METHODS OF | MPROVI NG LONG RANGE ORDER | N SELF- ASSEMBLY OF BLOCK
COPOLYMER FI LMS WTH I ONI C LI QUI DS TECHNI CAL FI ELD 100011Enbodi nent.s
of the invept2oedniret ate to nmet hods of fabricating thin poriussooehssses
sel f-assenbl i ng bl ock copol ynmers, and devices resulting fromthose
met hods. BACKGROUND OF THE | NVENTI ON [ 00021As t he devel opnent of
nanoscal e mechani cal, electrical, chem cal and biol ogical devices
and systems increases, new processes and materials are needed to

fabricate panesses @WFR@%’I&@LQ@H@R&%@ oﬁmlﬁﬂ @L@A%Eﬁsw OF
contacts to conducisell (8pobsaRRIIBIAWITANONRADIQENs | enge as
eatures snrin

t he di nensi ons of sem conduct or to sizes that are not

easily accessi bl e by conventiorgtolinvifef@phyy Optical |ithographic
i nmet hods have difficurty tabricating structures and

processin . ' . uct .
f eat ures 1[&9@1} heEmsastients affberitertiongslet to madodse ffiricgund thigsHaahf i ng

di bl ock X o] , t nanoscal e
ai mensi of SRR RLESEN Ru@0 AR At il R BSLTMANE, 00
periodic structures by m crophase separ atl on of the consti tuent

pol ymer bl ocks after annBal(¥igROUND S dIpENTIEINal anneal i ng
above t hg)i}g# as Sad 8 Qév Eo bt efrya?os%élg rl%cham Qt%cyl”q{ m?c 18)& bl&l %u,arft
anneal i n or m ng e donal NS at “Ranor he er-'st d frensi o

[ 0003] Théevidek zmdnympﬂn@ Ezﬁugg&sesl nol pridcdages khemseiereals archestiaipe i'zﬂ}fncith eanoscale

m cr ophase: se an .be contro h | ecul ar

et ght | SO aL @ PPAETT oHADPe FRar R BT cortu e BIRSER EGH0F prrer t o
produce élaﬂﬁédnaﬁmﬁsﬂgelaa dd dibnsick oSRRBEInGaoMBARRe bi@gikag siz@TBA1Gre not

ot hers. For exanp for volune fractions at ratios greater than

about 8CEESHY %}‘FE%S%‘H’& axmonmensioRdl Ligayarsy. Qptiseblibegraplip prasessing msthadg have
copol yrm&fﬁ»adtgﬂ”famzitm@<&ﬁ&&*&a§1§a RARRS e %dsosrﬁin&n@ﬁmval &hb MeQrdels
periodi c spherical domains with spheres of polynmer B surrounded by a
mat ri x ofssqpaiipadiblogk cppelymensiposscids ancther rone blpedisinget Meescaiginensens.40
and 80: onal .
ol ose- paipilie SoftthauihE SRHERIsL RGN, % ablicduRAllc POl fioRAROY
mat ri x cn%:pq:mﬂqmmthekonﬁuucm @b]lyrmsr H:ietﬂwaﬁcr amboulityg S0 Mnmin:lbﬁteerml

| anel | ar

el OB 2 SSRGS e M 955,808 L IRg

forming ordered domains at nanometer-scale dimensions.

{8003}  The film morphology, including the size and shape of the microphase-separated
domains, can be controlled by the molecular weight and volume fraction of the AB blocks of
a diblock copolymer to produce lamellar, cylindrical, or spherical morpholegies, among
others. For example, for volume fractions at ratios greater than about 80:20 of the two blocks
{AB) of a diblock polymer, a block copolymer film will microphase separate and
self-agserble into a periodic spherical domains with spheres of polymer B surrounded by a
matrix of polymer A. For ratios of the two blocks between about 60:40 and 80:20, the
diblock copolymer assembles into a periodic hexagonal close-packed or haneycomb array of
cylinders of polymer B within a matrix of polymer A. For ratios between about 50:50 and
60:40, lamellar domains or alternating stripes of the blocks are formed. Domain size

{ypically ranges from 5-50 nm.



WO 2009/ 117238PCT/ US2009/ 035804 [ 0004] Attenpts have been nade to
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substr at material thereon. FIG 1A is an
devot i onﬁf\%lcrbosg%ﬂggcé@%%%ﬁ%]ﬁﬁgv of the substrate depicted in FIG 1
taken along line I A 1A [0008]FIG 2 |IIustrates a top plan view of
the substrate of FIG BEBR DESCRYETIENIORB TAKFeDRAWINGS

[0606] Embodiments of the invention are described below with reference to the following
accompanying drawings, which are for illustrative purposes only. Throughout the following
views, the reference numerals will be used in the drawings, and the same reference numerals
will be used throughout the several views and in the description to indicate same or like

parts.

[0807]  FIG. 1 illustrates a diagrammatic top plan view of a portion of a subsirate at a
preliminary processing stage according to an embeodiment of the present disclosure, showing
the substrate with a neutral wetting material thereon. FIG. 1A is an elevational,

cross-sectional view of the subsirate depicied in FIG. 1 taken along line TA-TA.

[6008]  FIG. 2 illustrales a top plan view of the substrale of FIG. 1 at a subsequent stage
showing the formation of trenches in a material layer formed on the neutral wetting material.
FIG, 24 iliustrates an elevational, cross-sectional view of a portion of the substrate depicted

in FIG. 2 taken along line 2A-2A.

[6009] ¥ 3 illustrates a side elevational view of a portion of a substrate at a

preliminary processing stage according to another embodiment of the disclosure, showing the



showi ng the formation of trenches in a material |ayer formed on the
neutral wetting material. 2A illustrates an el evational,
Cross-sectwonaty/ni2dsgy of a portion of the substrate depiPETAS2§08/0558@ 2
taken along line 2A-2A. [0009]FIG 3 illustrates a side el evational
view of a portion of a substrate at a prelimnary processing stage
according to anot her enbodi nent of the disclosure, show ng the
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OA- 9A.  substrate depicted in FIGS, 7-8 taken along lines TA-7A and 8A-8A, respectively.

J00121  FIG. 9 is a top plan view of the substrate of FIG. 6 at a subsequent stage according
to another embodiment after removal of polymer blocks with residual inorganic material as a

mask on the substrate. FEG, 9A is an elevational, cross-sectional view of a portion of the

substrate depicted in FIG. 9 taken along lines 9A-9A.

{0613]  FIG. 19 is a diagrammatic top plan view of a portion of a substrate at a
preliminary processing stage according to another embodiment of the disclosure, showing
trenches in a material laver exposing the subsirate. FIGS. 10A-10B are elevational,
cross-sectional views of the substrate depicted in FIG. 10 taken along lines 10A-10A and

10B-108, respectively.

{6614} TFIGS, 11-12 are diagrammatic top plan views of the substrate of FIG, 10 at
subsequent stages in the fabrication of a sclf-assembled block copolymer film composed of a
single row of perpendicular oriented cylinders in a polymer matrix within the trenches
according to an embodiment of the disclosure. FIGS. 11A-12A illusirate elevational,

cross-sectional views of a portion of the substrate depicted in FIGS, 11-12 taken along



[0013]FIG 10 is a diagrammatic top plan view of a portion of a
substrate at a prelimnary processing stage according to anot her
enbodi nentwofzoiohe72ds scl osure, show ng trenches i n a natrenrEkoobazssrs
exposing the substrate. FIGS. 1.0A-10B are el evational,
cross-sectional views of the substrate depicted in FIG 10 taken
along lines I0A-10A and | OB-10B, respecti vely. [0014]FIGS. H 12 are
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of the stlpes bngsd3BdgBde 4B IABAE@SCivERr.14 t aken al ong |ines 1.3A-13A
to 14A-14A, respectively. FIGS. 13B-14B are cross-sectional views of

the substrate depi Ctﬁ@?&'ﬂ‘hﬁ pEsCRFiroN SeruRIIRRENTR$ 13B-13B to
143- 143, respectively. DETAILED DESCR PTTON OF THE TRVENTI ON

[0016] Thagig! | We%ltﬂﬁﬁéﬁés%éi&ﬂ \MHI@fC&&L@&ﬂH&&&RQ]&E BR)»%@YMLPQQW&
provides illustrative exang es of devices and nethods according to
£

enbodi mesvemplek of deyvidep wehnpideds Seming és embytitnens ¢ighes predtionuSuetat i ve
purpos esde%!‘kﬁﬁoﬂ rz‘sdfopﬁitust‘;ﬁﬂw Bﬁ'rﬁn&%ﬁ %ﬁly .ﬁBd lnb ﬁ'o; fnﬂ'gosE hg“f lﬁi?im?g the same.

[8617]  In the context of the current application, the term "semiconductor substrate” o
"semiconductive substrate” or "semiconductive wafer fragment” or "wafer fragment” or
"wafer" will be understood to mean any construction comyprising semiconductor material,
including but not limited to bulk semiconductive materials such as a semiconductor wafer
{cither alone or in assemblies comprising other materials thereon), and semiconductive
material Jayers (either alone or in assemblies comprising other materials). The term
"substrale" refers to any supporting structure including, but not limited to, the

semiconductive substraies, wafer fragments or wafers described above.

{0618]  "L," as used herein is the inherent periodicity or pitch value (bulk period or repeat
unit) of structures that self assemble upon annealing from a seif-assembling (8A) block
copolymer. "Lg" as used herein is the periodicity or pitch value of a blend of a block
copelymer with one or more of its constituent homopolymers. "L" is used herein to indicate
the center-to-center cylinder piteh or spacing of cylinders of the block copolymer or blend,

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



[0017] I n the context of the current application, the term

"sem conductor substrate" or "sem conductive substrate" or

"sem condusbizom/waber fragnent” or "wafer fragnent" or pPtwalisennd/osssid
be understood to mean any construction conprising sem conductor
material, including but not limted to bul k sem conductive nmaterials
such as a sem conductor wafer (either alone or in assenblies
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costs using the technigue are significantly less than extreme ultraviolet (EUV)

photolithography, which has comparable resolution.

{00221 A method for fabricating a self-assembled block copolymer matsrial that defines
an array of nanometer-scale, perpendicular-oriented lamellae according to an embodiment of

the invention is illustrated with reference to FIGS, 1-6.

[0623}  The described embodiment invelves an anneal of a lamellar-phase block
copolymer material formulated with an {onic lHquid in combination with a graphoepitaxy
technigue that viilizes a lithographically defined trench as a guide with a floor comiposed of &
material that is neufral wetting to both polymer blocks and sidewalls and ends that ave

preferential wetting to one polymer block and function as constraints to induce self assembly



cylinders that is formed on the substrate can then be used, for
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engt (mgter?aq ganabedcﬁag})sqwgi Bit% the trenches and crosstinked to form a neutral weiting material
layer. Material on surlaces outside the {renches such as on the spacers 18'

(¢.g., non-crosslinked random copolymer) can be subseguently removed.

[6027]  Single or multiple trenches 16 (as shown) can be formed in the material layer 14
using a lithographic tool having an exposure system capable of patterning at the scale

of L {e.g., about 10-100 nm). Such exposure systems include, for example, extreme
ultraviolet (EUV) lithography, proximity X-rays and electron beam (e-beam) lithography, as
known and used in the art. Conventional photolithography can attain (at smallest) about

38 i features.

[0028] A method called "pitch doubling” or "pitch multiplication" can also be used for
extending the capabilities of photolithographic techniques beyond their minimum pitch, as
described, for example, in U.S. Pat. No. 5,328,810 (Lowrey et al.}, U.S. Pat, No. 7,115,525
{Abatchev, et al.), US 2006/06281266 (Wells) and US 2007/0023805 (Wells). Briefly, a



[ 0026) I n anot her enbodinent illustrated in FIGS. 3-4, the materi al

| ayer 14' can be forned on the substrate 10', etched to formthe
trenches 16020mnd72a8 neutral wetting material 12' can t ren/useoobossaed
on the trench floors 24'. For exanple, a random copol yner nateri al
can be deposited into the trenches and crosslinked to forma neutral
wetting material layer. Material on surfaces outside the trenches
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and US 2007/ 0023805 (Wells). Briefly, a
{6029 Generally, the trench sidewalls, eéges and floors influence the siructuring of the

array of nanostructures within the trenches. Factors in forming a single line or multiple lines
of perpendicuiar-oriented lamellae within the trenches include the width (w)) of the trench,
the formaiation of the block copolymer or blend to achieve the desired pitch (2), and the
thickness (f) of the block copolymer material within the trench at the time of the anneal. The
boundary conditions of the trench sidewalls in both the x- and y-axis impose a siructure

wherein each trench contains # number of lamellae.

