METHODS USI NG BLOCK COPOLYMER SELF- ASSEMBLY FOR
SUB- LI THOGRAPHI C PATTERNI NG [ 01] Thi s application

w@b@sog77péi ority to U S. Patent Application SePCHIUSIN08/052022

[01]

[02]

[03]

11/703,91 1, filed February 8, 2007, which is

i ncorporated herein by reference in its entirety.
BACKGROUND [ 02] Menory devices are typically provided
as internal, sem conductor, integrated circuits in
conputers or other electronic devices. There are many
different types of nmenory including random access
menor RAM), read only nenor ROM) , dynam c random
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access nmenory ( SDRAI and flash nmenory. Flash nmenory
devi ces. havEORe Sl el AR ATIOKATA TS BRI ENGY
non-vol atile nenory for a wi de range of electronic
appl i cations. Flash nmenory devices typically use a
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persq 0 ters, personal digital assistants
(PDAgggkﬁgﬁﬂﬁgrg@gﬂ'ras, and cel lul ar tel ephones.

Program code and system data such as a basic

i nput/out put system ( BB K&RrRO(yKNIxally stored in
flash nenory devices for use in personal conputer
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However, further rédudctions in size are often linted
by t lspndhowseus Himantic odnddimaasss omsndrii &8 DBAM b endifitshev ed
using litho hi ¢ nethods., For exampl struct ures
Such TEEEn B ok MEmorY BACHAY e ERED i o pubYfsr St
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produce by standard |ithographi c nethods, and are
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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.

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



[04] Attenpts have been nmade to prepare
sub-lithographic features by other nethods known in

W bh@sm1736 For exanpl e, el ectron beam (e-beam PCT/US2008/052022
l'i thography and extrene ultraviolet (EUV) |ithography
have been used in attenpts to prepare such

sub- | e

pe. cABaBReleBn o B8 Mot R a5
W despéttads, bJIS(Earefreféﬁéd]théiﬁ)d§ "fubdithaeapHicnpsurd. by

di fficulties including, for exanpl e, high costs and/or
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exanpl e device or device conponent illustrating the
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top view of an exanple device or device conponent
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DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBOD| MENTS [ 08]
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Appl m@hwdsrfoﬂmbparhtwuba@mﬂgrmﬂﬁ@mrdﬂ (BI ack et al.),
2004/ 0142578 AI (Wesner et al.), 2006/ 0134556 Al
(Neal ey et al.), 2006/0163646 Al (Black et al. an

2008 B35k 5kaa§éﬂiéxi‘dm&ﬁ°ébqu 2004).

Bl ack, Applied Physics Letters, 87: 1631 16, 1-3
[06] ( 2005) Figncts Yaoeigueide etewalof an dmnmpiaﬂe\dée @fﬂﬁvtﬁp@bmment

Sci ence and echnolo 9: 385- 38 2006). For .
exargBieh 1 S GrABHLEHIOf Pt 1 0 Ve EHBRTRR U Heen
used A odithGeSof REthS®! ihcla@Re BRI 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, /EEE



of bl ock copolynmers to provide sub-1ithographic
features. However, the maxi num w dth of each

wo paokogr7aphi cal |y derived trench is typically PCHUSI®AS/052022
toamltiple (e.g., with an integer nultiplier in
certain enbodi mrents) of the inherent periodicity (LO)
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of a substrate that can be patterned by such known
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bl ock copolymer to self-assenble. In certain
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the substrate surface and substantially in register
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for exanple, as an_etch ,
block copolymer on the substrate surface; and annealing (e.g., thermal
annealing and/or solvent annealing) the block copolymer to allow the block
copolymer to self-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



mask and/or a deposition mask. For exanple, in one
enbodi nent the substrate surface can be etched using

wao b®so93s!| i nked | anel | ae as an etch nmask, anyPCT/US2008/052022
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remai ni ng polyneric material can optionally be
renoved, and conductive material (e.g., a

met al - cont ai ni.n .eri.al a _conduct,i ve pol vier.,
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i ncl ude conductive lines. One or nore additiona
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substrate.. | n one _enbodi ment, the method i ncl udes
pr ovKAMeEF ) §§8§%lﬁ%¥2€ tHRRYR glicledtls FopsEnt et dess Shaél or
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height Y to forma surface topography of weirs and
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i nherent. periodicity of LO; .and providing a secand
bl 0ok B THEL e g AR s S ePhEth ol RgRSpal;,
[ 11] 1 et topBblRaé prgvigetd f5imh b deeict apeBichpiyconancthe
prepared using, for ‘

lines are, for example, transistor gates.

Certain embodiments of the present invention provide a method for
patterning a substrate. In one embodiment, the method includes providing a
substrate having a surface including a plurality of spacers (or hereinafter
"weirs") of height Y to form a surface topography of weirs and trenches;

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

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

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)
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exanpl e, lithographic nethods. In certain enbodi nents,
the substrate having such surface topography can be

w@e@passes by a nmet hod that includes, for exanpP&r/US2008/052022
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depositing a resist (e.g., an e-beamresist and/or a
phot oresi st)on a substrate surface to forma |ayer of
thi ckness.Y, wherein the substr a urf

(o o TS SEATe Do Fothd Bt By BEfR pugrrre
pol YRk a¥BifaceqB G/ @myarc@e@ftérﬁﬂnd@&i s)lli&fn) a tRélinked polymer
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sel ectively wetted by one block of the first block

copolfiove that ismenmdt westing with despeettto cadhebleekoafithafizst hlagk ng
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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).

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



thi ckness Y on the substrate surface (e.qg.

sel ectively grafting the neutralwetting polyner to the
WO k@896 t he trench). [12] The first bl ock copol/ysmns/ 052022

havi ng an i nherent periodicity of LO and the second

bl ock copol yner having an inherent periodicity of L'o

h .knd d I di bl ock I AR
copor et kAP Brotte B pliredid R Bl har SO

t her e@afl L' @hh botheMamehr diffatt! & certifbadbsmmbsedn and L', can
self-assenble in a | anellar norphol ogy. The inherent
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or different. For,  sone enbodi nents at | east qne, and
in céptoar ploskisenermsiscap be ﬁl}bswltlﬁﬁésxmmgmc ok cond
bl oc mers can be substantially symmetric
diblggﬁggg%%lyners. [13] The nethod for patterning the
substrate further includes: depositing the first bl ock
[13] copol ynEne mathbé forqatiemningt the subsfratedurther firmplwdea: deggsitingthe

bl oc R BTt Rap Yy e e SUBTe Rree FPER e o ickes

copoligeBianto? e§@dl to 'S se1vhligy @B dirdt Bl dBkWopbllyheERGEr thaBHEN
a first set of lanmellae that can be su stantially

per péirfisublaek eapobymeer $o bat-puembloand deren within each trench a

subs t] I Legi i : ' :
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L Ihat Ehﬂﬁz@‘delaldé Suka;tefnitiﬁlgjz ihlegier ofithtdaeh setdhaskentl] adsdinksig a
ock copolyner; and rempving at | east a portjon of

mat ePPEIonfSihf firgt sehel wmellae that ingludess ﬁwsé'a‘gt:k Fige selt

openi i Y, . '

ae. ARl 0 FofERpOlRer and (ERE Bk ol AN e foRRu TRl Bk

eac h fiohook thefwditseo fegoatdedst awkopenipglbywipg a depib of Y'. The at

sideywal | s that. are sel ectivel tted by..one bl pock of
the. LSS BEUER Mun BPHERtS auta el tervig Fspoch o cack
wher gjdek B Rbehd 18R bpbBmks; twhhelcwrlih et hldlstloedvely
i ncl udes depositing the second bl ock copolynmer on the

substetedby and bloek oothe seqend blagl eppdimetijagk Agdthjo gxl'o,
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sel f sansseblck capslyher 6n ik istibstrate@rfate 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



| east one opening a second set of |anellae that can be
substantially perpendicular to the substrate surface
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sidewall. In certain enbodi nents, the nmethod can
further include crosslinking a first portion of the
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conblna i"ons

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

acrylate, methacrylate, or combinations thereof.

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.

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

interchangeably and mean one or more than one.



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

W@ 0uBiosEsé ons thereof. [17] As used herein, PCT/US2008/052022
"subl i thographic" is used to refer to structures
havi ng one or nore sizes or dinensions that are | ess
than the m pj.num phot ol i.t hogra fea [ E
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As used herein, "a," "an," "the," and "at | east one"
are u&@ﬂwﬁﬁterchangeably and nean one or nore than
one.[19] As used herein, the term"or" is generally
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4, 5, etc.). [21] As used herein, the term
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[22]1 npl enehaitiova beitf daschiptioat dfodsousRatbvdimerds abthe methods as
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undertist methothat destritexd herdiodilheeromernppariont andiappreedtedriy

structural chan may ,be .nade w t hout de ' f
the Seton R BTy RSP il S i SEREAT S, Lo de
descrabfrthdAemeidiaving! viehd @ ekio GRRANNBBEE thanbiheh are
pol ymers that include one or nore | ong sequences

(i . e embogimssksnyy be uilived gadsirpaiwiehehengesypit pespade without
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[23] The methods described herein include block copolymers, which are

polymers that include one or more long sequences (i.e., "blocks") of the
same 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



Bl ock copolynmers are typically naned using the word
"-block-" or a "-&" to separate each nononeric unit,
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word "-random"™ or an 'V-" to separate each nononeric
unit. A wde variety of bl ock copol yners can be used
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copolcypslymef.i . €., copol ynmers having two bl ocks),
tribl ock copolyners (i.e., copolyners haV|ng t hree
bl ocks), multibl ock copalyners (i. copol yners

