CONSTRAI NED TO WET BOTH BLOCKS W TH EQUAL PREFERENCE

[ 0001] Enbodi nents of the invention relate to nethods
wotoobabrixating thin filnms of self-assenbling BEDUK2009/035861

copol ynmers, and devices resulting fromthose nethods.

I] As the devel opnent of nanoscal e nechani cal,

el ectrical, chem cal and biol ogi cal devices and

systens increases new processes and naterials are
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matrix of polymer A. For ratios of the two blocks between about 60:40 and &0:20, the
diblock copolymer assembles into a periodic hexagonal close-packed or honeycomb arvay of
cylinders of polymer B within a matrix of polymer A. For ratios between about 56:50 and
60:40, lamellar domains or alternating stripes of the blocks are formed. Domain size

typically ranges from 5-50 nm.
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poiyitierj locks to forman etch mask , the

perpendlcularly oriented void structures can then be
w@g@d/1f2u3 et chi ng the underlying substrate. PCT/US2009/035861

Conventional thermal annealing of nost BCPs (e.g.,
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{B008]  FIG, 1 ilustrates a diagrammatic top plan view of a portion of a substrate at a
preliminary processing stage according to an embodiment of the present disclosure, showing
the substrate with a neutral wetting material thereon. FIGS, 1A-18B are clevational,
cross-sectional views of the substrate depicted in FIG. | taken along Hines 1A-1A and 1B-1B,

respectively.



prelim nary processing stage according to another

enbodi nent of the disclosure, show ng the substrate
wowvak/itehches in a material |ayer fornmed on tP@&r/US2009/035861

substrate. FIG 4 illustrates a side el evational view

of the substrate of FIG 3 at a subsequent stage

showi ng the formation of a neutral wetting nmateri al
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i?ﬂiﬁ A-HIG. R ¢ o tsfan Blew ¢idbpaghsitgleloy FIG. 5 at a subsequent stage according

to another embodiment of & method of the Invention, illustrating placement of a

non-preferential wetting material over the block copolymer material during an anneal,

FIGS. 8A-9B are elevational, cross-sectional views of the substrate depicled in FIG. 9 taken
along lines 9A-9A and 9598, respectively. FIGS. 10A-188 are cross-sectional views of the
substrate shown in FIGS. SA-9B, respectively, at a subsequent stage showing the annealed,
self-assembled block copolymer material, and removal of the non-preferextial wetting

material after the anneal.



FI GS. 11B-13B arc cross-sectional views of the

substrate depicted in FIGS 11-13 takers along |ines
wai®omi2B t o 13B-13B. respectively. The fol | owreyUS2009/035861

description with reference to the draw ngs provides

illustrative exanpl es of devices and nethods according

to enbodi nents of the invention. Such description is
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the center-to-center cylinder pitch or spacing of eylinders of the block copolymer or blend,

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

[8018]  In embodiments of the invention, a polymer material {e.g., film, layer) is prepared
by guided self~assembly of block copolymers, with both polymer domains at the air interface,

The block copelymer material spontaneocusly assembles into periodic structures by
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copol ynmer under a solvent atnosphere. The anneal is
conducted in conbination with a graphoepitaxy
waoewbnigue that utilizes a |ithographically dePCTEs2009/035861
trench as a guide with a floor conposed of a materi al
that is neutral wetting to both polynmer bl ocks, and
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[0024] In another enbodi ment, the material |ayer 16"

can be fornmed on the substrate 10', etched to formthe
WO e@aahegs 18' as depicted in FIG 3, and a neuPCHIUS2009/035861

wetting material 14' can then be formed on the trench

floors 26' as shown in FIG 4 For exanple, a random

copol ynmer materia! can be deposited into the trenches
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pho@(shth@gre;ﬂm dap dtthe (snahdlest abceﬂb& rnm sbzecspossi ble with a
photolithographic technique IS effectively decreased

ors i.n

{68, &\gln n‘élng‘ ycﬁ}li@ Sﬂ,llbf g@'eirr 81;&@} muﬁlpthg zation” c,an b 0sed for

ext@EENend beitbalieQ b 9@&‘(@9&16%@9&& ltw'ﬁﬂ@j&% WivbhlE e MBinimum piteh, as
trenches include the wd (Lland dept h D1 of the

desgpleqeior ﬁw‘eplﬁ:om@bai’moﬁw‘i 28@ 1@@%«5@@;&60 3 Vg No. 7,115,525
~ h ol
(Ab%h.%%nE 9 Q ‘%ﬁv‘gﬁ a{%gz(gqe@ié fii?sg 8%& f & obkhoo and (ltm 815), Briefly, a

ess rer ' ‘materi
pattehesitiren thpholekeriyshialisibinted in carphbmqmmﬁrm onglyioy layer of

of the perpendicular cylinders within_the o )
an expendable material, which i twh overlies a substrate, the expendable material layer is
etched to form placcholders or mandrels, the photoresist is stripped, spacers are formed on
the sides of the mandrels, and the mandrels are then removed leaving behind the spacers as a
mask for patterning the substrate. Thus, where the initial photolithography formed a pattern

defining one feature and one space, the same width now defines two features and two spaces,
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center of the trench as the wwdth (w) of the trench

i s decreased and/or the periodicity (L value) of the
whb@ekiepol yner is increased, for exanple, byP¢DUSINY035861

a ternary blend by the addition of both constituent

honmopol ynmers. The boundary conditions of the trench

sidewalls 22 in both the x- and y-axis inpose a

wi?qtt %J Et%ag%\, d(egn Sh ?W E&ﬁeﬁ%ﬁ%é% ;A) ng E%}%R niéfé%fx é\ sgfcgﬁsg. R pmfstble with a
phSOROLYMBEic @ hﬁi@e Gk drNCHDG Y de@bdseh do¥m ko YiRdw 80 @i @9esam
deposited into 75-nm wi de trench having a neutra

wetting floor MA|| upon anneallngm resul t zi gz g
(06331 t eF pFle 11 Formiipgt Rkt o afrap O Ry N:‘ Apienie

el ! tfugﬂeﬁm f}%z?célgi gﬁ%gltd&, by x%*aﬁyﬁ fﬁﬁ(a\] ?%H‘ (ij mtﬁé & &Qh the

I stance t he
imtm;é&nmh of rE&tEﬁe«k tdpalynaer oF highé td dchexve ow @‘Snp@pwé‘r@},cmﬂ alne

e n th t he dewa_s do t he center of
i GHAR PP G010 oS MIGES 4R Embodt mont .t he
trenches 8 are constructed with a width (w) of about

[p6ksp- ZTh&r@ s 3—51‘5&3‘1{%‘1 the st by alwie) hebethadibhiockylinders within the
copol ner such that a cast block copolynmer materi al

car{t@rﬁf HIch 6F thepwigth (ool the Gench indeepstdanponne periodicity
(L ?zg!}g%%'i lt&goig&%&f}%h%{}g &L{J&V{étdg forBE K&@@d&&f'& éﬁzﬁ%ﬁehﬁ?@&%md by the

addii ist affieeh (@stiofenaldjraspiimeay| Thdbnmdaty a@mdaimu tf tlh:: tfench sidewalls
ng in using a cylindrical hase bloc ?
22§ bHE A Bty B0 ‘ﬁiﬁ%‘r B SFIHF Qe pach i{% Heigs (mumbu of
iaaﬁfrcstq%% L BAGhES F%g c%@ﬁ‘pi@ ed 1@9&9@509&&@1@% 591&&‘11@(m QQ?MEPR or £ value
0°rfm THe l'ength of the trenches | s at o
of &%omtdepdsﬁted rrtar iSptre qede tmrtcﬁmhgymﬂ efeREiraltweplicafibgr will, upon
amlﬁdlﬁ)i%g ﬁ(@su F]zgg {%ﬁ%?‘%gf f,s%ja’{ uF’%’séifijiﬁ*gf i:l # ,e%crpeéldévwm cylinders

thaE ¥k loREaNS)abolh@edent M 6&h dis@hcd BBl KBGSW‘QJ? 5 tﬂs@ldnsth (I of the
greater than or equal to L (Dp-L). The width of fhe

trenbaries 120 apéraleEne buy atrmpendieie ekndeanaligaey vafidhs gdewalls
dggﬁﬁg %m%yﬁﬂggﬁen&ato about n*l. In sone enbodi ments,

nensi-oni s about 20-100 nm w de wt) and
about 100-25,000 nmin length (/,), with a depth (/ >)
{Pﬁ@ﬁ} abouhe EDxE0@ Iamboﬁwﬂjheﬁtrﬁﬁhév Hsmerbhditngted with a width (w,) of
mat eri al 28, hav |n

ndr.i cal ase bl .ock co
vﬂ*@g “rﬁ%éfr‘\@h% Dpf %éﬁ fédb‘rd%&%ﬁ}%ewpaim AArVE ae%a

biolf c@o@&éfcrq&aem WBf b@m 0@96@9@ Waerssh-andegh ﬁmteﬁwg iBo a
pitch ‘at or about LB) deposited into the trenches

mn@srwwvbp@amubméwxa1ﬁd@ﬁi®&m@kn~@t@$3WEh@BwnwpaegaﬁﬂTh@h
dlstg Hf" s&) f %P a%gF g}&@gcrﬁ lbc% g}{:%)ou{ L § grnf?c.’%arrn%ﬁt %9 ussiggc & wimdtmai phase

block copolymer with an about 50 nm piich value or L, the width (w,) of the trenches 18 can

be about 1.5-2%50 nm or about 75-100 nm. The length (/) of the trenches is at or about vl
or an integer multiple of I, typically within a range of about #*10 1o about #*100 nm (with
being the number of features or structures, e.g., oylinders). The depth (D) of the trenches 18
is greater than or equal to L {(D>L). The width of the spacers 28 between adjacent trenches

can vary and is generally about L to about #*L. In sorse embodiments, the trench dimension
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wi || have equal preference for a neutral wetting

material on the trench floor, The bl ock copol yner
woradoeniaks can be constructed to provi de desir erCT/US2009/035861

properties such as defect tol erance and ease of

devel opnent and/or renoval of one of the blocks. In

sone enbodi nents of the invention, the bl ock copol yner

PP 5 0P URL IR VSIS 08 w5 L0000 gD o
abbndudé nnf or exanple, ponCStyrene) b- poly(V|nyI
ryridine) (PS-b PVP)

6(&%% %‘e%é % }g vl mﬂ& gkr X lp%g‘v %cn(xx?gcrnl m'? ing an

iniR %nbgﬁ:&! (MQF%&QQV Yora&t t@%ﬁr&r @Eﬂ/{{ §Et%3€5<§\rk§>)pnpmﬁlé? |3M<§ haebbdlymers
pol y styrene) - b-pol y{tert-butyl
blead:p@/’sloém@() a @raga #-PaBA) /G Bngposited into the trenches 18, typically as a film
pol t e) - b- pol y(el hyl ene-co- buty! ene
Qm€§§¥%§(%§%§o-PB)), pol y(styrene)-b-pol y(et hyl ene
oxi de) (PS-b-PEO,
iiﬂﬁ(ﬂ y( iThopen eépabvﬂﬁal {)()( Blchy) i@ nenxiudie)d (M thh- PEDthe poiymer blocks
|soprene - b- (met hy Inethacrglate) (Pl-b-P %
w 1@ Bw(ﬂwe JuPisHEye B-Hcﬁi wréltwv%gq@@;@fﬂa o PpBENH-PER) 5 g lock

cegg %rﬁa%@er@ﬁ%ﬁg h& 9@:9%1( & Rh?%'w ﬂgyﬁgsigd M}?Q{'ll 3 JUHRGE BBt tolerance

as a triphenyine trit age
an@@hm@éﬂm@&p&wﬁiE&ibmmmmkﬁcﬁop¢abmahkwkeohpMGmameﬁﬁmmmofﬁw

it s e ehp P o bEid i et wdh g e Typain can be

self@VelyVBh8Yad. 2007, 19, 1571-1576), PS-b-PMM. bl ock

copolyner doped with PEO eoated gold nanoparticles of

| ess than the dianmeter of the self-assenbl ed

ﬁﬁé%] | nhéiﬁ%? ePalr kbeek appolwaes sidrdse it egamplgo7, 40(1 1),
po}ét s?\;l'%lé.&} l’rzlze}%@e (vﬁgvgpao dui 35%& %yi?\’p E;/ P F{r%fyic—('ig‘: }*bpo&é(\z}ﬁ)‘hvhimthﬁcrjyLitc‘)
(PS:MMMH&B ©r bhéver Ag-tapadieavdx ier PEAshélgmshshyias)a

dithio u 0 wi th PS-b- sed in t
m“»’q*f:vassﬁ%ﬁb Briwd Girae ek %’Qghé@hﬁﬂ%ﬂo‘? o é@ﬁwcﬁr%ﬁ
(ps@s I’%A)E}zﬁdi bhocky i@ﬁe)f}agéaue%@&éé -ORQ! a¥£@(}%lb £00De LoD®nY),

