments of the invention, a polymer material {e.g., film, layer) is prepared
by guided self-assembly of block copolymers, with both polymer domains at the air interface.

The biock copolymer material spontaneously assembiles into periodic structures by
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exanpl es of devices and nethods according to enbodinents of the _
i nvention. Such description is for illustrative purposes only and not
for purposw®20f%Mfitd#iting the sane. [0016] I n the cont extPCITUS2HNO/035861
current application, the term"sem conductor substrate" or

"serri conductive substrate” or "sem conduetive wafer fragnent” or
“wafer fragment” or "wafer” will be understood to nmean any

construct '1913;{%95@ rsé;ﬁtkdi‘ﬁn%?me%gﬂﬁﬁk%%olﬂﬁér%dcﬁé aficr Qﬁﬁd&ﬁh QmQHﬁg QQdred
limited to bul'k serniconductive materials such as a seni conduct or

waf er (ei tdsaringlodpaporiqusrasiseind biloges ehpnpobiaysdeteimenitns it trench.
thereon), and semi conductive material layers (either alone or in

assenbl | eSuEOFPT IaShAGo Pl Slor RS u %h‘%lae -EQ% b‘?&%%@%&%ﬁzﬁﬁ&ﬁd &8s a

to any supporting structure inc not
sem condua:tnmﬂ@nwi@sair(é{fé%amf eanomc‘@:gmm selperndmfwo@ie@ eérhnld@za agotslies

[0017]"Lo* A0 g;? em&uﬁm@ﬁ 1{13&&1??15' lnlbw F%E RX. Reﬁer%géect AGR! 1 —BI tch val ue

(bulk perio £Ur €8 assenble upon
anneal i ng from a sel f assenbl i ng (SA) bl ock copolynmer. "LB" as used
herein is {G@@E peﬁ‘h@dﬁ%@iiiteﬂ corbogintahinyalvers héma! birenidhiefzy Hndylcolehase biock

co p0| yner WI g a';t 50??,,;_%{3 qtnloﬂlfhta,;s €, CI%Q S«utnl:{(,t P? n&nc{!]} B‘I Lx%r{:tenxhl On WIT‘EI a-

s} ivr’ncru
used her ei np(fo Findi e er-to-cen

spaci ng ofgraphbipider ®clofiquchiathkitieds ad@lﬂ%i@pﬂ&ﬁl!pﬂiefhb@ﬂdmh&ﬂd ghiiie mth a floor
equi val ent to 9" thr ure blo r.and "LB" fqr.a

copol ymer BB ﬁﬁlf%’fia]rfgié’ﬁ%‘di” HeEobP il ﬂmgﬁt‘*ﬁ’% an] iggifaapd ends
material (&t 8re, pxcf.fbﬂcﬂﬁai kv@bt 0 bﬁfv Rﬂﬁﬁ@fﬁﬁﬂzk%d AikcARasSRhEirans ethhie ok
bl ock copol yners, dormai ns_at the ai r interface. The

bl ock copé’i‘&%ﬁéﬁﬁf‘(}kﬁﬁfﬁr‘»ﬁ’ & f—%@ﬁblam@@a%psﬁeéééémésﬂh IEREIOM iy fndors in a
structur e?}e?}{ gr m%ﬁ%%ﬂ@?% r%@;ﬂﬁuﬁ‘éi Q&cngcn&%og Qﬁl‘?ite'd;s%?c@ 10 R YINBE

bl ocks af anneal i ng, ng or ere domai ns of

per pendi celdawalér ile srederclddimags dwaor martones ef pegrallioud-meerdidongingiig ¢wn
a trench. h@%%&e\ Jgg]%]{}p&gf or fabricating a self-assenbl ed bl ock

copol yner tert al “that defines a one-di nensi onal (1-D) array of
nanonet er-scal e, perpendicular-oriented cylinders according to an
embodi menf{8@B] t has idavaet indfiGSs 1118, asthstittedd W irbvidat, ehakeen bosika@s.
1-8. silicon oxide, silicon nitride, silicon oxynitride, silicon oxycarbide, among other materials,
As further depicted, conductive lines 12 {or other active area, e.g.. semiconducting regions)

are situated within the substrate 19,

j0622]  In any of the described embodiments, a single trench or multiple trenches can be
formed in the subsirate, and can span the entire width of an array of lines (or other active
area). In embodiments of the invention, the substrate 18 is provided with an array of
conductive lines 12 {or other active areas) at a pitch of £. The trench or trenches are formed
over the active arcas 12 {e.g., lines) such that when the block copolymer material is annesled,
cach cylinder will be situated above a single active area 12 (e.g., conductive ling}. In some
embodiments, multiple trenches are formed with the ends (24) of each adjacent trench 18
aligned or slightly offset from each other at less than 5% of L such that cylinders in adjacent

irenches are aligned and situated above the same line 12,
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[ 00201The descri bed enbodi nent involves a thermal anneal of a
cylindrical - phase bl ock copol yner under a sol vent atnosphere. The
anneal is wordiwau®d3in conbi nation with a graphoepi t axyPQragsaeofgerse1
that utilizes a lithographically defined trench as a guide with a

fl oor conposed of a material that is neutral wetting to both. polyner
bl ocks, and sidewalls and ends that are preferential wetting to one

pol ymer bl @gksjang, ﬁfé@%gﬁ%d@%b@ﬂ%ﬁf Qh%éi FoBrihH HeeSal NER! e6ltom
copol ymer to self-assenb e into an ordered 1-1) array of "a single row

of cyl i ndewogolymen hppbapréprnpdorindhonibaimte il pemvéﬁm@i entrad (poonews Mfench
roor and it oS n LR,

two o - mor 2 eies e kbl bR SR R R SR
each t r endiench802 IHA&e@epxxwﬂ edperrﬁid%!:ﬁﬁnniaﬁ&’ ofxosdipsive B 120asishown in
provi ded, | an,be sil.i.con i.co sildcan.nitride

B T con_ ol Pk, PafeR s fCRyed ubaeDs Bipisoutrat SRR L Reenge
further ddafzaine}te@.d Th&@eﬂﬁ%i@s{ B8vie erem%&mﬁ S;F]po@hb ﬁxli'ieﬁﬁi:)sl 2eo@foeiag eads@4, a
semi conducting regions) are situated wthin the substrate 10.

[ 00221 I n aﬁﬂ?"g@ ’”‘t‘ﬁ@%cfé@d’r CB%‘E (@rf’séar=?a§1%£@:;- a single trench or
multiple trenches can be fornmed in the substrate, and can span the

entire w qmmgf aarRfHed ¥mBbdilkMete (Q¥erl RQSr 18CEN\LR f&n@d)on debubstrate 107,
enmbodi rrents the invention, the substrate 10 is lgrow ded wi tqq gp
array of chhediorpyetheiticages 38 asdepicied in B3y endy peakyl wetling waepy 18t cap

The trenc hhé?lrb(,tﬂSIW REShAE&Ich PLBRESOUGh IR G PeL. 14V € oREEADICL 4 r{Ro® -
lines) such that when the bl ock copol ymer material is anneal ed, each

cyl i nder wpmly er rsitenp cetbadyodted b hyl wenelies it Feand crgslinked (oefogn a ncuifdi
duct - :
conduct i V%se d‘ ﬂ?rkag a% grggﬁgiggﬂ%hqgﬁ&%s ot%h& 9‘% ize*huhrb? Q&*ﬂ?@ e@Pﬁ h

with the en acent tren or s
of fset fraag eamhcrossﬁakeda‘tmdoasmml}'am)&%l(bf: Slhbb@}mhﬂ)t fratovedq/| | nder S | n
adj acent trenches are aligned and situated above the sane line 12.

VO 2009/ &é(z ﬁPCE’H] erl ax.l?tﬁg%lh ﬁlgsogg?’(a mm cdn HeUSik %t «%‘r:ﬁ;‘ﬁﬂt 00

neutr al o ol'yner
over the ﬁamsg tm&)@oﬂxﬁ ﬁtam’at:z@abialof pzageennglz& tl@ma!emﬂ@t&h@ﬂmn}mﬁtuehl al

| ayers) can then be for over the neutr teri .
b ened t o e cyer L Nes S SbmbR et e b 0 R Ry s
array of ocpagdusatd e\Y@trloh eeﬁn @e'zbeaag ligRQWpRY,Rs khdem and- 28 inRBE 4t ODSnvehitidnlle
material |ayer 16 for acer 20 outside and between the trenches.

The trencﬁE%“'fi‘éG%fﬁlé““’ﬁPﬂﬁ‘%iﬁf"édnw $h SPositAYlcerEwal |'s 22, opposing
ends 24, a floor 26, a width (we), a length (1i) and a depth (D).

1002411 n amobher Aerdaadi JIBAL tpifch GoRBEnET brthpitiex Sip&itiofBghnhE o iR kBRId0AN

the subst rcg:[.,nedmlgothc capabilities of photolithographic techniques beyond their minimum piteh, as
deseribed, for example, in U.S. Pat. No. 5,328,810 (Lowrey et al.}, U5, Pat, No. 7,115,525
(Abatchev, et al.}, US 2006/0281266 (Wells) and US 2007/0023805 (Wells), Briefly, a
pattern of lines is photolithographically formed in a photoresist material overlying a layer of
an expendable material, which in turn overlies a substrate, the expendable material layer is
eiched to form placeholders or mandrels, the photoresist is sivipped, spacers are formed on
the sides of the mandrels, and the mandrels arc then removed leaving behind the spuacers as a
niask for patterning the substrate. Thus, where the initial photolithography formed a pattern

defining one feature and one gpace, the same width now defines two features and two spaces,
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etched to formthe trenches 18 as depicted in FIG 3, and a neutral
wetting material 14" can then be fornmed. on the trench floors 26" as
shown i n RAVG20M/11R4} exanpl e, a random copol yner mnat er iPEIT/WGE2024985861
deposited into the trenches 18 and crosslinked to forma neutral
wetting material layer. Material on surfaces outside the trenches
such as on the spacers 20' (e.g., non-crosslinked random copol yner)

can be su ﬁ@xﬁrgﬂ'l? B5dcYs AZIDY 8 ke l[sBngé] RsAGLR110he FHhldsPleRufe :BRGBQMIL Rith @S

shown) ca forned using a Ilthographic tool having an éxposure
syst em capdbloditoraphic teshnigngisafiesthelyseatersed fow 1o aberDA DO Ardess. Such
exposure systens include, for exanple, extreme ultraviolet (BUY)

l'ithograp %ﬁiﬂﬁ;oé&%a@{n Srf S AN g'—l@f&f&?f%r %g@lrt)f ﬁ%ﬁ)‘egﬁ?ﬂlr-oﬁmied

| i t hogr ap nown and uged ith the at nvent i‘ona

phot ol i t hognegyhiydecawithit tlad menthds isrhadel s tvidtabolmd Sigpthi( M) HEDE eash, the

[ 0026] A nmet hod .cal l.ed . pitch .doubling” or . "pit.ch. nultipligatiQn’ can.
5o be uazin R ek f piR SO LR i Rt e i S

t echni queshibeneengl) dfhies otk guipolymepinaehial wishidgserhdted, for exanple, in
U S Pat. No. 5,328,810 (Lowey et al), US. Pat. No. 7,115,525

