GRAPHOEPI TAXI AL SELF- ASSEMBLY OF ARRAYS OF HALF- CYLI NDERS FORMED ON A
SUBSTRATE TECHNI CAL FI ELD 10001] Enbodi nents of the invention relate
t o met hodswotetbabwsrating thin filnms of self-assenbli n@Ciuset9/ 041125
copol ymers, and devices resulting fromthose net hods. BACKGROUND OF
THE | NVENTI ON  100021As t he devel opnent of nanoscal e nechani cal ,

el ectrical, chem cal and biol ogical devices and systens increases,
new processes and nmaterials are needed to fabricate nanoscal e devi ces

ecom & o1 gRaHEHbAR G SR s Rl AR RS SHTAL B nlRRSTS

features shrink to sizes thalORNMEDON ASSEBITRAXK €SSi bl e by

conventional |ithography. Optical |ithographic processing nethods
have difficulty fabricating stru C@mqqtggtures at the sub-60
nanoneter |evel. The use of sel fia?'gsi%ﬁﬁbll bl ock copol yners

presents an®0her Erobadiments of shetinyantionyelse tﬁﬁﬁ@@@?&lf&bﬂpﬁﬁlﬁﬂ%ﬁ@S@l bl ock
copol yTer ik BBl bRBEaS| e SEER Rod 1o B AE npliolet Ures by

m crophase separat| onstituent polymer blocks after

anneal ing, for exanple by thernal above the gl ass
transition tenperature of BAGKLARG F INXEN LG .nneallng,

form ng or gsogd dwméa@elaﬁmaﬁrwﬂﬁowahmmmm ae:simaq)raﬁemlm(a&siholfo@leal
f|In1nDrphoIng, includjng the size and shape of

M cr ophas e S8&5FUS UHBDINETRES PEYRITESSEHR imaerléaafsycidﬁ%%‘?f&efﬁwsﬁoscale

wei ght  and asedet 8 dofrP6ien@ Niﬁlﬂdg%cﬁﬁd%ﬁlﬁ&@tO@fsmﬁc@ebin@%S GepRkYNEr to
produce | angl i ndri

l.a herlc 1es, .
ot hers. FoF’g@Q%’?{ﬁhéﬁe“ﬂBPS {’}88\9%@3'?? SFpiRw H‘Et‘r’nr%ﬁaf %F%%S&F%ﬁ%ﬁe not
aboult 80: 2 ]gasmf adcEreiblevy chnQﬁK(Sna( BBYorephya Ogiidal mﬁkgrlmﬁwmwesss@ rhétials have
copol yner m cr ase arate an se e
i < s brich g v B0 SR LtE P e IR L e o
maél ri x of @@&nycmgg grﬁlocfﬁﬁpd}&hﬁdrﬁﬁremﬁtsTah(ﬁhdrmtdlb@Etkﬁmb@it\l@ﬁﬂcﬂdﬁmmhnsﬁﬁs I40
and 80: 20, e. di es_ i nt.o,.a periodi c .hexagona
o oses ook BIEE et Sy S arouly 5P Th GBI P RGBS SRR
mat ri x of g@pirytisrof fhe cEmsltltlreﬂltpo@&ndﬁ@tdﬂ%ﬁeaimeﬂlméﬂ'mﬁﬂamﬂd b Ciedl
| anmel | ar donalns or

Donai n si z8"F3/B S%VFY d aﬁagansﬂ r on%nrége%g“ 31 tnd SbFyrter 8PP s it dREARE,

forming ordered domains at nanometer-scale d1mens1ons

anneallno
T

[0003]  The film morphology, including the size and shape of the microphase-separated
domains, can be controlled by the molecular \;veight and volume fraction of the AB blocks of
a diblock copolymer to produce lamellar, cylindrical, or spherical morphelogies, 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 -
self-assemble into a periodic spherical domains with spheres of pol}.(mer 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
60:46, !ax;aellar domains or alternating stripes of the blocks are formed. Domain size

typically ranges from 5-50 nm.
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WO 2009/ 134635PCT/ US2009/ 041125 [ 0004] A | anel | ar - phase bl ock

copol ymer material has been used for nmaking line features on a

subst r at e. WARRNE#63Ey| i nders sel f-assenbl e nore rapi dl yPEES28EHEET s
defects faster than | anellae. Researchers have reported producing

| i nes of upward-facing, half-cylinders of a mnority block of a block
copolymer in a matrix of the majority block through self-assenbly of
a cylindrical -phase norphol ogy bl ock copol ynmer on a chemcally
neutral sur . Afte t he maj.r ' .

hal f-cyl i nd@?@ﬁf oﬁn%mag'%?%fﬁﬂ%éf%‘?%@s eiRitdl b heg‘ﬁ‘!ﬁsgléﬁrwg‘ﬁg Jine features
substrate. dtiombente. $Hobsegugitdentsdhasgnilemds rapdly aobeormgtts defetts faster

i sotropi cal et t Ix material that . ' pder €.

hal f-cyl i ndtllel¥nI i %Eaéc', R\%ﬁl c{llgr%/\n%ﬁvlg 5 86%1%“\’/‘%"@é g{:ég@% ‘5\2?2%' Eﬂglgb%ﬁc }'%dr?rsoo

t he subst r at reinodygplock af 4 nsk dopolymerima ngtrstaf thetmej@sy bleclathraygier | yi ng
substrate f M.CO L. ns_r [ |

el enent s fosgff' osrglltr;{’l])l é’?ggﬂ[‘@%%a?ﬁﬁ%gﬁ’a (}:1? }Iﬁg)éﬁlﬁ?kﬁcgg&gﬁgr/e%ra cZatXrﬁ}éHrall e egtrrr%nt S
such as DRAMfzapadtietemeyal pOGO Slatrix maderial] tHedalfselinderstfornps masking smesrods

of fabricatj i - I t hat
over cone ¢ eSSl sdoile JGRE, A RbRF R ERARh [t &

10006] Enbodsatrepitalysfchttheemitriy enaterialtha renaiiesioddr echalf sy indenline, whadhavince
to the foll Qw: W raw j . feor . i Ve
pur poses. ooy oA SERRRYAG, SRz, WhEaAfH:for Gmitd WliELISH 4,
W1l be usewddrkyingisebstatgiprsgmicondvdior $ystema required eompixdaypuheficiomenigifer] pe
used throu J uVik I IR AR 4-ndi cat e
same or |i g@ﬂ%ﬂ r%ogéaf%ég%h’e(g&%wgg% {Eell%nge?t%% |{asgram’rg?5|;aglt%r§p pl an
view of a portjion of substrate at a_prelimnary processing stage.
accor di ng tl¥%h BB be T O PR %Wé@%?ﬁof&bgemgéﬁ%ﬁ °f§wse\5r%§ of ffered

substrate WedddtnatR@uhdtalverd@hd ho@ prddlesdsi al thereon. FIGS. | A-1B are
el evational, cross-sectional views of the substrate depicted in FIG

L taken along |ines 1A LiyandydBokBrp8PBRaHBRAwIIOSIFIG 2

illustrates a di agranmat®c top pranvrew of the supstTa
at a [0006) 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.

[0007}  F1G. 1 illustrates a diagrammatic top plan view of a portion of a substrate ata -
preliminary processing stage according 1o an embodiment of the present disclosure, showing
the substrate with a neutral wetting material thereon. FIGS. 1A-1B are elevational,
cross-sectional views of the substrate depicted in FIG. 1 taken along lines 1A-1A and 1B-1B,

respectively.

[0008]  FIG, 2 illustrates a diagrammatic top plan view of the substrate of FIG. | ata
subsequent'stage showing the formation of trenches in a material layer formed on the neutral
welting material, FIGS, 2A-2B illustrate elevational, cross-sectional views of a portion of

the substrate depicted in FIG. 2 taken, respectively, along lines 2A-2A and 2B-2B.
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subsequent stage showing the formation of trenches in a material

| ayer formed on the neutral wetting material. FIGS. 2A-2B illustrate
el evat i onaW0 89%4638ect i onal views of a portion of the RUTEIZPN 81125
depicted in FIG 2 taken, respectively, along lines 2A-2A and 2B-2B.
WO 2009/ 134635PCT/ US2009/ 041125 10009]FIG 3 illustrates a side

el evational view of a portion of a substrate at a prelimnary
processi ng stage according to anot her enbodi nent of the disclosure,

showi ng t he str 1 r hes_.in..a. rial roed on the
substrat e, PRH" R el S0R R ol QG poflon b Y i
substrat e ofrelrhiGary Pragessagsapsaguding tecimather sihwdinregt ¢fiee distovet, showinf the
neutral wet | i i fthin.the t ] i .

di agrammat i %“’?’%b"%ﬁ‘:‘%“\% egév}4 %)Q‘lﬂ?%ael lejrbgﬁ]%{% gﬁ%ﬁ‘&%qré& ? !ug?td @ugsu%gggaﬁ%nt
st age i n t hdevatitnal dew obire edbstats efl FIGas starsbbsealientspdge sltrviingthe fomastion of a

bl ock copol I L 'gﬂgp renches according to an enbodi nent
of the disc eggérngwng}n)gté@k ﬁe}uﬁlgcgj%;t e el evational, cross-sectional
views of a gorti on of ‘the substrate depicted in FIG 5 taken al ong
lines 5A-5AVMY 5BIGH is pdisgammaielop planoispgfithegubsraiest BIG 2ahn gbsagrent
substrate @%?ﬁitﬁéjfabﬂcaﬁbﬁ)f 35551faat:.sc%b@ﬂ,%ﬁﬁﬂfﬁﬂtﬂh%?ﬁ&ktcﬁm I Qgilim within

a e bl oc

posi ti-oning o preferential wetting fmaterial over )
copol ymer i EnEhes agfordingomp empediment athe fliggla e KEG. FA58 illusrelp pl an

view of thelsunhy abe-ORR vidwsiof PpofioRbf Be BRRRIMBRId H PGS 5 1:XBONbID
a cut-away of the preferential wetting material over the surface of

the sel f- ad@ghti-et 2pf OB KBSHSFYM#F naterial within the trenches. FIG
7A-7B illustrate cross-sectional views of the substrate depicted in
FIG 7, taKenlpl oRIG.6iingsiew A ha sertatd Bepidied in EBRESBt dt ¥ @bbgequbidtGlagdC 1S a
top plan vigw.of a.cross:section of the substrate own jn Fl IA
taken al ong i ReetsEhSRR! ERElk Rl Meutd AL LleplnF oo e Bt rilyed

| i nes wi t hiwithin thofrgmeiees. matri x within the trenches. [0013]FIG 8 is a
view of the substrate depicted in FIG 7B at a subsequent stage

[0012] FIG. 7 is a top plan view of the substrate shown in FIG. 6 at a subsequent stage,
showing a cut-away of the preferential wetting material over the surface of the self-
assembled block copolymer material within the trenches. FIG. 7A-7B illustrate
cross-sectional views of the substrate depicted in FIG. 7, taken along lines 7A-7A and
7B-7B, respectively, FIG. 7C is a top plan view of a cross-section of the subsirate shown in
FIG. 7A taken along lines 7C-7C, showing the self-assembled half-cylinder lines within a

polymer matrix within the trenches.

[0013]  FIG. 8 is a view of the substrate depicted in FIG. 7B at a subsequent stage
showing removal of the preferential wetting material from the surface of the self-assembled

block copolymer material according to an embodiment of the disclosure,

{0014)  FIG. 9 is a top plan view of the substrate shown in FIG. 7 at a subsequent stage,
showing the removal of one of the polymer domain of the self-assembled block copolymer
material within the'trenches. FIG. 9A-9B illustrate cross-sectional views of the substrate

depicted in FIG. 9, taken along lines 9A-9A and 9B-9B, respectively.
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showi ng renoval of the preferential wetting material fromthe surface
of the self-assenbl ed bl ock copol yner material according to an

embodi ment W2PHB4E scl osure. [0014]FIG 9 is a top pl XACTVBRPYRIRRe
substrate shown in FIG 7 at a subsequent stage, show ng the renoval
of one of the polyner domain of the self-assenbled bl ock copol yner
material within thertrenches. FIG 9A-9B illustrate cross-sectional
views of the substrate depicted in FIG 9, taken along |ines 9A-9A
and 95 9B, gRg1eCtyigs! 11 HBoR AR ARSEBRPCTAHELA0A Wk 18Red OALBLE] CS.
10-11 are top plan views of t substrate of FIG 9 at subsequent

stages, il |Uigyratiog erehedismeninfithraise ofshe selfeastegiblegtblock gonsbymer Blmefimn| ed
bl ock copol xpB{a fof!)rE‘o‘ﬂlfe%Blyﬁz‘Em%!ﬁs,lalgfﬁ ﬁ%to%ﬁch%u@ﬂaﬂé%& filkh@6F e F@Glgcda

mask to etch the substrate and the etched openings. F
10A- 11A i | | espipgs: FIGSelld-1 Bhdlustragerebeyational eloghwgrtiopplaijgvsef 2 gorgen ef tha of

the substr astuﬁstﬁf‘e%ﬁqcéﬁ' iﬂ;:IfIGE.l {6211 Jaijon% ak&noal engd h{ 195, 10peRed

nd
11A-11A, respectively.: GS. 10B-11B are cross-sectional views of the

substrat e dEH%18311B aEcEs:-seeipnelvigwgal thesubsigte|depieted indRGS.08- ldrigken

11B- 11B, re&&gqﬂlwﬁiswosl&%@ﬂsﬁhﬁmsﬁcdv@ly@ view of the substrate
depicted in FFG SA at a subsequent stage showi ng the application of

a preferential wetpti .at nrosphere over .t he hl opol yner mat eri al
i ChEnst o thfn or kG 1 6 TR BT B Subfitin s isrin TG sk pRbesaeer S8t | on.
[001;] FI G sﬂ@wﬂagth%abﬂﬁatﬂjnaﬂa‘pie@aﬁbmﬁ# Wdténgsdti lSiphﬁ'E@\_r(S hﬁ\tl)otbck ﬁop:slﬁaer 12 at
a subsequent st . W the preferenti wetti bru ayer over
the. sur facdaiFial i Zerendis sespratpe st eromor uRecyhen Ot BYBPTw ¢ hi n ¢ he
trenches. -FIG 13A-13B illustrate cross-sectional views of the
substrate de{i7tt eBlG.A3 5 Gop plan viewloftheahlstrgte shavesin FEA-12 3% swhebqu@BsaBB,

respective ls?(owi%%ﬂe@en'ﬁ%ir%@r@ﬁ Igér J\’E’Ethle WL% self-assembled block

copolymer material within the trenches. FIG. 13A-13B illustraic cross-sectional views of the
substrate depicted in FIG. 13, taken along lines 13A-~13A and 13B-13B, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0018] 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.

[0019]  Inthe context of the current application, the term "semiconductor substrate" or
"semiconduclive substrate" or "semiconduclive 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
(either alone or in assemblies comprising other materials thereon), and semiconductive
material layers (either 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.

{0020]  "L," as used herein is the inherent periodicity or pitch value (bulk period or repeat

unit) of structures that self assemble upon annealing from a self-assembling (SA) block
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[0018] The follow ng description with reference to the draw ngs
provides illustrative exanples of devices and nethods accordin
enmbodi ment ¥0A0¥ KPP nventi on. Such description is for i¥P¢HEIH W#@S
pur poses only and not for purposes of limting the sanme. [0019]In the
context of the current application, the term"serni conductor
substrate” or "sem conductive substrate" or "sem conductive wafer
fragment” or "wafer fragment” or "wafer” will be understood to mean
any constru anpr r i i ut not
i ted 1 o BRPRhet TR isRo@heR il BRAHENAY oFRALLR of d NG MEL

waf er (ei t heapolymeneitivpne)on messsadiits Fonstituens kpmepshmgrot"heis uaek herdinmfogndicate
thereon), atﬂgcét‘?épt&%ﬁf@ﬂ‘é%in\ﬂ% eh S o g@tﬁtﬁe&%r&bsro%@t@e@m@toatnend

assenblies conprisin e term"su ers
to any suppRedts fmylvgtepmt'w @ran@rletmehgopotymer #not" L") T 2 eogolyaner blensl.
sem conductive substrates, wafer fragnments or wafers described above.

