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 ncorporated herein by reference in its entirety. BACKGROUND [ 2]
Menory devices are typically provided as internal, sem conductor,
integrated circuits in conputers or other electronic devices. There
are many different types of nennry i ncl udi ng random access nenory
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Fl ash menory devices typically use a one-transistor nmenory cell that
allows for high nenory densities, high reliability, and |ow power
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t el ephones. Program tode and™s put / out put
system ( Bl OS) arxefeteyxpamatsleyitxmt)or ed in flash rrermry devices for use in
personal conputer systens. [3] An increase in the performance and

density of flash nenory transi st i as the performance of
conputer systens increases. To a%#@gﬁﬁ?ﬁ@ density and perfornmance
increase, the transistors have been reduced in size, resulting in
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"sub- | i t hogr aphisgichf@@thud@amic random access memory (SDRAM), and flash
memory. Flash memory devices have developed into a popular source of
non-volatile memory for a wide range of electronic applications. Flash
memory devices typically use a one-transistor memory cell that allows for
high memory densities, high reliability, and low power consumption.
- 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 {BIOS) 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



[4] Attenpts have been nmade to prepare sub-1ithographic features by
ot her nmethods known in the art. For exanple, electron beam (e-bean
l'i thography and extreme ultraviolet (EW) Iithography have been used
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I ncl udi ng, for exanple, high costs and/or inconpatibility with high

t hr oughp roduct i t.hod 5], For the r ons .stat ed aboye, and
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specification, there is a need in the art for methods for preparlng
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[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

[06] 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

R 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



[8] Self-assenbly of block copol yners has been used to prepare
features on substrates. See, for exanple, U S. Pat. No. 7,045,851 B2
(Black et al.); US. Pat. Application Pub. Nos. 2004/0124092 Al
(Black et al.), 2004/0142578 AI Wesner et al 3 2006/ 0134556 Al
(Neal ey et al . ) Tranesfionsasdireokrinoieycks Wrd ) (2004 Jlack dariiasAavien Al
(Bl ack et al. E’étz@i%k87|1%5ﬁ6 TBgQ@(ﬁ?ta!nQ%nﬁgud}l@a%eWﬁHzg Y,
3:412-415 (2004) Bl ack, Appl sics Letters, 87: 163116, 1-3
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copolymer to seif-assemble. In certain embodiments, annealing allows the

block copolymer to self-assemble and form within each trench a set of

lamellae that can be substantially perpendicular to the substrate surface and

substantially in register with each trench sidewall. For such embodiments, a

first portion of the set of lamellae can optionally be crosslinked (e.g., by

exposure to ultraviolet radiation), wherein the crosslinked lamellae include a

first block of the self-assembled block copolymer. Further, a second portion

of the set of lamellae can optionally be selectively removed, wherein the

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



copolymer. The resulting structure can be used, for exanple, as an
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can self-assenble in a | anmellar norphol ogy. The inherent
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herein can be used for
substrate surface before depositing the layer of thickness Y on the substrate

surface, and/or in certain embodiments, selectively grafting a neutral-
wetting polymer to the substrate surface after depositing the layer of
thickness Y on the substrate surface (e.g., selectively grafting the neutral-

wetting polymer to the floor of the trench).

[12] The first block copolymer having an inherent periodicity of L, and the
second block copolymer having an inherent periodicity of L', can each
independently be diblock copolymers, triblock copolymers, multiblock

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



sub-1ithographic patterning of a substrate w thout the need for
techni ques such as interferonetry, e-beamlithography, or EW

| it hography, which can be expensive and/ or unpractical for high
t hr oughput producti ods
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acryl ate, met haqitlbideR coftlyB@roh thadubSidte SiRRESRI folnl 4 laybSofusekheber €1 N,
“sublithographic” is used to refer to structures having one or nore
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portion of the first set of larnellae 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
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 embodiments 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



i ncluding "and/or" unless the context of the usage clearly indicates
otherw se. [20]Also herein, the recitations of nunerical ranges by
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herei n incl ude ock co ar.e_. pol rs t cl ude one
or more | ong se&?eﬁ@%‘?“%an Orunpﬁﬁcgn‘ﬂgmhl@ft %éﬁ/g‘g dH&W&?%‘? Qflsunl t(s)
coval ently bOUnClS’e*eQ’olaél@m@Ve WS, @al. Dlogl mmsmm@aleﬁm,m ) mdcn:m 9)530f
unl i ke type, g% i ncluding _di ffering nmonagneric unit(s). Bl ock

t

copol yners are iNeeafey et HanEutiesi Rpcaiam spgoduments, B’@?@st gsidisglosedy_

separate each mﬁ%ﬁ?&anooeq@e&form 1@0@@@@9 t&%ﬁga@m@&a@éa@o%yp' cal | y
named using the word "-random"” or an B to Separate each

nmononeri ¢ unit. Spbsifatps Cvlapﬁréd@mfetchfpwownpwmg sletbads wengesld in the
met hods descri beg Set}g)ﬁlg{) Lliocrog&ﬁggl e, the block copolyners used -

herein can inclu ners (i.e., copolyners having two
bl ocks), triblock copolyners (i.e., copolymers having three bl ocks),
mul ti bl odk5]copol y g ysediherein, "wetpbtantainisg Mavseddo rederdo o rakerishr ee

bl ocks) , and ol 008 bleY £af1 feRT I QMR Wiliely M A e Tl St
and a second bl otk copol'yner, th
include other elements in addition to a metal. Typical metal-containing
compounds include, but are not limited to, metals, metal-ligand complexes,
metal salts, organometallic compounds, and combinations thereof. Typical
metal-containing layers include, but are not limited to, metals, metal oxides,

metal silicates, and combinations thereof.

[16] As used herein, the term "(meth)acrylate" is a shorthand reference to

acrylate, methacrylate, or combinations thereof.

[17] As used herein, "sublithographic" is used to refer to structures having
one or more sizes or dimensions that are less than the minimum
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.



bl ock copol yner can be the sane as or different than the second bl ock
copol ynmer. 124]Di bl ock copol ynmers can be used for certain enbodi nents
of nethods as described herein. Diblock copolyners can be

substanti y symretric,{i..e. he.vglunme fraction of the first block
e subot afle] 2 Tyt s sk e oS st iRl ERBBs i Satia bl ock)
or unsymmetric (incRdingthel/sOhntes the atitdx0of t8é niabe cleardsidibiteck 1 s
substantially different than the volunme fraction of the second

bl ock). As used MEF®iS; each bl ock of a substantially symmetric

di bl ock copol ymer has a volume fraction of fromO0.4 to 0.6. As used

herein, eagh bl ock AQdo Hfeinl MEREEREbACOMHuRcAEH r42B0h YéiRpoih| Sndfudé@llume
fraction of less than 0.4 or greater than O.6. Substantlallh}?)
Whi‘eh t he

symretric di bl ockungspolhsisied within that rangedegor t Ainstidse htlsS, 2n2

di bl ock copol yrre:;_g?grl g-@cs_fenbl es to formlanellae (i.e., sheets of
one material interl’eaved With another material), unsynmetric di bl ock
copol yners can be used for enbodi nents in which the dibl ock copol yner
sel f assdibl es to Aempaddicrrit, thytteu tagmpsising e Mirhrigsynpaymessariil e,

spheres, cyli nder dloN*! . conbi j.ons. t t hat
include a first é?%ucglyigto% tag‘[l%%kgtg%cg%ﬁdfh@? e@%{cﬁ?@%@%ﬁr s%‘&gﬁ% t he
second bl ock copaidiveslsincaneddersentsdramdthal dtapssymet ri ¢ di bl ock

copol ymers. 125] Each bl ock of a bl ock copol ynmer can assenble into a

domai n dys4:ng sel f 4 For. ex I subst.ant i al tric
di bl ock t%idol ymer sT@e;%%sqg‘j%{?fggés)Cg Hﬁ?‘ggfvﬁ 8% AN Idfhéérntss(fﬁrt%ecr?%t% Fn
whi ch al t er nat i nigsdribmbhéraia ieat ntereled eséntrite eddnantodidhatt or exelsudes one

bl ock of the dihl ock copol r. Further, the distance between th ’
M ddl e of o f i STPEEEon ShRich MR Al s SR e Rae Of he
sane type (provitieslcthb@tasaeitibel hdréfwlill Bedofeabpirfif ah@ bR sedty t he

series of lanellae) is the inherent periodicity ("L." whi ch can be

dependent on t h&eieEner | thfallovinggrsssntion andeiaime ofiew REDMBol yrer chai n

for each bl ock. oIhbihandiip iR abnRSthOYbElhYer§a0 B dier eased by
i ncreasing the length and/or nol ecular weight of the polynmer chain

for one or bot h epbedirsnisimay beiuklierskand syertyaeshangss oraly de ehadp sithedie
vol ume fraction ‘%’ £ ﬁ‘olet Cs‘éoﬂ e{;}qli1 esfe{nomc(i) Sﬁret 0 0.6 for lanellar
[ ﬁa‘?ﬁcy, tlﬁee Pih d0

nor phol ogi es. Si ere periodicity can be decreased by

decreasing the | ength and/or
[23] The methods described herein include block copolymers, which are