{0030]  In the present embodiment, the width (w,) of the trench can be varied according to
the desired number of rows of perpendicular-oriented lamellac {e.g., » lincs of lamellae).
The width (w;) of the trenches is generally a multiple of the inherent pitch value (L) of the
block copolymer material being equal to or about n* L, typically ranging from sbout n*10 to

about n*100 mn {with » being the number of features or structures, e.g., lamellae).

[6037]  Inthe illustrated embodiment, the trenches 16 are constructed with a width Gy,
that is greater than the L or pitch value of the block copolymer {or blend) such that the
lamellar-phase block copolymer material will self assemble upon anncaling to form a single
layer of multiple rows of lamellae spanning the width (/) of the trench and registered to the
sidewalls for the length of the trench, with a repeat spacing of domains {e.g., PMMA
lameliae) having a center-to-center pitch distance (p) at about the L value. The length (1) of
the trenches 16 is according to the desired length of the lines of the lamellae, The width of

the mesas or spacers 18 between adjacent trenches can vary and is generally about L to



pattern of lines is photolithographically formed in a photoresist
material overlying a |layer of an expendable material, which in turn
overlies aweubmtmzaBse, the expendable material |ayer is retraiseavnssséor m
pl acehol ders or nandrels, the photoresist is stripped, spacers are
forncd on the sides of the mandrels, and the mandrels are then
renoved | eavi ng behind the spacers as a nmask for patterning the
substr at K Ny Itern
dof i i g R ey i e e il 8RR Y0 IR DO !

f eat ur es sbnd 16485, 80hive gy lengthil)t oh s dagke §0gef dboed So§00tlse spacers. As a
result, the smallest thature size possible with a photolithographic

t echni qu 15y ef r
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i npose a structure wherein each trench contalns 17 nunber of

| amel | ae, [;0030 In the present enbodi nment, (iv,) of the
trench cH¥3de VHriay a&w&rwiﬁb‘v%ng §1ﬁ‘é’~’4§]e§11¢ @af*ﬁ%}ﬁﬁ@wa!fldmiéﬂ@’fbﬂ

per pendi gihaf fr% 2 @R ¢h Hﬁf'ﬁl ihRfenti§ p&f@reﬁtial {vbtﬁﬁé tfptﬁu L3Rl aRdrerrdd)e
width (w) of the trenches |s€genera a multiple of the |nherent

pi t ch vapahengnbjocsfc.ehEMIAGK adSpoPYivbh matsrial oalin bémyriwduatnis 8 or
about nt _ g l.
(with n- 31@%%9%19}2&%1%%?&%1% 9? éa?erl}%rcggagr péf%{ri lgj%tg 3‘?%‘??3’"3’5‘@ hf thfl grgléﬁ];f'%/ie(ﬁ' :
[ 0031] I nF (trh%mn;blb UBs¢ mategel leydpddicaeld qontpheedtaf en othes:nilp pafectiohstitisgt ed

with a width eater .t.han the .L .or .pitch val ue .of
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f:0p0| yw&rf hJﬁiﬁTxﬁf‘Fﬁlsﬂz\%xh bxﬁeibﬁdeaﬁﬁﬁfdadneoﬁm’r@n REBRbE BYyHhi6idé, ahdeaissi ngl e
ayer O mul ti ero

ae spapni_ng the dt.h of the
trench a}ﬁ@wfébwbewa 'a"y aﬁfe @F%%ﬂé*ﬁ P%CP Py ﬂgitnﬁféw %Y'Htgflﬁmgfi%% ACBHCh,

With a rapeatueRAcisneh AhiHarRLRS: CR{GentiaPVMAns RAREL ABIMABY PO, Aiong
center-to-center pitch distance (p) at about the L val ue. The | ength

(1,) of ak@strenches 16 is according to the desired | ength of the
lines of the |anellae. The width of the nesas or spacers 18 between

adj acent[gh34nCRLSHEARMA N oAl ISR PRINIX @ﬂ@f&cn‘ﬁaix@dﬁﬁ@ﬂ%n@ skeh 1N
sone enbodl nents, the trench di rrenS|on i's about - mu W de (wl)

and abous 22Q0NEEVHoe hany b ( Pl hocdaper nddifeday 1él’efpt +Qf(1 Dﬁi}tai@mf,awe}tf

10- 500 [ I, : re

structureg” ? 2&%}? §’nﬁl Erp '?L?%e ?‘ﬁ‘g“"?ggﬁgﬁ"@g#ﬁ“’n‘% %irh% du&h&q{l %sh%f

t he bl odk cmbpbinymewhtie a ndugevdtidrymastenal 108s ihqpivek bathn,pmbylnﬁmordé mai ns

t hat are oriLer per. jcuylar to.the . trench fl t r,ench

Si dewnt 18 TR GARE DI S B RIBER FEN s B i Qo

one bl otk compbdee obh pateriaDPA! iy MRkadiifc it WigeOd-rxatiadd iﬁ*lfilk/ﬁ’i i gAament al’ld

registration of the lanellae to the sidewalls as,the ? mer bl ocks

sel f - as d&Fpodificd PMMA can be applied, for example, by spin coating and then'heating (e.g., 10
about 170°C) to allow the terminal OH groups to end-graft to oxide sidewalls 20 and ends 22
of the trenches. Non-grafted material can be removed by rinsing with an appropriate solvent

(¢.g., toluene). See, for example, Mansky et al., Science, 1997, 275, 1458-1460, and In et al.,
Langemuiv, 2006, 22, 7855-7860.



[ 0033] To provide preferential wetting sidewalls and ends, the
material |ayer 14 can be forned froma material that is inherently
preferentiwbmntizzg to the mnority (preferred) pol ynecthisomboisensg.
PMVA of a PS-b-PMVA naterial) or, in other enbodinents, a
preferential wetting material can be selectively applied onto the
sidewal k of the trenches 16. For exanple, the material |ayer 14 can
0P (COMPORRASO ApdIRk Al MHGLEEANH ok AEbLOSIRIRLL & oYl as
cl ean si surface nati Ve OxI : ox1 de ?e.g., silicon

oxi de, Sct@o}} misuﬂaﬁamhtmw&trﬁ:edéqor gf the trcmhcamg}pwvmeslﬁgr theridirgaiotiiona oxi de

1 TO), silicon ntr als. s as . o b
ot tner o PP A R BRI dEeh ST e Bt 17 38 bramgiied o
ano nngtP h;qﬂ yin@h esital Settiy gh}yﬁiﬁi @, &g}ggﬁx :‘chllrig ﬁm@hﬁrb@gi&:m}) onRithé Ng
t owar am)n ot her n ot her odal nen
utilizi ngl\éé\%ﬂﬁbﬂgr%%& fognig éi?@*r%h?xwﬁtm {E'iffﬁrgl‘%%fiéi?‘%ﬁé’l@ %wcas‘* igto
pol ynmet hyliaet faakaehiotg defMi MR b amR, Snfisf-hiedinWids, ana; OH

containing noiety (e.g., hydroxyethyl met hacryl ate) can be sel ectively
appl i ed &@to t he si dewal k of the trenches in enbodi nents where a

neutral R8¢ ng™aBetBecabogmepkilinpiraiidip £1G8. 1A TuBpCHeinGBRteny cargle |
FI'GS. 2Aysned &c@i"m‘ﬂ?ingoﬂhf: 0R%hes ?@ ich\F ¢, 34 quﬁ\s% bheby adsBnd O at the

trench fl oor can be conposed a rraterl al that I's unreactive
wi t h t hespitcqatipgiits ihedrepNvR. as Aﬁn@w ot Be dormumptan rdsdom sppaisticer f or

exanpl e, mQ%ﬂZEQ‘hlpbl[p 5}8)31%@ P, &1@5%112 E@gce&g % (Q;V the b t&g? ? B&loi% 8¢ nd

all ow the tennina gr oups gra oxi de SI
ends 22 b arbrhvheat’w\ecmpﬁbsy acon-wgndf tcadisimé E:yma(lmac}dli’ brenp(mﬂb&feﬁc by

ol o Mok, SRRACREE Sud el Giapob B0 Bne T Sl of o
To030], “"""a@%‘ ilrio) Lo MQ““‘W‘@?%’SWE?P%W%? Gl

10035] A cheni ¢ utral wetti

of the bf 6’6%5*““? AR R T RSP PR P PR B Ench and
provi despfiefal trlpe » \#&ﬁgqaébalei&dqﬁn@n%agﬂﬁf SRR RAdi @b EBed BBk 22 6n the
| ayout. A neutral wetting material 12 can be provided by applying a

neut r al Wtﬁ%g)%ll’?ﬁﬁse%@nﬁweﬁﬁv%utraI wet ting random copol ymer)
onto the substrate 10, then form ng an overly| ng material |ayer 14

and et chpggy;t h@\!ﬂﬁﬁ'ﬁw&? shffad G%%@cﬁl b{ﬂ%ﬁ{édy["]yr{ge DpuUtsiRh o‘f‘@atnﬁc'nﬁg
rate

material, as illust in FlIGS. I n anot hér enbodi ment
i |l ust r&Pﬁ@iymﬁrbFP?@BOStQDﬁmOaOm@aﬁeaﬁmmlhq’kﬁ-gﬁ ﬁﬁt@@?&w@ﬂﬁﬂb’@d &plordded

after fqrm "ﬂgt th8 ok rﬂlﬁ&?ﬁfi%&@l ﬁlgfaﬁtgg.%é%g%%%awa@ fi %np% ?Egll&?f w«%ﬁ@ mﬁ%c%

casting or spin-coatin
exanpl e i*oaexmxi&)m thepm yireeitS hﬂ@ﬁkﬁ‘ﬂi@aﬂoukmpdﬂgmaxpplmami svatling lmeterial 12 can

t her mal | ssed to t,.h

e e AR SRR Sl S Pl ak Sty Ry b S A W DS,
conpos edxoﬁ)-fpr&hentﬁill as;sduurakxedunglﬁwafcﬁﬂb MRITHNIRG,, MahQiih 6O pat e the | N
anot her nbodl a r.andom Coﬁ‘ﬁ r material wthin t? trench%
can be phY fatbéﬂgbgeeﬁ' gRin goating), giggpndem sppelymsr mplsripla pe fiyeinglast Pk
the randpimieARSAMARIon YNt shi@atel SNGNES IRy LPPIBISIDR:aNG YidsalnkMaihdyng

surface) to form a mat that is neutral weiting to PS and PMMA and insoluble when the block

copolvmer material is cast onto it, due to the crosslinking.

{0038]  In embodiments in which the substrate 14 is silicon (with native oxide), another
neutral wetting surface for PS-b-PMMA can be provided by hydrogen-terminated silicon.

The floors 24 of the frenches 16 can be etched, for example, with a hydrogen plasma, to



material 12'. Non-erosslinked random copol yner material outside the
trenches (e.g., on the spacers 18 ) can be subsequently renoved.

1. 0037) Neuwoabooiwe1288 ng surfaces can be specifically pr@paUszoopy3sehe
application of random copol ynmers conposed of nononers identical to
those in the bl ock copolynmer and tailored such that the nole fraction
of each nononer is appropriate to forma neutral wetting surface. For

exanpl e, ot e d{% rf?Ite@é 5’:?? Rk %ogéno%ﬁ?iﬁ% ?’L;ﬁ[@{]whﬁ:’n &%&é&{r{alu@w I ng

material 12 can forme omath ot o-crossl i nkab
random Pgiihemmhmfmémﬂl ks ochohlogh efpelyerer n‘atteu@f Hhéammivated widic e ﬁ’@

toward ?ﬁn?axg% rﬁn}ngl Ocl@ ?{)61"% @ %aflﬂﬁo%"égzsotnfc@th%? %Qﬂ}(»& g ' gg

spin coa Fan omc
chenmi cal xujpmmze (wich fetine axidowic dﬁt sgbdnsti Eaﬁ &) b@rexbwmdte mmidcyumiuuon of

et ral RGP BTea T b PR ST HE6r e RER TR By St 8ol yrrer

mat er i al tr&aﬁn@xﬁsdr Hnlttydidgen SiH@nd Gediien: ¢4, @Sﬁbhﬂ:lﬁvﬂﬁwcrﬁ)OO?’S] I'n
embodi ments in which the substrate 10 i s silicon (rvmth native oxide),
rface for PS- can b row ded

anot her in

hydr ogenﬁﬁﬁi n%tmﬁde@ffgffftﬁﬁ#wwébwwﬁ%E@E% Hlﬁ‘éﬁft"r éﬁ‘é‘é“vl‘h“aﬁéﬁ‘be
etched, §pbiyaraiiRhes PRI IANYELQ08N Rl 388RIvelyQnio M substrate resulting in a
2009/ 117238PCTTUS2009/ 035804 renpve the oxi dé material and form

hydr ogeruisphiveigtsedr &re fog Big cowmperiingblpgirapalyrie .- WP diiéqual
af finitypd 9@‘@”5@&22%&&%%&, A QLK BOPALYE P BNGHA and(H‘ %Tg{om t ed

silicon can be’pr conventi onal process, exa
f | uor i decandp perveded & aa isiili ammficbwbsoicfmmmram phstpang ami mhﬁd@lfaﬂraeyéfm

about 1 0..an eous i.an of hydrogen .
P uor i dersbibt diolPpfi PABLh R o g AERM SR Mo PR Bt ymigeces
vapor tr@laiommﬁ“acemmbﬂac&afhymmd@enmxhaﬁdm.lm eatnment (e.g., atomc
hydr ogen). [0039] An H-term' nat ed si I i con substrate can be further
PS-r - PVP,

process aftl n [..Suc

Bl oo g, JERL hae CARAATE AR RPN C - AT S 1o
sur L ace Hpb- Pl e gmtﬁef;ﬁsmmﬂ&mamh@a kclc@smhyne E‘ncﬁ‘ieldger (S E&f} bf PMVA,