(Abat chev, al ), US 20060281266 (Mells) and US 200710023805 ... .
(el 1 o) o Ty roogt B OB ARt e s PO PR SRS viin g
in a ph?)t Q:E:\Aﬁ{:iﬂ cﬁtti_ldﬂt&ir@h hﬁihe@-.ﬂ]ethl(yj) Bftha gkamhe;s datecass zezximud:qiad b{fiedicity |
mat eri al , ich in tyrn overlies a substrate, the expendable material
|ayer is ébHEw il capaléé%xsa%%f%%f Wriarebey nRGTBTLLRef by e
stripped, ;3Pa6ebSHAM SorlsuERGoRRPENSeS! T88 b&hdkNRABNLRIfShe tRNEh {ill8valls
mandrel s are then renoved | eavi hg behind the spacers as a mask for

pat t er ni ng2timboth disst pad &-axFHBEoSCRERE RS re tach frepHiotoslains B gruEpy of
formed a € bl iHel Coxh BV GioBPth RGP B @nilﬁeﬂﬁwsﬁﬁﬁh\éi AR
now defi ng%hﬁl\%@igggt !lﬁagg@'ag% tx\?\glﬁfscb{églgs, pol'vmgfrﬁ tﬂ{g s‘pace‘s‘f efined bgL;L
t he spacer$3S-As depodisdinto a Fhamswik resth Haeiap ameutsil rettpgdiobival, wherth a

phot ol i thographi ¢ techni.qgue i ef f. ivel. ecr ¢ : about. .30
mor 1 s eaBt FbER BB T TS h EkPE B s Ao e
per pendi cuibsasrc@itsant atonanedyil itrdeels daiabbd @bdun 6.5t Lefve tiedengicl uciEht he
width (wt) and depth (Di f the trench, the thrnulation,of the hl ock
copol ymer bR 18 Patilookne TR RSt é&iﬁ%ﬂ’i o1y En g Bt

t hi ckness gbé) tiRfeetiiben fhosicgopol ynmer material within the trench.
100281There is a. shift fromtwo rows to one row of the perpendicul ar

f ?lleln(r:lﬁelr : 1‘%&?;2@%&5&%?%?5{ ¢t Olgad?}jggqt:;&? g%{%&s} Btarl]ee covxvllsgﬁcgsd( \-%?ﬂ’l 21 w?cIth Eubfj?of
about 1,5-2*L (or 1,5-2 X the pitch value) of ihe block copolymer such that a cast
block copolymer material {or blend) of about L will self assemble uvpon annealing into a
single row of perpendicular cylinders (dismeter ~ 0.5*L) with a center-to-center piich
distance (p) of adjacent cylinders at or about L. For example, in using a cylindrical phase
block copolymer with an about 50 nm piich value or Z, the width (w,} of the trenches 18 can
be about 1.5-2%50 mm or about 75-100 nm. The length (1)) of the trenches is at or about # ¥
or an integer multiple of L, typically within a range of aboui #*10 to about #¥100 nm {with »
being the number of features or siructures, €.g., eylinders). The depth (£,) of the trenches 18
is greater than or equal to L (D>L). The width of the spacers 28 between adjacent trenches

can vary and is generally about £ to sboul #*Z. In some embodiments, the {rench dimension
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(L value) of the block copolyner is increased, for exanple, by
formng a ternary blend by the addition of both constituent

honopol ynmewe.2odPhe72ebundary conditions of the trench si dERAISRI02B358¢1
both the x- and y-axis inmpose a structure wherein each trench
contains "n" nunber of features (e.g., cylinders). For exanple, a

bl ock copol ymer or blend having a pitch or L value of 35-inn

deposi ted iRt 80-180 ﬂﬁ‘m%@ﬁm} Jn%%&hth@(\m@g@@mﬂ%ich% f With "l&}eﬁih 0k of

wi ll, upon annealing, resu In a zigzag pattern of 5-nm‘di anet er
0.5* L) pebpenidiiddinar cylinders that are offset by about one-hal f the
pitch. distance (about 0.5 * L) for the length (4) of the trench,
rather t hagos;Si RO dsiafoihg, AhaRaL @%@meﬁé Apofi¥lct HRES A Ha9Rgdn Wi t h
the sidewdl | s down the cent&r of trenc 29]1n the illuStrated
enbodi nmentipharéng pmbsﬁ @h@bpuma @re f@mbim&@@dm cmnﬂiamm dhomapylymeis
about 1.5- th Y

such t hat lienémécg ﬁ) hb %ho% 63 gbo% L%s[ Jé oy ﬁb (1183 ﬂg}rl%ngg ﬁg t%gpﬁ ngrtﬁzfl
sel f assemhﬁeiﬂgen&aﬁheallng |nto a S|ngle row of perpendicul ar
cylinders (diameter O 5* L) with a center-to-center pitch distance

(p) of adj,ac e or R usin

o ndr oAl Fhas e PBeR- Babers TRl i cam bRt REG ook B0 vt
L. the w dtili hewd qusifpréfbentd @ﬂ@hﬁﬁmﬂ.ﬁ ctdanmbaerialbolthe ﬂuﬁth%Bﬂ 'Eieﬂiit&k
about 75-100 nm The.l ength 4 of, the trenches is at g% ?o 8 or
an i nt eger®° M PFPPESH o4 bw Fadye RO ie Aesrep RFFETF SubGa e iiv foireee
about n*1QQq B 6m5¢empmbﬁ>ﬂ /ot AEnRANINTIRhe 6f thE BRELY. 68 s@fe SHPARhHIESE the
e.g., cylinders). The depth (a) of the trenches 18 is greater than or

equal to EmEngasihe bicpkeons wrm ftland és coparsicd spen et eernoadpagiasin be
trenches capMakYeaRdtdi s generally about L to about n* L. in sone
enbodi nents, thé trench dinension is about 20-100 tun wide (we) and
about 100-25,000 rimin length (4), with a depth ﬂﬁo of about 10-100
i nn. [oos@f}fﬁﬁkmTra%@é@rfﬁlqﬂﬁqkc@ywvwmnwrdﬁpmgzemm ock copol yner

mat eri al i i o] Ak

Blend of BFBOR Cap B S o b AR e o ey el
or about (B} bﬁ%’iMéﬁoomihed}‘i h@d}{dqeilctiﬂem@bdsptﬁﬁmeulwpryémwl y as a fil m

(2o 7 BT P AR ool eopaL Bt AL SOl
pref erence .Mmm)ﬁem pscﬂjz{swﬁin'e) E@owait}aﬂmﬁkad:rmt)ﬂm (PSQE‘@H (;,fgl,}m)y The
rovi,de de

bl ock copol an be.c ted to ed ...
ot oot 1 DEoM{IRketb S iah oras S h HC Sor' Be Pae e e R
removal ofpIQNREGY, nélhggcﬁ&ﬁfé&&pah@né@mﬁlemmm@P&th\%ml;,{mmén@pb-
the bl ock co oI mer “or blend is constructed such that the m nor

domai n caRPipetylmesdde) (ERY-trBReY a iS4 3 black senlegerdpyige glosaable
copol ymer Stk deias £ BpnENARRIG (trity!) ether linkage between PS and PEO blocks

{optionally complexed with a dilute concentration (e.g., about I wit-%%) of a salt such as KCi,
KI, LiCL, Lil, CsCl or Csl (Zhang et al,, ddv. Mater. 2007, 19, 15711576}, PS-b-PMMA
block copolymer doped with PEQ-coated gold nanoparticles of a size less than the diameter
of the self-assembled cylinders (Park et al, Macromolecules, 2007, 40(11), 8119-8124), and a
poly(styrene)-b-pely(2-vinylpyridine) (PS-b-P2VP) block copolymer having a cleavable
junction such as a dithiol group, among others, with PS-b-PVP used in the iHlustrated
embodiment, Other types of block copolymers (i.e., triblock or muitiblock copolymers) can

be used. Examples of triblock copolymers include ABC copolymers such as poly{styrene-b-
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pol y(styrene)-b-pol y(vinyl pyridine) (PS-b-PVP),

pol y(styrene)-b-pol y(net hyl net hacryl ate) (PS-b-PMVA) or ot her

PS- b- pol y(&orgivaueys or PS- b- pol y(net hacryl ate), PCT/US2009/035861
pol y(styrene)-b-pol y(lactide) (PS-b-PLA),

pol y(styrene)-b-poly(tert-butyl acrylate) (PS-b-NBA), and

pol y(styrene)-b-pol y(et hyl ene-co-butyl ene (PS-b-(PS-co-PB)),

poly(styr Yy pg (PSR LEDE : lvimers such as
pol y(i Sopffgcﬁc)jll?%e?@ac%/ ﬁz?é Eﬁy%ﬁg%ﬁdg)e@i S (@gigifgg )E;D}, and ABA copolymers such as
pol y(i soprEEhByVA-H6] BNiiver gl b g end/Pab - b, alro By MARLS.

pol y(but adi ene) - bpol y( et hyl eneoxi de) (PBD-b-PEO, a PS-b-PEO bl ock

copoLuTer 08D SRR Bk BEARR R PR AR

conpl exed mmfobhaedtﬁamtﬁi cﬁmﬁlﬁmtmwmcomc(md &y chab tmpthlohatbidd cafohansal t

238? aigK I lfiliiiz,:—)\y%ght @é‘{/)’o(uésmgé\mm IBR&ROI&(&FZ}E %é‘}?ct:e&al E%d@ﬂ%’:?‘ C(I)\{uao Vet to

P130- coat eghdued & 1Raned alorel@ses ¢mehsSduzes)! eaﬁﬁcxtaﬁm rdaeumm@mt:ms@f
the sel f-assenbl ed cylinders bPark et al, Macronol ecul es

40(11), 81@9159@4)&'0 ingkpeepetely SeyRErPIHANE Wzﬂﬁ@t}nﬁ)ﬂ%ﬁywrﬂéﬁw
(PS- b- P2VR : havidghdacs! ! .

G Thi ol gr DR R o o R By i, PG R of
enmbodi nenten! v&ehBr"vitiytpesmbf\ dlrobimer 6p dlrymemple(f agylinderfindeld op- VP

mul ti bl ock an A K

i nel ude Agéogﬁgérxpﬁé?% ’%@%R‘%&&‘s‘g ytlga@tﬁggﬁlg%bd%u& ﬁxltc{lﬁ:dl }C\%p&%@(d?%r ifa
met hacryl axtzﬁvbeﬁaﬂ%y kemngosex nﬂﬂa)ou( ﬂ&dﬁ%ﬁrﬂ\&dbﬁ%@}; P\a’m@lxthﬁmm opbicylrer s

such as PS-P nd.PS- b- PT: . t he s.
00531 The N0 DB AbF GEFT, AUIGHPAR of #8 HOMaR I ORF Seb NI B SITRE Lo
of the mn&t@ﬁhﬁéﬁ?‘&ﬁmb &Iarﬁﬂalﬁ‘z@ﬂﬂ} xﬁﬁ dia@@fkr bﬁpﬁﬁaﬁmumimm Bk Bhatrix

| ength of a bl ock copoly g | ar _ wei and v

(raction O DT HEORoRIcEHREY 30 G ar b Foa0 BN Wit 2 iRl ghotar weigh

cylindri caly yaep! h&@Janl a3 aﬁ&H&mQarﬁﬁ ElearzSﬁ b-PEQr ¢ ?mm& ﬁaatbharfz,mbtmg can be
fractions at I’atIOS of the two | 'ocks enera bet ween about

and 80: 20c¢mpByd ot 4henidi v W%@ﬁww b Withg bﬁ%m&&% as ppiah e afqd
l f l l’ 14171 .
et o U200 A S Ol RS REREED Brpbcess

copol ymer material (L"--28 ngl) to faun about 14 inn d| ameter

cyI i ndri cH03W ) Thiohaitusotithe Hogmeapelymst c@@q@uhbwb@y%dr@pieéb@@wm the
kg/ Z%IPS 2%1%55%12] ng%@fghew{)l n%géﬁ%!%% mmr%lb?f%g %%&e&#“%r%@gonﬁt eri al
(LO=35 nniomloiafadrawabqumZ&nm;rrblaﬂxdampﬁsm.wbhnldmm@hn@mmmnmnmas in

R Bl R IR R s R R b r s Ao po e Rt et e,

PS— b- PLA e9pBnyeras proaieds 4 dend b 49 et fheCitit &ﬁliﬁﬁm}ﬁk&@dm@hn&mmrdé
-% PS and 29 wt-% PLA with a total nolecular weight of about

60 5 kg/ nte r@leorl iy SHSgRTS R YnenebieEs B Hapd %’ITE“IFS%O&PE)% e a
mat ri x of gPpi.0( 0034] The L val ue of the bl ock copol yner can be

nodi fied, for exanple, by adjusting the nol ecul ar wei ght of the bI ock
copol ynmer. The bl ock copolyner naterial can al so be for r

bi nary or [¥&Fnardn erawd esripmrey hoek wpayrics bisedt ipreis- %n!?a‘v rﬁ’éfﬂ?r“’r%ﬁ?ﬂéi
homopoly ek sxdafeh €D vlo, LRSS RYE, kyR%-PEVPOUNIRS o1 36 KNG 0RO R of

bl ocks in th | ock copol ynmer, to produce€ a blend that 'wl t he
si ze of tk[éi\pb‘@w?ne’mommana)lfawdx iemeryehiseck dagolymeablged isFhe

concentr atd h}%ﬁg‘p ntheb nd, I Qut

60 wt%a%%gg)@?tkn exarr%ike ot i tlo { 8 rykglvgl/gg 462%%%?}%11 R O%q }JDE
PS- b- P2VPERShRZN el exid0 Wor (ﬁxaﬁpbﬁf(mﬁﬁ?y!\Met%qﬂatgﬁ Bet bkl \,Kample isa