- polymers that include one or more long sequences (i.e., "blocks") of the
sarne monomeric unit(s) covalently bound to one or more long sequences
(i.e., "blocks") of unlike type, e.g., including differing monomeric unit(s).
Block copolymers are typically named using the word "-block-" or a "-b-" to
separate each monomeric unit, while random copolymers are typically
named using the word "-random-" or an "-r-" to separate each monomeric
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



nol ecul ar wei ght of the polymer chain for one or both bl ocks of a
di bl ock copol ynmer. Di bl ock copol yners used in nethods as descri bed
herein typically have an inherent periodicity (L.) of from 10

nanoneters to 1 anoneters. ,For net hods,that |nclude a,first and a
o Bl ook co PRt Sun e et JOPT P bR HE S b o e
copol ymer can becdpbigmeane as or different than the inherent

periodicity of the second bl ock copol yner, provided that the vol une
fraction

f. each b k. remgins from0.4 to 0.6 for |anel]|ar
mor phol odtds. | 26] Bificarraimos ﬁ%§ Wéﬁ&r,w’éﬁe ﬁmg?%@_ﬁﬂfaplL BeBPdR
copol yner used igscri¥RE hads. ahidasshbRakNeh 8k Ehlféﬁﬂtiﬂlyfs?ﬁhle{rkq%?t her
bl ocks in the cogolyner not only in terns of the structure of

mononeri ¢ uni ts taheRlumefastionef Bledisi blaskds subsfantialy sherseme gs thgaplumss

i ncludi ng, for i r i . g i.
strength, surfa?%ﬁpgﬁg?%%§¥§%ﬁﬁgﬁﬁP?@&?&gﬁﬁFg?&é%FJB%?%??@“%%#

chem cal proper tthesSrs{idodk is sestantially differecthiean thalolnea ditétiontof the
susceptibility to r v echnj ques /or_susceptibility to
rossli nki ng T edGEREFD: disgb hieEniseBP R SRR LERRS) uae
smal | portion (&ligock RpiOmePhaa oles) frafionsf fdm Darteed. fAsaRed herein,

crossl i nkabl e mononers. In certain enbodi nents, the non-grosslinkable
and crossl i nkabls8°iMPEof@nAnvayRetas diblogk conplaner dps ayelump fastion of

properties. 127kExaimloes &R khn@R0! SURESial) Gl HAGRABISYY r ene- b-
pol ynmet hyl net hacryl at e bl ock copol yners,

pol yet hyl eneoxi depdpoery caolprusadiasembrdinepis in Ybich the diblock copolymer

pol yet hyl eneoxi JoF tadi Kk s :

o et S SESAEPURIS KOG 1S R i comod it
pol yet hyl encoxi deetberpodtgrabt hysdymetehacdiyloek eopolyocks co e g,

pol ystyrene- b- pal yvi.nyl pyri di bl.ack copol yne

pol yst yr ene- bp oleﬁg%ﬁﬂ%ﬁtﬁ n B/ﬂlgg %%‘%@8%&%/%85%@\& K assembles to form other

pol yst yr ene- b- petrydnitaiiiadidg Moo edanpt ephersS Slinders, gyroids, or

Dol 11 sopr ene- b- SBRYIEATY HHAKoRaE Py TrEsBIb BRRA BT e & secgpplock

pol yi sopr ene- b- a ,

conbi nati ons t hesMfmerFQith HRMBst 2P AdisBRAH Bk HRANNGES caaedescr i bed

herein, a polystyrene-b-polynethglnethacrylate di bl ock copol yner can
be substantially symmetric diblock copolymers.

[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



used for sonme or all of the block copol yners used in the method.
[ 28] Exanple triblock and/or mnultiblock copol ynmers include bl ock
copol yners having three or nore bl ocks selected fromthe group

consi sting of polystyrene acr

pol yrrat hyl et hadPyRSt e B0} Beieg Vale SR Eoer ot Dlo ofa tiblook
pol yet hyl eneoxi dgpelyRet. YDﬂbﬁfck R&pdlAnéts uscR M WeHOHY RURsAMEd herein

pol ybut adi ene), poI yvi nyl pyri dines, and conbi nati ons thereof. [29]

Bl ock copol ymer stmlaﬁlﬂtﬂvﬁlélp@bﬁle@dwﬁﬁdlaﬁbs@-b} ofdeon &0 panomstesy t9dPP at e
surface) by net h&gémétggt Fametﬁﬁaé tlsnitrnl?gM?ietaQirQ@ﬁd ke dc%ga bloc Qoﬁow?néi”t

As used herein, eposi t ce is inten e broadl y
interpreted to ith@inhdenmyloéwrty @ﬂiheﬁmelainsk @bolarpwtyam’cg:thmgnmagok

copol ynmer to th urf nc ing,. osi tion nethods,
coating net hods,d rslﬁ%ﬁaélrth ﬁr(??itsp%hgé{&fyo %ﬁ%@?ﬂdﬁ COB?lgmappl i cation
met hods. Exanpl q)rdﬁmhitlmmﬁé\ﬁ@ksmnpﬁbuﬁelocbbﬁmamfﬁmn4Itbm6tfed to,
spin coating, di p coatin spray coating, and conbi nati ons thereof.

I'n such net hods,PREHET GO O@EFﬁoI ynmer can typically be dissol ved,

di spersed, or suspended in a ndium(e.g., a solvent); the solution,

di spersi gpg} or sSuspg&nsian eﬁlﬁﬂdibﬁntﬂ%%Blb&ﬁof&%l@dk&:o@b&@ﬁm@ﬁ@ed and the
medi um can opti onal I% be removed (e.g.. through. evaporatl on at
é

anbi ent or el eva®@p %@P%Wr@rma??a déftfefi??m ! ?r biocks e 6P s ur e)
during or subsegyenfly hPteHx%Ocﬁ%hé étx%@rur& o?fQJon%%ﬁc Le (Rh9Gkn GeBRlyMer has

been deposited on a sur ace, the b k copol ymer can be annealed to
break up any exibst ¢1$£glndﬂmpm8@n$jmamﬂmw fohexaniplss RhysinsbPrypaties (6.8,

self-assenbl e \b&hitlcRUNRAN! A0IELAGES Jditifc. AR BRbIANNGR | NO.

