METHODS USI NG BLOCK COPOLYMER SELF- ASSEMBLY FOR SUB- LI THOGRAPHI C
PATTERNI NG [ 1] This application clainms priority to U S. Patent
Application Serial No. 11/703,911, filed February 8, 2007 which is
i ncor por at ¥Q B8 by reference in its entirety. BACKERANH 72022
Menory devices are typically provided as internal, sem conductor,
integrated circuits in conputers or other el ectroni c devices. There
are many different types of nmenory including random access nenory
(RAM), read only nmenory (ROM, dynam c random access nenory (DRAM,
synchronous dynam ¢ random access nenory (SDRAM, and flash nmenory
Fllash menory devices have devel oped into a popul ar source of

non-vol atile mypTHOPS BS @PBL@@K ebpel\eYMPBRI SiEEP%SSEMBDY

Fl ash menory deV| ces typically use a one-transistor nenory cell that

al lows for high nmenmor yFORNSUB-eITHOGRARHIGRATTERNING! ow power
consunption. Common uses for flash nenory include personal conputers,
personal digital assistants (PDAs), digital caneras, and cellular
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system ( nenory devices for use in
personal conput dﬂ/7§9§ﬂé,rf§edH@@a@m&ﬂtﬁ)ﬁ?,@dﬂdﬁsmmtquj@ﬂmnhme and
density of flash ﬁre %% ans g’stors i s needed as the perfornmance of
conmput er syster‘rrf‘3 PEFehdBS acconplish the density and performance
i ncrease, the transistors have been reduced in size, resulting in

i ncreased speed with decreased p®BeCKEROUNDeNnts. However, further
reductions in size are often limted by the lower Iimt of dinensions
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structur such as con ive |'ines having features ge 1 ne
wi dt h) of 57.5 infegraiee ciseuits imegmpuiters ersahey clectiorie fi@mes T THAGAADE by

sub- 11 ¢ hogr aphiiotpE s QS He R LRGEER ARG TRAMad
sub-1i t hogr aphi @nlyea@mrg$RBM)pdymmxmndwd&ckssmwmqm (PRAMRs t . For
CEOVS 11t hogr apRyRERa  Saroiopman "t anpre FPEAD M dit, ™ ©
sub-l'i t hogr aphi enehfay. UFI@ﬁ}m&héﬂ?@lﬂﬁbes&ﬂﬁ@dmlob&dﬁtcﬁﬁﬁbﬂn&reﬁmahife of

preparing sub-litho rg{)hlc feature vvlde r ead, u of. su%n”ﬁmsthods
has been hanper 8en-¢lapiempamasy faraaviferangy r%e"trf”ﬂa‘lca AR, FHEyh costs

and/ or i nconmpat iyRigdok} Yewihel Bypiaf vy GHeaRRMEoPIeREEL def MhATBNSRdSr
o high memory densities, high reliability, and low powerrconsumptriron.
Common uses for flash memory include personal computers, personal
digital assistants (PDAs), digital cameras, and cellular telephones. Program
code and system data such as a basic input/output system {(B1OS) are
typically stored in flash memory devices for use in personal computer

systems.

[03] An increase in the performance and density of flash memory transistors
is needed as the performance of computer systems increases. To accomplish
the density and performance increase, the transistors have been reduced in
size, resulting in increased speed with decreased power requirements.
However, further reductions in size are often limited by the lower limit of
dimensions that can be achieved using lithographic methods. For example,

structures such as conductive lines having features (e.g., line width) of 57.5



[5] For the reasons stated above, and for other reasons stated bel ow
which will becone apparent to those skilled in the art upon reading

and unders\;‘,ﬁggis%y%’pe present specification, there is }&%&q@iﬁ}aﬁotﬁe

art for ne prepari ng sub-1lithographic feature
DESCRI PTI ON OF THE DRAW NG 1061Figures 1 to 7 are side views of an

exanpl e device or device conponent illustrating the preparation of

t he devi ce or dewdnometripunenkessasé diffiauiio diodues by stindandtlitivdeaphiec| udi ng
bl ock copol yner fza i hed T I Qe Lo Lgure 8 is a
top view of an e%gth% Ségrgjg%?%:%erger% tgggrlg’%leagc%r?gﬁfﬁ%&hﬁ I%as IJFsgiti ng the
patterned surface shown in Figure 7. DETAILED DESCRI PTI ON OF

| LLUSTRATIDME ENVBODAMENPS Ha®d bese ifade ssmofzire/subflithd grapbiciopoiey b pthehas
been used to pre e features o ubstrates. ,See, for,exanple, U S.
Pat . Mo 7, 04b, GBpds KAgPH dh s Pl 03 Seopts Teelion DRGRIF-B&Ton Pub. Nos.
2004/ 0124092 Al jitRb@sihyehd akirdme W109A6100ERST SitgrdpWY Bsweieetisedln ) ,

2006/ 0134556 Al (Nealey et al.), 2006/0163646 Al (Black et al_.), and
2006/ 0249784 Al TEMREKO grepae sych wpAithograppiegeatures. Although such methdds

can be capable of preparing sub-lithographic features, widespread use of
such methods has been hampered by difficulties including, for example,

high costs and/or incompatibility with high throughput production methods.

[05] For the reasons stated above, and for other reasons stated below which
will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for

methods for preparing sub-lithographic features.

BRIEF DESCRIPTION OF THE DRAWING

[G6] Figures 1 to 7 are side views of an example device or device component
illustrating the preparation of the device or device component using
embodiments of methods including block copolymer self-assembly as

described herein.

[07] Figure 8 is a top view of an example device or device component

illustrating the patterned surface shown in Figure 7.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[08] Self-assembly of block copolymers has been used to prepare features on
substrates. See, for example, U.S. Pat. No. 7,045,851 B2 (Black et al.); U.S.
Pat. Application Pub. Nos. 2004/0124092 A1 (Black et al.), 2004/0142578
Al (Wiesner et al.), 2006/0134556 Al (Nealey et al.), 2006/0163646 Al
(Black et al.), and 2006/0249784 A1 (Black et al.); Black, IEEE



Transacti ons on Nanotechnol ogy, 3:412-415 (2004); Black, Applied
Physics Letters, 87: 163116, 1-3 (2005); and Yamaguchi et al.,
Jour nal of_Phot oﬂﬁol gmer Sci ence and Technol ogy, 19: 385- 38&52200%). :
For exanplw,ozf"?xf U@ aphically derived trenches have bedrt T(ISaY8/42022
gui des for self-assenbly of block copolyners to .provide.
sub-1ithographic features.. However, the maxi num w dth of each

| i t hogr aphi cal | yTrdesdctiet durlémotecheldgypd: 4 E8-4135 (RO0H)1 Bldck, dppliad\fiyiipd e

(s ent bor oot BE T I B b dealS e VPRSP be O
limted to at rrojsﬁoragﬂetyntepsa@de.andm:z&olo 1119:385-988 E2006)) FeRetdagpldBXi num

width of each trench in effect limts the area_of a substrate that
can be pat t er nedithyeranhéasllx Aerwsd snshssBavgdrsnused py sudes dprself-agmbio c k

copol ymers. Met Wﬁ)cﬁgﬁlﬁgﬁ%gg%;f}pﬁgé LGB RO ﬁt)g]g\h?, 1R& esent

di scl osure can be use I thographiT ‘patterning ar ger
areas of subst r apedmgompdthed s2ab IWeogmpbicelleddrvedirenshitis wypishlhglimiedhods

usi ng sel f-assenbl f -bl ock_.copol rS. .09 rtai i of

t he present i nvre?[ﬂ)fa %%ughpﬁ? t)e\ﬁ"d"e'ﬁhagnrr]éli/e%%dﬁ ?lgé@% %Jlb%:er%ﬁﬁ%%?%gﬁsgg s

pat t _e(r:I ni ng OL I a iﬁhﬁﬁaﬁ pftﬁ@icidyr(LQmét}&niDMicgpmymcterthreit_szﬁg:_ﬂt;diﬁmdltuﬂea
provi di ng a bl ock cgpo r Vi an_inherent periodi. of L.;
provi ding a sub@?ség tPﬁgﬁed?ﬁ'&’ g‘%plluﬂ’li%ﬁ'lof‘t"?%'(eé’? _.Ir,nulpv\%}gth}lplf ﬁ?f{he) of
sel f-assenbl ed qRRE MBEfectdRhitsBEarks BNCRBSratdAET @h Be fafeihelibgRGdh Of the
plurality of trenches has a width of nl1-0, wherein n can be from1l to

15; depositing trewpmstiedeses seheassamly pibledsopplumerss Mathads; and
anneal i ng (e. g. ’degcrﬁ%F |ceﬁﬂ9%ﬁ1{bbéﬁ eaﬂa,%pfe %éa!eaf%ﬁuogpeeﬁi B\ fhe

bl ock copolynmer to allow the ock copolyner to self-assenble. In
certain enbodi nent-Sthogrankiaphitegniag bblasget freasyif selsiratepednypresd tbo

sel f-assenbl e a .t hi ch. t ia‘[ﬁ e that can
be substantiall 31%16&0?%%}%\4') € %Fe%ﬁggfnﬁglggsu%ls@r%@eas%ﬁlp acelléé:%d
substantial ly i ropdtghater wth each trench sidewall. For such

enbodi nents, a first portion of the set of |anellae can optionally be

crosslin (e.qg.,~by.exposure to. 4l traviolet. radiatian erein the
r ool | NS | anei | SR ARGt ML RV Eob B e dned BERE,

bl ock copol yner litHogfdphiepatt@ning @O nutpnsatt] Gionefembbéinkat, thefmdilodel | ae can
optionally be selectively renpved, erein the renoved | | 1 ae.

"hel ude ” second B DAIPhE DWEk FordbERRDRERE B BEROH FEBPOPpHELS The
resul ting struchifalis@subsiris 8udli@ra RXanPl€g., B @m@Et)dT semsk and/ or

a deposition mask. For exanple, in one enbodi nent the substrate
surface can be etsemblgdgepahgnersefipgdyzancheskwhereia saqh tigachel theaplardily nask,

any remaining pgk %fﬁ?é&a@%ﬁﬁth%&nﬁ?@h@ﬁml Dl o1 foelirf)?}{iﬁl)sitiﬂgqje _

conductive material (e.g., a metal-containing material, conducti ve
pol ymer, and/ or blckeemlycwwh diesuhgrapoiuyires; acbanpedingdy.g¢ thermad

deposited in the sub-|ithographic trench to formsubyli hi c
conductive i negvneffrin%ar?g?%g?lvge)ngﬁ%n |alrrlrlégq;% },leelflﬂcé( Q @gltnF g@@“éﬁﬁ%@é&gan be
et ched using theopiwsslid silgksénaistel Inaertain cabodiirehtsmakalingailowsetmi ni ng

polymeric materjal can_ optionall reppved, and jinsulating materi al
(e.g., non- conqh@e%< 9@%@%#? %?%-wéwbﬁaaﬁﬂamw qaa*emc}é@éett ic
constant, and i Mpffhd MhitalBEEHsTHRAAIS Forp P claRbekd fubStrAOfTiaddindt O

m nimze capacitative couplin can be deposited in the

sub- i t hogr aphi eubstentillyds ;e@s@gr vethensph wenchgidewell-alf e st modipeds af r om
one another. As fibke E&lﬂ g BPt'hE setdf mr%ﬂa{i&a%lo?ﬁ&{a'llg be 9ﬁ§§lﬁlﬂﬁd {e!g.,%@r' k)
to e a

material is considere ave a ectric constant t s greater
t han that of si kiposuredi dixiadelef fadtion)kwBerih theanckshnked\argkllet extude @

constant (Il owk teri is.consi.dered to have i el ectri,c _constant
Coast Rt L™ NhrTRbSL ahhe S SSRRREEH O {Polifnes; Byt = Gricpt Pofia° o5
Al'ternatively, bphe erROMPEAS SnloptivdHlgbe bblectEERsehbvideahdreinehd ae are

removed lamellae include a second block of the self-assembled block



A substrate having such surface topography can be prepared using, for
exanpl e, lithographic nethods. In certain enbodi nents, the substrate
havi ng such surface topography can be prepared by a nethod that

i ncl udes, WBF"WQer, depositing a resist (e.g., an e- ARHBOFYR2
and/or a photoresist) on a substrate surface to forma |ayer of

t hi ckness Y, wherein the substrate has a surface (e.g., a

hydr ogen-t er m nadopdlysiet.i Tlearesidtingy shastuieae de peidyfoe examgdls, aaadétdr a

grafted polyner) that .js neutral-wettin i ..e.., no substant,i al
difference in wett r?Qj])O\WFB‘FPOP]@%E@?&W%”%%?PIBIIBBRC?ﬂi°_t enll}}}est bl ock
copol yner; exposfuB@rdid irfa&SiantheleRhéPisigthd alobdikedbmbildas an 310K
sel ectively renoving either the exposed or unexposed portion of the

resist to form angkydny enginie pohyereskewteskl mepHorly begrervetnd can be
froml to 15. T 1 i, 1 . Hggﬁ iGE€ can be
sel ectively wet tkgﬁa‘g@‘k’gﬁ’é‘{eﬁﬁg"é%’? ??%Q,&Hmlgltnt %%/@%’ﬁae&g?%%k and not
substanti al | y wetolwaerpandatr henetdbiconthimjnggiol e céinpesite]ptan bk degnsised/imer .

Thus, in such an,e ment. each trench a floor £

neutral -wett i ngqb\f %?iﬁ%%%@)&gc ??Cg%?ctﬂ% OSEEE%?ng%ewﬁo?és‘{&ﬁB? f(l)lieﬁ In
copol ymer and t voskten®dirserit thé substeats alrfacé tandleletohed tidag thy one bl ock
of the first block cqpqlyner. In ar},grtgg]%r enbodj nent, the substrate

havi ng such sur fESENAGH FRABRFS FFC r SAFEETENF PLRAS ifterihean

i ncludes, for exaphfly RraMbREENhd3nsmasE hteBial @.2d non-dofRBfieonduct or
substrate or substraté assenbly) having a surface; depositing a |ayer

(e.g., a silicomaoi hrvingmghihpeloy delesiric eqastast avd Weer#id subst r at e
surface; and sel I3 I -0_f.0r : of
weirs and trenc %@Bgﬁ}%ﬁ h&ﬁw&t Igé\?\ﬁ&%@%ﬁg Hﬁlglgﬁlﬁbcgb%}%t?ng%g{l%%g

Optional |y, the cambhdeposited ifi thetshigdithiogrphiddrendies,Her exbuplsy o isnlataf t er

depositing the |layer of &hickness Y pn ubst.r f and in
certain enbodi r’r@ﬁ%{v‘ée qg%arsgl‘rog ?nec?gﬁt?)lgﬁ’ t[igsnugsgcgﬁ%rgﬁt affélg&\%l\%%et%#%gcg%g n&/mer mat
on the substr at ghighikh Arerand censaikaddito kiveg didlectpotoment thattis greater

Optionally, the rretg%g can fi.n-ther ing¢lude grafting .a
neutral -wetti ng_ﬂﬂ?ﬂi‘lt t S‘ﬁﬁor’c %x‘é‘fuﬁset’ :kégé)’ ag gg’@eélﬁlgal}? &OREBLLTYT ng
the layer of thikkjagsal ¥ cOMbideR@ 16 WDt AEIBctESIESRRAS tha1dlledy thhdocert ai n
enbodi nents, sel ecti vele/quraftl ng. a neutral -wetting pal ymer to the
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substrate surfacauafq Bl ofepisen dionige (ife kayer AlPmetici REsaoydigyntshe
substrate surf a?{Fwﬁﬁhgi e c;[rﬁsgiiﬁ&ti hatfreldie ?(e%&él%nfahﬁng’]@ﬁ%ﬂ&! m¥etting

-pol ymer to the oor o trench). [12] The first” bl ock’ copol ymer
havi ng an i nher egultipgsirodireicanyingfudé conglnetivietimes e@mat niire eddiéansbl ymer
havi ng an i nherent_periodi cit f L0 can h.l

di bl ock copol yrrzarygl,‘s tr P%tll%%ﬁy %é%%lgl"f?ﬁ(gtrosf,%mﬁﬁ?? \fl%‘% @%ﬁﬁg{&gg%{%?tg}% or
conbi nati ons t héineodre, fal dxamplepramcistdrgateer t ai n enbodi nments can
self-assenble in a | anellar norphol ogy. The inherent periodicities Lo

andcan b he same.or.different. certain enbodi ment nd L'.
can each oidepende(affr{aif‘ %]ébq%}%?ﬂttﬁ%tjtﬁ%?{g?% lélP’%n%tOg PIY enaalgn%tk&%cf@?s. The
first and secongatdr@iak acaahte BT SnetmibobiEndnk) ehesaemodinchiiésfpesading a For
sone enbodi nents at | east one, and.in certat&é&nbodi ts . bath, of

the first and s&ESHACHRYEK2 SFHSE SRS BRI T et ri ¢

di bl ock copol ymey,giss") of height Y to form a surface topography of weirs and trenches;
providing a first block copolymer having an inherent periodicity of Lo; and

providing a second block copolymer having an inherent periodicity of L.