[0020] "Le" [ag21yseth G@Joaintbntssfmaweﬂtt&r Eﬂ&lyrﬂ&ﬁﬂa%'apﬁb?y figh, wet)qttpféﬁdrwe
(bulk period or repeat unit structures that se assenbl’'e upon

anneal i ng AR sdffssemide ltqtgotmerm%@lbo ElygIey famainswettingdhd, s o g

herein is tiherfRRmiBdhCkdnyh B6orPBloER copdlyner &Eteﬁal@i;ﬁﬂﬁn&ﬁslﬁa@&ﬁ@lkmto
copolyner with one or nore of its constituent honop L"

ol | S
used her ei PeHRNE HEHCHERS &Y frieoRhask ssparptipnof the @?nswmmaléwerpt P@ﬁ atS?r
spaci ng of aﬁuéanﬁgiecsrﬁmcgforada@i doh &K aCrRROhMERcalO finkthend, Irsabddnents of the

equi valent ;to "Lo" for a pure Ioc C I r [ for, a gopol ynmer
bl end. 1002‘1‘?PH°”eH‘EFo‘HP’rPé‘H%§“38‘F ‘teﬁel’(ﬁ"’ﬁaéﬁt% dh%ﬁﬂl‘b‘r‘f@?"‘*r’?&?&ﬁ “g‘gma
(e.g., fil ﬂﬁené}ﬁy«&h)helf&elafﬂtﬁaﬁlﬂdyhdﬂyr 1 dadngstﬁdhfemacﬁﬂﬁmkryl t&hc}bﬂmk

Crench T1 ogeitoute Sl s e e et Pl At B b 5B ot o
peri odi ¢ stusadcfou Bm;pﬂﬂjamnmtdhpi‘mB eorseqtmmag haadmetbr-dchie lmea@tﬂntgslmmme
Panomet er - ST SRR SRC e R B EE e ap ookl L qu AT PEed BRE or
nore rows oopdlynmesSinte qhadahdteklz@ranepérmds aairiVebyd jnnkie methad ercfdetemeided
thom oot SR ol RSOk B B PSP {0
par al | el - ons @mvediohsl pkqtaljthdgraphe dPworestihg catslising tedechainud dmeslgﬂuﬁcamsettss

for, examp! g B8y SESMARSE{ A ARG ELN 0 AAOTRL ELeRGaL fubl e

openi_ngs into e un roug ctrve renoval of
one bl ock of the sel f-assenbl ed bl ock co Si nce the -domai n

si zes and PEElodsA method fy Sbpiesing g selfrpsse éW@OEOIM@?@Fﬁ?fﬁéﬂlaﬁiﬂﬁWﬁe
chai n | enghfarpy o niloffeter- SARO A ARY-okidNd, dammt@@mﬁ@eytﬁa&%et debdi@ihg

t echni ques such as_conventi onal photolith o Processing costs
usi ng the t"e’ét‘i’ﬁtbaﬁiéle’&r‘é‘@l%‘f?PF‘P’b‘&Ht“F?a‘Tde@? -extreme ultraviol et
(EWV) photolithography, which has conparable resolution. 100221A

met hod f or [0023]r i Ciheidesgribedaibbdiagainid]ed abkoed of @ pRindried-phat éloclal t hat

faci ng. hal IPRYTLRAEPPEIALE UCor o RGP RS GHEGHS St ROHE SEOSHERell

i nventi on defined tremsh nad @ddd with4 fKsr cdmfBosed of a material that is neutral wetting to both
polymer blocks and sidewalls and ends that aré preferential wetting to one polymer block and
function as constraints to induce se!f assembly of the block copolymer material. In some
embodiments, an overlying material layer that is preferential wetting is placed over the block
copolymer material in the trench. In other embodiments, the air interface can selectively wet

the desired block. Upon annealing, the block copolymer material will self-assemble into one
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[ 0023] The descri bed enbodi nent invol ves an anneal of a

cylindrical ase bl ock copolynmer in conbination with a hoepltaxy
t echni que FﬁﬁWmUPﬂﬁﬁzes a lithographically defined tre BX000/04 1428 e
with a floor conposed of a material that is neutral mettlng to both
pol ymer bl ocks and sidewal | s and ends that are preferential wetting
to one polynmer block and function as constraints to induce self

assenbly of the block copolymer material. In sone enbodi ments, an
I f
Over | Vi TBELL Bl U ot B\ Sl SGEARE Al L4 L9l haget O

air interf a%dae\*@ﬁn \Asté H@cfaqa\péﬂy hwétyltrhiersetasnwdsbwtlmrd land Wtting tha rechiflogr,
the bl ock cmrg%ggﬁsqd;m&% de%cl drra ?,'%chlaér os'.rts btk Ofder g BoFofimed

rows or lines o fihders i register
t he trench inieerbwghihs, mnth the face of the half cyllnders orlented
downward and wetting the trench floor. In some enbodi ments, an

ordered ar r[amgf w@ep@t&edrmﬁﬁ;sqwﬁa %fsumlatfew}é'p'rmﬁssmﬁaﬁca%iémmm in

each trench depicted In B, a substrate

provi ded, v%H}ceﬁ%% Slb@névtrlﬁ%éwcorsqwe@w gligog @xycaibidecasmpngiother materials.
silicon oxynitridc, silicon oxycarbide, anong other materials.

[ 0025] I n t ljeo2s] | uﬁttlieallﬁ!ad'afeﬁbmﬁﬂdﬁﬁ&{t,aﬁeufiﬂlﬂeﬁﬁlb méekibi m(e t@féal 12

(e.qg., randomco bl en funtlonai e ners, .etc.
hos Thoen PR RIIEE sgathed band T e oo cheor SR Ot e RS o
nore mat er i18! Alrsayeizblhya dd (drivefnoditort aratseid] oyeey) cintRentRUbHRE ovaithd rigtral
mat eri al etchdtofo m.trenches 1 6a, .as sh i |.GS., 2-2B.
Portions of" %F e v e fialand pre eévgforTzme%}eﬁ?gt lﬁﬁﬁég}owfén gm]%ingé?apr?ﬁmms of
bet ween t h@metmaeermhlagar 17 ffremtarspmeh B8 outfide anllbatwasreths trérighd s mael irichds 16,
opposi ng si I PASi; a floo 4, a width

P ength 165U w ARRRSLRN GROR: % onbsion 8% afguflitr b e vt thy B
illustrat edlﬂnmhﬁdf)@SdaSth(ﬂfhe materi al |layer 14' can be forned on the
substrate 10', efched to formthe trenches 16', 16a', and a neutral

wet ting mamms]al IAZnot&@&nBJb‘ﬁHer}?ﬁleeétE@ﬂ FMbsig ddangh k&%@ﬁ&"be For

exanpl e, a_random copol yner material can be déposite

trenches affimed ¢siie subRiee YWY, cphed toderm the fropohesal 6hd 6ia'y auid a\ﬁétﬂtﬁl MHgtting

mat eri al | a¥@fial 1Y8dag tHeabe BRmS6d tﬁ@ﬁ@mﬂ%ﬁx‘sqg' tFQ?e}Jaﬁlﬁfgcyﬁﬁdo%U&%o%ep n
the spacers 18 (e.g,, non-crossiinked random copol yner) can

subsequent Fgterd m@diepwe@m}osbﬁgwhwnmosallplfoé of gafededormea nepgal (as
shown) canwifind QEBRA 1448 Nat@id bl LRMESRIsKe the trenches such as on the spacers 18"

(e.g., non-crosslinked random copolymer) can be subsequently removed.

[0027}  Single or multiple trenches 16, 16a (as shown) can be formed using a lithographic
tool having an exposure system capable of patterning at the scale of L (10-100 nm). Such
exposure systems include, for example, extreme ultraviolet (EUV) lithography, proximity
X-rays and electron beam (e-beam) lithography, as known and used in the art. Conventional

photolithography can attain (at smallest) about 58 nm features.

[0028} A method catled "pitch doubling” or "pitch multiplication” can also be used for

extending the capabilities of photolithographic techniques beyond their minimum pitch, as

described, for example, in U.S. Pat. No. 5,328,810 (Lowrey et al.), U.S. Pat. No. 7,115,525
— (Abatchév,€fall), US2006/0281266 (Wells) and US 2007/0023805 (Wells). Briefly, a
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tool having an exposure system capable of patterning at the scal e of
L (10-100 ri n% Such exposure systems include, for exanple, extrene
ul travi ol eWQNA34$35t hogr aphy, proximty X-rays and el eREFBIROPEEIM2S
(e-beam I|ithography, as known and used in the art. Conventi onal
phot ol i t hography can attain (at smallest) about 58 nm features.
100281A net hod called "pitch doubling” or "pitch nultiplication"” can
al so be used for extending the capabilities of photolithographic

t echni | i

Us. pat - BN SR o MRl Ty £ B e 5 AR fer

- ( Abi | oh- 6\ AT&perdebly MaRrAA06hLD RS LRGGei subjratenite LPcRBBIE/OO2BBOET is
Wlls). B f 1] I f. '- hi

formed i n o greaieoln papAbll b fundGiR ot RIRCR LN Sellobacn.

mat eri al , \Aﬂw gikesi o theprandigizeariditismandelszse thert mmovdddeavingdahiadbthe spratreas al

layer is et fﬁ;'.&q'orl Qudrf lﬁ?\hgl ghe! ﬁiﬁfs whtdre m@g‘?&a? hl%dtolft}%%rag}qg}o%ngd? fa}t{em

stri pped, spacer are formed on the’ si
mandrel s aréfiningang Gawteadd breesphasgthb emiervd dthew siplise o fatures amktivofspaces,

patterni ng {hess H%t?%srd@ﬁr?ed g aé@@etfﬁ atr&glt 1l ddafibst &Q&K‘%&e@?ﬂl% 2

formed a pattern i ni ng PEatur 6 “and "ohe space
now def i nespholpdithperaphic sehnigud 1&@&@019[95'05@&6&5@@ ddmfftth@bfs{bé@em odisss. ned by
the spacers. As a result, the smallest feature size possible with a

phot ol i t hogoeahi cmcaﬁmlwﬁng Ssiffié ﬁﬁ‘etdrvxﬁﬂtibléiﬁféE @@ﬁﬁﬂield&%ea ﬁara@,ﬁm&crﬁo
tQI‘ mformng L ne or rrutlpe I nes

| 0
o o it ol G rehesarFadehe Wl B of e Rt e orpp e SRk ude ¢ he

width (w ) capoljrha of bleRTid.ackibh@ thedddindddlitc (L) ahd tHaehibrmeakKHGoRR bR OF
blend to ach@e t he li%Ijgswed pitch (L), and the thickness (t) of the
bl ock copol“JHBYHEY [0030] There is a shift fromtwo rows to one
row of the half-cylinder lines as the wwdth of the trench is
decreased (1€03§], Theonis wsliift fomuiwe rawdib one toheof pertiatfaly deylifek awtht width off

t he bl ock re . Dy f ' rpary
bl end by SRR SNERERSAh ) SUARL el B NG, A BTy
condi t i ons cefolyriee istineerstd, firduaneplé, by Faming dderniry blved ky thamddifieracfibsth

fontures ( okl oMG e CAEobAGN o A% volt AR 2 botn e
enbodi ment ¥ MdgrrsemPAG agiructere mdeteinciaeitiranch ¢pntpingi"dt dungher §f fefturebout

1.5-2%L (Ofed; mis & Hat&yRhderd). val ue) of the block copolymer such that
a cast bl ock copol yrrer rraterl al (or blend) of abotit L WI Il self

assenble u anneal in 0 a sln | e parallel-oriente

Gownmar d- f BSHg Hame ESrembodmd (endtes i uf roraires aiibide: () of)

that is al bigedspks tmhez Xifepieh b@ucg@mebmek &@.Btyﬁ{er akh aRchHchIgagh 16.

Arelatlvel%) dertr &Igi% ee rmed with a width (w,2). of

(n + 1)*L & 8 H&?fc? Bkt AR rse QRhle¥Pop dpnaling e afnsi out

|(_I will sgl ﬁarﬂﬁzsaﬁﬂnleﬁ dml_ afd- fatlagsamtymtmmma(mlmmh ag)rgaélfmsﬂ)nﬂaiw S
ine w t * nter t.0- ent er pitc i.stanc

adj acent 1r$e§ ‘5{'}’ tg‘? 519\%‘%5%@ df’ﬁ‘é ec@‘&f”l?é ﬁcg‘ 161 MEEB%FV ot dea"

mat eri al . Fasbeemﬁanrq:cuemmtalmdm (dtzhof((MH-Z)*Lcst[c}ﬁthmﬁiﬂﬂodkrceﬁahn&ﬁﬁatﬁﬁn(obe

about 3-6 eS| ectively,

of the doa}hl "d> &fafbg t"fn\alllﬁgllf ]asssfyf;le hrga ap ixnes o?dowuward B2 acing half-cylinders (line

width ~ about 0.5* L) at a center-to-center pitch distance (p) of adjacent lines at or about the

L value of the block copolymer material. For example, the width (w,3) of a wider trench 16a
can be about 3-65*Z to result in the formation of 2-64 rows, respectively, of the

downward-facing half-cylinders.
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WD 2009/ 134635PCT/ US2009/ 041125 [ 0032] For exanple, in using a
cyI i ndri ca'lg‘ﬁghase bl ock copolynmer with an about 50 mu pitch val ue or
L, in tren % h a width (Bit) of about I.5-2*50 ReT/EF208MbLt2s

75-100 nm the block copolyner material will forma single

downwar d- faci ng hal f-cylinder having a line width of about 25-nm 1In
trench 16a with a wdth (1Q for exanple, of about 3*.L or about 3*50
rim(or about 150 nm), the block copolynmer material will form2 rows

of the hal f 1y ndef oAhiNoRURS 'i?l;rﬁﬁ?a @;&é‘m@@@&é o@@%\%aﬁ% bt 50

center-to- cent er pi tch distanc acent "I nes
of about t hgitgh vglip gel.(tsenghesd@ wi ampt@m@,.’spﬁaboxariew*éo nmmpcbukﬁ-\hmmna

cylindrical g IB%%EC(Q"DB’%I ﬁ&@x@ m'fo R'gﬁ:’bgwﬁ%li ?&[1):% chrglgq\fﬂav#hg Y@hee

of 35-nm asmgf | i'ne of 't wde
downwar d f atidttelisheyt 28-pm; ﬁ'd@?ﬂcmlﬁa witloa mdﬂn(w:b,é@r@hmme,rmbwgau aviabiguih

(w) of abO}"tSO%m'f(b?a’BlautquO 7 the kggck':_f:o%gylﬂér%a\f@rgﬁmlﬁ%ﬁms%?[hgl el

lines of half-cylinders (eacCh
center-to- c‘@#tcé( indgy BlEHgtiERs Shingrveidth(apyut 3§- nBJb@tlﬁtt‘-e@@'-thPWH pitch distander{p) of

trench 16a fapdgalfcyindétinés¥Pabalt 1AM out 3*35 rim (or
about 105 ni tﬁl) [OOSMhTﬁenI engtﬂI uc%%e trenches 16, 16a IS

di d | thftthfIdI
[0095] The cBFEh (BB e EruHcs pbnficsBaeasilvekSorammoa ion hoea

o;‘g e <r:| ing ofpnt:nner m+ancelofeﬁ>mI, ¥ BiBEle B 6Tabalt 199 hinNGidé RBENRS) of aldBwnward
enoo i ment

ent the t o be at_or less than
the final sfﬁm "cgl"(%/ 1fofg”"t‘ H’emB‘F]bi{#E’é’B‘ﬁél"S}éfBﬁW'ma@PWél5 -t 2 aboy
Whhl CE i ni MR mmmb,canmvo malmi liges @Mﬁ@uﬁde%[éacﬁaﬁétﬁbVBlnhMmh uéyo?we
t hi ckness sS the trench w
some enbod %r%%{[} § ch%t%réa ‘gﬁ%‘?f\é @;ﬂf HE‘ ugg ga?m é{%g{?(“" iRfsEneh  Pafaving aa‘fﬁéﬂ]t
t hr ee- f our ting) of 2kout I45L @rabab 6¥a5 67 lor 2684 10559, t han the final thickness
(t2) of the bl ock copolymer material within the trench. [0036]1n sone

enbodi nent e e d of -
about 20- 1800 ?\Pt T(?Ht?%% ﬁl!h(@jllfsftﬁ)efvxﬁlr F}tn ggei%out %;-2%8%%,393 g‘\tsmf(ﬁr ﬂf:#hl%;
wo), a | en§tlfrextimdgrlige(shbout 100- 25, 000 urn, and a depth- (D) of about

10-100 nm
[0035]  The depth (D) of the trenches is effeclive to direct lateral ordering of the block

copoij}mer material during the anneal. In embodiments of the invention, the trench depth can
be at or less than the final thickness (2) of the block copolymer material (D, < #,), which
minimizes the formation of a meniscus and variability in the thickness of the block
copolymer material across the trench width, In some embodiments, the {rench depth is at
about twa-thirds to about three-fourths (%- %, or about 67%-75%) less than the final
thickness (#7) of the block copolymer materiat within the trench.

[0036]  In some embodiments, the dimensions of the trenches 16, 16a are a width of about
20-100 nm (trench 16, w,} and about 20-3200 nm (trench 16a, wi2), a length (/) of about
100-25,000 pum, and a depth (D) of about 10-100 nm.