sol vent anneal i ng, |ha I ons ng ca |nclude
exposi ng the bl @hhnmdpmégeﬁms (¢.9., soltigliny schamisakreadtivity orus @QribiGty280C f or
up to 24 hours or and i.n cert nts der. yacuum
and/ or an oxygeﬁeIF?Vé‘g 8%@&%9&’1' Sufﬁeél?hﬁllty grtﬁ)}ﬁcésﬁ ‘bg’ieﬁ‘g’i‘%%h

i ncl udes exposi REmE BALEiBEKs,CAPEIKWAR Include aBmell pyabE . gﬁﬁﬂﬁle%w e

(e.g., at or above the glass f{ransition tenperature and | owering
t he terrperature(l) s A UpigRorHed é%‘?‘f”‘%i‘%‘g‘gﬁ%’gﬁnﬁpgék ‘b%fp‘&”yrrer to

harden. Sol vent aBB@&lchRIAhE Ath- b@gdllu%l@aﬁaqgsﬂ&kape uhltOGk neapgiyaer to
vapors of a solvent that solvates each block of the block copolyner;

al | owi ng the bl obxsicebpns shamicat ropw#Ees (and in certain embodi ments
becone plasticized); and then renoving at | east a portion of the

solvent, (For examtgmidWiNdalcRRAESHENN (i kit-gertain
polymethylmethacrylate block copolymers, polyethyleneoxide-b-
polyisoprene block copolymers, polyethyleneoxide-b-polybutadiene block
copolymers, polyethyleneoxide-b-polystyrene block copolymers,
polyethylencoxide-b-polymethylmethacrylate block copelymers,
polystyrene-b-polyvinylpyridine block copolymers, polystyrene-b-
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.
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enbodi ments allowi ng plasticizer to separate as the bl ocks phase
separate, and renoving at |east a portion of the separated
plasticizer) . [31]The follow ng exanple is offered to further

illustratg_various fi nbqdi ne t d t.echni, f t he present
di scl osur@sl | t sho@s%“ﬁf@“ﬁlﬁﬁ‘g‘r 6’68“‘ EPOIWFFét‘% F&ri ations
and nodi fi cati ongopdREREsHORg thye bHasR qufckpmléc%rﬁbn&{hlelglmupra:oﬁémmgrt
may be made while remaining within the scope of the present

di scl osure. Ther‘éﬁR?h@tYTQWé rebyslsel(methiaseylgessenpolimsBivbsdhacrylatehot

intended to be 4 i

enbodi nents as edg%r]?}gelﬁxﬁe%gf% bb@%ﬂlhglg cop dlrpglﬁe{reﬁgigkoi%gh s%g%ln% ed
on a surface havandg:ommadllener}m@ymn)ém‘(MSmnd@pmbmmtgmstt}wéorfr ma | ayer
of bl ock copolynmer within the one or nore trenches or openi ngs. An

illust rate[hy]e devi C?@B c§%§1%‘11%1‘§%£ Pﬁ%t EO% 1?rfa]ce Qx%\ét'rﬁg i ncl udes

substrat € 10, weir renc or mng a bogra phy of weirs
and trenches. | %Had’d)bymﬂmds thaml-ewtelrldmmhras) ae obganiimi@s atadshesdused

i des for the blq | t
e chos oo e RRY HSterdeR i Bha SR Rl ot ifipreng " ©

exanpl e, |ithogriaghdeaalylsyitaef hosd o0k p‘iiﬁh% tha SERR b @n@me@afface
defi ned, both of which are descri bedp urther detail herejnafter.

For trenches or BYBHMHJY sxAmils; daposHen Bethpdy poading aiiofs tepgfen ot
per pendi cul ar t %étﬂ&isséfﬁfd?%@ler ARt gﬁgﬁcﬁfontrﬂﬁhéJseﬁﬁgnﬁE JORRMIRY as

referred to herein can be taken as the average of the w dth at the
bottom of the t rmegtedsorclusigehiit agg nof limited tonepif p@@ng,ﬂlmmpnaﬁgmﬁhe wi dt h

at the top of ”E%ath{gﬁ%hcoﬁ{bnﬁggﬂ tﬂ&e?ﬂ T ?@cﬂ?né?ﬂ%?%@ﬁ% l«fco&%g%e‘f” dt h

of the trench or o or néar

t he i nherent percamdlpmaﬂybe(&ss)ohceﬂ d1b;erdaﬂmlsuapemﬂymemedee(re% . can be
froml to 15, and q'ﬁﬁrtﬁﬂ odi.nents an .integer,from1 to 15. An
i ncrease in def é‘Bln‘fS“ % IIOP’a SHYGTI0h 81 BgRFoFien b e PPSicdBe dived as
the trench w dt Ruiave] &8l thd §6difih@an bptionk) PBR @midutd el @wefigh-0. . [34] In
certain enbodi ments, floor 50 of each trench or opening 40 an _be

neutral -wet t i ng SVPOEATIoN AbarakigntoR Aleyaied mppiafien ard tambisnt PrigHucR t h

respect to each pRlsagk) Rbing besBsREkntGORGI¥BA.- | N certain enbodi ments,
bot h sidewal | s

[30] Once the block copolymer has been deposited on a surface, the block
copolymer can be annealed to break up any existing domains and allow the
block copolymer to self-assemble. Useful annealing methods include
thermal annealing, solvent annealing, and combinations thereof. Annealing
can include exposing the block copolymer to a temperature of from 0°C to
250°C for up to 24 hours or longer, and in certain embodiments under a
vacuum and/or an oxygen-free atmosphere. Thermal annealing typically
includes exposing the block copolymer to an elevated temperature (e.g., at
or above the glass transition temperature), and lowering the temperature to
allow the self-assembled block copolymer to harden. Solvent annealing can
include exposing the block copolymer to vapors of a solvent that solvates
each block of the block copolymer; allowing the block copolymer to swell
(and in certain embodiments become plasticized); and then removing at least

a portion of the solvent, for example, through evaporation (and in certain

11



60 of each trench or opening 40 can be selectively wetted by one
bl ock. of the bl ock copolyner. Selective wetting results fromthe
difference in interfacial energies between the sidewall surface and

each bl ock of the plock caopol. r..This difference in interfacial
energy can be dugn{’)%d??iﬁ’gs %&M@F“@&%@s’sﬁqrﬁﬁa% egﬁ’é’pﬁ REEEPEPe( 6. g.
structures that #aMemobiyigaogena beich bthe sépabled?4isqEizéng to Figures 1
and 2, in certain enbodi nents, a substantially symetric diblock
copol yrer 0 havi i nherent perjodicity of L. can be deposited
within a Pi nch or q‘%ﬁ?ﬂl%ﬂ%ﬂ@@!ﬂg? ?%f?rﬁétoc%ﬁ%qry%ﬁ#a%qumsgeql%vss t han
or equal to the gapidimetts idaBdhiqREs SRENHREh: dVWIRLAL Nt hbeRMbeS0 of

trench or opening 40 is neutral -wetting wth respect to each bl ock of
bl ock copol ymer umerstogddhdwsyer, Siabaenyl Yasiabmsahd modifichtians undrestparpd0

are selectively t I . . [:36]
Referring to Fi gt\tﬁ{rg% ,rét?%aéygg%?sﬁg Eﬁ%@%gﬁ%ﬁg%ﬁg car%n%%g%mklge

anneal ed to al | cssopeef thié frkesmokdiedmatey Iherdfaegbt fcopssithbpresaand f or m
within each trengh,a set of. alternatin anmel | 110 and, 120 that are
substantial |y pe‘f‘%%f’ﬁa’fec}&?%{ﬂn‘?%&eﬁﬁ%g%ﬁg%i@n@ﬁ@q@w&%ﬁ?‘% ly in
register with each trench sidewall. As used herein, "substantially
per pendi d82Jar " | ankl deateinreafbedisents aa dssetibaf herdmml Hiak dopélimar @n ben

aver age, perpendjcul.ar to t?eFﬁun ace. As used. herein, | | ae that

f A
are "substanti aldGOTRA PR SETaE REYRE Fheor ohsn FNLPRRRFINGSIP S 4 o

| anel | ae that angyepaf@béletopbBnieh @ithindBY\Ge or for€rench@SIrbbget. 2n a
constant distance fromthe sidewall) over a trench Ien&;t h of at | east

10 nicroneters. i&?%rlﬁ?%"sdeficféi%iuuFtFﬂlﬁ‘zéjtiflﬁ@f%h B UgepsulEireth n =
4 (i.e., the w dighygts G t&RAGNAmlifg é%oﬁ,gggp@ S Wshrs affd &@ﬁdh@%s of

| anel | ae are shown. However, as di scussed above, n can be from
1 to 15, and accordingly from1l to 15 periods of |anell|ae would
result i MHhese enblfdimednmgre frasphesion opeyingsican bemssd pnaides, o1 therel | ae