PS- b- P2VP, 20 wt-% of 10K PS, and 20 wt-% of 10 K P2VP"Anot her
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bl end of 60:20:20 (wl-94) of PS-b-PEQ PS/ PEO, or a blend of about
85-90 wt-% PS-b-PEO and up to 10-15 wt-% PEGQ, it is believed that the
added PEO wormbppaliy&r nmay function, at least in part, tRETVEERNO/ 083861
surface energy of the PEO domains to that of PS. [0036] I n the present
enbodi nent, the trench floors 26 are structured to be neutral wetting
(equal affinity for both bl ocks of the copolyner) to induce formation

of cylindrica of%@."%.m%r(w@-@@?gﬁ§éb}¥éémfgﬁfir%%ﬁi @Qs%&&%?&%@%@tﬁ%%@s@ﬁ e

trench floors, and the tr and en 24 are structure
to be prefadentd &-1Het-Oh RGO idrbetsk diok tefaddmiePBD bokomdpuadryrmy rfuadion, at

i nd i ti it Linders. .to &he.sidewal k .as.the pol
b ocks el PRhitioRdSveniif ubliet BERLS R P IE S B bl phos OF The

trench surfaces, upon annealing, the preferred or mnority bl ock of
t he cyl i ndf$3dl - phds erdsbockbodipehy tertrentll floseld arassariizkd it b rieorahvaiiing

single row of ,cylindrical domaLps in.the center .of a pol . MRt R X
Torltre | degiibeid oo RuCR R AR comn®) 6300RE n8mel bRt R iRt
of the trenahidkohd eevr@ankhbapbilieid acte BeSiIFiers, wed ik nendhay®ivalle2 Dand
as in FIGS. 6-6B). Entro&ic forces drive the %\etti_ ng‘ of a neuytral
wetting sUPERERARYIHEERT 1) Rrgweerenti WeHing Sy vt Piosk eB&e fiork eenchgner o

wetting ofi;dicPriahes dahe ¥RILENS SbEliarIsRY aleRRie bk efdi:@elele. In
(e.g., the minority block).” [00371To provide preferential wettin
surf aces, rfppnistampietingpropmtiass tefireactporemapopanrneafiss. shaveivped or

etc.) bl OQ\!ﬁnﬁf@tﬁ%lo)éH%f thepcbﬁ}d}ﬁ;%@lﬁ%gé Izllé&éc%ﬁo%%ef@m Qﬁ-z&%—:ﬁaﬂ%@%@s}ﬁg a single

silicon (wmt ative oxide), con oxl
si | i con nirvwiofleylingritdl domamx yecthe béntke of i pdivoer tbmixdxi e lofiMOf thesiehitcond

oxyni tide, and resist.materials such as nethacrylate-hbased tesists
ana ol yariri SIRCTATIE abf et 4l RGBT REE R FER IR I kLR
exhi bit prgkefeaitdsad FHES.Ld-68). tInvanid fbbe VP Mokt a retieal)wdati@ckirfaden
t he use of PS- b- PVP cylindes - phase bl ock copol r material, for
exanpl e, i Botity S=&6B&¥t§za1€1—c hREp PRI g o ¢ PASRHEY S s af B the
thin, interfrasl Jiaxqt gangd ExbindeLs) of PVP in a PS matrix. [0038]In
ot her enbodi nents, a preferential wetting material such as a

pol yret hyl aeryl ate (PMVA) .polymer nodified with apn --Od

cont ai ni né&ﬁﬁr ot J° PEVEE preisia V@%WISH%%CEM?TW%‘P@&@ @é_ﬁe & appliveV? (o1
onto the ppifpe®s Qfcfhsc &fpaﬁrhﬁ.% thd 1Rkt @ MR 85 cdWbeBhBoLARY 5iBEAMEN
t hen heating (ezcg., t'o about 170C) to allowthe termnal OH groups to
end- gr af t nelgeoxiceb oxidgdaal kiligorppaidin 8ilshgHicounigide pilicay @ienbige, indium tin
Non- gr af t A [ el-TEN, V¢ AT i, . ADRRORE

ol vent. (20aPRIEY, SleokMyafive! NS nlioRl Rl RN FRRIRRIANE
1997, 275poiydisgiildpliariaride tenisef mhang otlen giatetiglsr whi2l) @61ibiPRefcr @56l WStk

[ 0039] A n_u"gr_b_ fing, trench floor. 26 all ?} h, bl.ocks .of the
copol yrer trope S G EMMENIE) badF % e P Baare VB R B0 ng
mat eri al  dsbobater hestdprad) \fordedmple, &pplogk Behodimdarestdbll Wilesd § a3g-nfidd yrferm a
(e.g.., a_neut rgl wetting tandﬁ c%o_ol 3{3@% .onto the substrate 10,
form ng t He" aeEes layen agg eylingss i § VPHBA Fereiiithg the trenches to expose
the underlying neutral wetting material, as illustrated in FIGS.
2-213. [0038] In other embodiments, a preferential wetting material such as a
polymethylmethacrylate (PMMA) polymer modified with an -OH containing moiety {e.g.,
hydroxyethylmethacrylaie) can be applied onto the surfaces of the trenches, for example, by
spin coating and then heating (e.g., to about 170°C) to allow the terminal OH groups to

end-graft to oxide sidewalls 22 and ends 24 of the wrenches. Non-grafted material can be
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[0040JI n anot her enbodi nent illustrated in FIGS. 3-4, a neutral
wetting random copolyner material can be applied after form ng the
trenches 18020fan7@xanpl e, as a bl anket coat by casti ngQavus2009/035861
spin-coating into the trenches, as depicted in FIG 4. The random
copolymer material can then be thermally processed to flow the
material into the bottomof the trenches by capillary action, which

results in, il Bl ; sSlg.0 aﬁ\ét’{é%k t
wetting ran@glh@éﬁ%gfsg%e%ﬂﬁﬁlnapg%ﬁ%%g‘%Lg"l ?ﬁtgﬁ{cﬂ@t rsl’e" rgﬁa n? copol Sy%’rgr
mat eri al valt Bdience WY r3Bidc hes$- ldah, dpd Ipttol. ol expegediitely 7851+-WOugh a
mask or reticle) to erosslink the random copolyner within the

trenches E{@?ﬁﬁ‘s mA[ &%fl@ﬁk’%tﬁ&i fré(éﬁé tﬂ'opxﬂzfﬂﬁfoﬁrs II}Q‘éh b]r(é}sks GNBQ ¢ trg}{o?\hﬁér xﬁ}tlfe?q} to

random co materi a rench e spacers
20" ) can bectsiubbequbiht Itzynaiwenbn@ﬂat‘fﬂﬁdgﬂmbuhlrﬁdlwmbt ‘pmmgieéb}f fx}a:dzesg gan

b fically ti d
Comosed O NSRUEIONAER Y Eaf “TOAL RBUGE o0 R & BTN EOpOy eV Rd

tail ored Fugding hatmdidrexl mpkel d dhdchdnichfc tRaethcABNORRIost icappiy Rimgal
to forma neytral wetting surface. For exanple, in the use of a

PS- b- PVP B?%‘éﬂ%@@ﬁ%#lﬁé}rl“mékﬁé‘hﬂ{ﬁ 2%3tting material 1.4 can he

formed froma thin filmof a photo-crosslinkable random PS-r-PVP t hat

exhi bi ts nogwpr efesHRH: aﬂnb@mme@unﬁq@l,mwt 3 {m L9 wakdiASeang 2B whi ch
can be cast onto t he substrate 10 (e. pin coating). The random

copol ymer CRERIERFIARAtERH cibbs Fppded T‘fﬁ—‘l 6¢%@% f%agr He%ﬁ% By fogiawﬂ% &° 4 WAnksh

oxi de subghiah@hsingRY q;;;n %Bﬁﬁ lolidio e tpéaeﬁ&,l WdepRlchYn PIQSE I’rﬂalsmgm( any
surface) to forma nat I's neutral wetting to PS and PVP and

i nsol ubl e cepm@ymettpat tﬂhﬁ@kﬂ &@@m {heenalivarescigll td Sow dstmaetadinte the goore of

th.e cros% t%ﬁl@%lhé %@ﬂ&‘?’m Q)ﬁ?cm&%itq 15 M{}S (1%? I@fcog‘gogbd%% a

phot o- cross ’fandom cop ntal ni ng an
about 0. 6 cnbieked azeuuzdmeﬁifnosraxy’mmpobmr bIa auei(hd‘ ‘,rnbmxmem the random

2000 1722 TSRS SRR L0421 STROUL IR 1.0 WOLGR, bl o i
wet ting sus fraesnk (e riiSokr Mrﬁaaqtm he @atcHads fdnn 1hydmgewemg mi nat ed
silicon. The fLoor 26 of g trenches 18 can . he efc for exa

with a hydt&genipt & ﬁﬁmﬁelaﬁﬁe FRpgamcApeh s aairsal apisiie t ﬁgﬁ frenghes (2700 1},6

hydr ogen- tgfgi @t)%@ln‘@é idb‘g&;faemmﬁaemﬁ neutral wetting wth equal
affinity for both blocks of a block copolyner material. H-term nat ed

silicon can be prepared by a conventional process, for exgxé1 %
fluoride it¥Hikt chei&rﬂ&engzusaﬁ%ew@shewa% QA PREPRIH by eGep alghtom

about 12- %@baﬁ)mct}h }?B%@&'Eﬁnﬁﬂbn?cns ROMKALS RAL Ul MEBIRE ¢ %&QQ%& taifored

fluoride and buffered H P or amoni um fl uori de by HE vgp
t r eat ment suddrthdyheamply dresderoisheisnentoes it apprpripe t@mimatl@mr@f WijidHeoyE

[0043] An - &%@g@%ﬁﬂe e GV S HOBLIA o ftnbCa LG RE RERTSCH QY be

grafting ara
formed from a thin film of a phote-crosslinkable random PS-r-PVP that exhibits

non-preferential or neutral wetting toward P8 and PVP, which can be cast onto the

substrate 10 (e.g., by spin coating). The random copolymer material can be fixed in place by
chemical grafting {on an oxide substirate) or by thermally or photolytically crosslinking (any
surface) to form a mat that is neutral wetting to PS and PVP and insoluble when the block
copolymer material is cast onto it, due to the crosstinking. In another example, in the use of
PS-b-PMMA, a photo-crosstinkable PS-r-PMMA random copolymer {(e.g., containing an

about 0.6 mole fraction of styrene) can be used.
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copol yner such as PS-r-PVP, PS-r-PMVA, etc. selectively onto the
substrate resulting in a neutral wetting surface for the

cor r espondwogotaiiords copol ymer (e.g. PS-b-PVP, PS-b- PMMECTaiS200p/03386T
exanple, a neutral wetting |ayer of a PS-r-PMVA random copol ynmer can
be provided by an in situ free radical polynerization of styrene and
met hyl nethacrylate using a di-olefinic Iinker such as divinyl

benzene V"“ ' | @% érn%% 6’%’% ﬁﬂ?ﬁmﬂ thelsDEBHNbAL SE%(%%‘@ qg&% ARGy her

10- 15rmt erring again to n anot
enbodi nent I‘;CUHdin%illlitIIaﬂiUTMBi for Ag-brivViINGTandpe @y hyéiyénogai-ieﬂmhdicamhbam
applied af.

f orJymt al, Layer 16' .and trenches 18,
AP ch' react e ToraRe i SRS AR oS Feffin o FEloots AR ARG P e
substr at e #Rovanae ehtialrn)aiaa;ﬁtkirﬁdbrrﬁ helrdgeanedmisdidesiiddoh swidh isakued deitidg'
S SN AL BN PN R
sur fact antye ;ﬁé}ﬁke@'%aﬂﬁn@@ﬂéhﬂ %rcﬁé@%? ew;ﬂﬁm 'b?%%oﬁ@ 188 bic 8F ¥ siligon
termi nal aniné functional C?rou ps ) - NH- -N112) on silicon

nitride arfdbsials (@éh nesiymiiey iescsly FﬂTCa!é 515 él)év ﬁM@S‘éTG i gogeppseRiuben of
silicon. H} et ﬁ\g«{ricﬁ)ﬁﬁ?gﬁi tll e}ga i:ghmi Qﬁn%r{lﬁﬂ(ﬁ@osﬁ&e%f} lqgﬁ bg'[ﬁ 1%&\!)1' con

or ponS|I|coﬁ’ and the are a materi al S an oxi de
(e.g.. SiOsepimenher by ebydrogen hentarieateat feqp. favemic lydregmilnat ed silicon
and a random copol ymer material 14' (e.g., PS-r-PVP, PS-r-PMVA, etc.)