[0037)  As depicted in FIGS, 5-5B, a self-assembling, cylindrical-phase block copolymer
. material 26 having an inherent pitch at or about Z, (or a ternary blend of block copolymer

and homopolymers blended to have a pitch at or about L) is deposited into the trenches 16,

WHD\6426131.1 8



[ 0037] As depi cted in FIGS. 5-5B, a self-assenbling, cylindrical-phase
bl ock copolyner material 26 having an inherent pitch at or about L,
(or a tern)iyr’({/2 U EAFSof bl ock copol'ymer and honopol ymer sPEI/BRAUNHIGS
have a pitch at or about LB) is deposited into the trenches 16, 16a.
A thin layer 26a of the bl ock copolynmer material can be deposited
onto the material layer 14 outside the trenches, e.g., on the spacers
18. 10038] The bl ock copol yner or blend is constructed such that all

of the pol yjgr Abthfaqssér 2649 khe'tOER ca%%h H{a%ﬁrcﬁn&edebesrne@oﬁtsg%mcraal

wetting materital on'the trench floor. [n some enbodi nents
i nventi on, IPYPélﬂ)PW@Re'ébmeWﬁePE@ﬁnlbﬁamleﬂés constructed such that the
mej or donaln can be selectively renoved. In other enbodinents, the

m nor do mtsu 0033p! YRy bIdkQG Kol Gy J?@%eﬁ@is%ﬁﬂshﬂ@écb’su@l%@@ﬂ@f tlf;é'fplbll-i&%%l&f{s to
|ncorpora e I Norgani.C conponent .or Specl ¢ a Tl

conponent ) ”H'ﬂ?‘? B‘*ﬂ RETTIRE H%) T ROEULRL E’F‘B%E‘E‘é“"’é BHHIG%@CWO& hI“\RP’P‘F
remain fm Edﬂ%oﬁxkﬁ&ﬁtb bﬁth&m&&lti%ﬂ thé abcwmu?ﬁaar& bl&’ﬁd Rlcbmskruéted :ﬁ:ch thamfk)
upon sel ectli ve

enpval ., of the orlt onmi n or,
enbodi nent é“aJ?)‘d‘E’Wa‘Pﬁ@‘ Waﬁeiﬁﬁlwr avqﬁh ﬁbffwﬁryggmlgzﬁ%? GRS mam YHISF e
i norgani ¢ &R sk ssleaivelylddpsdtrlsiriyctgéPbliopodteda Iﬁtﬁﬁanydﬂoﬂripbﬁ&'lﬂ& at

t he anneal 10039 ck Co oI ynmers that | ncorpo

i nor gani c §Beé’[brefpz baalﬁﬁbé"’wo@ “59‘“{3 E’ﬁr’ﬁ“&ﬂ‘é“s’o mjaEpsy %h for
exanpl e, byersaiflon e bubstydid &mle&htre@dmm fikiterial Q.. hﬁaskmpbhlaélénﬂivb fbﬁxoail(ws :
of an inorganic s i es conpl exati gn or coordjination w,t

reactive g?@dﬁaj?ﬁ&gﬁémﬁrfcggﬁg Bo yomRs cBtogHRests, Wbﬁ‘ﬁfﬁ?f”}é@gﬁﬂ?oé“y as
descri bed ipolyld8Riomab65SiuitiBle(ivaginivyaedisonlare) therinaidy hald€indaiomol yobmitize an
be bl ended, w_t haﬁ‘{gwl nor%anl c heat resistant material or precursor

t her eof theca‘r"’nm Per%%regate to one polyner phase, for exanple, a

metal salt, a netal oxide gel, netal alkoxide polyners, netal oxide
precur sor, 1488kl Bipftkrmmiyrp@reélw @mrporatnan metgamcﬁmmes prarteipedpared by

Exanpl es oiecm&emo% ih ﬂﬁ'aﬂdﬁa\r@n;la%ﬂleb&?'&y ts(vﬁ!ﬂ)éémefmqﬁxg& oy H@MHQ

(Ti), alum num nmol ybden num

rut heni um BRGS0 %WEW‘{E@P‘(‘% comhg@toénr (owdmauamarﬁhamaew grqup i one
(Pb), and gfhepdifherbl@RRONg ot hers. [0041] Exanpl es of metal al koxides
i ncl ude al koxysilanes such as tetranethoxy5|lane tetraethoxysilane,

tetralsopr ySI ane, etr o]

tetraisopr g’@%@yt iFeEgPRle Scéll E‘@Wgﬁ%{%ﬁg%gﬁg@f al)gthe block copolymer

butyltriet Jﬁ‘ﬁh)byblchaﬂewﬁ:rhd wrg@yd Heti redidians yaleH stion precurdst texafpligchodillt he

nmetal al kOXI de QP e

_ segregate to one polymcr phase, for example, a metal salt, a metal oxide gel, metal alkoxide

polymers, metal oxide precursor, metal nitride precursor, and metal fine particles, Examples
of the metal include silicon (8i), chromium (Cr), titanium (Ti), aluminum (Al), molybdenum
(Mo), gold (Au), platinum (Pt), ruthenium (Ru), zirconium (Zr), tungsten (W), vanadium (V),

lead (Pb), and zinc (Zn), among others,

[0041] Examples of metal alkoxides include alkoxysilanes such as tetramethoxysilane,
tetraethoxysilane, tetraisopropoxysilane, tetraisopropoxyaluminum and
tetraisopropoxytitanium, and atkylalkoxysilanes such as butyltriethoxysilane and
propyltriethoxyaluminum. An exampie of the metal alkoxide polymer is

polydiethoxysiloxane,
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pol ydi et hoxysi | oxane. WD 2009/ 134635PCT/ US2009/ 041125 [ 0042] Exanpl es
of a netal oxide precursor or netal nitride precursor include

pol ysi | ses¥} WHH65e. g., pol ynet hyl si | sesqui oxane, PCT/US2009/041125
pol ymet hyl hydr oxyr si | sesqui oxanc, pol yphenyl sil sesqui oxane, etc.),

pol yhedral oligoneric silsesqui oxane (POSS), and pol ysil azane.

[0043] In sone enbodi nents, a solution of a block copol yner can be
conbined with an additive such as an organic netal salt that has a

hi gh af fi ni f t:h | y. hai f the bl ock I d
wi 11 segr eolt o PP IEs P AR PHAGPEHE L TR HBTS M R EOUE * For
e_x?hrrpl e, t h;ml;@sllsnsduiaxmmil;;grmEilymatlhylbieseiﬁumﬁﬁyﬁdmaﬂ;ymwdaixymh&?lf@m, ned
Wi an organi.c. conpound. uch organi ¢ ne

el ude |1 (RBBRTS ISR aRE Ao oS T o shoesanionane (HOSTS i

t et r anet hylpobniamedi onat e, rut heni um 2, 4- pent anedi onat e, nagnesi um

2, 4- pent anedi onat e, magnesi um hexaf | uor opent anedi onat e, nagnesi um
trifuoropengaredi : ? - ' t Lg{&l hdenum
(V) et hoxi drB ol SidenemiRiARREaShiclor it R RRL AREELANS  prthl HHE
neodymi um @d@tive spcigasgn@raanistresial galt thathaa ki gnasTiigylto dn6 o Hibe paipor ohedtsef

neodym um kgexaf i ] I

2, 4- pent anecl i ockg?ﬁe, ni %Ed;ﬁﬁ]ﬁ%??&ge %}?ﬁg%@z%e [ %)Ar?ac%fg,le Pr?llygﬁﬁh%se(SVfor

n- but oxi de exaRRYh therlqClypopplands 63 kamixprhivithaalingtah salt combined with an organic

hexaf | uor o ' js i: i .

nexaf | Lor o o B B F & Dol T

t ri f uor opefiaNeHypenianedionale methéninm 2.fHppytanzdiangie magnesitino A4 pextanedionate,

tetrabutyl gn j i ; . 1)
m&mm&h%%mmg@%éma?%%thi&m bALIARLAIORIERLE (]

cetyl pyridinirumsalt, anbng others. escril

2007/ 0222994-PspignedignateogrylpBisoen gV ) athpxidagndlhdenure € oxide bis@.4t nc. )

atoms of  aperdAediSAN) hesBRFLAS,SUER 8 3%heflafMRERL 2 (Embhyl-1.4-0RancGORA, T,
nol ybdenum etc,) can_be incorporated Into one bl oci of a di bl ock

c
copol ymer B%?%X‘B‘Hﬁ! hexaffuompepipnedipaata mepdymim (TH22.Arisrigaadicnate gudek®) %t h
the pyri di pavadedibmaieQhioBiAy{s hbhORRE, bR ) MLeMXRI! paliadigh ( PS- b- PVP),
where the }tl) rqudl ne group forrgs .a coordi nation bond with the inorganic
speci es, e.eé?,uoir?pﬁ?f eidé)}’?teeﬁf’ adiyp 2¢gpepionedionate platdiBase conj ugate. As
gln eﬁarrpl elrdifaﬂtﬁ:l‘bp&ﬂhn&dhﬂﬁtrer% ﬂﬂﬁi&hﬁ@@t—ﬁauta@%ﬁ?aﬁl Jh@ﬂihuﬂ.fuiﬁﬁﬁ)p%iladiﬁﬁé%,t
ock copol yner e conbi.ned w i rrogen hexachl oropl ati nate

( H2Pt C16) NG Z&h-prgfaacqipnalg, E?Ff?@&ﬂmaém& praghiogp ptpate LY,

pyri di ne  getabprfatrare(Xiysdtylgysiaiungalt, andfs 3009/ 134635PCT/ US2009/ 041125
100451As al so described in US 2007/ 0222995, bl ock copol yners that

| neor por atfiy g kDaLaaRlaSy FROGI B ALTR R B5ERRS B Ry o T ect
synt hesi s ‘techni que. For exanple, a sequent 0T bOFYTer i zati on
of a nonmekeghnoloagits &icai sgmerofrarieergqnic Peciesstghras nenatal fogEirn, takloned by

an i nor gan& L &R sl ;

ferrocenyl et %@ﬁeﬁ?’%ﬁ’r%‘?gﬁ’é@%ﬁ%ﬁgr Q%r?(qg‘égﬂas%ﬁm{’%"s”ﬂ%’ﬁé‘a ze an

i nor-gani c “epelskation ebie gionisfthe linpedentsopesiey mith thegpygidine units of

pol y(styr aRb b ] ﬁﬁﬁ[ﬁyypisfy ' idihEwrols BEEMVD) -
100461. Ex%gﬁ%?g% %f)bgi)g{]olg' COAF?(_) yms_?gf)jl’1 ﬁ%@h&g%g%@g@fﬁ%&%@@

pol y( st yr eperylingigadiond with flieiyaraaniapyeigsPes. bir@\PY), ete. or form as an acid-base

POl y(St YT epghgdt. Pl M EIBhAY bR RAC RSoRuE M e PE-bS

PS- b- pol y( g'grg;‘l ate) or PS-br po#;@((:%% %@?Fﬁ? 8@}15) o P8-bF ook

pol y(styr @ﬂgijngf_r FHl tgﬁ(qog@me@@yth(dﬁgdqggm_l;q)@chloroplatinate (HzPtCls) whercin a single
pol y( st yr engymRaded dbtipBixkbd Bith ¥AchGHN el ing&nd

pol y(styr ene)?b? pol y%r%apt hyl ene- cco-?’g{;tdﬁéerﬁ%ap éﬂg@mﬁm Pg?b%i(n)n- B)), and

pol kstyrene) - b- pol y(et hyl ene oxi de) (PS-b-PEO, polybutadiene-b-

pol y(vi nyl pyridi ne) (PB-b-PVP), poly(ethylene-alt-propylene)-Db-

pol y(vi nyl pyri di ne) (PEP-b-PVP), anong others, with PS-b-PVP dibl ock
copolyners used in the illustrated enbodi nent. Qher types of bl ock
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f00471Exanpl es of di bl ock copolyners that incorporate an inorganic
speci es include poly(styrene)-b-poly(dinethylsiloxane) (PS-b-PDVS),
pol y(i sopr M%O‘]M:ﬁb{sy( di net hyl si | oxane) (Pl-b-PDVB), PSPOTREENB)11125
pol y(i soprene) - b-pol y(ferrocenyl net hyl et hyl si |l ane) (Pl -b-PFEVMS),

pol y(styrene)-b-pol y(vi nyl met hyl si | oxane) (PS-b-PVM5), -

pol y(styrene)-b-pol y(butadi ene) (PS-b-PB) where the pol ybutadiene
(PB) is stained by osmumtetrexide (0504), and

pol y(styren i L i di ne
group for msﬂ%lJ %oor qi ns}agltd P%IHB%JJ]?S%%)?{E@%%MIP '6%??? fy g'ﬁrééffa g‘g BB §"

ot hers. Aft iprgaminsratiengnaisd bs pteparadinenditeyt sgﬂmtsheeqhniqwrﬂ?or bkgplesai Nt 0
the hal f-cy ; Process

ul t ravi ol etée %@ﬁ{ﬁ‘(&g% gg’tﬁh%grﬁbgggagg&é}ng%}acon et gea% SHENS SOPURRd -
to renove tﬂ@&o\mdgannmocmmnmsgomﬁmhlbmdubma@ gofmbmkthglmyrsﬂaﬁend
convert th i n vol at i n o) e,
Wbt o 1 ermi RaRRlARE S SPEE Snbdhe o il Apd St B RS PR Ger
subsequent Rebétiyrpredbaoly(ferorengmtpletyisilive) liﬂSd:r@ﬂMS) speci es of the

PDVS and PFEM bl ock copol yners are silicon and iron, which, upon
oxi dati on, [Beds)’ fEfa&ﬂﬁrear&fmlo%kbép%lﬁ%&ksﬂlﬁaude%gexm@&e' i con oxide (Si%

and iron oxide (FeO}) 00481T L "val ue of otk copol yner can be

modi fi ed, PORISEEERfHP@olyGyndeyridee F5--R¥P), Pﬁif(étbfwrl@rb"}?céﬂwﬁthytﬂfctftamlale)
bl ock COpO'(FﬂB@Mﬁh?oMtB&?S@M(Xd?ﬁﬁtcf@tﬁrﬂ ﬁblly(ﬁﬁ@xa@bl?fg),be formul at ed

as a binary or terpar ng copol yher and one or

nor e hom)chPl)’FFQ’F?erP%P%M]GF‘d?HgSé’aPM)t S%"F“ﬂé@rgﬂﬂﬁéﬁﬁ ba§11 edndatgbl ymer
bl ocks in mbivtm@kmﬂ%@(éfﬁ@ﬁe) btﬁmé@ﬂélﬁféofbuﬁle‘ﬁ@@bst E'?f‘s %/]M By shel | the
si ze of theglgf)‘%msr do in increase the L va
concent rat# e;‘}ﬁ%i"g o) APHPE R, (‘P&Hb}“aﬁ*ig@ ‘? pel(OnyiRyridiselt 60
-% Cene(rs- byvm@ery(@mﬂ autqar@mlb@k)mbzy(m;aﬂ;ryhaine) debh- nyTer s
are added L thehgflcigg ?T%:J he sa ratlo or anmount . exanpl e
of a ter naP?]ef&.‘Hf XE&’I‘@ °B‘I’[§‘H‘Hs peed ip el 'lb‘s‘F‘\tﬂﬂ/eP‘é?P#’VP“bI%Ff'd tYPF%)r
exarrpl e, 66f Mﬁok%plﬂyxﬁ&sﬁel(/trllﬁodﬁ dPErulithR copoRitherd) % RfusdD e xRRpleasrd 20
- % of 105'\/'%&); ot her Ie%dgr&:e of a ternar IK%IE bl ock copol yner bl end
|s a PS-b Byr B R B SRR VIR AR 2 1 K
PS- b- PMVA, m@mawlat%bearthymopmhy@swmmfsamﬁepamtA%ﬂ\oa‘o APKerp Blkcy asret hyl
met hacryl a [ d of 6 20 20 (W\t-9% of
PS- b-PEQ/ P%f%%or a M}‘ tP'%é%PIglUF M&PFSPED and up to
10- 15 wt - % PEO honopol yner 00491The film m)rphol ogy, including the
domai n si ZE@847nd Epenpleoef deb_@pgc cgpolythers thaf ineoogrhals en merzania siediesimriains,
can be co ﬂH@ﬁE)lBYpoméaH&tﬂyﬁﬂ&EaQ?)%ﬁ% F%é\q k copol ymer (ol ecul ar

wei ght , vol une fraction o focks of a diblock

copol ymer Rob(seRsengeb-rexdimgthylsidexans (o POYISh £ S(aRbES.ot her s) . For
exanpl e, fRIy(¥ rmbfpgﬁ%gmyl%lhg@g&gﬁ%%i 863 Wfb bl ocks general 'y

bet ween aboi;’t 0: 40 an copo r wi |l mcrophase
separat e A (SaPRe)-Ryolikpinynicthylsilerane)¢bS-&- WMS)rwﬂ’(ﬁt&IGn@d&POMbMIW) of

pol ymer B g-biHg) v@eﬂéﬁ.ﬁeﬁ{/&f Hatadi%eé YETB s s&me’ﬁ‘@g?ﬁfé’ﬂgx‘ tg[g&‘ide%oso Qrpnd

cyl i nder - fﬁ{\% % PS- b- rEgmar mat er i
about 20 AAPWINAERe) BTPPb’éWXlHHﬂF (PSE/PVBLwhsre e pﬁlchnmmm frrmesfa PS s
Cor’rpos ed @boraingritn b6d With % Ror@and s3RieMambhg Mﬁer\é“ If\_hexaanh&tl ﬂ%aﬁ@eﬁ‘c ul ar
wei ght (M) of 44?’68@ [ 00501Ref erring
cylindric éfsc$h1¥§g PEYRICE BIBUTS)H’FE ,the@g{fgyhr@prs 2@d @aﬁqsz@ ox1dat10n process (e.g.,
ultraviolet (UV)-ozonation or oxygen plasma etching) can be performed to remove the
organic components of the block copolymer domains and convert the inorganic species to

form a non-volatile inorganic oxide, which remains on the substrate and can be used as a
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cast or deposited into the trenches 16, 16a to an initial thickness
(11) at or about the L value of the block copolyner material (e.g.,
about + 20BQFYY3EHch that the thickness (12) after anBERIUSERY/ M1
be at or below the L value and the bl ock copolyner naterial wll self
assenble to forma single layer of downwardly-facing half-cylinders
registered parallel to the sidewalls 20 and extending the |length (1)
of each of the trenches (e. g as in FIGS. 7A-78). The thickness of

the bl ock cgmsaimra%ﬁbs@akﬁ{a ﬁgﬂgw g%mw&c SBThd PR Yng

el li psometry_techni ques. Feria
deposi t ed b% EMMPCEQQMW“(@E)BJ Cmﬁnmg)whﬁqhownoaoadhtmedbm namrvolatile