[24] havi ng Pﬁﬂ‘éc ktqonn Wse@n@led’éf&‘50r Cﬁ‘ﬁ%in emhpimgnisgr gnethods as
t her %%gcnbe eljéﬁ‘lt Iﬂﬁ’iﬁﬁ)ck Q}stt':gﬁa'b@s Bsfa%hal‘?}p%'ngrg&tﬁﬁgﬁ@,

bl ock copo ock copol yner ca
sane tchvcﬂnmd tfrfaf:tecrreasﬂthct ﬁa;n blobb 153®1bstanhdbllyahé<sampasl thereslume

[24] Di bloc can be used.for cer t ai
oo RIS B SerOPH BIRER L MeREmeB I Fofis Ry Brssioe of
c °p°|tﬂms§bl%§915l%ﬁb§é{9ﬁh? aiﬂf&éAtXha%ytmsmhfé fldctiSn of t‘h@e

vol une fraction of irst block is substantiall
t he sesadddockheAyosadrierdinzath blnclof)f 1 hbstetighdsybinekiy

T AV NIRRT N T RS

fr acteh@bleék s Lﬁl@?@lﬁfétrm ABlotk cholHEEthabaRBiute Ratidn of
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has desydhaned o1 greatpiothan p.of rS@hizt@.ltmllwymn@.mfA@b
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0. 6. s8flasdemidldsad fqnnslymafmer al.e., ghdetsasflone apodrigirentalcaan] Wih
used for enbodi ments in whjch the dibl ock copol ymer
sel f ApiBermriedal).dnsgpmeingiblpgecqnolaners sypha Wedforgne

mat e, hﬁ‘)bdﬁf%? hl ocﬁp\‘h\é‘ﬁdwqo EB@B&E&QIP%S%@)I@S to form other

unsymretric copol yner e used
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assenbl s t.o f tru j ncluding, f

e amprEoelins Bato LT i B Tl i arlohealid tiagk
t her @gfolyfmer, bomtth Hist hiltPihe Bt BeocR cﬁgdﬂ%ﬁneﬁ&@n aesecond
bl ock copol both the first and the second bl ock

copoBWwﬁmQaghﬁwb@ﬁ@thMaﬂt@HWﬂWM%ynnetr|c di bl ock
copol yners. [25] Each block of a bl ock copol yner can

[25] assenbl ﬁac‘h%tl(g)ckaofq(%)rl@dkncogglryh{ég 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
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different t t he inher
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nor phol ogi es. [26] For certain enbodi nents, each bl ock
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not 0 y I'n ructure o meric anits
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incI ing, for. ex ,ph i propertie e.g.,
nech k ‘H@Fﬁgﬁﬁﬁﬁyr%ﬁV¥§%% 8ﬁ§W8ﬁm“MéPfgﬁ%Plty

and/ Q3 @inithitd. tHeYnonasksGRIEM LAl BELRBEblEshifs@a@have similar
solubility, chemical reactivity, susceptibility to

r eno\phsita ehd clopraisa] paepbtides. susceptibility to
crosslinking reactions) For sone enbodi nents, a bl ock
can include .a

o o, LR PR B R ot o o) o
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-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 nents, the non-crosslinkabl e and crosslinkabl e
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(e.qg., IyethyleneOX|de pol yol efi ns (

poi yirees padsnendiric o Ry sIAbAARBHE lonortyedsny gyl arapesition
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deposi e sur
met hedatitg)ahd afrﬁ?mmidns klmawf ﬁmsmﬂ’len@ﬁo&skthlelbl(}dk copelymer
art. As used herein, "deposited on" surface is

i nt erfgeyP@llydediselurd e SRPer 4 1R QMR A 8- 2
sui t §§{;@?9§{Bﬂ?9 §Ql%01@?gk)¥1‘sfbg &fg%swg%h c‘éx‘PBé’héﬁB@fte& o the

sur f udi ng, exanpl e, deposition nethods,
coat isngacepbitbitis metivam sdreoptivetlhpbsrenavdd (.g.othnargh

avai |l abl e applic t ho Ex It ‘
et AP THET LT DI e ok CPRETER 00 1 GBS arT19ge
di p GRakhRPduriR R¥ubLahdii e depasitieanbdi nations t her eof.
I n such nmethods, the block copolyner can typlcally be

di ssol ved, dis ersed or suspended in a nedi g %
a sol veRnge the Rlock sppalymer hagibspredeosiied @?agﬁfﬁs@ﬁ ¢ Bleck

can l%gp(g%plgls éatneo% a%HeeﬁgHsto 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
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remai ni ng Wi n the scope of the present disclosure.
Ther eporiags. thrsh sicogeorafpening cpn bt exdimpdd, dishageaphicaipt

intended to be limted by the foll exanple., [32]..
i corpisd s RleoRiE ik bhERs PR T peigdla n

copolfyries deai heeir€rn Fot 8ehddbs ar Giohfnke én RaichRge onBotr
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The dBVI ce i nc es substrat
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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r espeepolygeeHeh apd betk seﬁevwaﬂé 6 phERIcBOp OPGHBE 40 pig
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or o%éfr-%l ng 4%%can %neg[g{) &Eﬁ&@%eﬁ § one bl ock
of the block copol yner. Sel ectlve wetting results from

[36]t he di fRefeainpagoiligiire gthe depasited oqrofymes I00tcar drentbeennealed

[37]
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(e.g., structures that favor hydrogen bonding). [35]

Ref emeipsgdicdarioghe swfare and s@staanhalbemtraglﬁtee dhehetnensh
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er ent GDOSI
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wet ti, &913"%%%{1‘%51 o @ga\%iel p;érag%ﬁb Rk 91?15wgﬁ 8?.,33%51%9&9&3/ mer

100, an trenc pening 40 are
constant distance from the sidewall) over a trench length of at least 10

micrometers. Figures 1 to 3 illustrate an embodiment in whichn =4 (i.e.,
the width of each trench 40 is 4L,), and thus, 4 periods of lamellae are
shown. However, as discussed herein above, n can be from 1 to 15, and
accordingly from 1 to 15 periods of lamellae would result in these

embodiments.

In certain embodiments, lamellae 110 that include a first block of the
self-assembled block copolymer can optionally be crosslinked, for example,
by exposure to radiation, e.g., ultraviolet (UV) radiation. In some
embodiments, the block of the block copolymer being crosslinked can be

susceptible to crosslinking without the addition of crosslinking agent. For
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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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can be made thermally and/or photochem cally
crosslinkable by including a small anmount (e.g., 0.1

W 2008/09B€ %9 of a thermally and/ or phot ochem BEl/U§2008/052022
crosslinkabl e mononer (e.g., para-azidonethylstyrene).
Alternatively, or in addition to, in sonme enbodi nents,

| i nki !
B A R T

agentsge@dd £ik BOWbpnitnt,REd & tertiderhbsditeets aftara usepl e,
t he conmbination of a crosslinker (e.g

|, 3, Expesuretoriliraviolet @1 ) lefwéietoxynet hyl ) benzene) and a
thermal acid generator (e.g.,
cycl ohe O :

Sy uo%@ﬁ@%ﬁéﬁ‘?éﬁﬁgg@&@%@f#ﬁ% 1jeEin,  substrate can
have,indlode eplargiteof lithpgrapladal tyedenand cahches,@per of wlsichnzh

| ower susceptipility to renoval.. [38]  Rennini
uncr GSEF2A &&}lﬁf%blﬁ%cw@%%{ﬁe%ﬁ%%eam Fyphigeeact trench.
sel eadibvieli¥s (efag'lfé‘éﬁ?clogxﬂgétoﬂ éubé’tﬁtésaér%gbétﬁrtré; ésgéiﬁlﬁietgjsi,ncluding

subsequent to crosslinking in certain enbodi nents,
| eavilitigogriphi catly sistiiverkieehchemesin|breordpbeddry mptboduiwelhkeown in

alth h removal .of uncrosslinked.lanellae.at, thi

St agd Lt e fot A E I BT O S ehiofory.

of sugbmu@whyctérubRehtd TRNGIREatdabiindlPesaRe Bérbikefers to a

copol ymer when it is subsequently deposited. A wide

var i etpicohdyrierrobisiratosuchafs pasiscinerdysior likedriaanmel | ae

are kn I 0 i NG i ng, 2 :

T adr g ol AL morR RS ey orregions

t r eatfomimdd, theyebn. CAdabE/Imipsmiae®s laygr typichlbylsarshicthe &swest

i mersion_in a solvent, ang/or ehghi g thodé such_as

r eact?¥fe of gHow BAieHY AAIVASHOBR ENFYR ERFTHFPOREH on another

exa n%ﬁerﬁé‘l‘" \&ldh @ﬁli@(%rp&ksagﬁﬁi?é y‘ﬁ’%@n b FeRn B0k YiSla¥ tER Substrate

- pol ynet y1nep acrylate ock copol yner and the

| anelakseenbilyiolatidisngrotdse stepd msy inerteeb pookoustyeused to form or

cross] i.nked, the remaini.ng | anellae incl udi t he

uncr GEES FRESESOPY TRy FHETHSEITST & 7Bt e prpares such

sel el irdRliMofsEABNE dreal, A FHEX DI Bplalki¥d PRdns Cvias lcintact

devel opment, and in certain enbodi ments after a

bl anlegeniagy dedliraspecd raiiotapaings,eapaiIy platedi kerigrp for] 39]