e ot 1 a8isk e Aot aRhich Rl 0L M LAGE prds Qb B ANS R dor

enbodi nent”, a’ neutra ace
PS- b- PEO) copcd}xbe spcioss Bied PRY, B8-al*hivig, ac seletthasserbthe dulnbae raybng in a
(SAM of
§ o o e SRRt T Pt o e et e B B0 R BS S RMMA,
(5%8(2))7) as d&g}g I}'bbe&nfpfg{) Z%ﬁfﬂb kx&ttm@)?ax% tha 1%”5’]’\%!1&51&@)%@@&10}1&11 be

P t her i ment eutr ttin
random coﬁm‘%s?g Y Ef ’bﬁf ‘fefﬁ‘gﬁ@ S}"“’ dlﬁ&l@%t%&é#‘b@‘é‘?é‘ f(‘?—*’@ﬁ% Wf‘ﬁga
hydr oxyl gi-8lRis link&-sch asZtititArexat bulchnelbhae E}Mj}fﬁkﬁto the surface to produce
(P(S-r-MVA-r-HEMA)) (e. cg.d about 58 wt-% PS) can'be can be

sel ect i velyeuwirdftiddn $ick §obstrate 10 (e.g., an oxide) as a neutral
wetting Iayer 14 about 5-10 nmu thick by heating at about 160C for

about 48 g ﬁ@f@rrmf o Qb i @R FRES, 34, Slond: ﬂmbbﬁﬂﬁﬂﬂ-‘h 'hmutx%p@@t*mg Zndom
7855-7860. [0047] yet “anot her enbodi nent, a

hydr oxyl - w:m*[néﬂer%%p‘@n ym}gméﬁ@aréonnanon of Thc maicrml fayer 18" and trenches
18', which reacts selectively with the trench floor 26' {composed of the substrate 18’

material) and not the trench sidewalls 227 or ends 24" {composed of the material Isyer 16').
For example, a random copolymer (or appropriate blend of homopolymers with block
copolymer surfactant) containing epoxide groups will react selectively to terminal amine
functional groups (e.g. ~-NH- and -NH;)} on silicon nitride and silicon oxynitride surfaces
relative to silicon oxide or silicon. In another example in which the trench floor 28" is silicon
or polysilicon and the sidewalls 22" are a material such as an oxide {e.g., SiG,), the floor can
be treated to form H-terminated silicon and a random copolymer material 14' (e.g.,
PS-r-PVP, PS-1-PMMA, ele.} can be formed in sire only at the floor surface.

106451  In another embodiment, a neutral wetting surface {e.g., for PS-b-PMMA and
P5-b-PEQ) can be provided by grafting a seif-assembled monoclayer (SAM) of a
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correspondi ng | ow nol ecul ar wei ght bl ock copol ynmer can be grafted
(coval ently bonded) to the substrate to forma neutral wetting

i nterface wayes/ie4s., about 4-5 mt) for PS-b- PMVA anddr8rshecddiBs1
anong ot her bl ock copol ynmers. The bl ock copol ymer can function to
emul sify the honopol ymer bl end before grafting. For exanple, an about
1 wt-%solution (e.g., in toluene) of a blend of about 20-50 wt-% (or

about 30- .a ut
80-50 wt - o Crrosso e T IRt G- SRR KTRE by ne b R B
copol yner ¢adege.g., SHIHK) doanmbdddospamplepiat Bdi. datko Nansulistivat B R007)e. g. ,
Si 02), heatggmgﬁaked) (e.g., at 160C), and non-grafted (unbonded)

pol ymer ‘erial” renoved, for exanple by a solvent rinse (e.g.,

tol uene). For exanpl e, the neutral wetting material can be prepared
froma bl dithsdf abedirid0enbodimiB- ﬂdu(rhlhmﬁlﬁ)g nRdhnP Myl yBkdr (}M(;kﬁm)aene (PS5,

tornary bl Mt sreis o Sractmsian edieafye
etc. [ 004813(5&»:%%@1@1@&% o, ABME 5 vt WR PE] 08 thQalPRr RiIMMN g@ﬁudﬂﬂo?ao be
prepared by spin coating a bi anket | ayer of a photo- or ther nal |

cross- | i nkEPEter {86mas Spe\aTamedi preging davise b M&P“&Bﬂ?’éh’éh bb?ﬂﬂa'ﬂi’g at

azi donet hya'b@&%@"‘t?tafr?%k u%akr z fl [ RRANMNE IR HTBL), .S BUGEPE "%@517869

met hyl nethacrylate (e.g., po yZ yrene-r - benzocycfo buf ene-r- hyl

nethacrylate SPS-r-PNNA r-1303)). For exanple, such a random

copol yner [B&#7] cofpydt seothyssubodipepk a%qnwm!y%*é&ﬁer{ﬂswfé)howem)efmq&ﬁ@ax
- % (€. 9ogordd Bhlhn%ro?» Whre arqi e@iitbn)%fc @%%9%%%98&’ L BOHEENERY bonded) to

poI y( para-azi donet'hyl styrene)).” An azi enef unct 1 ohal | zed
random copi spheitaic@mrfolea wﬂphmtmm o ke l@k@d%e agout 425 BN Berb EMMA
exposure f, Q 30 1

crossl i nkeg& F@%%“‘v t%m%ﬁ%f @gﬁs}%«% a,_IpE&ldzt'n Tﬂ]ﬁg é}ﬂ?’n’l&tl' ]gx?n 18 th%l o

cr ossl i nkedhujstly yirdonmpblyas: Blendhdftalsrafetd. IEI"tg‘ akamﬁe ahdboiA 1 wi- % solution

or oae. |1 ik paolete) g s BBt o Sl S EEORt bR S o A BT bsoc
for about hdfopdiPmERSd.c., MOEADLAS abdili 8sLs0HEd (b tbhtGB-405758) ofs low

sel f - assenbllng cy l'i ndrical - phase bl ock copol yner nmaterial 28 having
an i nher eftolgspiag e "a:éﬂ %‘F"*a%&k‘ﬂ&b(“(%rﬁ‘a“]bé?vﬁiéﬁkpﬁl copgd gplo glsplgate 18
copolyner d 3 £ ; t

can be cas‘{jta‘@ﬁ1 g gig%c%/ggiiﬁ%? o "tnﬁgg?dr{gn%%\ggn %rdﬂteg%% "? Iﬁeg%eglgg m%(gl)iegt
or about tHeovEd vf“at grengfe esobicothnse pol iptsnelndioce edaaiply dﬁegleutlaib‘@mn%
20% of L) 1 I A ; €
(1:2) wil P]%E&gla cfaﬁ%t:p %ﬁd ﬁtaoﬁpfﬁie}dq ua(é)&étn VW.E/D% OC@I é% an'éi@l\/?lbiﬁ Sf
mat eri al @AGKS divbighsebobl €6 andtahoun 78 vaith Gl eh- Pt (5€- :aiiylou adenay blend

havi ng a dj f O* L , or about 20 urn,
for exarer%W{?iKﬁ %pt%ln@ éfk%rpﬁpgggo%jr Tow W thin each
trench 18. The thi ckness of the block copolynmer material 28 can be
measur ed, {{#d8] exanpliee thy iselehirdsonmiipriy PEdchiihfles aldOR50 kel U spik
copolyner ter

From 5 drIRIEE SBPST DR £ G0 abasim el ssbs RIS O SRITBFerchi 2oa

copol yner hdnRo@BloBLEAR ¢ aSabMERYIsTHEE. AR i6hGREDRAEIN AR [5kdr b2 Sikedhe fid
tol uene, for exarrpl e. Capill ar%{b forces pull excess block copolymer

mat eri al sthem@ﬂlaC'gi@@a(tvér, PRIREER TR OIFEFQEy ele bl o] medrenldE 18, As
shown, a ?*«s Iru%z@y/@@ IR b 6&%%}9“31%}5‘%‘%%‘20%&% VIR coABER Ak can

be dep05| ed onto the materla ayer 16 outsi e trenches, e.g.,
on the sp‘é%’@?%%l\'fwﬁbntﬁéﬁﬁeh‘hfﬁ*%g% e wiker{e i, Iﬂm@Bé wi-%6p of dihwr i nt o

h | I
f aSe? r igc ﬁgb 1%3\15 ﬂgtat@nescgr;?e ;%J r‘g flex%cmaﬁslf’l%vrenc ndomglhﬁaiv enEa

functionalized random c:c;pohmex can be UV photo-crosslinked (c.g., 1-5 MW/om"2
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f00511The bl ock copolynmer (BCP) material 28 is then heated above its
glass transition tenperature under a vapor phase containing a
partly-satwoabhedizencentrati on of an organi c sol vent teoraiss@onkssst
pol ymer bl ocks to phase separate and self assenble according to the
preferential and neutral wetting of the trench surfaces to forma

sel f-assenbl ed polyner material 30, as illustrated in FIGS. 6-6B. The
appropri at §S & hige ut, ;
MLt g vagsP o B BE T SRl RO P Bin AP BB BB OB ol Py
in part, oififhérkbogk Iwmpsé)twﬁumx athatlinked prdederand as ancbisi Ge‘éﬁseg hyoeid. A
enpirically. WO 2009/11724 P 009/ 0 5861‘ 1 21T

copol yner %g"‘%\é\é?{’%‘gerﬁ:t HLCHORATS §ﬂrﬁé‘8¥ ¢ ?Ié’ﬁ‘:p"é’flgf 3}*65“? ﬁacfosf k& s
gl ass transbhtiagocd &me@atimo&s(oIzﬁabbmtzﬁbeI owabhe 1daderpesi tion or
degradation tenperature (1'd) of the block copol yner material. For

exanpl e, b- VT, bl oc | erial..can be .ann

t enper at ura!g&%f} abBty Siéwlééﬂigﬁgﬁ )r“frg §§BI% ‘\k?g‘&or“}léﬁdﬁbgiﬂ?i‘ 29;11-; r about
1- 24 hour scobslyReimevalassalihg assanbhamicrar Hhebagy (ord B8l -biRiNE MAvlkiock
copol ymer mat erl al can be anneal ed at a tenperature of about 150-275C

in a sol véRPOBpoId AOMeBRIHERE Hegrchigdare qplzzb LRI p) SENFRE 04

sel f - assen:QaedBiPNe HeMhes 1HQ23RPdIPE]) 2RRPIYLEALL PRSIOEF @e blask nal

anneal in a vacuum the air interface 1's preferentially wetting to

one of thecpdyypparalgdiidas asanit 28e oBCPsuvhilmt phdr cdnading Gie. JrifdntA) tho

per pendi c " Of ik d n , A

heatl ng, "Hﬁ%l.v%stcﬁl"%i‘i'ﬁgﬁ g ag%ﬁ?%%%g%g tlfcoblél? gﬁ%%\/% :h%t?zsmlo%fl 519
"good" solayembleft onmtroi fingk boksyf o laders lsying dnmmmalof abng:aﬁ SEL (;Qi v:eﬁ#ﬂ nm,

t hat sol vat € .oons t.it.uent hl oc 54] 1 ¢

S0 vent adhERM AL roE cCO D prluBERRadit n 4l &Y B ER Gmcpap
nmaterial iThe exgoseditie Hoskabyshhevapatal ZBatn aéii;ﬁaiu&dpﬁ)ﬁ&tahﬁﬁ@ eyt he

filmand ipcrease chain nobility causing the domains to intermngle

and the ISQES’S‘B’F“*Hr‘t]%WQ“ﬁﬁer ent fromcasting the polyner material. The

organic solvent that is utilized is based at least in part on its

sol ubi I'i t yagse] t hehdbiegkcopaRaley ARferiRBkE bt @épo%ﬂtﬁfbytﬁﬂic;dStﬂ‘fgf(b}ﬁh—QﬁkItmg%]iron'z

sol vent nol §cu| es ené er the bi ock copolyner nmaterial to pronpte t

or der - di s8FHBYE SphERR et GiRog0 %“’b@l“?flﬁjé?nMéFPé?l%Bﬂféﬁﬁf 18 48 Bregnic gRivent

requi red gRELESWHBLEBRHE ATERTBRE wifekans! @{%nﬁ}fb ElYeRf I%rd\ﬂﬁ IPQ\%ess block
aromatic sol vents such as benZene, toluene, xylene, “di met hoxyethane,

ethyl aceteRoymE Yttt fonesicaitrdhan amenadivedrininbeleenebasi8nt's shensh aakin
chl orof or e MBif%R08, ﬁﬁé}ﬂ&%@&bolﬁt ﬁ%ﬁérﬁfl o O&E}Q‘Qﬁ%d et rﬁ%tgﬁl?ﬂgr 16

anong others. 'In & secon stfate IS renove

sol vent veqmdc tedrendles,so. Meﬁhc spaders B8 .vEpen srapding, te ¢hiaFilno Wdwiibflow into
di ffuse oyt i al. .and evaporate. The bl ock _
copol yner Uazeseh eep b oG 4Bt 0 o8 HEERY i bR B 0 ¢ e
mat eri al . pdehyecgweapor ati on of the sol vent is highly directional and
forms a sol vent gradient fromthe "top" (surface) of the BCP materi al