(e.g., aboubxifes2ds Zsilto Rk K ymer in an organic
sol vent suchmass d%csklll oroelthane’(a%%fl’-(g%11%{?&0(?9t6 [uene, for exanple.
Capillary f ce bl ock copol ymer material 26 (e.g
grgat er %/haﬁ éﬁ % é@Véﬁ’i ﬁs‘ﬁ? B“’?]ﬁ‘é’l’t’[ﬁg‘ﬁb‘f%@ée mgdifigds dor eﬂ@nﬁéxmdjuwngﬂhm
|l ayer or fihokadfa vefght Eﬁh@bl@@&oﬁ&?ﬂbﬂ( MRE bideE &fpb@heﬁﬁ&el%ﬁcgﬁﬂs%%t ed

| ayer 14 outm#?‘t e trenchées, e.g., on the spacers

onto the eri
18. Upon T‘E‘i i%ﬁ‘bas Ylnary ¢, tmeny | bifnd gemalsing atioshooRotencr prd ane enwhies

| eaving a SitoﬁzmpblymedsQHBs)bfms laa:h@twéo xyhm a@r&k%lyﬁlertlaa{@in t%ébﬂ‘o&{i’m a
t op- down persaectlve ?é?jglht he ent enbodi nent . the trench

floors 24 arB EPfyloRidge anteuel B sies ofghe Rodmar despainsandyncrespe

bolt h bl ogksh@ﬂi viliee Thepohcieitin bﬂhdnm@u%efs% BEAORAn ngbabhioay hdder
pol ynmer do

St rie d faci ward onthetrench

f1 oors, 293 t"ﬂ o %aﬂecfﬂ{ys?”g B?‘E‘Ofd’ogf @ﬁ‘& etihogopelymers areaddedgo pe
prefer ent| ahe h&atdtm alghubthe Sanee rbh@ﬁﬂ(anﬁ)funﬂ'. hﬂﬁ d&bxﬁﬁlkoﬂél)t{éﬁﬂa%*%]oé&ﬁ bdl lEre
registrati to the S as the polynmer
bl ocks sel EEgés?serr}%eb ?@gﬁsﬁ@pﬂ@ °68§a"3’|1‘i’9€ % \R/@tstlﬁ/i“?g -y Ytgutral
wetting s Fﬂﬂm«% by OOR S adnd Z0CWiS% oamok eNPhahphe eﬁﬁﬁ;ﬂ@ﬁf ﬂemu@ cﬁm&k
wetting o y. t he err :
(e.g., the ?R ﬁorl %fe‘ﬁ Sg?k'%MSM%%@E’FPVW@E]H%QW@PH 2Wench
floor 24 aIPS{MEMWt, RO bdt-b’c¢<fs20&fpoﬂ3harrane|anﬂ 30met% FRLEK ball (ndethyhWbthidiate),
floor of t i I o) t f e

hal f - cyl i nggrénfjl ne%ﬁg sfe{ﬂ*\!ﬂc{jﬁ‘%oglﬁgg ﬁi ﬁ%ggﬁfspg/%%&] g HERg ofjabout
wetting tr8hehwi-Foly- b#ﬁ%mﬂ@glﬁmﬁht%ws%ﬁﬂﬁmmwmmnon expands the
nunber of bl ock copol yner materials that can be utilized to produce

sel f-assentwors] f i ThaBihabiBIcRy Sﬁah&ﬁg B 1BR0RLiLEland bR (Y dFR 0N @

substrate surface that can be readily used as ng the

under | yi ng™ETPRCRERM3IeH domaRsaCambe P?fmoée‘i l?)hféalné@@l!wf@rbl@k remehsreal e
level .  WOnmd0lad wéigBORGTY A482008e 34 ddedDf the AB blocks of a diblock copolyrer to

produce cylindrical morphologies (among others). For example, for volume fractions at
ratios of the two blocks generally between about 60:40 and 80:20, the diblock copolymer will
microphase separate and self-assemble into periodic half-cylindrical domains of polymer B
within a matrix of polymer A. An example of a cylinder-forming PS-b-PVP copolymer
material (Lo~35 nm) to form about 20 nm wide half-cylindrical PVP domains in a matrix of

PS is composed of about 70 wt-% P8 and 30 wt-% PVP with a 1otal molecular weight (M,)
of 44.5 kg/mol.

[0050]  Referring to FIG. 5A, the cylindrical-phase block copolymer material 26 can be
cast or deposited into the trenches 16, 16a to an initial thickness (#,) at or about the L value of
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[ 0054] A neutral wetting material 12 can be provided, for exanple, by
applying a _neutral wetting polyner (e.g., a neutral wetting random
copol yner) Eh @i HE S Ssubst rate 10, then form ng an over | YEHYSHa/en123|

| ayer 14 and etching the trenches 16, 16a to expose the underlying
neutral wetting material, as illustrated in FIGS. 2-2B. f00551In

anot her enbodi ment illustrated in FIGS. 3-4, a neutral wetting random
copol ymer nmaterial can be applied after formng the trenches 16

16a', for emrﬂ?dcﬁco;%‘iyrﬁerm&:ﬂggs C%ﬁtb%O%%ﬁkﬁ% Rkt 1} f&kl%?%{)gige i nto

t he trenches FICte € ran mcoo ertal
can then be2¥Kaingayi Ji’eﬁmé@lgwélu:lttsahfewod/therbéocm;@imr ma&atzd viilh el Prstetrdoia

of the trengwesn R¥ingRiyks @wwﬁ»%m%acu\rfgq rlﬁéﬁ'rsgjstérgjoﬁa{mh%&h (mat ) o

12' conposed of the crosslinked, heut

anot her enb88evAES 20 and fxtending the e b of wach Qfdleéﬁen@.ibs Gwigt, las im Rlﬁé 7A-7B)
trenches camndigicRitas orBBOKpdifinématdrld] 2O b8 B30 Tr LR

crosslink the random copol Yrrer Wthin the trenches to
neutral wet PHP™ERY BFHHIUER > Non- crossl i nked random copol ymer
material outside the trenches (e.g., on the spacers 18') can be

subsequent | @038 O TRe blob%@bﬁ%ﬁt%al e el cfé?os&étf %ﬁs‘faﬁ&aﬁﬁg (Qﬁl coatmg) from
ranaom cqQpo

speci ficall [ red. b ication o

conposed ofe}/‘ﬂ@ﬁ ﬁ%&l‘l n fe()%'r# Q%t Wi Rpbiop) pfithreopylyag ’%%@EWI‘&W

tail ored sumbh ishﬁdhlctrbmhmt@ht?zaﬁi tbmlezndpfor@ﬁeﬁﬁblé’fm@m&fy fbx%csaﬁmre%érsé wbék
surface or e

to forma n

S be PV bl S BB PO e e faorp g o drs aches 16 46° 1S e
from a t hi ra thinllayeodr fampﬁﬂabﬁhebkoslsédpulyﬁiaf matbﬁaldﬂnbe%pdsrt%t@maﬁiakéﬁw

t hat exhi bi e ial _or eutra war,d PS PVP,
whi ch can gé)écg‘g t%é\ ﬁc}gP 16 SuBSt ' %Spfﬁerf éfwca}E‘P‘m e§ %’.‘hé‘é'af'fﬁfg?“”ﬁlu‘e
random copdloyiaio thmlt@plwallemaga Bteuchirelesd bhush plyarea tixymatéreal Riverak fgaad ti ng
(on an oxi qlcg) &Q@}e;%gcﬁi)veor by thermally or photolytically

crosslinkin ‘?an surface) to forma mat that is neutral wetting to
PS and PVP and insol ubl e when the bl ock copol yner material is cast
onto it, di¥3th tRahcRressatembreimgnt, the remch|flonrs2A sterstnctanet tntiementral watting

bl end of hYdﬁﬁﬂ&Yﬁm@QéﬁBoﬂﬁil@dﬂs Bﬂﬂy%mﬁrﬁlr@ﬂ& fBrfadbd %‘}h:‘é&n' ow

nol ecul ar el copol,ymer can be ‘grafted (covalently ded)

to the sub8® V%F@W%’FW&OH@&%%WWWW onfhetrgngl Hograysad thedreneh,
about_ 4-5 siaawa‘u@tzoﬁ’ﬁdéthM\/ﬁe SRR B 5PN Pore rADAG i) tﬂ}%? Bioaﬁ&the block

copol yners, e bl ock copol yner can function to ernulsi

honopol y msFOPB Y oJRdusp éeg&%tf"c"l o e heldreyindsrspe the Sléﬁwtﬁbéﬂlas the pelygist
sol ution MEKQEIBAESABI3SENtropic forces drive the wetting of a neutral wetting surface by both

blocks, and enthalpic forces drive the wetting of a preferential-wetting surface by the

preferred block (e.g., the minority block).

[0053] A chemically neutral wetting trench floor 24 allows both blocks of the copolymer
material to wet the floor of the trench and provides for the formation of the half-cylinder line
layout of the disclosure. The use of a neutral wetting trench floor in embodiments of the
invention expands the number of block copolymer materials that can be utilized to produce
self-assembled films having a serics of parallel lines formed on a substrate surface that can
be readily used as a mask for etching the underlying substrate to form a multiple line layout

on a nanoscale level.
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PCT/ US2009/ 041125 (e.g., in toluene) of a blend of about 20-50 wt-%
(or about 30-40 wt-9% OHterm nated honopol yners (e.g., M =6K) and
about 80- 5OVRWIAHEF about 70-60 w-% of a | ow nol ecul BETAIBI0GHE41125
bl ock copolyner (e.g., 5K-5K) can be spin coated onto a substrate 10
(e.g., Si02), heated (baked) (e.g., at 160C), and non-grafted
(unbonded) pol ynmer material renoved, for exanple by a solvent rinse
(e.g., toluene). For exanple, the neutral wetting material can be

prepared fr bl f e -9 - = PMVA- OH
(MEBK) (wei BRe T att Aétud "Z‘?‘g@%ﬁ%’g&%ﬁ‘ﬁ%g §r°ﬂd?‘g%)l}%§-§@$§ﬂ%g\aﬁpgﬂ¥\{@%%’?““8‘r
a ternary bWeHas pdlyPs(Cel, { Bijral vRRtingRarCem( @ gl ymsriiorStib sitvite { BKadBK)
etc. [0058]¢ i [ [ [ ilicon (with
native oxi dgg}?ﬁggﬁgﬁﬁg %a\t/\eg? 'p@r?g El{‘s%'{rh%é%gﬁfﬁ %{%%e%?ﬁl\llﬁﬁ%ceéﬁosﬁgh ©

provi ded by idgdiriegreaytrelayeting magatiak ps illopratedThBIGS.8@Bs 24 of the
trenches 16, |6a can be etched, for exanple, with a hydrogen plasma,

to remove tfoesspxi teandileesnmbindReinhQntedty BIQE 8N, § ROLFLNALEE rBhdokf ON,
which is neutral wett] W al afflnltﬁfor bot h bl ocks of a

n th equ
bl ock copol%?ﬁ‘é’?’mﬁ‘d?@?riaég?n beepRlicApiieferming the benshesdf', b Feregramely, a5y a
convent i onalanREQRBALT cadtiaf oLPpMIPVafng B the FdnbiRk] M 8edi Q8 iR FF8. £TTIR random
silicon substrat edé%\ntp na}{lﬁn\ée oxi de present, about 12-15 A) by
exposur e t COBHYAGIRATE! @ theribe theprallyynaecsted orffowghs material mty ths deftom of
buf f er ed HRtheOwenaliBaB capiliahy 496, MehidhNERult) in ah;h’yeFﬁfat VI2P&mpokRafrRNt ,  Of
by a hydr ogen F_‘!rka%rra ItsaLeat.mant gg. % atom ¢ hydrogen). [ 0059] An
H- t er mi nat S SIRPE SFH el BEipSPRARLFIPAYmeT, rIn ABYthG: prabodimeny thyrapdomt t i ng a
random copopolyredr neiteeial wishifPthe trelRYEY calBe hhdtdMpos@@l(€.g., HRJuGE b s o rOfle
t he SUbS”%cerorﬁQ‘é%Qt'i ng in a, neutt \/\/etttﬂ{l?g ngg]: ce for the
cor r espondi'hg © FEHYT IRl Mes Wyhingke treneRgbto Toan fhe pRUR! WEiBE ) . For
exanpl e, annedtr . Mei-toaintedyaidoticopol FermdtiiyovisidedR G oRe 8/ fBén Ban
be provi degpat&yrs j:arﬁb%isﬁbu fre;a r adi %al pol ymeri zati on of styrene and
met hyl et RESFyMatl EO0S RE oM 8PY%ni ¢ | nker such divinyl benzene

which links the polynmer to an Htermnated silicon surface to produce
about a 10{0P86) i rNeukrRlcketting spafaded FOOE Redcifferilyyerserai by thempplic@8on & rdndoim

anot her enbgdi RRA confdoft@ YF dhond kARl REGIT, GRRY A Bhd @liorkd
can be appli ecima%f t e;@?or mat | oon o%! trﬁea1 mat e%ir%l I gdfgrgggfl ' g%%d fllorté
trenches 18&¢ch thghthe mojeclinstian efepdunenpaieyiswpprapriatreto fararroteutidl gatting4urface.
(conposed pr ckiifipls, R8Nl ¥ a¥R-b-B0P BlobRbd Dbyt Getih e Gz 12 S
20" or ends 22! 0 conmposed gf the materi aﬁogﬁgil’er L}szil) N IE%r Q{eggér%pﬁgfiua
random copOrfefron 8 fhinfils effnhatoccrenslinkable randernB SotRVieopolwinertthas ewkikits
non-preferential or neutral wetting toward PS 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 substrate) 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 crosslinking,

-[0057]  In another embodiment, a blend of hydroxyl-terminated homopolymers and a
corresponding low molecular weight block copolymer can be grafted (covalently bonded) to
the substrate to form a neutral wetting interface layer (e.g., about 4-5 nm) for PS-b-PMMA
and PS-b-P2VP, among other block copolymers. The block copolymer can function to

emulsify the homopolymer blend before grafting. For example, an about 1 wt-% solution
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copol ymer surfactant) containing epoxide groups will react

sel ectively to term nal anmine functional groups (e.g. -N+4 and - NH2)
on silicon WPEIPd&6EFNd silicon oxynitride surfaces rel aticrRISE®9/041125
silicon oxide or silicon. In another exanple in which the trench
floor 24' is silicon or polysilicon and the sidewalls 20" are a
material such as an oxide (e.g., SiOx), the floor can be treated to
formHtermnated silicon and a random copol yner material 14' (e.g.

PS-r-PVP, P 0, t rization
only at t he%?% g%nf g%e&en? gg%’?%l io'?e?%%t“h%‘ﬁéﬁ@&@ %rﬁfte”ﬁmﬁ'éﬁt ral
wetting sur hawepohangs (e.g. d-=6K) dnd PhavAgR:0 m-B’HobaHBE(?)O aan-Heofanewi ded
by grafting rri%le%ﬁ!axf wé}é}ﬁ%ll\%a% %ﬁ%@? e 8Kk §KQ)A M s spm Peoated onto a substrate 10 (e.g.,

trichl orosil ane-base
3- (par a- net g3 perted aksApghat iéﬁ&)wﬁlmmra@eﬁ@ﬁdé@ p@bymdﬂnﬁta-xﬂ :

Si 02) as de ol nate nol o
(200)7) p. 3?%%3%‘3 [08&6“2’5? %@?ﬁ# a‘é‘?ﬁ?ﬁ% St& |‘%1%%“§ éf""%’fet ihﬁae%l welting

PS- b- PMVA cRAlH §81 b@rm@gémm Hendayfiabout 3% tvi-HgP SAOHI(WpHkGAT) ahd@ e DR
Darsceyel obgiieoe) it Aot DNARL ol 100 KEPPLARRISsSH ooy vt

benzocyclobutene- or azid rene-
copol ymer off FStQH 50, BaP- ﬂﬁt(ﬁ@] andTE‘SHaZ:RY/R BKeSH)eetg. |,

pol y(styrene-r-benzocycl obut ene-r- nethyl net hacryl ate

( PS- 1 - PMVA-[003BCB) Jn enfi@din@s@ WD Bich & Ghbstkate aﬁlf&%mc&&)m}n%%e o&%%%%%ﬁ €

b 42 % PS
a O(‘)J/; of gyﬁﬁ&g%vggﬁ%g%émm@rwgded%g hyd);ogvztn terminated silicon. The floors
poI y( par a- 2sioflGemehohes16/ 16N be ctbiedafl SRRIDVASE L )ﬁcﬁ%ﬁ gﬁ% Qﬁ?c%lo%?ﬂe

random copaql y.er ot o- cr.ossl|inked (e.

exposur e f%?‘ %la gl aﬁé’gg‘gﬁ’%g@gﬁ“&e%ﬁﬁf d glicop; ‘ﬁ'ﬂfl‘elﬁ)le‘l‘ilﬂl wtdraeith gqual
crossli nkedff(m dor, boﬂlatblca:bﬂu’[a meoﬁﬂfmﬁfwnaﬂ m%ﬁlte& Qiif AT Be prepared
crossli nke h m neut ([fali’()%ttl ng A

benzocycl obﬁt ne- unctp ﬁ%fr efss %%“X‘oéaﬁllﬁw suhetatee Wit
cross- 1 i nkagliveexige presdnt, abxmuﬂz 290§ a{poab@t&anéqﬁb@w RuBbn 8fnyaRpE{ 250C

f or about r | n_anot.her. enbodi nent, a neutral” wettin
random copgﬁy{r%gﬁﬁf&)agﬁggg‘?ﬁtﬁem?wlm&PM boi HAE wanopivpameny ot lay )

hydr oxyl gf bYds¢ash plasmg treatiBert (ech. oxareit hydrogeai.hacr y1 at e
(P(S-r-MVA-r-HEMA)) (e.g., about 58 wt - %PS) can be can be

sel ecti vel poggal et komdaRl BREGAL G &l pOrrm@rOXLARY, A508, REUbLA

wetting | ayer, about 10 nmthick My heat'1 ng
48 hours. B%IWH“C%%%%S(J! BVP, P§-rdltMMA, e@angmiyqntozma@bs@ze refBifinz % 860.