[ es “of ['ock “copol yners inclu
pUiE@wah"ér}sﬂ‘sfgﬁnmﬁas opolkey (8 yPERS - g deptenc)-b-poly(el ﬂwlcnwmdg }

A s s e (P R Ml

pozﬁsﬂmealao@dm(pmm@t Hero-PEOORR chhSiyhicl Riving a cleavable
r phol ogy, |nclud|ng the domain sizes and periods

un(t&@)su@iﬁ ag fh@lzﬁap BY'gsHEs erisdpakativdegobrivag: P8 and BBO blocks
(opf(i&p{i lrv%o{ngsgex@é! WQExal @M}\’e Qc%t gni?j? o rirg-‘*"? §§%1§ ?g%é-%?%{ ﬁ %ai%séich as KCl,
KIBEOCKS, GfsChdesﬁ |{ B¢ c00 pr Navelido. priodusel sgytisndy, iPGad-PVIMA

blccﬂ? %}g{l }l(z}o | ggecf ggﬁ?‘? (”)o&)ha?gdsgold Ea.,onrspgégpglo?% blf}g r}.eb\s/ (E,)}lldll:llnFs‘: diameter
of the seif-assembled cylinders (Park et al, Macromolecules, 2007, 40(11), 8119-8124), and a
poly(styrene}-b-poly{Z-vinylpyridine) (PS-b-P2VP) block copolymer having a cleavable
junction such as a dithiol group, among others, with PS-b-PVP used in the illustrated
embodiment, Other types of block copolymers (e, triblock or multiblock copolvmers) can

be used. Examples of triblock copolymers include ABC copolymers such as poly(styrene-b-
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rati os of the two bl ocks generally between about 60: 40
and 80:20 (A:B), the diblock copolyner will m crophase
waepanses and sel f-assenbl e into periodic cyl iPCFU8m09/035861
domai ns of polynmer B within a matrix of polynmer A An

exanpl e of a cylinder- form ng PS-b-PVP copol yner
material (LO I nnm) to form about 14 nn1dianeter

me igjé%m;rs% £V i%/ﬁ%%‘i%ﬂ%ﬁ}%%ﬁ%—%l%&%%@%? ?\a}éﬁ: po‘is yirers such as

PSIRCUPR! PVRE QIS EIMMA ) ar@f P AY-PB bk, mﬁ{ong/emee@(anpl e of
a cyllnder form ng PS~b- PMMA copol yner nmaterial (LO 35

nlato form about 20 nm di aneter cylindrical PMVA
[0¢Shmi Ake fiin gciahalese. srpgg e dempbiswtrs ord At (70 ey,

B A0 TP ol 0k TR A e

{moiate: \&élgi@tLMWQdﬂiﬂ‘r‘)oicmn fhetigorpbs Al ldbclabdatdiodk &Wp@%ﬁrvr t0

% h a taqtal Iecu
pmgfmea%gg} rigH ng)r%}é:] RgEs {agaqig roﬁ:ic ofi dPra\in‘ln@Y gmci ons at

m%y bLE ﬁgr&@s%&&&f&@ﬂw WP a%oﬂaéml(?(arf?ifgm Y{ 0034 aThek

val ue of the bl ock copol ymer can be nodified, for
w}@k‘.aml vl @yt@éiﬁwlmgtwtahé Qﬁbﬂ@@mb&xmmﬁgwﬂmﬁ’lmﬁreml domains of

woaRF b SESL SR oD RS 47 BRIy LR AR e
copdlBh@aKat€@POL Y Temr@nd fQRes Rk m)fu@ d}ﬁﬁa&&l%@mﬁw P@@I d?sr)mm ina
of the sanme type of polyners as bl ocks

maf et gl KoOwapsHyEPouLt’d vﬁﬁ@décz@da, Omfre ﬁsdy\( Haithgtpial mloks. sular

i f g YOE r c ,
RN SPageanl e gl cﬁ%@ SRS IR
mabkiend. ,€Hnum atngerih pbautE Gtum: éilarmtu By')limﬁ*}c% PMVI & )danqaine hof mairix

of §Sgr0n o igébﬁggvg E%ans r?"p*hei F\/%%onw a tyiaéimoéeé:u%\r weight
{M K/c#% Ko Rsib /XP%MPihegQKa\M Ee/oaqf\ g»@’LKL Po%'éi@ﬁk@ 11%9@1\{\41 1P2-ab nm) can be

ﬁZVP Anot her exanp e of a ternary d
x«ommpgﬁ ghahioubl Brg- 85 andb8P e PAVINAPSHPMaloh emiu atf wm?ﬁ (M) of

abob%?(gg k(%ﬁé(ﬁg ﬁ%gf/%gﬁ 4’/6591'1 5 at%%sg %EW [Péq} ' mvum m & m!&rxx of P

met hacryl ate). Yet another exanple is ablend of

{ﬁﬁ@@ ZOTE%L iitae OF ﬂﬁf‘ohﬁﬁ d@pﬁ&ﬂw?&tﬁ&@m@ﬁm& ot engpof, by adjusting the
5-90 wt and u to 10-15 w-% PEQ, it

m@iegu %W@%@ ibﬁ 3{00{4 h@pﬂéﬁa@‘d e ‘Pférﬁ?ﬁ@i‘;‘ﬁ?é aiggip! can also be
forﬁlgﬁ&:@ag Q’bnﬁgv La?%%ﬁax‘!« Bch@E&ngﬁQkaQcha 01@%1‘1';; &Eone or more

ener gy of domai ns t
homopolymers (HPs) of the same type of polymers as the poi;v mer blocks in the block
copolymer, to produce a blend that will swell the size of the polymer domains and increase
the £ value. The concentration of homopolymers in the blend can range from 0 to about

60 wi-%.

{8035}  An example of a ternary diblock copolymer blend is a PS-b-PZVP/PS/P2VE blend,
for example, 60 wt-%6 of 32.5 K/12 X PS-b-P2VP, 20 wt-% of 10 K P§, and 20 wi-% of

10 K P2ZVP. Another example of a ternary diblock copolymer blend isa
PS-b-PMMA/PS/PMMA blend, for example, 60 wit-% of 46K/21K PS-b-PMMA, 20 wi-% of

20K polystyrene and 20 wi-%% of 20K poly{methy] methacrylate). Yet another example isa
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[0036J In the present enbodi nent, the trench floors 26 .
are structured to be neutral wetting (equal affinity

wo er0oboRi3 bl ocks of the copolynmer) to induce fPRPCTEHS10097035861
of cylindrical polynmer donains that are oriented
per pendi cular to the trench floors, and the trench
sidcwal I's 22 and ends 24 are structured to be

o BESEEj B VoL 8%, BecaRBl ook Mol el g g oo

and B rSidenakls pas: HhesaRkYIBE: Bl aslst BRb hoaspeiRkemal Runction, at
response to the wetting properties of the trench

leagiyn fradels lowpdhe arsalenygy of He Mot fepmad tothamidor i ty
bl ock of the cylindrical-phase bl ock copolymer w |l
{?@%%L_B ﬂ?ﬁeﬁp S e?ngo%t[ﬂpr@ &L ﬂ% iﬁ&)\% o4 m%)%luji.l%%dctﬁlbe neutral wetting
ns The Center ofa mer matrix for the
(uwemgﬁhvpﬁn&hélMDﬁmqﬁﬂ&nmpsE@ﬁﬁgmﬁﬂmLﬁf&@m&ﬁhdémﬁkﬁﬁcipﬁ}m@r
dorg?g %?q@?{eg{;:ﬂ%e%{g%%%@ia%@ t[\%{rg@c&{o%p @IB%? ttheeré{ﬁ%?lg b]lgtWipb 23 and

m(fg,oﬂnsci%@ stitfdmed the: weld érﬂ?ﬁl \Qﬁmﬁo ﬁa-e Whe 8locket {H&%&%@@@ﬁm 10
by th bl ocks, and enthal pic forces drive the weiting

md@ﬁe @gptreﬁ@r @fwﬂhp a} Hndpetto |ﬁﬁrg@1@wafﬁa@te tyypafreergredkg seiggssemble. In
SRORE 4 W TELing Bt nor 0037 rov
rosi @ & BRoTSP L BEPTHG CuPY ool it Sl ae B ERBrefeaec o
migfritd bSk B PR 06 BSphaR MV c@b@h bt kele oRah RS fomtz a single
the material layer 1 % can be conposed of silicon f
FOVA gf q}\}@d@%l demaitgyi the qeateyo!l a Belyineomatig ge thcgﬁr(gﬂ) the trench and

Qeg,? éfbctg @héq 5@‘* ﬂﬁ; anﬁlelzi gﬁ?&%&gfi % g@%fsntd {ﬁg{ Ly aFnbi%fl qxe\mttmg

ICOﬂ oxynl resi eria

layas(enmgtds am: Fyat MB&SE@H Fesists dand ihm)\lvytdh gef hybutral wetting surface
' anpng ot her, er|

t d
by 3%%% rvé<£np%ﬂ§feé§@h§*r gafcs«ﬁéﬁv?ﬁ WW&%@ % RE %VF‘“X\ASW‘W‘”“*@ by the

prc@ér&a)bw;&q% ok RSipsRe0f a PS-b-PVP cylinder-phase
k copol'ymer material, for exanple, the block

co oI mer material wll self assenble to forma thin
i@mﬁi er @@@»1@%@“&6&@1@&%%% ewrsaces, IPVPala irP@wnﬁﬁ@ pf & FS-b-PVE (or

?S?EP&%&/QE i Wﬁfﬁ& f["ﬁ%laﬂg ga‘(?xgat gcgy(.%wjl poT &? of !:mn {with

natiVe @i fdes dxWet (B panil rc@? bxRlential, nishigonaltely, 5(1@0@ oxY carbida, indium tin
hydr oxyet hyl met hacryl ate) can be applied onto the
GXiéuﬁff Soesligh Puaittifegahessist pererialeshph & mb%ﬁd’%’h‘ teclrged Frgists and
i Q S L 70 . e Te - 7 o
poi %ﬂ%&ﬂ@gh%ﬁ'ﬂk rdo 8%&& ,%mgﬁ ggﬁr@g%ﬂ{etr%l. (’3%9 é} eg%ﬁ@ ef[ \kgt}@l ;té:ﬁg‘il wetting
tovanthhe S @4 PM‘\&WW etct)bémkhds theNen of B 85tief Vivatyéndalphesrblock

co p(wgfrngerrr?gq?% qg,gfﬁréli{]asr%g% ﬁ"ff %prciggﬂ pr%&%%,"&t%%é)}mglts\élg |a&s\.mbk to form a