110 that includ %I&kfc.bficﬁ%mﬁj ktg géif-?sfseﬂqﬂ@ vﬁt‘ﬁrri; th@gﬁee&%é:rg 2 dgko,copol ymer

can optionally be crossli , Tor exanp y exposure to radiation,
e.g., ultraviol eprefitsy) Beeltirenchonopaningsembe, dobaxdinplentithpgrapiecdblyock of

the b ock copol il g L08,&EABRE LKA GARE #ﬁ%@@i@ﬁ@% deeribed in

crosslinking wt e a ronof’ ' Crossli
exanpl e, if the finthechetaibpotipafer. Fa tr@nches or openings in which one or both

pol ystyrene- b- pol hyl net hacryl ate di bl ack copq r, th
potystyrene bl oéllgg‘gglﬁf %%%,pg@glp%ﬂﬁ%r 0&?%%%@&%%66%&% on. For
further exanpl esperireashitfofkd @fhetdiecddl RGkkes QP HeMNBEgCHhDRi NP 8he
thermal ly crosslinkable by including a small anpunt (e.g., 0.1 to 5

mol e % of a t hBPHRR PYihe freacdor eReWEG fro isrHoer isitiy and the width at the
benzocyl obut aneeguiraiditéith GOARATRE) 1AMHmRRER BEIABETE fRldchcy
crosslinkabl e by including a small anmount (e.g., 0.1 to nole % of
a phot ocheni cal pyopening can be a multiple (or near multiple), n, of the inherent periodicity
(Lo) of the block copolymer, where n can be from 1 to 15, and in certain
embodiments an integer from I 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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crosslinkabl e nonomer (e.g., divinyl benzene) in the block of the
copolynmer. In certain other exanples, one block of the block
copol yner can be nade thermally and/ or photochem cally crosslinkable

andl or phot achenPRal 157 BFbeer Patis ) stphBareipeS yidedby SudblG/TE Y

par a- azi donmet hyl gebl@Reppol Ahdére SBlREHWRYSftinghesultd fidgdhhé HiBRrdnGe inl N SONE
enbodi nents, crosslinkjng agents can be added to the | anell ae_that

are to be crossl HEEgal uergigdetveen thepidsiall erdace mpdk pash blogl af e losk

known in the art @RAmdACTMEGiffetbe BNARRLGA] hilEy SRITY d?z%tt?]@fa Rmial

crosslinker (e.g., I,3,5-trinethyl-2,4,6-(triacetoxynmethypbenzene)
and a thernal actunpgsitien af each mategial (e.g., structures that favor hydrogen bonding).
cycl ohexyl net hyl (2- oxocycl ohexyl ) sul f oni um

trifluoro[g'glthanesulRf%Em Fj 13k

exanpl e, 1 nproved rreec aﬁéafg%%g?g??f @g:eg%g%h%agﬁgﬁs%%éﬁmgfaﬁpty to
renoval . [ 38] Rensinmieigc dihlorlo saplolymies d00 bamig meniéent penoddptyl dlakiry be

sel ectively renoyve nat Lllustrated in Fiqure ,_Suybsequent .to
crossl i niki g 1 n SarpaRl alibisti i & onelinb A £ b YA EEE el | e
110 on the surf ahen oradghidl eaih deghoy atnohfor Ui Shhandie dodresmaifliaechat
this stage can, in certain enbodi nents, result in fiIIinP of such
newl y forned treHOREUNGHE 1§ ngutEak sy BRsReaids radveroskid Alack i s

subsequent |y demb%@;%, MRy aadveiiy 69fofﬁakh%|sﬂ§pén9{g 40eRdVvi ng
a

uncrosslinked | anel[ae are known in the art including, for exanple,

i n-adi ation (e. gelectiyghoyetied byone hloge ahlockpopplamer Bt nent , wet
chem cal processing nmethods such as imersion in a solvent, and/or

et chi ng n&gjhods SUR@feﬁﬁlrggth%hfe‘G?i[ﬂe%p@sﬁtg@gﬁﬁalﬁ{@ 10@BarRBa B ERBI QD -

For exanple, when the blc copol ynmer |

pol yst yr ene- b- pdp gkt figldidedraepgiyaeciogilbasembleaps fgrmevitkindachhe

Lamel| ae incl udtol D6 BELXAMREARMRLOLH 1926 AP e LM Bllalye

remai ning |amel l'ae 1 ncluding t uncr ossl 1 nked

pol ynet hyl met hagespeadieuliyi to the sodncenad sdistatiallyahyegiserovidoeach oenchxanpl e,
by acetic acid devel oppent ,.,and in.certain enbodingnts.after a

bi anket exposureSIdtegalﬁj'l “F’léﬁleldgfer&n’(Wtal}tgg?'85’?’8%‘&0‘{[%9%@3#&%’3&%0@
enbodi ment s of nretditasllasthdese onkeeralie peipbrdieul SUb HelsaifieeC AR usdic| ude a
plurality of Ii hog{?a%rhhca |y derjved trenches, each of which can
serve as a gui d&°FBr HIBEkheGEs] phETe Yf‘lréglé@ﬁb‘f“a" fuirench Aidewelh
trench. Substratgsrst@lathellacs B SONIME & ths MBSHAIRG 85 pSitichdstd at e
assenblies) including |ithographically derived trenches can be
prepared by net Kerpsnhvditangefemn thesidervalllgver ¢ Henchdenggh offaleagilnpl e,
resi st technol o t%-']tgg t . i . s rate"
or "substrate agggﬁn%?tfﬁ' as useldtg%tenrigélt%g%/agfegj;% E%Bgﬂgﬁrl%%ngﬂgé{’or
substrate such & vedthadeaddrenclofiisciiloy andhes, 4periadssdhdngadiaciaret or
substrate havin ne .or r .ayer structures, .or. regi qns._f.or med
thereon. A basegléogvnr}rclgor%e&gli’gsiél?%%er%hteﬂﬂell:f)glv?’)}lcégheégl@htgqgo st |ayer
of silicon mat entcatdiggly &omalf ©r 5@eri@lswif lantdiae vayldnesdR PPdieseed on

anot her material, sych as silicon on sapphire. Wen reference is nade
to a substrate 8’??%‘*’:‘3?‘9;,5' vari ous process steps may have been
previously used to formor define regions, junctions, various
structurpg] or featlhe@&in afisbddRam, NESclSL CI0 @St hElanss fEsPhiSck §Ghd Ve
areas, diffusions, inplanted regions, vias, contact openings, high
aspect ratio op&hf-assenbledplack capplypieasaoptinaallyi tercgosslinked dpaeamples

etc. [40] Referg)ngoti@eH IQH'i'éﬁ?rf; gg',gy&gfoﬁ&gﬂﬁ%%bﬂe Smet Ne

substrate surface can be nodi epositing a polyner mat or
brush 20 on t heesbdskmerds, sheshiodkan ¢hedriackogopslymienbdimgyerb$sénipadl cpmbe  nat .
The pol yner nma

t : 1 i nked., usi hod t hod
it terent than PRAPOREECEITEBEET MR Pl ar s Ehieett Fol ol ock
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enbodi nents, the sanme nmethod can be used to crosslink the pol yner mat
and at | east one block of the block copolynmer. In certain
enbodi nents, the polyner nat can be deposited on the substrate

sur face before deposi ti | ayer of thj cknes Y.on ubs rate
o ace e e oy hE T B G toB T mor s aobES TR P R B B o  be
used, for exanpl @blotcdpRlctnet, h;ﬁe SoRstdERd odkUdah 86 @nosMﬁk&f‘bﬁ"éﬂpbs@@ﬁpﬁe

t he roor of a trench or opening, neutral-wetting with respect to
each bl ock of a Wd@deatto@pép yﬁ*ﬁhewampw |ope lock af eak)gléﬁwoweréﬁlthe
substrate Surfactfemf&%rth«%mﬁf‘ﬁér‘ésshrﬁabﬁ@@ 1Bbi86le § QRE YABEn (S 20,1 to 5

pol ystyrene- b- pol ynet hyl net'hacryl at copol yrer,
crosslinkabl e pohg'lst"/y)r@nehmmplw grngtlhkdbimnmw(%eabmmbu@pm ymer

can be used as the ai_n pol yrer
mat 20 can be cr6s nta %32‘88“0‘? émdﬁoié‘lr?g?gﬁcﬁ%@’e&w@%urroeﬂgg%ﬁa ation,
e.g., ultraviol ahclﬁ&ﬁc{gaémﬁil athien (c.4.10.$ R me ey fephotochéniiealgol ymer
mat bei ng crosslinke an be susceptible to crosslin W t hout t he
addi tion of croscéq’ﬁSWﬂﬁ?ﬁ lg mapamer e%@%?ﬂﬁ’ﬁ?@n@iliﬂ t}teﬂ’eo%dﬂ?gﬁe is a
pol ystyrene-r - pQlysiehBy | IHRERRE bivkAx8mbREIREbLRR 6 thEBlock E&}%lymer