WO 2009/ 134684 %ﬁfﬂ@%&@&@/fcg‘me]e%ﬁespondmg block copolymer (e.g, PS-b-PVP, PS-b-PMMA,
etc.). For example, a neutral wetting layer of a PS-r-PMMA random copolymer can be
provided by an in situ fiee radical polymerization of styrene and methyl methacrylaté using a

di-olefinic linker such divinyl benzene which links the polymer to an H-terminated silicon
. surface to produce about a 10-15 nm thick film.

{0060]  Referring again to FIGS. 3-4, in another embodiment, a neutral wetting random
copolymer material 12' can be applied after formation of the material layer 14" and

trenches 16', which reacts selectively with the trench floor 24' (composed of the substrate 10"
material) and not the trench sidewalls 20" or ends 22’ (composed of the material layer 14",

For example, a random copolymer (or appropriate blend of homopolymers with block
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[ 0064] To provide preferential wetting trench sidewalls, for exanple,
in the use of a PS-b-PVP bl ock copolyner, the material |ayer 14 can
be conposed'Bf0LMFEon (with native oxide), oxide (e.g. PCEUSRIODMIIZS
oxi de, Six), silicon nitride, silicon oxycarbide, indiumtin oxide
(1 TO, silicon oxynitride, and resist materials such as

met hacryl at e- based resi sts and pol ydi net hyl glutarimde resists,
anong other materials, which exhibit preferential wetting toward the

preferred bl J: ity ck) . ' s, the PVP bl.ock
Pt b 11 Pttt sittoptabMonhilfY LrokiO S win 0l Sty ol it
the bl ock cdpstignabgrounsies i-BH: anchdHa) ef slicoedittidecnl sifiengpxynitrie stP$ides

bl ock) w || at D Byeilrd f I r.along the,.prefereptigl, . ..
wetti g s dei T DO a 308 R o e Rl o RGeS Roos e sion
enbodi ment s°LRAYs{ligprapdtis: sidePrigR0" are predceinbruth @l anweiklt (e, Si@f)ethé Aborsach
as a pol ymegdyls B A modi fied with - CH

cont ai ni ng noi e%ﬁ%&#%ﬁ{{x&et ﬂg?dn%{lﬁ%’ﬁgﬂp%]@ r%%yﬁr’%éggg'?'ecti vel y
appl i ed ont BSHREPEIY A5 eigf) carhlee fomesd biyers sijurpolymisoghitior ntlg avhefleora
neutral wetdimg material 12 is in place on the trench floor 24 (as
in FIGS. 2-213, FIG 4). For exanple, a neutral wetting |ayer can be

formed on t@@t,re ch flqor 24 (e.g., FIG 4 layer) by an in:-situ
pol ymeri zati ot of Ty aRLBHE e Bnerhencwrl pettiag firfaet (. §irIPSEORMMA erde

presence OfPSSh-BEOSéatlduptolied BighafShh Hosli-Lss@sbiiMibhothensarglbgd to the
sidewal I s. An,O4nodi fi can be applied, for exanple, by spin
coati ng andT"%}H%ﬂ“ﬁ[%)eé"Eﬁsﬁgg%@%% %@afaﬁ%fg‘ioxx%@ﬂ)m@yamh@wsﬂm geadedriorpaide
OH groups t{egsBiOerdsidvetiveddorkxanpl! byt DH Pk SVAenalbigr 3 @007 endss14.

(e.g., of oxide) of the trenches. Non-grafted material can be renpved

by rinsing yd a i | xent .G L0luene). See, . for
exanpl e, I\/é?\us'sa e)'? sgf*a?,é E?]gl(r:llg g%]ugrgl,s‘gitgrég?t? P%%w%@"fﬁggg PERAS b ®in o
Langnui r, 20@6g apanker 856-0f 8 photo{ @UGGhRLf czvsslinkpbteaartdof cofolyhbautiyshace
28 of the Rl : i G in the trenches . is then
cont act ed by&g&yﬁg)? gﬁ%?%b%@? 18\%%“% %Arcg?%a? %er?tr?"gﬂnfoe\%)(mgr? Styreng gnd
bl ocks of fistybupbopytee (ermitrobidyremer-benkicgtlobhgent hemethyl eseithiagrybteock i n
the illust gatepveRRdCERN ' t _of the invention,
the prefer g?fi al_wett Fgg) Egrtéex??lgﬁl’l%gh ?%ngﬁg%g%r?) g™ fﬁelagolﬁat eri al
that is pl&c¥H"oMIHA AOUSERHAEEYOPS tdex WG ke .cabpol 3dret-Yoraf ettical  26.
For exanpl golyleigepdisdueine Bl 4 IR ' 0 ohposed of
a soft, fl ﬁ‘{;<)|(bl e,cgd; rugber%/&s}s(%a}e?gglﬁg%elri a Eie?ékfélaasz%g&?:@glggfeﬁ?nked,
pol y( di met HyFEPFliRdFragor pmwismer endetlBiralotq-erogplinkegye-gar d- 184 by
Dows Cor ni N Mw/cai"D @xposbrd fdr Q68 1 § sedBhdé TR EboIPd05hinaes) of h8rmal§ 'chds SRARES
pol yur et hapes, %t C.)., .

€.g., at avout I'70°C for about 4 hours) to form a crosslinked polymer mat as a neutral
wetting layer. A benzocyclobutene-functionalized random copolymer can be thermally

cross-linked (e.g., at about 200°C for about 4 hours or at about 250°C for about 10 minutes).

[0063] In another embodiment, a neutral wetting rahdom copolymer of polystyrene (PS),
polymethacrylaté (PMMA) with hydroxy] group(s) (e.g., 2-hydroxycthy! methacrylate
(P(S-r-MMA-r-HEMA)) (e.g., about 58 wt-% PS) can be can be selectively graftedto a
substrate 10 (e.g., an oxide) as a neutral wetting layer about 5-10 nm thick by heating at
about 160°C for about 48 hours. See, for cxamplq, In et al., Langmuir, 2006, 22, 7855-7860.
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[ 0068] A cross-1linked, solid PDMS naterial 30 provides an external
surface that is h drophoblc whi ch can be altered, for exanple, by a
pl asma oxi d&? POA1H46*%add silanol (SiOH) groups to the suPCEEE2009/041125
render the PDVS surface hydrophilic. For exanple, in using a PS-b-PVP
(70:.30) bl ock copolyner, a PDVS material 30 having a hydrophobic
surface placed into contact with the PS-b-PVP bl ock copol yner

material 26 will be preferentially wetted by the PS bl ock Wmle a

PDIVS

broteronti et Ra S teli RIS B G AGEm Al n R pta

mat eri al 30F8 rP\H’eb1®C$r¢9B€éHﬂerf the meicriahddyer 14o0pn be édmpmgcdmf sﬂneed (wirly nathe
material 304489 fExﬁJ&?a?“&ﬁc%ﬁ%x%@ K6 r%t sh]%op h%&% SR8l ycaTbu%B‘t g&gm"%léltoéldé

whi ch can i ncl ud as’ wat er,
(e.qg., by sdaRh ﬁ@yortww@;dﬁee@deesanma@mm $uclt1 @DV lmebesed sisists andenhance

physical r eﬁgyy&hemﬂ@%tml?ﬂeg@? %8%9?%&' téga}st\”ﬁ:\% L 308s F}{ﬁ_r}lﬁ?_rtﬁﬂ tl%.'_'s stpl ve

t he bl ock copol yner.” A di sol uti
etc.) can aPyadike pagfprrddedockde. Ettblhnamnchls@blwbcfam Pafﬂjﬂbﬁmﬂkerl aI

[0069] I n anghdi@fed eRBASLEAR nUForf %ﬂ&ézﬁghﬂ £th s@rhblyygg;hk ?%{: %098 ylgn%f(mg’tgna

be forned as an_ inorganic e sur ace
copol yner it @Ffeard beck (Fay the PY R eck) will faymes thirf interfagsilaycomontj the ect ri c

(SCD) mat ergréatbreiwhieing QW B atiRRlYI T thel h%éa”p' e, a spin-on

l'iquid silicon-containing polyner renovi ng fi&”sol vent (e.g., by

e mospher e 1DGSL I enEp TN G LSS PPNt eitfor PR Stesiobsuph o

folrlm g har cds spdalymerhyidﬂemz(drglete((ﬁv@@ plo@gﬁf:) moéﬁﬁm’\dﬁ}?mm‘ﬁ Eo&Mﬁlﬁéﬁﬁe{yhat

Wi e pr feren m nor i

enbodi nent %fh ﬁoxy @W\A@wgﬁ@ %ﬂ%ﬂéﬁl?%ﬁd%%’h%‘”ﬁ% ﬁ’(‘i‘f"\éﬂls ot the trenches

Si Irrul taneou,rs¢nybo¢imdmsa~liehe1rnmﬂralmﬁﬁxglmaw‘nafnes ﬁgi’ac%ﬁ lﬂfelt@hch ffoppapl es of

silicon-co ncl ude a silicates oxanes (e.

hydr ogen si ?‘egtcﬁ)o%?ng@ I—@Q&T OF AR Fré’t“r‘?ﬁ}tradl §F1P6J?§Ffe°a“ be Rmed o s

ﬁCt amet Ey: treichifloondr(e g., E1G. 4 layes) hanansn ;(oejnganzaﬁaﬁlo%fdna&%@;%ly&dé@&x as
exanet hyl di tetr

oct anet hyl gyg]Hot e‘?’%ﬂ‘s‘“?"fﬁ%gﬁ%}%"' & ﬁé‘l‘%eﬁ'@@ﬁ ﬂa‘f(?]g miogifieddMMA then

di et hyl ani &rafted tmehwewalﬂsamex OHmmiﬁﬂv;leaxtmm@hrr bd@bh@tﬂ, for kdigple, B9 Spin  and

1 se5001 G0 RS0 84 DES ARG 185y T spr o

appl yi ng, felestivebowdiamdt o thessidepialiy 2od ehds@2t(eg hofl o ide) of thetraohegent  of

L PR ek RO O B D o

anneal i ng, Seener thamplsc PlilSd::Y ptadf Srienme, 1497, Res, 1115831 468 audilabt dl. al@mal, can

he renovedodsingr@seess.rol | ed etch back process, for exanple, by
applying a fluori de based etchant whereby the dielectric material is

et ched at 394;7@ h ratﬁﬁ(%v\}% | ess than about 200 A/m nute).
[0070] W t H "é%"%ﬁﬂ ¢ sfage Akefihe bipckaopolymeromaterial 2Gintthe t he
surface 28renéhes mhemce,ggct SAS¥BHial mﬁprr&aemany DGR NG LIRS

IS conductted g@rrows ; hb‘S’é to cause th i/rrer bl ocks to p ase
separate i P BBFEE“ i ??\é" § We airqrigy bla%dnﬁ@u lysgptedembodigersf t he
trench surfaces and the preferential wetting of the overlying

mat eri al 3W67hndinfap embedimentiof &esmbﬁcﬁdtheg}cwmhalrwétﬁ[g Ahterfed 305

illustrate 7 r mal eal n be conducted

at above tﬁmwgfcgé@? Irm;rr?gtl :IaJEt)llg‘:aQ e"J ¢ ‘f&’fqap‘@ CGP%@gBISEk)E)‘f‘PQW%I ocks of

t he copol Vﬁ@rlalrﬂé’c &pi exbmplepthe gve&irq:ﬂtlel watifgInderRVED empbelcyipssedrot Lfokal :

can be gl gbal, e at ur ut Q-275C

vacuum oven %(E)%r ggoufkqﬁf%tt%%bér@ rgsﬁ‘l'llé’b%df Pﬁ%ﬁg’é‘?"%ﬁ%{@m ﬂéﬂ@)

nor phol ogy. The resul ti ng nor phol ogy of the anneal ed copol yner

material 32 (e.g., parallel orientation of the half-cylinder |ines)
WHD\6426131,1 17



[ 0072] The bl ock copol yner material can be globally heated or, in

ot her enbodi zone or |localized thermal anneal can be applied
to portiongkgﬁﬂéggﬁﬁons of the bl ock copol yner naterlaIP§§”$W@F4f“5
exanpl e, the substrate can be noved across a hot-to-cold tenperature
gradient 34 (FIG 6) positioned above (as shown) or underneath the
substrate (or the thermal source can be noved relative to the
substrate, e.g., arrow ->) such that the bl ock copol yner materi al

sel f-assenb Ie;aao;uaqag Cs»ﬁgdrﬂlg gaby ﬁéw%%ﬁﬁé? 9r &tﬂér@ldﬁkbm&ﬁhepohﬁﬁetr e ﬁélc(g

Only those Eﬁrtlons of the block copolyner material that are eat
above the gFHEYe} PANEFDMSH Shmper at ure” of the conmponent pol ymer

bl ocks will self-assenble, and areas of the material that were not
suf fici ent | Jo0b&jat ederosnimked, dilRpES edtcandopRasRe D xednal sd?t:aké ihags the

heat ed bst f ast er, d
et e Zone s ST, R o B PocAE e
20?9/ é3463|5§36ﬂ'}15lt15m9@.9f@4ﬁﬂr2!ﬁef e ?Bhfﬂ@ﬁ'a&ﬂﬂ&rabhlﬁtg Fdr Bﬁlmple, in usmg a

C | naril ca

|xto a pol y?réég%% %%l%gg?pé’y er’fﬁ%‘% E é%%‘f‘%a ﬁ’ﬁ"r?ﬂh&c SYIRS. I n

response t opleded 1rm¢mmactt\e1th thé PS-ib&’\ﬁ’ytblbdkdﬁpelphﬁmtdﬁiam(w@ldﬁ%l‘éfé’f&ﬁlally
conpositio ent .pitch. at ,
about L) C(r)lw n({()tlécrilg%thc %g 31? r%ﬂDMg %SH%P? |“5’|q tB Ia&giirﬁﬁ'“lﬂ%%"foce will
const r ai nt sheprafremiatly b'yttetdt‘na thd thl@ﬂa Aiter bﬂnm[tmganmms flerD3D dah Ge
wetting pr e nchs l atre fl aor 24
that exhi bﬁ?@sﬁgﬁftﬁl}&fmgg ]#h Mo &tk ﬁ tvbéall ?‘f ﬁ&mttlbe\/@ﬁf &89?38’581% r
bl ocks, e. gopolemeramathoial 2, a#ﬂltch(cmpmblydmpplymg@ sbivemcichsis dawa lalcshdl€) eend
an overlyi r{g s%ﬁlhﬁé) 1 ﬁerPnQ Sivel iﬁJ B8} a%n \’%egrtlharrfr% pﬁ;%satl]moval

mnority bl'0Ek prefeire
sel f - assemishéwhigh fSGpmpgéalta‘Mﬂe*nddopsrm édsol\doharhAmkd:elbcagmerg A dilute fluoride

L oy B, RELE I NaB SOl IR0 B GPRL PRI BA BscoAHEL 2

wetting materi trenc l'00 ara
trench fl odtatepial. and regl stered to the sidewalls 20 for the length (4)
of trenches 16, 16a. Wthin the trenches, a matrix 38 of the mpjority

pol ymer bl cpaﬂw}( e.lg anotl?e‘s)sm@y(ﬂﬁalemeﬁe mftr&uslrmmg%été}ﬁl Bl 06 YdrhRaSY £nS)
36. Ceneral I %? |1 nes 36 (both blocks consi dered)
T\R)@}heéf")f

will have é{“’ opie 2 BBWF blgekseqrolymepmatpyig) 264 Hprample.tadeyer of
m nority (psgh-entderd}uib KSI@]K) rﬁﬁexﬁh] cmﬁﬂbrrﬂﬂd'bb %ﬂﬂﬁ@@f@ﬁ&aﬁlﬁlemln\l@f[hqbﬂe

preferentlah wettin evvaIIs nd ends 2 the trenches 16

Dot or s Bl oD vbe ok, Bt RN o5y Bratagnandtieh usding the

isegr eggget pdyrasrdayerte.d., hﬁyg:w&efrhoépli@e @fe@?%&ﬁﬁ\ﬁdn@roc\é@t %btrhﬂgl_rﬁﬁﬁlﬁlclcﬁ!&on '

ayer r in e i ckness

of the wetfr F]P f?"@%?ag ES‘C&/%& ‘%eo@{bf%ﬁc%gydé‘@ﬁ‘z ?5&8} hat wilthener al | y

gbtz)ut 0. ?*prpfewhilﬂh wetted biglths P¥D. (aﬁmht)ofblouhelnmgmgqu bt @6 lﬁeﬂzlﬂﬂi tﬁé30U]E
5*L o rit or e a < 5* r o

t he PVP bl %c augg{;a% bR “‘%ﬁl ggm]uﬁwpy i‘&‘g@h w}?ﬁ"aéﬁ“éﬁlﬁ’g ﬁ‘ﬁ‘?