‘i’hli%’t&ﬁcgid‘{&gﬁlﬁ m%ﬁé@rs L4p0446Q psand ikn et al ., Langmuir,
6, 22, 785 . A neutral wetting trench floor 26

_ alloms bot h blopks of the copolynmer material to
[8038]  In other embodiments, a preferential wetling material such as a

polymethylmethacrylate (PMMA) polymer modified with an ~OH containing moiety (e.g.,
hydroxyvethylmethacrylate) can be applied onto the surfaces of the trenches, for example, by
spin coating and then heating {e.g., to about 170°C) to allow the terminal GH groups to

end-graft to oxide sidewalls 22 and ends 24 of the trenches. Non-grafted material can be
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wet the floor of the trench A neutral wetting materia

14 can be provided by applying a neutral wetting
w@lHnER4 e. g. a neutral wetting random copol yP&Fr/YS2909/635861

the substrate 10, formng the material |ayer 6 and

then etching the trenches to expose the underlying

neutral wetting material, as illustrated in FIGS.
°en%0\%§ bv 1=n%ﬂqu »91%!’ ay %ﬁ?%&i[&gk@l Len rﬁsfi {T%Eug‘gc ' %cggi%%\a%m%e \@ansky et

al. a&awwe@aﬁtfﬁ ﬁmmcm@ tuhEIntd? enehe@mh& 26, 2exEIplEstas
a bl anket coat by casting or spi n- coating into the

t h d t d |
(0033F o Peteuisar 1B TR e ARG PR of er Bl RBateria to
wef'@ﬂ: &lohabs ih@ttt%ﬁdh €a Q@Mfﬂ R?J'e%ﬁn ?H%Glti% ﬁi‘gf@%%c Do G @RI gl £ gwﬁbﬂnn ga

action, whi results 1n a [Fayer conpose
nedthd ‘»wtm@sjoﬁwk@c{;, gneuenial w@mltg mgdwramdm m@ﬁ@lnyvnféﬁ sulisfyate 18,

fm%‘?t%ﬁ%ﬁ rrieﬁgl ?aéyr% Eé%“%gﬁn Bté tra&ogb 18 d/xt)%bi gﬁe und*rlvmﬂ neutral

weltHeQRa A, m%qﬁsﬁ@dnﬁmi@@emw Cr osslink the random
copol yner MAthIn the trenches to formthe neutra

wetting material 14'. Non-crosslinked random caopoly
{0648 er ooty §m§>édwr¢éﬁ Hrahepey FGY 34.0mepHal Wﬁ%&éi«@d@m

co;%%;x?mrciﬁé]mt?ﬁ & IBS %g;g%‘&tek%i o%?iﬂéretgc e %tc%% E@t& 588, as a blanket

aces can cificall repare
cmﬁbpkhﬁﬁ@kmnpmﬁmmamgmM)ﬁmmwhyﬁsnsahpmpﬁse&iﬁf4nﬁhonmdsm

¢ O@u‘gﬂérlﬁ}%‘%{m%lﬁén ﬂ}ﬂ« Z“- fiﬂgigr@ b %lmgfc‘ﬁéxggﬁﬁ\l% rﬁrlg\:]%?tgggitmm i gmmm of

the@RREQRIVy LS Etapf f86m x@hz@@ Héﬁﬁﬁfl e de R haB Ul 868posE@b! the
exanpl e] in the use of S- b- PVP bl ock copol yner, a

cron%uﬁkctélm mit‘v’mgnmé{vm abpq};mma ningecther ereblod m@m ‘é\eti pidem

i nkab ndom P P
conglyirea Pl ERe i B bE R R R o i e rticlo
fo @@@hﬁy%g WG o Sslyhe \ﬁl@ﬁh it @ichfigo Subs tmaicatr.sim etting
y spin_coati

P gg The random cop mer materia
ma*@aiﬁ B8 Noredosshnkidgaaddsy © m}ﬁl@a}nat@v@fqum%c BiTenFhes (c.g., on the
%pahéjs %ﬁ' Hzgﬁé [L%xg%ucﬁﬁv dhermally or photolytically

crossl ng (any sur acé) to forma mat that is
neutral wetting to PS and PVP and insol ubl e when the
166 Iéﬁjoc kNewpo Iwamrg yafersi @b be spaadallgprapardd bydbe ap@icetyen of random
ossl i nkin ._anot her, exanple, in the use of, = . .
corpPE T PR S BoE GSST T RRAB B PR FARgBi ond taifored
sucR ARR B e(fBcleon oPé’d&h%(ﬁioﬁﬁr Qgﬁitat&o Go®h SedtF-AGLHRR surface.
of styrene) can be used. I n enbodi nent s

Forj srammplice in Shessubsti-attvi blqu cgwq yioom a(iw%tfcﬁ wranassaterial 14 can be
iorr%exﬁ gg)ﬁ a B9 hﬂg of a photo-crosslinkable random PS-r-PVP that exhibits
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 subsirate) or by thermally or photolytically crosslinking (any
surface) to form a mat that is neutral wetting to PS and PYP and insoluble when the block
copolymer material is cast onto i, due (o the crosslinking. In another example, in the use of
PS-b-PMMA, a photo-crosslinkable PS-r-FPMMA random copolymer {e.g., containing an

about 0.6 mole fraction of styrene) can be used.
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neutral wetting surface for PS-b-PMVA can be provided
by hydrogen-term nated silicon. The floors 26 of the
woe@aahed3 | S can be etched, for exanple, w thPEI/US2009/035861
hydrogen plasma, to renove the oxide materia! and form
hydrogen-term nated silicon, which is neutral wetting
w th equal affinity for both bl ocks of a bl ock
§€B€F~"§%20l %?grkg&%%ﬁéq n whfw&! mb @étS q{ﬁl l l,u,o% w%%rhagse o%ide) another
pfepare conventional proces or ‘exanpl e, by a

nclftfdlll oklde Juehcels m%‘«?‘aﬁs&cu@ 6@ pﬁiﬂfh&:ﬁ ratig dfoset-Nermaddiadesilicon.
xi de present, about exposure to an

Eha&a@fé@é od SherFsReDR W&F@@@ﬁdaff%%‘r%“&ée (B 2 Byfigogen plasma, to
rerUff 6L &Qdé‘ﬁxa%‘m@ﬁﬁlﬂﬁf\ drH myzi;lo%%{ LAl ﬂ%}’wﬁﬁh‘@%zai wetting

treat ment or rogen-pl asma treatment (e
Wnathmicaﬁ‘fiuyad;r fmgém)h bEM< 53 a éhcrk Rep@Egmsi fnheonl. é@mm@ silicon can

be B@S%reg %%rcéag%ﬁ}gg%%%&f&%\@y ex pI EW%@JO&?% foa Brch of a silicon

sulRBhe Glid @k ORkig: M&ec& ubshi Bl &5 Ag @yl lei;bd%grc' 1B af aRRULE Mlution of
wetting surface for the correspondi ng bl ock copolyner

hydresay ﬂipguh {BVPandsibraMNR or @m@o)nmrp:é“uogﬁgﬁﬁr &), by HE vapor
eut r don1copo|yner

E:rezgmen‘sb 81 b V\Eﬁw%re gcs’biix\;ma 9 Vatmcwﬁcﬁ éomlgéw%clgm

pol yneri zati on of styrene and nethyl nethaeryl ate
[0d3] ngAa Hlieroliefi¢dyiBedn sakersisudibeaBribinvirayeksddery. Zgﬁﬁfﬁn g a random

coRRBA A o, RECH Y 4 OOMEE LA 6% WG gafaulting in o

nedi@ FEERe o3rifee &P aéf%%@ﬁ{on&ﬁg%ﬂl&% olyfhell Fé*é rE’aSvatht POG-PMMA,

random copol yner nmateri al can be app af ter
ctefoFomtdaoplof tehealmetteng Blved dypdtS-1-6Mididratden chppdym@l can be
trench

Do Ut eRd o [ UBLRY e Eon e S FART ARETAGE fppate wsing o
di-$1ERME Mnkdrdowabd Sivadt lwéifZa,WﬁlcQ&nQ@Qﬁ@@%%%r% tHeR@rface to produce

materi al |ayer t&) For exanpl e, a random copol yner
aboupr | B preprnek Bobl end of honopoj yners with bl ock
copol ymer surfactant) containing epoxide groups wi |

Gﬁ%@iac t R@i@l\hﬁﬁl Ar%ﬁ‘i % &'ii e § Wh ﬁlot}?emeﬁi%cé%g : £ qu{r&qgvgz andom

on él icon nitride an
copokymr tondtehénl @ ¢zﬁld381ppbd’(b¢tﬂi’\¥ dortrantion ol demaxiid éa}@r i &' and trenches

,Silicon In not X Lch the tr .

18/ ghich Shgl RV r i e B oh I R GI S AT R byERs 10

m al@f: &) andBLARE 8bnGUGH A3 20 @dnde 249 cBmpossl @ he thA8rial layer 167,
| oor can be treated to formHtermnnated silicon and

}rma,xmap@om wopol Wehfmm{agrapaj opligte b(lfeufgof hoﬁ@ppb«wps with block
copp b7 Rpy e EBs SoHEAG R Eirpbia ek 1 RBpiopgrine
fun¥etdal fgusifl ACRIH-@n8 - WNHE Ofn FScdir:RIYMR adfdilicon oxynitride surfaces
relative to silicon oxide or silicon. In another example in which the treuch foor 367 is silicon
or polysilicon and the sidewalls 22' are a material such as an oxide (e.g., Si0y), the floor can
be treated to form H-terminated silicon and a random copolymer material 14' (e.g.,

PS-r-PVP, PS-r-PMMA, ele.) can be formed in siru only at the Hoor surface.

{8045]  In another embodiment, a neutral wetting surface {e.g., for PS-b-PMMA and
PS-b-PEQ) can be provided by grafting a self-assembled monolayer (SAM) of a
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PS-b- PEO) can be provided by grafting a self-assenbl ed

nmonol ayer (SAM) of atrichlorosil ane-bas e SAM such as
w@2@opara4iet hoxy rhenyl)rropyltriehoi Gsil ane gPEF/USH09/635861

oxide (e.g., SiO) as described for exanple, by D.H

Park, No ioechnology 18 (2 p. 355304. In a further

enbodi nent, a neut raI wet ting random copol yner of

tricﬁ@%%é%%% 8§c %gl??sjuc%) as éngérganﬁe{/‘\éc‘xa? %}%E?fo%{xhig ?51 a%a% ’réiﬁs,,d to
oxdP( Sz r SNMAaE VYD) fol exBnple,alBabitH. 5&?%%9{@39@;’106@0 1RE2007),
can eselectlvely graftedtoasubstrate 10 (e.g., an
p. p%i38e) as a neutral wetting |ayer 14 about 5-1 0 nm
thick by heating at about 16OOC for about 48 hours.