PS- b- PVP, a neutr a of PS-r.- PMVA
ondom didtissse et SRR daaB e Rhah DAy B proink rafiod [0 oXido

pol yneriat, bmf;,) &f despbHea e ARCPIRES MK, mha@ﬁaﬂacaﬁz@zogmmom)dp -3gk®f4. ni ¢
l'i nker such as d|V|nyI benzene whi ch Ilnks the polyner to an

o TR SRR BHOL el e BaS SR AR 10 bl Seunn,

and coating a blanket layer of a photo- or thermally cross~lmkabh, random copolymer such as a
benzocyclobutene- or azidomethylstyrene-functionalized random copolymer of styrene and
melhyl methacrylate (e.g., polv(styrene-r-benzocyclobutene-1- methyl methacrylate
(PS-r-PMMA-r-BCB)). For example, such a random copolymer can comprise about
42% PMMA, about (58-x)% PS8 and x% (e.g., about 2-3%%) of cither polybenzocyclobutene
or poly(para-azidomethylstyrene)). An azidomethylstyrene-functionalized random
copolymer can be UV photo-crosslinked (e.g., 1-5 MW/em”2 exposure for about 15 seconds
to about 30 minutes) or thermally crosslinked (e.g., at about 170°C for about 4 hours} lo form
a erosslinked polymer mat as a neutral wetling layer. A benzocyelobutene-functionalized
random copolymer can be thermally cross-linked (2.g., at about 200°C for about 4 hours or at

abont 250°C for about 10 minates).
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PS-b- PEO) can be provided by grafting a sel f-assenbl ed nonol ayer
(SAM of a trichlorosilane-base SAM such as '

3- ( par a- newbaoryphenay ppropyl tri ehorosil ane grafted to owoliaIS¢@og35804
5102) as described for exanple, by D.H Park, Nanotechnol oN;, 18
(2007), p. 355304. [0041] A surface that is neutral wetting to

PS- b- PMVA can al so be prepared by spin coating a blanket |ayer of a

phot o- o r ¢ T , , e
benzocyc I{%[{?Ef e rr]rﬂé_ A%F}%gglf%@oodﬁ%%’ﬁcg 3%‘2‘%2‘?‘?%1%%@?% %:%El%{}?ge g B%ﬂ%gﬁ%m (PS),
copol ynepolyfmetiagnybne(PMidANeith pydmoetl ipaepd) 4., T-bydroxyethyl methacrylate

pol y(styreRe-rsbenzocyel.gbut ene-rs,, net hyl, met hactyl at e, i
(PSP YRR AR Teir L 2 BSH S beTme e v e ot 1
conpr i se (@hpat od@YuPyWhitrabletlhg [5&-a%p W PR @ thiddby abng atabaiutl 6236

of either, pol Fenzo %/?gl obut ene or poly(para-azi domst_hﬁ styrene)). An
azi donet ﬁ“fffg%f% RHE- PO EY e 2ot Al aldehi@e pilty b7 8eAt®e” LV

phot o-crosslinked (e.g., 1-5 MNcmA2 exposure for about 15 seconds to

about 30[g94BUt €By)yeDinctiee EMBddide] DSiEhd MMBHrdx-@rmin@kd BRRSHolsnESaddar
about 4 hours) to forma crosslinked polyner nmat as a neutral wetting

| ayer. ASHERBURE Ipprrdsralor weieht Baeh sopeidmenpindtn ceaijsdi(savalenibapprged) to

ther mal | }heGhdeatel b RitRGh eBirfl weti@ly 8RN I%&Q%%O&bo@p@g n@f&%&ﬁ?ﬁfmﬁt
about 250C for about 10 m nutes). WO 2009/ 117238PCT/ US2009/ 035804

[ 0042] i nasitt-bd R VEntypenianshir bloak penetymagrs. wlla lenk copvloiom wogeidiorto of
pol ystyr AT . hag 2ol y
o o EROETEL oo PR Al R P TIYC ko bhoir ™ RN 1 o MRl
58% PS) Ean ibélsmkketd Meldpfgbaf 2830 tva-%a (substtr3dtdd® witdVef @Hgermiagiedxi de)
as a neutral tti l.ayet..aboyt 5- i ck at i, at about
160C f or IREeP %ﬁr@%‘%ﬁé’}&%&‘?@gﬁ% Eg’if ﬁb"’é’? i?'gf?“%“a)?}%ﬁﬁ;“%“f 2006,
ydr oxyl <t nad 5. ROMomaly Tareand A ot canondi ha. | ol wol Goul o
wei ght bfﬁié?g%ﬁ]%%%ﬁ%ﬁr@?( it ﬁ@gﬁ,@g é&l~@@%&9$ﬁ%ﬁﬁwdbﬁﬁﬂémmwi he
subst r at@mbed, &P anpR By habv¥R khid\@.d N6186dRC ?orlbei@éﬁﬁﬁ}e,(tﬁe Qtfuiraﬁb@df!hgrﬁ' S
ock copo e

mu) for PS-b-PM AA and PS-b- P2VP, anong ot her bl oc nmers.

bl ock cOp¥EyHeErn parrepupt fpmn Hadefabai Y wifiel BréHbRdIpi pubPMYA 88T or e
graftin M,E W-E . 50/ S0k Uty (RwOsry | I of
2Bl end KL CHATEEl -GNtk M SRS AR SR, bk LA
hont opol of PEr@H (&), P2ZYVIOH {6IoKind EReb-2DORI(BXBOK R @tawnt - % (or about 70- 60
wt-9 of a | ow nol ecul ar weight block copolyner (e.g., 5K-5K) can be

o 1600 g A AN LA, S S aresinFle, LAEAE i DA on Bl
exanpl e nwyferanl 6 hydng an inherent(pdicly at, ortizbdui i @)r.a teraary dkeadpl block bupohent r al

Chr . SRR bR B oo GRSt BT ureSh b 5 b h ey e et s e
\(N% ; t)% PSjb-,-P agwmb é)(Pii/dér mg). A Eﬁn Riyreoa ?ggxgﬁi%k?opélyﬁ&xﬁhm(ieﬁ K)x;,: ?egs?ewsgaéﬂA

an ; D- A - , . etc. eferring now to . 5-5A a
sel f - as QBIFIRS W@fmfﬂalérﬁrligt"z‘ 15 40 trnplars ©Hpot BREieSas/spacers 18,

{0045] In embodiments of the invention, the block copolymer material is combined with

an ionic Hquid.

[6046]  The block copolymer or blend is constructed such that all of the polymer blocks
will have equal preference for a chemically neutral wetiing material on the trench floor
during the anneal. Examples of diblock copolymers include, for example,

poly{styrene}-b-poly(methylmethacrylate) (PS-b-PMMA) or other PS-b-poly{(acrylate) or

11



material 26 having an inherent pitch at or about L, (or a ternary

bl end of bl ock copol ynmer and honopol yrners bl ended to have a pitch at
or about LWP 20e0/1iTR8% deposited into the trenches 16, t \WSTAE2I0/03804a
film A thin layer 26a of the block copolymer material can be
deposited onto the material |ayer 14 outside the trenches, e.g., on
the nmesas/spacers 18. [0045]1n enbodi ments of the invention, the

ol ook copal Yharar epidy D ERREERO U RIS I G e pol ymor

bl ock copoly nst’r uct t he pol yner
bl ocks wblw(Stnam)@qmbd(etbﬂmm_@S ‘mPEé})mwmlmhd)xb pudy(tactidic)Bs-bitiigh),
TRt e o e PO ol RS GR] - Exanpl es of di bl ock
pol y( st ypdﬁa)wmpbimmhﬂwmtm@éw (BS&:){PGF&S-RB)PM VI A) or other

pol y( Sty PURGHREhYC R RpFEParHef B VR b

po: yg SE y p@pﬁaopbmapﬂa )561?{&&%01@1@@\1&@3 éphea -PEBS-dR1cREhers, with PS-b-PMMA used in
pol y(styrene) - b- pol act i

pol y( st yPeidjsipted gp ‘eﬁi"é‘ﬁlﬁf @ﬁsyg‘ 'fhéé’p&w}ﬁ é%lﬁaéﬂﬁzhi@@&ypolmsr should be

pol y(st yg%am b MMW Q%h@fh@e B Qrdy &ﬁm@%é Bﬁ%i& B 09 %nff@té from the

pol y(i soprene)=b-pol y(net hyl net hacryl at e)
pon(|so@n@ﬁ@§ﬁbnpoly(ethyleneOX|de) (PI-b-PEO, anDng others wth
PS-b-PMVA used in the illustrated enbodi nent. One of the polyner

bl ocks of a& /%Rﬁllﬁ:r CORALY BEY di’éﬁ&&k‘&cg; g’?ne% ‘?A{%‘ b‘é%)‘mfa’lga 'P?Q:QP]I 0%lock
reanabIe abricate an rom-t

anneal edca‘ppiymer h o073 Amumhlen'umdanpich aph triphehiiinetbi! (tmpk) b&lneimﬁqataﬁat can

be utili avin l.e ion
ooch hs Btfkdinsulire B0 il R QTR R R B AR U Ve
bl f)gks ngld homﬁm:lndhahdrewﬁﬁﬁtaﬁiﬂeﬁ@rnpﬁﬁlm& c@ﬁplbﬁﬁoﬁ’ﬁ@rtﬂﬁ@mwpsuﬁﬁier f
m condi tions There ar e i terature exa . the, co xation o
pol ar griSUAFSIUGs FAEEP F8ETrRYS Fheps HTeIHs %5%"%10 j“‘%cl)h’?w‘?l% w&#ﬁ

consti t Wegiddbingidiot dmlaed €n QA% aﬁb&ﬁ:ﬂ&&s faQlol 8 SR CIRNEHUS LR s ﬂ@wypes I n
sone enbodi nent s, pol ar ionic U|d such as 1-ethyl-3-

met hyl i rﬁl%fhﬁmdeﬁahm ifiﬁ%ﬁ@ﬁ@ﬂfaw&ureﬂa AR eHeqtiNe gincaqtiaien pynebe used for
concent rafLOf & lé%ﬁuéhsﬁﬁlh {31 or SIS H 141kl wﬁﬁéllbg& M LD oA P EROTS
in the block copolynmer such as oxygen in or PEO, Wthout the
use of puthélt rathoddhn eariohpeitsias coiemisapgotues gk Dty ortihium [ 0048) A
fiwther exanple of a di bl ock copolyner that can be utilized is

PS‘ b- PMyBy4 OCkx Fbﬂﬂﬁﬂ e)égﬁgie%‘?%ﬁ;l <tc'8 m&tcggﬁgﬁﬁzgmmwawmes of

. Size Ies than t meter o i asse cylinders (Park
et al , Midedkreopdpmbedsped 06 f%(oﬁmﬁ,gomgmmgs,of a size less than the diameter

of the self-assembled cylinders (Park et al, Macromolecides, 2007, 40(11), 8119-8124),

[06049]  Although diblock copolymers are used in the iHlustrative embodiment, ofher types
of block copolymers (i.e., triblock or {riblock or multiblock copolymers) can be used.
Examples of triblock copolymers include ABC copolymers such as poly{styrene-b-methy!
methacrylate-b-ethylene oxide) (PS-b-PMMA-b-PEQ), and ABA copolymers such as
PS-PMMA-PS, PMMA-PS-PMMA, and PS-b-PI-b-PS, among others.