pol ystyrene in the f andom copol ymer can be a crosslinl kng site upon

exposure to UV readbamadnthe IYTBBWPhIehOf@i@@IWF@SCFO%ShekﬁMﬂ Brraeludiag 2acan
be made crossli I

ol o % of at hormaio i GBS PiTp 3 TRk, P anbSy Hhotodterichfly ©
benzocyl obut ane- c@mn‘mrdnahhe MEPNIDAOTEY, )vamrazaiopwwtscsherm) cAltéryatively, or in
crosslinkable m di, vi,.n benz

par a- azi domet hyI g 1§/nrj to m%me eﬁgog%nﬁcroﬁﬁﬁ ﬁgeggrcta%})%addteﬂ C%the
exanpl es, the padiyste tHﬁahre(t(abb lesshinkke. tAheidesktisty anchosslinking agents

phot ochem cally crosslinkabl e ncl udi n mal | amunt 0.1
to 5 nole % of agﬁlewg'm@ew&'ﬁg}f&:l h% ?J%ﬂwbwa%?%kam e
nmononer (e.g., RasRirdké %mgm&ﬁﬁéfnﬁm@,é (thhéesatetiyvBbohzesy) ahda
addition to, in some enbodi nents, crosslinkin agents can be added to
the pol ymer nat themngagid gﬁﬁ?lﬁ@f9%gyfcyebbeeahnﬁkYlg?gowéﬂtﬂsexalr)@lﬁ@ﬂ@mq in
the art and 'nClnmﬁ)ﬁoJ]&flan%%ﬂﬁ%H%t@) érB?shﬁQéEf%xﬂﬁﬁdeQQn Rlved 0957833@1& nker
(e.g., 1,3,5-trinethyl-2,4,6- (triacetoxynethypb enzene t her nmal
aci d gener at or (epygyed mydkwhd pyinedich phd Rwskasyeptibiéxipasudfabni um
trifluoromethanesul fonate). In certain enbodinents, the crosslinked
pol ymer can h

- pr ocessi ‘jst eps %ﬂg%%]ﬁtﬁ% ﬁﬁ&gﬁr}kﬁ%ﬁ%ﬁlﬁﬁgé Héﬁ@g%@%aééet{@ ry assenbl y
process. [42] Al ramavad (noé ilipstrated m@gtas B), euﬁso@en‘etlmsgsslmkfmgsiubstailat e
surface can be np arin termn

surface. For exarrp?%merqtsq Elvpn(f'ggt emﬁ%%flg (ﬁé lﬁ%el OPltuleesgf)ﬁce afhou er of
oxi de of thi cknessovi] efamcilossliakalieell£: 49 this mgehaﬁ, 1@bﬁ'€dﬁﬁelﬁlﬁdd!ﬂ)1eﬂt@ form

trenches having a de of Y that is |less than Y. Th ejmai ni ng
oxi do. havi ng STEHE BLHURE Of s R Ponedcoss PBhFEGRC SR 1 at o can

be removed (e. gcopolyrhdt vwheh ﬁt@iﬂb@@lubﬂﬁf Rb6ded MAI e MROy SBARNKR native
oxi de on the sili con substrat e) eaving a hy drogen t erm nat ed

silicon surf aceforTrBonggRnsHRspinked lﬁnwél@e@re&w%tm e @it frebdingalrbe used,
oo o s r enghEge SREBERE L2LS QULRG ol Sl bt liCOl® L2,

bl ock of a bl ockhevogd pyoressingmatthaods lstichias 1meﬂef5icmssemﬂlvem e;nd/ou kighing

ool st ot eneb. SRR RO ACERUSR LG PR SBRH R Bt

hydr ogen- t er m nahaslhs block 0spodidracepslfdtyrdge- B«@Ulyfn%ﬂrylﬂﬂéthdc&gatw th

respect to both bl ocks of the block copol yne
diblock copolymer and the lamellae lncludmg the polystyrene block are

crosslinked, the remaining lamellae including the uncrosslinked
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[43] I n anot her enbodi nent, neutral -wetting random copol ynmers can be
grown and grafted in situ froma hydrogen-term nated silicon surface
(e.g., substrate surface). For exanple, a solution containing
nononers (e.g., Styr t hyl acryl ate.. and divi.nyl benz in
The rat o 5a°t o BVPERBmelR A bGRRNBe §ifiy Y tarbi W PEREIS By
(e.g., benzoyl pseixadeieeipmeat, pldiaeertdy embadinytts efen-tiake nat ed
silicon surface and heated to initiate free radical polymerization,
resulting in a nEPPFRF OMEPINE () j3#o8r afted to the silicon
surface. 1441In certain enbodi ments, a substrate including a

pluralitysgf lit hog{@e@dairp@iﬂommfsidf%tﬁoﬁ@a@méq&ame&ﬁl R&@RakedardISi Ng
resi st technol ogy. For exanple, referrin gure 1, a substrate

Fi
havi ng a surf acelflyés %@Pﬁgtsaoféqthﬂgéaphmllbgewd Fréncbes sd of wlrbiges 40
can be prepared By o Qkl:auiog & seft a6 &3b%} withinGach RnBpSi ti ve
or negative resist) ¥ r%{l@ %e osft@éﬁgn E su%st?}a\fe surface to fonm a
| ayer of thi ckne%@smt@(d gexgmseditmor $ubstmates Qratlvstuate asfendblipm snchidinger

t he exposed or rti n of. the .resist .can |vel
removed to for ml{a ?%p ‘“%”gﬁe“"e t’i/\%(;hes Caﬁdjeé)ﬁ%?afed% Qﬁoc}%@"e Ro¢ert ai n
enbodi ment s, t hehsutbiictuding, foasxanpie) résive exchitblddyaind iekhingtdchadlogyet t i ng

with respect to gach block of the bl ock copol r. In certarn

enmbodi nents, t hegF@é‘i"E‘%u" SHrtgOo ﬁ“'?sﬁétesagsﬁg%pgtaé “%‘%#‘F%?Bbre%qrs Qa
weirs 30) is selg@idoM@lcrorWedsiar sboh KRSl ke ludiblbaik ek copol ymer.
The resist can be, for exanple, a photoresist or an el ectron-beam
(e-bean) resi st SemfcanqucioriplpraipRiayiag gnair HHBIAYPEsTRICHIeS 0T BEoHS ed

i ncl udi ng, for I I crylate
based resi sts, gfng cglr?%?c‘r%gt‘l?/g&n% ‘?ﬂ%r eo?ﬁ?la@%&@%%o‘aﬁwﬁiﬁﬁms& ock
copol yner that el obusliconinfiaterts embweter bna siheont lpyan dhpdsiedaon another

pol ystyrene-b-p t ol yrene
based resi st ca(r;:ll‘%é}:Fali %L Sﬂ%%%{l%ps P@%bﬁfﬂ%réf‘% Ce)ﬁdr[%gdﬁts @r?%?tteare
sel ectively wet tag@mibly, t/hlmqsgchsis)stepmmaplm@beaﬁ pitehiBudl) ool te Gl oy mer ;

or a pol y(met h)?é | at e based resi st can, be usfeéﬁ to create treﬂches
with sidewal s CRAEE EFEDS SMEETS BITPURRITHCEYCS A Teatyes, and openings suc

pol ymet hyl net hags sthiistorb)a06¥e Déas| digfudbRCinplapal eBhs, viadabntactbeam
resists that are known in the art include, for exanple, hydrogen

si | sesqui oxane 9BR&HRESy kigh agpsct rafin Wﬁtﬂﬁwcwﬁgﬁlvpﬁb@ﬂ@ﬁ@d resists,
pol ystyrene- baseghkesksds (e.g., including derivatized