Ei’?iﬁ% &19 &ﬁFP‘g{Z ﬂdﬂngnte n@tlxtmi rerzfsdigéﬂ g&ﬁ@iie&%’poivginene( 83,

In yet anot er e ment’, a
pﬂi@fn eﬁyidryim?' [PM f\«éﬂm wabettoldppol(srees 2&[}@1‘@}&’{@ 1 mgﬂl&CIﬂdﬁG

| ht .b |
RO A, S TSP S o SopelyTer
suﬁsﬁﬁt@l@ (8! @Utaﬁ%&id\é’?&id ﬁlﬁlﬂ'&l"ﬁ@tﬁlﬁg%g ek BY §hok 8- 19 nm BRAUSy heating at
for PS-b-PWMVA and PS 2VP, anong ot her bI ock

ab@@é@@ W@hmﬂtﬁé helisc Beedpotapmmic. dant fludergions 12506, 22, 78557860,
enul sify the honopol yraer blend before grafting. For

{ﬂﬁ%?;agpgfyet gpm%pso%ﬁbgliu mo/%gi\%{u'%} )%([Rr& : g%rpwig%_:c%gé#\ﬁb%mers and a

mz@sp&aﬁﬂg hat ed]hopppoispnEbsk (@olpmerMarGK)rdrd (:abnlsamly bonded) to

thcv\é}sséﬁte ) ig%:&ggmo%% }ywétlznog(xgge ace g\/%@rg\%éagéﬁmb §B‘ﬁ) ozaP[S b-PMMA

amp@@tqu‘\f}ﬂ LthoRg SURS Efo@fg @oﬂ&vﬂa&\ 9The Bl hopd18RAELEG L fungtion to
(e.g., at 1600C), and non- grafted unbonded)

s«mpﬂ@ify ﬁ@rhmﬁaitmﬁma&r bioets gfading ampkenple. & goluy emt-% solution

le. th t
g e Ll SN B
hori?(%ﬂ'h‘iéiM'Qe@K)\'inaﬂﬁ EMMAso s € Vb 5816 (6wWaioghto-k@tin04adf a low

I) and about 70 wt-% PS-b- PMMA (5K-SIC)5 or a |
mo{eé\d Hargiell Biegk efpobsnae @6 K-S Ppvm toHpirerdatagiaito a substrate 18
{e. gf %i?) F%EX%D eé %ékgé) Wta? 16*3%( ?S%%E %ég E‘%?etd (h%bfglsgéé }B)?)lri;)flner material

rengoad,i fngeﬁtn@ abk et,oikrayems@te @A, pheher Iar ckhepipphb yeutral wetting
cr.oss- i nkabl e and%rin copol ymer, such

mal5HAAGEPE BRI EHEL™ Grolepsh H SRR i Y %f?éi AndE) graFMMA-OH
(M, ?4} Kl %{%@&m L8R UMB L Ohn Rk Y5 Ghe , aRd, BREAW (s Km E@?Sf YRy blend

ol y(styrene-r-benzocycl obut ene-r-" net
of H‘mﬂﬁh{éﬁ\w B VE-(IPSK - NNIA- b-2BEB) (3 1-F0), cexanypl e such a
random copol yner can conpri se about 42 wt - % PMVA,

{ﬁﬁ%ﬁogf t %é}%&% thVYtls nuu,iai W a,gmo {0 p{oé Enan c%g %yste b‘g b?ep%eﬁ(@y Spin
coating a blanket layer of a photo- or thermally cross-linkable random copolymer such as a
benzocyclobutene- or azidomethylstyrene-functionalized random copolymer of styrene and
methyl methacrylate (e.g., poly(styrene~-r-benzocyclobutene-r- methyl methacryiaite
{FS-r-PMMA-+-BCB)). For example, such a random copolymer can comprise about

42 wt-% PMMA, about (58-x) wt-% PS and x wt-% {e.g., about 2-3 wi-%) of either
polybenzocyclobutene or poly(para-azidomethylsiyrene)). An azidomethylistyrene-

functionalized random copolymer can be UV photo-crosslinked (g.g., 1-5 MW/em™2
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poi yhenzocycl obut ene or poly ara-azi donei hyl styrene)).

An azi donet hyl styren e- funetionaliz ed random
weopoliyney can be LJV photo-crosslinked (e.g.,PQFBS2009/035861

MV cni2exposure for about 15 seconds to about 30

m nutes) or thermally crosslinked (e.g., at about

170cC for about 4 hours) to forma crosslinked pol yner

eXps ureaigr E\?nglf% @coné\e S nrgrn aéée g&xf%rntﬁ%%mé}g §6$S§I%Rreci é% B at about
”@‘E: o al‘ssﬁtﬂhﬂ Roued: @6 Srhil dﬂ&@ﬁh(ﬂ&d@a}wﬁér Aot 113@@;@@«5&@1{{, faver 14. A
ut 4 hours or at about 250)0C for about 10 m nutes)
bem@n ¥l phrdseaiiaeh o limdagedos gpolgngaen by dewpily R ss- imked {e.g., at
[ 9 [ havi ng
o e o R B BP0 B, o) e
of bl ock copolyner and honopol yners bl ended to have a
€NB$1chéaﬁﬁmmmaﬁdmﬁiﬂg)QéBnabéf@asmbbngd@bmkhnbdhhmbbmk

t he trenches, a.thic r, ab
coRp e BT RS BLR BapaTTerhat Al (rdoft g JEnd of look
cok@9@f ank)hos e B bighdcho BRREAbk N G albut L5 @8 beBAY: e

the thickness (Jf) will be at or about the L val ue and

depcedoingcibe sspeiioy B o plitidpics (wiat pr ekt thaés‘@#m@ theblock
cogt Yﬂ%f%ﬁ(ﬁg] %l l %gglgi +0;L5/6¥ Dnsqi%fl ‘?ha@ %E’tépgﬁlgai Qgt %rifs%f 64A), the

E.hzﬁmamfb‘ £ wilMbk |at 45r ﬂ%oﬁoﬂhy es! umhﬁ Iﬂx: Ebll‘idac@loiygﬂnﬁ r0Mial will self
in _each trench 18. The thickness of th ock .
3588@%% 9 A e8I ayer oBcdipdedaEg e iancter ¢rd %QB%EE%’Tie(e'%y’“SO o,

or ﬁ!ogps@%t fo¥ J{% ‘gﬁﬁﬁx a g@%ggr] m&%ﬁ% 1§E%ﬁ%i&%§%m cach trench 18,

mat eri al can e ep03|te y spin casti

1 hﬁ( émimvisoattilm@i)nif cgmbandirbaiten! $8lcat bo me(itﬂhgi foraboutpie, by
ol . w,% sol ution) of the copolyner in an organic
“ﬁFV%ﬂ “SHi%*Ss di chl oroethane (CH O ) or tol uene,

for exanple. Capillary forces pull excess bl ock

{060pOl vr@mﬁmat:@fdiﬁmaﬁm(@ai@am H@HeRLRE] bN&An 2R Odpdy-e6dking) from
into the trenches 18. shown, a thin Iayer or film

a djgg seiptipmes- Bl Pkt E8pol Wﬁoiﬁﬁ@réﬂf e warbeT depbeigpag solvent
su\,g %L ?ﬁ 1&}?0:@?'}11%& h‘g{éfu %éﬁetroiu]eﬁ Sl ﬁ)itf hed}%l{fﬁo%&%sg s p g%«g\wss block

e spacers on anﬁ eal i ng,
won&i‘«lnhuﬁﬂmwidl k8dec pherdatee ﬁmhe&adneﬂwen)gna; bt rruedhes 88.eas shown, a thin

lay gt ?@@c%? Efﬁqn‘éagaﬁowhgﬁ%?%ﬁé% o P stostast Hscighimuigl layer 16

outd8e 18 dnerbshegt ed vrbovei bs Qb@t’?@nﬁeﬁﬁxﬁf idd @ film 28a will flow into
t enperature Under a vapor p ase contalning a

the ﬁmn they iatngratioditcdoacdntshdtycorn ofc mateoriglapird éolw e tp-down
gause t he pol yner bl ocks to phase separate and self
p“%@%éﬁble according to the preferential and neutral
wetting of the trench surfaces to forma

{0058l f -Hesdolll dhopeh&MBUP) material 28 is then heated above its glass transition
temperature under a vapor phase containing a partly-saturated concentration of an grganic
solvent to cause the polymer blocks {0 phase separate and self assemble according to the
preferential and neutral wetting of the trench surfaces to form a selfassembled polymer
material 38, as illustrated in FIGS, 6-6B. The appropriate partial pressure of solvent vapor to
achieve a neutral wetting vapor interface at a particular temperature depends, at least in part,

on the block copolymer that is used and can be determined empirically.
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material 30, as illustrated in FIGS. 6~6B. The

appropriate partial pressure of solvent vapor to
W@eiwwaeve4n neutral wetting vapor interface at BCT/US2009/035861

particul ar tenperature depends, at |east in part, on

the bl ock copolynmer that is used and can be determ ned

enpirically [ 0052] The bl ock copolyner is heated at a

@(%ﬁgn S| f‘\F %ﬂ %h%%lgrgl? 2} %tf? 7 %ﬁf“%% aboa;{ E&éﬁmmugm SRAT is above its

pldeeMmas] £h@halke ABYbAdALIW m@tc@mﬁﬁ&ﬁ&kffﬁor(d'égaad@tﬁad W@ perature
bl ock copol ynmer material. For ex a PS-h- PVP

(Thbdr ?é%dl@ﬁbm@?ﬁtaéﬁﬂﬁél ama@éieaﬁ ﬁ’éah BYPadock copolymer material
cark ﬁé‘lﬁ%‘r }"il‘itc& 16 ﬁmp%%ﬂ’tlﬂr %?{g%%?%) %”'SJE‘ & % ix\éesigk'zgm? Q&Eosphere for about

ere hou to ac
1 M(ﬁfﬂ&&ﬁmbed \mﬁﬁbmbhgynarﬂld?&xb RVAG-bhadk opalopomer

natgrl can anneal ed at te rature of . about
o] DY UETH TGy ABbF O MSCpRER el P Go o atmosphere
fozlﬂw@ﬁt lh%hf%ﬂt,% Q&ﬁk‘x%\é%eﬁ é%ﬁbl&ﬁ&%%‘oﬁ% smor phol ogy. 53]
I'n nmost applications of a thernal anneal in a vacuum
the air interface is preferentially wetting to one of
0458k poi mdp@bwams obntherhd *BORI ime spdualm, doadr inbriace is

pre%ﬁgr%f ({Wenﬁ) %@% cgr IIIEE ;ho?é{;%t évlij‘f?a:i%sr aaenééig)e B%?bn%gcrn% glggs 190& orient

int€ fs@@&@dcﬁi@r %ﬁﬂc‘a(@m ¥ 3PB6&inehisa{ 1goRein el mmg He@ﬁn hotiCe
bl ocks, that is, a neutral organic sol vent
maigslal 8 B Bt (o FRlVEBTaPITE GEAT BBIN0 SR SHEPT boﬂpﬁ Gg%ﬁébﬁﬁs a neutral

or%ﬁa‘ségﬂ%?ﬁtﬂg%%ga%% b%ﬁﬂﬁ $hStQlent X‘Bal?h@éi?s In a first

mat er|a I's exposed to a sol vent vapor
that acts to plasticize the filmand increase chain
{005dDi | it yerealisiohgnt hmedonmionsists @fis;\m ghasen gilnei @ndpitahe the BCP

| oss. of order inherent f e
g SRR BB S S b B RO e chin
moBASeHnatngd 188 8bmhiRs RAter@Mhalid Sads@b Uk b et Mhbhe: Bha ‘él&tmg the
copolyner mat eri al such that sufficient solvent

polipleeegicss!. eRteegrzatie sEv e khag wﬁﬂyﬁé is hraedet ledst tngpart on s wlubﬂlty
in Epf[é ﬁg)? O%fﬂamé rd e{cnalt %185 gldg suﬁig%% Ivcrxlgt ?}Ol&ﬂgs 8191'@9/ b ioe

coppbafdrangengEnd pr(ﬁ%{ﬁﬂ'ﬂk&ﬁd@fdlﬁﬁﬁét&fhh&ﬁbﬂ ef ﬂﬂ@oaﬁm@bhﬁim and
sol vent s such as_benzene, toluene xylen

ensgicnes Foh/et Ha}%u@iféfwrmafé@%t é\drapiéiﬂ %@mﬁ%ﬂédué% gromatic
sol Cﬁ oruNels B&?‘tc t§19%1¥ QL RnS Lﬁ%ctﬁéxﬁhﬁﬁﬁoﬁmi@ ;t@@t %k(ﬁ}@f{‘afmne,

orlde hToro oct'ane m xture, etc.
eicQtiihléﬁﬁ()fnhmeth‘s{&%mmb hasidprotitren, sudsistiest el mgi\,g e mﬁvmd‘omﬁociam

romthe solv apor an d.the_ sol vent and sol,ve
iy lRoTE. SFBE Il EOHTFULE: GO BRI THBY JHfor the solvent
vapFBhel ih@'m@@ﬁk £MaBREAL Bipohge BLAGH ©OPSLYIRE oMBE ?Bﬂyﬁlm material
begins to "dry" as the solvent evaporates from

andreepeiptl | TiwHdodv@polyat tmkmlfai brmnsiel efitas it Jobght yvaporates from
the %Ilaritg?ti $h2 evap@m‘ut}g B SQIS\, A& %xgh ly directional and forms a solvent
gradient from the "top" (surface) of the BCP material to the "bottom"” of the BCP material at
the trench floor that induces orientation and seif-assembly of structures starting at the
air-surface interface, which is neutral wetting due to the partial pressure of solvent at the