(about 0. 2BramptesbLitlicodiconmingg polyhtewaﬁducferacsmcmb@ sifosdanks (E[Q,t B)Fdlrcaéen

[0075]1n g :Een he i avention r

mat eri al 3%1‘9‘%%&515% égﬁg)anne tﬂY 8%?8%’é’CTT?}S“’%HF”W“%&@V\?’W&{FE\%I ue,

or t2=Db mOQ)Gilmn_ey s'éqmah@cab:et}glchdmezma(}mm)asetx@ﬁaemplaxsnmé yi ng vvetti ng

|12-y 2r 36a’ oc%&&yf&cﬁ&%@asﬁ% 5 ggcré:%gt)hy]cyclotnsﬂumL gixeoh y?am%otru(neﬂwm ane or

dimethylaminotrimethylsilane, etc.) and silisesquioxanes (e.g., hydrogen silsesquioxane
(HSQ). The spin-on polymer material can be applied, for example, by casting, spin applying,

flow coating or a spray coating technique. The solvent of the spin-on polymer material is

WHD\G426131.1 18



[0076] I n enbodi ments in which the bl ock copol yner material 26

i ncludes an_inorganic species such as a netal (e.g., Si, Fe, etc.),

t he inorganwezg%’géﬁ& will segregate to one pol ymer phaSETusaems/ 041125
anneal i ng. For exanple, with a PS-b-PVP copol ynmer conbined with an
silicon- and/or iron-containing additive where the pyridine group
selectively solvates the Si and Fe species, during the anneal, the Si
and Fe species wll segregate to the PVP half-cyli nders 36 (and

wetting | ayefospséine t r r her mal |
stabl e and vvlolf) notm\s}(‘?de gtu?@% @éhgﬁ‘%ﬁm lgl?l&ecgﬁ%ﬂ e(r%’ptgf a’iaﬂ\p » WHEPT

the ill ust r &%tele flrapmealing, the Hislepirid prefqranitipl wmgmmmmyar&oamebeabout
| . 5-2%L Aoved 3 ho
(or re d 8sing 4 Mtr@l'iéd(\elfbh\@l:ly[g ce?{ﬁ q&??an%l ‘f%‘ge g%‘ﬁ‘ﬂ er

resulting in Elhe formati on of
of the trencfians»heighy te ficlsetkic awisoirliseichedata oy ea:hpatbédag Madstiean @bouagu t
L. As depi ctdgdlinue).FI GS. 7A and 7C, within a wider trench 16a having a
width (wa) of about (it +1)* L (or (n +1) X the pitch value), the

bl ock copol ri,al will self assenmble to formmultiple (n)

li nes of ha?@@ym’g}éb’g p?@’?@ﬁﬁwlfé\%‘“?tﬁﬁl pe Wéﬁl)‘ta%l"ﬂﬁ the SUprce?-S of the
cent er - t 0- clotlesopplymehmateisd] 36,6 abfhl @c@ksﬁ?é‘dﬁh Jté he
pitch di sta{h(é‘e e of the Dbl (I)% rco oly u +%$a§9 bt

(n) of half- ?IP"“arLtiJ""% é@‘%ﬂ%f%tﬁme%wﬁe&@hp@&mb@l aménm@l wétting ofthe

exanpl e, act@mhism@céscandiﬁe;:\fufé}ém Dy ﬁ fithede A t
di stance (py« laphedifo ltrPry\::I?é]rréﬁaga}l|3?11eangt‘r%jg’;%%1After

Se}nb]eg e of th g k copol
t he bl ock copolymner 5‘?713?16"1‘ AR éﬁt@ffdé‘h @rdeCed, the
preferential wetting material 30 can be renoved fromcontact with the
assenbl ed bPBEK cabmn?lrmncaiuagemlalcoﬁﬂnpteast adbvavhe glass aBitich tethROAGE FOr

I h PDIVS,
The ot eri ol s Ao of e oot BhAHATRL 5 Rl Frad ol PreSBrock

copol ymer rfetiaf ep bg ZIObiﬂbf ﬁﬁla@,ﬁlcfd at atempﬁemwdl abowd 1S®LYIAtin & Radlurh Sven for
conpat i bl e apbidt h-2amend @ESHAOL e 'sélsggséﬁ?ol&f m%rggorpr %‘léas 2l | ed Sgogyrn%r

domai ns such as water, al cohol ' efc: 8T MO
sprayi ng, . SERNGHFCPROlyrRYr anataaiol 34@gp@ﬁ!ﬁ%@lveemmnsﬁ\&blhalf-bﬁmﬂaﬂe:és)aén

and enhancee B foW::Ia.h‘[Blét us?zllé z%daﬁgorgé Q?dl?bﬁb?ﬂl’ qr Asiis lgsxo 1ctrmé|:1

pol ymer structure. A dilute fluorid
etc.) can 31“5%“6@’@5%1%@1@% slesipamicrosaepyr(8BYal and deconposition of
a PDMS material .

[0072] The block copolymer material can be globally heated or, in other embodiments, a
zone or localized thermal anneal can be applied to portions or sections of the block
copolymer material 26. For example, the substraté can be moved across a hot-to-cold
temperature gradient 34 (FIG. 6) positioned above (as shown) or undemeath the substrate (or
the thermal source can be moved relative to the substrate, e.g., arrow —) such that the block
copolymer material self-assembles upon cooling after passing through the heat source. Only
those portions of the block copolymer material that are heated above the glass transition
temperature of the component polymer blocks wil) self-assemble, and areas of the material
that were not sufficiently heated remain disordered and unassembled. “Pulling." the heated

2one across the substrate can result in faster processing and better ordered structures relative
to a global thermal anneal.
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[00801In enbodinents of the invention in which the preferenti al
wetting materi al i s conposed of an inorganic material such as a
spi n-on dléY%3WV?%mTSCD) the material 30 can be renpve@CBSz009/041125
controlled etch back process, for exanple, by applying a

fl uori de-based et chant whereby the dielectric material is etched at
a lowetch rate (e.g., less than about 200 A/ mnute) wi thout altering
or damagi ng the assenbl ed polyner structure. [0081]In enbodinents in

ot ori ol ¢ n R On TR e S0t SR Hlot o BiREta SRR 6 4T

process t hab‘elﬂasssrdilaﬂem agprolyaher nageritlise (@?Ifymalas ¢pigalie FIGS.WIC. rtﬁtrespchﬁe
iV r enov.

companant s Bk fER0otiRe TRL R BB ot Binte LB o 8%, AB 3Bk ave

speci es on havingsnlidiereat gitch @t cfr@bafnt &) eomdneriitathesiounday coadnaam-l Rcluding the
oxygen pl asgpgfah r\%lhéd Igfﬁ?%%ﬂ-} &e)§?ﬁlr Ergnc fgﬁu a)ndglilel W‘i%‘@sur?ﬂ?glteﬁgf the

| eavi ng i norgani ¢ ma
substrate s@ﬁmhwfacqs@ow] @aplefledr 2y ;haaemibuskcwalpm Ingipreferdnitinl Wdtdnmt@Gad

outside th t hick -
enough to retc)aotsufj | n%lsoc(a:ﬁ’ggé %‘S?’R%m&cf’ P éﬁﬁﬁri 4pd tfteﬂcg’ b%g”?ﬁﬁ(}}c %4 &Y thin .
film26a caQYeﬁléng wasKd 0 tﬁﬂ@ﬁreemminelwdmwgantletxmhoﬁtgblonk)qnhenmronar

0083] Cpt 1 Lt Tieer Tk (8P oRSeR R BREN o Al RBA bl o SRRy,

one of the Wgttcylinder dogenin lmg) Y6eonghe, nmwfﬁvmah@blﬁtmwatm@na;@na! 12 i the and
enhance t haready t?d%g,tvhn&f is pAIELR Y Lﬁé@e{ncﬂ)h cr 1%&138%%%%’ he Eld%wa?ls 9b £ for It%e

pol ymer bl ocks can be structured to |n ren
exposur e t deTgM{efitspedes [@NFa.r ‘é[ethlatﬂh@dwncflem@lmﬂﬂnm$ Qfébmmbmtb'@viymbet

(DWV) radi %‘ldcf(’f@g ) o%}ﬁescéﬁ’ih)émun@tﬂ&}lfal eﬁ'ﬂﬁ&?(sjﬂir %%ﬁg ﬁe%ﬂﬁ%pﬁr%l na

crosslinking agent. For exanple, the tr r'egi ons ca
sel ect i vel JResd9deet blopkssgatidesd é’@li kdve a pidsk (mshevon pbaub0 éTIessI ink only
t he self-assenbl ed polymer material 32 within the trenches 16, 16a

and a wash [«nam tHaladdiﬁoramlmzﬁﬁhtyv(}irJEfe@éH) 8RB @R, Imv@ Wil RBhte (daang wet the
tol uene) taq Ve the n | o

sI i n orti f the
copol yner e eéernl a|"’"“'2‘€}§ s e@’ﬁ@f ﬁ e fGRds &g(ﬁ.@? ﬂ6%1‘§sf%rﬁiﬁ @H‘ infEiRrRer
mat er i a: 32r wettitg (ontshidager A6 larécawﬂil s@g(rﬁ)gh‘ﬁd t8 gnd ha tﬁdﬂ'ufeﬂﬁlﬁg Qrfefet:effsﬁal wettmg
mat eri a out Si 0
t he anneal %%%Iljliyﬁggp to%%r} %?veg)é' %P’Egr BeL P#‘ﬁkgﬁe < ﬂr’@he ﬁemng
Chot or esi shysrad@n Béd; (wainbloeksappiderd) & @ereadlly abdut 830L axtiasaclidee <apsas
O poned” ool mIBLG Ak o8 ReLd 2SN SRR S RS A S0 PG, ik

exposed portions o ey s
exanpl e bylazan obtey F¥E b@@B)Wlleammietmteﬁacmtth atjaORRBPEARONRMS Qobomrers* f

the: ap | Caldlldha bty B S6Abhlae! yTor material 30 T as

[0075]  In embodiments of the invention, the self-assembled polymer material 32 has a
post-anneal thickness (¢5) at or below the L value, or ;= b + (0.5*) {where b is the thickness

of the overlying wetting layer 36a,, both blocks considered), or £ = [(<0.5*L) + (0.5*L)],
ori; <L.

[0076])  In embodiments in which the block copolymer material 26 includes an inorganic
species such as a metal (e.g., Si, Fe, etc.), the inorganic species will segregate to one polymer

phase upon annealing. For example, with a PS-b-PVP cdpolymer combined with an silicon-
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an etch mask to formopenings in the substrate 10. After annealing

and sel f a%nb% of the polyner blocks into the half-cylinders 36
and matrix U enoval of "t he preferential wetting RETABNAY VB3OS

t he assenbl ed polymer material 32 can be processed to forma
structure that can be used as an etch mask to form openings in the
substrate 10. [0085]1n sone enbodi nents of the invention, the surface
wetting layer 36a5 (FIGS. 7A, 7C) conposed of the mnority bl ock

(e.g., PVP) as@alaﬁ c5RhiShk &V ﬂg@}{@%ﬁ% p%aealtaaa ?@\Ba&éﬂhe ,a&ipt he

sel f -assenbl ed, pol yner nateri al ace we
| ayer 36al &fecipsypudngihpanneadsihe Bidnd e specimy Bﬂkﬁﬁsremtoamlﬂ’v@’ Ialf—cam;dgsﬁsﬁ

f 1 uorocar bogund Qktt; Vﬁ&?é}s BbBS gﬁtab{?%org%%écﬁlgm[s%%géﬂl {EE?%H%% RotOf

the invention in oné of ornains 1
i nor gani ¢ s padiliggatthe apneal Gmpepgre. ot ¢ ) an oxi dation process such as
a UV-ozonation or oxygen plasma etching, can be perforned to renove

the organi clnetjer imihe {lius@ated dritRdiRRhY HRAigR (R) &&)en&i&%&ﬁ@&l?oﬁ% 1.5he; (or
i norganic s [ 0.a pon-yol atile inorganic. oxi ., Silicon
g £Gi )&3 t E‘ | ati | de g I
oxi de (Si o"§) RPIp ae ??—fébfd@?‘? cgpelymer, f&wltfnéﬁ%ﬂhﬁ@r@hhqnwé a single
substrate abuif- o@aﬁﬂebeaommel céiber af tHB&knch N6 HoMUHIRUUS Yy xﬁér%wg[ Qﬁtﬁﬁ Salue
rat ed

0087] For e a 9-9B, inthe illu
[errbod} ment ﬁﬁ%?‘cﬁs ﬁ‘iﬂﬂ‘é&l) P(Lj“igs'c"o"bi‘ﬂdf& Withimagyider trepehighfa havipgmpigielr bt
PS- b- PVP couflabauedh €19* fo(or (roel) eltthe pitchlvalag), G blodledpelynfeEmaeidl ¥l kg

nal - oyt | naereeB B b a) FraREhafSufec il Sntiasron ipsbeine

(arrows 1, lcedteretatserser pitek ﬂmajm(dp)tdfadijecrmmaacb@ttdﬂ abduethE Pitdmdistinte SO Piheb of

PVP pol yner, | f - cy d neutral vvet ing
| ayer 12) an?%%v‘%ﬁm matt%‘al 5/"8‘?’ é’% %@%ﬁ@g r&?‘{]‘r‘l’ic%%l o tinch can
hal f - cyl i nderarictiofor remglnaccodiog dethe eddsh of tBt Enchac/aithdfick Qitance (p) or

resul ting izn,ne ni,c oxide lines 40 on the substrate
10. [0088] I n ot ﬂg}&@é@%ﬁ@%ﬁ%&?% matri x domain 38 of the

sel f - assen‘g& eg] pol rrer material 32 can be selectively renoved
relative t &% theyilack gepolysonawtcsial is apricdlpd ararordrecdutbe irefisensiaimas k-
to etch theesx Qﬁ@ﬂalsmﬁﬁ B@Jeﬁm WG In
using a PS-b- P@ bl oc ‘;"négrf%tr11 %JI\?}%CEdorral Egg%rgﬁg blg&r Og&?ﬂgg']el y
renoved by“‘@\‘?‘” oaélﬁh%’é’éﬁpc -acid devel opment or by sel ective
reactive ion etchl ng (PIE), and the remaining PS donmins can then be
used as a [P3K t Foet:amplehin thands bf M$clid, clastomeric material 30 such as PDMS, the

material can be lifted or pecled from the surface of the block copolymer material 32. To

l

facilitate removal, a solvent that is compatible with and does not dissolve or etch the
assembled polymer domains such as water, alcohol, elc. can be applied (e.g., by spraying,
soaking the material) to permeate and swell the material and enhance removal without
altering or damaging the assembled polymer structure. A dilute fluoride solution (e.g.,
NHF, HF, NaF, efc.) can also be applied to mediate the removal and decomposition of a
PDMS material.

(0080}  In embodiments of the invention in which the preferential wetting material 30 is
composed of an inorganic material such as a spin-on dielectric (SOD), the material 30 can be

removed by a controlled etch back process, for example, by applying a fluoride-based etchant
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WO 2009/ 134635PCT/ US2009/ 041125 [0089] The oxide lines 40 can then be

used as a q@g é etch Iine openings 42 (e.g., trenches) in the
substrate 1 ﬁ@ﬁicted in FIGS. 10-10B, for exanpl e, PGEUSYOYM1125
ani sotropic, selective reactive ion etch (RIE) process. 100901Furt her
processing can then be perforned as desired. For exanple, as depicted
in FIGS. 11-11B, the residual oxide lines 40 can be renoved, for
exanpl e, using a fluoride-based etchant, and the substrate openings

32 can be Tk, el duERirinl eéfedsdvgnmﬂﬁa@?ég SinaliEhaly al!oy

such as Cu, Al Si, and Ti 3 ormarrays of
conductive FPha4ninge) withont Béﬁqnmmdmanmmthmenm@d pobymesh stastug.02, Al 203,
-11.02, Zr02, SrTiG3, and the like. 100911 Referring nowto FIG 12,

in anot her ﬁmbb]dl A RnbedimEMSini WhEAHh leRBomefic ﬁﬁt@f@ﬁ@ﬁ'%&@eﬁﬁthaﬁ ?Ekbe
applied to forPan ajr, I&f’ter&gce at the surface 28 of ock
copol yrer nitPOPET maigrialithat includesag poreanic; spepiesi(ae. p$1eﬁeeﬁtéﬂrta|m¢qe§ﬁ thist t i ng

to one of t Hiesobleookachef the bﬂyﬁ@r&@ﬁ%%ﬁts'ﬁﬁiﬂlh@hno@g@nm shR92dd B B
enbodi ment s referenithl al at nrosphere can be conposed of

I
clean, dry g"ler"“ & 5PoYe 8H’E‘°’F‘¥{F F%}“Rﬁé?“q% ‘Pféh"p‘HP%POIHP?WRmW&W%@“E Hhe
| ower surf amergmea Spic0ias o:Fmé subN@dPloGorni dmbdkandisal. Hor Ban1M 0306k plasina
PS- b- PEQ, . th rbI 8‘(/?/@ Sbcoa relatively | ower, surface tension and
will preferéntl aI P p%cgﬁusd?a}orgppalgg ¥R dtcesanic maisial (e Sbfe,

PS- b- PDMVS, dthpasPibbEorthoaibsthutssusfadeower surface tension and wil |
preferentially wet a clean dry air atnosphere. In other enbodi nents,

a hum d at ”i@@%'i‘er @ieﬁéﬂlfg %Glgﬂ%#%olgﬂgxl q‘llm%é) LﬁSlgﬁ gg% R%F.V\Bt PEO

over PS (e.g., usi g a near -

at nospher e Spicérsgw)w t o4 honot thidkrambinghl th msmarmIsdléa:(sE)hﬁy Opthshally)ehel | ke)
can be aPplingehcASeAnKataLeR VB over PS
(e.g., usin P§- b‘3 PVIP) [ 0093 Eﬁ&gorﬁi’g{)recrxﬁ%lﬁ yb?éoy\ﬁE l%'1“3)/0rtrf§lr

materi al 2@anpizatipeprapessiomeevidsfanpbent priéfrotyeint sufabsy. vvettl ng atnosphere
46' can then be conducted such that the polynmer bl ocks phase separate

in responsgoass] t hepthem)etfﬁl&bﬂacﬂ}m&mhdﬂﬁU&aB%E e th B sk bhEo kiSRG er

surfaces arad t.he ef;\gé] ’ﬁ‘i V\@éqtl ng he overlyi ng at nosphere 46'
at the air- Prﬁ?lgﬁe dheToVh haltvlindezp to %W@G‘*%F‘W‘Eﬁh ofthedplygier Blocksgs
i 11 ustrat edoi axaﬁpmnebsemaymbmam PATER bk @ IBIRRGHY BloBdIRk &rg)vap%d

ggu: P SI " d% n"aé io ﬁ%%vfﬂe%g{lif?agg%f é@@mgé]ﬁﬁd @?&é&%l(ﬁy"i EﬁdEa&ﬁ@ emhai r

interface pﬁahexd:ﬂ@:kmmebeefoenﬁlatad towhthinAGrdselinkih@ afénf OF drleYantliQ SHe trefich
regions can be selectively exposed through a reticle (not shown) to crosslink only the
self-assembled polymer material 32 within the trenches 16, 16a and a wash can then be
applied with ah appropriate solvént (e.g., toluene) to remove the non-crosslinked portions of
the block copolymer material 26a, Ieavigg the registered self-assembled polymer material 32
within the trench and exposing the surface of the material layer 14 above/outside the
trenches. In another embodiment, the annealed pb]ymer material 32 can be crosslinked
globally, a photoresist material can be applied to pattemn and expose thé areas of the polymer
material 26a outside the trench regions, and the exposed portions of the polymer materiaj 262

can be removed, for cxample by an oxygen (O,) plasma treatment.