[11] A substrate having such surface topography can be prepared using, for
example, lithographic methods. In certain embodiments, the substrate
having such surface topography can be prepared by a method that includes,

for example, depositing a resist {e.g., an e-beam resist and/or a photoresist)

4



[ 131The method for patterning the substrate further includes:
depositing the first bl ock copolynmer on the substrate surface to form
a layer of_thickness less than or equal to Y; annealing the fi

bl ock copo\vyﬁg‘?s "Péﬁ@r to allow the first bl ock copol yrrg’ T{Q§2008/0~>2022
self-assenble and formw thin each trench a first set of |anellae
that can be substantially perpendicular to the substrate surface and
substantially i noxt egjbstrraee sutfatfitoefanh a layeneftthiskibeyVe dvherandsesdubsﬁatmg a

portion of the fj et of | | ae t hat | udes t bl ock of
e o't Shss o) bt Hepiite (Bon B Gns shRaed Hhedon ik Py Bagr
portion of materng aﬁcwrrglg&lmeti%wﬁwrﬁﬁatt@n&%nwahné aas no GMRtRAMANI NY

havi ng a depth of \ he at | east ‘one openi ngk has a floor that is
neutral -wetting Wfﬁﬂﬁnq‘f‘éé pEting) Wlfb%ﬁe%mﬁ?ﬁhbﬂo pithe Besplaclh| ock

copolyner; two s by s 8Re 8l ock of
t he second bl ockéog @ :e} ks Jgﬂigr%gé%m\?mﬁg?ﬁh{o%/ﬁn%m\é&{lﬁ\ﬁggfe?sn m‘éak be
fromlto 15. Theremetnhgdltlliemﬂteraaposiedoi' umbapoﬁépmﬁbn phie tdsist dfommed bl ock

copol ymer on the_substrate.surfa ma | aye ess. ess
than or equal ophﬁIfaP y(frﬁ e%cr?ﬁse%ﬁf lﬁ& IEIHEW %%IBRCfa’B?{%%Rmcloth ﬁ;@e rer“giyer
to allow the seqemdmhigqxﬁkhe:smakaxmrfab@c@eiefselaaaewﬁeabgl oﬁ@blmlw thin
the at | east one_ openi n% a second set of |anell ae i)hat c ?of

substantial |y pel-peNsiteivane block ard aqfsussiantiahetistied éfOQWH ocks

substantially inug ﬁﬂt @ba{ copbt 9awpﬂmsom%abmega &M@m@énk -cadtr&@R ha )
embodi ments, the method can further include crossl inking a first

portion of the siaspihdtisasutel- weamlmﬁeresnmfép@aqh Wk of fhedEstiindkd
| anel | ae i ncl ud Kk
copol yer | Fur  REP g B R S D O BB e
of lanell ae, andirtrblavkrctpilymentiodiotiertembbditient, Gmubyriaiedaaing yudbe

sel ectively renoy enpyv. e

bl ok of the servie EREER Fit S S LBEER AR Bk B BB T

resul ting structpiediagn subiraty$€gl, a seatic@xiasmpr @bsifte @nubiuate asma{blgnd/ or
a deposition mask., Al ter nat | vel. for enmbodinents in V\hg&grpgg | east

some of the crod@lingRSuacsAsPPSiBeg BYSHE & a SRS PIRtAiR g t he
resul ting structmitineSe oh A uBfrabORBEd; lafs(cﬁséldcﬂ@e‘ly e&ﬂaﬂ%tﬂ% 15RF i N
enbodi ments, nethods as di scl osed herein can be used

sub- 1 i t hogr aphi doat topperaphy Qfweirs subencheso it hade. Wheesima st for

t echni ques such f Qﬁaﬁ%l I

| i thogr aphy, vvhlﬁizbf'f;r1 ggﬁge@@ﬂgl s?il\?éﬁ%n / or %ﬂé{ﬁ%&@p&;ﬁth&gf&%r

t hr oughput pr od u&tn @pommgtbdbyelsééhlclﬂms Eva it substigteSuriest (andNos .
6,746,825 B2 (Neal 26.953 B2

Further, for cert&t %6‘8%%"&‘8"" R’ ﬁ?nfgle? d%P%Sitdganeu%gl %n c?%?]]é%é?grt] 0Ean be
used for sub-li ttllimbamtn smrfbéﬁeﬁﬂrcmsﬁllg]kﬁl’fg thap@gmemaawp@bneﬂubmbrat es

conpared to heret of E‘]“\m ter ods. usi sel f-assenbly
of bl ock copol ym¥fhe! °f“1 %gsmglgéggrﬁ e ﬁ“eu“ﬂé'f%tlmﬁélﬁ’ firﬁ??}?ﬁ is used
to refer to a W@&l%&ht@'smﬁcﬁ@bﬁ)?é Jlépoﬁuﬁg)!m fofQhicRnesaY & thdsiﬂxaﬁtrawy
consist entirely of a netal, i nclude other elenments in

addi tion to a meerdgce, apgisr eweﬂﬁ@t%bﬂém%& srlgeh velp gadinedneptidt ude, but
are not "m.tevaeamgﬁ@Aeﬁo gu’ﬂd rhik 9@ RLe GROT i il rofal ts,
conp , eo

organonetal lic I nations the Typf cal
met al - cont ai ni ng}ut@ysﬁé o ﬁmlsubﬁ@,atetsutfa@r(e gnetledtivelytgedtingthe nedtal-s,
nmet al oxi des, onbi nati ons thereof. [16] As used

i ca
herein, the terl% LT' Eoytfg{lgm YTITDHY t hand ref erence to

acryl at e, met hacryl ate, or conbinations thereof.
[12] The first block copolymer having an inherent periodicity of L, and the

second block copolymer having an inherent periodicity of L'y can each
independently be diblock copolymers, triblock copolymers, multiblock

copolymers, or combinations thereof, all of which in certain embodiments



[17] As used herein, "sublithographic” is used to refer to structures
havi ng one or nore sizes or dinmensions that are | ess than the m ni num

phot ol i t hqg ture size. For exanple, "sublithogr ' ' "
are used h‘gbgﬁﬂyﬂﬁ)ﬁ?efer to lines having a wi dth of 57.%3%48%?22@25.
[18] As used herein, "a," "an," "the," and "at |east one" are used

I nt erchangeably and nmean one or nore than one. WO
2008/ 097736PCT/ U820g8ABERBIZ2 n § kejclar mephiolhgy. €The, inhenent perfadicitins'Loi s

general ly enpl oyed.i,n_the,sense as.dincluding."and/.or” unl it
dontext ot the Bl e BEPRSATE AR TRRE IF kit SR Rhony o R PE
the recitations «th mdeRniadly be &GN RyiovadRad D0Gndnomkice Tak firstunber s

subsumed within that r e (e.g., Ito 5 includes 1, 1.5 2, 2.75, 3,
3.80, 4, 5, e_tC.anj sec:ongl gl%ck gopo?ymers can be the samlé o?alff]éreng: or s-:%me2 ™3

embodiments at least one, and in certain embodiments both, of the first and

second block copolymers can be substantially symmetric diblock
copolymers.

[13] The method for patterning the substrate further includes: depositing the
first block copolymer on the substrate surface to form a layer of thickness
less than or equal to Y; annealing the first block copolymer layer to allow
the first block copolymer to self-assemble and form within each trench a
first set of lamellae that can be substantially peri)endicu]ar to the substrate
surface and substantially in register with each trench sidewall; crosslinking a
portion of the first set of lamellae that includes a first block of the self-
assembled first block copolymer; and removing at least a portion of material
forming the weirs to form at least one opening having a depth of Y'. The at
least one opening has a floor that is neutral-wetting with respect to each
block of the second block copolymer; two sidewalls that are selectively

B wetted by one block of the second block copolymer; and a width of mL,
wherein m can be from 1 to 15. The method further includes depositing the
second block copolymer on the substrate surface to form a layer of thickness
less than or equal to Y'; and annealing the second block copolymer layer to
allow the second block copolymer to self-assemble and form within the at
least one opening a second set of lamellae that can be substantially
perpendicular to the substrate surface and substantially in register with each
opening sidewall. In certain embodiments, the method can further include
crosslinking a first portion of the second set of lamellae, wherein the
crosslinked lamellae include a first block of the self-assembled second block
copolymer. Further, a second portion of the first and/or second set of
lamellae, and in certain embodirﬁents both, can optionally be selectively
removed, wherein the removed lamellae include a second block of the self-

assembled first and/or second block copolymer. The resulting structure can



[21] As used herein, the term"conprising,” which is synonynmous with
"including" or "containing," is inclusive, open-ended, and does not
excl ude addi.ti nrecited el enents or nethod steps. T ove
bri ef desggbﬁh%@§%8$ vari ous enbodi ments of the nethodgkéékﬁ%ﬁﬁﬁﬁ ed
herein is not intended to describe each enbodi nent or every

i npl enentation of such nethods. Rather, a nore conpl ete understanding
of the met hods abe wed,dpt dxechpleeasinretahi thiskbed’'onedeppptivemiaskand

appreci ated by referenc o the.foll ow description,and cl.ai.nms in
Uiow of the acconBangiRy: S SCRYeRS /T HEFh & e e o tRuinkeood

t hat ot her enbodiapeNicarémtabeontdihing Lec]1ad) theslesulgigstatuehangetudeny be
made w t hout departing fromthe scope of the present disclosure. [23]
The met hods desctTBEAVREAES n i ncl ude bl ock copol ymers, which are

pol ymers that include one or nore | ong sequences (i.e., "blocks") of
the sane [Egnomeri CIjedrialnSemieaMadn@NinkhobOss ik clRedReif Car B Bed 1Y

sequences (i.e., "blocks") of unlike type, e.g., |ncludia§mdiffering
mononeri ¢ uni t ( syb-legeaphicqsBemingos a sybstratp sribany the peedder tedpigyes he

word "-block-" g = R 1S GF! b Im‘gg
random copol yrrersglc}gﬁsemt §f8T°ca|1?’ Qﬁ%@e@‘hﬁéﬁﬁd’t Re V\oilrﬂg)gkh-%r%n om"a or an
"-r-" to separ atte szpeisiveandiesipcactical for highwhobeghaut prdyctoh niplodk.

copol ymers can bg used in,t d i er ei F | e,
the bl ock copol g”ff‘é"e"ﬁ%@fsé?ﬁ{ gléﬁsﬁl’%gﬁggé?a gﬁﬁ‘%ﬂg}éﬁ a(@))i%no ygr%e%%gp
(i.e., copol ynmerB2 Nedlenrgt 41))0 Fhtlog kis) cerfaln dbodknahey) olethoBy & discloed
copol ymer s havi t hree bl ocks), multihklock copol yners (i.e.,

copol yrmer s havi H’%r%?aél eHﬁ?@CE’ﬁF‘g’éﬁngé ﬁf?aﬁéﬂ'l’]‘?&:%fyr}ﬁigﬂeﬁréaﬁﬁg t her eof

.

For net hods t hatsubdialdd @6mparkd fﬁkrmreqmgﬁﬁgm@brﬂhg%t&amiwg@m t he

first block copolyner can be the sanme as or different than the
second bl ock copteyby of Ylodk copplymeisk copol yners can be used for
certain enbodi ments of methods as descri bed herein. Diblock

copol ynengsjcan be gubshiaRidhnyaBydRRAiLE'Cs Ghede reféi6 aikdd@E fraction
of the first block is substantially the sane as the volune fraction
of the second bltpdtallygreompeytidnstarlpyer,(thatenay conmstwatiglyeof pimgéali §mayf t he
first block is ' I: -ent t aviell i;on of

t he second bl ocE .&f&sao%ésrg%hﬁggéﬂi%&tﬂgﬂt‘lg‘f&gﬁék&%%@l suggglgglﬁ?lgl ly
symet ri ¢ di bl ockmpopak ynvbrde Has ai@ nedlimited for metalsometal-ligand wei@pléxesp 0. 6.
As used herein, each bl ock of uns tric di.bl ock copo r.phas a
vol-une fractionIgsﬁﬁg§%°¥%%Inﬁﬁﬁcgyn%ﬁag &y ?ﬁ%ﬁn Pgi&gﬁgéﬁgﬁF?glly
symretric di bl oGhetsl@pihaniRysysainclge, baegde harlingrddasli mels, sndtal owldegh t he
di bl ock copol yner sIel_f-asse les to f rmléarrel |l ae (i.e., sheets of
one material intty Sigags: @p ﬁ“@%ﬁ?ﬁ@?dﬁﬁ? rial), unsymmetric diblock
copol ymers can be used for enbodi nents in which the di bl ock copol yner
sel f assemgpl es to Aoy QEREY theterkCiMEDTact b Uit a BiorthhAd roforanphe,
spheres, cylinders, gyrqids, or conhinations f{hereof. For nethods
that include a Prykte mehagrylase SnePBpatens B85 ner . both the first and
t he second bl ock copol yners can be substantially symetric dibl ock
copol ymeygy [25] EfeiseBheeth, GubRhbiasic'GORQ IR er¢a Bnatse Mgl Nto a

domai n during . . ] o
one or more sizes or dimensions that are less than the mimmum

photolithography feature size. For example, "sublithographic lines" are

used herein to refer to lines having a width of 57.5 nm or less.

[18] As used herein, "a," "an," "the," and "at least one" are used

interchangeably and mean one or more than one.



sel f-assenbly. For exanple, substantially symetric dibl ock
copolynmers can self-assenble into |anellar structures in which
alternati zﬁﬁ% each represent a donmain that incl Kk
of the dib 8|c 03][7)% yner. Further, the distance between S%(%/ 5%0%
a first lanella and the mddle of the next |anella of the sarre type
(provided that neither lanella is at the boundary of the series of

SE %

| amel | ae)[1Pk t he i dysepehierginrthogmi ey iy sangrelly expioyed indhe ywasemSpendent
on the length an b .00l Yiagyy 1 s for each
bl ock. Thus, the%ﬁﬁggg%@%e?fﬂg %?%tégg%ﬁg u§%%cr easye‘é% I ncreasi ng
t he | engt h and/ ostherstisecul ar wei ght of the polyner chain for one or
both bl ocks of a diblock copolyner, provided that the volune fraction
of each kK remai,n I [

Sim Lar 1920 he © nnerR R Seltitols Shablent AERLA ARRANGIRIEN
the | ength and/ mummﬁeﬁmawﬁﬁﬁm@mn@ze.gsn%zmmm chy2a2.75v8, ght
of the pol yrrer"g]g(i)a éor one or both bl ocks of a diblock copol ymer.