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

[
(¥ 4]
@]

!
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gradient fromthe "top" (surface) of the BCP material
to the "bottont of the BCP nmaterial at the trench
WO b@oniut i nduces orientation and sel f - assenkCHUS$009/035861
structures starting at the air-surface interface,
which is neutral wetting due to the partial pressure
of solvent at the interface and driven downward to
pe%)fr:]:mh\, ui%rwgr:iem §a crﬁgrrdl éid\ams f olr passn ‘e gﬂe u“ench S c%axsai s and extending
ce@@leﬁi&jﬂ fibyn thbeir tlﬁieﬂ@(h) (ﬁﬁﬂt@w@d slS)s@aﬁd s@@ﬁi&i{ﬁ‘uﬁ@ floor),
conpletely fromthe air interface (46) to the
substrate surface §trench fl _oor) I n enbodi ment.s

101 t he PRYBMHITICEH, O it nEubSny e éﬂi:ﬁra%%rié? WP aleterial 29pe heaed
ab?&f@%}@ g@ﬂhﬁ? F\@Qﬁ’\égth‘é Pl Q;?' shiiGaPAl éHi n%’f)r &b %(@%m&%ﬂ&i b% UEhsolvent is

_ mat eri al he sol vent
disdiisatd. oned The use of a partly saturated sol vent vapor
phase above the block copolyner naterial provi des a

oY s L The St 4 D PSR o n T s hPer B8 PO B PARR e

maiditl iitd‘videﬁﬁﬁféhﬁiiews%ﬁnd Reriad Ofmil e tfeaseond dhasd ieoBEhR
material is naintained at or under saturation to
AUgFRRE af P SCTRETEAAR RSV PHED thstedr 1ﬂﬁ%@1§a éhthe magor @f@@iﬂm with the

Bdlioxﬁata ih)is kﬁgﬁ&% Etlo(%%lﬁgw\% atgﬂ%g It o%alaﬁai @GR interface such

nterface. t he
thaneathrad allvetch g, blddie wdib nmialis wit ke mpbenm@rpsee pasdvituhasis and

hout the film|ayer, wth the pref
‘fmiir@iﬁfiq% GOy IS ﬁé@ﬁnﬁ@g bl erisft rFa w@@%ﬁw ghout the film

faykd) @Niﬁﬁ%‘ He‘f&gn‘rm LD Q0w LR cRangal.edrgeopol ymer
material 30 (e.g., perpendicular orientation of
C Iinders) can be exam ned, for exanple, using atomc
[605at c e The esolisapyorpiEngy, olttha n@m&bfé icopolares metspial 36 (2.2.,

per f\/;: ég'}/«,n J%Mo{: h‘?’i?n%n% ngl % [ Qit ?;')1 E(gr?lﬁfeipysmg atomic force

mr{trﬁs&:@pt QRM)! ﬂi@isﬁﬂﬂﬁﬁﬂ elécSrop eﬁzﬁmmﬁ g, ohahiny cheabd Mgeroscopy
t he bi ock copolyner within the trenches in a sol vent

(SH rgapne re *¥1$-:0059] In other enbodi ments, a zone
annealing is conducted to anneal portions or sections

06’k the &h@&.ﬁm@ﬁ’r@ Qk’ VB HBLE rthaam%Ql i r‘»ciﬁ%ﬁﬁﬁﬂ% Ul@@lﬁt& h&ating the

substrate 10 by ['ocal 1 zed appl lcatlon of
MOQnemg&y@er@ﬁmnhbam&wh@uneéahneahﬁw@ﬁman provi de rapid

sel f - assenbly of the block copolyner material (e.g., o
Wi}%ggue r%’]ttf% a8, %;nifolﬁiﬂ'lé%r?%)a 7eng am}eﬁgrrbss[}tfgpg%&t c? f%dmﬁaﬁ pgmons or sections
of thaplkk abprIsRBeralkriantk @ tiReHA R 1Bf sN8akic IO CEoaRi €@ kpplication

conbi ned heating and cooling source) can
of thermal energy (e.g., héat), Lone anncaling can provide rapid self-assembly of the block

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

{8068]  For example, as depicted sequentially in FEGS, 6-8, the subsirate 18 (in a vapor
aimosphere) and a thermal or heat source 32 (or combined heating and cooling source) can
be moved relative to gach other {e.g., arrow <) such that heat is applied above {or
underneath) the substrate 1§, Only a portion of the BCP material is initially heated above the
glass transttion temperature and the heated zone is then "puiled” across the substrate {or vice

versa). For example, a thermal source 32 can be moved across the subsirate 16 ata
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be noved rel ative to each other (e.g., arrow *-) such

that heat is applied above (or underneath) the
waumstitase 10. Only a portion of the BCP mat erPEI/UB209/035861

initially heated above the glass transition

tenperature and the heated zone is then "pulled"

across the substrate (or vice versa). For exanple, a

trag%la ({m‘aﬁ’g ngc%ﬁci |2, Jga{ﬂ Og%eg,gﬁ/r?g &Q{d%?‘\%lﬁu{}ﬁb&%gﬁ%xoﬁgﬁ as ¢

morsdeonsatsi Etggﬁa(ﬁﬁEﬁ‘Jﬁsamﬁ shuising ﬁxe&&a@dﬁbﬁ@d&draﬁd}m substrate (or vice

transl ation stage (not shown). Pulling the heated ?qs ‘
VeREr ‘o@ﬁ&‘%’fé%uﬁ@tﬂf%ém%%)%nd\}?“é%f VEPSAPIEHHE S5 ¢ P global thermal
anhagt er processing and better ordered structures

relative to a global thermal anneal. In sone

enbodi nents, a hot-to-cold tenperature gradi ent can be
[0dbvi @ewm@mb@mmﬁso@hqt -tefveldsatiptichre padeht eandte rgovided over (or

un&%{ fho éu‘b %Eet %u%p é ak 6%@1%11‘1 éoﬁign olt}gl uBI}Fa Qzle%lng A3 &' ?len cooled,

wbe;rma ient Sonihh&d SHBS I @h& EFdRBAXRBS abstrfe dan be exposed to a
col d-to-hot tenperature gradlent to anneal the BCP
colpgpdpf BrpoFRTc Gisdeh e du6hl thy BUPmdendy Idspsdibnsntiie.

the BCP material can be heated above and t hen cool ed

@mt oWyt D& OL 8l n dbSQrEe B e @rﬁ?t&ﬁ 8e & {:d ARYEnE N8y conled

g ass transition terrpera ure or exarrp , to renove
beloweht olgt- )iisdefeecmg\eamMe ablioho tahide ghitse tfww.liidrﬁcmperaturd for

e‘&'r giﬁ,b, ég té%ﬁ?\ 7 ({1 t ﬂ $ geqtise@gi a{l r %%rtcagagg rvstfi 1 %wxewided that the

ordeRAREFRL t&@e@@ae @I QiR &wQﬁ@@:ﬁWﬁfﬁtﬁoﬂ@ﬁ@Haﬂlrs (TTH8¢ the block
order-di sorder tenpérature is defined by th
copadviperatione. dégenftenaerdt tamerdhsck deldpdl by’rﬁé? tergierature

acpeghé‘ﬁ%e ok Ha% 1942 opq}{qreg(r){gg]wﬁn&g?ﬁgisﬁ rl;be??}ﬂn%mr% lq ,ﬁp&mm and

conpos
ﬁmbh@ﬁk@ﬁ@p@@gﬂﬁﬁnnaterlaI that are heated above the
gl ass transition tenperature (Tg) of the conponent

ocks wll self-asse and reas
[y i 3" FSf PSRBT S ote Wt s Xﬁwryﬂwﬁ et F«@?}ﬁ?ﬁq above the
gla?é t%gﬁﬁ%in ?&Qﬁ#@@sﬁé‘ﬂmL @91*;1%: &{cn? @991'@?&)10@1% Mlil s%ﬁtafs@@ttﬁq\,, and

i hit 1 al k copoly
areﬁmféhsi: mdtcwat fishwereant hiiﬂi&améaaha dtyei rkremxe«éiswﬁmé and ghasekrabled.

For RaiiRlsar ST EIORE R e ynh HAPLF A Sos G N Ho PR ag in

trerk8.8a 18 bE @BREN S DHS0L18€ 1/ b M- 4 H988: POk Vhile the
t he bl ock copolynmer material 28 that are heated above

unafealey blegk W@j‘ﬁéﬁiiﬁl BFcHE A eristin frengtre 80y 18c remains disordered. Only

tho%gifigﬁsrggﬁée gitolcléém o atq{é%}!ﬂ‘? gsﬁgﬁhr}?enﬁ%p@bﬁgg I;%;’agqabq fransition

termpesitlet (g wili st:ilﬁe\s&eibﬁp as senhloyti@af oftthe sdilsoak cappehypaeelicctively
heated, as shown in FIGS, 7-74, resulting in the self assembly of the block copolymer
material within trench 18b. A subscquent heating of the remaining areas of the substrate can

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

{0864] Upon annealing, the cylindrical-phase block copolymer material 28 will
self~assemble into a polymer material 38 (e.g. film) in response to the characier of the block

copolymer composition (e.g., PS-b-PVP having an inherent pitch at or about 1) and the
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material within trench 18b. A subsequent heating of

the remai ning areas of the substrate can then be
w@eomnducesl, e.g., as depicted in FIGS, 8-8A [BOBY$2009/035861

Upon annealing, the cylindrical-phase bl ock copol yner

material 28 will self-assenble into a polyner materi al

30 (e.g. film in response to the character of the

oA e S RSPt Bt oL B B B P Tnct 1

an€ QRAVSHI RN Sropt el HOLP GetdiSuenstinahihg apfeodt ded Jeythihehibits
Mﬁdth (vm of the trench 18 and the wetting properties

nefal ohaok-piEtRepnisy FeEEEdo Ve tuth pgymet plevierc gl gsrodys gralt

go;%d?%eﬁ X\bc!i&wt] E% 2? Sl raf%l rgﬁsf(éqﬁgf x@ét@gg 'B? %e h noyiﬁl§ dired) block of the

bia@h ROPYIABEY (e, gS,I tﬁle%lﬁ’llﬁo&z ahbalte ;ar:aﬂpm ef anmml ai mme;tr’efensgmai
y the mnori preferred) block of. the q
&?J‘BéPW‘éPmGé@‘ ‘odtrnﬁémpe/ﬁﬁfsma ERFTAHHE PHEUBES é‘ﬁ% gredpregtial
WEP[ b ﬁ?wn%{ct QeR ﬂ@er ﬁ&%ﬁ@@f the %i&Qkﬁ?&& b PhalcRa SR 'iﬁ the trenches. The
odi nents, a ['mor materi al I's neutral or
&nmhfcpwef ierenwi (aﬁ umt of pagperidroudoht aratnisd avh nﬁthe 34 af thageinority