[0084]  An embodiment of the application of the self-assembled -polymer material 30 is as

an etch mask to form openings in the substrate 10. After annealing and self assembly of the
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cyl i nder - phase bl ock copol yner conposition (e.g., 70:30 PS-b-PVP
(inherent pitch L; Wi II sel f-assenbl e such that the mnority

(pref erred)w%F[wafll 4(5 PVP) will form parallel-orient &F1/US2009/041125
downwar d- f aci ng, hal f - cyI i nder dormains 36" on the neutral wetting
material 12' on the trench floors surrounded by an overlying matrix
38" of the majority polynmer block (e.g., PS). In addition, the
mnority (preferred) block (e.g., PVP) will segregate to and wet the

si dewal | s Zgolyﬁ%l@dﬁgﬁlt@&e n@f c)thhgeé f@ﬂl&h{%‘fr x1§8 and]rgrﬂova?ﬁﬂ]?ée %@fc\%&:ﬁal

interface ( g usi ngjﬁa near -'sat urat ed 5ol vent at mosphe
are prefer eh‘? iag materiali 3 gthe esserntdedpohiondr mptepploRlean beopreesssed smfotrha ptructure

| nterf ace olaiiahbé D el ARl d A bl YENELLSN Al 3023 (at the

air interface) (e.g., at a thickness As anot her

exanple, in use of a | i ndri cal - phase PS-b- PDMS
hal ?p cyl i nd@i’gﬁz 651“666% “d“bézélwﬁiﬁ pEthg H“’g?fémn‘éﬁfq‘%?e Wstng lwgfr Aéas EFIGH 7A7C)

wi thin an o«mﬁoyddrtgtﬂa&lﬁatw bnscxa@ &, Panmcﬁ%muélgi rJn%E'& @ esz[sdéé haelnga.‘gﬁ%ss
ayer a

26a' on theft th g \cilva and ends 22' and brush
at the inte? ﬂré BT E Plé‘ﬁﬁ’ m%fF‘VJ v oéte?ﬁ%@’%éls‘éffaf’ﬁ%m%@vﬁ 36a, of PYP
pref er ent i adahYe aiovBDbEan I{IQ@%HEQE]ELEWI By gbil) BuGBORER, orladBRnky msﬁ‘lg%r

mat eri al- can be optionally crosslinked as previously descrl bed.

sone enbodi KBAP 1§ the surface wetting layer 36a's at the air
interface (e.g., the mnority block, PVP) can be selectively renoved
t o expose t[A@B6HNdEr drytiodignenttof the i:B8htjonan grhich blye cﬁlﬂlelﬂoﬁ/nm aatsss indlhdes an

| f t b d, _f
ol o, QGO pUIR 6 ERSCEL Moo BTod il BRe QORGSR SRy ath e,
10' . [ 0095]pkspadichiaatesn be petrhamdnv eamidve rthemrgmlcaheltamt (hegthe pi)lyfne:r duinmaons)
str UCt ures ,of c&@é@{hle%lor a!nic@ é:letst&%n(ﬂls gﬂ?ﬁ’é ffior E%IH: &r@eﬁ)_ﬁgepl (XndreZng, y

and defect-free over reas In w tre Fuctur

f or med- f r o¥ieR PKide H“é‘«oyﬁ»@ﬁ%wlbﬁm@ms ooiposubstestsand s beeuspd aunel in a
consi der ablsghstasfikichtpd@essf or | anel | ar-form ng bl ock copol yners, and
have inproved pattern transfer to an underlying substrate when used

as an etch rrpare to,arrays.of mnority block cylinders fully
suspended J@‘aﬁrﬁ o[(r)quV"Pﬂ b ekaRiEtsdi g FIfe . iR et e fimeRin pdiehi x

under neat hmemeoceybpdmd@errmawm (26) @&ﬁﬂsoeai of PR&-PEE Epslincal (88, @Jp@ef)' \ﬂﬂ] an
ordered ang reﬁg ered. el enent s (g nanonet er scal e that can
prepared nBFé&" ﬂrZé?p AQing additixe Angythe Sf EHSH%%%TFF%BFF@QW%M@EUV
phot ol i t hohalaphindes 36:mnMednﬁngd§5&ks ﬁboh@lomdbmrpa@)agg (ard IleagnLUee si zes
pr oduced ang,facg sible %. h%i ﬁgtﬂa‘g ﬁa@not be ea3|aafy pr epar ed
by convent?% r?é‘fl 6?1'8? tbﬁ JP% ?at“* BYF poemerfemRonsat oibf syst ens
can ]E)e r eahhli—gyhadmé W(add aautkal wemtgrlam ared cotvert @xiss Iuld?'tg P‘é@ﬁcﬁ:@ Bﬁﬂ:ﬁt or
manuf act ur ‘ows .and prov ost r oyghput

t echni que {Thggalf qlrnlg%rg Lﬁorg%nr%?’f’d £ lgubgﬁra@g’]m e@@@ﬁﬁ?‘;ﬂpf‘% dgRveigeE: fi ¢
enmbodi ment igoiganie cxidelnes HD ustheattstdatanol descri bed herein, it will

[0088]  In other embodiments, the matrix domain 38 of the self-assembied polymer
material 32 can be selectively removed relative to the half-cylinder iines 36, which can be
used as a mask to etch the exposed substrate 10 at the irench floor. For example, in using a
PS-b-PMMA block copolymer, PMMA domains can be selectively removed by UV
exposure/acetic acid development or by selective reactive ion etching (RIE), and the

remaining PS domains can then be used as a mask to etch the substrate.
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be appreciated by those of ordinary skill in the art that any

arrangerrenévc\l‘m h i s calculated to achieve the sane purpose may be
subst it ut ed ¥ 8174 H&speci fi c enmbodi nents shown. This apBFifféIé@qU@Wlilb

intended to cover any adaptations or variations that operate
according to the principles of the invention as described. Therefore,
it is intended that this invention be limted only by the clains and
the equivalents thereof. The disclosures of patents, references and

publication otﬁsb edfﬂe%xfd@ﬁn&%'ciaﬁﬁ%ﬁ eyﬁ@%eoa'frﬂagfefo%&hqrn%ﬁm nds g@ence

her ei n. ormn “ur ed
pol ymer mat éfﬁFCéFS) whas@m Wa@%depé-‘@ﬂdp'ﬂ FEFhd0-10B, for eXﬁtoplm usgpgan anisotropic,

sel f - assenblsé[ngp}eg&lgegbgg%)(ﬁﬁir) p;gglgl grial within a trench in a

material layer on the substrate e trench having a length, a

neut r al vvet q 91\,\:3' 00 and opposi ng. sidewal | s_and ends that are
preferentia 09 R PROSeSSIng AR be Rsrigraned 3¢ destied. fiop exemplsp oy deristed in

applying a F’HESirlllélllB,ﬂh&feﬁﬂﬁDbklaé huesmt:admﬂh&ea h& HhAPIE] dsihghll Ock over
and in contgct with t copol yrer nat eri al V\nthlnthetrench

and af Ridebpsgd f‘ﬁ%ﬂﬂb %@%e SRsBrt ARAnings #25on b fTlsdowith ampteritl 44 prch ek

copol ymer nahxenal c&heﬁa@h]ﬂoy&&ﬁﬁd%ﬁit@&l wis, éﬁﬂ&‘lg%, AL othBSto Brm arrays of
hal f - cyl i nder ns of Lhe mnority block of the block copol

within a na?otnfi‘%t'&? ings, r?éj‘"?)‘ P V’SWFW?}F”QLI prsh Bt Ok HeilsoHiee£102 $ an@d

or nore rowhetikc.hal f-cylinder polyner domains oriented parallel to
the trench floor and extending the length of the trench, with a face

i d I t h f L 2. The
method of QLo TREMEE HbR%h I Ok en iR of REeniR Ropor ymor
conpri ses zatresphdre 46'gan Herasphiest th Gormodn a@lmtemiacﬁ at thvhawfeca 28! btheblbell | s
sel ected f rc%P?/l%rH& n%rté?l‘épﬂi3 gﬂﬁb ﬁ-Fﬂcﬂgs tﬂ{l]t] 1?}%;1%1’3%9{%.’11& %«%{u‘ﬁ%“m”éﬂe ctfkhe%?ocysnaf

al um num no denum go
t ungst en, M@@memfm@ewlzénd zinc. 4. The nethod of d ai m 2,
wherein the mnority block of the block copolymer is selected from

the group qoosgl st ln@ﬂm@@mﬂﬂiuﬁéd{é B)bl*é?é&'édtﬂllf‘@%ttmg atmosphere can be composed of

I t hyl acr., oly(lacti de oly(tert-butyl acrylate
B& 55 g? hnye 8“5 yrﬂg%@)ﬁg“bWVb%Pﬂw)e‘rb@cmvgr@)the i@mey{%fiaﬁetagseweﬁor

and pol yst gxamige, in 153 ustlvg PeRLINEl:f PIh-REQ) Be PODIBEIERA ardIRivEIOFErisMrTace
bl ock of the blodk ﬁOP(’ll X f is selected from
tension and will preferentially wet a clean dry air atmosphere. In the use of PS-b-PDMS, the
PDMS block has a lower surface tension and will preferentially wet a clean dry air
atmosphere. In other embodiments, a humid atmosphere (air) can be applied to preferentially
wet PEO over PS (e.g., using PS-b-PEO), or a near-saturated solvent atmosphere
(e.g., ethanol, dimethylformamide (DMF), and the like) tan be applied as a vapor phase to

preferentially wet PVP over PS (e.g., using PS-b-PVP).

[0093]  An anneal of the block copolymer material 26' in the presence of the preferentially
wetting atmosphere 46' can then be conducted such that the polymer blocks phase separate in
response to the preferential and neutral wetting of the trench surfaces and the preferential
welting of the overlying atmosphere 46" at the air-interface to form a self-assembled polymer
material 32 as illustrated in FIGS. 13-13B. In response to the constraints provided by the
width (w,) of the trenches 16', 16a', a floor 24" that is neutral wetting to both polymer blecks,

and sidewalls 20" and an air interface that are preferential wetting to the minority block, a
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the group consisti ng of pol ydi et hyl si | oxane, _
pol y(vi nyl 9 F ane) and pol y(ferrocenylinethyl ethylsilane). i
6. The net h é %ﬁf‘) m 1, wherein the majority bl ock of PCRAISBIBEKI125

copolymer is selected fromthe group consisting of poly(styrene),

pol y(i soprene), poly(butadiene), and poly(ethylene-alt-propylene),
and poly(nmethyl methacrylate). 7. The nethod of Claim1, wherein
applying the preferentially wetting material conprises contacting the

bl ock copol wmafdefnafayul@ﬂk cwﬁégﬁué} csmsosi oﬁfagg W.“#)’S%@?b?l%%%ht&w ~ L) will
mat eri al . en

wetting mat é"r] %Sﬁe"‘rlﬁ H‘é%‘hi)ﬁ‘i‘f&?{'&i (ﬁr@ﬁwﬁ)sb"I’Céf)(as\e?VBrmtidbry(}m@bbmcet)ed
9. The net h@dmﬂﬂ‘/ar@?a@in@ Hif- c%ﬁe?&&n&ﬂ%ﬁpéﬁhﬁﬁﬁﬂgﬂ ‘ﬁéﬂ:lr)é ﬁﬂ‘ﬁ&r B TRl

IC sur ace.
The et hod” SPORREIoHIGY oA et Hing sy B ef b brieiibpolueet bk (gt 28). dh
conpri ses paldit{od wekimsk (b@re%a@)m@&ftp 'Pvpﬂmﬁ 8 le t9 et i Liddwalls 20°
ng the
{8l

11.. The, where€in ap ] ,
surface. ﬁgngm n¢aneatgrated eolvent

O Al
pref erent i afiFgA% Pfffge W’é‘f”éﬁsllél 1%#@4&9&%"&%{9
mat eri al t oathogphe:a), WakR bre@ﬁ‘&’éreﬁtﬂ?w@tln V\%{S tﬁ@ﬁ&h%@%ﬁocﬁb et ntgér@cé[ &€

Th t alm1 erein preferentia
f/vcrate tn f Eg #ét ‘é?rf“gﬁ Ig%ésr%?f%“éée %id%’tﬂ”ﬁ) 396 363’ (aitheieisterfaes) frog- et aghmknesz:ef about

The met hod (DIS*EZ} ahdenbthed Gtk PIe in GRIIRE bS] Yind REMHLA - PBXAT PBIasHIR:

mnority po y}/rr;g%rs 2%" wmhd assemble on the neutral welting malerial 12' within an overlying PS matrix
38', and PDMS would form a brush layer 26a' on the trench sidewalis 20" and ends 22' and a
brush layer 26a,' at the interface with a clean, dry air aimosphere that would preferentially wet
PDMS.

[0094]  Following the anneal, the polymer material can be optionally crosslinked as
previously described, In some embodiments, the surface wetting layer 36a’, at the air
interface (e.g., the minority block, PVP) can be selectively removed to expose the underlying
mairix 38', e.g., by an RIE process. The self-assembled polymer material can then be
processed as desired, {or example, to form a masking material to etch the underlying

substrate 10",

[0095] Embodiments of the invention provide methods of forming structures of parallel
lines that assemble via graphoepitaxy rapidly and defect-free over large areas in wide
trenches. The structures formed from cylinder-forming block copolymers can be produced
considerable faster than for lamelar-forming block copolymers, and have improved pattern
transfer {0 an underlying substrate when used as an etch mask compared to arrays of minority
block cylinders fully suspended in majority block matrix Huc to undercutting of the matrix
underneath the cylinders during etching. The methods also provide ordered and registered
elements on a nanometer scale that can be prepared more inexpensively than by electron
beam lithography, EUV photolithography or conventional photolithography. The feature
sizes produced and accessible by this invention cannot be easily prepared by conventional

photolithography. The described methods and systems can be readily employed and
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overlying the anneal ed copol yner nmaterial within the trench. 14. The
met hod of gé(su m1 further conprising renoving the preferentially
wetting mat F'ﬁ’f’"l?”‘g expose the anneal ed bl ock copol yner PRE{USRUOND41125
within the trench. 15. The nethod of C aim 14, wherein renoving the
preferentially wetting material conprises separating the
preferentially wetting material fromthe anneal ed bl ock copol yner
material. 16. The nethod of C aim 15, furt her conprising, applying a
solvent to sy n re | .

17 " The ot hagRRRULE ekl Uplbidh Gl LS Bt eSO Gl oL 4 v

mat eri al coﬁ?ﬁf»lhgééhfahgf@kﬁfé@lwlé ﬁrfaézhcamasmdhﬁmm{:pst he preferenti al
wetting material |ayer conprises applying a fluoride-based etch ant.