- pol-ystyr ene- based resi sts), and conbi nations t her eof . [47] In certain

enbodi nents, the resist can forma netal -containing |ayer (e.g., an
al um num 49t ri de 1Bsfarng tq Figeedetn Eripsmbodimsntyi the Absirate peTacesinst can
forma silicon- Al ude

si dewal | s havi nggg{osﬁw% r?lag%ﬁ{ngl ﬁm{ezﬁara; glgde}ﬁéh?%edq@y% %g(k)tﬁ&%:ont ai ni ng
| ayer or surf aceurfan ambcrass:hnkmgm p@kwmbezr(aSi D) pdlayemat garshd i con
nitride (Si3N4) rb| C

conbi nati on the%’o%‘%%pq 9511?%]'[1? A mﬁ%&? lggthgéd@aoe)ﬁtegh%ﬁmkusgé tOt he

bl ock copol yner cwasiinket I;aabhebnotmoﬁtheblsclt mpenqrmontnadeﬁhmg surface of
bot h sidewal | s tohgc{jow de trenche? (¥M th sidewal |

sel ectively wet PEROGPCHRNGIRAUMEROG $98 DU OGEPﬁgfréfﬁ@’rpotﬂﬁ‘i“‘i‘% t he
sane as or sim h@af atlst $iR vidcRiF e U&Q!IQB?’AMHEJ Iﬁ’@en’éaﬂ?exﬁl‘;dﬁ%ﬂ@{té $he FOr

exanple, if the block copol ynmer that be sel f-assenbled in the

trench is a pol y@lvw@métqan;béﬂmttmmb@ PrbsiEate auréacabﬁiotfcd@pwpmtb@rer a
pol ystyrene honﬁgl d%ﬂ@%@@&y%ﬁ {1 & gét&?le stupfa% &Jrfﬁ&?ﬂg&ﬁ%ﬂ%ﬁ'ﬁg

surface of both S to provide trenc s that are
sel ectivel y wet tresklinied frdymperlys tegar baamesedhlfox:éxamﬂalet tnenﬁdedh«s@stmﬁé ymer ;

or a pol ynet hyl net hacr,yl,at e honmopgl r rafted t
oo L e S bR RP et ot o b B it i ¢ 1
si dewal I s that @Etﬁré‘s@écﬁ@d &6 blockvet 4 Bidcibyopbende lay Wal bydermaikdtambied at e
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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., 0.1 to 5 nole %9 of a hydroxyl-functional nononer (e.g., 2-

hydroxyet hyl et hac and/.or para-h %s rene in the

honopol yner such Tﬁétsgtfsﬁ'éeﬁﬁ}ﬁ?ch P % ‘i’lﬁcé’P 8 3g. , by
form ng hydrogen @?&#@ﬁe—&@&@i&ﬁyhﬂ&ﬂdiﬁ)lat%ibﬁbckQ@p&&ﬁléﬁ@&b%ﬂkﬁl@l ng
surface. [48]1n certain enbodi nents, a substrate incl udi ng

plurality of |itPOB EBMCROIypehsinaagristerass conplyms cap bﬁﬁeﬁeéas usi ng
etching technol ogy ., ko gxanpl e, a substrate having a surface
including a plura ?ty o? weirs can be prepared by the foll ow ng

nmet hod. A | ayer of thickness Y can be deposited on a substrate
surface, [4hd t he | &yesrtapeamsdimentse pelymet patctlciae e erobshigked, fQ‘Iographl c

Lochm dues o T o6ilydld 0POGRSRDY, Al 5. AP0 05 huidf] BRLALT | N0
Yi_ fo\r/\p]‘l ng a surmlm?mgreqpmrn@mem§crﬁﬁinallaﬂtdanb?m{se@tﬁ& tof 4\(/)\,1 dth
n ereln n can ro | rencnes

(6 0. "V Ehogr apnpeiitrios Sibey b ot AbePUaRvh el o es e endl 48 f or
sel f-assenbl y of pdirixinda enRobalyseyrenespslgsiethilBRethabi9T28d MAnddre t&olinkg, t O

Figure 2, block copolyner 100 having an inherent periodicity of L.
can be deposi t edh® BolyByienein thgrapdos conplunarsanbs eeresstipling st @gtal to Y

wi thin the plurahbbdrob UV SRGHSH. ﬁ&mﬁﬁ&%&é@{l& b pFl}&%?na?’caanGOCk

copol ymer 100 can then be annealed to all owthe bl'ock copol yner to
sel f - assenbl e arndadesrasslivkeble by éacduding aymedl amovat (egf, Oall todrmelePngf a

| amel | ae 110 an t.i al I t he
substrate surfaglé&é%%§su%)s%%%ot1?§lgﬁ3ﬁ&r§é? é?‘% %ﬁ(\?\n&t%%% E ench
si dewal | 60. Larmcbrioaar)]oi@ phhtat:hdnncdllycbeosaluﬂqablsttnolubmeﬂ((e@f, diivimyl
sel f-assenbl ed t%I ock CQ an be cro sI nke Referrin

Figures 3 and 4, °%°"f &% rﬁérap?)ztl‘fqnbﬁjihygsftyrﬁ'&? hﬁlpo %F&é 30 can
be renoved (e. gotheHSXdﬂgal&M,?fhe@B%&Enﬂf@hn@e@ﬁﬂdﬂ@cﬁﬁiﬂ}@lﬂhrtO form at

| east one opening 240 epth of 'Y, Such openin 240 are
referred to her ﬂog?mﬂ fcr%?g@gﬁglf’@éil%%?%%‘?al %@h@eﬂ Seiings or

trenches. 1501Thgs)bf 2aRAAN]CMICPBRIYIRMIERT LREFNRAROMBESHAT
trenches 240 can then be used as guides for self-assenbly of bl ock
copol yners as dé&gs pq;@-gmdomethy]stymne) Alternatively, or in addition to, in some

- embodiments, crosslinking agents can be added to the polymer mat. A wide
variety of crosslinking agents are known in the art and include, for example,
the combination of a crosslinker (e.g., 1,3,5-trimethyl-2,4,6-
(triacetoxymethyl)benzene) and a thermal acid generator (e.g.,
cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate).
In certain embodiments, the crosslinked polymer mat can have resistance
adequate to withstand further processing steps encountered during the block

copolymer self-assembly process.

[42] Alternatively, in certain embodiments, the substrate surface can be
modified by preparing a hydrogen-terminated silicon surface. For example,
a silicon substrate having thereon a layer of oxide of thickness Y can be
etched (e.g., with a plasma etch) to form trenches having a depth of Y" that

is less than Y. The remaining oxide, having a thickness Y minus Y", on the
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herein. The sidewalls 260 of such self-assenbl ed copol yner defined
openi ngs 240 can be forned from |l anellae 110 including the
crosslinked bl ock of block copolynmer 100 used to define the openings.

Referring to Fi gut. 4 5 eco bl o opol y.ner, 30Q.. i ch can
be the sanme as o?ﬁlgofﬂ Fp %%gen?ahtbﬁér{n%‘iegg?{g'cgggP%lﬁgqéyf%Etﬁ et I?%Q%Defi ne
t he openi ngs, catenidvesmatiee deifosn thedilaod subisnge) Raviaga Hedi6gdnbed her ei n.
In certain enbodi nents, the se)|f-ass | ed copol r. defi ped opening
can have a fl oorteﬁ@(‘}atﬁﬂé‘ﬁm nss"‘ﬁ%ﬁ‘?' ?Q]eﬁ&gfoﬁﬁﬁmwnﬁ%gg‘é@%%faf%caé&@h
bl ock of second {eackr &ARPIY BHaIRIR: sbBGats Qlrfac@ AL B SRy T

defined opening has two sidewalls 260 that are selectively wetted by
one bl ock of secBerd obp erchesvpeying newod-weting withgppetsito edchdiockefand

copol ynmer 300 is ETH R PY: i l.ock of
first copol yner %Eggﬁoﬁgﬁ}egﬁlﬁg& lslllsﬂ e\ﬁ/g?iﬁss?@%%r%gft ﬁ{ﬁ%gsﬂsaﬁ%f%%%e | ed
copol ynmer def i negkaopénifitigsbl@dopolamdr isheohstyfenadsmigrhablylmethadryiaer
defi ned openi ngs,. have a w dt h, of i Q rein can be framlto
15, and 150"+ o aiBe RS Enfr e bl FomBier TR e R Bty
300. Referring twetfh@withsespeohttbobh blotkssdfent BsdradhdtRnES, second bl ock
copol ymer 300 can be annealed to all ow second bl ock copol ynmer 300 to

sel f-ass le and formw thj n.each self-assenbl ed copol yner .defi ned
openi ng g% a sec @%fﬁ {?‘?dérp?lgr’??&{rfﬂﬁﬁeq‘%m%%C%Mﬁc"@% t hat
can be substantigbiy aREERRATH: G BomlLhydRRes thSidaBlRiIRYS fintee 8,
substantially in register with each opening sidewall 260. Figures 4

to 6 illustrate APSTEHBHRHRNTOL SamplechsHytionpoptining menemei @#h of each
trench 240 is Als@ine, ARyl WMRcrlatBShl a%r%@%gkﬁ?m 1@ a8 5 h@g}&s,

However, as discussed herein above, mca romlto 15, an

accordi ngly froneipedively) ped ¢ tdirabinitiatoméd-£-aleenagyl iperoxids)dan be placées e
enbodi nents. Opt|j anel. 8 [ - f . ck; of
sel f - assenbl ed sdgg};aﬁilld‘l (%?%%Eé%é%agﬁ%y%@rgn%@ggcggﬁ&%éeégegrtglsnslqm{t%ﬁrg%l.a ical
151] Ref erri ng t poBinguizamndreauitngin ancatraseditinggedyhargedfiedeo h2Gilicon e. ,
fromthe first set. of lanellae), uncrosslinked |anellae 320 (i.e.,
fromthe second Sgrg?ceof | anel | ae), or in certain enbodi nents both, as
illustrated in Figure 7, can be renoved by nmethods such as those
descri befidber ei n. Iuetthie embadiynen®vasubdstrage 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.