In certain enbodi nents of nethods as descri bed herein,

a sub8IHPE &n incl ude a plurality of

i thographically derived trenches, each of which can
[40] serve aReferriig tdFifune 1 biheekaiaepdlodimints eld suasteaeriirface can

within each french. .
be moditied by depositing a polymer mat or brush 20 on the substrate

surface and crosslinking the polymer mat. The polymer mat can be
crosslinked 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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Substrates (e.g., sem conductor substrates or
substrate assenblies) including |ithographically

wa@leosweri3¢ r enches can be prepared by met hods wedT/UR008052022

in the art including, for exanple, resist technol ogy
and etching technol ogy. "Sem conductor substrate" or
"substr " hergi fer
seniégHﬁégggﬁ%ggggr?ﬁ?%rgﬁ%%ﬂgg?gkggéglggﬁpé%ﬁgﬁ%tor

| ay erpolystydersebipo Bttt methacyhite dibkckavpaigmer)e cavsslinkable
| ayers, structures, or regions fornmed thereon. A base
sem dohstaeEs-palymethpshagylptesandare conaynesss be uasheas
of sidi ial on a wafer or a silicon |ayer
depoébégﬂgnﬁpgﬁgther material, such as silicon on
sapphire. Wen reference is made to a substrate

[41]assenbl In cerain ovisodimenteg®lBhapsatPiycah b erosderked, for

[42]

i I dto f . def i i ' ti
Vari TR, e ptResreds i we U dliva gddlipe, T ome
t r ansdnfo@irfent@eld YRyRECAS befhd cfréls%'!i?l%?a cahWRlsagteptble to

regions, vias, contact openings, high aspect ratio
openiaesslinigapwithewrthppddieen ofrapsslinkisg pgmt.c Bpraexamptss if the

etc. 0] Referri to Fi gure in.certain

erbod ity aro gt bty Bein bR Rpdrricasciaper
deposhé pdlgstfrepO e FariiBin @Eo@ﬁrﬂaﬁ BarBe ®Brobdimkaighst ipbe
surface and crosslinking the polymer mat. The pol yner
mat  ExRoEe ©Orlo¥ sadistiad Hesifwgher geamples hesdyyeigpatgan be

th [ - t ¥
one. BsEiFARbiQN AR SR8 it 52 AT Shndi£A5bea
enbodhérmiallg crosélmkableensmeinten ¢e. g.am béeroug ebuthe-crnvasing nk
the pol yner mat _and. at . | t | ock of the bl

copolp L) 9 aRbofoghAm ggﬁ%@ﬂ?ﬁ,le?ﬁ?@ogﬁr%&&%ﬁﬁcan
be depesit afd/ Qﬁ?érﬁl%zﬁ%’l%&{y?skﬁeﬁéj hd Be$oBfR@meat. In certain

depositing the Tayer of thickness Y on the substrate
sur f ather axani@ss; theypdyher matrcab bk ovade Thremell pged/pnk ed

S nd PR b aSsyRR e b7 inc B e h &rPROar 2B 1o

t 1 engib]©) QP e fhdithall P @Hd/bAphossIhemIG 1 1Wict d3sli@@PRGhortoher
each bl ock of a bl ock copolynmer that will be

sel f {agspbpiagometiidstygne) reteanatiyelyagien apgdition faippene

ifot C F I - )
o DB PRSIl g RO BRI R oty mat. 4 wice
cr osshifi¢tk abb@sginkyst apean ard kipoinyinehdyt aet hakidy,| fat example,

random copol yner can be used as
the compb?ne%ion ofa crossl?nker 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.

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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the polymer mat. [41] In certain enbodi nents, polyner

mat 20 can be crosslinked, for exanple, by exposure to
WO 20b8@9i7ec, e.g., ultraviolet (UV) radiation. PCI/BES008/052022

enbodi nents, the polynmer mat being crosslinked can be

susceptible to crosslinking without the addition of

cr ossl nki ent ...E -l r A% '

o por YL ARE B e IR, Jroh § QhIRIEL KR wifeh olsd

copolrgmeves afiee poidy o1 Yiessikcdnrsubdieate) dleadng & pddogemr can

be a crosslinking site upon exposure to UV radi ation.

For figpiAalpd gikigppsuatace.t Eﬁe Bylrgessy terpainated siligan sygépse can be

cr ossl.i kel udi ]

o 5 e ey e e R B B e R o ek
(e. g.flooaobe hzodydraipatiagercotal-aething gvithoagretrtp each @ock of a

Doz WA B b s A GERGTERY PERRY AT Eisey gk

Mat . kBRI IfFhdbIOEINEIpoBIRERY £PolystyRnB Yo ph P &R rAfte

made thermal |y and/or photochenically crosslinkabl e by
i ncl widblagk eopolpmhdr, thenbydio g¢retegminagedisiliconSurfadeecatipe ofutzal-

th L. / h heni | i nkabl
(o g et SR pe it AORORTHERL I RIPRDIGE ). "or T
addition to, in sone enbodi nents, crosslinking agents

[43] can be Bdd@thet embbdinieat, yis®tralVeditindranll ¢l cupdli@tiy coi be
crosslink“gg a&ents are known in the art and incl ude,
, &t

for EXMPP ed Eotityi fre p o diosenrtemitnied silicon spdags (28
.3, %ﬁf)srtxia lf%l;é 2 k3 Qxarﬂﬁl%,'a%ﬁh%%%ﬁﬂg DERGHAS e 2N
a thermal aci ener at or e.g.,

cycl sheend methylith¢tRaaylaty edddiednylbesednkamthematio 58 to 42 to <5,
trifluoromet hanesul fonat.e). I n certain enbodi nents,

the GROBSTIR QRS pATLITIAPT (i, 8 PSS REEDE Dlaced
adequates ﬁﬂr%&h@frﬁ‘iﬂgteﬁ WcB 5urPcL GRS A& BlifRSte free radical
encountered during the bl ock copol yner self-assenbly

pr oc @olymdrizafionareseltingtin v akytraliwetideg pelymeegbbel ivghe silicon
t he sulgscter ate surface can be nodified by preparing a
hydrS& =t ermi nated silicon surface. For exanple, a
silicon substrate having thereon a | ayer of oxide of
[44] t hi ckneBhsceMaimainbodirgdrtd) adulRrags inchitlinlg agplplaBgE et ch)
to f ?,r m trenches having a depth of Y' that |
ithographically 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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is less than Y. The renmi ning oxi de, having a
thickness Y mnus Y, on thesilicon substrate can be
WO 20mved3€¢e. g., with a fluoride ion etch, whi CPCHUSIH08/052022

renoves native oxide on the silicon substrate),
| eavi ng a hydrogenterm nated silicon surface. The
hydr ogen-t.erm nated silicon surface.can.be used or

1451 o ampt e 1 N EheleisSRt sPbe Bt 1880 B AR Etmm €
becomBlykshieerlel 1ag8d @ists, ol ARfEh) & rylARHHsEDresists, and
neutral-wetti n% w th respect to each block of a block
copolcgmbinatiprg thesepf. Fas examnpleaid shatipdacapalymss thatwéll pasef-

surface, r ol QC ' .
oy SRR SRS bl 5 GRBPLTRfch i ot
copolcypaymet, Aol agtiasédrenib@an®d uséd foanatsticfcheewitan
be neutralwetting with respect to both bl gfolé]s( o?fchetbrl]gck

bl oc kidswpbs thabare seladivelywelirsihydhe aplydorens
neut ral - y 2
ar af CePYREE 0P pp BTG AR KRG tal B B P AR
sur f aeeches wdth, sideadls tat eresalet oty wefed bethanpl e, a
sol uti pn cont aj ni ng npnone . 0., Styrene,
et h?PhﬁlW&Wﬁhﬁ?’f@,at%w&ldﬂ?{/tiﬁiifoﬁgﬁ?%oj?-’z%% the ratio 58
to 42 to <5, respectively) and a radical initiator
[46] (€. 0., BBBAHAYEsiNEMAKAERhowAh B8 aRliAC18ek, B afple, hydrogen

hydrogen-term nated silicon surface and heated to
i ni t isBzesqipxamerbastidaasistpaiolyreethylmettoarylatedadediresiptsn a

cur 0o oaRel BT A LR AR R OR Tt R hosed

i ncl wekishg, adndodibaddtions tferdoift hogr aphi cal |y deri ved
trenches can be prepared using resist technol ogy. For
exanple, referring. to Figure 1, substrate havi a
[47) sur f acelhi CﬁEPlﬁcﬁ’W%Hn%t% A Tepist ‘iﬁ‘f‘?%@? @ 'C%taml‘qggll Hes
40 c@g ben PLERARS dith¥e fa@@rt)._f B 410 d28ta MBI méhtd, BiRd 1Bbist
(e.g., a positive or negative resist) can be deposited
on acsufistratibcarontaeng taykprnd thelteepehesofoulthinghidess Y
and elgiposli to for.En a gat t.ern off | i n[%s. ’lEi t hert t he 1
expoS¥a™ars HEgbIEE h PEHBRESPTE95e PEST ISP RN AR fayer
sel egt kwelc¥ cheHOY SificbPofias (818, L 10PR gk SEbyh BitrideaBL,Bl, Byer,
and trenches 40. In certain enbodi nents, the substrate
has & sHigen asecapnde FEPCxlapeuer aponlingtionghgieet Qrippaldy, a
to each t r. .l rtai
ermbo ey Sty foelloch Sl ERBRLARnen n BERIACl 1o he
sur f agieof-cotainingiur facS8) batls sidel abttb pedwde 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 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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wetted by one bl ock of the bl ock copol yner. The resi st

can be, for exanple, a photoresist or an el ectron-beam
W@ 200802076 1 esi st. [45] A wide variety of phot orBGI/ES208/052022

can be used including, for exanple, polystyrene based

resi sts, pol y(rret h) acryl ate based resists, and

conmbi.nations th For le, if the

copol HMEP ”f’ﬂlft eli%dglg g)éle rﬁg%ﬁ%a&lnlgﬁw{nﬁ)go&n Srowith gnd
a pol gféﬁpér(s @e hydﬂasa,l/wgafsﬁ;ny bA®bNiACKMing taenthllin@sit (e.g., 0.1 to
copoI%m ystyrene based resist can be used to
cr eat @}ee%): MFQWI@I@}@%MTBOW (ageZsel ectivel y

wet t ed
e RN SRR LISl 0008 o homopo o
used sheh thatht Qyﬂlfoﬁm’iéiﬁﬁpswah tintsiade(erd. ,|bs fotnaing &lérogen and/or
sel ectively wetted by the pol ynet hyl met hacryl ate bl ock
of t W@VQP@&QHQSWF}VW@ﬁlllCP%?mEmB@aSHfﬁa%%| sts that are

known in the art include, for exanple, hydrogen

48] sil ses qgiy(%)ﬁaﬂ]hac ; yﬁgeﬁtg Sl ®ibSirate 1nclud1ng a plurality of

pol ynet t e-’based resi st
pol ydithogeamhidadly elerivebirgtchey @n@e,pmmcddudmggatdnmg tealnotegy.