0, OBRSET, 505 AP Sy S AEREDy g0t 8 s

ai r - sur f ag@pbaies halkes vkl ghask Som8Hing AlpanBtdabiigediRiclRratibeoRArdrbalic
pressure of solvent at the interface, and driven downward toQ t he

fl oor of e} PSHER, thgpalymerdionks Fcb@ilaéﬁ separate and self assemble according to the

preferential and neutral wetting of the trench surfaces to form a self~assembled polymer
matertal 30, as illustrated in FIGS, 6-6B. The appropriate partial pressure of solvent vapor to
achieve a neutral wetting vapor interface at a particuiar temperature depends, at Jeast in part,

on the block copolymer that is used and can be determined empirically.
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per pendi cul ar-oriented cylindrical domains (34) guided by the trench
si dewal k and extending conpletely fromthe air interface (46) to the
substrat e Worzp@aa7283r ench fl oor). [0055] 1 n enbodi nent s REIT/IESA@9/035861

i nvention, the substrate 10 and BCP material 28 are heated above the
boiling point of the solvent such that swelling of the 130P materi al
by the solvent is disallowed. 100561The use of a partly-saturated

solvent v ph ol 8.0l # N TV (VA [~
a{{@?ﬁfzrl A58 LARL YRR g‘%%{ig@? eXilR mlfri]%l %&%@:Iam?c AN i95Rva |

neutral we g |‘r‘1terface, S m e seconc se of. sol vent
anneal i ng. gifh éracnnoentpatiuonTgf b btlvenic dosombesitiinrer idegreditian eenweratine

vapor interface with the BCl ' material is,miatained at or.| s
o at For TR R Wbk b e e b Pl BT R BP0 Hiofh o oy Boreric
al ') pol yman bbheekikdw & tenpatasird yf abeiit ShQ@794Pbra dobtcer fapomaimdphbrotily dbhet

air and trepch floor are neutral wetting, the dangjr {11 orient

per pendi cgll'g‘}' ot GG ® tesFr e %%B%Owtﬁigﬁ)e%@%ﬁﬂeﬁwﬁéﬁym
wetting sigawa: ks H)Mﬂ@é!&gai|a@§rﬁ1?@étm@"{@§$0ut 199575RCNE 2 k@S sH: bhE atmosphere
mor phol ogy_of the anneal ed copol ymer material 30 (e.g., perpendicular
ori ent at i GRt BPUCLET Kol &) achigic peclessapmiiedimerdplogkanpl e, using atomic
three mcroscopy (AF.M, transm ssion electron mcroscopy (TEM,
scanni ng quﬁ r Oty A6 PEEARYns 0P 2 EMrmaBiRY 104 DRGEm, hOER&kdthce is

enbodi ment's of the invention, the anneal is perfornmed by globally
heati ng t Heeibroellycwponyirsne af Bév-ﬁpwytnnﬁédqmaéwééhq-W%m@m&% °s 10t orient
at nospher )] Lher emodi Sis @& (ZONE R L0 S G ted
o anneal Tarraateladl Gl RO & (R R e Pe RSP ¢
trenches owmitrhae28 sespeat ¢ klvebyvapotsad al’peeld salpplt fodothoriods, thiiés. pabutral
energy (e.

of 1 he br SR lo bR e B PEF St R el o T ruteny
[0034]  In general, solvent annealing consists of two phases. In a first phase, the BCP
material is exposed to 2 solvent vapor that acts to plasticize the film and increase chain
mobility causing the domains to intermingle and the loss of order inherent from casting the
polvmer material. The organic solvent that is utilized is based at least in part on #s solubility
in the block copolymer material such that sufficient solvent molecules enter the block
copolymer material to promote the order-disorder transition of the polymer domains and
enable the required molecular rearrangement. Examples of solvents include avomatic
solvents such as benzene, toluene, xylene, dimethoxyethane, cthyl acetate, eyclohexanone,
eic., and chlorinated sobvents such as chioroform, methylene chioride, a chlorofonn/octane
mixture, ete., among others, In a sccond phase, the substrate is removed from the solvent
vapor and the solvent and solvent vapors are allowed to diffuse out of the polymer material
and gvaporate. The block copolymer material begins to "dry” as the solvent evaporates from
the material. The evaporation of the solvent is highly directional and forms a solvent
gradient from the "top" (surface) of the BCP maierial to the "bottom” of the BCP wmaterial at
the trench floor that induces orientation and self-assembly of structures starting at the
air-surface interface, which is neutral wetting due to the partial pressure of solvent af the

interface, and driven downward to the floor of the trench, with formaiion of

h—
Lh
Q

by
o)
=0



10060] For exanple, as depicted sequentially in FIGS, 6-8, the
substrate 10 (in a vapor at nospher e) and a thernmal or heat source 32
(or conbi nwod 2n@atimg and cool i ng source) can be noved reelTatS2M®/085861
each other (e.g., arrowsuch that heat is applied above (or '
underneath) the substrate 10. Only a portion of the I3CP material i.s
initially heated above the glass transition tenperature and the

heat ed zon , r.at

For - oxanpl P SeHER o P o0 RSl B3 Tabi\ 30 PRI iR (Bl Heb Gl T Benaing
at a trans:ln@ﬂmcimﬂor:smt: as praedbef €44g g thabitistratd sOB40 (lemcB doand usi ng a
mechani sm such as a notorized transl ation stage (not shown). Pulling
t he heat ed;,gone crosthes strate( r n.re

faster pr olB8 n g8 SAESHER R P! B GeRhbort B e BR B AT BF IR BT 28 bieBusre

t her mal arm:eaé the b6i6 g Dbint SﬁﬂEStﬁmodchﬁm swelinhof the BECE @hak: Iaéhjpﬁe adluae is
gr adi ent n.be provided over (or under) the substrate such that a
certain po $3I8W°Sf the substrate is heated and then cool ed, which can
be at a controlled rate. In other enbodi ments, the substrate can be
exposed t ggasggol dhtasdeita paehpetakiod @ol@ﬁ&d&;@n bhdse avdve e blddkeoBiner
material, followed, by cooling., 1006211 n ot her enbodi nents, the BCP
mat eri al  CAMCHE PHYHHES & "EHHY &CHING RS ecHBl @d"ﬁ@lséwntinga*ot"%%?“"ﬁfsorder
tenper at urgnéditlh. FROVGcENR LB BESIJhARThd - noittmt&meatactuu\ta% mfe@iﬁw with the
exanple, to rem)ve(rret out) defects and allowt ematerla to
recryst al i Ze’ prgvirdemaitigined dier wrd@ewa&tmrta e'iﬂuttemaeﬁettm wettigg d)terfage such
| ess t han 0 r | o

e S

t enperatu rtemcieﬁwctmwrre!f wtheg, meoiomams poll priext ,pe(ﬁandtmdtrulet oughnet thofikh
nunber of Jmno , QnEer, .co SItIOI’l [0063] Only
t hose port| ons ¢ t%'fﬁre&ﬁf%‘@bgg&)F’y]%'lﬁlsﬁ%“{]é?lr%‘fmr@ﬂg “are heated above
t he gl ass tran5|t| on tenperature (Tg) of the component pol yner bl ocks
wll self-léEsenbllee r@amldngneﬂéwag,x t\héxeraafteetekiabp(tmatr Mﬂemlﬁ@(e g,
sufficientlﬁja‘eated r.enm eord red. and F “@g or e n‘{o

as illust P&HE ‘*I"lﬂrta‘é 2 ‘P‘ﬁ Vicat P?/f"affﬂ‘é"‘ BERR %&‘P%&?"’% & al
wi thin trenchshda t\ﬁam\hﬁmb@fﬁlﬁﬁ] elRftcbnatiest@g (TEM)AdBnansabdro sEatRogd
mat eri al igb%n | e the unanneal ed bl ock copolynmer material 28 within
trenches 18H*PEE &M s di sordered. Only those portions of the

bl ock copol ymer naterial 28 that are heated above the gl ass

transiti omaﬁ%nper@émﬁcemﬁaﬁear 1 InlvergRhf thasSRRIL BerfhunRE XY cROKI 1081 Q] the

t he substr te can then be selectively heated, as shown in FI'GS. 7-7A,
resul t i ng YK CPROIEBEHWIHNG BRiBIepchs 1% ‘E?F’-‘b@ﬂ‘oﬂ&ﬁtﬂ ymer material within
trench 18b. A subsequent heating of the remaining areas of the

substrat e [ma&p] t heibihe eaekeheds z@ednneadty BRBh&@led th RurfhiGRiidhs 8Asections

of the block copolymer material 28 in trenches on the substrate 16 by a localized application

of thermal energy (e.g., heat). Zone annealing can provide rapid self-assembly of the block

copolymer material (e.g., on the order of minutes).

{0668}  For example, as depicted sequentially in FIGS, 6-8, the subsirate 18 (in a vapor
atmosphere) and a thermal or heat source 32 (or combined heating and cooling source) can
be moved relative to each other {e.g., arrow +) such that heat is applied above (or
underneath) the substrate 16, Only a portion of the BCP material is initially heated above the
glass transition temperature and the heated zone is then "puiled" across the substrate (or vice

versa). Forexample, a thermal source 32 can be moved across the substrate 19 at a
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[00641Upon anneal ing, the cylindrical-phase bl ock copolymer material
28 will self-assenble into a polyner material 30 (e.g. film in
response twolto@/Ggasacter of the bl ock copol yner conposidrigodefs@es
PS- b- PVP having an inherent pitch at or about 1) and the boundat y
conditions, including the constraints provided by the width (w) of
the trench 18 and the wetting properties of the trench surfaces
including g oJ Q00 26 1. bi t.s or. ferentral
wet ting tomﬁb{j’ﬁg%?ﬁﬁtﬁ%%ﬁjrtﬁg’ H}‘ %65(? g “mjswgnd{ AN oﬂr%tm"’hg ?m?:lo%oqr’yrrer)
sidewal | s ﬁatohlataihmleum ﬁﬁ@r(&ﬂtﬁtmmtlm@ghdiwateheorm Rparss thy subsirate (01 vice
(preferred) block e bl ock copol grreﬁr he d-g he PYP bl ock] Pﬁ@ |
the presentd™ t‘“’awhjét}f" %ﬂ‘“@F“hﬁH‘ﬁp’Pﬁ BHEE RESoet b%‘fttiféht" Fi5F 1 hegdhgorma
enbodi mentgwmed. filmor material that is neutral or non-preferential
wetting) in contact with the surface of the bl ock copol ymer materi al

26 in the ches. The eaI resul t . _row (or of

per pendi cu@?ﬁ " & buart SaborrH et fetlweaﬂtlwﬁr(hf@f %f%@rided over {or
(pref erredindbh (tl‘iéktuf)ﬁra% suchP M) o Wirlali Rr@or BtRd b ARk heQ 98I0 do¥led,

pol ymer bl ock (e PS), with the cylrnders regi stered and paraIIeI

to the si deiig} 1@@2 abp coHElled B Hi Othremabm@!ér, i subsigatecgpniba gaposediy a
N * , h
W gener@ld. y.1Re éﬁ S%eg%{t]%rglggaeknpto%m @ Tat@r@@ u*odgt?i&}' l})(}aéofohﬁi the

center-to-center t ween cy ers

mnority (greferred bl ock (e.qg. PVP) vvrII segregate to and wet the
pref er ent i [8062het {3 AGensrehapineatn hedieP wa@yalzan be heafrd abpeardkenigoled

forma thig dwntth@'oifﬁp 1%Qtrde;;’_l\@}n%a&ngtr@rbﬁ§&olv%§ §4t%r@ﬁ1:‘§| e rittﬁ'e? gess

generally a out one- our the tenter-tocenter nce bétween
adj acent eyhipldgeserBdve (Foit osRanfstie andaliceydr noferizh® wbt/ﬁtztiim clovwlet thade

oxi de. mat ararordth R BELD STt AR TRE B8 Bl raa hiedhe:

copol yner tnmzeﬁe;ahdt&@an Fhelefdengidortyr tampirmigleds Heﬁﬁ&ﬁﬂ botheatimparaiaye Of
cylindric i arret er at or about

mai n | i nder,s) 3 ch wt
075" (o BT R EPPOIGRe} i G B o0 et RSP GRS
cyli nder s)se Mbddhdrbenpsmirer (n) of cylinders in the row according to
the length (10 of the trench, and the center-to- center di st ance