@E%%}é}g gﬁ'ﬁgg}% %}kiégﬁf @Sgy rfﬁ\hg Wi %!Wr (agalﬁatx[%aé )oi glf' m i}@‘flf} pu?ymer block (e.g.,
P%P %Bﬁﬂ&g lc?ilé’nﬁfd ﬁéOQM@Qian@q:aﬁMlel RdBE SidSéalpf2atJTehd i aQkl The diameter
re erred) block (e.g., PVP) within a matrix

of @@ i@hﬂdi‘hﬁe ibgﬁ?mwﬂpchbylﬁr@? %Emué@ﬁ*{ 2., abqmbpue-Rpif pf fRe
|,
cm%%/ tjo r&qg{e‘? d{sﬁﬁb *Sﬁsﬁ&?%i %ﬁ%tdgz?f % ﬁ%ﬁlélt@gy 1? gn Igélg?g@d"e ?gb ock
{c. @eﬁ‘éf—*’a{\ilyxdg&gatg o rndbeuthe GrSéden(d. vtiinggdidttaliontd-shdlefids 24 of the

the center-to-center distapc i
i cz;q‘ﬁxcaagg it fo5R 2 hRdST R (f'rt‘ﬁl‘”ﬁ(%% gifUélri E“éﬁ%‘g&%%g(@ 1&& ng%s generally
abd®) YB)M,, Wl Q&rf’g@& & L%‘t@nﬂsi té: ﬁc@&@etﬁrrﬁ [ REQNL Bkers 34, F@r
ting si e trenches 18 t
a,xqfnqﬁm adatvdyion terit e fabzcb V@Iﬂ wmtstldn gttnfushwithptach8d &5 dom«um
" z a<§p C ness ener%IIy about one-fourth of the
“w%“%‘é wppL iR el O ?ﬁﬁ@ bet ween adj acent cylinders
34. For exanple, a layer of the PVP block will wet
10068%] dejd abhes faigesuwit hhaldaekedh RS bdﬁlmb;ﬂﬂyzﬁi'bir @ﬁﬁcﬁdi 3¢ is defined

outward fromthe oxide materi al. [0065] In so
by apBaH AEHeS an pRey sepindded ﬁﬁméﬁis buéméwéb%%wy%wﬂh a diameter at or

a.bog?b%i“/ : |a<1 (ﬁ'{,%ggﬁt giofﬂaﬁ%q YR a, QQL':[?E %%Xﬁﬁceqieh%}:nﬁd@ Aif¥ers), with

mai ns ers
theciiayet & catylarieabotic 1@1&5&&:@@‘&(@ ig.the hbght(; }Gﬂehshah‘khoaind the
t he center - to cent er. di stan g betme Ilnder th
CeRf RO RENBRTISERge GO GistaRtie s DY SER GG B G o %ﬂ% EA
the length (Ji) of the trench, and the

[3066Nt eNplifrBieNAfRL: 16H SbANEE o (R dr Gl 8 t ADECaleP add DALWEEM:
each cyllnder at or about L. Optionally, after the

copplioek renpei paebe retted oalrosshnla Mvel woerangmerts & & dibe fifesegments)
to fix and enhance the strength of the self-assembled polymer blocks. The polymers can be
structured to inherently crosslink (e.g., upon exposure to ultraviolet (UV) radiation, including
deep uliraviolet (DUV) radiation), or one of the polymer blocks of the copolymer material

can be formulated to contain a crosslinking agent.
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copolymer material can be treated to crosslink the

pol ynmer segnments (e.g., the PS segnents) to fix and
wepwante4i he strength of the self-assenbl ed poPgHES2009/035861

bl ocks. The polyners can be structured to inherently

crosslink (e.g., upon exposure to ultraviolet (UV)

radi ati on, including deep ultraviolet (DU)

00 Pl RIF 2B 00 PRL RIS E9 Bl gt ot i
en® @SS &@Klnﬁlgﬂﬁ&ﬁm&ﬂl@@ﬁﬂon%ﬂ eficadkdsfucttiied thinlMn2Ba can be
out si de the trenches % on spacers 18) wll not be
rerpgicgkasgHptigied s FlESu bt 3 OIEREPHS BB AR ER i‘tﬂ?ﬂi%ﬁ 8f f ylanarization
K i | -
pmtcp] utg ?\?%«tl% nu{b% E@f&@i}sg’gﬁ %gi?cccé @ﬁ%ﬁ%{‘ﬁg}lﬁg %@%@%cgmn can be
seit@olohi ;qapesedrtin@ugﬂa anarcizabi doewp) ocass:linb oplyale dencaled and
bout rmy flat surface. For e le, the tre
self é@ﬁ@‘ﬁ@gég Vot LB VRIS DSt i Bghahrap G applied
»xrlﬁn&tapﬁﬂﬁ‘z‘YQ)c sbRehf g@sg,s lid 10K O Yol V8 anRead8ekHaRM portions of the
f-assenbl ed pol ymer material 30 within the trenches
‘blc*:B comildmai matshaic%ﬁﬁ {(t-Bennbee spppirs 4. Wavisede @sprquzsfr jedftapsembled
to reno ‘ r
poRBit Pl G DR b sEp R R B Dagh PR R
dbdd*ﬁ)@@&ﬁ@é Frerlhks.| Boaon@r tholiaghs tier edesied fol @ﬁ@ﬁﬁh’[e@ﬁi 30 can be
material within the trench and exposing tbe

m‘sﬁm)iiaéé logplit ehrprestst alatg iy 640 Uernabey By ReE o oxRese the areas of
t
the r}r&;?‘q}%&%%t?ﬁ)ﬁc aﬁ 8%@{3{ ri%vg? C}I%%Eg%ﬁsréﬁ &IE(F a%QS@sJegﬂg{ggﬁlrng g}:‘{he polymer

mar@izeEfatandancievap flisgampl patnt @{yger&(ﬁﬂ) @kﬁ.pms erchirent.
areas of the polynmer material 28a outside the trench

regi and th x ose ns of.the
00ieEP o RErer3gtontl BaPrantyDarbe Sreatiaman By Y iysasion.
thcﬁgé)anﬁé@mnaﬁ&@d aﬁn& app?efn oAbt Rrehid By &mﬂng n%@éﬁél‘ 8 1o the
enbodi nent of he invention, a thérnal
suripspeith mbioqi;oqqrgtﬁgtmcj k%j}) @a@ppﬂ A ngthg trenches. In some embodiments,
the rl]l;())g gﬁ}b]n{) rk]‘«‘t‘f%g%% 19 £118 }z? noan:léc%rbl ‘f (%18& maﬁ iié%% VS\H{J 258 be
phisfcalig hesed Bais oEs g!’@@ﬁd&ri@ nes iortdi@mpﬁﬁa @d?fﬁffﬁ:ﬁiﬂﬂlé bzaﬂubbcry solid
mettlng material 37" js_conp lid mat e
aF

malFREEHICE 4h? bR SRS aph»yhmﬂ»&f@'éﬂl%ﬁteé) irmvisye S &} Sylgard-184
by gP%w—C&%angégﬁt}%i o laBo S0k p(fi? nE?e(%iQ{uﬁap(re. 2., ﬁﬁ%ﬁé@, fﬁnyb%ﬂmm, etc.},

materi a as a Cross-
Whmhlry(é\ddmhqctcsﬂwi oxdne)th{tRDMB)ra lvasingméhe falidmaterial can be

dﬁrﬁ&ng%F Eﬂg'%\/erigfgrlé @é% o?rll Qq O Vg%?ﬁgg‘{lg%]&f}%;}fﬁrté{z'gg;@?mml wetting
qur@b€), which provides an external surface that is
neutral metting The solid material can be derivatized
y grafting a random copol yner) such that it
66 ?}e S e’ﬁ{\g\ the peuprearenied vichgssutttags?' in contact with the surface of the

block copolymer material 38, a thermal annealing process is conducted (arrows |,

FIGS. 9A-98) 10 cause the polymer blocks to phase separate in response to the preferential
and neutral wetting of the trench surfaces and the non-preferential (neutral) wetting of the
overlying material 37°, and form a self-assembled polymer material 3¢' as illustrated in

FIGS. 104-108.
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[0069] Wth the non-preferential wetting material 37

in contact with the surface of the bl ock copol yner
woreqoenizak3 38' , a thermal anneal i ng process i s PCHUSDEB5861

(arrows | , FIGS. 9A-9B) to cause the pol yner Dbl ocks

to phase separate in response to the preferential and

neutral wetting of the trench surfaces and the

ﬁﬂ"’%ﬁ‘ er p &X of g@{ﬂa 721}.!,1 é&( ni% % *}u &Eﬁgﬁg%dzcgﬁ?sf*"c%ﬁ Ib¥ L O08oved from

a se asse

cotadier 1t}ai|h€ 3eahs ;dciylnu:&tmi Aaged sinAtver)an [ie;abﬂt:ﬂl@q FIBQeibA. A PDMS
non-preferential wetting material 37" c

renoved :
of PRIghY RV EE MCERL ¥R 3dn ??élalfeeramﬁbr ﬁ%fr“ﬁ%‘?g‘ prfiliig or pecling the
ma@:ﬁ‘fa@ W hd 5 @8icd %Pﬂfétaﬁﬁei & K )?fnetji%e i R@ﬁ%&fzﬁﬂ?tajﬂ%‘y rent such as

astoneric material |ayer can be renoved
wa&xaa‘rm}*m s, lyd thie fike, ngnciu 1smeeip|anlg etvheh enﬁtcbm adt dﬁsrkom tiilueblock

ace of t 0
coRT ErONET 104 0B e St PR o haeeart Pinesiand swaghe
clab@®elik Iﬁ%ﬁmriﬁb &%T PISMEO W@ﬂiaﬁ&@phﬂc&ﬁn%@&id 0e8i9 tuoride solution
di ssol ve the bl ock copolymer material 3Q can be

(e-@ppHBdI{.&afl, etcbyras @bmbﬁ gyrlic ipetamad disapide s WBIMS préerial to
| . DVMS) to enhance physica
IZ"“nr"e‘“r‘fro‘{/a?mA“f wiE d?ﬁ %%(C? B8 0t i on (e.g., HAF HF, NaF,
etc.) can also be applied to etch and di ssol ve a PDVS
60Tl er Fallowiag rdifmsembly, fiegmithe fapneafiedapolign®l cylinders that is

mat eri al [0071 Fol sel f asse t he
forgied ga el Es 51 BF E%%‘%&%?Wﬁﬁ & . 14 PR Tpfprm  etch
matsl@ ﬁ)r%H@é‘%@tmﬁn&%\iti%{hpﬁﬁ& W Jh%ﬁﬂﬁﬁg Qﬁ%%@@ i@sﬁmough selective

desired, for exanple, to form an ch mask
mnpaﬁteﬁnmﬁ¢Yﬁaﬁ@&az%&h$®a@bdékmkno@ﬂwha undaﬁhgﬁwgmnshwsdnd