pol y rene-base res st.s and co nat i .t hereof.
a7 Tk eERIs ot e & sfre TROGHEE s piRtyy EHER: can
et alyeGRdPaddd iy e FAWAFing frethod. AagérUTIMUEARS YTdaBe

| ayer I'n other certain enbodi nents, the resist can

f or mdspesiteil oo a-sulsitad wrfage laag ére, lamﬁ@afn hesqlectivelyesched
woul d, | n ] ug@%%p‘chl f:“evﬁu €s tg Yormga %Ip eﬁ;l%%‘f \g&%ta 'de'eﬂghes

surf aglng §Con-"¢ont ai nin urface
be a silicon OX|de(S|02) Iayer a silicon nltrlde
[49] ( Si 3N ) REfeytérg to&Figirt il cosubatyte 40 biadiag @n@my olfayadans 300f

a conbj nat| n thereof. Optionally, a r of
one Hewhk Yoformig bt %ﬁ&ayﬁi@ﬁ el B fgf Bep 4ot idth
si i c@n-Contidintial e Sl 86819 le@]%lhra%k}d@ﬂ’@énlcﬁest@) (e. B y

provi d€ trenches with sidewal | hat "are selectiv
et t dithdgyapthivallplded kedoferiches) bhrobkuwedpe b eniske forwet f-dsseniiz

I tg th ft | . t
= dewPlogk P i et pd e s BB Bol GSi PIEE
Wi chgolsakf T@sisRiy eﬁﬁlnh&eﬁt%nbﬂl@ﬂ? bfi L§ca’111 H%Qie)b&ilt\éﬁedﬂﬁ)rm
>- pol ynet hyl net hacryl at e di bl ock

pol ystlyyes nethickmeisdrssrban eraaqupleogr ‘é(ftg iaghe Blufafhéy of trenches
sili G o Rte?erllltn %H}I IE]i l{’»r Bﬂ) 1%1 191%{110?)' c%ﬁvt@n \neale

provi renc are se ec Ive
wet t @dow 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 described
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by the pol ystyrene bl ock of the bl ock copolyner; or a
pol ynet hyl net hacryl ate honopol yner can be grafted to

w0 b@ssy17B€oncont ai ni ng surface of both sidewal PGT/US2008/052022
provide trenches with sidewalls that are selectively
wetted by the polynethylnethacrylate bl ock of the

bl ocyhe?e%? OJtrPfé]%{ievH%{% Q g% c% SHFESS: Cbefed %opoﬁqﬁia gf;l net%ly a

w de Vari'e own IR T he ar |ng, f or

exanqipenings B}IB(Eainﬂ)@ fhofafed i iEndlaei1l b irnelligy Mo RosElnkad,
hydr oxyl qrou and/ or including a small anmount

(e. g.blogk of blqs SPOH‘%JD’@G’% O(b\ﬂsea thJefinsxle opanings; Bgkgrring to

I
TONOMSEEEs o3 N LIRS A6 MOy o o
hydr @ixﬁférelgrtbalﬁslodampot;tneﬁraﬁt) uécﬁi tg. d,eﬁbcyt}fempamm@, can then be

hydrogen_and/ or coval ent hon wWth the
ST 11 CORONERHAR FgIed d %S&_@gecf 1293?’“1 I g FRbodiments, the
enboqdL iR Nemhbl c%ﬁilgghlf Al e Ayt g hBYahRleW @drb¥0 @Hat is

I'i t hographically ved tre c can be prepared
usi ngeetrdhvetgng wih m:spg:gyo e@rbl@kmfpb@ndéol@kmpmlamr 300;

h f I [ it [ b
o ep AR B TIS potrRbl g aBe ot e Hat o siEv ik Faes
Y c a@r@@lé‘éﬁ?&? hfeeld Bflode BlbIs b ﬁa*c@ncﬁlblbﬁl@@(ﬁ)olﬁﬁ@‘ 30b €e.g.,

| ayer can be selectively etched using |ithographic

t echebgblosk pbsacondreepol opaFO8phihestmaes pssimfar tortbhiches.
[ 49] E)%El%{krefl %g)c}(%f %&%léé?ol%mera h(g)%aésttf@%tls su%&v 1%\968 %f fhe

plura Wel'rs orm ng a surface

t opogelﬁpmnmtedvmapmmﬂd@fn&dtolpemﬁgsemoqoarﬁfthmaﬂﬂ diksﬁh@lcd
wherein _n can be from 15. The
t r enpRAymer ¢edingd opwm%?épélﬁm g Hiqth 0@ &h wévaeﬁrbm% &y

can f
copolynbF P ZanALTH B8 ARt Blis AERZI et LG bolymgr
bl oc RO oRefeynmey to FiguremaYy burty6,an suchheutevdimges, isedindibl gckof
LO can e de Slt dto orn1 | ayer hi ckness_] ess
s ool g Uteash € ahtesled i Bowtiae Mork pre D e AOED

40. ket %s%ﬂnﬁg: 4@ f6ing bl/'itﬁm%acﬁk&ﬁﬁss@ﬂﬁ%%ﬁ?&ly%@pd&ﬁﬁd

t hen be annealed to allow the bl ock copo

sel f opgsen Ptk aén@nﬂéﬁmf\mltpmahn@@mllw éHbamdaﬁé)ethat@fan be

2 ube PRty AR A 10BN b dRle LB B spstaniigtite
and sdgséramiti @dchy)Femng ggb\s&lemw Fidueagho b hignRehte an
sidewal | 60. Lanellae 110 that include a first block
of t Febedmengasekph Bg= 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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bl ock copol ymer can be crosslinked. Referring to
Figures 3 and 4, at least a portion of materi al
w0 ooosiosrg3evei rs 30 can be renoved (e.g., using MET/US2008/052022
and/or dry etching nethods) to format |east one
openi ng 240 having a depth of Y' . Such openings 240

d . in.. "sel f - | ed I
et 1 o DR AG A5 ToPii B8 rpaBiin B FBRBL lipe

copoliy ges-lictekiapait tepehds3gs. or trenches 240 can then be
used as guides for self-assenbly of block copol yners
as descri bedherein. The sidewalls 260 of such
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bl ock o | ock copol yner 100 used to define the
openisnbdithdgedphia frenghésoinEhganbetsatd iraredister wathssab-diticb godphiddk
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Can "HPt oAy Shareaon et Sdire i of Herdspehiibas-
can UfRSAmidRARRES 4b @I0mRANERLGapAic dSRAIiPeMines. The

her ei n certain enbodi ments, the self-assenbl ed
copolopndyctige friatrsid] eqelre geteheortiaivmgandtermady wligh cathbg i s

neutral -wetting with. respect.to .each hl ock of, second

o oc KeRBSyREP Y.t Ao EE 4P BBk S oy R Vipor
def i rigfosdRBNICVD N@Sutdnite 18yed B¥EIs|tn2B0.0)adth@l. Alternatively,
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copolthemdagyereaterial cambe pcerduchye pdpoatanddpsi pefa 300

ist - im | r y f
f1 v seonafilie ARk Frflostl sl OF v RBR BB B 1)
sel f spissenthe dipcapahy mpraydehtinge dr opabinmiss 2dd¢qf. and
the sel f-assenbl ed copol yner defined openings 240 have
2 wi dNFTEVAD: %r,mm@flep RCIER RS palts Pcl‘@l%t,%eand

L' 0 icfyshiftkell Wélpcl@tcaxﬂ)ﬁé hé%g! ﬁ)ir_teﬁfaxﬂlgle,sa%céa ogii&?ﬁlask for

copol yrmer 300. Referring to Figures 5 and 6, 1 n such
enbodepesiting, a metetald elgl, acknduyiok preen-8@Bluctye ieterial) on the

anneal.ed 1o | ow second,bl.ock, cgpol ymer 300 to . ..

el S el RGO LR el Fel g gyding the
copokyiBlinkde i@ The @Re Hchde 240l -Bn&aENTnEGhe Bht form
alternating | anmellae 310 and 320 that can be

substariicty¢ Yingser pendi cul ar to the substrate surface
and substantially in register wwth each opening

537 B80S 0,0 i ol PR TR
4L Ofowand 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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thus, 4 periods of |anellae are shown. However, as

di scussed herein above, mcan be from1 to 15, and
waecweneli7agly from 1l to 15 periods of |anel |l ae MoUs2008/052022

result in these enbodi nents. Optionally, |anellae 310

that i ncl ude a first block of sel f-assenbl ed second

bl ock [ C i ng
v e TR0 U R REUBEFIERSY koot Fef oL
f r omfohe sib-lisibgephicebndwnive hﬁ@) In ufeth@sstbodkaeht, the

| amel | ae 320 (i.e., fraomthe second_ set of Ianellae)

or i rfubgrfaiwiaentIcherRiched usiperhe %@Sﬁhnkfiﬂsham{ #epsiaq etch
Fi gu

descrnlq%gd rﬁq@mgﬁu{gﬁﬁ? %ﬁﬁ&@%g%)ﬁlm:‘%?@ Phi ng f%@??égi and
mat erihsullatingmagial 6agl hon- b@lduenmmaiteﬁaldlwmlgel lsgibst loat e,
resultln .in sub-litho raphlc enche

et orhs1fdr Gorafigad 3t R Sraha P S A QIR PR
the Grafmib @é;ﬁgltétﬁ/@%bhﬁﬁlg} h @@@ep%&%dqamh@ﬁbqﬁﬁygraﬁmé
exanpl e, n etch mask to formsub-1ithographitc

tr encthaeshqsnfot breanspleigo isalate acrtlweegﬂas from guetdnother.