Di bl ock copol ynets”us §%h nethods as described herein typi cally have
an inherent periodicity (L.) of from 10 nanoneters to 100 nanoneters.
For net hqey that i Aglstdeheseid,itlisternaN@dnirisiago Midhligg}ﬁoﬁmmismaf t he
inherent periodicity. of the first block cop ap. be the sagne as
or different thah“cttl‘ﬁjénﬂ R eTOBRNIDE T 15486 (i‘ﬁ‘fey %@%anﬂﬁe&eﬁﬁ

copol ymer, provigggiohfidhrd-R& &&hsi®orf thkdd s.of each bl ock renains
fromO0.4 to 0.6 for lanellar norphologies. [26] For certain

enbodi nents, each bl ock of a bl ock copol yner used in methods as

descri bed?Herei n cahe diovs briefidegssivon Vaﬁp%%%quﬁn?qﬁ%dd%’@??ﬁ@asnot

only in terns OfdeEé}ﬁeéhérHiﬁtlélﬁ& iREndR ROIRE e B érﬁb&dhﬁént%@é&@r} he
bl ock, but also in other properties including, for exanp ghym cal
1

properties (e.g.implemsotation efsuck metheds. HRathanrfmers C’P@ﬁbt@ﬁldeﬁﬁ@ﬂ iappfity,
and/ or solubilit C

chem cal reactlvt?{% %gﬁssgg?g%&ggq H{rQH%ﬁ lrogcﬁr)nn{\'/ea %nct%ﬁ‘? g@rulétgdb
susceptibility trefemnoesislthmfoilngmgeiamlpnmsand dioms goview efithedi nents, a
bl ock can include a snall e% of L& of units
formed 1 rom or occrrmeanre Fiivsarch it e ARiTehelnrEiEs ¢ ho
non-crossli I’lkab|eﬁ1ba&1€iqeﬁfs@1$@|Beﬂkﬂbécf’and@trﬁﬁm@ﬁdhah@ﬂﬁ?na?lbmnha’alé “pm\mi cal

and chem cal properti e e di bl .ock copol yners include
pol ystyrene- bpold)?ﬂaéfl E}F%P &EEEIE’IF%?BR O er s,

-pol yet hyl eneoxi de- bpolylsoprene bl ock copol yners,

pol yet hy pxspeoxi de- mmétu&mtdaghri@e@habme]kclmMcxrwpcsymers which are
pol yet hyl eneoxi de- b- pol yst Xr ene bl ock copoly "
pol yet hyl eneoxi ®elyBepghitiadivdn onsOnEFS/IPBE @qkwrtseq&l Eoirskserd the

pol ystyrene- b- p%xﬁé’hl@)ﬁlnﬁéﬁd ﬂﬁt&f}‘ cma@&lﬂ GORR ¥ FRE 8r more long sequences
pol ystyrene-bpol yi soprene bl ock copol yners

pol yst yr ene- b- p(ﬁl &0 m"éﬂ@rtblﬂc@@mec@@omyln@ns dlffermg INONOIMeEric unit(s).
pol ybut adi ene- b y. I » _.. n_z n
pol yi sopr ene- b- EJB((])) clk Cg}t’ﬂ%‘:n% hd%gg?@{@%ﬁ;fl copo r?/né)gosc'k ahd b-"to
conbi nations t heq:mm&e edéb mo&omenembomhﬂe retnﬂomfcopmylhad aleaspid:f}b/cr i bed
herein, a polystyre 0 i nmet hacryl ate diblock co mer can
e used for somtBi GiTE BF WPHE-BIHER " Co byt SARLEAh TERETHEE hod
unit. A wide variety of block copolymers can be used in the methods
described herein. For example, the block copolymers used herein can
include diblock copolymers (i.e., copolymers having two blocks), triblock
copolymers (i.e., copolymers having three blocks), multiblock copolymers
(i.e., copolymers having more than three blocks), and combinations thereof.

For methods that include a first and a second block copolymer, the first



WD 2008/ 097736PCT/ US2008/ 052022 128] Exanpl e tri bl ock and/ or

mul ti bl ock copol ynmers include bl ock copol yners having three or nore
bl ocks selﬁgtzﬁ@ﬂ;‘g;ﬁ the group consisting of polystyrengs,sanososaozz
pol yal kyl (meth)acrylates (e.g., polynethyl nethacrylate),

pol yal kyl eneoxi des (e.g., polyethyl eneoxide), polyolefins (e.g.,

pol yi soprene and polybutadlene) pol yvi nyl pyri di nes, and_conbi nati ons
t hereof . 1291Bl ddlRckspolyywesas bedre ﬂ?éleééﬂb@ﬁ%’@ﬂt then the seropdibleck e. g, a
substrate surfggﬁ -methods that are well known to one of skill in
the art. As use e ', "deposited on" a surface is intended to be
broadly interpreted to i nclude any suitable neans of applying the

bl ock coddHymner tthHiedmptDlamersmmb@medg?or ckrsain efhngiments gémetiodd asn

nmet hods, coatln net, h t ransf.er thod bl e
application net hoacsnbe%g @8%%%‘113? |ytr)nr‘13rsrrcet1 3'93/ S%nh@y(}g{mﬁe\ﬁ?d dar@é not
limted to, spi rthe%ltmna@actdjnmfdm&trsﬂtgocmpmaytammt@lthmmmdthe volume
conbi nati ons the such t he bl ock po can
typically be d| %IFE?B%FP@@Q( Op Prsy[gns; 8- %ﬁ Sluﬁjt?o‘{aﬁﬁ?r(%f g., a
solvent); the sqh&ﬁfsmocmis§%taﬁh§tty dﬁ&reﬁﬂtﬁﬂﬂﬂswam@@@cm stemosi ted on
t he surface, and the nmediumcan optionally be renoved (e.g., . through.

evaporation at @f¢sndbiock) At wsedherging eash blogk gf esubsgiaptially symBicBit or
reduced pressur %blgéi{)dogglyg{er ﬁéét%%g}ﬁ?é‘ﬁachgn deRGH o4 8.6, 1BALENG&G<hhe
as eposi ted on

bl ock copol yner a sur ace the bl'ock copol yner
can be anneal ed each lpekak aumnamymemc diblasly comhanerdiaaadolaink ductidveotbl ock

copol yner to self | i netho de thermal
anneal i ng, solveﬁ? gﬁﬁggl_ afaaﬁﬁ cogg%ﬁe y?ﬁgfgﬁ#ﬁééﬁeallng can
i ncl ude exposi ng:opdtemets@akbe:md)t‘qtrmqlboﬂlmeatstuewhehaltamlﬂodt copplymedC t o

250C for up to 24 hour and ip certain enbodi ntents under a
vacuum and/ or aﬁd&%‘e Ie?t mé mlﬁﬁ@rees ofiRR RP mét?ﬁélatflteﬁgﬂ"f@&ﬂ@al ly

i ncl udes exposi RfothBanEREK uSRRh AR b0tk %bo%ht%f@&&%eh%mﬁf ature
(e.qg., at or above the glass transition tenperature), and | owering

the tenperature emboetmeatﬁﬂt waich e diblegesapplyamen sebassadien ty derm qther
har den. Sol vent 380Gl i aNot BEMHIE iRRsLIetaG Riigck: copol yrer to
es ac

vapors of a solvent that so vat t’e bl 6¢ck copol yner:
al | owi ng the bl eekbivewisyireesoft Borsmethdvds(tbatdlqlude@é'mtamd\aemwbmlﬁt S

become plasti ci %ﬁ%&flgngfn otﬁ th%’hrEteaﬁB‘ﬂte’Egco% bko‘%ﬁ%&goﬁyrﬂé}é Eénoti‘e of the

solvent for exa gh evap certai
: substantially symmetrtc dlblock copoly1ne1s

[25] Each block of a block copolymer can assemble into a domain during
self-assembly. For example, substantially symmetric diblock copolymers
can self-assemble into lamellar structures in which alternating lamellae each
represent a domain that includes one block of the diblock copolymer.
Further, the distance between the middle of a first lamella and the middle of
the next lamella of the same type (provided that neither lamella is at the
boundary of the series of lamellae) is the inherent periodicity ("L,"), which
can be dependent on the length and/or molecular weight of the polymer
chain for each block. Thus, the inherent periodicity can be increased by
increasing the length and/or molecular weight of the polymer chain for one
or both blocks of a diblock copolymer, provided that the volume fraction of
each block remains from 0.4 to 0.6 for lamellar morphologies. Similarly,

the inherent periodicity can be decreased by decreasing the length and/or

9



enbodi ments allowi ng plasticizer to separate as the bl ocks phase
separate, and renoving at |east a portion of the separated

pl asticiz The followi ng exanple is offered t [oe
illustrat Z{véazp?s%ﬁgii%gpeci fic enmbodi nents and techni quesopo(gﬂlﬁﬁg&gf’zeo%zent

di sclosure. It should be understood, however, that many variations
and nodi fications understood by those of ordinary skill in the art
may be made whi | moleaiaiwaighy ofilie pplymeh ehagrcfop endodr botheblpeks € adiblock

di scl osure. Therefore, t scape.,of e .p n i 1S not
‘ntended to be |CRAVEST b@l%loﬁgc e ﬁ%edéég‘?}g?{és. g[d%%“%?%f‘gc\%‘lr“t ain
enbodi ments as dggicdllyliese Aeindemnt prribdiok(Ie pafdton 0 nammebes wWeposi t ed

on a surface having one qr nore trenches or openings forma | ayer
of bl ock copol yrfSRORPER; ﬁo‘ilﬁ‘%thﬁqfégﬁrm & I'Ftélﬁgﬁé%c g E’@ﬁléﬁ‘?ﬁ? AN

illustrative dewh&ghdrehiSetiblity sthefrst Blobil @pbBmbr callt tHe¥Hnsionc| udes
substrate 10, weirs 30, "and trenches 40 form ng a topography of weirs
and trenches. [ 3tffergiidhanibe herentneripdisin:efebe spcombldpckrepolymst-pe used

as_gui des or 1 g, B gk CRPRIIAEE: LB 3P Lo BRRLUBLENNE S RON 0 e o

nore trenches or opeéeni ngs rench or opening can
exanpl e, |ithogrlapéiacalophottefidsned or sel f-assenbl ed copol yner
defi ned, both of which are described in further detail hereinafter.

per pendi dtifar to rre Sarr shetSiflls oG floab S i LD
referred to her ehcth®idas bacﬁladdemrmcdnhﬁffmfmgtherdﬂoqkb@ the doelahert h_e
at the fop of t B CHALATB e ¢ P mEr AT T Pertehn dt h
of the trench orbupﬂmnrwhe@Efaa)pa@ieaixﬁmhtﬂgpfoeem{pld}@aysidmubﬂob@ﬁes) (e.gn, oOf

the inherent periodicity ( of the block copolyner, where n can be
from1l to 15, ameechnicadpiemst, &f@@iﬁ‘?ﬁﬁ%s}ve&tﬁblilﬁ’b ayeer st gd 15, An

increase in def eGlg;chipbarils! @k, BHRRG! SdhidabrehdiRliGadukdepabingryed as
the trench wi dt K yodr 4 gr?i(fuééanut;@}rpmlaa T e e o T341ln
certain enbodi meemeval fechiquesandfor sesctptibiln treressligpegicagions) dah be
neutral -wetting (i.e, b iak diff i tt] i th
respect to eachsélpgc%b%@gjfﬁtg’ aﬁl{l%{f{(&aggrgo dﬁﬁ%@%ﬂﬁﬁn%gr(t' 'f%h{g’ /?) i ments,
both sidewal | s 166) dfunaafhmed foalvraslinkpele imogodersc &ncdrrirsel ecti vel y

wetted by one bl ock.of the bl ock copal r. l.ective wetting results
from the’ di ffer ERPECITiSns e PRGOS RLT Grsco S TRl i O e
surface and eachhpi@¢knddheinhRl plopekiecopol ymer. This difference in
interfacial energy can be due to the chem cal conposition of each

materi al {2(7? g-. . Stéxua%mtp e cﬁglo%pggpoiy?ﬁ/e?sr inrcll){lger- gggsrt]yrgl?qu-i ng) .
polymethylmethacrylate block copolymers, polyethyleneoxide-b-
polyisoprene block copolymers, polyethyleneoxide-b-polybutadiene block
copolymers, polyethyleneoxide-b-polystyrene block copolymers,
polyethyleneoxide-b-polymethylmethacrylate block copolymers,
polystyrene-b-polyvinylpyridine block copolymers, polystyrene-5-
polyisoprene block copolymers, polystyrene-b-polybutadiene block
copolymers, polybutadiene-b-polyvinylpyridine block copolymers,
polyisoprene-b-polymethylmethacrylate block copolymers, and
combinations thereof. For some embodiments of methods as described
herein, a polystyrene-b-polymethylmethacrylate diblock copolymer can be

used for some or all of the block copolymers used in the method.

10



[35] Referring to Figures 1 and 2, in certain enbodi nents, a
substantially symretric dibl ock copol ynmer 100 havi ng an i nherent
periodicit n be deposited within a trench or qgﬁgh

(e.qg., théwgggb 3%@? | ayer is |less than or equal to the s?ﬁm%amzz
trench or opening), wherein floor 50 of trench or opening 40 IS

neutral -wetting with respect to each bl ock of block co%!l mer 100,
and bot h [BBdewal | s Egampig trihlegkoindior nugiieokgordyaere inghidgdidciiel y wet t ed

neponrt od cenal y Pt Rre ML dflorelvfitks RIS, GrdubUhSydy  N©

deposi ted copol can be "anneal e

copol yner to sel éfpabsendies pah/ﬁlkpmmmhwctﬁates (e@(;lpolyn-eﬁgrhnahmlate)‘,
alternatinglarrell 10a

d 120 that are s n endi cul ar
to the surface aRfl ‘?sa(P Eyp?lﬁet&‘gﬁ?e@f‘@éﬁj ]?yﬂltelgﬁ%)ﬁgt rpé’ fyprene
sidewal | . As us%d%rﬁu@dlen@%ﬁmlpﬁ{dmesg@ﬂrasﬂsinst@tlnartheréoarrel | ae

refers to a set of |anellae that are, on aver age, perpendicular to

t he surface As use erein, |anellae t are "substantially in
register2ith a tBEQ’fEHOI?ﬂ I RsHE FAn q%%g?sgteggnpéwgqcpé%gmg{%sgqtg paral | el
to the si dewa” ubfad) by BREoHS ﬂaﬁge%llﬁnw%cﬁl@fof@um@ﬂn@@ﬁf neRkddhe
sidewal | ) over a trenc% l ength of at least 10 micronmeters. Figures 1

to 3 illustrate hereiniderstitadrin” psurhitedhinindedgo b b@adlwﬁéfp\mt@lﬂﬁl of each

Howover . as: i sclSeRieRitl ARBELr AR o BUFk SHRIAE 8 hree

accordingly f r onndéluding, Forpapmpldsdapbsitiammethads, woting med®ds, transfet hese

enbodi nent s. n cer e 110 .t lnclude a
Frret biock of eheahdist Ficd oBeEaletr B aisdryhef EARRRBHRRURFy ‘b
crosslinked, formaxaRphdudeDyit@xnes inted @, &b caitingip €oaling, sptalyr avi ol et
(W) radlatlon I n. some, enhodi nmen he bl ock of the bl ock copol ymer
bei ng crossl i nkéﬁat&ﬁnarﬁjecogg’ér@gﬁ?%t ?féoé dn é‘i‘%‘é’%‘fﬂi‘qqﬁa h@bkﬂflfﬁqﬂ? E“E

addi tion of crosgh t}@h@angb@@@mvedFaquerse@@@mp%mdadfmshﬁedmh%lg Gopol ymer
is a polystyrene-b-p OI%qes thacryl ate di bl ock cop O|% t he

pol ystyrene bl osRlver) 0«134*’(9@541$H¢l@§d1 BYySUSRYBEION £2n hasleprsited@ndlie on.  For
further exanple |y t made
thermal |y crossl%l rﬁ%gbfilrm &&F(ﬁg u &nglloql%ﬁ%aﬁéﬁlgnog%{ngc%mgg} 0.1to 5
nole 9% of a thersmkdtpnat mlsbntrmkalbmemwmmmrc( endjat,ambient or reduced
benzocyl obut anecorétual )nd “ﬁ romsrlllgrreql%mg%g/ orltlmade phot ochem cal |l y
crosslinkabl e b)P(iFmrF 6%{ A e f%g 0.1 to 5 nole % of
a phot ochem cal ly crosslinkabl e nononer (e.g. di vi nyl benzene) in
the bl ock30df the cOpelthannck dopolyeret basrbeet B@os@daaumlseﬁaceoﬂeblmbck of

t he bl ock copol yner. can be mad rmal |y and/ ot.ochem.cal |
crossl i nkabl e b;?‘)li’%}‘%fo‘iaﬁg 3“”5%&15 Foetﬁg%hlﬂ%/an(yeexﬁpng‘golﬂal?s B %Tvéh%//() of
a thermally and/bﬁ:rckI@&Qﬂﬁﬁé}&m&ﬁbdsﬁnlﬂéoslséﬂ:nkﬁ&ilmgIi’fm}mrnc(mﬂeg ,

par a- azi donet hyl styrene) . Al ternatlvef , Qr 'Q addi tion to, ?
enbodi ments, cr ¥ERFlARNFGnGgeleRt BarlBE 2 del diamdieee ApacRar
are to be CrOSS'chﬁ'iﬁ%l@de é{ﬁ%lggth\é%rléc%tcﬁp&?mg B23¢h RS RgeRi ®cabe
known in the art and include, for exanple he conbi nati on of a
crosslinker (e. @50°le03u35t0t24|1mtsrﬂyimgema6d I(thei‘f@!é@fﬂ(bﬂ@lﬁ’@mﬁydpﬁ%@nzene)
and a thermal a e