__substrate 10. u ctive rempval, of, ol | ock,of .

e L Sag i iy Bk ey EY T ai BB ol ik Copobme

(MSNHZRSolaNeh Rerdxas! dihor than@liee eudhistbirgeniBhh @Hot@ﬁﬁw graphy,
determ ned by the chain length of a block copaly

Procfanye 9o Fie iforicdumuske slgaserdr e sbpmegras o YHioks (BUV)
phﬁﬁﬁ%?%%?}gﬁ Q‘«lhié.@lr}%g %Llli hgggfcqg utP rocessi ng costs using
e tec I'can

‘ess than extrene
uItravioIet (EUV) photolithography, whi ch has
{60€Dhpar catrjxemphsm iﬁl‘ﬂusiﬂﬂcd {n(ﬂi?_‘?, iﬁﬁrlkmamﬁ genbcaisnuni an etch mask 38

illustrated.in in.one e

cange ﬁi%ﬁ% i?éecc‘é\ﬁ"k‘i‘@“%?’hﬁlf Qyindasadep wer mﬁéﬂﬁﬁ@* ﬁ@ﬂtehe

5¢ 'A‘C%IS*IEQIE@ 9@1‘ R LB ﬁ@ﬂﬁkr@éué%p@ﬁmtr@@ﬁ gehi &S %@em@%@\ 36 {e.g.,
pol ymer erial 30 to produce openings 40 in the

P%mleynmr thfamrde%y@@ '%(lbs.vgxie 1{Ps)tht bempbwes the erm‘d@npiﬂ g
Subs 1 .trg h floo 26. FEor e A ho
o AP b hERER b RPUR GRcr Lo S v PEA o
Uvisbogt@hcctie agld,dc%M?m@;ﬁtﬁ’BhAsybi@uéNw%@a&@! ghacet do@ﬁa}mng., sodium
aci d developnent PLA by aqueous nethanol m xture
hydegreailiichyy apEpEhydrotodic acid or water, ete.) or by a selective reactive ion etch
{RIE) process. In embodiments in which the block copolymer includes a cleavable linker
group, the film can be exposed to a solvent selective to the minor domain, for example, an
alcohol for PVP, water for PEQ or PLA, and acetic acid for PMMA, that contains a cleaving
agent to remove {¢.g., wash out) the minor domain. As depicted in FIGS. 12-128, the

remaining porous polymer (e.g. PS) matrix 36 can then be used as & lithographic template or

mask to etch (arrows | |} a series of cylindrical-shaped openings or contact holes 42 in the
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hydr oxi de, PFX) by aqueous hydroiodic acid or water,

etc.) or by a selective reactive ion etch (RIE)
w@e@easR43 n enbodi nents in which the bl ock copPCTE82009/035861

i ncludes a cl eavable linker group, the filmcan be

exposed to a solvent selective to the m nor domain,

for exanple, an al cohol for PVP, water for PEO or PLA,

na%%‘gﬁi:icvﬁ%l ?ﬁg%%@ & (ag&ét 1%8%11%&@ 0{1(%% be 1\/negirn%é gfné n@ler active area
{c.g e@ér&t@ﬂi utﬂn ﬁe@: 425 12 BreQuntifeyih £ Bl RAD 4 4 P& M}dmﬂ&} er). The
oly mairix 36 can then be used as

Opwm&ﬁo@r@pﬁm mé“ﬁi'pmétcéafé? enesdike ¢ BBt hIPaE Fows e”&}?hmc (g1E) process.
series of cylindrical-shaped openings or contact holes
@@7% ' nFERﬁ&?P%&% A B fiaﬁ&?@aﬁ% 95 deRQUE: o!Jtha;;Q@e 21! nglcted in
he conductive I'lnes or ot er active area
¥ Esenﬁ: dhidubt reglopkegiloner Bhieix)36i can bhecromdd(d.gi, i ‘ov an omdmm

substrate lO o an und Ia er The o
T Rt Preshs Dy Bl B e NS e b B a e S L PO R S
maBlGh i eichBk BImRKIQE @88al 1180 E3dh kund, h@erspgﬁ@S"a;ng @@Br&g others, to

then be perfornmed as desired For exanP . as depicte
fmrrn&rravwf cigi1igs wnﬁétsﬁ@shed@aﬁu%w Zrath f—‘)&’hgén%«’éﬁ?ﬁéﬂé‘* 42in

the ﬁu ok Vo 8(1 s%hki fP IS gb%lﬁ? a mg‘zi(e! S‘ tultla?& AL tgf§?§§; t§ g&%aa %ﬁ%%l@fs with an

mbﬁlahhg chaWiritahsi@h IXEBL{D,M asl}g@%i K{Dg trras, %E i{f%t ald @ liret al
alloy such as Cu, Al, W Sib5and TlIi N, anong others,
to formarrays of cy Ilndrlca] contac}s to the

{80 6hduEtibgé “‘]"‘-‘I*"l“i’e%E ﬂi‘?‘ “V‘Fl‘fémc% VR G EHER %ﬁ@?’ilfﬁﬁ%‘“ﬂ? qeppbination with
solb &ﬁ aRMDSRE Al8ccah ﬁ'L%@k ?&t(fr'plr&%gﬂﬂg B Fith a solvent anneal alone and
net al -1 nstl at or- metal st ack form capacitors with an
»\panémhafvm:g Oﬁ’a!toek catolguels (BE Psa t@it cap\be @"d\ﬁ:z@ed txZiﬂst@nfmi@ all BCPs.
I F q 0074] Enbodi 5 nven h
341 Tﬁl?{f 1}1811 a HTIHEF ?L <§H %Egllg %\rbggg’ggl 10}% Vv&%‘lﬁ%} Oﬁ%&ii iC %ﬁ;\ﬁl’i{ F”]EH‘IIOSp £re, &
widOheni AeuReRl b Reher KNG (GaRsRIQY Fseh fRpdrRicurQSRESINY
than with a sol vent anneal al one and ‘expands the types
nargptrpiieek (cbpollyrersaBeRsyritage can be processed to
substantially all BCPs. In enbodinments using a zone

{@@2? ﬂh({lﬁu A ﬁa%ﬁ%‘d@éi #, QM Jsgrl gﬁi(&&@éz‘ lefing &Jw‘éﬁé‘ztamb%

e range copol yner s’ can
Svlfa.ﬁﬂmﬁebbédﬁﬁmkfe@pmypﬂr [ménsi b@up(asleé of pgsmmhkular onmica @yiinders ina
nanostruct reslﬁehg),.g%l dersi é @ rap te. - seale
polp GG ST HHaT G PrivethHE G HE P U EUTE ‘B bygeter sale

thafeBRNS Rl ORNRNANIRGSeL fndngamblied Ldhblinglsopotyer
| ns COfT'pOSG per pen i cul ar-ori ented Cy Il ndérs in

phqioigibb SREYY ereeny s;mmmig) mmihhmgam oihd eatirrd erzegipraduced and
e ed el ements_on noneter, scal e that f&(}!i@}%ﬂmphy

a""bﬁg‘ﬂ‘a&" hore “ﬁle%?Blé‘n" Jary Wﬁ%ﬂ@ 5 éﬁ’“é”é%“?‘mﬁ Béa

Thd ddsbogidapheddEdd sphemhokht B@%&W&m@bv@@éﬂkﬁﬁb@@ﬁﬁkcd into existing
phot ol i t hogr aphy. The feature sizes produced and
semiconductor manufacturing process flows and provide a low cost, high-throughput

technique for fabricating small structures,

[8676]  Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arvangement which is calculated
to achieve the same purpose may be substituted for the specific embodiments shown. This

application is intended to cover any adaptations or variations that operate according to the
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accessi ble by this invention cannot be easily prepared

by conventional photolithography. The descri bed
woreiobotR4and systens can be readily enpl oyed aepdir/us2009/035861

i ncorporated into existing sem conductor manufacturing

process flows and provide a | ow cost, high-throughput

technique for fabricating small structures [0076]

Alt hou speci.fic enbodi ment s .have.heen.illustrated..
P U TRGE R PET Ao o0 L B B By gt b
linfed QRHI MARY cBithd nd (e bOGvAEAts iadofaMYe AREIBABEI BN atents, references

which is calculated to achieve the sane purpose may be
mgppErpivreded bribe heplsten piconempudichbh rgdeshoweeThi s

application is intended to cover any adaptations or
vari ations that operate according to theprinciples of
the invention as described, | herefore, it is intended
that this invention be Iimted only by the clains and

t he equival ents thereof. The discl osures of patents,

referenees and publications cited in the application

are incorporated by reference herein. WHAT | S CLAI MED

IS 1. A nethod of form ng a nanostructur ed pol yner

material on a substrate, conprising: formng a

cylindrical -phase bl ock copolyner material wthin a

trench in a material |ayer on the substrate, the

trench having a neutral wetting floor, opposing
sidewal I s and ends that are preferentially wetting to

a mnority block of the block copol ynmer: and anneal i ng

the bl ock copolynmer material in a solvent vapor that

is non-preferential to any bl ock and at a tenperature
above the glass transition tenperature (Tg) of the

bl ock copol ymer material; wherein said bl ock copol yner

materi al self-assenbles into cylindrical domains of

the first block of the block copolyner within a nmatrix
of a second bl ock of the bl ock copol yner, said

sel f -assenbl ed bl ock copol ynmer material having a

t hi ckness, and the cylindrical polynmer domains

ori ented perpendicular to the trench floor and

extendi ng through said thickness of the self-assenbl ed

bl ock copolynmer material in a single array for the

| ength of the trench. 2. The nethod of Caiml 5

wherei n the annealing of the bl ock copol yner materia

isin a partly-saturated concentration of the organic
solvent. 3. The nmethod of Caiml wherein the
anneal i ng of the bl ock copolynmer material conprises
heati ng the bl ock copolynmer material to the boiling
poi nt of the solvent wherein
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substantially no swelling of the bl ock copol ynmer

materi al by the solvent occurs. 4. The nethod of C aim
wa@omhenes n t he bl ock copol ynmer material is gl BGEUE3009/035861

heated. 5. The nmethod of Claim1, wherein the bl ock

copolynmer material is zone anneal ed. 6. The nethod of

Claiml1, wherein the annealing conprises heating a
“gggﬂﬁg%ﬁﬂgg- @fﬁglock copol ymer material such that the

= ylindrical domains are forned only

W thi n saintttiedfetrmpag biRowficluhel Rl gtk BapOdlyuRer substrate,

material. 7. The nmethod of Claim®6, further conprising
CONRBBHE ng heat to a second portion of the bl ock

co

gl T T RS bR PRRSSIRl B ey in  materie
laygentthosubefratt Hbe terxialdlwum sl wﬁheg fladt, opposBrgofid@88is and ends

. The t haod,.of Cl aim wher ealln Cco i ses
sy werroary TS RSt ik G BORE B G R
co QQ“Q&’{TE}E’ Rk %pc@ym&hﬁat@ﬁil@@g s&te 1@'»@1}{5@ that W08k %tc@umtmi 0
the anneal i ng conpri'ses nmoving a thermal source over

anythfreckagp gt ¢ repo1ure hevaide labids b ﬁﬁ@lim tanperaiviief By Af tladlock
c ..conprises: heating a first portion of the
“pgr ﬁi@%%g 'ymer material; and heating a second portion

of wiheciblsaidbichpobyinsler ﬁ‘ﬁatcﬁiai alif-aswhesies mid beidakiogikdomains of the
material is heated above the

. caopal ass
firsg ! gﬁ%ﬁe PoROFe RRYERE B 818 acREE OphBsend g&@ﬁk af therpleggk copolymer,
%aidt 5hﬁ“ R bthIQ 13;Iﬂjrcr n¥; @ruﬁ%tabﬁ’}g 2Qhic SRl Mhd thd y\él%ﬁh&i polymer

he anne I ng corfprises heating then cool’ing a first
denmfrstqm:medfp@tmedibhlackw tho pohginrormat exibading $Roudhhmid thickness of the

seif%%%%%‘fﬁﬁ&?%?i Fle =r“@‘€f§%?%;?@%9ﬁa R 51 %ﬁf%fw
tenperat radi ent . he nmethod of ( aim

whérein én Pfedl A tl h‘é’hﬁp}@(ﬁ%{. %%ﬁéill%@rﬂlﬁﬁ}(‘)é}{ cgpolymer material
is =r§9ﬂﬁfi{7~§%§ra€ﬁ%§1b%aﬁ@§ 0Pl h%cc}f%r apQliyixer material to

bove  an order-di sorder ature and
3. The method of Claim 1, wherein the annealing of the block copolymer material

comprises heating the block copolymer material to the boiling point of the solvent wherein

substantially no swelling of the block copolymer material by the solvent occurs.