[6056]  The {ilm morphology, including the domain sizes and periods (L) of the
microphase-separated domains, can be controlled by chain length of a block copolymer

{molecular weight, MW) and volume fraction of the AB blocks of a diblock copolymer to
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[ 00491Al t hough di bl ock copolyners are used in the illustrative

enbodi nent, other types of block copolymers (i.e., triblock or

tribl oek owormdsriisock copol ymers) can be used. Exanpl exmafszamiokssock
copol ymers i nclude ABC copol ynmers such as pol y(styrene-b-nethyl

met haeryl at e- b- et hyl ene oxi de) (PS-b- PMVA-b-PEO), and ABA. copol yners
such as PS-PMVA-PS, PMVA- PS-PMVA, and PS-b-Pl-b-PS, anong others.

00501Th d L
005D L BBl L0 kTR S 0
| engt h ofarsibi-tokingeiidbokmepolfmot Bmsddaﬂaewelug*&ttxucm odthd twolblurks (AB) are
f t f ot AB ck d th
deoi r e RUIEHBIEbH0 oG Bonef siier e o AERPR ST e ejocReRbutiBethent s

i n whi chderbpiomed ie@ﬁmﬁ»@hﬂkd’igas@mﬁﬂﬂ@ﬁkka seRelMEBindllsr d9eths dfpelyvel WnRd
fractions of the two blocks, (AB) are generally at a ratio between

about S0PEYTERG 66 <Av Rl ehs ERstat ey BERITESHUPSHASPONITET Sni cr ophase
separ at ep@wmsm c@%ﬁfh‘?kﬁh al v Gt @thoeafa@&h BG:5b @wﬂ,’rﬁ{m&m&m&t cular

pol ymer A an An exanpl e a lanel l'ae-forning symretric

di bi ock Iééiﬁbi%éﬁ%/ #1@11’;@15:&/@%&@911 W@rh wadaneingitee (e-at Madto b1 2ivoLl. ’5’8’0 50
PS: PNI I
1£or m 20%51‘9{/?\,1&5 ag%ﬁd {%?’ aﬁl(%ﬁ‘gg%ﬁﬁ%w uou%"acg@gb&f 15% @o acchl eve

an anneap@gmér Hlmnlxs (c g\hﬁ’&:kn«ilri\é Mf‘a)rmh Laeman enrsuliffzaeepexipese denctdly s@hll

! mper ot PR R ATt SRl & ion PRt e BB < oqual 1

or non-sel ecti veI y vvettl ng to both blocks. [0051] The L value of the
bl ock coﬁﬁ@ﬁﬂnerl"kmdnmha offdati Pﬂcﬁzﬁd,ppmigmeeoaarhsphrea;iﬁbﬁ, fadpustnla @y biiesting the

can ol sa BRI SR LA SRR R TP bloeh A R e B o o

bl ock comﬁhm@m B aama@r@e:m;u WHleRd &qnpﬂmgvmm dobbiPebr 8 drBer fnafm type
k .copol ymer, to produce

of pon rs as the ‘%Q‘%/ng bl ocks jn the bl oc
a bl end i“r‘ﬁ‘é’tpo friers (gl 9f theywing;tyre Qf@o%‘%fspﬁIW"l%r?&i%% ingthei Dlofler ease

the val ugpoiTher, @@ @zﬁ'ﬂe%ﬂﬁétﬁ&h:@%ﬁ%?&w%%l‘ e b@!yh@?cﬁ@hﬁﬂgarﬁ%‘cxé&%‘ge
fromO to about’ -% An exanpl e a ternary'd copol yne

bl end i $hel paup.- ﬁ\wwmw%ommolymn leﬁmﬁm:aé,aawm frwdf imem@le
PS- b- PMp¥l 0,20 f.e20 & A

ol y( ety e e @or g AP GRG0l S el s ryigy
(W -9% @ﬁﬁfﬂsﬁméﬁﬁfﬂi@/ﬂ?m% of 4GB LR FE-toPMhbo, R0 \&5%%2%113%?%&33@ PEG and
up to 1 A it.4s believed that the add r
oy Fundoig S o0k gty S REIIGES R} s AR E no TR VLA
PEG dormxf 1S H-Bl OFSIPRS, 0P$b1¢[1@65ﬁ:}01€h&3 bt acks EDPERD®E vab @0113hwilis

conmbi ne(}E\g it 13 gciievé? t?l dcfeg F[Hi%) }l‘olrrgolil)i)grme? {nay funciion, at least in part, fo lower

the surface energy of the PEQ domaius to that of PS.

{0052}  The block copolymer material is combined with a compatible ionic Hguid (or

biend of ionic hiquuds),

{06531 Tonic liquids are generally characterized non-agueous, molten salt-like compounds
that remain liquid below 100°C and are non-volatile with a negligible to extremely low vapor
pressure. A distinguishing characteristic is the low temperature melting point of the
compound. The meliing point can be below room temperature or at a relatively low elevated

temperagture (for example 150°C) making the ionic liguid(s) compatible with polymeric films
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blend of ionic liquids). [0053]lonic liquids are generally
characterized non-aqueous, nolten salt-1ike conpounds that remain

i quid belwow20@0C2and are non-vol atile with a negli gi blreTtus2@205380€] vy
| ow vapor pressure. A distinguishing characteristic is the |ow
tenperature nmelting point of the conpound. The nelting point can be
bﬁowroomtemmr&urecw at a relatively low el evated tenperature
(for exagphe r@r’ﬁ&g 1[1?5‘;':1{19 Idn? 11(?19 Gn ok GLSE B W&&n& hiPk& v, Br both.

pol ymeri c f| eln iquid state. on| I qui ds can

sol ubl e ﬂmm/\mléds coovigghi c;atmldvé At sriomand odnhhe repetesied by @fmgztserefdﬁqsm@@

of a cat @ ~Qﬁ%eﬁ“m%ﬂh@&nuﬁ@gl§ﬁﬂnﬁﬁzrEpresentEd by the general

formul a I's"a cation and A" is an anion.
[0054]Enbod|nents of the invention utilize the intrinsic

char act ell0§€j cstEmbodimeriteo] ihqi:aivdzsioniuti&ikuﬂib hgriltsitm}nhmcistiatce oﬁ'ton'rf«d'mlnids,
tenper at yr vo atility and/or, a tunabple.ran solubility
char act ef'] sltd n@?#’lﬁirsbd ?{I%ﬂé’l) %elng’ﬁf/a Coat E8ﬁ/“'§#ﬁ“§ﬁ ‘%‘g)i’GFF (5 %Bfl cate
fil nms. of acﬂzﬁ’tﬂﬁﬂv&ﬁu%ﬂaggﬂhﬁu@@Smt,ﬂﬁa:tcdﬁgﬂﬁzﬁ@sﬂ?mﬁ%g'd&{deﬂLJ‘t{t mrﬁaaﬁbgj'&&dof
sone current used additives to provide enhanced |o e orderjng
of self- %@@ﬁi’?ﬁfﬁg} POVSHRS G ligmef SPiRE ey HeddiRes arovide

i nventi Oéhhaﬁdédﬂ&@rﬁnée'(‘&!&ﬁgbEsdl‘ﬂ&skérE‘ﬁﬁllgth%mpﬂﬁﬂhﬂﬁs a surfactant
effect and, as such, is structured to i'nclude a nonpol ar conponent

(e.qg., alk¥ chaln nd a olar or. wat er-sol ubl e conponent . to
i nt er act %Pth HBER B‘ﬁ ﬂwrﬁ»'én%%ekw@@ﬁmuww%@éw BIOVIS fi | ar to

a_convendy-Aan: ARkRN Gs @ﬁchc ﬁts’a"g&hﬁed %antzﬁﬁé &Rbnpolad C(QLIMHR%O digyent s
of the invention in whic he desired effect i's one I"'exat i on

of donorchaingaad 2 poleye w@ﬂrar luplegetepetenhtophissr w@p@nlynherws fein : blagk on
( 134) an&g@@&n%f‘m%éf aloglmtﬁgleho a%h&n lblgﬁlf 'agio IE)%I p’@ﬁ%ﬁg sﬁH&tf'antt hﬁ'lt B(Qe final

conpound e’ contains a catlon I'ex sel'ectively
with a r@dwlm@tqqfdhanyergpmupwbmh dwelepkralsaﬁemls mteeﬁbbmpkv.ﬁmmcﬂf;immr

material_, for qontai ni fun konal _ar S.of . .

ol y( et HyTBhE BERTR ook RERPREE ORI Frdk P iR LD pa PR AR BB g o

Pl t r ogeniquahirabascd g.ldhuhir::@t@)t}tjedhﬁi cdjﬂizﬁﬂﬁ& oDriwlaa.ilgl Gositaiyd yaribd El’ge)v;l( Eeviax
or exanple. |n some enbodiments, the organi an be

ol at 1 v RS yenl WIE B NP ISP e B PR L ek PR o

copol y W%;mﬁpk%xygén-cdrﬁmﬁﬁgm@m bARRR SF p&lf’(@thb&ﬂé 6xilié)quED) bs conposed

of an organic_cation and relatively smaller organic or inorganic

ani on. P@bﬁ’é‘i‘hﬁ@ﬁﬂ?%ﬁéﬂt?)ﬁw\ﬁ‘%ﬁf)@'éﬁ‘}ﬁ‘éh‘é@"'@fm& Ractipmehgaurste ionic
l'i qui d %E%wﬂﬁlbyﬁ@ﬁéﬂﬁ??)elf&@&k le S HED @ enf R Rs, ReLASRIWRioPlan be

lithium Which can be cohtam nants In sem con cfor processi ng.
relatively small to provide increased interaction with the block copolymer material. In some

embodiments, the ionic liquid is composed of an organic cation and a relatively smaller

organic or inorganic anion.

[00586]  Additionally, in embodiments of the method, the ionic Hquid does not inchude
elements such as sodium, potassium, or lithium, which can be conlaminants in semiconductor

processing.

[0057]  Classes of organic cations (B") include mono-, di- and tri- substituted
imidazoliums (e.g., 1-alkyl-3-methyl-imidazolum), pyridiniums (e.g., 1-alkylpyridinium),
pyrrolidiniums (e.g., N-methyl-N-alkylpyrrolidinivm, N-butyl-N-methylpyrrolidinium,

N,N-dimethylpyrrolidinium), phespheniums {e.g., tetraalkyl phosphonium, quaternary

14



[ 0057] Cl asses of organic cations (31) include nono-, di- and tri-
substituted hnidazoliunms (e.g., halkyl-3-nmethyl-imdazoliurn),

pyri di ni ungoeewg17238 - al kyl pyridi niun), pyrrolidini unms PCEUF2009/035804
N- net hyl - N-al kyl pyrrolidi nium N-butyl-Nmethylpyrroliclinium

N, N- di et hyl pyrrolidiniunm, phosphoniuns (e.g., tetraal kyl

phosphoni um quaternary phosphonium, arrunoniunms (e.g., tetraal kyl
anunoni U, g8afigh: - UM . rﬂj}?;"?#lh 1y ¢ idn ic

ur oni ums?m? g%‘%ﬁ%ﬁ??ﬁﬁgﬁ@&ﬁ:ﬁ%ﬁF%:g%lﬁg%hgﬁ;d sul f oni u&s&?glmgﬁ} ’r%r&élg%ar y
sul phoni amnenmrgyaenidlsdmss, 1fo@0B8) Ghassiemy, thibuanivonsardA)ifomehsithe.,
ffirrnate, ! e al kylsul fates, octylsul fates), sulfonates
(e.g., n?céj%%glﬁl{é%ﬁﬁlgfﬁa%ng{g{g tncty

-trifluoronet hanesul fonate, p-tol uenesul fonate), am des, imdes (e.qg.,
bi s(tri f [i868onefihsaedisuldne (hiviab)e foreslzandbies bog. adllegs(Bieg, qotylsulfates),

tetraflugrobarate, organoborates), phosphates (e.q  al kyl phosphate,
hoxat | uorURSRER S e PRREROhaES Moo PR Ert f o bR RS

FAPs) , glnjidel (ake sis(tdfitdromedbegsulahald), hehiasdobeayb ., terafluoroborate,
trifluoroacetate, agd\ greca oate, anong others. Although |ess

desi r abl &8f¥%P° 3K PBEOREE- B bY @%‘?wr@x_&@éﬁ%”h(’@bﬁ%ﬁ; chl ori des,
brom desgisiRalk0@TdctRRriANAbAREIG A8 FAPs 2Rl AMed MtimdiiRieS A¥Balt
enbodi ments, the anion is a non-hal ogenated organi c ani on such as
f or mat e, ©eHrragioRyd Bifluprpeestatapng iRsAnpHD Sp1PaL ethers. dilireeaides desipble for
exanpl e. k@&%gadm-&-%éa b3 e R (6 1088 -'-Qegi U SRR anbBleldiaRs of
Patent No. 7,252, 791 iR e ERERUR o 5, (B enbifgidiaRs
6, 998, 15@iqueliienbr woke;enModinuamtsT the lanioh dgrynonHimbogenatedorighite atfbait b aiNo.
6, 924, 34 Mays . s YABpRESEALCH Foundatien), and in U S