CyCI Ohexyl et hquf% glxaglg{?g%g h e}%’?{lﬂl‘ee ¥11osphere Thermal annealing typically
trifiuoromet hanésildeoegioang tl@‘odm:klcnpddadeﬂ tarmleleaﬁed:amphzatw:; (efpyrat

exanpl e, inproved an erties oner. s tibility to
a3 perar TR RS bR RS At RS R ERb B £ be
sel ectively renman@s tHerelf- agde}nuxv‘earbadcﬁ@o¢dlyrﬁerquma~d3a , SEADS BeEig da8
crosslinking in certain enbodi nents eavi ng the crosslinked | anel | ae

110 on the surf Mckideskpasmadhe blediosearlysrer mriepeis of ¢ pluant fhahialyale at
this stage can, eédﬂb‘fc?cﬁ(to?'trﬁb%m(%ggﬁgr%fallivﬁﬁg hteb'l&k béé%ﬂ/rﬂgrtg wgnlch

newy formed trenches with a secon en it
(and in certain embodiments become plastlclzed) and then removing at least

a portion of the solvent, for example, through evaporation (and in certain
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pol ynet hyl met hacryl ate bl ock can be selectively renoved, for exanple,
by acetic acid devel opnent, and in certain enbodinents after a

bl anket ex&gszws%g%ﬁﬁul traviolet (UV) radiation. [391ln &qrfﬁsfibd?;/oszn 2
ne

enbodi nents o hods as descri bed herein, a substrate can I nclude a
plurality of lithographically derived trenches, each of which can
serve as a guide for block copolyner self-assenbly within each
trench. Subst r at @8bqdaments allavingpladigizeioie sRAsase asalﬂlegloeks Matpsepaate,

assenbl i es) incl ydi A i i s can be
prepared by netho srgl\%g%bé %ﬁg&ﬁ?ﬁ%ﬁ%é@?g@ﬁ d}c‘ﬁkﬁ%% or exanpl e,
resi st technol ogy and etching technol ogy. "Sem conductor substrate"

or "substB& e asseibt follosing rxenipleas efifared wffartker ilnstrate eaiians npkedficor

substrate such as_,a ;base sem conduct.Qor | aver..or a senic uct or
SUbetrate havtnognibaRRas: SHTAR00NS He bRl oty HREMARES! o1 1o
t hereon. A base wgeispoddioticodr, thayRinyt wifihialslayd atiflegtidnb endepstesi byt ayer

of silicon materjal qn wafer or a silicon |ayer depqgsited on
another mat eri al 1o %ﬂﬂéfﬁlﬂisbtﬁe%n%ﬁsmaﬂéw% EPAEREYERRS s made

to a substrate agsgidfthe pré@hi Q4SosBfO ABSRIsTE RS sIPY oNBY FreRGEN
previously used to form'or define regions, junctions, various

structures or fehtdasers is apfdntepsisd tmbslimitedbyatde follgwdnesexemple. acti ve
areas, diffusions, inplanted regions, vias, contact openings, high

aspect rg§)o openi fOSramdRR6HihRhtsRs BLTbedd®dih 8o dkUopAHRECIah BES
etc. [40]Referring to Figure 1, in certain enbodi rrentg, the substrate

surface can be rsdbsiteédn byurfrspbasiing eng i npwe {remhenertoperingsrta D on
the substrate s I, ki e I t. pal ynmer
mat can be cr oslsii[i}ltegﬁg%}gus‘foﬁé&ﬁtekgglﬁe%nﬁ%h%%? 05?%&%%88;@%5 f g\rr%nt
than that used tibustmatesddvitk Sat illuetesdd iofFeguind d.cRhodevidedndhldes kubstrate
copolyner. In certain odi nents, the sane nethod. can be used to
rbest imk the pafy e ARARbETeh 40 duding AP TERGLD Grvanang igees -

copolynmer. In certain enbodinents, the polyner nat can be deposited

on the syddtrate shidaeer betotachapsspéning chinbe ey as gddestfbi thkness Y

on the substratasgrfa{ge as déﬁcri bed h@r}ﬁhn bel ow. The, crosslinked
Vi 1

pol ymer mat can FERYYMPIIP SELATHPRE W R NS FINYGHERDMS & sur f ace,

which will becompeiifig. fHadlofrerRh oRofdnBidan BE, BPS&AIDE:, liﬂhﬁgtﬁﬁb}ﬁéaﬂj\et ting
wi th respect to each bl ock of a bl ock copolyner that wll_ be

sel f-assenbl ed d6Rnadias selfrprsemled canahmae defingds beth ahpyhish arerdesqsibedinock
copolymer is a pokiesiyhiEnGeRame! BHF%%MJeHEF%ﬁ%% Bl ehittl HeQk Koth

copol ymer, a crosslinkable polystyrene-r-paly hyl met hacryl ate
random copol ymesideaallsyse neigdrpandietiar tp dleysuefacenthe width of the trench or

opening as referred to herein can be taken as the average of the width at the
bottom of the trench or opening (i.e., the floor width) and the width at the
top of the trench or opening. In some embodiments, the width of the trench
or opening can be a multiple (or near multiple), n, of the inherent periodicity
(L) of the block copolymer, where n can be from 1 to 15, and in certain
embodiments an integer from 1 to 15. An increase in defects in lamellar
morphology is typically observed as the trench width varies significantly

from a multiple of L.

[34] In certain embodiments, floor 50 of each trench or opening 40 can be
neutral-wetting (i.e., no substantial difference in wetting) with respect to

each block of the block copolymer. In certain embodiments, both sidewalls
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-the -substrate surface

[41] I n certain enbodi nents, polynmer mat 20 can be crosslinked, for
exanpl e, by exposure to rad| ation, e.g., ultraviolet (UV) radiation.
In sone e the polyner mat being crosslinked <
suscept i b{%’?’%@@& i nking without the addition of Crolgéglfusgﬁosmaznzz
agent. For exanple, if the polymer mat is a

pol ystyrene-r - pol t hyl met hacryl ate random copol yner, the

pol ystyrene in tﬁ%of%ﬁ]aﬁ?ﬁcb@pepiﬁm‘wd&hbﬁéel%FU(Yﬁ]éfé’éﬁlﬁi%hYﬂfgetﬂﬂftké?fupon

exposure to UVr - mat can
bepmade crosslin ab%kgg]pcilﬁgf' ngreEtﬂg s%m%@réogﬁwe Hﬁe)[éﬁgélf

nol e % of a themkafabipl eznemlbietﬂmbﬂez sidemalieurfice agd gach block of the block

b | ob h h
cr 0ssl | nkabl o moRERBRC 010 HRER bR A haRbpe dve & e chemical

par a- azi donmet hy| sdnyosifien of ¢hch ARitdpial (¢1F8 strii@tres that BesiBidbgod b@iding).
exanpl es, the polynmer mat can be nmade thermal |y and/ or

phot ochem.cal ly cr | i nkabl.e by inc¢luding a |l amount (e.g., 0.1
A R - S b A R M AR T
mononer (e.g., Patdncddd BIEL bc\ﬂo%hﬂ/efrQ0@havu?%(&ﬂhﬂﬁ&dt‘fy@ﬂléfdm@fof'm can

addition to, in some enbodi nents, crosslin agents can be added to
the pol yner mat . bealoppsifsd withing yengh oxeRsBEIEI4AKE- agthagepﬁlyn@rﬂ@/ekwdvﬁ in

the art and inclyde,r &g & r&@f(tﬁ’ EBRAG naf% &h Bo IR ehatker

(e.g., 1,3,5-trinet re%%ﬁ% trolfacetoggﬁe 1 énzg?{%@an ¢

t hermal acid germroamjng xg(bisgleutral-wetting with respect to each block of block

cycl ohexyl net hyl 0X9CY, X | ugr onet hanesul f onat e) .

In certain errbodc(oﬁe1 qblhe dgbr%}gs chngHmffrenCL TR ef'm%m Yave

resi stance adeqmlaetnteby mttddsatyamdbroukbfﬂﬂbcl@cro@ol@rﬂ&r ngp.st eps encount er ed

during the bl ock copol yrrer sel f-assenbly pr ocess [42] Al ternatively,

in certain_.enbodi ra fac dified

b epar i ndod hyar ogBRR e Fisot Ui deBesied hphetd o8 falBing hedts

silicon substr atteaﬂtaﬂth&gmilbkﬂ:r@pﬂlymeir *@)sellf-agﬁ‘enm)@ e forin whhiakagss Y can

be etched (e.g. W|th Ias if"&?eh o formitrenches havi ;1)9 a depth
P Ak

of Y that is |edenfly %?Pt? a]WtIF‘% bloo%l’iddéb that, e ggpstanti ness Y

mnus Y, on theerpesdibil&0H tiashéaing ss@s&nhmmrregia&&@ Sch tréhdnh @
quorlde i on etch whi ch al so renoves nati ve oxide on the silicon

substrate), Iea\ﬁldﬁya]é fiy Hyed derein, eyubpiaritally peipendigars inmedleerefermio a
hyd t k
ydrogen-term n%&@dha?ﬁé%l héﬁr{f&ﬁ géﬁeﬁb%ﬁdié@%tofﬂ%rs %ms%s?ﬁo make

o00r of a trenc
openi ng, neut r alheisit, ime@awlmtﬁrﬁ &sibsiettiatlp iremgisted| itk a oench shlewek

ggg%%’ger | ]E htaLeWI tJFrs t(f(f%meﬁaei thgtsa?'ee }qg%al?eq to t?le sﬂgweﬁFP 2L gmte oneélI ace' For
pol yst yr ene- b- p@bmtﬂlylaﬁﬁiﬁiﬁﬁtbelsaie&raﬂ] @eﬁskempa{gﬂmm Idakel O

hydr ogen-term nat.ed silicon su can tral tti ng

S bect T 6 bot h A GERETI FHE bioauRu AR TSR H G s ¢
enbodi ment, neUTtHe&hﬂMﬁiﬂehé]ﬁrén@Hd@mzﬁppﬁﬁd/ﬂﬁﬁé S BB lalﬁaﬁ%reand
grafted in situ froma hydrogen-term nated silicon surface (e.g.,

substrate surfasiwn fépwernaapiiscusseddisiei shone.comndediony! twodenst s
(e.g., styrene, aEE%meéC?ﬁBHﬂa}Cgoyﬂsﬂ%ﬁ ?d?galca E%hﬁ%@&lﬂqulle%the ratio

58 to 42 to <5, resp initiator benzoyl
per oxi de) can bempbdmentsover a hydrogen-term nated silicon surface
and heated to initiate free radical polynerization, resulting in a

neut al - pej (19 pol ¥l OLALG A 9l e 91 HGPRCRE | ARTHGMERIR Cor Ll

enbodi nment a subsStra i'nc ograp ically
derived trench esdf:auwhﬁe@bleplacqﬁl}mmr gh seidnslty ‘tﬁe_e@dmb:hl@gyfor &xainple,

exanpl e, referrj to Fi ure 1, a substrat avj.ng a_surface
Cheludi g o ol uPRERoS S RS sk aileto1e DA g Reatt Yy epar ed by
the fol | ow ng nehbeEmeds tBShISEk dRh&bloclecdpBBirdck ¥EnPbroB@AREd 48 beesi st)

susceptible to crosslinking without the addition of crosslinking agent. For
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WO 2008/ 097736PCT/ US2008/ 052022 [45] A wide variety of photoresists
can be used including, for exanple, polystyrene based resists,

pol y( met h)@ar based resists, and conbi nations ther
FoHiss e e

exanpl e, i ock copolyner that will be self-assenb

trench is a pol ystyrene-b-pol ynet hyl met hacryl ate di bl ock copol yner, a
pol ystyrene based resist can be used to create trenches with

sidewal | s that asxemplsi d¢he hledkycopelymeris lppolyhiarapeibyplyredmpthaerklatst t he

bl ock copol ymer ;. r j ed to
create tronchos drEH SrEHE MG aRBE ooRat-Rly GRSt S

pol ynet hyl met hacylradisticnl Fokfuahertdrempleg@iie blopbbi/he block 4éfoldneam
resists that are kno in the art include, .for ex | e, ,hyd e

si | sesqui oxane %%@%@‘ﬁ%?mﬁ%%%wpﬁﬁglﬂgéFVF@%@Q‘B&&é" égg? gt s,
pol ystyr ene- basagolk e8ioth ShelBalty crodsNfkab Mehokes (¢/@f 4 B@docylobutane- _
pol ystyrene-based resists), and conbinations thereof [47] In certain

enbodi ment's, t hecopigiing mengmarand{os mage phatedwminally pgslisfaile b g., an
al umi num ni {11 dg,diases ) smhPafblRle £66.1 8 SnSRPRMMAHbetiRaTesi st can

forma silicon-containing |ayer, and the trenches would incl'ude
si dewal | s havi ngresskikablearnomat @igaidigngd befizeoe). in Tedleikl df ¢hen- cont ai ni ng

| ayer or surface _can be a silicon oxide (S | aye ilicon
ner de (S 3N Py e I8 gffan SRe R nioRk Dokt hE blosg efbrisi,
glonbiknati oln t heraghe gmﬂé m&?idlly,ana’ohpﬁmm biytieeily crbssdiﬂbabﬂﬂb}dhclmfﬁing he f
ock copol yner cap be graft tQ the silicon-contgjni urface o
both sidewal | s 8PPBOPELeEr gﬂéﬂgé”‘aﬁ’ t/fﬁ Otf‘ ﬁﬁ@“ﬁ’r‘?&?ﬂf&?é‘emmﬁy
sel ectively wet tc?dislhﬂcaﬁ]@%lotﬂbﬂ@ﬂ((e%f., pﬁﬁ%zﬂo%&y%@&ie%.@[te&&%lﬂ, 8rinhe

sane as or simlar to the grafted honopol yner on the sidewalls. For
exanpl e, if the aBfi§entaspvmeapodimmtsyfossligking aggnisLen bapided t thet he

trench is a pol ysty{enes Qrereghe/%gshgkégetpb@fdewaﬁ&?lo.@'&%'ss@iﬁiﬁng%&'tsv mer, a

pol ystyrene honopol ymer can be grafted to the silicon-confTarl ning
surface of bot h asi khewalih thetag apd ondludle, for exaipds the combisiademefd s t hat are

selecti vl vet Led il 1S 8oL YELNCRNE, Db 06k L9, Bk Sapslyer

or a pol ynet hyl acr
si | i con- cont ai nitiegmsiuicfdageaerafor g, heyelot exyinbth yi( B oprcguibbexyl)swdfooluves Wi t h

TH T e e T

wide variety of ifplol@d$echanical properties and lower susceptibility to removal.