(pitch di tmeen_each o nder at or abou

[ 0066] Opt ﬁ@?ﬁgfr y! %rf @ HORPn Pb‘é‘k%L’o‘pé‘? er A1 Pt 478 o Min
ordered, thgs cRRAY AR pe'i‘ﬁﬁr%r(%@o‘r Rk oﬁé’n@ﬁéifﬂeﬁ Bo&k %FF Léifﬂf&%r@@lo, and
pol ymer segments (e.g. i Xx and enhance the

strength @&fag ﬁfetheetdt%zs@eﬁtm%mﬁeu&wﬂb pkkiemTinalipaioptend veagepided.
structuregyf 0. U\%ﬂr&ega&?ﬂtugﬁ{at&f 19%%&‘?”&1)( Sfiem ai?v %H?Qro%&gyi% 1@’{ E%\%rial within

ul traviol et fadi ation, includi ny trav
radi ati on}remﬁlrlse ian bf hears god laymratedibd brckzsa m]‘t ~abdrenbbradpodtyind B8 maile thical

2000/ 11724 3er SO GRDARLE Pu BT R 9 i, 85 {Rnssikonlrss gy

t he trenchese fa@tigns oftie lEpaocenslyhd) muichikl 33ahathe Hehited libove the glass transition
temperature {Tg) will self-assemble. A next portion of the substrate can then be selectively
heated, as shown in FIGS, 7-74, resulting in the self assembly of the block copolymer
material within trench 18b. A subsequent heating of the remaining areas of the substrate can

then be conducted, e.g., as depicted in FEGS. 8-8A,

{0064]  Upon annealing, the cylindrical-phase block copolymer material 28 will
self-assemble into a polymer material 36 (e.g. film) in response to the character of the block

copolymer compaosition {c.g., P§-b-PVP having an inherent pitch at or about £) and the
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enough to result in self-assenbly. Optionally, the unstructured thin
film28a can be renobved, as illustrated in FIGS. 8-8A, for exanple,
by an et chwieolmiigue or a planarization process to prowdersamabaet
uniformy flat surface. For exanple, the trench regions can be
sel ectively exposed through a reticle (not shown) to crosslink only
t he anneal ed and sel f-assenbl ed polyner material 30 within the
trenches n be. a Iled th.oan,
sotvent (B sPRES B0bnEE SRR S L A RABR B PR hEhEsp 181
bl ock copolnynky wemite piopbridSel i(lﬁeu":gicn stﬂfh@ébﬂd&ﬁmg@rﬁncﬂﬁ)mr e i exittilze
regi stered sel f-assenfl ed, Hé? _g gvthe trench and
exposi ng tHETE R PARE SR aavard by @Pb%r BOVEP-but EPEYIE
trenches. wgo BRRhhaleanR QE‘ HRRL prdidiena Refhg Gy BRI Bty TRt Rk HIdk Fak
be crosslinked global |y, hot oresi st nmaterial can be applied to
patt er n arfiodqepeleEne. Ear V¥ bloglReansighy rispergaeier peaiTalzg soputdiraial he
Lreneh 1 %Rt (P RLobBEENARRGR, LA 430l JLIE ROk BEFo BERIRL 202
can be renobve or exanpl e by an oxygen I"asma treat nent . N
[ 0068] Ref emﬂm'lg it corEdcGwith the Sm fageatf herblerkhodolyent mafrig 2het t}ﬁ@etemhcs héhe
i nvention, onduc il.e
non pr et ereied KR IT Pl A5 it PP Sl e PR e minge
Cﬁpol ymer I{oi}&@P)(pzﬁﬁlheﬂ) Wbck38., PNPY hralhinraeﬁﬁhesé of the &ﬁ}‘fﬁﬂ}?ﬁ&iﬁdbﬂﬂﬂi&gﬁ £
t he non-pr ntia ttin teria is .Cco of a.s
materi al , ‘ﬁ‘ Y et i?ﬁ'?r%’acré %&?sz tdﬁt‘iée"fﬁg%%égﬁﬁﬁfa‘rﬁ g‘h‘ egligmeter
for ex a”D'o@tth yERAdrs 34 %ﬁ%éclﬂbz@ilpbc éitlb@ Q&Em‘ 038V, ikdly MBHear t'nrfélhaﬁ‘t@ heas a
cross-1linked, pon(dlneth | siloxa ﬂg&sé . elastoner

| BIsAC

Syl gar d- 18&nt5ywwwe(ﬂsﬁmd)cﬂmm@f fiion; the fﬁé}wywe@rf&ﬁi@a phoek
(e.g., siligo " rl o ol e
S face G T S Rt R et oy VR PP nBE AL
der|vat|ze&n@@sg$ﬂaﬁ@ngﬁhhmﬁmgwaoran@mgﬁnﬁbbanﬁwﬁmsmghﬁnﬁ@wﬁﬁgaWPmV
\?\;tefiezgs W%FP‘E %t % ?‘%}.}ﬁxfeotf%ﬁ; S 1?.1“( h{sP ﬁagcgésemt%en aEi g(?ﬁ‘!??ﬂiﬂ%%ﬁ%f.}gr pRf I al
copol yner cratde, albyS3 8T thca’»ﬂ’dﬂomtzmameaide frgerficocesis atshaldfttidetacs
(arrows FIGS use the, polyner blocks to phase separate
in responéée?ﬁﬁ?%éag&5¥%#§ﬁ ‘gFm%ﬁHPneutral wetting of the trench
surfaces and the non-preferential (neutral) wetting of the overlying
rr:alt erial :5((5}!65} anth Scoﬂ'i’emnﬂaoﬁﬁiefntsaﬁlﬁeﬂf)h&/dmbhli}bmek cd/smjeﬁdz aﬁmﬂ&i 3 defined
illustrat in 0A-10B 09/117 200 1
(00701Af t & ST FYSR gt et #Evd ﬁ‘f%qé’fgr‘@ﬁlafﬂé e e e ey
be renovedydu 09 fcRRt %ﬁ&ut%é Haii‘ Bﬁh@@éi@&k@@aﬂ@d HiBlce PBGRER &lindfs), with
(arrow 1) as depicted in FIG A PDMV5 or other el astonerie

mat eri al F?é’y’élfnbsv(ﬂléaﬁﬂﬁéuﬁéh%%%’v aqegrdingdgribn %ngibgﬁpﬁiﬁ%g%rmcb@él ing
the mater ¢ ) I’

addi 11 onal Ty S b St (BRE Mk g) AR REPRIMER RE LS whi o
is conpatible with and does not dissolve the bl ock copolyner materi al

30", can BWsabpl Pederely.glter By N&?@ﬁWm’éy‘)mqlémé@rzﬁr@@ﬂéﬂéﬁdmé\%ieﬁdt the

el ast oner | r P 3
AR T Cartheres W‘r’{‘&iﬁg hﬁg%?”r\l@é@‘@ 3(E FERETS seBinonts
appl i ed t® fbt gkt ahehod iﬂssﬂxlcn@h af PEMB-pmtmbied lpolymer birmiuse Tt pblyowrstdae be

anneal ed_ QMBS TR S B0 S0TEF bl ot g, B8 i BRREIRIV rodiienP BURELS

deep uliraviolet {DUVY) radiation), or one of the polymer blocks of the copolymer material

can be formulated to contain a crosslinking agent.
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formed on the substrate can then be thither processed as desired, for
exanple, to forman etch nmask for patterning nanosi zed features into
t he under |YO80%1=Erat e 10 t hrough sel ective renoval JdICTAFGIMIGBR! of
t he sel f-assenbl ed bl ock copol ynmer. Since the domain sizes and
periods (1) involved in this nethod are determ ned by the chain

I ength of a block copolyner (MA, resolution can exceed other

techni ques;pggmh aseqe@NY eM ﬁma &J&%&he &&Qﬂ&a{@ By, on§ Pﬁ&@ﬁ%ﬁ 1 RO €ABE dhick
usi ng the technlque is'significantly | ess than extrene ultraviol et
(-EN) phomwgkh@gﬁoazahly selivibarbinaSrionparibp resipesei this 5im 2dpomberor
exanpl e, i i _ ﬁgqh,

mask 38 canm‘g éd#% ﬁiﬁ%}ﬁgd fE %g%i %é%);})gm &?Rgg’?ﬁgp%% a&ﬁ?&ﬁo ylglér
domai ns 34profest tmeprmeeﬁef &msarrlnifenhﬂp(ﬂaymfacmaﬁw rekakpl@ Ohet toenpl oxdinge can be
openi ngs 40, i Vi ose

nder |yt nacieebuty SeB YRR T G it gosknk B HBC8Re S
cylindri caklfdesaibhal 3ineamabe=) Hoisd tmr@cmliecmﬂ\aevmtd;ﬁmhba(@pg_ed
PMVA and PLA by UV exposure/acetic acid devel opnent h bé a%g?ous
met hanol Y%t m@vwﬁﬁéwﬂwj (Bl R E FERTEdbe ffﬁ@cﬁ“wh%lﬁ @giigns of the
hydr oi odi &j@&i @ &9m%%5r1‘1i@3§ {'L) 2. an ‘fm’ :;1?&(:@@ b@ﬁldﬁﬁgv Ur@@@é&t&%d kQNaRbER:d
(RI'B) process. ? nbodi nents in t he bl ock copolyner includes a
cl eavabl e nﬂhhrkcém@mhwhmh@ 1f¢1f«%muzf?emfpb%nze§bs<s@té@e pbihy “@éﬂfvbhﬁ er 16

sel ective o 1 o] [ [ VB swat.al,
for PEO or JDQ’Y_ /&Esa;é]'édﬂaf:g?@ é@algl’a ﬁ& o Q%WC%% P\%trhng%ﬁt Qﬂ zFeaw ng e
agent to rersieked glo@al}» V\/@Bd‘lmpubt)mztth:ea] 2l a;@bqhiorpaﬁm ad@pup@sfeﬂtc aygas of

FIGS. 12- t he r& Nng porous pol yner S o
hen be usBPitig TR GHEBPR PERsPaAE e etptte Biorb of e B0y
a series ofatail EROEAnGRIrershapedr &@ﬁﬁﬂ@i@smﬂﬁg}gm}:@u@@i ®Sindéhti n t he

nanonet er size range (e.q. about 10-100 m) to the conductive lines

12 or oth e.ar .0 condu ting region, etc.) i.n the
R L AR B e TR KNI
fornmed, f @icn@xmbce is deSiRgedax zﬁlszl a@ﬁlyiﬂgﬁi HoRaGEfeMBid RNVt hagid BB the
process. 10Q73]Further proceSS|n% can then. be Eerforned as d %%redu
For exanpPeiacgot gediocksapqime(BETF) paipgeh?t’ fmilie prarshay 4R Spraf ?&gﬁ’ &R x
36 can beamvaeiolefud wenlR rmfczﬁap 39Kk el&hp&ea M&%ﬁ& $naflial) whichaaRbasma
02 etch) and the substrate openln gs 42 can be filled with a materi al

44 such agheigedy alacet omiethaBE] reynadéh frexanple s sofinflexgple cpRBpbay Iohd,
anong oth : [ [ J {; o
condact i va TTeaeh 3 b Bl AR, sl G RllecRle) BIRSFAR BN, Supuiss
al so be f by Cod- (EpmhlgéwrrmhfaIelasﬁ%mriapohymfema‘iertslt(agk sﬂzooxfceme}Vtmbam,te@r)s
with an in naterl 02 Sai O3,
and the | MRET OO TRRSOR RS BR R ERER R PR S
anneal pr debsszédye@Qibigndtinonanidol comliMan) sehneditipRgentnhhalrat antting
provi de fas%er processing than with a sol vent anneal al one and
expands t R&'®§pes of bl ock copol ymers (BCPs) that can be processed to
substantially all BCPs. In enbodi ments using a zone annealing in

conbi nat i gresW t hvnam ey ganirefesatiMend:ial ARSRA ST EN cantwbtdairangerot obhock
copol ynmers can be processed to forn1perPend|cuIar oriented

nanost r uc?@r%%“‘f’é"“&‘ maagial $iet Gy gngeiing pragiseiscpdcted (arrows |,

FIGS. 3A-98) to cause the polymer blocks to phase separate in response to the preferential
and neutral wetting of the trench surfaces and the non-preferential (neutral) wetting of the
overlying material 37', and form a self-assembled polymer material 3¢ as Hustrated in
FIGS. 10A-10B.
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[0075] I'n addition, methods of the disclosure provide a nmeans of
generating sel f-assenbl ed di bl ock copol yner filns conposed of

per pendi cuwwarze@riment ed cylinders in a polymer matrix. THea/R@id0askss1
provi de ordered an.d registered elenments on a mlonmeter scal e that
can be prepared nore inexpensively than by el ectron beam |ithography,
BI N photol it hography or conventional photolithography. The feature

si zes prod 2 i LLy,

ot par 6d o0 P SRERTR UE sPkef B I RRLE M EALE b SRR b
systens canutret wiladi hynealypipoyed: asmém airmo tqnmman esldipittal ebl6L Emg fx PDMS
sem conduct or, yf act urin rocess flows an rovide.a.l0

i Ohe i ouSE CRECRr RO REET Rebr e SHAT SEPRE B eEE S Rktng the
[ 0076] Al t hatghs SRACHE b&iﬁa‘@a@b pRRLE PavaebeeRiil |AdgidatiBda afldent such as
described herein, it wll be appreciated by those of or di nary_ skill

in the ar t"affaticehiwp: %}M%ﬁB%?@%Ch\ﬂh%w@éfcé’é%@ﬁé‘@@dwﬁ Bisspdty 8% Blogke
sanme pur pQ3eeivRY: BSeiaat LérPEee'ﬁljpf Q (Jgh%».s,ga%gf)l:&;t}e%t?&@'bﬁﬂem&s fghown.