Publ i she “ﬁp‘b(%|a§ég‘lr"?sléﬁa‘é’d’669‘8’§§“fgw;&( WG, 7 }“”,‘d‘ ing
others.Non-limting exanples of ionic |iquids include

1- et hyl - 865t hydni¢ hinddwat desmibtdfursudrhge,an USriPaeRt 9603)52,791

1- et hyl - 35 met hyl.i.m Ol | i S(tri onet hyl sul.fonyl.) jm.de .
([ Eni hi §r‘?5¥‘”§%]‘e$ﬁ§‘f‘%g%{gﬁlﬁ@ﬁ“nég%#gﬁr% e{“%“f’?'gr\“ﬁb%‘o%@%&‘%y’ fnc.),
E { gm m;ﬂ]ib Eﬁ%&;en@atﬂﬂmm{{vﬁyfmml gﬁﬁdiﬁgémﬂfh Fbt&zﬁifoﬁﬁaﬂﬁ [rolbﬁlr tazli‘tﬁished

i ni 4D, 1- -3- et.hyl -i m dazol i u xaf | uor ophosp, .
([ Bminj [ ﬁ*%m‘%-‘)ﬁé@flsgl L) ?ﬁlﬂ’&i@quﬁﬁ]ﬁmﬁV‘?ﬂ%ﬁ‘%&ff afgﬁi%ﬁfleﬂﬁ,
1- (2- hy dpaQxget- Q¥ D >-m3thiBidhdofL &l B E R Bl OohghAt Rmethyl-

| -1 Em BF4: 1 and tris-(2-hydroxyet hyl)- met hyl anunoni um
Eret hyl smrgﬂl[idai’?‘é‘i r)wia@ﬂ%mé;('iﬁulﬁgwﬁgiméeN&X@ign}{T@'ﬁamflmbyii%m@ﬂ-i qui d

(5340 A Soohierbocl PTLRIATRAE, L gLty BT 20 v
mat er i altetragiiprohomster{Bypirg{Bisd), ¥ édtil-3-ragthydrigatsrdiveoharafitorspletspla:

ol enHERARRSD, LBbE G S S AU B0R B [ AL
seni conduettbylirpiiasdissiestratmchdbogefHERMnEBFME RL slsaD-Ma8roxycthyl)-

A R AR I SR tns o 0

{0066}  The ionic Hquid (salt) can be dissolved, for example, in water or an organic solvent

{e.g., methanol or acetone) and combined with the block copolymer material, which can be
dissolved in an organic solvent such as toluene, benzene, toluene, xylene, dimethoxyethane,
ethyl acetate, cyclohexanone, efc., or, atthough less desirable for some semiconductor
processes, a halogenated solvent such as dichloromethane (CH,Cly), dichloroethane

(CHCly}, chloroform, methylene chloride, a chloroform/octane mixture, ste.
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WO 2009/ 117238PCT1US2009/ 035804 [ 0061] The bl ock copol yner materi al
can al so be conmbined with a m xture or blend of two or nore

conpat i bl ewpamoartBgui ds. [ 0062] I n sone enbodi nents, t PETIUSM0L/035804

| i qui d/ bl ock pol ymer conposition or blend can include water in an
amount effective to inprove coordi nation or hydrogen-bondi ng during
casting and pronote a nore rapid or |onger-range ordering in the

sel f-ass Y BLINS, e,
2bout 0. U6 oo by e o PUE ey ARERAEn S bR e BT
conp03|tﬁﬁmwIP@@@@%Tﬁémsmnudmuﬁg of both the block copolynmer and the
ionic liquid can be tailored to meet the Iength scale orientation,

or gani zakg I k: I \ t

conoent 1 RZE! S e REhURRES ke RHI RIS milf SRR Blu S0
vary anditchde wbt;dlmrﬂ:@wt effdoev&ﬁeu:hpﬂbve ctsn&bﬁtuﬂn cﬁih;térﬁ@%ﬂwdwg duigieg
about 20-5 al,ance as the n sone
enbodi mert o eRe oS it BRER EREErPRe b iR o b a0
by wt) i polaeaivtiahg duting tie atbih)€r QbmpleatbiMe]-ab 00By (EolvaterO¥aEeEh
atons angd/ or nltrogﬁﬁﬁatons of the selected domain (e.g., PEO of
the bl ocke&SpoTsieht SPUBP¥IMy ai | abl e for sel ective coordination or
eonplexaticmwi th the cation nolecule (131) of the ionic |iquid,

e.g., thpasgsl an Hr..&tm@u@fofhbm tRIg& by REQ Hdahd i&ﬁivqalhld%n 64&)10@& t¢ he
ui d, MONOITEer, - t0|on|cI|q|drat|o 64). In

ionic li
ot her en*’g‘B‘ﬁl Wﬁ?g_{;’h sqafe OT RO SrEH AR a%iupﬁgglﬁh:éamgtmc&taroé fti vel y
hi gh andsipticat®n9The %@Hﬁm%ﬁé@ﬁ?{% m(ucvﬁqukf- 9 ﬂVul%pQﬂM&r &9@511}%%@%9 n

and a surfactant effective amount to enhance chai n fobi |

pr onot e %@Pﬁﬁ@@%%w%ﬁy06$bﬁW€wﬁdbyhﬁﬂUddﬁhﬁﬁ@ﬁﬁu@ﬂh@ﬂﬂﬁéﬁ%N%€ahwﬁhﬂm
[ 0064] | “b&ﬂ?“%“aésetgg?ﬂtﬁ Fymegn fne c%c@%&ﬁﬁﬁﬁ%%%c&%lo(cﬁ g., the mnor

domai n) can Ctli structured to I'Nncorporate an
i nor gani @pd@mpntmeinmcdnqusiﬁegl es%(hy vt} is acorfling leethe @owbmé mdapii et my
e,i.oni.c .

anneal i U inte I q
ot | o PP Al iRt el 4iBiet v i bP e pEPE G EhBh ot bshigptan
(r;'at eri al(coﬁﬁvgaez; thmmkévwﬂlﬁﬂ fcﬁ'e}:!eatvlc\éeorﬁﬁlﬁﬁm%r nﬁtf)rp'fjdi“(ﬁmﬁi e 1?190&1}6%}% ]f
omain (e . i.n sqme odi m)va N

bot h t he™legi of %‘féﬁ%wﬂm‘»‘l § o iR TR e SRHeBERPED ,5%1 ik (Prat
I nc?L porca::z& lfa;s;c 1RRHE IR RREE-RRicRNIReIPITepated sD¥4]. aghni ques known
in e ar or

other embodiments, the ionic liguid can be included at a relatively high amount, e.g.,

about 1-50 % by wt, to provide both complexation and a surfactant effective amount to

enhance cham mobility and promote self-assembly of the polymer domains during the

armeal.

{6064] In some embodiments, one of the polymer blocks {e.g., the minor domain) can be
selectively doped or structured to incorporate an inorganic component or species {e.g., a fitler
component) during annealing, which does net interfere with the ionic liguid Aimctionality,
and will remain on the substrate as an eich resistant material (e.g., mask) apon selective
removal of the other polymer domain (e.g., the major domain) or, in some embodiments,
removal of both the majority and minority polymer domains. Block copolymers that

incorporate an inorganic species can be prepared by technigues known in the ari, for
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exanple, by a direct synthesis technique, or by incorporating atons
of an inorganic species by conplexation or coordination with a
reacti ve gwouprwfi7gsie of the pol yner bl ocks. [00651For pexarsphoe/o3ssie
bl ock copol yner can be bl ended with an inorgani c heat resistant
material or precursor thereof, which that has a high affinity to one
of the polynmer chains of the block copol yrrer and wi || segregate W th
the pol yner | £ neal Q an.
organi c %‘fﬁé‘ﬁp%i tﬁ%&%gm%{} 6% Lﬁﬁ% ﬂr)f’f}p{é"n go“ﬁoa“ , ]{Oﬁ%%icﬁﬁf ‘gél -
pent anedibgnatplpxation of ¢ omdzmmlmdw dactige lgwupmlt’ ahe ﬁ]tka)pﬁljdﬁcrrbdﬁcyﬂe rs
(e.g., alkoxysilanes and aIkyIaIkoxysiIanes) met al oxide pr ecur sor

| t tal |i
(=5, DRSSP gl RO P
titani umuglci] orqimmm'snume(eéf Whichohay hﬁi‘&ﬂhﬁ@h éi‘ﬂ%}l}' w6 eChT (bl y i abdimon

(Pt), ruthenium (Ru), zircqnium vanadi u V),

| ead (Pb§heq‘é‘?’r‘g cﬁﬁg%’z‘?fz'wf W‘ﬁﬁiﬁﬁ‘g‘éﬂ ‘ﬁg}%ﬁ b‘%%&é%ﬁﬂ%ﬂm fg

2007/ 022229516 AthdS s20 0 bAR8R Akl @MH% ghhleﬂlt" A86RNRIRELE FuthBGuh.2,4and
USP 6, 565, 763  ( Asakawa et al | ock copol yners t hat

i ncor por a%a“ﬁﬁlfmfﬁ%re@% ﬁemé%eél?deg*‘lcrawmilswbéﬂ%‘ﬁe%ic@ dhprasignsaed
synt hesi gl &b Aks), al %%@H@fc@m %cﬁ‘gtr Vﬁg&lpb@@ﬁdéﬂaw %89 41042898 Rs0r,

For exanple, a. sequénti al ing p lon o

nonnet al ﬁrébmtdﬁmtwgﬂwbﬂo Hsangles of meials \yehide sitorrofiy Phrbml ol tibyian
i nor gani
forr soent T BERT A e AR TRORTEE BT ki (. ARGE b an

i nor gani zr@paoi @), oogstan (V) galsdoek(Wokod m,rm(iem@ (Zn), among others. See,

[00B 1 EXARBLAT o T TRk g Vet ERa e e PRt Bt e e

speci es UBEkEe 7Dl AsaBiYs @RE). - b- pol y(di met hyl si | oxane) (PS- b- PUVS) ,
pol y(i soprene) - b- poI y(di net hyl sil oxane) (PI-b-El TM5), PS-b-PFEMS,

ol y(iso e ferr rneth | et hyl si |l ane Pl - b- PFEMS
Dol (st y PR . B PP AT oG s A e B a0 O prpared by &
pol y( st ydiraedmbeaolhdgbad %ﬁﬁﬂplé Ez&i@scﬁ’ﬁ)d m mdm@é@%y bt adh@Rea

(PB) is stained. by osmumtetrOX|de( ,
pol y( st yicawetsLiyingaafiostinption of adiogmptal- peienwp)onam(é St 1561999 modPTiEs)

roup f or
ot hors. TPBoLE) AR PR RALL Sens enihing o (e Moo A FRet IR, ks
into t hemmm-ﬂman bamsad-ro gyiteasize dn nerashicapecierconsaidag blovk grolvess(e.g.,
(e.g., Lﬂoﬁf( @cyzle&]:}%*p((lwgrr&%gﬁ%% h?ﬂth?fsﬂ%x 9}% bﬁf%

[3067]  Examples of diblock copolymers that incorporate an inorganic species include
poly(styrene)-b-poly(dimethylsiioxane) (#8-b-PDMS),
poly(isopreng)-b-poly(dimethylsiloxane) (PI-b-PDMS), PS-b-PFEMS,
poly{isoprene)-b-poly(ferrocenylmethylethylsilane) (PI-b-PFEMS),
poly(styrene)-b-poly(vinylmethylsiloxane) {(P8-b-PVYMS), poly(styrene)-b-poly(butadienc)
{(PS-b-PB) where the polybutadiene (PB) is stained by osmium fetroxide {(0SOy), and
poly(styrene)-b-poly{vinylpyridine) (P8-b-PVP) where the pyridine gronp forms a

coordination bond with an inorganic species, among others,

[0068]  After annealing and self assembly of the polyrmer blocks into the perpendicular-

oricuted lamellae, an oxidation process {e.¢ g , witraviclet (UV)-ozonation or oxygen plasma
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etching) can be performed M anove the organi c conponents of one or
both of the polyner domains and convert the inorganic species to form
a non- vol awol280%m@sgani ¢ oxi de, which remai ns on the sHEIIGSAL/03TICH
can be used as a mask in a subsequent etch process. For exanple, the
i norgani c species of the PDM and PFEM bl ock copol yners are silicon
and iron, which, upon oxidation, wll formnon-volatile oxides, e.g.,
silicon Q%h%?%&f&l&%rf?r%dlié QR ek QomphHORIHRRL 6F Fdi‘ﬁ'gf 1@9?6!5191&1"
FIGS. 5-5A, the |arellar-phase bl ock copolyner material 26 cah "be
cast or depaisF prtbconkediie frorganernphees 1 dorhoe sovt tilaknimerpatio oaide.orhigbout
t he inhe N TR oY Bl cT A _ of t:he bl o | yner, riak. (e.g.,
about + %%%%SB%II@Q“%%&%}{%C%%&blzéﬁdydgéilr%lm%gh] eﬁ{%&%g{ﬁ {'Bjeﬂ%g JZ‘B%"S ii Plt(ad by
spi n casgkaugplé, sy inogest Epgles bf G PEME dnd RFE blekk otpofiendys are aiffiostt and