[38] Remaining uncrosslinked lamellae 120 can optionally be selectively
removed (not illustrated in Figure 3), subsequent to crosslinking in certain
embodiments, leaving the crosslinked lamellae 110 on the surface, although
removal of uncrosslinked lamellae at this stage can, in certain embodiments,
result in filling of such newly formed trenches with a second block
copolymer when it is subsequently deposited. A wide variety of methods
for removing uncrosslinked lamellae are known in the art including, for
example, irradiation (e.g., UV or electron beam), ozone treatment, wet
chemical processing methods such as immersion in a solvent, and/or etching
methods such as reactive ion etching and ion beam etching. For example,
when the block copolymer is a polystyrene-b-polymethylmethacrylate
diblock copolymer and the lamellae including the polystyrene block are

crosslinked, the remaining lamellae including the uncrosslinked
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known in the art including, for exanple, preparing honopolynmers wth
end groups (e.g., hydroxyl groups) and/or including a small anount
(e.g., O. % of a hydroxyl-functional nono e
hydroxyetﬁypﬁgﬁﬁggéglate and/ or para- hydroxystyrene) in(?ﬁgn&mmaﬁnz
honopol ymer such that the hydroxyl groups can interact (e.g., by
form ng hydrogen and/or coval ent bonds) with the silicon-containing
surface. [48]I|n edymethimstoenlaeliodk cag bs sdsativalyaemeadur pgpmple, by
plurality of i i %p dery . red using
Bt eni ng 1 echnol oigioRas dhfinnbal Bd HEEdih SRR NS IPREET

i ncl udi ng a pl uradpbiuye tafultiislst (TA) rigkatppnepar ed by the fol | owi ng

nmet hod. A | ayer of thickness Y can be deposited on a substrate

sur f ace, d the |ayer, can,be. selectively etched .using |ithoaraphic
ochnt cuddlo 1 or LS aRE SR s et af PR o YRR £ g
to Figure 1, a siubigdd aplaralify dtaihopgaphicallpd@lviet yre@fhesyedhsof dhiddfcahei ght
Y, formng a surface toppgraq@y of irs 30 an tregche 40 of width
nLo, wherein n c5eRe 2Epdmiariocksopatmerselirasiemy Brhincaghdres-40

(e.g., |ithograpfipe@dibdedesiiREndut®P SRR CAMBEralSREnTied MMy f Or
sel f-assenbly of block copol yners as described herein. Referring to

Fi gu[) e (21, bl ock lebymephinaty dernved dsghehys san b&mwﬁbygmth@biwltlvowlqo
( . v
G thin theCol ur it iy LS, KRB, ol ARG FIARRAboBR O

copol yner 100 cdfemivendipeoranimsgaletdr tsobsidateamsentbdy izl osdd heoguotejereio 4 o
sel f-assenbl e and for$1gﬁth$n each trench a.set %f al terpating

| anel | ae 110 and°THEFIFAF SHPA=ETHE 2 bost TSP IERFBERETCE? to the
substrate surfagemapddsdstisntiedaldig ofe s10goslBkrsnsttltieacr egiemeh
sidewal | 60. Lanellae 110 that include a first block of the

sel f-assenbl ed BPERE RGEA yiBese SeRIcHRANCIoS Ly Py Rigelly %@%&Mﬁqﬂﬁwo

Figures 3 and 4,38t of §R&n RatBiRd] bh @Rvafr oFREIBES Ay Aepdsned ¥eidome80 can
be renoved (e.g., using wet and/or dry etching methods) to form at

| east one openi magteipd shelvasrigfican @aserphise. When GligRncspemRdRfs apubstigice
referred to heregj " - revBSEL NS (QRER HOs or
trenches. [50] Tﬁgﬁg%ﬁ“y%ﬁi%ﬁgﬁgﬁgyggg]aéﬁegg%gﬁpﬁg% o[\;e%i%ngs or
trenches 240 canlefiergives,isetosmss vayinudesudues gdbdturas sadbpepings sirhock
copol yners as described  herein. .gﬁ.side | 1.s Q_of .such

sel - aasenbl ed GoBrypeR 4T trei SRS PG B BaR £R058 isr Blet r om
lanel-lae 110 i nebedhgsghichespetiaand opdnags Mapaitooplates, bakicesapol ynmer 100
used to define the ogeni ngs. Referring to Figures 4 and 5, a second
bl ock copol ymer S36OGHCh can be the same as or different than bl ock
copol yner 100 used to define the openings, can then be deposited and

anneal ed[fg descr i &g tEFiurel I irC@kthial bR A ts(B sGhstrhd 8urface can
sel f-assenbl ed copol yner defined opening can have a fl olg,ré 250 that is
neut r al - wet t i ng PRfmodifed by sigposityy R Rk OB PrUEEEbAE FEERAE opol yrrer
300; the sel f-aggerblrd oXMakiE e ﬁwrhé}%t.o’@ﬁéﬁ!f)d]%n%ﬁattc‘eﬁ?b@' dewal | s
260 that are selectively wetted by one bl ock of second bl ock
copol ymer 300 ( erogslinked using the same method or a method different than that used to
crosslink at least one block of the block copolymer. In certain
embodiments, the same method can be used to crosslink the polymer mat
and at least one block of the block copolymer. In certain embodiments, the
polymer mat can be deposited on the substrate surface before depositing the
layer of thickness Y on the substrate surface as described herein below. The
crosslinked polymer mat can be used, for example, to make the substrate

surface, which will become the floor of a trench or opening, neutral-wetting

with respect to each block of a block copolymer that will be self-assembled
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one bl ock of second copolyner 300 is the sane as or simlar to the
crosslinked block of first copolynmer 100 that fornms sidewalls 260 of
the self-agg L Rshsgopol ynmer defined openings 240); anq,ﬁ,,t)ﬁs

sel f-asseﬁﬁ’l e copgﬁymar defi ned openi ngs 240 have a width 02}908{%52%?
wherein in can be from1 to 15 and L'0 is the inherent periodicity
of second bl ock copol yner 300. Referri n? to Figures 5 and 6, in such
enmbodi nent s, sec®hleBiRsERtCSHHRASy Far exappice HAhafdog fionaly@sr ¥4 al | ow
second bl ock CopglyiREn3R) | etRR SRR b1 R o S b LRk inB AR

sel f -assenbl ed cgdp%ﬁrr%r gg&?ﬁgﬁ oToeni ng 240, aoﬁsecorfél set of

al ternating | anepdlystyrsur-polpmethplmettcr yaarapdorns aorl americah bgused as

per pendi cul ar to ate surface and substantially in register
wi th each openi ntgggfﬁag%gﬁ%%{%O. Figures 4 to 6 illustrate an

enbodi ment in which in =4 (i.e., the wwdth of each trench 240 is

4L' 0), ardll hus, 4lpertiapdsnioilicans pdlgmeamet 20hamhe crideshinket, foras

di scussed herein_above, mcan be from1 to,15 ccordingly from1l
Lo 15 per i ods. of PRt PuEtRralte i Peelft be, Mo MO Rp o sbre
Qotional Iy, | anednhtdingehts, tHegdolyntee hﬂaﬁﬁeiﬁ% tiosstitkddl dag bse Ofscertibietassenbl ed

second bl ock copol yper. 300 can be crosslinked. [51] Referring,
Fi gures 6 and 7,°ri’.ﬁ%‘iﬂ%%%w}ﬂh%l§§1qa&ﬁ’é‘PF&E“fﬁ)‘n}PFgég‘?nl-fﬁ%ﬁf‘i“ﬂ%le’fl%&t set

of Ianellae), ur];ro!z%ln&a@iMws@;ﬂf@,{etfaﬁox%%ch{,ﬁneﬁracryial&%mﬁca%em, set
of lamellae), or i'n certain enbodi mentS both, as’illustrated’in
Figure 7, can behepoipshegndip thetandes ceppbimersan bos erosiligking Biéaunear ei n.
Further, any renminl I C i i enoved
fromthe substra g(?yu{rj%gu t%ng%lo}r]f g%ﬁf‘%ﬁ%@“ﬁ@gﬁm cﬂoﬁgﬂ%%& %'41{(?

[ 52] Ref erri ng t onddeguosglinkable g imobsling & smpllmtduet @.g.,10¢] todi mgletheot a
crosslirdced | |l ae 110. 310 can_be used, .for exanple, as an
ot oh sk to f on MFEARY PETaRIpReEo iR rena b orRe P R [
register w It Ih SUbodghief)ﬁ@fa@ﬁbﬂoﬁhdrﬂi%%fb;ﬁrfsslﬁﬂcﬁbleAlﬁﬁl@ﬂéﬂ(@:tg.,\éﬁviﬂﬁt eri al
can optionally be deposjted into sub-lithqographic trenches 340 to
form sub- | ithog?’ﬁ’b’fﬁlga PRFER TR R Tenhdn B RANVEYT (e e Rl can
be a metal - cont gjH BehriPdsSiHePbolymp ifah 3R nhRle dRRAM #d/orf Or exanpl e,

by a vapor deposition net hod, e. 9., chem cal vapor "deposition (CVD)
or atom c | ayer Phelgelsntizadiy crossipkapleton derludipg ek amamf (e.g Hel to 5
conductive material o63p ' i

nmet al - cont ai ni néﬁcg%(@ge? H%gﬁ%@&[ﬁ?éb?bf\}%?% &E%E?Elg&gg%%g? ?]gg?m?ror

- exanple, by spi fegopariagdomethylstyatneh ghliemtiaylycarat addjtioroto, menisenat i ons
t hereof Alternat,i . r ingaddition to, t resultin aftern
ol udi ng ¢ e crBUetieR@ haHBRL AR SBbe WO I CREPbLAE: BRL £ilke,
deposi ti on mask viuidty degosslitiking agenipdr€knoddn ih@hedart and G € iexanfe,
non- conductive nateri al#i on_.t he uEstrat g,_psur.fa e sone

h . I n
embodi ment s,  t h& S QERAHAR OLRFPEIRKST (& Bulid ngrimilvk2dSs1 i nked | amel | ae

can include net ghiasodkydiefyDBelan®|ah@e dHehakl LRreh&apduct i ve |ines.
[ 53] Figure 8 is@tha.1 topysﬁi ev)\!/qbgf dg%i ce 5 as ill uggt]rategécgln Fi gure 7,

viewing down ofiydehexpiaethylGeaxosysighgrd)syHomyp diifluaremathanesyfangtedl | v
havi ng pol yner g |1 b ek 10 and
310 form openi nggéetﬁg{nt%%?E%%%%%ﬁ%@%ﬁe%@ﬁ }elglg(let |nrfllg pg%lt?t g?érl?
i ncl udi ng t he crdssitehkedhdtamighttbe peaassie stepe dpcofintered xanmg ge bask a
deposi ti on mask foweep%i ting,a material (e.g., a conductive or
non- conduct i ve SHCOMASTIGHTRE At rate surface. Alternatively, or
in addition to, crosslinked |anellae 110 and 310 can be used, for
exanpl e, [t an et dAlitemmsikellypin ceitaibiemijodienisuhé abetraé sistlostareiee 10 i n
register with the ings to trenches 340 as .described_above. . For
exanpl e, in one”’é’ﬂ'g@g;gwgﬁpa?%a Eﬂ%%%er“é{?@“%ﬂ? Sélé‘"é’“éfem?"ﬁe Fay ?ﬁgﬂ’le}usi ng
the crosslinkedski@a® 4186rAShain SheRoAREKer AN ide MBI dkinBG Yelueer i ¢
material can optionally be renoved, and conductive nmaterial (e.g., a
etched (e.g., with a plasma etch) to form trenches having a depth of YY" that

is less than Y. The remaining oxide, having a thickness Y minus Y', on the
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pol ymer conposite) can be deposited in the sub-1lithographic trenches
to form sub-Ilithographic conductive lines. In another enbodi nent, the

substrate girheaR,zan be etched using the crosslinked llﬁ@ﬁ%@ﬁim@ﬁn?n

etch mask, any remal ning polyneric material can optiona
removed, and insulating material (e.g., non-conductive materi al

having a high or | ow djelectric constant, and in _certain enbodi nents
a | ow di el ect ri cSUERIsPEHTate @0 Re e ved (CapuEh # Sppride ipnelsh.ivibsh alsth pe

deposi ted in thereailed datHOGKaPM e HRHE ABSiratb)Olcatid @R Gopdn® | SOl at e
active areas fromone another. Alternatively,” for enpbodinents in

whi ch the crossl ierkioated sitieon wefaer: elhedivdiogen rrminaied gilicemsirfaeecantbive
resul ting StrUCtis RN HIRMRINAUBIENE ILhDESEN G DY B

additional |ayers can op rovi de orma déevice'in
whi ch t he conducfléorefhimeh cabpenidg hewehmelimg vithassesttoeach dleek of B 54]

One or nore additiqgnal ]ayers c be .deposited to forma device, for
exanpl o, viher ei roLTHOPPRABE AR e e S s G
herein can be traafiphi Fthdé®Soopbl _riIQ%oB@Wn@%ﬁpd@qﬁ&ﬂl)ﬂﬁﬁﬂhﬁé}yﬁfe the
patents, patent documents, and publications cited herein are

i ncor porated by ¢eipek empebmen hysidrogepttprminajedssilion surdren coppheneutral-

i ndividuall'y i nc‘%tgﬁ%‘?[;ggesﬂé@{d%%bl 'off'tl%aéléc%%g?gﬂeﬁl terations to

t he enbodi nents des erein w beconme app t to those
skilled in the art_w thout departing fromthe scope and spirit of the
present d#3cl osur eln anpthshenbadipent rrdbplswebas raRdam cotobymfirsedndsur e i s

not intended to Y. il | i i ts and
exanpl es set for%?ﬁwﬁé;%ﬁjeérﬁﬁ%fﬁ S%‘ﬁgr? Bsau%%gfghﬁg@%gﬁgﬁgﬁ%@%‘gﬁg s are
present ed by wayubftracanipéeg Borl exampleha sdhgicmcopeindfg mdrendrsselggsur e
intended to be Iimted on b e claims set forth heregin

follows. What iSlt ¢ ea?ﬁ@éff"iq/%}?a\éry&aqe’ anb %.w I@?B?WS&“ %SFQE’US%}? fl?ﬁoofﬁ"aphi C

patterning of a rsipbsiveBlend 4 fdicaEhhiathr CORPEdn3d Y PeroRideMdadbB@laded| ock
copol ymer having an jnherent periodicity of 1 0; . ..providing a
substrate compr %P r%ﬂea-rfwwdo*ﬂl@@|S¥rf%§§@%¢aée& R A fFE 28R ned
trenches, wher eigdly@aeiRatdnerahi®d nthRuRhiuv&tihd Yol pheltdranaheteRaRoR
width of n1_ 0, wherein nis from1l to 15; depositing the bl ock

copol yner on t héudi§strate; and
[44] In certain embodiments, a substrate including a plurality of

lithographically derived trenches can be prepared using resist technology.
For example, referring to Figure 1, a substrate having a surface including a
plurality of weirs 30 and trenches 40 can be prepared by the following
method. A resist (e.g., a positive or negative resist) can be deposited on a
substrate surface to form a layer of thickness Y and exposed to form a
pattern of lines. Either the exposed or unexposed portion of the resist can be
selectively removed to form a topography of weirs 30 and trenches 40. In
certain embodiments, the substrate has a surface 50 that is neutral-wetting
with respect to each block of the block copolymer. In certain embodiments,
the resist remaining on the substrate surface (i.e., weirs 30) is selectively
wetted by one block of the block copolymer. The resist can be, for example,

a photoresist or an electron-beam (e-beam) resist.
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anneal ing the bl ock copolynmer to allow the bl ock copolymer to
sel f -assenbl e. 2. The nethod of claim1 wherein each trench of

t he pluraly nches has two sidewalls, and wherei <
sidewal | s gvr#)é’zoﬁs?;féngé ively wetted by one bl ock of the bllg:c c@)ggf’?i?rzrzer.