Thi s appl ication 1s | nten ed to cover ion.s or vari atl ons
t hat oper ecdf@fmlomm@i teaz HHEMS poientingt Q@awﬁl mmevalnﬁethhtodhma@» solution

descri bEdh(eEhefz AN %cmz% S0P ol LANSAL ARG b £

only b S andf ereo osures o
pat ents, nefiere mfrdmphd]ime:ded mlﬁnmm;edia'l.n the application are
i ncorporated by refer ence herein, d ai ns: 1. A method of formng a

nanostruct, p " ubst r aj

formng a %ﬁ?nd?#c m 1tF“’S‘b“i‘ Eﬁ’ p‘bgfi Lo "rlf‘raf{l%1 n:[%“’\l}\%’ ﬁ I%?hndgr"tﬁ?aetﬁgch
in a mat erfmaledloaﬁ&rmbﬂzzﬁd@n&hﬁﬁ%rﬂam&g ptdeesséd antehirddator ngengplaigsl foral an etch
wetting floo osi ng sidewal | s and ends, that ferenti al |
wet ting t R FrRBLTE e BrBSIEe Do s TRy hernpne phacet b BERED Pt her
material ; r@néval ofonc bﬁ*ﬁ%ﬂﬂi;ﬂ@f—hﬁ@mﬁ%ﬁ'b[t@f&@;&ﬁyrﬂé}aSﬁm@hﬁQﬂéanMdHﬁ;f
material in,a solvent vapor that is non-preferential to any bl ock of

the cyl i ndfiekitl bﬁ&f&éﬂ%fié@kﬁ@@péWkew%m the ta@mécneéwétr‘&wrc@v%lw%
a glass tpoms), I’és&ﬂu&ﬁfgﬂ%%@ctc!%%eﬁ Einifles L o8 ¥hilvedd:G Al oRIRRE o CK

copol yner mat’er
Procesemo c(w;ts using the technigue is significantly less than extreme ultraviolet (EUV)

photolithography, which has comparable resolution.

{0072]  TFor example, as ilinstrated in FIGS, 11118, in one embodiment, an eteh mask 38
can be formed by selectively removing the cylindrical polvmer domains 34 of the
self-assembled polymer material 38 to produce openings 40 in the pelymer mairix 36 (e.g.,
F3H) to expose the underlying substrate 1 at the trench floors 26. For example, the
cylindrical domains 34 can be removed by a selective wet cich (e.g., PMMA and PLA by
UV exposure/acetic acid development, PLA by aqueous methano! mixture containing sodium
hydroxide, PEQ by agqueous hydrotodic acid or water, elc.) or by a selective reactive ion etch
(RIE) process. In embodiments in which the block copolymer includes a cleavable linker
group, the Tilm can be exposed to a solvent selective to the minor domain, for example, an
aicohol for PVP, water for PEO or PLA, and acetic acid for PMMA, that contains a cleaving
agent to remove {8.g., wash out) the minor domain. As depicted in FIGS. 12-12B, the
remaining porous polymer (e.g. PS) mairix 36 can then be used as a lithographic template or

mask to etch (arrows | [} a series of cylindrical-shaped openings or contact holes 42 in the
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wherein the cylindrical -phase bl ock copol yner material self-assenbles
into cylindrical domains of a first block of the cylindrical-phase

bl ock copowgreerd/medierial within a matri x of a second blrsgkusa#niosise
cylindrical - phase bl ock copolyner naterial, the self-assenbl ed bl ock
copolymer material having a thickness, the cylindrical domains
oriented perpendicular to the trench floor and extending through the

thi ckness QJHPB,@& ﬁ&! {anﬁ@%m%&ﬂ mlmsmﬁoqm ¥<5h}‘§5<(:j1ﬁ%th‘%5<! ‘ﬂioﬂdﬁhéﬂ o lvagka

array for ‘trench Jaim1 erein
anneal i ng @Qga@ykpmﬂmhmawgphage)bub@mnedpmgydﬁuﬁnﬁﬁénmam1&nMWH§OEWEnt

vapor conprises t.he ¢ a }
raceri ol LiReR s i 1 Ak S bR AR R gL APRRL TR roces.
3. The met hod of Cla|n11, wherei n anneal ing the cylindrical -phase

bl ock copdB¢tigr ri?sarthm'ipadcmng;msdiimémpcniawd ag Oevped. sBs chaaplesrg defieted in

lindrical. lock & t t boi, | t
o ot ook 838 e RRRDL VAR ofBbT 4 Ghob PRt PO bk
bl ock copalryseey suBRbex pi aimmg &ibie) a&Q|L}\éQiﬂbsu@€%:GJghE:§mg & cakive fifted hﬁtﬂ aof

Claim 1, wherein annealing the c Ilndrlcal ock. copol
meterial TS A SUHES 9 AT LB FAYSIEE Stf ﬁ?s‘ﬁe 3 % N 21on others, to

cylindri cal=Rhase bl Lﬁﬁ}@n@cﬁ ROLYIBI: (NBE@HLAve [ind 12T NS RPLART 210 ekth @ 4P in
1, wherein annealing t §ylln rical - phase bl ock copolynmer nateri al

in a sol vahe supsipe caemlmrh» disd yiithe ragirldasulaier-merel sspkitnBirngapacprg geth an
bl ock COpQ%%@ﬁ)%%tm t?HL as ﬁa§eﬂgi)g§f<fboq’r@ %‘q @ r@m?li’thé'mﬁ:r ?' il

anneal i ng rica éopo mer “at er in a sol vent
vapor conprises heating a portion of the cyllndrlcal phase bl ock
copol yner [B@tdr i gmbp@nfenbmf tﬂ@enwhbmwlv@althmmnn@ﬂ pricgssui edpingliea with

?ﬁgt ﬁg ho dBfE}?ﬁ‘c el J‘§ {Lﬂ é’r‘ﬁ@% nfgérléis emQLs@%%ﬁh&?R% \ﬁ”&(zm{%%:geral Abne agﬁ

porti on ofexpands the ypus of b!o k copolymers (BCPs) that can be processed to subsiant-ctily .J.“ BCPs.
In embodiments using a zone annealing in combination with an orpanic solvent aunosphere, a
wide range of block copelvmers can be processed to form perpendicular-criented

nanostructures (e.g., cylinders) and at a rapid rate.

{0075]  In addition, methods of the disclosure provide a means of generating
self-assembled diblock copolymer films composed of perpendicular-oriented cylinders ma
polymer matrix. The methods provide ordered and registered elements on a nanometer scale
that can be preparcd more incxpensively than by electron beam lithography, EUV
photolithography or conventional photolithography. The feature sizes produced and
accessible by this invention cannet be easily prepared by conventional photolithography.
The described methods and systems can be readily employed and incorporated inio existing
semiconductor manufacturing process flows and provide a low cost, high-throughput

technique for fabricating small structures,

[o076]  Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement which is calculated
to achieve the same purpose may be substituted for the specific embodiments shown. This

application is intended to cover any adaptations or variations that operate according fo the
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the cylindrical -phase bl ock copolyner material to formthe
cylindrical domains within the second portion of the

cyl i ndri cawopieesa 7B ock copol yner material. 8. The netiROUUSzNOYDEEE6M
1, wherein annealing the cylindrical-phase bl ock copol yner nateri al
in a solvent vapor conprises selectively heating a first portion of
the cylindrical -phase bl ock copolyner material. 9. The nethod of
Qaiml, Mﬁ%ﬁh& :ﬁ%{é‘%ﬁéfénﬂ&x E%s&%eﬁanlérgﬁke Rﬁ?ﬁf&g@éﬁﬁ ERRRI MR e
material in a’solvent vapor conprises source over

t he subst r&tiged ondpby Fhelamet Wl@f?qu@'diﬂﬂm tllercwih gheilisclannealfipagnis hreferences
cylindrical -.phase .bl ock ¢ vent, vapor

o1 ses: MHRAPRGION FEs SRS RGN S eyl harre il b ock
copol ymer material; and heati ng a second portion of the

cylindrical - phase bl ock copolymer material, wherein the
cylindrical - phase bl ock copol yner material is heated above the gl ass
transition tenperature to cause phase separation of the blocks. 11.
The nethod of Claim 1, wherein annealing the cylindrical-phase bl ock
copolynmer material in a solvent vapor conprises heating and then
cooling a first portion of the cylindrical -phase Nock copol yner

mat eri al .
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12. The method of Caim 1, wherein annealing the cylindrical-phase
bl ock copol ymer material in a solvent vapor conpiises exposing the
cylindrical -phase bl ock copolyner material to a col d-to-hot
tenperature gradient. 13. The nmethod of Claim 1, wherein annealing
the cylindrical -phase bl ock copolynmer material in a solvent vapor
conprises: @WHB$ing the cylindrical -phase bl ock copol yner material to
above an order-disorder tenperature and above the glass transition
tenperature; and cooling the cylindrical -phase bl ock copol yner
mat eri al t ol.bel cwmiethed of fheming asmnden ctueripeiyatarmetdrial orabenbstrithe gl ass
transition tenperature. 14. A nethod of form ng a nanostructured
pol ymer nmatEFPEF8n a substrate, conpri si ng: exposi ng a

cyl i ndri cal - phagemiihge ksyltapedlyphede UM{%F@W&ﬂnﬁeﬁm\Mﬁﬁﬁaﬁéﬁﬁﬁnﬁhat i's
non-preferential to any block of the cyljindrical-phase block .

copol ymer rfadtenal fgyeupn te sehstittedfe Hench haging @ navial & cHBEVieon ogpesing
transition A ; ' i a,&}gﬁ? copol yner
mat eri al , tsﬁfgmgﬁi ndrrl ?%ghﬁ%ﬁgiegér%ﬁgggkdggg |t§§£“r‘ e EIP ?lgﬁﬁéft uat ed

wi thin a trexhediicahpkaserbloe capolymey avatesial;ah@ substrate, the trench

having a w dth, aﬁ%éaﬁﬂ%{h@g}fﬁﬁﬁ%ﬁt—ﬂh%e l%’l?%l{('fogagl f le? Il%ét’éaﬁ qg a%gl.plgrﬁivg r that

sidewal I s and en e preferen o amnority
bl ock of t henayprefesentiabtb-apnblpek bf the kylindpiodlypiese idkedpalmer material at a

wherein the cylindrical -phase hl.ock copol terjgl. mcrophase
separ at es t?}nl%/%?qﬁe PY%@F%&T“&B%TBH?%%@H&E? Cydmgwgltpﬁﬁ‘iwr
bl ock in acapdlﬁhgr fifatepiabecond pol ynmer block within the trench, the
cylindrical donmins oriented perpendicular to the trench floor and

registered to tREeSinBaaYIndrira-phass Hepkeopplympr mateds grlfgssembles gt h of

the trenchgylindrical domains of a first block of the cylindrical-phase block copolymer materjal
within a matrix of a second block of the cylindrical-phase block copolymer material, the
self-assembled block copolymer material having a thickness, the cylindrical domains
oriented perpendicular to the trench floor and extending through the thickness of the

self-assembled block copolymer material in a single array for a length of the trench.