0.25-2 W % sal.uti f the . I ' .Sui t abl , i G..Sol vent
such as (PERTTbePHARE ERoEI I motor uliln Beidsiop Benliig € T0RGSHY pastiyon

forces pukiie gec@gs bl ock copolyner material (e.g., greater than a
nonol ayer) into the trenches 16. The thickness of the bl ock copol yner

mat eri al can,be neasure o .exanple, by ellipsometry technigues.
As shown ji&'ggj_t i &¢ PRYEMOYO TR @Ww&%&&bie FOPSREFT apRd 24 a0
can be depast srefpadd LRk feithel DOOMEBMREKABL (4 MR EbJot hoQhHeidndSitdnN® 7

trenches, on the spacers 18. Upon annealin the thin film 26a

e. g 0, ) 9 .
wil | f1 oWpRseichs Bacl sanqlyrss mateainl (4@ ab@tt i 200 ueteledbe bicds prrolnsr on
the mateghglialay gk g il QR L &1, QIR LAR. anagal | ng
process | s_tihen co%%ét@%%ﬁ%ﬂ%’s@%w%l %&ﬁ}g§§&'{1 \é%éigﬂegglzg %‘ﬁ%ﬁﬁﬁg}
bl ocks t@ZpRagte swbprrheidhé eopolyapo sesuiteble hegapiceblemntéhals daaldbrosiorne al

wetting ) ! S forma, |5 | ed_pol vI

ot or | a1 (C3ECHE ot ARG BiceiFR? CRpftaly lpblo Bt IR Ml AR

t he net h@d..gireatd¢hanmventolaynr) itth chepahyire s nihethidghe 61 ihe bhnheaboddadry
thermal anneal,ing, . which can be conducted at abqve the, glass . .
trane i BROERASARA P P reg; B PR Co mpomeRtPgUaes A PRERCHIN y rer
mat er i al laydrof g% aoPbthe BloBScdpoRMArapal Jek BRisted ald rédminha tanneal ed
at a tenperat of  about 180-230C in a vacuum oven for about 1-24

hours t o et V&r {hen'sier thedsadith e WRPIEFBYIS. Tren sresiing; thgthin fim
mor phol ogy vl fohenRNNEeabRAcCORM Y IBRFucARIEE bRlsh 28 L & e maRBLPENIIqU! ar
oriented | anellae 30, 32) can be exam ned, for éxanple, using atomc
force mfé(f‘%émwﬁquﬁmﬂﬁansm ssion electron mcroscopy (TEM,

scanni ng el ectron mcroscopy (SEM. WO 2009/117238Pa/ 1182009/ 035804
[ 0072] Theoh OClﬁkr%hﬁ@:hﬁﬁ%?oc%tiﬂh'e@Lorﬁiﬁ@e@ ShRhakty, el @zgasg{he I b]g' wer
ot her enbodinents, a zone or localized thermal” anneal” can be gp fied
t o port iteeks by pheseicpants infesponse bl the krefopvklamsmenmal evsitiz of Hgriresgianypl e,
t he subs S or=1oNMe SR eYV{cTo I 1ol A -t1osL0ld te r e, gr.adi ent
posi ¢ 1 onereE b ER e N AR TR Ry BBl % B R R R e *h0u co
can be noved relative to the substrate) such that the bl ock copol yner
mat er i all®%@E[ f - Aseebislimentapbhe vetiod nthaftventipadsipolyntdn retaghl 1hie heat

source. Y.qthy igns of. 1 he bl oc Lyner, material that are
neat od_ SBuie HERGTREEHARR, Phich % B R e R S mabieth

pol yrer térhmekereWll [lof del donpssainbloels @itk @pe@mepinateligl, mat etdngle, khat
were not, sufficiently heated remain disordered and unassenpled. .

"Pul | i néé- " SPRa oA S G8Lo% Hacaltio el gy of BGar A Sh R S ar
pr ocessivagmal$lch EilBouOI-BeR@fls GlaMMEt e Sl Ssah b nbodhiR Il Obad rekingr el

anneal , .
morphology of the annealed copolymer material 28 (e.g., perpendicuiar oriented lamellae 38,

32) can be exarmined, for example, using atomic force microscopy (AFM), transmission

electron microscopy (TEM), scanning electron microscopy (SEM).
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[0073] I n sone enbodi nents, the bl ock copolyner material 26 (e.g.,
PS-b-PEO) is solvent annealed to formthe self-assenbl ed pol yner

mat eri al 280 2BWN&IE anneal i ng generally consists of tweCTprsaees3ssin a
first phase, the BCP naterial is exposed to a solvent vapor that acts
to plasticize the filmand increase chain nobility causing the
domains to internmngle and the |oss of order inherent from casting
the pol ymggrpmat el flock J8iy {cgﬁ"{ﬂte?‘als&h%ggoi‘% abed oWtk l‘)i'héecqnﬂoﬁml?’-@l%‘?g
at least in part on its'so Ity 1nt coﬁo mer mater

such t hatorasrfigesiiesst theolalamtalvon bralpbisd wricetions besdlios k)t tepdicner

mat eri al h der. tr n5|t| n of th ol
domai ns a%%lenw{i&f%e??le%%%kﬁlm béu‘ﬂf a1 8?"°§ﬁ88??e%}f° “t%x%ﬁrpl es of
sol vent s tammekande geadmmapésmc&ai sent srwideimcah thensene (of Bk u&ﬂﬁui ¥tk e@an

di met boxyet han I tat exanone, ,etc Ior| ated
ol vent s E bORPEL!EiF i B S %@Pﬁﬁ%ﬁg Pl rarily? s i RO e
m xt ur e, ugdCoooiRRRG peshRNBioudtha he® saRsk. AMAS osd APt (%i*bﬁﬂfﬂ%ﬂ(ﬂ‘klo i's

renoved fromthe solvent vapor and the solvent and sol vent vapors are

al | owed EPOSHRIRALIA thakae Bmicdoﬁwf%@c plps tgssitinn teamerttura sithe geppmarte.

The bl ockg 91%9%%@1@@.{111 Bk Q‘{bblﬁbib b&ﬂ'a{;b%s LPhe ﬂ{a}’eriafs*%zétqﬁzé%f\éﬁﬂfccht’y heated
evaporates fromthe materi al he evaporation o I'vent

hi ghl y drensét dissrdsred il Qlﬁﬁwbbds SPwiemy” toolated tzoet deoms Q}Lacﬁ:mtﬁ can result

"ot t ont ot P e AP el & hadE o A0 e TEISH! Bhonb el s

orientation and sel f-assenbly of structures starting at the
ai r - sur f B8&3}i ntlaspue embodimdntithnblddvenmalvehet matehelZGI(ogr, PSAb BEQY ke

trench 1§;., of icul ar- or ar. domai ns
30, 32 gsgyul‘cf g‘gm&%%%%}é’he@% e*%?[‘?éw B ey nd."L"&“ ‘%‘ﬂ%‘ilé’{oa y
from t hegemimlly nm&.ﬁ'ﬁ.ﬂﬁe‘v\'b ohdshe hrndhraphidepthe BRP. ma;M@i is exposed to a solvent
2009/ 117238Pg]‘{m 5200 /03588 ﬁ%00741The use of part| é r, .
near - sat Pt ‘88" €610 8REUGAI6¢ %dem%tﬁ?f\‘ié ?‘HE"’B %ﬁa““‘é‘ Hlf’lci}))i’i’é‘f“‘”"

mat eri al n@ﬁamwe@d #@dIesitdratdenBhbieRdr dn bREEAR pollRRr ﬁ%ﬁ@ntmu @RjcOf
sol vent the air immed ate at the vapor |nter ace with the surface

of the Rt Jitiged InRgeet A iGTeidn gt on ity priebiligdn thediodssoradymere

sol vent eMaROkalAsaldaMdne IR t

wetting int erfsace Egt}cl th Ilat bc%? ﬁ%tél?&aﬁ% i lff@dﬂ%@%l? @Lﬁ%&fﬁb gmmouf
wet t he Hrapeer-diperdetigasitianel fhasolwmr mwmwld@vdﬂmﬁlat@;rewlwmihrase
separ at N CP qaterl al at
R e A T e e Y

t he phaseiege,phmat&xewedm| eftyrl a:tc,tcnd] eydbhexhmines étagadlmﬁhmm@d ka)@f}ﬁenbubmaa

mat o1 2l H RO IR SRR Rop PR SR O GV 1 he

sel f - as semiati phaeyihwesigisi b is Babyéd et eBbREn0ab&Hnd BeY R8RE &Mlcalvedto
t he substrate 1Q and the | nl%qllar feat ures extend conpl etelg fromthe
air i nt SFPEEECRGOVR IS HUFISH B of dhe nodmesTrateriabapisvaroted. dheblock

vettinge &ﬁﬁéﬁﬂ}ﬁ&:&%&éih@i&"ﬁ?ﬁ%b111%‘%5!*&*@1‘&%%&1%9&::32:{?0111 At iBen. epneal ing,
the | anell ar-phase bl ock copdl ymer forma sel f-asse ed

pol yrer e¥appeiopgf %rﬁgbg@d% f@ghia dgieﬁgmel anéyemm@xfw]of@mp@n@ammfar gratipmnt ed
| anel | a n it

5750 miC o b acr 3 o OHeRE AR BER il 1Y Rafth e e bostfediy
span t hetthe d‘s::kr:hcﬂoot ﬁétltat mdndfaeanarﬁatmnmnéfséf-aﬂdmblvm ktrfodurgs stcrﬁl\x@\/ﬂt the

o1 doval PG re RSN g B el e of BRTARAt o ibivrinner

brush opeyeididurg-drayed L32alar ddhdind 30032 makdl@sm aEndngicvRlls 2isnd ayer
32a bein ner al I%qeabout one- ftﬁ%gth of the L value. Entropic forces

drive t FRECRERY SORpIgrly drave the pliniGidaceiin Bediopsindeor@d. g, floor 24) by

both bl ocks, and enthal pic forces drive the wetting of a
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WD 2009/ 117238PCT/ US2009/ 035804 [0077] 1 n enmbodi ments in which the

bl ock copol yner material 26 includes an inorganic species such as a
netal (e.gwO2B911288 etc.), the inorganic species W || PEFgrseganzssts
one pol yner phase upon annealing. [0078] Generally, a block copol yner
thin film26a outside the trenches (e.g., on nesas/spacers 18) wl|

not be not thick enough to result in self-assenbly. Optionally, the

unstruct g@@q t h'I didelofh 88y Ccﬁ'r}wggsa{lﬁﬁp?’ %ngfg} %g? b%ve Fﬁ: pARcet ch

techni qu anarlz t1on process e copolyner
mat eri al C@M’m@ ma*@aié epviles cnogs] wolking méerfate. t e cpmde;atmmndmmlnms it e

fix and o strength.of t ol exa .one
of “the. polyREFfdtiel B Oah DR IT e P B Brarbfl o R ¥

i nger ent Liydee Bﬂfﬁ&i}mm tﬁc&ao@vw} u{apétaﬁf( ﬂ@ﬁauheBCB mage&{iﬁi‘élrﬂd)lﬁtm(a%umi

radi ation, inclu eep,u trav 0 iatjon), or th

pol ymer BPHEE 1ug CBg %&gﬁﬁﬂﬁé‘t 8’d‘"‘ (90 M’a"“@r@é@ﬁ Ik g B eRET Ao r
exanpl e, akd)es {hé 8104t EOPORRS, FALHIS £ELAGT IWRh YneWRAS A ¢ QBB the

reticle gnot shown) to crosslink only the self-assenbl ed pol yner

mat er i al B8 watek ff thiair infasitenasomes Brdenauain s Bhlostiadpsteitiogsgihed
with an apREopnialRiaRINe e 41 1;9%1?'1&%&0%@,6%005( {ne’n'gvﬂlf“tapﬁﬁ%ta | eavi ng

non-crossl i nkéd portions o 0CK copo eria
t he regqi sqmméwﬂgleﬂﬁmais'@ehMMdEdﬂmﬂ yaveh tln:eﬂ(éi? maivnﬂfsthwdmhthim fdamed aiﬁh@ h

and expo hew Supf . g ) oyel out si de the
Cr enchosdt Hbrde Sl Rl Cine LlPoBHEN AhanPlboinfy e i Fehf 25" Can
be cr osspdrpdoitulyl @bt bubstrate pheddrhe Sinstllanhiesck akiegPddniptetalp Plobetle bid
pattern and.expose areas of the polynmer material Ma outside the
trench r%ﬁ?%ﬁ%OIﬁ%Wﬂ?ﬁg osed portions of the polynmer material 26a
can be renoved, for exanple by an oxygen (02) plasma treatnent.