3. The method of claim1l wherein each trench of the plurality of
trenches has a floor that is neutral-wetting with respect to each
bl ock of [#¥e bl ockAcwidevgmigsy of photoresistyican bpusagandieding florgxamplel wher ei n

anneal i ng conpri r ' ing, or

conbi nations t hepr%z%t)&g}% i r@%@?,%fgﬂﬁ%{]ﬁg%ﬁg{ﬁacsﬁd;f}% ’é\%ﬁer ein

anneal i ng conpr i eabimtposthergoft Fer btample, duhoblgdecopblyrar thetpilrimtsalie of

0C to 250C . .he method of .claim4 erei.n anneal i

conpri ses: asﬁfg’&q Iﬂghettﬁeé'c }S&(ﬂ@)’éh’ﬁ eipﬁ%q\ﬁmyqlgtﬁ}élgﬁgﬂagryglfe %918817 vent

that sol vates eagpolphegk pofystyfeaic BhsRE kesBORDI HENBE] todtkdatttenghds athbl ock

copolynmer to swell; and renpving at |east a portion of }he sol vent .
sidewalls that are selectively wetted by the polystyrene block of the block
copolymer; or a poly(meth)acrylate based resist can be used to create

trenches with sidewalls that are selectively wetted by the

polymethylmethacrylate block of the block copolymer.

[46] E-beam resists that are known in the art include, for example, hydrogen
silsesquioxane based resists, polymethylmethacrylate-based resists,
polystyrene-based resists (e.g., including derivatized polystyrene-based

resists), and combinations thereof.

[47] In certain embodiments, the resist can forin a metal-containing layer
(e.g., an aluminum nitride layer). In other certain embodiments, the resist
can form a silicon-containing layer, and the trenches would include
sidewalls having a silicon-containing surface. The silicon-containing layer
or surface can be a silicon oxide (SiO») layer, a silicon nitride (Si3N4) layer,
a silicon oxycarbide (Si04C) layer, or a combination thereof. Optionally, a
homopolymer of one block of the block copolymer can be grafted to the
silicon-containing surface of both sidewalls to provide trenches with
sidewalls that are selectively wetted by the block of the block copolymer
that is the same as or similar to the grafted homopolymer on the sidewalls.
For example, if the block copolymer that will be self-assembled in the
trench is a polystyrene-b-polymethylmethacrylate diblock copolymer, a
polystyrene homopolymer can be grafted to the silicon-containing surface of
both sidewalls to provide trenches with sidewalls that are selectively wetted
by the polystyrene block of the block copolymer; or a
polymethylmethacrylate homopeolymer can be grafted to the silicon-
containing surface of both sidewalls to provide trenches with sidewalls that
are selectively wetted by the polymethylmethacrylate block of the block
copolymer. The homopolymers can be grafted by a wide variety of methods
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7. The nethod of claim6 wherein renoving at |east a portion of the
sol vent conprises allowng at |east a portion of the solvent to

evapor at €. g 200809736 1he nethod of claim1l wherein ann | L
t he bl ock copolyner to self-assenble and formw thin eac ff[%&?%rﬁ@hﬂg‘f

set of lamellae that are substantially perpendicular to a surface of
t he substrate and substanti_allﬁa/_ in register with each trench
si dewal | . krpwirip gherpst ineluding, foy expmple, Praparinghomgpgiyness yyth end

crosslinking a f rt f f I am IN ot
first portion coé‘f%?éss(g'g"Fgﬁgﬂq%&?ﬁa@@%%ﬁhg@g@?r st Eﬁr(g'gkogp 8t he
sel f - assenbl ed bi mole %pefal hyderxyl-functional henonfdnée.gr2-hod of claim 9
further conprising selectively,re I n econd r.t,on of the set
of | amel | ae, whePBroeREmlReNI oo S duRE S Leh ) dn e bgmopoisiiet
conprise a secongchiactke didblg psRipk casserddt @, bydekiaopalryssarand/or
11. The method of claim 10 further conprising etching the substrate

usi ng the crossl9onRlesf boag withdhesilicor-cepiapingliktace. 12. The met hod
of claim 10 further conprising depositing a material on the substrate

usi ng thgqgr ossl i nkpebrbRRitoafncas, A MePAS idcivdihgMBsdlality of 13. The
net hod of claim 10 wherein the crosslinked | anell ae are

met al - cont ai ni ndithegrerhicaBy derived tranches pascbermsepappdiusbg fichpsdechnplesy- at e,
the met hod conprg Si.ngnnPraQybdl bl |; QG4 SPP YIS o f VAN gL an

i nherent peri odi%o?tggnoq ’I:ao; %‘ra%\%}ag}n%él Sgltfgs%éond ug%)oglk d(%%l y\r{rllgr havi ng
an i nherent per itegirgiated bydhe following method. A layer of thickness Y can be

deposited on a substrate surface, and the layer can be selectively etched

using lithographic techniques to form a topography of weirs and trenches.

[49] Referring to Figure 1, a substrate 10 having a plurality of weirs 30 of
height Y, forming a surface topography of weirs 30 and trenches 40 of width
nlL,, wherein n can be from 1 to 15. The plurality of trenches 40 (e.g.,
lithographically derived trenches) can be used as a guide for self-assembly
of block copolymers as described herein. Referring to Figure 2, block
copolymer 100 having an inherent periodicity of L, can be deposited to form
a layer of thickness less than or equal to Y within the plurality of trenches
40. Referring to Figure 3, block copolymer 100 can then be annealed to
allow the block copolymer to self-assemble and form within each trench a
set of alternating lamellae 110 and 120 that are substantially perpendicular
to the substrate surface and substantially in register with each trench
sidewall 60. Lamellae 110 that include a first block of the self-assembled
block copolymer can be crosslinked. Referring to Figures 3 and 4, at least a
portion of material forming weirs 30 can be removed (e.g., using wet and/or
dry etching methods) to form at least one opening 240 having a depth of Y.
Such openings 240 are referred to herein as "self-assembled copolymer”

defined openings or trenches.

[50] The self-assembled copolymer defined openings or trenches 240 can

then be used as guides for self-assembly of block copolymers as descrnibed
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provi ding a substrate having a surface conprising a plurality of
weirs of height Y to forma surface topography of weirs and trenches,

wher ei n: WO 20%”%?739 trench has a floor that is neut ralpéq%sg (@ﬂ %%} h

respect to eac ck of the first block copol yner;
trench has two sidewalls that are selectively wetted by one bl ock of
the first block copol each trench has a width of nLO, wherein n

is from1l to 15;hesgia %WIQ%YQUSMQWWJF}F sahicassambiecheapalyimsr defined o/ nlLo,
wherein mis frod‘;g bﬂ@% cag% (Pcﬁ-hte!i ﬂ?mtltﬁ]l%e] de13b ﬁhu%? Qgrgg%ﬂféd on the
orm a 0

substrate surfac yer ness Iess an or ‘equal to
Y; anneal blogk dffvéock |cols:rlyrbd:rdcﬂla ueezﬂpo dyfirerthd ayeaings.OR efetrivgy té he

first block cop ndf m.wi t hi ach trench a
first set of %Eﬁ“ﬁsed'? aé?@ngt%}@n? 331"?" e“r’}ﬁﬁlh‘fﬂ”g’ﬁ Safg ag e
substrate sur f ackfresst tmhﬂ@@d‘ﬂop@lwm 100 Lfsagﬂosieﬁﬁe ﬁﬂbb?erﬁ&@gé heah HRAGR
si dewal | ; crosslinkin portion of the first set of |anellae

that conprises &°posited ang %’@ng‘éﬁ asydegeribgd hergigs dneriatn qmbodimastso e
copol yner; selfaSIRM AL oAy EAR Tﬁﬁaw nﬁﬂlgggne Rgveﬁo%vﬁ t V\%{c% m ng t he

weirs to format |east one opening
the at | east oneecopaniatigngaich wsneletorea@Hidoclq o Sc@md bloick weytol yomeg 3@01 h

respect to each tﬁ)é se?fkasgembtlé}iecopo yx%réld detHn%& opemr%qlag 5 sidewalls 260 that
are selectively wetted by one block of second block copolymer 300 (e.g.,

one block of second copolymer 300 is the same as or similar to the
crosslinked block of first copolymer 100 that forms sidewalls 260 of the
self-assembled copolymer defined openings 240); and the self-assembled
copolymer defined openings 240 have a width of mL',, wherein m can be
from 1 to 15, and L', is the inherent periodicity of second block copolymer
300. Referring to Figures 5 and 6, in such embodiments, second block
copolymer 300 can be annealed to allow second block copolymer 300 to
self-assemble and form within each self-assembled copolymer defined
opening 240, a second set of alternating lamellae 310 and 320 that can be
substantially perpendicular to the substrate surface and substantially in
register with each opening sidewall 260. Figures 4 to 6 illustrate an
embodiment in which m = 4 (i.e., the width of each trench 240 is 4L',), and
thus, 4 periods of lamellae are shown. However, as discussed herein above,
m can be from 1 to 15, and accordingly from 1 to 15 periods of lamellae
would result in these embodiments. Optionally, lamellae 310 that include a
first block of self-assembled second block copolymer 300 can be

crosslinked.

[51] Referring to Figures 6 and 7, uncrosslinked lamellae 120 (i.e., from the
first set of lamellae), uncrosslinked lamellae 320 (i.e., from the second set of
lamellae), or in certain embodiments both, as illustrated in Figure 7, can be

removed by methods such as those described herein. Further, any remaining
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the at | east one opening has two sidewalls that are sel ectively
wetted by one block of the second bl ock copol yner; and the at |east

one openi ngohas, @-midth of nl'o, wherein mis from1l tq, 1S2008/052022
depositing the sécond bl ock copol yner on the substrate surface to

forma |layer of thickness |less than or equal to Y ; and
anneal i ng the second bl ock copolymer |ayer to allow the second bl ock
copol ymer to sel polusegmppterialsan ppitomally bdiemoreidicn thesybsiratpneesypemi ng a

second set of | aﬁ%{éﬂﬁﬁg}gg&gfmq{eﬁc}ﬁ@% antially perpendicular to the

substrate surface tantialTy 1'n register with each opening
si dewal | . 15. The nethod of claim 14 further conprising:
crosslindflg a fir Sefoping todigues 7.ttheresdingritismtingddingthelcrasslinkedher ei n

the first porti ot f .l | l;ae.¢o i ses, lanel | ae
that conprise aol??lrglé elgﬁggigg@&[nﬁogtugéeﬁ’ %‘qrgzg%%ﬂﬂ Iaéénrsggféglngk %)Ifgc
copol yner. subdhogidpdicnrenbiod iwfhe cliairate Iibroghies eiith sa-tidwbiaphkit ng t he

first portion of the ond set .of |anellae conprjses expaosing at
onet Lhe first it 330 RiehGinrive mebiRira ar RN st aapoty mer t o
ul traviol et radilghd@ibhic trenches 346 to fdn@ sBR1iHErafhic €hiubliedides!r Tiher

conprising selectively renoving a second portion of the first set of
| anel | ae, wher ei R04YsE Ve BBtsHAl G5B LE paietabrontpaingimaieriabeyhigdi candgel | ae

compri ses Lagg:ogdl% osiBAfoF QRIS By AvARE A AbAGHEHRY, & RCcRffidar ApTD! od
deposition (CVD) or atomic layer deposition (ALD) method. Alternatively,
the conductive material can be a conductive polymer and/or a metal-
containing polymer composite, which can be deposited, for example, by
spin coating, dip coating, spray coating, or combinations thereof.
Alternatively, or in addition to, the resulting pattern including the
crosslinked lamellae can be used, for example, as a deposition mask for
depositing a material (e.g., a conductive or non-conductive material) on the
substrate surface. In some embodiments, the resulting pattern including the

crosslinked lamellae can include metal-containing lamellae that form

- conductive lines.

[53] Figure 8 is a top view of device 5 as illustrated in Figure 7, viewing
down on the patterned surface of substrate 10, optionally having polymer
mat or brush 20 thereon. Crosslinked lamellae 110 and 310 form openings
to trenches 340. Thus, the resulting pattern including the crosslinked
lamellae can be used, for example, as a deposition mask for depositing a
material (e.g., a conductive or non-conductive material) on the substrate
surface. Alternatively, or in addition to, crosslinked lamellae 110 and 310
can be used, for example, as an etch mask for etching the surface of
substrate 10 in register with the openings to trenches 340 as described
above. For example, in one embodiment the substrate surface can be etched
using the crosslinked lamellae as an etch mask, any remaining polymeric
material can optionally be removed, and conductive material (e.g., a metal-

containing material, a conductive polymer, and/or a metal-containing
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18. The method of claim 15 further conprising selectively renoving a
second portion of the second set of |anellae, wherein the second

portion of d set of lanellae conprises Ianell ﬁiﬁ;
conprise a secgaﬁggrock of the self-assenbl ed second blo @ngmnz

19. The nethod of claim 14 wherein providing a substrate havi ng a

surface conprisinq a plurality of weirs conprises depositing a
resist on a subsPEner wmppieCanderdsponitad ulatpéﬁubohthqgﬁmbk%fé%hsﬁ towherein

the substrate hapg oifiBGaulibaind RIS b atBihid Afholirddhy isPect o

each bl ock of the rst copo yner exposing the resist to form
a pattern of | i nebstrate surfaceandetetched ysmgtﬂmvuomj;mbe&lhmallaehe a;egtpbs ed or
unexposed portion ﬁg the re remai ni.n 4on t he

babrate Port holefladyiE bR bRE i) o8 et e SRR B T

bl ock copol yrrer maﬂatmgh@uémltng rmhd@hmdma&awﬁ@lr}ﬁmmgtamgmnmce t hat
I's neutral - q I's a hydrogen- tern1ﬂ$ted sili surface.
21. 'The method weq A FATDlGTGy Bt BiCAT iR YR Rls 2 {ndielogiric constant to

neutral -wetting }ifiz6 Eéiﬁakdnm; 86hpRALYR be Erasosued ip the sag»hth-gg?apmét hod of
claim19 wherein the surface that iS neutral-wetting is a grafted
pol yner . trenches, for example, to isolate active areas from one another.
Alternatively, for embodiments in which the crosslinked lamellae are metal-
containing lamellae, the resulting structure can include conductive lines.
One or more additional layers can optionally be provided to form a device in

which the conductive lines are, for example, transistor gates.

[54] One or more additional layers can be deposited to form a device, for
example, wherein sub-lithographic conductive lines as described herein can

be transistor gates.

[55] The complete disclosures of the patents, patent documents, and
publications cited herein are incorporated by reference in their entirety as if
each were individually incorporated. Various modifications and alterations
to the embodiments described herein will become apparent to those skilled
in the art without departing from the scope and spirit of the present
disclosure. It should be understood that this disclosure is not intended to be
unduly limited by the illustrative embodiments and examples set forth
herein and that such examples and embodiments are presented by way of
example only with the scope of the disclosure intended to be limited only by

the claims set forth herein as follows.
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23. The nethod of claim 19 wherein the resist is an e-beamresi st
selected fromthe group consisting of hydrogen sil sesqui oxane based
resists, polynethyl nmethacryl at e-based resists, polystyrene-based

resi sts, and comnbi nati ons thereof. 24. The nethod of claim 19
wherein the resist is a photoresist selected fromthe group

consi sting of polystyrene based resists, poly(neth)acryl ate based
resists, and conbi nations thereof. 25. The nethod of claim 19
wher ei yWHapesiclangetnig:resist forns a netal -contai ning | ayer

26. The nmethod of claim 25 wherein the netal-containing |ayer is an
alum numnitride |ayer. 27. The nmethod of claim 19 wherein
depositing the resist forns a silicon containing |ayer. 28. The
met hod of claim 27 wherein the silicon-containing |ayer is selected
fromthe group cBnsigthiody fof sub-licbagmphic estErypingiafi @sukistratge the
(Si 3N4 iljcon oxycarbide (SiO4C), and conbi nations thereof. 29.
The ne%ﬁggogfc%mgfﬁgéﬁ‘mherein the resist further conprises a

honopol yner padviding bl slekkafo gdigmfdrrisdvinhomk iclogent pesriadiaftyed Lo t he

PRI RN o e N VRN s - K
pl ural pb¥oRfm¥rHETine@BEheRes, wherein each trench of the plurality of trenches
has a width of nL,, wherein n is from 1 to 15;
depositing the block copolymer on the substrate; and
annealing the block copolymer to allow the block copolymer to self-

assemble.