SUb oA BRI RSN, A SRRl

t r enGheRind i latn@IAQ FHB resltihg $thREr8PAH ®iclkiad Bdttucti® lines.
lines. The conductive material can be a )
met alOnsommzirp pddjtional davies canwhiiensllyde phevidrdgodomed devieg in
exa% t§en MY c gn&’u%ﬁ?%%%é'féﬂ&ﬁ gﬁf '&}Qﬁ’slstgr tes Chem cal
vapor epos tom oSi tion
(ALD) nethod. Alternatively, the conduct ive materi al
[S4] can be @neonductdddiopel lyyes cantst dnpoateﬂ&b &raondaiicy, fg
pol ymer conppsite,. which can be depqsited, faor
oxanSF Py WEGPH e oREPH BB e eptessrbeddiersigem
or cq,gbtlrﬁ@;s{&%gteg hereof. Alternatively, or in addition
to, the resulting pattern including the crosslinked
| anel | ae can be used, for exanple, as a deposition
[55] mask foThQJI@pI@Iﬂ@tﬁ dmgloaurﬁapéﬁhp@atep@, Igatent doewnenisende or
non- Coﬁlb Joa d%r:;%cq te{eeﬁlﬁ are mco'rl]]'t)otrgt%d 115 eremt,e mst‘rf ﬁgﬁ\t%etty A if

SOITEpg resu ern 1nc

cr osghinked 11hcﬁﬂiﬁhél£}em6@1potamﬂ| Wwﬁﬁh@ﬂrfﬁﬁﬁ@@l dnidngerations
| amel | ae that form conductive lines. [53] Figure 8 is

a tope Yiesirborlingrais dascmbeddierqin wéll begoms mar;cn@eﬁ%ow skilled

Vi eW NG e o1t 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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down on the patterned surface of substrate 10,

optionally having polynmer mat or brush 20 thereon.
w@e@ssdiaked | amel |l ae 110 and 310 for m openi ngBCT/US2008/052022

trenches 340. Thus, the resulting pattern including

the crosslinked | anellae can be used, for exanple, as

a de ition.mask for depositing a material (e.g., a
condﬁ@?@?@cgpnﬂiﬁ=conductive material) on the
substrate surface. Alternatively, or in addition to,
crosslinked | amellae 110 and 310 can be used, for
exanpl e, as_an etch mask for etching the surface of
subst r adematbod fprsebrilighagraphia pettemengopleniubgisate.dhe methees
34gm§§-g§$cribed above. For exanple, in one enbodi nent
the"'stbstrate surface can be etched usi ng the

crossl i phoeillihgablocleomsyaer el JiHskererdpyriodioity of DY
polynmeric material can optiona be renoved,  and

Il
conduct PRR¥IGRE &Fybsirate sogprisige ﬁ@é%ﬁléw aflhasigmteder i al |
ML dRn BPLYITREs, wHPEAcR t{éﬁ&l@bf@_@?ﬁ?ﬂgg r%gg I%@Pﬁas

a g
conposite) can be deposited in e su
t r emeditb o1 hb,, fwdremis ubs fromHbogriaphi ¢ conductive lines. In

anot her ,enbodi t, .the substrate surface_can he

et ched SRPRGNE M tpekeiPoRRNd of et PHEASIHEo e mask,
any r enginahing e bR chfolyREbLH MbwiBObRRE boRA th¥ tB8elf-
renoved, and 1nsulating naterial (e.g., non-ctonductive
matsgenble. havi ng a high or |ow dielectric constant, and
in certain enbodinments a low dielectric constant to

m nimze capacitative coupling) can be deposited in

t he. subthd tbdgd apblatin 1l vaRedS Sachithcle ¥ AR pRuralit® off Gehdies
active areas fromone another. Alternatively, for

enbrsdrRsitewalls, apshmdgraimeoth sislswpllne geleetinely wettesyhy one
UE&?bggﬂhgbgkggObﬁgﬁbyae, the resulting structure can
e

i nclude conduct | I'nes. One or nore additiona
| ayers can optionally be provided to forma device in

whj ch the conductive Lines . are, for exanple,..

{rhnsi ot Grmghpder claigy WRE B FaSraC e Phﬁ%lvtwogfs?@es
Cahs e sde RS st Rfirhow AR FWahdEMeE8o A bI6XAERhEblock
wher ei n sub-1ithographi ¢ conductive 1 nes as descri bed
hesowplynzan be transistor gates. [55] The conplete

di scl osures of the patents, patent docunents, and
publications cited herein are incorporated by

r ef.er enpi th&thbdef Elaidhl wlekdn @&fehlfing 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

removing at least a portion of the solvent.
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each were individually incorporated. Various

nodi fications and alterations to the enbodi nents
waele®snytiad herein will beconme apparent to thoseCEFKR10b&e52022

in the art without departing fromthe scope and spirit

of the present disclosure. It should be understood

that this disclosure i ot. i ntended to be undu

[ t ed 1By Mol ot AP YR SHBER S e IS AR R
setollaitlcbmpas®iallodih 4t ekt SpifloR ¥R s @ evaporate.
enbodi nents are presented by way of exanple only with

the scope of the disclosure intended to be limted

by fhe ¢l ai s, < . i | .
o1 8 meg e el gTRighR g i 6D B 0 B

patélehdiempletind dorsvisthinadach tréfe SRt boldmeapthusirag:
provi di a bl ock copol yner havingﬁan I nher ent

peﬁlﬂ@&ﬁngglmpe@en_d@%ul%%meoﬁuhﬁraae syifsse pngd Bibsigniallvsin megigter

pl yral i -assenbl ed copol yner defi ned
trgﬁ@ﬁ§§¥ﬁ§%%§§%%agach trench of the plurality of

trenches has a width of nLO, wherein nis from1l to
15; depositing .the bl ock copolynmer on the substrate
suPf ace;Tﬁ%\W&H‘Qﬁﬁ’ alairﬂ§ %ﬁ%@rﬁp@w% ﬁasyf@ﬁxn& SH5Y pergjon of
t e eREOSHAGOPR! WREBEid Be 8t hBRDRTBIPrisd-lahBRad BB pPhe 2

claim1l wherein each trench of the plurality of

t r &rst hlpsk hathetseld-asieddhal bleck enpdlymkeer ei n bot h si dewal | s
are selectively wetted by one bl ock of the bl ock
copolynmer. 3. The nmethod of claim 1l wherein each

tremch ohe mbhoBloERih OYfuRherlcbRPERAS se18&i 1Y lefFirghedecond
is neutral -wetting with respect to each bl ock of the

bl perkior eptieyrterf lamellaphwhersinbelsespnd pestion pommpepesilpmellae
A EE R  H o R E  Lay e Brock BLhers o

cl ai m 4 wherein anneal i ng conprises exposing the bl ock

copolyner to at erature of 00C.to 2500C. 6. The
et hod She @RUPFOK Claia & lvithsh RYBPTIHEE elshipe lacebstrate surface

eXQ&ﬁgsmlg cI»d%?lhﬁJe@@%n&%%‘s ¥iTBfchhsiyapors of a sol vent
t hat Sol vates eac
12.  The method of claim 10 further comprising depositing a material on the

substrate surface 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 of
L'o;
providing a substrate having a surface comprising 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;
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bl ock of the block copolyner; allow ng the bl ock

copolynmer to swell; and renoving at | east a portion of
W b@spwlsent . 7. The nmet hod of claim6 wherei n PENDY1008/052022

at least a portion of the solvent conprises allow ng

at least a portion of the solvent to evaporate. 8. The

hod of cl aj i ¥ N he. bl
copolymor t ocehierduEisnP sTARAM P SRR bhEs O ns

a set of |amell aepbblass the Brss Bk aspdlahby per pendi cul ar
to the substrate surface and substantially in register

with each treasbirenstoeanal widthoof mipewhereinguis ok} 49 hysgnd
further conpgising . L. nki first, porhign of:
et of 1 anel P AHERERG Rty Loy pER Vsl flis o
| amel | ae that conptose a first block of the

sel f-assenbl ed bl ock copolyner. 10. The net h?d of
cl ai m 9depgpiting thedpitlodi spolyarcs opithetupstraleaifasg iqform a

seﬁg%gjmg Ae?@leg’;thﬁx%r g@%l Rfyl amel I ae, wherein the

sec portion conprise anel | ae that conprise a
second hinedkngihe filet bhek fopsd gmablape thhbaok theojost hlnes .