18. The net [aoss]of Aﬁlhail%ﬁ shecifid¥ritoRImeRR TRV RbNHILSE &%V\%Mﬁé%eﬁ ﬁéF?}é ol

t he rrajorlt%/%olﬁ ck to expase the substrate ereln at

portion of PH&P ‘8‘°6PY %F%Ofwamfblhwtbe%whatm?rr@emwhmwmla@d
one or nor etoGokitvenhtydfme phipse rﬁ)d} Hc@ﬁbsﬁMtbatféﬂﬁ@spemﬁgcm@aﬁnéﬁ?stsﬁ% Ofh
Claiml, furt er, colrxl;gfr@s%ng sel ectjvely renoyi ngdg?g yneric materia

to expose té %aﬂﬁ%’ts RFOYS PRy FREPARLIORS OB VAT BHPRS SRR AeTas accprdingitm®e i t y

bl ock int o Iafmciplt@bﬂtaéllrﬁ?em&%ai desmriRa. meréb&@htishﬂénd%@th% thﬁﬂ{vgﬁ%%em‘v‘t al
mat eri al mgﬂdﬁa_‘ylne on.the substrate. A nethod of formng a

nanost r uct urel yPrdhe glaimg prdihe ‘Eﬁﬁ“"éleg‘ﬁ B‘?E‘iogtt ”Ehe déﬁﬁ}?ﬁ‘FPssqflﬁgteﬂtS references

and publications cited in the application are incorporated by reference herein.
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formng a bl ock copolyner material within a trench in a materi al

| ayer overlying the substrate, the trench having a wdth, a length, a
depth, a neutral wetting floor, and opposing sidewalls and ends that
are preferentially wetting to a mnority bl ock of the bl ock

copol yner; applying a material preferentially wetting to the
mnority block over and in contact with the bl ock copol ymer materi al
within the trench; and causing a m crophase separation in the

bl ock copaixTes criEphist o formone or nore rows of a hal f-cylinder
domai n conpri si ngﬁt e mnority block of the block copolyner in a
matrix of- a nhpwsiicd 9f frwing aghnestractivied phlymeprohtyria on a blitB e & ofiprNRE:e
rows of the hglfiagyLding L, omain oriented parallel to the
trench floor and gegi stgér%_ Bfémt%{%g so:iraeevrva afegarﬁﬁﬁngi"ﬁ%*: &% f BRirrakfayesen
| engt h ot sybstrate.dbaetrencinhavinga fengtl, asictina trettingflobh end\ipbsing sid@bdlls B ends
trench fhoor ; t.hod .of . [ , erein the trench has a
width of abot reff%ét-lgwen@ggt? %én IEOQ}EPE’(%FS‘%%?W@C FBER™EBpol yner, and a
singl e row ofppliisg hatateralprefeckatialijonmiiny toshd NGRS bi¥ck Bidk shdle: dohBBCHih the

havi ng ' bout .0.5. 1/ . 22, The nmethod of C aim 20, wherein

t he ten%g%gégoa{%ﬁ?ﬁe%a}gg@é‘%e‘ttﬁﬁlﬁg’éﬂ ut 2 tinmes the L value of the

bl ock copol ymrerealimgttle black @ibolRicEme@MEl sah ﬂa&ﬁhé’lﬂb{kc‘é}!&l&ﬂ%ﬂgﬁﬂai nare
of a

formed vg@l?_lg%snmgige. irench at a cePt E-t,o-cent er distance out the

L val ue "of tha Bf SEKOESHBIYRMEYS @.-Cﬂiﬁéerﬁemmaoﬂhe@nwmmquwmmqk

t he tremapoliras veithiv ﬂmhtﬁ&fofam#ﬁéﬁblaék mﬁ@bl%ﬂ%gﬂ&ﬁ&, {he‘éﬁé Hlemg{er \Pseof
0 , utra

bl ock C%EI?_I%IW%L 24. The, net, of Caim erein the ne

wet ti ng f T GOt IERRYTE omaing psiiedraralieltp thetraneibosslapdrentendimShe lngre bhihe
of f or nimgrhawhRAGRE bHEdH BF#aRQhY WekinBBlElchdl villing SRt e, -
conprising: formng a self-assenbling block copofyner nmaterial wthin
a trench in a material |ayer on the substrate, the trench having a

| engt h, 2a neThgadmastding f Wpekin BOL; ' ' | Is and ends that
are preferentially wetting’to am nor%%?%%ﬁ%ﬁ%%@o%qlgg?compnsesa

copol ynB¥!
3. The method of Claim 2, wherein the metal is selected from the group consisting of silicon,

chromium, titanium, aluminun, molybdenum, gold , platinum, ruthenium, zirconium, tungsten,
vanadium, lead, and zinc.

4, The method of Claim 2, wherein the minority block of the block copolymer is selected from
the group consisting of poly(vinylpyridine), poly(methylmethacrylate), poly(lactide), poly(tert-butyl
acrylate) poly(ethylene-co-butylene), poly(ethylene oxide), poly(butadiene), and polystyrene.

5. The method of Claim 2, wherein the minority block of the block copolymer is selected from
the group consisting of polydimethylsiloxane, poly(vinylmethylsiloxane), and
poly(fen'ocenylmethylethylsilane).

6. The method of Claim 1, wherein the majority block of the block copolymer is selected from
the group consisting of poly(styrene), poly(isoprene), poly(butadiene), and
poly(ethylene-alt-propylene), and poly(methylmethacrylate).
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appl yi ng an atnosphere preferentially wetting to the mnority bl ock
over and in contact with the block copolynmer material within the
trench; and anneal i ng the bl ock copol yner material such that

t he bl ock copolymer material self-assenbles into one or nore rows of
hal f-cyl i nder domains of the mnority block of the bl ock copol yner
within a mtrix of a mpjority block of the block copolyner, the one
or nore rows of half-cylinder polyner donmains oriented parallel to
the trench floor and extending the length of the trench, with a face
oriented toward and wetting the neutral wetting trench floor, and the

r2n6 no[r iht y7bl ockhefragthad Caaﬂézalyghhemimgpplgdﬁg i pi];eféreﬁ@e{n_?l \?e:mg ﬂ%%r_ﬁl] béthprises
: e | r.ei n referentially wetting
at nosphesfr%rt%gs @F ]e:’gtcga‘mpfoﬁ%ﬂrﬁr Pﬁ%narvgﬁ‘b“ @8%@@%‘1’%’9"‘”&135&‘@% mgtegiaky |

hum d air, and a near-saturated solvent atnosphere. 27. A nethod of
et chi ng substrat.e, ri_sing:. formng a self-assenbling
bl ock co%ol yg@re W‘?élioélrc’?gﬁg’)%% W\Q%aaﬂierl’é?f@}‘fmi'arlﬂy Siieargterial pemisiseon t he
subst r atmly(tinethyitioedmeenpoRgurachh@Ngt h, a neutral wetting floor, and
opposing sidewal | s and ends that are preferentially wetting to a
mnority bl ock of the block copolyner; applying a materi al

pref er eriL i al Mhe weetiol DOCLn B\hadif e foferbhiBls QR ribihal ufilaCt Wi th
h; annea

t he bl ock ol r terj al within'the trehch; Ing the
bl ock cd’ﬁb‘ﬁ@ﬁ’@ﬂ%’@?’%@ avigga hydraghilie fvafapt. ock copol yner materi al
self-assenbles into one or nore rows of half-cylinder domains of the
mnority block of the block copolymer within a matrix of a majority
bl ock of!% he Tht Biethod ghlaimB whetdinthe peefesentially wettivgmatkiahmbdprisasl i nder
pol ynmer S vRIld -l s h floor and extending

t he Iengl;td %(%f tﬁeﬂ%}r@g‘??ﬁ?gﬁl%hglgh?lggoélbgrg? %%\'ﬁgage't oward and wetting the
neutral wetting trench fl oor; renmoving the preferentially

wet ti ng jpat efhahediOd ed, bl ock ol r material .
within the tr encﬁ;1 wgﬁgléwe}l%{e%%(ﬁ nrggkrlr%\’/lie%’éenﬁ%gy %W@“ﬁ&?@?@es
bl ock t @erexisiag an inkrganigiveterial i fovives leyer oaer theblstk @ipolyaiet inaterisl fwithiieihe

hal f - cykingler domains remains as a continuous |line on said substrate;

and

12. The method of Claim 11, wherein the preferentially wetting material comprises a spin-on

dielectric material.

13.  The method of Claim 1, further comprising removing a layer of the minority polymer block

overlying the annealed copolymer material within the trench.

14. The method of Claim 1, further comprising removing the preferentially wetting material to

expose the annealed block copolymer material within the trench.

15.  The method of Claim 14, wherein removing the preferentially wetting material comprises

separating the preferentially wetting material from the annealed block copolymer material.

16.  The method of Claim 15, further comprising, applying a solvent to the preferentially wetting
material to enhance removal.
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et chi ng exposed portions of the substrate to forma trench therein.
28. The nethod of Claim 27, wherein the mnority pol yner bl ock
conprises a netal, and the nethod further conprises renoving the
mnority polyner block and formng the netal into an inorganic netal
material as a line on the substrate. 29. The nethod of C aim 27,

further conprising filling the trench with a fill material. 30. The
nmet hod of Caim29, wherein the fill material conprises a netal or a
metal alloy. 31. The nethod of Claim29, wherein the fill materi al
conprlses an insulator material. 32. A nmethod of etching a

subst rat &- cobsmiethadgpf Claim 14, Wiarein fig mfmﬁtﬁﬂl@mﬁiglmmab&mﬁses an oxide
copol ch .in a na
subet L ar o fLahl R b Sl TS ik ol TR G S e & Groriderigsed

opp03|ngﬂ§md9malls and ends that are preferentially wetting to a
mnority block of the block copolyner; appl yi ng an at nosphere
preferentially wetting to the mnority block over and in contact wth

the bl oclké. coﬂ?hxbylreﬁmdrasﬁt?&ﬁﬂlaj furhdrRbMpidiy del@fbdly re@RYing the mAKNG ? block
|aI uch that the block copolyner nateria T

t he block cono h¥nq§

sel f - assSFPFEE “6%‘“18" ’if-‘“’rﬁs castagraiogof figope &S/lFlPliﬁfd@‘FS @fdnﬁwﬁbnd@r dqrhpins
M nori t yrelhia @k o ortoit@e Bdrfigkons GO NIRbstitd hin a matrix of a majority
bl ock of the block copolyner, the one or nore rows of half-cylinder

pol ymer domains oriented parallel to the trench floor and extending
the | engdh ofThé BRthod of Claim 1, further comprising selectively removing polymeric material to

expose the substrate and forming a metal component of the minority block into an inorganic metal

material such that said inorganic metal material forms a line on the substrate.

20. A method of forming a nanostructured polymer material on a substrate, comprising;

forming a block copolymer material within a trench in a material layer overlying the
substrate, the trench having a width, a length, a depth, a neutral wetting floor, and opposing
sidewalls and ends that are preferentially wetting to a minority block of the block copolymer;

applying a material preferentially wetting to the minority block over and in contact with the
block copolymer material within the trench; and

causing a microphase separation in the block copolymer material to form one or more rows
of a half-cylinder domain comprising the minority block of the block copolymer in a matrix of a
majority block of the block copolymer, the one or more rows of the half-cylinder polymer domain
oriented parallel to the trench floor and registered to the sidewalls in a line extending the length of

the trench, with a face situated on the neutral wetting trench floor.

21.  The method of Claim 20, wherein the trench has a width of about 1.5-2 times the 7, value of

the block copolymer, and a single row of the half-cylinder domain is formed within the trench
having a width of about 0.5%7..
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trench, with a face oriented toward and wetting the neutral wetting
trench floor, and the mnority block formng a |ayer overlying the

I al; ' ' ' | ayer of the
bl ock copol ynmer materi al; renovi ng said overlying . the
ninoritypblock to expose the anneal ed bl ock copol ymer material wthin
the trench; selectively renoving the majority polyner block to

substrate wherein at least a portion of the half-cylinder
Ségg?ﬁstrgnains as a continuous line on said substrate; and egchkng
exposed. Ao | | DRomhod SRC1abA] GALS8 EALILA VAR BA NS Do I Hined e
polymeri¢ material situated within a trench in .
overl yi ng valug ghihe pleck copolymer.rasd tho dravom govim afﬂw&ialf&iyhﬁrwl Som#in bhlteTOHneda

| itRinl LG materia onpris
0L 2 St oSBT BRSBTS B Y popames
of hal f-cylinder polyner donaLns Ef ahnlnorlty polgnfgmglggk in a
' QL | ock,, the one or, _

glt 1[ : )éy:)%ige ;@egﬁéyﬁér& é%lgnﬁgsw TR ffiedrgn .aamv.gqlt pgal{qqg Py 18pre el Ber
and exte%ﬁﬂﬁ@mﬁh@mb@n@@bbuknthe trench, with a face situated on the
trench floor. 34. The polyneric material of C aim33, wherein the
trench floor conprises a neutral wetting material, and the sidewalls
and ends24conyie sethad vk Ciairh ab, wiiegdie the Rbi i Mfttiﬁ@ﬁ&éﬂ?ﬂm?ﬂse@?%leﬂjlgpéﬂaﬁ%
pol yner ;hl o & %5. The polyneric material of Caim33, fm erI r
conprisinélg MRESE al preferentially wetting to the mnority po ynF
bl ock overlying the polynmeric material. 36. The polyneric materia

' | he m norit ol yner bl ock selectively
of dal gL '33’ Avmeetf“% (r’}f%m%ng a nanosuu%meed p%lymer material on a substrate, comprising;

forming a self-assembling block copolymer material within a trench in a material layer on
the substrate, the trench having a length, a neutral wetting floor, and opposing sidewalls and ends
that are preferentially wetting to a minority block of the block copolymer;

applying an atmosphere preferentially wetting to the minority block over and in contact with
the block copolymer material within the trench; and

annealing the block copolymer material such that the block copolymer material
sclf-assembles into one or more rows of half-cylinder domains of the minority block of the block
copolymer within a matrix of a majority block of the block copolymer, the one or more rows of
half-cylinder polymer domains oriented parallel to the trench floor and extending the length of the
trench, with a face oriented toward and wetting the neutral wetting trench floor, and the minority

block forming a layer over the block copolymer material.

26.  The method of Claim 25, wherein the preferentially wetting atmosphere is selected from the

group consisting of clean dry air, humid air, and a near-saturated solvent atmosphere.

27. A method of etching a substrate, comprising:
forming a self-assembling block copolymer material within a trench in a material layer on
the substrate, the trench having a length, a neutral wetting floor, and opposing sidewalls and ends

that are preferentially wetting to a minority block of the block copolymer;
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conprises a netal. 37. The polyneric material of Caim32, further
conprising a layer of the mnority polymer block overlying the
sel f-assenbl ed bl ock copol yner materi al .

applying a material preferentially wetting to the minority block over and in contact with the
block copolymer material within the trench;

annealing the block copolymer material such that the block copolymer matenial
self-assembles into one or more rows of half-cylinder domains of the minority block of the block
copolymer within a matrix of a majority block of the block copolymer, the one or more rows of
half-cylinder polymer domains oriented parallel to the trench floor and extending the length of the
trench, with a face oriented toward and wetting the neutral wetting trench floor;

removing the preferentially wetting material to expose the annealed block copolymer
material within the trench;

selectively removing the majority polymer block to expose the substrate wherein at least at
portion of the half-cylinder domains remains as a continuous line on said substrate; and

etching exposed portions of the substrate to form a trench therein.

28.  Themethod of Claim 27, wherein the minority polymer block comprises a metal, and the
method further comprises removing the minority polymer block and forming the metal into an

inorganic metal material as a line on the substrate.

29.  The method of Claim 27, further comprising filling the trench with a fill material.

30.  The method of Claim 29, wherein the fill material comprises a metal or a metal alloy.
31.  Themethod of Claim 29, wherein the fill material comprises an insuiator material.

32. A method of etching a substrate, comprising:

forming a self-assembling block copolymer material within a trench in a material layer on
the substrate, the trench having a length, a neutral wetting floor, and opposing sidewalls and ends
that are preferentially wetting to a minority block of the block copolymer;

applying an atmosphere preferentially wetting to the minority block over and in contact with
the block copolymer material within the trench; and

annealing the block copolymer material such that the block copolymer material

self-assembles into one or more rows of half-cylinder domains of the minority block of the block
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copolymer within a matrix of a majority block of the block copolymer, the one or more rows of
half-cylinder polymer domains oriented parallel to the trench floor and extending the length of the
trench, with a face oriented toward and wetting the neutral wetting trench floor, and the minority
block forming a layer overlying the block copolymer material;

removing said overlying layer of the minority block to expose the annealed block copolymer
material within the trench;

selectively removing the majority polymer block to expose the substrate wherein at least a
portion of the half-cylinder domains remains as a continuous line on said substrate; and

etching exposed portions of the substrate to form a trench therein.

33. A polymeric material situated within a {rench in a material layer overlying a substrate, the
trench having sidewalls, ends, a floor, a width and a length, the polymeric material comprising a
self-assembled block copolymer material comprising one or more rows of half-cylinder polymer
domains of a minority polymer block in a matrix of a majority polymer block, the one or more rows
of half-cylinder polymer domains oriented parallel to the trench floor and extending the length of

the trench, with a face situated on the trench floor.

34.  The polymeric material of Claim 33, wherein the trench floor comprises a neutral wetting
- material, and the sidewalls and ends comprise a material preferentially wetting to the minority

polymer block.

35.  The polymeric material of Claim 33, further comprising a materjal preferentially wetting to

the minority polymer block overlying the polymeric material.

36.  The polymeric material of Claim 33, wherein the minority polymer block selectively

comprises a metal.

37.  The polymeric material of Claim 32, further comprising a layer of the minority polymer
block overlying the self-assembled block copolymer material.
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