17



polyneric material can optionally be renoved fromthe substrate,
resulting in sub-lithographic trenches 340. [52] Referring to Figure
7, the resulting pattern including the crosslinked |anellae 110 and
310 can used, faqr anpl.e s.an.etch.mask, .t .0r

sub- |t hddPhpni ¢ ¢ oRERaEnspos e EiG e O pduiBbd crepRe

sub- I'i t hogr aphi cpdlyseyteitamseid@sisté) poBeletjaciatTBdsed fesibtsCad optional ly -
be deposited into sub-lithographic trenches 340 to form .

sub- | i t hogr aphi cCoBRRRGERS theres ok example, ddheibletk cwolmesipbvillbeselly o
met al - cont ai ni NGsERLALI 1@lthe YNk Iy %s%ﬁe&%ﬁ@%&ﬁyln{eﬁ{ac@?&@é@ﬁ%ck by a
vapor deposition nethod, e.g., chem'cdl vapor” deposition (CVD) or
atomic | ayer depwsplyingn a@palySiyramebagsd resif casrtearsed/ielopeatet thpaclas mdilict i ve

mat eri al can be i r WAl

ol yrrer composi (ST At ik fe B VAT Ar By BRI sEORLALPLAG.

g\loati ng, di IO coaioquigmeﬁ pr apoig@ﬁth)agglawbaeﬁrml sistati basset hEclfraﬂDT g .
ternatively, or in additjon to, the resylti attern including the

crosslinked | ameTPges _%‘Sﬁjé’wﬂg%@?t ?%?elggﬁﬁﬁlwggg%@ ®deposi tion mask

for depositing goadkflRkthi@yigie bldkeP HRMdH\EpRymAON- conduct i ve

material) on the substrate surface. In sonme enbodi nents, the

resultin attern pncludin he crossl.i nked | | Lae can ingl ude

met al -cpﬂfi i ni ng !%%éﬁma@sgﬂﬁﬁ%t RO eﬁlo@% fregxar SIEFE 5 i s

a top view of d%}’lk&?ﬁoﬁaﬁe'bhéeﬂ%s{sﬁt, B6lyinBthfintaerylate-¥dseeBBtsdown on t he

patterned surface of substrate 10, optionally having polynmer mat or

brush 20 t her eorpolystyeenstbasidaesistaie. | adudinpdeivatizdpobsprengpasings to
trenches 340. ThLlS«s tg}]? cBﬁ%{ﬁla{i&{}Qhé?@&f.t ern including the crosslinked

| anel | ae can be useai or exanple, as a deposition mask for
depositing a material (e.g., a conductive or non-conductive material)
on the siPBdtrate shircereia emhpdisentss theessipt capfoiona ma@l-eqniginipg layer

crosslinked | aggé. % Afn Qiﬁﬁljrﬁz%iﬁfd‘% slé:}%@f t?r?ot'ﬂér?%ﬂaiﬁl%fnbgeﬁﬁ{émsf’the ?ﬁisﬁﬂeet ch

mask for etchi he surtace o rate I'n register’ wt
openi ngs to trerehfsm3dilicas-cdasiomgiecr,abpd te.treRdres exahighdydd n one

enbodi nent the substrate.surface can be etched,usi.ng the.crosslinked
el | ae s an SUCRAlOmEA PR ArRG S drt SR b arhe R
optional |y be remsttde carte Oalivduokide €Sima) laydrad sili@ngitrida(SisNy) layer,

net al -contai nin terial, . 0 tive polyner, and/aqr _a.

met al - cont ai ni _ngSl ‘CB’E)PW?é’Fb‘%dgrﬁggblfaé{ " B8 c%gb"&’é‘ﬁﬁ g pﬂtlﬁnﬁgy@
sub-1- t hogr aphi goibsGRESoflofe bRENbEHEblokk BB RRR o Sofdiuettb e | 1 nes.
I n anot her enbodi nent, the substrate surface can be etched using the

crosslinked | ansilicerzcepaining suréase hbKh sidpyallsdpraravidegrepdiey iR c
material can Opgfd%ﬁisltr{atg?e defelhY wetﬁéﬁdor))théb'llo% bflfe %E@édgei def- 0-»
(0] ow dal

non-conductive nmaterial having a hig el ectric constant, and
in certain enbotliaerihssamel agwr singlbetotthe graiehsmapblyer o thie gidgealls.

SRR L R L R N R R

Al ternatively, teichasbpdlysgihs bipolymuishntthergnwsitlodioegolyaeh| ae are
netal -contai ning | anell ae, the resu{jtl nﬁ tructure can. i ncl ufde
conducti ve | i neBolY#fEnsRoReRolymd Grt Po#aTe] 9y dlicogmopiginingariese de

provided to forgg sfiewhEEoiphoWdl edhchddSvitNWaIE MBt dré B8tiREIP wetted
exanpl e, transistor gates. 15410ne or nore additional |ayers can be

deposi ted to fobwihe pebpivese bfask of the block copolymer; or a
polymethylmethacrylate homopolymer 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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exanpl e, wherein sub-1lithographic conductive |ines as descri bed
herein can be transistor gates. [55] The conplete disclosures of the
patents, patent docunents, and publications cited herein are

[ ted b fer, i.n _thei tiret i f .
 ndi vi dual 1y | noBPBBYEdGr Galpe BdonStmel HePing MaRGPArPEr A6 Rd o

t he enbodi nents gesss (elpg Hyex@ighoups) dndloe aRMBimpRaRE AL (ERQDE to

skilled in the art vm'ot hout departing fromthe scope and spirit of the
present di scl osu? 81019 %) efrdiderxgbiupptinakmeemer ke thi s discl osure is

not i nt ended {0 kel kit fRorpR A ilokS kI Rh R RIBAGNAGALS and
exanpl es set fort’h hérein and that such exanpleS and enbodi nents are
present ed by waysugh thakdmbldronyligyoups cin intseact Gapdydbrmihghyfiregshosdipe
intended to be Ijm . | ai .se rth herein as
foll ows. Wat i %o%]%%ﬁné@é)&@%hé QECO%"C%F%I%S&H%%' of patterning a
substrate, conprising: formng weirs and trenches over a
subst r at 48}t he wei Escertashi enibddandnis, € subpirats intlpdangsglliralityo€nbl ed fi r st
bl ock copol yner ri.si a.first .set of alternating.la | ae;
Form ng. o second Sl g Rhenih i ot meRe iR SRR gEendiGey
sel f - assenbl i ng Rdrexarsendubdtackhaempalsyifese itdlidinga blaglity evedesart 0
forma second set of alter a%ing_lanellae Fﬁthiq{individu | of the
trenches. be prepared by the 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
nL,, 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 pertodicity 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 substantiaily in }egister 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 described
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2. The nethod of claim1l wherein the first and second bl ock
copolyners are of the sanme conposition. 3. The method of claim
1 wherein the first and second bIock copolyners are of different

conposi tions. herejn, ;I_E'&varﬁggg’(? %ql@éssemlblgw%ﬂp v t{i]%/ ng Ir;?gﬁ'?d

trenches are forned to ave su

si dewal | s. opebingd P40 c‘ﬂﬁtbh@dnﬁﬂ ﬁ@hﬂamllaev!mﬁ:eﬂlmhrtghbe sesstinkkdol ock
The nethod. of claim1

| .
wherel n 1 e secdihAdLIERS Eepirgid POBF?ddP define hé opentngs. Refaring o

Figures 4 and 5, a second block copolymer 300, which can be the same as or
different than block copolymer 100 used to define the openings, can then be
deposited and annealed as described herein. In certain embodiments, the
self-assembled copolymer defined opening can have a floor 250 that is
neutral-wetting with respect to each block of second block copolymer 300;
the self-assembled copolymer defined opening has two 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

e 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 lameliae 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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to self-assenbling has a thickness equal to or | ess than depth of the
trenches. 7. The nethod of claim6 wherein the second bl ock
copolynmer prior to self-assenbling has a thickness | ess than depth of

t he trenches. ' rel i.dewal,l.s of
the trenches aref %@P 8’?‘{ ?%Jegﬁ?}%tg ﬁtgo&g{g{/g%%@%g%do%g&é% S?‘R%‘”aseeé%‘%% B ock
copol yner . mn suB-lithidgeaphiettivaches84@| ai m 1 wherein fl oors of the
trenches are neutral -wetting to each bl ock of the second bl ock