{ nioneliast fardt asipmblsand Sy i S SERP A T Rb el
asgai 8 kTR y pdrendlBBartE iROb @ atC hiafatt AR §ubktah€ally in

conprising depositing a material on the substrate

s uregatee withi aagh trerchesidsslli nked | anel | ae as a deposition
mask. 13. The net hod of..cl ai Q er.el he .

crossl i?ﬂ%%%n 13%&9%&%9’%&1@???%8%1/%6:%1?%313% Sqrepssea fifg
A pBENSChE 6dIf-RALMBIAIMRE Wodkepblyatee, the method
conprising: providing a first block copol yner havin

an i nhefeaevinge legdh acnarijoropt meteriphfgumnige ey Heiselodpgn atleast
bl gk, %Si%g'h%{%%g a*a%gglrlﬁya”wﬁé}&ﬁr ent periodicity of

provi & ng~a subBstrate having a surface conprising a
plural ity oftheeilesstohe bpiniiy ha¥ at fioof dramsmestralf @etéing with

t opography of weirs and trenches, where ach trench

has a floor that HPeREGRE! Q]\Ré]f pfthg S%ioflh %I}Oégg‘}@l%?lyf“tﬁr;

each bl ock ofetfiadi bhsbpdHifEkasGRBRIIRIS BBChe kEIBRGRIY
has two sidewalls that are selectively wetted by one

bl ock of the fir swetbiddylonedpuaikyafeie 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 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.

15.  The method of claim 14 further comprising:
crosslinking a first portion of the second set of lamellae, wherein the
first portion of the second set of lamellae comprises lamellae that comprise a

first block of the self-assembled second block copolymer.

25



each trench has a wwdth of nLO, wherein nis from1l to

15; and the weir wdth/trench wwdth ratio = nL' 0/ nLO,
wob@sedT3en is from 1l to 15; depositing the firBCT/b5m0%052022

copol ymer on the substrate surface to forma | ayer of

t hi ckness | ess than or equal to Y; annealing the first

bl ock copol r, l.ayer .to.allow the. first_.block

cobl y mope mTogof S AR tHirei rors Piinia (B iRt Bdin of B
a §dcbad sdi of laafellhebBhpaRs bftsil 8 1atné ARk bRIck ¥f the self-
per pendi cul ar to the substrate surface and

sudsserablel apdopd blpck sgpdymer igiultiaveeletradiaipeh si dewal | ;
crosslinking a portion of the first set of |anellae
that conprises a first block of the self-assenbl ed
firat bTeckethopol yaki |5 Aatiey co@pading sa&divalypemnbiiap aof
material formng the weirs to format |east one
op¥sPREPHEOR AGths T petrridametae, wWheew; the sgoqad gertiop g€ the first
on . o peut ) . .

¢ oA QEAR Ao el LRIt Bl e e bk St

t hassahbleé &isdt btk copdpinag has two sidewal | s that are
selectively wetted by one bl ock of the second bl ock
copolynmer; and the at | east one opening has a w dth of
i, IR @bRolbof Slafnf P5hkiHeP cdRpri SEPQeLVAY rEhEviaggond
bl ock copol yner on the substrate surface to forma

| aseeondofortitn ckthe secondset of framelle, wierain thesegond pertion of the

anneal in he second bl ock copgl ynmer |ayer t .o

£ necaul Shal BrslR Somrnim T8 Bal friaidinre Qo ciape
W delfl 3sdriisled@becbf@BlocRBEpoPRAE Ng a second set of

| anel | ae that are substantially perpendicular to the

substrate surface and substantially in register with
ea 0 ' ' | . od ' 4

Pk her PRGRanSA SEdRn 14 KBprell o IRIOE Bt AT d gyrface
t h@ngeonpct Hetaliof of va¢isl doaprissierein the first portion

of the secaond set of |anellae conprises |anel] ae that
S%pgsmng a resist on a substrate surfacr:‘re:p to form a layer of t%lckness Y,

conpr i
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-wetting is a

hydrogen-terminated silicon surface.

21. The method of claim 19 wherein the surface that is neutral-wetting is a

crosslinked polymer mat.

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

grafted polymer.
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first block of the self-assenbled second bl ock

copol yner. 16. The nethod of claim 15 wherein
wee@s®di7aki ng the first portion of the second B&t/UsS$008/052022

| anel | ae conprises exposing at |east the first block

of the selfassenbl ed second bl ock copol yner to

ul avi%het agi ti'on.1 17. Th netqod of .cl aim 51 ted
fuftner TBEMSHOSiR 5loE] @ eran (PerEiah fh S HouB s Slecte
PO ohOe @fouptBndistingtof %?&ro@f:n LineR|die@ne VARHE eésistd, he
second portion of the tirst set of |amellae conprises

| apelymgthyiethaeplaisrhased wsisiscempstiycaekasstl resis, an
sek&gﬁﬁgﬂ?kqer&hrst bl ock copol ynmer. 18. The net hod of
claim ur %er'conprising sel ectively renoving a
second portion of the second set of |anellae, wherein
the second portiagn of the second set of_ |anellae

cofpri seae mather ohelaim AP WhsrRv thedesistdee BReioIssistIelisstedfn
sehi.- el ﬁﬁ%%% d
ofh%lal %%E%%g$ein pF%%l .ﬁ§P§g§§g§?V§%§hﬁé§?ﬁgE§Q@

s urckatsearcoenprtiisdtiogs thepdofir al i ty of weirs conpri ses:
depositing a resist on a substrate surface to forma

| ayer of thickness Y, wherein the substrate has a

sups aceThh@bthbd oPElirh 2b wietdid Mpoihb EIMECorhPa BRE

bl ock of the first block copol yner; "exposing the

r esingaining lfysr.m a pattern of |ines; selectively

removing either the exposed or unexposed portion of
the resist, wherein the resist remaining on the

supst r allee muthbaeeclain 3€h@etdiy @b ynitdoathitidg Biyer lagck

of the first block copolyner. 20. The nethod of claim
19alyymérE pittidedayslr f ace that is neutral -wetting is a
hydrogen-term nated silicon surface. 21. The nethod of
claim19 wherein the surface that is neutral -wetting

i S2A crbissiethkédf gainy i wherin d&dsitih eherretibiaidrmd a siliadrm
19 wherein the surface that is neutral-wetting is a

gr Y AYSher . 23. The nmethod of claim 19 wherein the
resist is an e-beamresist selected fromthe group
consi sting of hydrogen sil sesqui oxane based resists,
pol& et Hyd methbdof ¢lhiat 27 baseth the silisos-containing layer is selected
potl‘rgr%tt g grgl?f) Qgﬁc’sles 1né% Isiﬁgdc’ri oxa}(riled (S10,), silicon nitride (Si3Ny), silicon

oxycarbide (Si04C), and combinations thereof.

29.  The method of claim 28 wherein the resist further comprises a
homopolymer of one block of the first block copolymer grafted to the surface of

the silicon-containing layer.

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

providing a substrate having a surface;

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

selectively etching the layer to form a topography of weirs and trenches.

31.  The method of claim 30 wherein the layer is a metal-containing layer.
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conbi nations thereof. 24. The nethod of claim19
wherein the resist is a photoresist selected fromthe
wW@e@apITensi sting of pol ystyrene based resi st SPCT/US2008/052022
pol y(met h)acryl ate based resists, and conbi nati ons
t hereof. 25. The nethod of claim 19 wherein depositing
the resist forns a netal containing |ayer. 26. The
nmet hod of claim 25 wherein the netal -containing | ayer
| S32N alrHEiRINGH R tlaird 8 1 hakdin thé inctdD@nIBARS thyef isGhai m
19 wherein depositing the resist forns a
si plugomsonttadmiag. | ayer. 28. The nethod of claim 27
wherein the silicon-containing layer is selected from
the group consisting of silicon oxide (SiQ2), silicon
Ni §3.i deTheSdtNd) of Slialrh 8O RvHRXYE Behh e iy 834i¥da)} conddifling layer.
conbi nations thereof. 29. The nethod of claim 28
wherein the resist further conprises a honopol yner of
0ngy.01 O RbRbBSE Palrd s M BRRAINARL,ANEH Al 0<4i85ea
sutface of e si 'rcon=contai ni ng
rrefrbmdh@éroob aomsistihgwiieilieomopide$idh)) gﬂﬁoﬁ; tivSde (8 fN4), silicon
having_a surface conprising a plyrality of weirs
c ofpierdEte (SHPGVi Adrfgmbinglieas F}]&fe@?haw ng a surface;
depositing a |l ayer of thickness Y on the substrate
surface; and selectively etching the layer to forma
t obfogr' apleymethodvef clginadd furthen céreprisid grafthes apdtlwodr that is

cI 0 wherejn the | a I s a.metal - cont

et ar igehsat gt blonk SuMRHEH AT o s o the
”Eiu%ktrﬁ@ BirédcBibBgbré ééﬁ%fsmlng adlyed b BRI AkABRSY bh IfesubSYRE -
33. The nethod of claim 30 wherein the layer is a

si$ur@em- cont ai ning layer. 34. The nethod of claim 33
wherein the silicon-containing layer is selected from
the group consisting of silicon oxide (SiQ2), silicon
ni 36.1 deTHeShethidd of Siink 80 ﬁ;rﬂu)eye@ﬁmgﬂ@ ieﬁtc@@e)/ grz&ndg a
combi nat i ons t her eof , " The net hod of

30
f upalveer thefrip fl?tgxa#rgvegtﬂwwﬂh szsaeqs& smhrblqch&tf (t:hesﬁrst block

copolymer to the substrate surface after depositing the layer of thickness Y on

the substrate surface.