2. The method of Claim 1, wherein annealing the cylindrical-phase block
copolymer material in a solvent vapor comprises annealing the cylindrical-phase block

copolymer material in a partly-saturated concentration of an organic solvent,

3. The method of Claim 1, wherein annealing the cylindrical-phase block copolymer
material in a solvent vapor comprises heating the cylindrical-phase block copolymer
material to a boiling point of the solvent wherein substantially no swelling of the

cylindrical-phase block copolymer material by the solvent occurs,
4. The method of Claim 1, wherein annealing the cylindrical-phase block copolymer

material in a solvent vapor comprises globally heating the cylindrical-phase block

copolymer material.
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15. The method of C aim 14, wherein the neutral wetting floor
conprises a random copol yner material. 16. The nethod of C aim 14,
wherein the neutral wetting floor conprises a blend of grafted
honopol ynmers. 17. The nmethod of C aim 14, wherein the neutral
wetting floor conprises hydrogen-term nated silicon. 18. The net hod

of O ai m 145. whekhgimethdveofsilaimna Whsreimainenlitg thh cytindrical-phash blookpepodener
materi al se : roup.consi sting of. oxi.d Il 1 con

i o, oiragsd s SOT Do P EERSIC DR R e BlitGreaRb 805K e

(1 TO, a nedopalymel mbrerielesi st, and a pol ydi net hyl glutarimde resist.
19. The method of C aim 14, wherein the cylindrical-phase bl ock
copolynmer material within the trench has a thickness of an L val ue of

the cylindrg cal -1Rasehddl F¢Haif 00 An¥ER] anBlIREHR cyBhdiaBlRE block opolyifer
met hod of Caim 14, further conprising sel €ctively crosslinldng the
matrix of tiAderad dpheplyrst yansE cosmpstsks healng a musdonasitheoylindriog]-plhiage block

further co LiSk : I | q | ;
form oyl | naePALpeandd i e GRRRKG okl ool L P UG BRREHR.
pol ymer bl aykndricalphastblogetdpolgmef m@emaalm 21, further conpri sing
et chi ng unmasked portions of the substrate through the cylindrical
openi ngs.

7. The method of Claim 6, further comprising applying heat to a second portion of

the cylindrical-phase block copolymer material to form the cylindrical domains within

the second portion of the cylindrical-phase block copolymer material.

8. The method of Claim 1, wherein annealing the cylindrical-phase block copolymer
material in a solvent vapor comprises selectively heating a first portion of the

cylindrical-phase block copolymer material.

0. The method of Claim 1, wherein annealing the cylindrical-phase block copolymer

material in a solvent vapor comprises moving a thermal source over the substrate.

10, The method of Claim 1, wherein annealing the cylindrical-phase block copolymer
material in a solvent vapor comprises:
heating a first portion of the cylindrical-phase block copolymer material; and
heating a second portion of the cylindrical-phase block copolymer material,
wherein the cylindrical-phase block copolymer material is heated above the glass

transition temperature to cause phase separation of the blocks.
11.  The method of Claim 1, wherein annealing the cylindrical-phase block copolymer

material in a solvent vapor comprises heating and then cooling a first portion of the

cylindrical-phase block copolymer material.
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23. A nethod of form ng a nanostructured polynmer material on a
substrate, conprising: applying a material that is
non-preferential to any block over and in contact with a
cylindrical -phase bl ock copolyner naterial within a trench in a

material |layer on the substrate, the trench havi_ng_a neutral wetting
fl oor, oppoBing Biedestend of Geicn bndsreimroncding the efia meSbeMNﬁqfﬁgmro

amnorlty drisal 2 : | ) r |aI
o " Bl b 06 il D <S8 NSk OBl 1

a tenperat unaieladjmcveceidgdaésistempamietg'mﬁeﬁterrper ature (Tg) of the
cylindrical - phase bl ock copol ymer material while in contact with the

non-preferential material, wherein the cylindrical -phase bl ock

copol ymer ngt er ife ngehdd- ﬁﬂﬁﬂﬂ' %eﬂemaqm@aingrm@eréyﬁﬁhn&ppms@moat cobolynicet
bl ock of the cylindrical-phase bl ock copolynmer material within'a

matrix of dNaE iy ALK VaTor EHBDTSES: | ndr i cal - phase bl ock copol yner
material, the S%%u rl%?gin&gcaﬁgﬁéﬁgb&gﬁg er'Te&a ) abB@VE9 2

thickness the cy Ins orie perpendlcular to the
trench fl oowdesrdisoeder temfieradure hndabghie tlhglasmrm’ns:twsemﬁemthm and

ength o the t rais SORHNTELRER:Blo-S portaPre AT 0 Ui ng o

mat eri al t haderidésonten tepipefature bitiabbvd the glays thdneitin @neeratird, i N cont act
with a cylindrical-phase bl ock copol yner material conprises
contacting the cylindrical -phase bl ock copolyner material with a

solid el astigner iAcmpBb&bf Bimitg ¥ indsbsBust@iRd POEHRE fiafctial oxﬁdHuf:ﬁfh@e 25. A
met hod of etching a substraté, conprising: anneal i ng & bl ock

copol yner ®8MERSAE in a sol vent vapor that is non-preferential to any

bl ock of the blg Q i cal %1-513!:1? %g)f}ﬁ}epﬁ'ﬁkhg?to%tsoﬁeﬁtg% tﬁ};tlllsr €

above a glass tr tenperat ure cop
mat eri al , mh&Ptﬂf@cMIattqmiy;bm ofitieeyliadrical-piasmblack copnlymer ma’anerlawlatel al
a length, a

|
ey ol e o RErdRE Bt ol IR NG ATH i 0 Lo0
prefere Int i aylhndri\tkat-lihamj:;)lbﬂc ctl:)pﬁllyﬂﬁf inbtgrifil thte hyl&fc}rkﬁl@lﬁbd]ﬂkck%piolbm r

mat eri a 1 C coO mer , eria N a _sin e alra

of per pendARE} | e AU oh e Salsrial e o5 SOPSIE SEIEE VR | x
of a maj or ifiyhd ek, 4%&@%&%0@'&@'@5@% s\zdwaugrﬁ{cﬁénu@{hahﬁw ng a

t hi ckness, and the perpendlcular ori ent ed i nders extendi ng through
the t hi ckn@serentially aveigdar aungsity bleck ahibe 9ﬂmdnp@-nlme tlockrsepolymer ;

sel ecti vel 'Ee?HPV' ng the mnority block to form openings wthin t he
matrix of the mgjority block and expose the substrate; and etching
the substrate tWheeigthe bdindpeatiphaps blocR @opolyreemedtérizd nn¢roﬂaae sep2iBtes to

further coppris LLOI tO renmovi bl ock, .sel ectively

crosslinlc ?g)r{m & 139@9&? o 1ns ¢ompose f%%rst polymer%focfc Yn 2matix'ofa seconcri
polymer block w1th111 the trench, the cylindrical domains oriented perpendicular to the
trench floor and registered to the sidewalls in a single array extending the length of the

trench.

15.  The method of Claim 14, wherein the neutral wetting floor comprises a random

copolymer material,

16.  The method of Claim 14, wherein the neutral wetting floor comprises a blend of

grafted homopolymers.

250128



27. The nethod of Claim 25, further conprising filling the openings
in the substrate with a fill material. 28. The nethod of C aim 27,
wherein the fill material conprises a netal, a netal alloy, or a
nmetal /i nsul ator/ metal stack. 29. A nethod of etching a substrate,
conpri si ng: anneal i ng a bl ock_copol yner material by heating at
a tenperat ut’e abliganathof ofdJaim by siheteirthe pevel wetting floarppmptiseshe bl ock

copol yner rﬁgﬁdgq'g'eﬁ‘-lter}ﬁiiﬁa aifmherial that is non-preferential to any

bl ock of th ock copolyner naterial over and in contact with the
bl ock copolynmer material, the block copolyner material within a

trench in terial | averlying. the .substrate, t trench having
2t a 1ngcie BetRAE IR T Wbl ant i g verderuumrise
and ends t haite@dl eelpdtef R6MAd gbﬁp/cdm‘eﬁﬂggtﬁokm@asimomﬁ&{a&g siicof kxRbrbidee

bl ock copol ymer material, wherein the block copolyner material forns

a singl e arlifpn grypEtdgcadivefirsexids (ER: amethprivideresish and sipolydinsthyt v
bl ock in a J@tkhige@lig@ mMajority block, the anneal ed bl ock copol yner
mat erial having a thickness, and the perpendicul ar-oriented cylinders
ext endi ng through the thickness of the anneal ed bl ock copol yner to

t he trench iyl oory 2,V L enovi.ng. t Nl norJ | ock to.
form openi nlggs wﬁpﬁfnr? ﬂ}oﬁé&%ﬁlﬁi 1)? ’ g#‘é}?lﬁe en‘%h‘%&?%ags%?SS@E’déﬁg ogybe&%attw&
substrat e; within thiediehcighds hehiskiesd ofand. wahreafgie dylisdriqabpliasgblock &olyhtg
met hod of C aim 29, wherein the non-preferential material conprises a
solid el ast'OHER LT 61 & i al selected fromthe group consisting of

pol y(di net hyl si |l oxane) and pol y(urethane). 31. The nethod of Caim

29, further._conprising renpyi na t he non-preferential material to
expose t he 28nnedheackiod ok Claip dfyiehenpamprisiag selpatinely craselinkingihgymatrix

of the second polymer block.

21.  The method of Claim 14, further comprising selectively removing the first
polymer block to form cylindrical openings extending through the matrix of the second
polymer block.

22.  The method of Claim 21, further comprising etching unmasked portions of the
substrate through the cylindrical openings.

23. A method of forming a nanostructured polymer material on a substrate,
comprising:

applying a material that is non-preferential to any block over and in contact with
a cylindrical-phase block copolymer material within a trench in a material layer on the
substrate, the trench having a neutral wetting floor, opposing sidewalls and ends that are
preferentially wetting to a minority block of the cylindrical-phase block copolymer
material; and

annealing the cylindrical-phase block copolymer material at a temperature above
a glass fransition temperature (T,) of the cylindrical-phase block copolymer material

while in contact with the non-preferential material,
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32. The nethod of C aim 31, further corrprvi sing applying a solvent to
the non-preferential material to enhance renoval.

wherein the cylindrical-phase block copolymer material self-assembles into
cylindrical domains of a first block of the cylindrical-phase block copolymer material
within a matrix of a second block of the cylindrical-phase block copolymer material, the
self-assembled block copolymer material having a thickness, the cylindrical domains
oriented perpendicular to the trench floor and extending through the thickness of the

self-assembled block copolymer material in a single array for a length of the trench.

24.  The method of Claim 23, wherein applying a material that is non-preferential to
any block over and in contact with a cylindrical-phase block copolymer material
comprises contacting the cylindrical-phase block copolymer material with a solid

elastomeric material having a non-preferential surface.

25. A method of etching a substrate, comprising:

annealing a block copolymer material in a solvent vapor that is non-preferential
to any block of the block copolymer material while heating at a temperature above a
glass transition temperature (Tg) of the block copolymer material, the block copolymer
material within a trench in a material layer overlying the substrate, the trench having a
width, a length, a neutral wetting floor, and opposing sidewalls and ends that are
preferentially wetting to a minority block of the block copolymer material, wherein the
block copolymer material forms a single array of perpendicular-oriented cylinders of the
minority block in a matrix of a majority block, the annealed block copolymer material
having a thickness, and the perpendicular-oriented cylinders extending through the
thickness of the annealed block copolymer to the trench floor;

selectively removing the minority block to form openings within the matrix of the
majority block and expose the substrate; and

etching the substrate through the openings.

26.  The method of Claim 25, further comprising, prior to removing the minority

block, selectively crosslinking the majority block.

27.  The method of Claim 25, further comprising filling the openings in the substrate

with a fill materiai.
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28. The method of Claim 27, wherein the fill material comprises a metal, a metal

alloy, or a metal/insulator/metal stack.

29. A method of etching a substrate, comprising:

annealing a block copolymer material by heating at a temperature above a glass
transition temperature (Tg) of the block copolymer material with a material that is
non-preferential to any block of the block copolymer material over and in contact with
the block copolymer material, the block copolymer material within a trench in a material
layer overlying the substrate, the trench having a width, a length, a neutral wetting floor,
and opposing sidewalls and ends that are preferentially wetting to a minority block of the
block copolymer material, wherein the block copolymer material forms a single array of
perpendicular-oriented cylinders of the minority block in a matrix of a majority block,
the annealed block copolymer material having a thickness, and the
perpendicular-oriented cylinders extending through the thickness of the annealed block
copolymer to the trench floor;

selectively removing the minority block to form openings within the matrix of the
majority block and expose the substrate; and

etching the substrate through the openings.

30.  The method of Claim 29, wherein the non—preferential material comprises a solid
elastomeric material selected from the group consisting of poly(dimethylsiloxane) and

poly(urethane).

31.  The method of Claim 29, further comprising removing the non-preferential

material to expose the annealed block copolymer material within the trench.

32,  The method of Claim 31, further comprising applying a solvent to the

non-preferential material to enhance removal.
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