[ 0080] Anmamodirmpomé td the mﬁmg@frogeh&s seiht rasdhenihed 2pazypempemt eri al
illustrated | depi ted one of

28 as an et
the | anet P& a@srﬂﬁ?ﬁérzv*b%bia  Sepbe %@mﬂ wérﬁw@irdfbamb iy mer layer

Struct Urzs heNAs ek layek Bﬁpﬁﬁ&ﬁ!eﬂ%—oﬁ@ﬁtb& BheB8 d%ﬁﬁ% apeth mmme
remai ni ng, | anel | ar donai n 30 ich can be used as a nask

etch t he""’éﬂﬂéﬂ Sfishppi e éile-ge é-SPoum. poeimt} B rmeloarrwle)i whigh pﬁgmhwe
PS- b- Pili b bl 96K 18 QR@RTRIe tre RS 160 KB BB 3P016& e RE PMMA domain) of the

block copolymer material will segregate to the sidewalls 20 and ends 22 of the trench 16 to
form a thin interface brush or wetting layer 32a, with the thickness of the wetting layer 32a
being generally about one-fourth of the L value. Entropic forces drive the weiting of a
negtral wetting surface (e.g., floor 24} by both blocks, and enthalpic forces drive the wetting
of a preferential-wetting surface (e.g., sidewalls 20, ends 22) by the preferred block {(e.g., the

minority block).

{6076]  In addition, the selective interaction and complexation of the cation (B") of the
ionic liquid (sall) with reactive groups of one of the polymer blocks {e.g., O-containing
groups of PMMA or PEO, etc.) enhances and/or induces perpendicular orientation of the
polymer domains upon annealing, and helps control and improve the long range ordering of
the lamellar domains 36, 32 (e.g., PS, PMMA) of the polymer material (e.g., PS-b-PMMA)
within the trenches, and/or decreases the number of pattern errors (e.g., disclinations, efc.} in

the seif-assembled pattern.
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selectively renpsed, for exanple, by UV exposure/acetic acid

devel opnent. WO2009/ 117238PCTM52009/ 035804 [ 0082] Renpval of

wat er - sol UWPeMPHO28hase domai ns 32 can be perforned, f®CTAicaiMplER0bY

exposure of the self-assenbled bl ock copol yner naterial 28

(optionally cross-linked) to aqueous hydroiodic acid or exposure to

wat er al one, which will draw PEO to the surface |vithout cleaving the

bonds toy PS;, donRi WE Kk

copol ynerédl?ygcl uté‘es agﬁzcgliséﬂgg} gggl\c}g‘b?qg%&gh}gm\w&%n&%t ‘lr?lé%a%ﬁ ﬁcgqjﬁigﬁ

| i nker) peesics pohad 2 betaléen, $inbe, pm)ytxsenndugmmi@ssm@mﬁsugregm iotdne polymer

(cr ossl [ ?}($?L e‘J‘niye Eenbl ed polymer material 28 to an aqueous acid
.g., Broaceti e aci d) or to an acid vapor can be perforned to

cleave the polymer into |I'EO and PS fragnents (S. Yurt et al.

" Sci ssi 0@068] Di Gtreoily Copotlympelmiention Tnekés @ondtthe tramhesB]ecgc,los "

Macr onol ecu Q ; 1670 n,be
perfor rre "M% ‘gﬁ%’\%g) ?ﬁ?ﬂ% 18“‘% @‘%%ﬁ”h@i lgfel?fl?‘?m@%er pé‘r% ﬁ'r‘%nt S,
exposur eu:hmuwatcé Iﬂ}lﬁ Gild rzama;m Pnoydiofienanilg bl e ertndcsigus edd owed by
a brief g pl asma etch can al so be perfornmed to renove the
PEO domapﬁg 123 ’8’6‘ i%-sonme enbodi nents, the resulting films have a
corrugated surface that defines a Ilnear pattern of fine,

nanonet efs0sgfal edptiasial, kiel ccpéslivﬁxst meﬂﬂica;gse) 11'&66-:1&6@#&%5}5%5@&: a'gme piéxg@rﬂnd
t he I ndividua

sever al crons Jn | engt about 10-40Q
slits segﬁwﬁveia wnécﬂﬁpefn@v stygrigsh of tsopodyraeit %%?%\W% onggf the
exanpl e, phieBvMAdckOfe. 4. N PYNBERERIA e @ﬁﬁc@fr&?to%ﬂﬁ% xﬂ?%lﬂ)s@fnk (e.p. uporxra]

subllthogra phi c _di nensions, for exanple about

(17.5 i nPRPPSIrewnai)yo! ci;(Uéfr}ﬁMi:éwnpm@@ﬁmé éﬁppbféi‘rm(éﬂé@mﬁ r@(i;ata@i) g tHeower
nmol ecul d I 0,

domai ns oO)V\?éerngﬁc,k Il%g%@%giﬁﬁ% 9 té{ us e%gg%ﬁ%&?%{;{% g? !E)i Q&ppt ﬂ(131%£rpﬁ:?1§i'the or
mask t o z@gf@hs Crarbe ovlsctjvely d:ch@sed Kidemghya mgels (os sho&métolcﬁoaalmk bréy theench

oo ooy 9ebn SRS OO Bl Y e

pr ocess. wilDQBGpAsridepbirtade kN S todeBde thiveon-@8istitiald deetignsef chemat ri x
Femove QRSB NErERHET A 20 ERRE B AE UGS P e SESEY 28 o
.10 can Wghik I:He'tﬁ:ﬂc}i/mﬂrb\ﬁo {18 batacd BF BbaReAs! BydFRl abo@loiBdahe al | oy
such as Cu, A] Si, and Ti3 N4, anong others, to font' arrays of

conduct i ‘-Vfé‘*'l“"r“’n b aI@FhLWQ}?Pd&WWEn@& repcplsd PelameT watcHAlDB crnbe Fiosslinkdich as
Si 02, AlZ0R1y!d H8%rests Bdieri® cHhEB apRRd t§ Pl K8 expose the areas of the polymer

material 26a outside the trench regions, and the exposed portions of the polymer material 263

can be removed, for example by an oxygen {O;) plasma treatment,

[8088]  Anembodiment of the use of the self-assembled polymer material 28 as an etch
mask is ilustrated in FIGS, 7-TA. As depicted, one of the lamellar domains 32 can be
selectively removed to form a structure 34 composed of line openings (slits) 36 separated by
the remaining lameliar domain 38, which can then be used as a mask te etch the underlying

substrale 18,

{081}  For example, in using a PS-b-PMMA block copolymer, PMMA demains 32 can be

selectively removed, for example, by UV exposure/acetic acid development.
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Further processing can then be perfornmed as desired. WO

2009/ 117238PCT/ US2009/ 035804 1008611 n enbodi nents of the invention in
whi ch one WD 2009d1728% yner donai ns i ncl udes an i nor gani @C3ABLI08/835804
(e.g., Si, Fe, etc.), an oxidation process such as a UV-ozonation or
oxygen plasma etching, can be perfornmed to renove the organic
material (i.e., the polyner domains) and convert the inorganic

speci es tmga n%ﬂ&la%f\kﬁe \A%Wb%“ﬁ 036k B6maifls 92 eanHe! ol P'@m(r%))
i ron oxide (FeeOy) |ns on t%e su strate ang can

used as & mwﬁum At ﬁl»§@£5§®qmé§qc1 bleck bopshyoese swierab?8 @rtensllp cross- bml@dkto
copolyner 6, C

a Si- an dgdé%ﬁ‘éf’%?ﬁge@gc}g Sﬁﬂ\%ﬂr% ’t‘ﬁlggg‘?”%gdlg‘lvo 8q§(’p§g‘?"és are
segr egat adthmu cichenPiibMandonahenss aﬁnzanmd InehbédigekiapewhidiZae CEHEED

6- 6A) . r|n to.F . 9-9 an. o ation owsl can
e por t oP ek BBt T L bt Pab S fal i e P AR i R0 P died ng
convert bheed th@fiﬂ& @Er HeckePsebse ¥ thdchosbiie By bRmBlddaRyhRr material
i norgani ¢_oxi de, . Si O and/or FeeOy, resulting in non-volatile

i nor gani €8 %ﬁnd*é“whh é‘éd o8y BiflupIRacin BEf T Gitte a1 aid vaReE candeaRTiPInIRddo 30w
can the ncl%y%%lﬁﬁcr@fmm‘k) 4R E@tfﬁﬁ'rnlehﬁ ‘%&; Oﬂﬁpét@g,s"iégmoﬁ 8f Bivlock €nches)

(shown in phant'om) in the substrate , €.0g., using an anisotropic
sel ect i viecp@weers yio Towr Sowshivem) Bycksy dé’é%@‘?’ofa'm@éﬂé@fﬁ 3Gal676xi6d8. [Nimsdre

32U can LE0RE LIRSt bRk AR £ SLNE PELI AL DARE ot chant.

and the substrate openings ésire materlal
(40)., sembddanedtis eﬁjcme iaswafér o[ DO He FHO #drhaiss prissiuedecd folieaed gratajes

havi ng I on orderin istr tlon f de field of
cover age’ %?n @%ﬁﬁf T4 g é‘g]s%t?qi"rpﬁ 8“ %rq{’i@‘ﬁgh aﬂ%dmﬁ%flﬁ?' as etch
masks for producing close pitched nanoscal e channel and grooves t hat
are sevejtddiim dnense émbdd@ngﬁh thdf regulthrediins ihag: £ @atugaesd sgedihasdelines a
floatin f or. .NAND f h wth cale di ion Y
conpar | SH R RGP ARG FRE A Toa b HER P 0 530 e uide and
channel ssemiimidenOW 188kt Wz Wider M-2000yin)Dikg indexpen skis s@eﬁﬁdwdon can
exceed ot her technjgues such as, convent i onal hotolltho raphy, while

fabri catRobHnE FHE 3 RIoUE Y RS RBJEOIGKamRE 18?’%416@ tied MY 0&?“1‘1%5 s
than el egitan Ebﬁ%@k(d? sﬁ@ﬁﬁﬁgﬁ%ﬁﬁﬁ% GL O} &ﬂ%ﬂ)‘fﬁaggit@?ot"mb&m shaye

conpar abl e resol ution A met hod tor fabrica
sel f - asdéfbmad hHivernk eb@nglkepltme e dlaledimby defg I@e@r golecular weight

one- di array of nanometer-scale,
per pengf\dgurar goﬁeng)ed cylinders according to an enbodi nent of the

invention is illustrated in FIGS. 10-12. The nethod involves an
anneal dPO¥|cyThathmabeng phawes, dosaisidtdopo Pihen thattenised astadithegrahéd
with an j.oni i X fo

oy of B o Ak B dhdh RO DI Al ARG ISR AE NP3 | o
matri x. a sVl@:sZﬂ@demﬂﬁ 2»8&5%(55&4.1%{@&9%10&%%%}), &.8., using a selective reactive ion

eich (RIE), or other process,

{0085]  As depicted in FIGS, 8-84, the residusl polymer mairiz 39 can be remaved,

e.g., by a UV-ozonaticn or oxygen plasma etch to remove organic material, and the line
openings 38 in the substrate 10 can be filled with a material 46 such as a metal or metal alloy
such as Cu, AL, W, 51, and Tiz Ny, among others, fo form arrays of conductive line, or with an
insuiating (dielectric) material such as Si0,, ALOs, HID,, 750, SrTi0s, and the like.