37.  The method of claim 30 further comprising depositing a polymer mat on

the substrate surface and crosslinking the polymer mat.

38.  The method of claim 37 wherein the polymer mat is deposited before or

after depositing the layer of thickness Y on the substrate surface.

39. The method of claim 37 wherein the substrate is a semiconductor

substrate or substrate assembly.

40, The method of claim 37 wherein the substrate is a silicon wafer.
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neutral -wetting with respect to each block of the

first block copolyner to the substrate surface before
waelesmy1seig a | ayer of thickness Y on the subsPCEHUS2008/052022

surface. 36. The nethod of claim 30 further conprising

selectively grafting a polynmer that is neutral-wetting

it t .t h bl ock of .the.first_.blopck
codbl yraRe fstio o Sfiiu 1o St ArBigl fe kRS ponggrer on
t hehel say@ratdfurtabé %&Hﬁ&s%s Xn%ﬂhdd‘b%le‘étbﬁ&?dn@t}% g @6istidy of
The method of claim 30 further conprising depositing a

pobBiRseatingt dipreoetines, spIBY Feaiing, e goathenaioas thee$l i nki ng
the polynmer mat. 38. The method of claim 37 wherein

the polynmer mat is deposited before or after

deppsi t Thgmkthed lofiylaim 0ff whateik BRfaling oinprines Hehsilraahealing,
surface. 39, The method of claim 37 wherein the

subdye pangaling of epinbpateRsttherediubst rate or substrate
assenbly. 40. The nethod of claim 37 wherein the
substrate is a silicon wafer.4 1. The nethod of claim
1l44her €haxmetod off thaimg 42 Indhefdin stnebling éongmet yrmsingnhd he

supstrate surface conprises 0d selected fromthe
gr BIGEK EXRRLREI 1A g ITRPL mes&a@itg‘é?gafp coating, spray
coating, and conbinations thereof. 42. The nethod of

claim 14 wherein annealing conprises thernal
anfrbal i ‘hlgg msihiod ehelammA2 athieraly amrealiegdinmisesns t her eof .

43. The_net.ho f. claima42 erein _anneal i C rise
expost nionazi e g ThoL o hD Gl Hh S Rtuas
tob@apgﬁheﬁﬁwkEagﬂﬁﬁahod of claim42 wherein annealing
conpri ses: exposing the block co oIXner to vapors of a
sol ventaltoyeapg E@M@%@@p@lmrmw ;8Rd t he bl ock

copoly : | lymer to swell; and
renoviﬁghgyﬁkggg%g%”%%ﬁ?$%ﬁ&gf&gﬁg'soIvent. 45. The
nmet hod of claim 14 wherein crosslinking the portion of

the first set of |anellae that conprises the fjrst
bl btk ofht Hehed Pt claigs Lhiheer ?rpg%?l}qgmgéke RRIOR PP first sc
COMESRR (EXRO%R%Ahe FiRRBlock B il defifasnfitd Bt BB

self-assenbled firs
copolymer comprises exposing at least the first block of the self-assembled first

block copolymer to ultraviolet radiation.

46.  The method of claim 14 wherein removing at least a portion of material

forming the weirs comprises a wet or dry etching method.

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'o;
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:
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bl ock copolynmer to ultraviolet radiation. 46. The

nmet hod of claim 14 wherein renoving at | east a portion
w@boosmeEBé al form ng the weirs conprises a wetPOI/US098/052022

etching nethod. 47. A nethod for patterning a

substrate, the nethod conprising: providing a first

bl ock | havj ' ent i odj Ci f L0
ot ovi ding o Satdraeh Rk i BeeBRRBr e s h
periodicity of LOeadnrtidydkifiBe frssbldsk tagdtyhayi ng a

surface; depositing a |layer of thickness Y on the
substrat e sueididesnchhas s sdawalle that arecigleaivalnavetted, ey one

to forma plurali E%c?%f%iffrg‘tb?%d{]cri @#J to forma

surface topography Of Wweirs an es’, wherein: each
trench has aefdhatnch had a widthefhl ahvheeid h dofrvhtiho 15; and
respect to each block of the first block copol yner;
each trench Hgsveiwyidh/greng visth relie b 'sadp-orherdigny s from
wetted by one bl OEI&)?; the first bl ock copol yner; each
trench has a width of 'nLO, wherein nis from1l to 15;
and t hedemisitingithk fifst blenlc bopwil gihér anathé eubstrate'sGfadeGp form a

wherein [s from1 to 15; depositing the first block
co%d?&?ifémckﬁesfsﬁfés g@Bé’FF‘&‘E%t%ggf ace to forma layer of
thick ne§ﬁlelaﬁ§g°‘thtelqﬁ‘ﬂ b@&ckec%Hlé‘llanePIa%r t{%r!ﬂ‘l%@r' thf‘ Grt BR ki st

bl ock copol yner |layer to allow the first bl ock

coparojyreer tb seléesermbisadtben snthitf eacminenctha firse g lof taneshleh

a first set of .lanellae that, are substanti all : )
oMb st arpiany Plimeh St P ab 0GRk Rt bstantialy in
suRsisaditwia] dagh tnélegistAr, Wi th each trench sidewall;
crosslinking a portion of the first set of |anellae

that cofigpsliskingz nartien offhe &kst ¢t of lamelbeefthal se@pmises @ first
i O BP0 K o SIRLAR il o Por on o
openi ngrdadwinatdcadeppdrtioh oVmatenabfoeinitig thbievett td foantat least
O Bt haniog & dopti ok Y Wherely MeUtr @l -vetting with
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 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.
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respect to each bl ock of the second bl ock copol yner;

the at | east one opening has two sidewalls that are
waeisneisel y wetted by one bl ock of the secondP®i/vs1008/052022

copolynmer; and the at | east one opening has a w dth of

m.' o, wherein mis from1l to 15; depositing the second

bl ock copol yner on the substrate surface to forma

| ayer of thickness |less than or equal to Y'; and

anpeal i e ko8 ¢ eRdn B eglerg@pOEYNEr | ayer to all ow
the second bl ock copolynmer to self-assenble and form

mﬁthin the at |east one opening a second set of

i t ] Z?ht ha{ qhe cl%ﬁxgiég@t 11) k‘i’ ISpJ]%rI&%QI% &HJ @" Ob %axtu?ﬁeters.

e sur ace a n reglste
each openi ng sidewal | . 48. The nethod of claim47
wherei n_each of the block copolyners is independently

sePbct edhe method REClgite dp vesrER eitHe Weckgopplyger is the same as
CORB%&QBﬁ%km gﬂhgﬁ% copol ynmers, nultibl ock

copol ymers, I'nati ons thereof.49. The nethod of
claim 47 mhereln LO = L' . 50 The nethod of claim49

wherein_LO i 0_.nano nonet 51.. The
ot TH e Rp Ao h DTS et e S DL P
' Sa&ﬁﬁbéﬁﬁﬁnﬁ‘%ﬁ%ﬁﬁ%ﬂe& @A&%@r@p‘)' ymer. 52. The

met hod of claim 51 wherein the first and second bl ock
copol yners are substantlally synnetrlc di bl ock

Cost ” oftS e ton ol ARLE” Wt b adhd! Bho GRS pi Beand o
a sl &ﬁi@lﬁﬂ@@isﬂ@blo‘é@b@%ﬂféﬂeﬁ Jeittddteorg Wo@;%tﬁllsﬁhh@@f

of pol ystyrene- nethacrylate bl ock

copayERes)- mmﬁﬂwe&r@é&m@ Blogk cpjes Wgrépmh%hiﬂm@v@de -b-
9
28%03%%%%@% B SR ERIRN B P SRR K
b1 bk cans ip°%e‘??%““'“§’*mq’dwéﬂm2?"“ﬁpﬁwmﬁ an Z' e
b1 Bt By e S po oSt Baveviois [opsoen s PobBRene->
cg‘gﬁ%g@?gﬂdlﬁ@W’%R%I?&?merspﬁély@#&ﬁglb% 153 9% block

pol ybut adi ene- Vi n Ipyrldlne bl ock
c oppbiymers popotyyérsappelybutadipnd hloek byfohptdraqroyibatasiene-b-

polyvinylpyridine block copolymers, 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 block 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.
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bl ock copol ynmers, and conbi nati ons thereof. 54. The

nmet hod of claim5 1 wherein the first and second bl ock
W@ owelyites s are bot h pol ystyrene- PCT/US2008/052022