2. The method of claim 1 wherein each trench of the plurality of
trenches has two sidewalls, and wherein both sidewalls are selectively

wetted by one block of the block copolymer.

3. The method of claim 1 wherein each trench of the plurality of

7trenches has a floor that is neutral-wetting with respect to each block of the

block copolymer.

4. The method of claim 1 wherein annealing comprises thermal

annealing, solvent annealing, or combinations thereof.

5. The method of claim 4 wherein annealing comprises exposing

the block copolymer to a temperature of 0°C to 250°C.

6. The method of claim 4 wherein annealing comprises:
exposing the block copolymer to vapors of a solvent that solvates
each block of the block copolymer;

allowing the block copolymer to swell; and

23



provi ding the substrate having the surface; depositing a | ayer of
t hi ckness Y on the substrate surface; and selectively etching said

| ayer of thickness Y to forma topography of weirs and trenches.

31. The nethod of claim 30 wherein the layer is a netal -containing

| ayer. 32. The nethod of claim 31 wherein the netal -containing
| ayer is an alum numnitride-conprising |ayer. 33. The net hod
of claim30 wherein the layer is a silicon-containing |ayer.

34. The net hadoofng bailead3a woetienroftthe solvieadn- cont ai ning | ayer is
selected fromthe group consisting of silicon oxide (Si02), silicon
nitride (Si3Nl4), silicon oxycarbide (SiO4C), and conbi nations

thereof. 7. PhRe mMBehdE®Itaitt 6ChvBiefBOrd bR at st $ipddtion of the
grafting a polynmer that is neutral-wetting with respect to each bl ock

of thesplveastt ¢siroRKsesFYwiBg @bleast asppeionOd tharsakenbis graporate.
depositing said | ayer of thickness Y on the substrate surface.

36. The nethod of claim 30 further conprising selectively grafting a
pol yner t ha8 i s ﬁhat e thwelt tafnglaift h redeeein tanresalimd| alddwef thdeblock

first bloc r toth substyate surface af eposi,ti
| ayer BPPOMERRASLSGr-a5e rRGoc A0 1ot Wihiragach rench B of fainifiac
that are substantlally perpendicular to a surface of the substrate and

substantially in register with each trench sidewall.

9. The method of claim 8 further comprising crosslinking a first
portion of the set of lamellae, wherein the first portion comprises lamellae

that comprise a first block of the self-assembled block copolymer.

10. The method of claim 9 further comprising selectively removing a
second portion of the set of lamellae, wherein the second portion comprises
lamellae that comprise a second block of the self-assembled block

copolymer.

11. The method of claim 10 further comprising etching the substrate

using the crosslinked lamellae as an etch mask.

12. The method of claim 10 further comprising depositing a material

on the substrate using the crosslinked lamellae as a deposition mask.

13. The method of claim 10 wherein the crosslinked lamellae are

metal-containing lamellae.
14. A method for patterning a substrate, the method comprising:

providing a first block copolymer having an inherent periodicity of L,;

providing a second block copolymer having an inherent periodicity
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37. The nethod of claim 30 further conprising depositing a pol yner
mat on the substrate surface and crosslinking the polyner mat.

38. The nethod of claim 37 wherein the polynmer mat is deposited
before or after depositing the |ayer of thickness Y on the substrate

surf ace. 39. The nethod of claim37 wherein the substrate is a
sem conductor substrate or substrate assenbly. 40. The net hod
of claim37 wherein the substrate is a silicon wafer. 41. The

met hodobi';l ai m 14 wherein depositing the first bl ock copol ynmer on

consi Sti ng BIOGAITS Gosb PRt ABAc AgY Ak 89 THULINAGR FHEEY Of weirs

conmbi nak inght abe@frm a surfacédopdi@apt BPdefs GhaitheAdhabenaieRein:
anneal i ng conpri ses thermal annealing, 'sol vent annealing, or

conbi nat i ongachelrepeh has a flogr thak isgigigaalbwetting nwith grregtnto each

anneal Eg%ggpmé jﬁgt %ﬁ%@ﬁ%‘&ﬁﬁ?'}?' ock copolyner to a tenperature of

0OCto claim42 wherein annealing
conpri ses: eapbdrench thasbtvoe lsidepellgtbat boe \wglecvally wettedvientortehhtock

sol vat es, eacgh ck of the bl ock copolymer; allow ng the bl ock
copol yﬂi h@glrg%f)qc!ﬁ E?IBOGQH%RH ng at |least a portion of the solvent.

each trench has a width of nL,, wherein n is from 1 to 15; and

the weir width/trench width ratio = mL's/nL,, wherein m is from 1 to 15;

depositing the first block copolymer on the substrate surface to form a
layer of thickness less than or equal to Y;

annealing the first block copolymer layer to allow the first block
copolymer to self-assemble and form within each trench a first set of
lamellae that are substantially perpendicular to the substrate surface and
substantially in register with each trench sidewall;

crosslinking a portion of the first set of lamellae that comprises a first
block of the self-assembled first block copolymer;

removing at [east a portion of material forming the weirs to form at
least one opening having a depth of Y', wherein: '

the at least one opening has a floor that is neutral-wetting with respect
to each block of the second block copolymer;

the at least one opening has two sidewalls that are selectively wetted
by one block of the second block copolymer; and

the at least one opening has a width of mL',, wherein m is from 1 to
15;

depositing the second block copolymer on the substrate surface to
form a layer of thickness less than or equal to Y'; and

annealing the second block copclymer layer to allow the second block
copolymer to self-assemble and form within the at least one opening a
second set of lamellae that are substantially perpendicular to the subsirate

surface and substantially in register with each opening sidewall.
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45. The nethod of claim 14 wherein crosslinking the portion of the
first set of lanellae that conprises the first block of the

sel f-assenbl ed first bl ock copol yner conprises exposing at |east the
first block of the self-assenbled first block copolyner to
ultraviol et radiation. 46. The net hod of claim 14 wherein
renoving at |least a portion of material formng the weirs conprises a
wet or dry etching nethod. 47. A nethod for patterning a substrate,

t he net hod conpri si ng: providing a first block copolynmer having an

i nherent periodicity of provi di ng a second, bl ock copol yner
having an i ﬂlﬁereﬁheﬂﬁﬁtm@l’f@a'ﬁf 14 HIrthRTR MPRIFIB9 subst rat e having a

surface; angﬂis%‘l’ﬁfk‘ir‘l qirse %E‘tl&fl ci]fhﬂ'fé;@.%én?ﬂ/ B Bh‘?a %ter aw&ﬁereln the

Surface; eCtI y et er to orma uralit
weirs ﬁfsmpogmn vittbef seeoad aﬁtfca‘clemejm@mmgrlaesmmla@matr @cmmhvegs,e
wher ei n t ren h has

f.l oor IL,S. N ral -wetting with
respecf“1 first Phegk 6’?& ?ﬁéef’]bﬁ%i’ s&c&ﬂ@topc& 9?T§$fyn?er. each trench
has two sidewal | s that are selectively wetted by one bl ock of the
first block copolx

16 e method of claim 15 wherein crosslinking the first portion of
the second set of lamellae comprises exposing at least the first block of the

self-assembled second block copolymer to ultraviolet radiation.

17. The method of claim 15 further comprising selectively removing
a second portion of the first set of lamellae, wherein the second portion of
the first set of lamellae comprises lamellae that comprise a second block of

the self-assembled first block copolymer.

18. The method of claim 15 further comprising selectively removing
a second portion of the second set of lamellae, wherein the second portion
~of the second set of lamellae comprises lamellae that comprise a second

block of the self-assembled second block copolymer.

19. The method of claim 14 wherein providing a substrate having a
surface comprising a plurality of weirs comprises:

depositing a resist on a substrate surface to form a layer of
thickness Y, wherein the substrate has a surface that is neutral-wetting with
respect to each block of the first block copolymer;

exposing the resist to form a pattern of lines;

selectively removing either the exposed or unexposed portion of the
resist, wherein the resist remaining on the substrate surface is selectively

wetted by one block of the first block copolymer.

20. The method of claim 19 wherein the surface that is neutral-
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each trench has a width of nL,", wherein nis from1l to 15; and the
weir width/trench width ratio = m.: 0 /nL", wherein mis from1l to 15;
depositing the first bl ock copolyner on the substrate surface to form
a layer of thickness |ess than or equal to Y, anneal ing the
first block copolynmer layer to allow the first block copolyner to
self-assenble and formw thin each trench a first set of |anellae
that are substantially perpendicular to the substrate surface and
subst antdtahb)sianhydgd g eitenniiatedcsilicoamhfstelewal | ;

crosslinking a portion of the first set of |anellae that conprises a
first block of the self-assenbled first block copol yner; renoving at

| east a porpion "@ "ﬁﬁﬁhba' ffOél@\.mgﬂghW@Iew tth@ fsgwa@t thheast nengal-
openi ng having a , Wherein: | east one openi ng

has a Wedtingtias cr@ssﬂmkachpomer Aetwi t h respect to each block of the
second bl ock copol yner;

22. The method of claim 19 wherein the surface that is neutral-

wetting is a grafted polymer.

23. The method of claim 19 wherein the resist is an e-beam resist
selected from the group consisting of hydrogen silsesquioxane based
resists, polymethylmethacrylate-based resists, polystyrene-based resists,

and combinations thereof.

24. The method of claim 19 wherein the resist is a photoresist
selected from the group consisting of polystyrene based resists,

poly(meth)acrylate based resists, and combinations thereof.

25. The method of claim 19 wherein depositing the resist forms a

metal-containing layer.

26. The method of claim 25 wherein the metal-containing layer is an

aluminum nitride layer.

27. The method of claim 19 wherein depositing the resist forms a

silicon containing [ayer.
28. The method of claim 27 wherein the silicon-containing layer is
selected from the group consisting of silicon oxide (SiQgz), silicon nitride

(SizNy), silicon oxycarbide (Si04C), and combinations thereof.

29. The method of claim 28 wherein the resist further comprises a
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the at | east one opening has two sidewalls that are sel ectively
wetted by one block of the second bl ock copol yner; and the at |east
one opening has a width of nL'o, wherein mis from1 to 15;
depositing the second bl ock copol yner on the substrate surface to
forma |layer of thickness |less than or equal to Y ; and

anneal i ng the second bl ock copol yner layer to allow the second bl ock
copolyner to self-assenble and formwi thin the at | east one opening a
secondhsetomdlyhesredi anetlhlatkasfetheubsttasibeckl dopgiemee ngtiadiddato thoe tsheface
substra}? sur face an? substantially in register with each opening

si dewaPf the silicon-gentaiingda¥ely of “cl ai m 47 wherei n each of the bl ock
copolyners is independently selected fromthe group consisting of

di bl ock copol yners, triblock copolyners, multiblock copol yners, and
conbi nat i ond0t hefbefmethod of QJQ\.ImT%é wWherRia brovidimgassubdisats having a

L' o. 5 2. h ; L0 |..Lo is 10 nanoneters to

100 naﬁ%'r'rfgtcgr(gqmgp'%'%%ﬁgrahy%wé'?gwﬁrg(%’47 wherein the first

bl ock copol preridirg) tihe ssbstrade Hehwengabemnslifdosk copol ymer. 52.
|

The nethod qof claim51 wherein the first gnd second bl ock copolyners
Are subst antPREFGINE, eV er of dhiskbBesch it JiresiBshate Suffsi
selectively etching said layer of thickness Y to form a topography of

weirs and trenches.

31. The method of claim 30 wherein the layer is a metal-containing

layer.

32. The method of claim 31 wherein the metal-containing layer is an

aluminum nitride-comprising layer.

33. The method of claim 30 wherein the layer is a silicon-containing

layer.

34. The method of claim 33 wherein the silicon-containing layer is
selected from the group consisting of silicon oxide (SiO3), silicon nitride

(SizN4), silicon oxycarbide (SiO4C), and combinations thereof.

35. The method of claim 30 further comprising grafting a polymer
that is neutral-wetting with respect to each block of the first block copolymer
to the substrate surface before depositing said layer of thickness Y on the

substrate surface.
36. The method of claim 30 further comprising selectively grafting a

polymer that is neutral-wetting with respect to each block of the first block

copolymer to the substrate surface after depositing the layer of thickness Y
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53. The nethod of claim47 wherein at |east one of the first and
second bl ock copolyners is a diblock copolyner selected fromthe
group consisting of polystyrene-b-pol ynethyl net hacryl ate bl ock
copol yners, pol yet hyl eneoxi de- b- pol yi soprene bl ock copol yners,
pol yet hyl eneoxi de- bpol ybut adi ene bl ock copol yners,

pol yet hyl eneoxi de- b- pol ystyrene bl ock copol yners,

pol yet hyl eneoxi de- b- pol ynet hyl met hacryl at e bl ock copol yners,

pol yst yhethe bupoirgtd sufacel. di ne bl ock copol yners, pol ystyrene-b-
pol yi sopr enebl ockcopol yner s, pol yst yr ene- b- pol ybut adi enebl ock
copol ymers, pol ybut adi ene- b-pol yvi nyl pyri di ne bl ock copol yners,

pol yi sopr engzb- p?h%”ﬁb‘?ﬁb@%ﬂ'@ﬁfrﬁ'?@ @uhh@?%&ﬁﬁﬁbﬁf@aﬂégogﬂﬂwg a polymer
conbi nati ons t her eof . The nmethod of claim51 wherein the

first &mt @@ébg@@s@@&te surface and crosslinking the polymer mat.

copol yner sar ebot hpol yst yr ene- b- pol ynet hyl net hacr yl at ebl ock

copol yners. 55. The nethod of claim47 wherein at |east one of
the first aBg.seThadmalthod cOpEiyMS7s wiserain rthbl polynoer mat ibldegosited
copol yper. having three q e block el ected, fromthe 0

consi SDRIRTOPT Aty dgiasting dbey ek B laiGEss war s sybeHa e rusach,
pol yi sopr ene, polybutadlene pol yvi nyl pyri di ne, and conbi nations

t her eof . 56. The nethod of claim47 further conprising

deposi ti ng &%ol Yher me&thed tae Sl@dishraie subeerie aHe crodstiaiRi nlp 2

the pog %Fo%bator sut;[)stdétb P—Eﬁbgﬁ% éf?%s%f ggﬂ) g'. m 56 wherein the

pol ymer eposi Pore or “arter positing the | ayer of
t hi ckness Y on the substrate surface.

40. The method of claim 37 wherein the substrate is a silicon wafer.

41. The method of claim 14 wherein depositing the first block
copolymer on the substrate surface comprises a method selected from the
group consisting of spin coating, dip coating, spray coating, and

combinations thereof.

42. The method of claim 14 wherein annealing comprises thermal

annealing, solvent annealing, or combinations thereof.

43. The method of claim 42 wherein annealing comprises exposing

the block copolymer to a temperature of 0°C to 250°C.

44, The method of claim 42 wherein annealing comprises:

exposing the block copolymer to vapors of a solvent that solvates
each block of the block copolymer;

allowing the block copolymer to swell; and

removing at least a portion of the solvent.