.m 1 wher I,dewal | f the

copol yner, 1 T .hod cl aj in s
trenches &k sel ec%e\f/ee 1)% ‘@% er?j7’§ye Ibeﬁ'ghﬁ %aétﬁmolf’aﬁ{f@g _ @69?811“3F ck
copol ymer and f | narBa«l10tdné 310 emdRaesed fd cR@tipieadsaneich nidgk tofoach

bl ock of the second. pl ock, copo] yner.. . 11, The_nethod of claim1l
conpri si ng renov?“ﬂgng‘?ﬁr@hﬁaﬁjnﬁ S, g sebsEatgAn fagwster wthsulbthograghic

al ternating | amekRRes30! Recoa@ERNEmaR all @n bRidRaAP 68EEDSieMEH Sub-

| anel | ae were renoved. '
lithographic trenches 340 to form sub-lithographic conductive lines. The
conductive material can be a metal-containing material, which can be
deposited, for example, by a vapor deposition method, e.g., chemical vapor
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.
Altematively, 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 pattemn 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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12. The method of claim 1 conpri sing: renovi ng alternating
| anel | ae of the first set and alternating | anellae of the second set
to forma mask over the substrate, the mask conprising mask openi ngs

where | anel | ae were_renmved: .an . 1. MSI .t he S Lt h mask
bpeni noe to ot chidimaEBpRs) Mithe depasted in e MFOGRIRT FerthédRtar  he
mask. 13. Toad soelithodraphic eb@dutiive RSP aabther embodiment,@ROVI NQ
alternating | anel | ae of {@he first sgt and alterpating | anell ae of the

second set to f oPURstAte R face cARbecirlied Hag th crosslinked lﬁﬁé%e@éﬁbﬂcﬁ‘i ng
Mo Che. Mok op e R o "t he
material is condgulitng material (e.g snonfieadyativemategal haviagmhigh aiew ei n t he
material is non- &QIQQHS E&n\é{%.nt, and in certain embodiments a low dielectric constant to
minimize capacifative coupling) can be deposited in the sub-lithographic
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

exarnple, 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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16. The nmethod of claim 1 wherein individual of the trenches have a
w dth of nLo, wherein "n" is from1l to 15 and Lo is an inherent
periodicity of the second bl ock copol yner. 17. The met hod of
claim 16 wherein individual of the trenches are of constant w dth.
18. The nmethod of claim 17 wherein the trenches are of the sane
constant w dt h. 19. The nmethod of claim1, wherein the first

set of |l ae are of the sane el evational thickness.
20. Thgthg?hog:tlhmglda{%] 1 wherein the second set of alternating

| anel | ae are of the sane el evational thickness. 21. The net hod

of claim1l erein t first et of alterna ing |ane| | ae are of the
sane el evati'onal At'ﬁiegli‘?l‘"éé% pfr’} TR0 Sesyhstra %%mar'ﬁmiati ng | anel | ae

are of the $aRing QVakd o t?@héﬂf@@sévéW"aC@ub%tr%%éf%Sni}veﬁrrso"ﬂélb?duéﬂ
the first set of "alternating |anellae. The nmethod o clalm

21 wherc@iMPiisie dek eself iass@m blgide Knstsblask pneotm@momrl@ngaatferraﬁaaetngf

| anel | 3 'rﬁa{ ﬁgqam%é hat of the first set of lanellae. 23. A
nmet hod 0 rning a’'substrate, conprising:

forming a second block copolymer within the trenches; and
self-assembling the second block copolymer within the trenches to

form a second set of alternating lamellae within individual of the trenches.

2. The method of c¢laim 1 wherein the first and second block

copolymers are of the same composition.

3. The method of claim 1 wherein the first and second block

copolymers are of different compositions.

4, The method of claim 1 wherein the weirs and trenches are

formed to have substantially perpendicularly straight sidewalls.

5. The method of claim 1 wherein the second block copolymer is

substantially symmetric.

6. The method of claim 1 wherein the second block copolymer prior
to self-assembling has a thickness equal to or less than depth of the

trenches.

7. The method of claim 6 wherein the second block copolymer prior

to self-assembling has a thickness less than depth of the trenches.

8. The method of claim 1 wherein sidewalls of the trenches are

selectively wetted by one block of the second block copolymer.
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formng first trenches in sacrificial material over a substrate;
formng a first block copolynmer within the first trenches; _

sel f-assenbling the first block copolyner within the first trenches
to forma first set of alternating lanellae within the first
trenches; removing the sacrificial material to form second
trenches over the substrate, the second trenches conprising sidewalls
whi ch conprise the self-assenbled first block copolyner; formng a
second bl ock copolyner within the second trenches; and

sel f -assenbli, ng The seefiud bbPcdatepal ywesrem t ibbrd hef Seeoneed ¢ hese

to forma second set of alternating |lanellae within the second
t r enché&eutral-wetting to each block of the second block copolymer.

10. The method of claim 1 wherein sidewalls of the trenches are
selectively wetted by one block of the second block copolymer and floors of
the trenches are neutral-wetting to each block of the second block

copolymer.

11. The method of claim 1 comprising removing alternating lamellae
of the first set and alternating lamellae of the second set to form openings

where lamellae were removed.

12. The method of claim 1 comprising:

removing alternating lamellae of the first set and alternating lamellae
of the second set to form a mask over the substrate, the mask comprising
mask openings where lameilae were removed; and

using the mask with mask openings to etch a pattern of openings into

" the substrate under the mask.
13. The method of claim 1 comprising:
removing alternating lamellae of the first set and alternating lamellae
of the second set to form a mask over the substrate, the mask comprising
mask openings where lamellae were removed; and
depositing material into the mask openings.

14. The method of ¢claim 13 wherein the material is conductive.

15. The method of claim 13 wherein the material is non-conductive.

24



16. The method of claim 1 wherein individual of the trenches have a
width of nlLo, wherein “n” is from 1 to 15 and Lg is an inherent pericdicity of

the second block copolymer.

17. The method of claim 16 wherein individual of the trenches are of

constant width.

18. The method of claim 17 wherein the trenches are of the same

constant width.

19. The method of claim 1 wherein the first set of alternating

lamellae are of the same elevational thickness.

20. The method of claim 1 wherein the second set of alternating

lamellae are of the same elevational thickness.

21. The method of claim 1 wherein the first set of alternating
lamellae are of the same elevational thickness and the second set of
-alternating lameliae are of the same elevational thickness which is different

from that of the first set of alternating lamellae.
22. The method of claim 21 wherein the elevational thickness of the

second set of alternating lamellae is less than that of the first set of

lamellae.
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23. A method of patterning a substrate, comprising:

forming first trenches in sacrificial material over a substrate;

forming a first block copoiymer within the first trenches;

self-assembling the first block copolymer within the first trenches to
form a first set of alternating lamellae within the first trenches;

removing the sacrificial material to form second trenches over the
substrate, the second trenches comprising sidewalls which comprise the
self-assembled first block copolymer;

forming a second block copolymer within the second trenches; and

self-assembling the second block copolymer within the second
trenches to form a second set of alternating lamellae within the second

trenches.
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