- pol ynet hyl met hacryl ate bl ock copol yners. 55. The

met hod of claim47 wherein at | east one of the first

and second bl ock copolyners is a triblock or

mul ti bl ock copol ynmer having three or nore bl ocks

s elsect eghé FRMIE cRiQYB wiRRSH Sid fillyRér MR 1Y 8éposRaEsefore or
§nethylnethacrylate pol yet hyl eneoxi de,
poP

ersisppeieg thedvehof ténkarss,Y polpsubsiratysurficae, and
conbi nations thereof. 56. The nmethod of claim47
further conprising depositing a polynmer mat on the
subst r aThe sgthHod of chittl 56 vagsdin BKlefd ohd Sf trh@ |f&‘§ﬂaﬁd 3@'011@7
The nethod of claimb56 wherein the pol
deplosk carplyBssica B?lymee? bc@@a@?tbylﬁgethq%ylmay&ck sppolymer
thi ckness Y on the substrate surface. 58. The nethod
of claim56 wherein at | east one of the first and
sef@nd Eih@mlet}md pbkiaime 58 vﬂ&re&'n ﬂm:l ppﬂ;)trydfremi-is a crosslinkable
neth ’hac | ate blo r 59 The
B R M S TR R e A B
crossl i nkabl e pol ystyrene- r-polynethylnethacrylate
random copol yner. 60. A nethod for form ng
su@O | i t Aogethgrhfor foronogistt-bogiapkis condietimetihedthe method
qpr|5|n . providing a block copol yner having an
|n%é?%ﬁ? eriodicity of LO; providing a substrate

conpr i dpl’@gldihgod boat bdpblyﬁﬁerﬂﬁk/fng%ﬁsm&ﬁ ?eﬁ&ﬁ@ikwmo,
defined trenches, wherein each trench t he glural|ty

of t r endiREisINEASUORBAE CapEsing a ahualdy @ srl hassemhle
Wh&)rgl% Q’?né} deﬁng t%Hcﬂx st Qherdin 9&%8 &h&ﬂ Ot Eﬁ]lreﬁ tggrfﬁenches has

e su étra e sur ace; ann
bl m&ieldmp’dﬂls WT@ h widthalf by vt(}haeelb has kogopwl Mrer to
sel f ass nble agg%gorn1mn in ea%h trench set of

| arrel | a eﬁ%gtng logipse &9 SHSERGISELPEF to the
subst r afifie Sl tﬁé: Blo@k go@!%&ateta'llélvl tMe bl%clE @@ﬂrﬁ& thélh

each trench sidewall; ‘crosslinking first portion of
t rissgeitle ohd famevitiae cadheershn sehef lﬁunr:]iete tbatratm: substanhally

gon%)pr § }%?(ggle sﬁgstra € Sur{:anB{ su stantlalfysla rgglster Wl%fl eac

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 a conductive material into the sub-lithographic trenches to

form sub-lithographic conductive lines.
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bl ock copol yner; selectively renoving a second portion

of the set of |anellae, wherein the second portion
weowpnIwes | anel | ae that conprise a second bl orKT/U8200$1€52022

sel fassenbl ed bl ock copol yner; etching the substrate

surface using the crosslinked Ianellae as an etch nask

to i t.h i.C tren tionall rennv
g1 iR st R o0 Syhsr e fibcong v it i igrel- "
copgigihingenatedgri al into the sub-1ithographic trenches

to form sub-Ilithographic conductive lines.6 1. The
nethod of claim®60 mherein t he conductive material is

gf éaL%g e ggh%fi 8 § §6 Icvx(?;hne peifd ?epo-mﬁlgqﬁé 5 %uagvecrlqﬁéml 60

depsfprided ge@snﬁigad metemcmtaimﬁg nitdrd bak vbyoraiepa@mn method
deposition nethod. 63. The nethod of clalm®62 wherein

depositing the conductive mat eri al conpri ses

deposi “rﬂegm%th%ﬁ ré%%;%& g%ﬁ%ké“& d%"sftirn);"i‘l'le g%dﬁpc?\mrﬁﬁlmal

vapor depositi on atomc eposi ti on
( Abdoppriet Hegsiting4. mdthleconediiag m}sfterraﬂ ay rh&bicaihaped depbéigon

con tive materi 1S.a u polyner and/or a
ne((g\%bﬁﬁtﬁmfﬁ lﬁzgerg"sp @@ﬁ%de 5.65. The method of
cl aim 64 wherein depositing the conductlve mat eri al
conprises a nethod selected fromthe group consisting
f 64 pi nThomethog of diapn 60 atheray thepoaguctivaniateyial sracconductive
|nat| ns the fo formng a

de?x‘? BB TIPS CO&‘(S?%B‘P%’A}YE’“;SP‘BBP% hg a bl ock

copol ymer having an inherent periodicity of LO;
providing a substrate conprising a plurality of

eqi?r as Sencdigd b pleiny At iwhgesin dengsiting tereondudiiysmesterial
oSO Tl Sfegf i e U b GRANESE DtPodstRy iy

15¢o0atepaptdyi dogtitid) and cerakinat@sltherest. on t he substrate
surface; annealing the block copolynmer to allowthe
bl ock copolynmer to selfassenble and formw thin each

tregnch 8 s&hodfor FELS 28eViB2thAh8NSY PShANAR! | Y

providing a block copolymer having an inherent periodicity of L;

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;
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per pendi cul ar to the substrate surface and

substantially in register with each trench sidewall;
wee@ms®di’aki ng a first portion of the set of | ap&l/Usm)8/052022

wherein the first portion conprises |anellae that

conprise a first block of the self-assenbl ed bl ock

copol yner;. sel ecti vel enovi ng a _secgon ortion of
the-sut aking Birarpate YrbBEmng s B BBREgBRE ISR of cton
COofREN ®S6rrh siRRlithegrabhttregoial i se a second bl ock of the
sel fassenbl ed bl ock copol yner; etching the substrate

sur f aceopiisinaldy remo Vit emRiging pokaneremalsrial agd ch mask
to for n?lesp%?ﬁilné 4 Q?&Ju%ﬁgé S alraNERe s s%iig]%g%l h%é thentRes' 09
gE poryreri ¢ et erial | and depositing a

any renai‘nin
C ofoiGlbVighoBedpid @ndusthwe 1inke agtib- | i t hographi ¢ trenches
to form sub-1ithographic conductive |ines;_ and

deposi t 19PgsiAS 0Bt OippEe addHionpldawars 1opEr $ha devissr m t he
device. 67. The nethod of claim 66 wherein the
sub-1ithographic conductive |lines are transistor

gates. Bl& méhodovhddini 66 wihsehimathe 3gb-fidtoguephareadyctivhéines
met hod conprising: providing a block copol ynmer havi ng
an®P HRBYHAt 835 i odicity of LO; providing a substrate
conprising a plurality of self-assenbled copol yner
defined trenches, wherein each trench of the plurality
of 6& r ends mesthddafor isniatis g detwed dreasathd nzetlwiddtompoisingt 0,

wher ei is f 1 to,15: ,depositi he. bl. ock
copor yrpviia SO Ppds EGRR Hh ik B R
bl ock GRBAIHERY subGraté LeMbidies PhREMitE OPfasEmbled

sel fassenbl e and formw thin each trench a set of
| atepplyarer dpneddraacheshwhensin eich repdy (fdheiplatalisy of tsenches has

| yreprpahepleiar ot nche
oaiR S FARIRH] B6SaRRR ks LRI b NlBP' 27T O o

t he set dgjositingehd Bleck wép@iyandt dnltke fubssite podfaidepn
conprises | ane| |l ae that conpriﬁe a first bl?ck of the

sel f - astBpingdhe,Ploelk c%pgrﬁgla ow 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

1solate active areas.

34



sel ectively renoving a second portion of the set of
| anel | ae, wherein the second portion conprises

wo 200809786 t hat conprise a second bl ock of the PCT/US2008/052022
sel fassenbl ed bl ock copol yner; etching the substrate
surface using the crosslinked | anellae as an etch mask

t b-|ith LC.,t hes.. opti. [l '
Py e PRORaT SALE P& T TR a0 Ta RGO
| N&dthised depBitRb udinglaMaport Positbn heto@gr aphi ¢ trenches

to isolate active areas.69. The nmethod of claim®68
wherei n depositing the insulating material conprises

deposi t usin vaper .deposi ti.on t:h .70, Th
relhod SrmPdbRsBlRE b hE b fe TR M klpath
meddRiiprites 6€HRIting @Singd @pasichl Vigotidpagitioh €OV br ¥aped layer
deposition (CVD) or atom c |ayer deposition (ALD)
apesison YALD) methodet hod of clai m 68 wherein
depositing the insulating material conprises a nethod
sel ected fromthe group consisting of spin coating,
di Pl.coaThawgethsp bhylatoas whereiradubosiany theahsudatmgtrhaeadf .
72. The et hod of clain16 wherei n the %nsulathg )
redERRTEEs hAShediselgeigt Soatihe isroupSnatisg ofA8In RalRe iRy
f Ofoalifl ThAY Balif) b corhfailik iRdegoNPr | SIng: provi ding
a bl oc opol yner having an 1 nherent periodicity of
LO; providing a substrate conprising a plurality of

- nbl ed | defipned t h .
cath +r DioRebpd hB%Y BF wprp BF o liBRav b PR oN
si&gmahk%pgﬁgna w dth of nLO, wherein nis froml to

15; depositing the bl ock copol yner on the substrate
surface; annealing the block copolynmer to allowthe

bl.ock ¢ I I i t.hin each
tr Bhon SR Fmif L8RS R0 AR ]

per pendirouildarg 4 sodih@pslinsdr hatiag anlifheedt peribdicity of L,
substantially in re%ister,wﬁth each trench sidewall;
cross| i HRYIHHZE ubstEate pypprieRe dplurliey ebtelivgssembied | ae,

M&)‘bgf.y{herr lagﬁﬁédrt%lches, 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
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portion conprises |anellae that conprise a first block
of the self-assenbl ed bl ock copol yner; selectively

WO 2098997186 a second portion of the set of | amel P@EUS2008/052022
wherein the second portion conprises |anellae that
conprise a second block of the sel fassenbl ed bl ock
copol yner; etchin he substrate sur usi.ng. th
cr bos! 1 ARRIEmRr it AT BE RS A ritRes o
subpldtd iogE apAs.anlir enches; optionally renoving any
remai ni ng pol ynmeric material; anddepositing an
i nsul at fdenpsitagene aF morg aldittanaklgpers ta foegrthphvdce r enches
to isolate active areas; and depositing one or nore
additional layers to formthe device. 74. The met hod
of 74| ai Thd hetModlofichairh T8 vitesdih eel ingildthlgarnatadial hasa fow ow

di el ectric constant.
dielectric constant.
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