4. The method of Claim 1, wherein the block copolymer material is globally
heated.

5. The method of Claim 1, wherein the block copolymer material is zone
annealed.

6. The method of Claim 1, wherein the annealing comprises heating a portion of

the block copolymer material such that the self-assembied cylindrical domains are formed only
within said heated portion of the block copolymer material.

7. The method of Claim 6, further comprising applying heat to a second portion
of the block copolymer material such that self-assembled cylindrical domains are formed

within said second portion of the block copolymer material.
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above the glass transition tenperature; and cooling

the bl ock copol yner nmaterial to bel ow said
woe@eniusor der tenperature but above the gl asBCT/US2009/035861

transition tenperature. 14. A nethod of formng a

nanostructured polynmer material on a substrate,

conprising: exposing a cylindrical-phase block

copol yne ven

noﬁspreféFﬁﬂ?ﬁgéut dgﬁa %?%Sw ﬂﬁédfmﬁémgfwgﬁﬁdeh“mﬂg
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material layer on the substrate, the trench having a
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sidewal I s and ends that are preferentially wetting to
a ninor iThe mam&ma‘:mmé bhacik th@mnieylﬁrcgn,mmﬁn?sesei n the

ck .copaql yner, [ n1cr ase se tes to form
o1 RS LI Bt S o ReA TR S 1901 ymer bl ock
I N Raael L itoRd p&isecend E:Q&Jk)’%?[ﬂyﬁk@%zew at:hin
thetrench, the cylindrical domai ns ori ent ed

pervpfean@iné%w Edrﬂdt @motbenetm@a‘i@kﬁ fid }@@f\/d@hd‘vfi'@lglréﬁ‘@ freckitiqn temperature
I n..a sin ay extending the [ength
o ‘“Slfgctp%é‘(’“ bf}e%%iﬁm {iISt C{?ﬁiégﬁe?ﬁb%‘s of Claim14, wherein the

racidr o e P B davrd i ToEA ARG ER HGe thon cooling &

ﬁmwztux@éme@mmo J10QEr ©QRRELI ses a blend of grafted
hormopol yners. 17. The nethod of C aim 14, wherein the

neutr al i"?ﬁ ﬁéﬁﬁ&l n{gﬁt iﬁ@gnqoa%fr%ﬁaeﬁe Q&ﬂé nﬁlﬁ F4al Qﬂfr@%ﬁgg%hc block

[icon. alm 14, ere
cap@wd@mamkmah@<sn&$uahmﬁmapmﬁ®ncgadmnpr|se a naterla

sel ected fromthe group consisting of oxide, silicon

ni tisi de, Theichdib@hoOXpoan pivieeinshd eenligxgaiblackdepoiymer material

indiumtin oxide (ITO, a nelhaerylate resist, and a
COMPOFYAdi rnet hyl glutarimde resist. 19. The method of

C oA ‘Mqoek% )fé](&}%al?}@r Rlegk &%Bgifeyﬂ?éid&a@;t%ﬁd@ te Ecéztiﬁﬁc and

trench "has a ess of a out the L val ue of
a‘%«m*m uhclglasmpmhm?:rertgmpa@:watwu 20. The nethod of CI aim
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P?%‘” t gbiﬁ%gngpkl‘ %xlfng maie ma.lc b\éﬁlwy satd ore e! Iiin%léz egtempcmmrf. but

above th\, glass transition temperature.

4. A method of forming a nanostructured polyimer material on a substrate,
comprising:

exposing a cylindrical-phase block copolymer material to a solvent vapor that is
non-preferential to any block while heating at a temperature gbove the glass trausition
temperature {1} of the block copelymer material, the block copolymer material situated
within a french in a material layer on the subsirate, the trench having a width, a length, a
neutral wetting floor, and opposing sidewalls and ends that are preferentially wetting to a
minority block of the block copolymer;

wherein the block copolymer material microphase separates to form cylindrical

domains composed of a first polymer block in a matrix of a second polymer block within the
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of the second pol yner block. 21. The method of C aim

14, further conprising selectively removing ihe first
w@lwnEeER4dl ock to formcylindrical openi ngs exPERtB19g9/035861

t hrough the matrix of the second pol ynmer bl ock. 22.

The method of O aim 21, farther conprising etching

unmasked portions of the substrate through the

openi ngs 23.. A.nmethod of forpm,ng _a nanostructur
SR R R At T
reg RAteRRLB kAl ddak ih 8 sﬁ@[‘e‘a@fa@fe@feﬁﬂf&l'g Fhe LA:tBRY 1kl agkk over
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on the substrate, the trench having a neutral wetting
copbivowr magpisbsi ng si dewal | s and ends that are
preferentially wetting to a mnority block of the
bl olck cofielyetesd oBbdaniéakhagntthendiratkettiopdlopmesmprises a blend
X rial a tenperature above the glass transition
<ﬁé§§%§é@§%ﬁ? M¥Y) of the block copolyner material while
in contact wth said non-preferential material; .
whefei n dgingeitbebekClabp dfywascindheriulpl weling A9sprpdes
il LVl ondyie domai ns of the first block of the
}“dgﬁ%gﬁéﬁg%%géﬁ%Q%VAthin a matrix of a second bl ock of
t he} Sbl ocﬂ%e%‘%‘%&'ﬁ’ IE (Y&g]mg %L’E-,dwgfgl*if{t Sﬁ@é@éﬁﬁ %mg l@e?ﬁskof the trench
copol ynmer “nmat'éfi al "having a vhi'ckness. —an e
conGykt Dekgal sdalishREmdBRIcNS cofdigint ed opde peindinaudrade, didcon
the trench floor and _extending._ through said thickness
oxygrbidRest ieomiary s diddin FiuB ieRidg ho Y arctsr driedrsisinang &
Si: rL.ay:kor. .the length of the trench. 24. The
mﬁﬂ%@%%%i%?&%%g%ﬁ%@%? wher ei n applying the
norupr efGLantl &l o ABLEL | 2l LOTRIA SASCONREELNG. LA in the trench
bl ock copdl yner materi al With a sofrd astoneric
has AEticitded othaviinge d wor-@nkf goantdmlynsact geaier25. A
met hod of etching a substrate, conprising: annealing a
bl gk capelwyiksd smtanh al, furha SelpyieRt ViRpereld Babslinking the matrix
_non-preferential to any block while heating at a
of thegiypEiatolyiaetdorke the gl ass transition tenperature
(Tg) of the block copolyner material, the block ‘
copdl ynéihe metilerd @ Chuoe i fughercenehisicg seloptitedy jemtovitgylbp first

p@l;,fl(i)x\é/(% &kc}\%kqg i%%ﬁwﬁ%@%%é?{p?%ag] fxé%}lr,d?nnggt I?i%% B oq{t@e se@ond
polymer block,

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

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

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

preferentially weiting to a minerity block of the block copolymer; and

25 of 28



opposi ng sidewal | s and ends that are preferentially

wetting to a mnority block of the block copol yner;
waob@eein43 he bl ock copol ynmer material fornms a BERGEm™09/035861

array of perpendicul ar-oriented cylinders of the

mnority polynmer block in a matrix of a majority

pol ynmer bl ock, said anneal ed bl ock copol yner nateri al
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metal /irasul ator/ meta! stack.29. A nethod of etching a
s u bsit r at'ﬁxc odhpd 08 gn 2anwkatinmgpiyigl tbc hosm-pmﬁdézymieﬁ material

at. a tenperature v the ass. .
conffpsuieRiisie Bt Atspul P TR o HahrBRR Rapary R eral having a
nonbRfdnahl kbe a material that is non-preferential to
any bl ock over and in contact with the bl ock copol ymer

matari aly lehRatli Qe GOPQYIRE JIREeLIH@] W thin a trench

ina material |ayer overlying th substrate, the
tr m@@ihgwiﬁgmtmpmmr matdrimh gt dhsoleenheagtor dhat wetdri-prgferential to any
f,l ogr,, ar 0S1 1 sidewal | s and ends that a .
blosty B b A ST b 0 e B 451 B GERPgF el of he block
cop@ﬂ} AeKmaRpal, YE{Eﬂfisabw\d‘@%Wtﬁbrhﬁtﬁuw QGHiICORGANTR: BESA Aler
forms a single arraédof per pendi cul ar-ori ent ed

overying Hepigstoe, fhretraicRdrer 1y apuidiing fedsile eltehinalavatang figorotnd
I
eppg%%%%tgwg%% rr%g §¥?§{haﬁ‘%§ &Eﬁé@r%@t{t%qivqgﬁgg %da 1?1 Jl%?]ﬁy block of the block
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anneal ed bl ock copoly io the trench f] oor;
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ol m&ﬁe{éﬁ@%eWeg R R by 01 L !n)é @k Eﬁ%\g{@ih%k‘h%% amftg the cylinders
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@‘Xiﬁtlﬁlaﬂ shrbsglr méﬁtdﬁmmugh th(hmﬂ@pﬁedl blogk copolymer to the trench floor;

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

etching the substrate through the openings.

26, The method of Claim 25, further comprising, prior to removing the minority
polymer block, selectively crosslinking the majority polywer block.

27. The methed of Claim 28, further comprising filling the openings in the
substrate with a fill material.

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

alloy, and a metal/insulator/metal stack.
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30. The nethod of Caim 29, wherein the
non-preferential material conprises a solid

web@stiones i c material selected fromthe group PCT/US2009/035861
consi sting of poly(dinethylsiloxane) and
rol y(urethane). 31. The nmethod of O aim 29, further
conprising rennving the non preferential materia) to

expg g z¥ é; oI mer. material wthin
Chetkr erto USSR RGP CPANISL, f urt her
CO@{nbéidggx bI8APENHNENR Sk Ve Btr hteamb he » ReRndRsafanent ialplass
material i o enhance renoval 28
transition temperature () of the block copoiymm maierml with a material that is
non-preferential to any block over and in contact with the block copolymer material, the block
copolymer material within a trench in a material layer overlying the substrate, the trench
having a width, a length, a neutral wetting floor, and opposing sidewalls and ends that are
preferentially wetting to a minority block of the block copolymer; wherein the block
copolymer material forms a single array of perpendicular-oriented cylinders of the minonity
polymer block in a matrix of a majority polymer block, said annealed block copolymer
material having a thickness, and the cylinders extending through said thickness of the
annealed block copolymer to the trench floor;
selectively removing the minority polymer block fo form openings within the matrix
of the majority polymer block and expose the substrate; and
ciching the substrate through the openings.
30, The method of Claim 29, wherein the non-preferential material comprises a
solid elastomeric material selected from the group consisting of poly{dimethylsiloxane) and

poly{urethane}.

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

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

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

non-preferential matenial to enhance removal,
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