45. The method of claim 14 wherein crossiinking the portion of the
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58. The nethod of claimb56 wherein at |east one of the first and
second bl ock copolyners is a pol ystyrene-b-pol ynet hyl net hacryl ate

bl ock copol yner. 59. The nethod of claim58 wherein the pol yner nat
is a crosslinkabl e polystyrene-r-pol ynethyl nethacryl ate random
copol yrer. 60. A nethod for form ng sub-Iithographic
conductive lines, the method conprising: providing a block copol yner
havi ng an inherent periodicity of L.; provi ding a substrate

conpri irgigsat pi Wamdllbe ﬂfatsedﬁnpaiseenmleeﬂrstombkrwtr@bbﬁwlsstermboéwwst
wherein each trench of the plurality of trencheﬁ Si de%
and a WeEH GIPHYMEr GRBIRIIIES $P I ben 3t dgags:t aeﬁ ot f-

copol y%&e%l%ﬁ%r%‘t'ﬁéél@k%p%ﬂfrfwé??@ uItraone’?‘F‘élﬁ%ltlbﬂg the bl ock

copolymer to allow the block copolynmer to self-assenble and form
wi t hin each trench a set, of lanellae that are substantially

per on oul g, orbRSRleh"oF B AP PR OTG 3 ialP L BRIFO e
set of mategidl ae;mwtyatreé wdife chhfisgoatwenocdiprdtsking mathbde t hat
conprise a first block of the self-assenbl ed bl ock copol yner;

47. A method for patterning a substrate, the method comprising:

providing a first block copolymer having an inherent periodicity of L;

providing a second block copolymer having an inherent periodicity
of L's; )

providing a substrate having a surface;

depositing a layer of thickness Y on the substrate surface; and

selectively etching the layer to form a plurality of weirs of height Y to
form a surface topography of weirs and trenches, wherein:

each trench has a floor that is neutral-wetting with respect to each
block of the first block copolymer;

each trench has two sidewalls that are selectively wetted by one block
'of the first block copolymer;

each trench has a width of nL,, wherein n is from 1 to 15; and

the weir width/trench width ratio = mL', /nL,, wherein m is from 1 to
15;

depositing the first block copolymer on the substrate surface to form a
layer of thickness less than or equal to Y;

annealing the first block copolymer layer to allow the first block
copolymer to self-assemble and form within each trench a first set of
lamellae that are substantially perpendicular to the substrate surface and
substantially in register with each trench sidewall;

crosslinking a portion of the first set of lamellae that comprises a first
block of the self-assembled first block copolymer;

removing at least a portion of material forming the weirs to form at
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selectively renpving a second portion of the set of |anellae, wherein
the second portion conprises |lanellae that conprise a second bl ock of
the -self-assenbl ed bl ock copol yner; etching the substrate
surface using the crosslinked |anellae as an etch mask to form
sub-lithographic trenches; optionally renoving any remaining
polyneric materi al ; and deposi ting a conductive material into

t he su litho h|c trenches to, for | i t hographi ¢ conductive
li nes. Poast ong@ entfg hAYIRg A gPp(t,th RG@" E'%in the conductive

material istRemmtiahsE8RbadpemagBi€al Bbor that is n@@traﬁ%tﬂ'ﬁbh@ﬂh Espect
cl ai m 60 wherein depositing the conductive material conprises

deposi 9 R Black ottt aEAPAE blackraamolyyes; vapor deposition net hod.
63. The met hod 4f GLRIIR %gi@’ﬂﬁ{ocﬁ'h%sdﬁn?@ssh %\lelgqﬁg?%%ugélby;ﬁ E?Wét?eld
i cal  vapor

conprises depositing a tarning

deposi thiyoon¢ G}k @rf tbteca’eocodchpEJrclde@peliytmmn grAdl.D) net hods.

The nethod gf cl 0 wherein t e condu %ﬁﬁ' ? rra,terlh

conductive p&f Pa§ &6t Oé’eﬁé‘?%l %ﬁt% Mgt 5% %'ﬁllﬁ)d'gl'?efrom 1to
65. Thegsget hod of claim 64 wherein depositing the conductive materi al

conprises a nethod selected fromthe group consisting of spin
coating, di peesstting, theppagondablask Géﬁ@’)dﬁﬁbl%tﬁh@n§ubﬁ€ﬁé@f5mface to

form a layer of thickness less than or equal to Y'; and

annealing the second block copolymer layer to allow the second block
copolymer to self-assemble and form within the at least one opening a
second set of lamellae that are substantially perpendicular to the substrate

surface and substantially in register with each opening sidewall.

48. The method of claim 47 wherein each of the block copolymers is
independently selected from the group consisting of diblock copolymers,
triblock copolymers, multiblock copolymers, and combinations thereof.

o 49. The method of claim 47 wherein L, = L.

50. The method of claim 49 wherein Ly is 10 nanometers to 100

nanometers.

51. The method of claim 47 wherein the first block copolymer is the

same as the second block copolymer.

52. The method of claim 51 wherein the first and second block

copolymers are substantially symmetric diblock copolymers.

53. The method of claim 47 wherein at least one of the first and

second block copolymers is a diblock copolymer selected from the group
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66. A nethod for formng a device, the nethod conprising: providing a
bl ock copol ymer having an inherent periodicity of 1_0; providing a
substrate conprising a plurality of self-assenbl ed copol yner defined
trenches, wherein each trench of the plurality of trenches has two
sidewal s and a width of nLo, wherein nis from1l to 15; depositing

t he bl ock copol ymer on the substrate surface; anneal ing the

bl ock copolynmer to all ow the bl ock copol irr;ler to self-assenbl e and
f or m wWCPRSHtHHE h Qfr eREN Sy ERite-4r Polyie thydmethacrylates yde gt i Ganglymers,

per pendigid 14 e 18 SHRMIY Riobrate! %qsc@néﬁpggagéﬁ,ir g{dl%eirméﬁ&égfiht%ﬁg—

with each trénch si crosslin ort’i on
set of podypitagéenehdieck tdogolymsts popoliveth¢lemecixids-H-amby dtaendablock

cel et FoBPY Ry PR Ylevista 884 PRV BR tovi bty S8 R PR conplumers:
the sepohgstpesié-grpebpRyipgsidiage! | asobhat cespslyseerss, secons yetyrekeob-

the sel f-assenbl ed bl ock copol yner; et chi n%ntahe substrate
sur f ac@OWEFRPreMR civ¥eski niePdlymersae aslyEnartnaslybudadigng  block

sub-1i thegnaRbis tre ' | 2824 Lk LAth&ny 1 [ nin
ool yret, g rrsgdtqer?’al | gﬁg%taelfgrlé) D OMVIRTBYHAMENY Bk N NGopolymers,
polyisoprene-b-polymethylmethacrylate block copolymers, and combinations

thereof.

54. The method of claim 51 wherein the first and second block
copolymers are both polystyrene-b-polymethylmethacrylate black

copolymers.

55. The method of claim 47 wherein at least one of the first and
second block copolymers is a triblock or multiblock copolymer having three
or more blocks selected from the group consisting of polystyrene,
polymethylmethacrylate, polyethyleneoxide, polyisoprene, polybutadiene,

‘polyvinylpyridine, and combinations thereof.

56. The method of claim 47 further comprising depositing a polymer

mat on the substrate surface and crosslinking the polymer mat.

57. The method of claim 56 wherein the polymer mat is deposited

before or after depositing the layer of thickness Y on the substrate surface.
58. The method of claim 56 wherein at least one of the first and
second block copolymers is a polystyrene-b-polymethylmethacrylate block

copolymer.

59. The method of claim 58 wherein the polymer mat is a
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depositing a conductive material into the sub-Iithographic trenches
to form sub-Ilithographic conductive |lines; and depositing one or nore
additional layers to formthe device. 67. The nethod of claim
66 wherein the sub-1lithographic conductive lines are transistor

gates. 68. A nethod for isolating active areas, the nethod
conprising: providing a block copol yner having an inherent

eriodicity.of L.; proyiding a substrate conprisin luraljty of

ol 1 - astastlidte i inlynbicasrr-Rel T rEmAMASaRdrl AadeR EPBAMIER. « he
plurality of trenches has two sidewalls and a width of nLo, wherein n
Is from1l to 15; depositing the bl ock copol yner on the substrate

surf ace; 60. Anneathaty f%ﬂe fernbg copollijhegraphial cowduistivel doies, the
copol f - nble and formwi thin each trench a set of

I aPreI %lgﬁétth%git égllrngrgaﬁgt antially perpendicular to the substrate
surface andpseNddirenti lldlck copolggicat leaviwigt n éalsdrdrrtgnetio Sictigved L;:

crosslinking a first portjo f the set. of | amil I a]e, Wnigrei t he
first porti 8ﬁ°‘€8fﬁﬂi ?essﬁ"hﬁﬁ??%e ORI Ppr PsP1Yrg it¥st© | 8€ -gisgmeled
sel f - agsgBR}MEr llcdigle CHRACKHBR! wherein eat® BEhbHVtHEPRWNG BF IRGHES

portion of the set of |anmellae, wherein the second portion conprises
| amel | Bastima sidawrlisangd aavighly afindek witeneihe nsisl frogsddebl 8d bl ock
copol ymer;  gepositing the block copolymer on the substrate surface;
annealing the block copolymer to allow the block copolymer to seif-
assemble and form within each trench a set of lamellae that are
substantially perpendicular to the substrate surface and substantially in
register with each trench sidewali;
crosslinking a first portion of the set of lamellae, wherein the first
portion comprises lamellae that comprise a first block of the self-assembled
block copolymer;
selectively removing a second portion of the set of lamellae, wherein
the second portion comprises lamellae that comprise a second block of the
- self-assembled block copolymer;
etching the substrate surface using the crosslinked lamellae as an
etch mask to form sub-lithographic trenches;
optionally removing any remaining polymeric material; and
depositing a conductive material into the sub-lithographic trenches to

form sub-lithographic conductive lines.

61. The method of claim 60 wherein the conductive material is a

metal-containing material.
62. The method of claim 60 wherein depositing the conductive

material comprises depositing a metal-containing material by a vapor

deposition method.
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etching the substrate surface using the crosslinked | anellae as an
etch mask to form sub-1ithographic trenches; optionally renoving any
remai ni ng polyneric material; and depositing an insulating
material into the sub-lithographic trenches to isolate active areas.
69. The nethod of claim68 wherein depositing the insulating materi al
conprises depositing using a vapor deposition nethod. 70. The
nmet hod of claim 69 wherein depositing the insulating materi al

conpri ses depositing using chem cal vapor deposition (CVD) or atom c

| ayer deposigBi onThHALPhefR3N08S - claim 62 Whef@?ﬁ' H%b@%ﬁtrﬁ m&‘&%%ctwe

wherei n depositing the insulating material conprises
sel ect @wh&rtﬂhmp@sga;ﬂmn@g|awgneifals>p|nrhamm mm@tercﬁld)scohenngal vapor

spr ay %%to's%n Q/hﬁe)oHPb i fh}é#’?é&%ltlo}q (ALD) fft Lag method of

claim wher e| I nsu I'eél"éctric
constant. 73. A nethod for form ng a device, the met hod corrprl Si ng:

provi di ng ag | ock, copol avin heren er|o I ClI,
provi di ng a° ubsjtfpﬁt&eéég%rpg rg §5uW§PrW sE Lé%t‘é%ﬂp%e”al is a
tCOIooI Kﬁehdd@flvé%lyﬁf@r%ﬁ@/or%ﬂf&'a'ﬂ-c%%@ﬁlrﬁﬁ&"ﬂﬂi‘yrﬂfertdb%ﬁbgﬁé' ity of
renches
65. The method of claim 64 wherein depositing the conductive
material comprises a method selected from the group consisting of spin

coating, dip coating, spray coating, and combinations thereof.

66. A method for forming a device, the method comprising:

providing a block copolymer having an inherent periodicity of Lo;

providing a substrate comprising a plurality of self-assembled
copolymer defined trenches, wherein each trench of the piurality of trenches
has two sidewalls and a width of nL,, wherein n is from 1 to 15;

depositing the block copolymer on the substrate surface;

annealing the block copolymer to allow the block copolymer to self-
assemble and form within each trench a set of lamellae that are
substantially perpendicular to the substrate surface and substantially in
register with each trench sidewall;

crosslinking a first portion of the set of lamellae, wherein the first
portion comprises lamellae that comprise a first block of the self-assembled
block copeclymer;

selectively removing a second portion of the set of lamellae, wherein
the second portion comprises lamellae that comprise a second block of the
self-assembled block copolymer;

etching the substrate surface using the crosslinked lamellae as an
etch mask to form sub-lithographic trenches;

optionally remaving any remaining polymeric material; and
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has two sidewalls and a width of nLo, wherein nis from1 to 15;
depositing the bl ock copol yner on the substrate surface;
anneal i ng the bl ock copolyner to allow the bl ock copolyner to
sel f-assenble and formw thin each trench a set of lanellae that are
substantially perpendicular to the substrate surface and
substantially in register with each trench sidewall; ]

{ he

crosslinking a first partion. .of the set.of |anella wher ein

first portioFPOSHENY saggongﬁF'Vge”“laﬁﬁ'f'atbwﬁrhe_e sybr "?“sc’tgfapg&"&"%?é to
sel f - aseantdddithegla ptne doyifeictive lines; gedectively renoving a second
portion of the set of lanmellae, wherein the second portion conprises

| anel | ae t hSEPOSHHIY S8 0L BIYRP BT bR abaysis tefarmdlie daviee bl ock
copol ymer; etching the substrate surface using the crosslinked
| anel | ae as an etch mask to form sub-Ilithographic trenches;

optional ly Pénovithg meyheemdi claim §olwherdio thet subdithographic conductive

to 1 solBes G oYtk S ER "teposi ti ng one or more add tional 1 ayers
to formthe device.
68. A method for isolating active areas, the method comprising:
providing a block copolymer having an inherent periodicity of Lo;
providing a substrate comprising a plurality of self-assembled
copolymer defined trenches, wherein each trench of the plurality of trenches
has two sidewalls and a width of nL,, wherein n is from 1 to 15:
depositing the block copolymer on the substrate surface;
annealing the block copolymer to allow the block copolymer to self-
assemble and form within each trench a set of lamellae that are
substantially perpendicular to the substrate surface and substantially in
register with each trench sidewall;
crosslinking a first portion of the set of lamellae, wherein the first
~ portion comprises lamellae that comprise a first block of the self-assembled
block copolymer;
selectively removing a second portion of the set of lamellae, wherein
the second portion comprises lamellae that comprise a second block of the
self-assembled block copolymer;
etching the substrate surface using the crosslinked lamellae as an
etch mask to form sub-lithographic trenches;
optionally removing any remaining polymeric material; and
depositing an insulating material into the sub-lithographic trenches to

isolate active areas.

62. The method of claim 68 wherein depositing the insulating

material comprises depositing using a vapor deposition method.
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74. The nethod of claim 73 wherein the insulating material has a | ow
dielectric constant. 75. The nethod of claim 14 wherein Y' is
| ess than Y. 76. The nethod of claim47 wherein Y' is |less than

Y.

70. The method of ciaim 69 wherein depositing the insulating
material comprises depositing using chemical vapor deposition (CVD) or

atomic layer deposition (ALD) methods.

71.  The method of claim 68 wherein depositing the insulating
material comprises a method selected from the group consisting of spin

coating, dip coating, spray coating, and combinations thereof.

72. The method of claim 68 wherein the insulating material has a

low dielectric constant.

73. A method for forming a device, the method comprising:

providing a block copolymer having an inherent periodicity of Lg;

providing a substrate comprising a plurality of self-assembled
copolymer defined trenches, wherein each trench of the plurality of trenches
has two sidewalls and a width of nL,, wherein n is from 1 to 15;

depositing the block copolymer on the substrate surface;

annealing the block copolymer to allow the block copolymer to self-
assemble and form within each trench a set of lamellae that are
substantially perpendicular to the substrate surface and substantially in
register with each trench sidewall;

crosslinking a first portion of the set of lameilae, wherein the first
portion comprises lamellae that comprise a first block of the self-assembled
block copoiymer;

selectively removing a second portion of the set of [amellae, wherein
the second portion comprises lamellae that comprise a second block of the
self-assembled block copolymer;

etching the substrate surface using the crosslinked lamellae as an
etch mask to form sub-lithographic trenches;

optionally removing any remaining polymeric material; and
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depositing an insulating material into the sub-lithographic trenches to
isolate active areas; and

depositing one or more additional layers to form the device.

74. The method of claim 73 wherein the insulating material has a

low dielectric constant.

75. The method of claim 14 wherein Y’ is less than Y.

76. The method of claim 47 wherein Y’ is less than Y.
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