Further processing can then be performed as desired.
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[ 00891As depicted in FIGS. 10-10B, a substrate 10" is provided, which
can be silicon, silicon oxide, silicon nitride, silicon oxynitride, -~
silicon oxyWoanid#ssanong other materials. As further depgicseedpsam
array of conductive lines 42" (or other active area, e.g.,

sem conducting regions) are situated within the substrate 10", which

in the iIIustrat ed enbodi ment, have a center-to-center distance (or
pitch, P PO aLA8s I AL VE: :
1009011 n%t} he’ i I ust rat1 e1 enﬁo‘g%lnngﬁi% ug@ﬁgﬁ tra iﬁé)?&%%%m{m%ﬁglﬂfiﬁn

(e.g., rardgmcwpokbyiver.)Siiasstbaen okidniedprowes suches s wb’smzoaa*mnlﬁ'bw;ﬁs

preV|ousI erial layer 14" d.o .

eut 1ol REERE SEbnd B PO R R Rl s R punh B8 1 g fomains)
mesas/ s pas@c&v&rf &l zmrt;m;d@eazadmtaemmmmlehﬁoxtgﬁiﬁa okias .c.d ,GOREE Axidt (0L,
trench or rrultlfiletrench as sho an beforrredlnthe nat eri al

| ayer andf°8g%ic FeCnitiPr BHGP f ﬂ&?fmé F%%F“ P RBESCESH 2 Gilet fact i ve
area). | Buﬁsl?tﬁmﬁlr&@?@b»cgﬂbmleﬁﬁ%h atmkt®$1ﬂ9n8ﬁn&§:aléﬁQucth{em%qg -PVRAA

the active areas 42" (e.qg., lines) such when t he
cyl i ndri EenbipebEe-1siopek %@pbﬁ!yq!@ror FEcerpRInadddiive an eherSi ender Fesspecies

anneal ed Q864 s.bnﬁcezsmm Hox@.ﬁnﬂﬁéﬁ@%ﬁn@q%v?39:?%1@45' g2 gbﬁtdfcﬁ% 1o

single active area (e.g., conductive sone e

mul ti pl eﬁéﬁr%-rﬂ:%smaﬁeiaﬁem e Ao b@rhispczfm‘m@i toeaetveddjiabeR$ and
trench 1 i t ffset f ch other t han 5%
of L suc tr‘%gt1 Q,Qé%ﬁ ﬁgc?é ‘J%)aglp C!)%cll\’eaéléen ! Wéﬁ@%@@mg; B, ebéh@?u%m”hab to

si t uat edlvmtgane ohhk sandidk |an<e’m4]2%;0},[r&ﬁ%@%n@ﬂ%&htﬂﬂiﬁ@todﬁﬁ@ﬁﬁdﬂl&ds\Mﬁ h

reference Lo th pdi,ment. ysi ng.a | hase .bl oc

mat eri al 9* ¥ é‘ﬂfs rgf,&?ﬁ di 1&%}“32%& U‘SQ a3 %P’é’“lﬁatf’é?cgrhéﬁ PS ngs.
vetting 8 (ag, pfr@’fcﬁéd)@dmhh%iﬁhf(tﬁmg in ﬁﬁlswzmhﬂ)u’ ,@fp. 3B bh eskotapRrOl yer
material, and the trench floors 24" arc neutral wetti ng. For exanpl e,
the mat e$FeshvE Egeive fop elplyRIBarrensh, EherieaAval onige Eresaizbt mtthq nde removed,

i nher ent fy C%ﬂfpﬁ@ 'h%"ﬁ% 'a@fuoﬂ@ﬁt—ﬁde&ge%?ml; Rgd E)@Ibl}%h@{u ggmr}?\ dﬁ aan%'iﬁﬁd with

(e.g., silicon oxid , licon (wth nativ 't con
nitride, 2 éasted maWEld!a(‘@Wemm Tiﬂlﬁﬁ&&é&mterl al 12" can be pI’OVI ded by
a neutral wetting random copolymer (e.g., PS-r-PMVA) over the

subst r atggdf" a{’?ﬂfﬁﬁﬁpg%ﬂk%ﬁ{rﬁﬁdﬁ Qﬁx@ééﬂ&qq%%@o‘%"crm%%ﬁ? ?tffll Lhetd fﬁfﬂ?n

shift fromtwo rows to one row of ar - c ers w
t he cent@xlefeldiieotareardhr ampleties akubshat. v@l)e fois pisastipbsehehisasiefieased

and/ or thﬁd@ﬁ (i)%%?ﬁt&%d(nlm%bgjxlyg‘)dngﬁl*né]gr vk E&t 0P a%vé/ra mn,lro%s. %n engeigsfor

for exa er nar
pwduuno features sm,h as floating gates for NAND ﬁaeh with nanoscale dimensions. By

comparison, photolithography techniques are unable (o produce channcls much below 60 nm
wide without high expense. Resolution can exceed other techniques such as conventional
photolithography, while fabrication costs utilizing mecthods of the disclosure are far less than

electron beam (E-beam) or EUV photolithographies which have comparable resolution.

[0088] A method for fabricating a self-assembled block copelymer material that defines a
one-dimensional (1-D) array of nanometer-scale, perpendicuias-oriented cylinders according
to an embodiment of the invention is illustrated in FIGS. 18-12. The method involves an
anneal of a cylindrical-phase, block copolymer material formulated with an jopic liquid in
combination with graphoepitaxy to form a 1-D array of perpendicular-oriented cylinders in a

row within a polymer matrix.
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addi ti on of both constituent homopol yners. For exanple, a block
copol yner or blend having a pitch or L value of 35-nmdeposited into
a 75-nm wi We 20p%antdi8 havi ng a neutral wetting floor w | IBCTUSRIN9/035804
annealing, result in about 17.5-nmdianeter (0.5*L) perpendicul ar
cylinders that are offset by about one-half the pitch distance (or
about O. 5 *L.) in a zigzag pattern for the length (4) of the trench,
r at her t er e uk ar | S " e Ll s.in a
single | | ne ﬁ Ia\%& #121 E((‘:l?nst géf]qg?atﬁllbg rl&,':fnbc\kllYib Eﬁagﬁ%@n ehBPleiiggi’ﬁt
enbodi nrenﬂmom bvedét r'sémmhemdbﬁé’ihcam@xsmmdet siieral (Wyntak'blde mmdngm‘((qé')mé)icmﬂs

about 1.5-2* Qr .1.5-2 X t ), .of the block copol yne

Such: t hads 2t Shirrdan spmsdeoBhbERe ISRy e tetr B8R 6 about L
that is eaﬁitmdmmagxb@oﬁ@amuﬁt@d ammhlm&%mwiwah@mh 1&%?1@11&11%&%@“'[ L
val ue of t e bIocg%copol ymer &rlal will self assenble int

single r&W 6‘?““&% R@iCER PRSP IERredHT Fiishoia i £ Povi i aylecct g or
about 0. Biotk cofMind i@l - t 0-center distance (p) of adjacent

cylinders at or ‘about L. In using a cylindrical-phase bl ock copol yner
with an about 50 pu_pitch value or L, for exanple, the width (wl) of

the trenél§ddl 16Inéhﬁqillsﬁfaé@oi}tb0@mﬁ2ﬂsﬁuﬁ#ﬁh‘*@%ﬂnawrm?%2"1@@5 JIpiofD
result i Bo;ﬁsiﬁﬁé?ﬂﬁﬁ bEMﬁ)%SWﬂP@l@gﬁ&Hh@@UGrcla gﬁ \Allg%'e!;c”g&f Snd ﬁ&rﬁ%&ﬁr

z 0.5*.t. "or about urn) aligned wth the own the center
of the tlaseicH” fomesd) opipth ngual wfzﬁlngnmaterlelrmlﬁesthc@oafbmmrcm;bmﬁﬁ"nwmhor

t - f about n*10 t
about e T AP AP upide PRl O, O TPT e o) 10005] A

di bl ock copol yner with volume fractions at ratios of the two bl ocks
gener al | [f9Het wheinglalisuth @Gnuilplatdnddes @6 sifawng can 'mdfeimtaj 'orthdnhmczliai layer

pol ymer Advggxlflﬁi%e tlrgg’%%ig%* !qarhlg ofl; 5%1' 0@“” 'i‘*g"‘i %'aa)c E/lflpﬁe&?l cal

M cr ophaSe Separat e et n
domai ns @fquzﬂalhgmﬁhe f&hched Iﬁ"mreafomfaéd dver efe ames 4B (A, ¥nea pkrtmaf a
cyllnder- 0

PRS- b- ol ymer materia m) t.o. form
about 20" ’g% %ﬂﬁ‘?&%“? 5?%#&%?23?%{3%@& "’“h’él ‘hutf%f‘c %?‘?ﬂﬁal%ﬁ‘ Bl | s
conposedeydihdabalbe FRuatdd- Mo Rerandg R Wikl JeiRMictik bfta @2t @4 2| conabasy! ar
wei ght (M) of 67 E%/nol An exanple of a cylinder- fornlng PS- b- PVP

copol ymeinepatiepmgieappdimentsoguipleyiropehos gicrpmbsguriinge pds 24’ @geach

hal f - cyljg f. t
70wt 36 B e 0 - or PRVt e e 2o SRR R s, s

kg/ nol . xbndmbelusiacentdvpthes ag dpgadgkamdmtmmbymw nmneeluneaiz"( L= 49 nm
can be conposed of about 71 wt-%PS and 29 wt-%PIAwth a tota

mol ecul apgygi ghys ;fré\{hausgrfde@@%'éﬁ wol réfe}égéé"fglhé é?n%o%é%én@gw %Zne'i!hxnﬁmasc

di aneter cylindrical PCA domains in a matri
2009/ 11 M38ReTsivS2008, 08580 4endGiR vRES 24" Yandgnde 't ape FleSentidlwattisy toaa

¥ her ontar TR0 e TR B TS o R Ry Ry e oS B0 24, 89,
E hi flégleflﬁuté'aeg h’%:tiiatboiﬁino ahﬁlpﬂe the(meaterial !eﬁzbﬂlﬁ" c&ﬁ@%ﬁiﬁfn»? m:’ﬂ n‘;a_ rlnwai;ﬁrfehat is
The bl od%“‘%%@% |P§“?$EFP“‘W2F@E1 It %6?’%% bg “e&ﬂp&?@a&dﬁ gligen ad?hﬁgbﬁ ock

copol ymenEof ewith patRSoREVMicoRSnlic) P&@Barﬁ%r@uﬂi%nﬁ{gthem nbi a@dbew th

an ionic liquid, as previously described. The bl ock copoly

mat er | alProBEedby R neHEH vrdinatandegl capelignst Vemt P M BYaY owe ﬂpﬁr %bb&imify
descri bggd exposed at the trench floor 24™.

{(093]  There is a shift from two rows to one row of the perpendicular cylinders within the
center of the trench as the widih (wy) of the trench is decteased and/or the periodicity

(L value) of the block copolymer is increased, for example, by forming a ternary blend by the
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100971As depicted in FIGS. 12-12B, upon annealing and in response to
the wetting properties of the trench surfaces, the cylindrical-phase
bl ock copoW@rB¥/1aE@seri al 26" will self-assenbl e into a BSIVESIEN/035804
material 29" (e.g. filn) conposed of perpendicul ar-oriented
cylindrical domains 32" of the mnority (preferred) polyner block
(e.g., .P/viIMA) within a polyner matrix 30" of the majority polyner
bl ock (e 28ditiof’ s botil Q@*%J ﬁ%&@&ﬁ%&%nm &Eﬁﬂi’edfﬂoaycotﬁg%rﬂ G Bedar V1)
of the trench 16" and the character of 1 oc cobo yner

conposi t MBYng éptjch Orﬁsmbww&knnaﬁﬁmgkdmmp ARémanvidp irendh lavingra reblodt L)
conbi ned h o

non- pr ef g'\r%et%%i ar Pﬁ%}bﬁf Jl}%{ga\[}\ﬁgéﬂ%%{kﬁ%gﬁﬁynér ocgttgﬁr (?éS. %5 p erge%décﬁﬂ om
graft copplindeerthat aﬁd}fsmdmmhtsma@mitnﬁuaﬁtchdistamee(be&mm §.af Lniet igng: by

t he prefer ed mer, bl.oc results in a 1-D array. of
eyl i nar 1 Sa1eFETlengregh) oF Be FEh R ton BE Py PRI g b )
W t hi n asidedallstn 36ihglefiing hey amiotetoypalfyl@fent ock (e.g., PS), with
the cylindrical domains 32" orrented perpendlcular to the trench

floors 24" i inglero ne I to the sidewal | 0" for
t he |engf“r?5’8? Ordha esaten %rt § e ?*o iﬁt 8 YR eIl et Irr\ﬁz”ff of
gener al | ybdael atmrrt{mcm? h@ﬂhfa prm &er@emﬁ: Block Sof8Rk@ kudl Bh@nce between
cyl i nders or qZOUt nm. or about 20 nm for

(e.

exanpl e) SYlpdEcahpagse *%0@19 Cf(’ﬁﬂ’ﬁ%?h@y?l%i) QERbOLRL Hhat ispRvEYLo el tengl) o

segr egat gjdkfeds Q?a@ug@l\@@rhrlez%n’zp vai@[‘ dr &B gﬁmlggopo finek Hﬁt&mﬁ{lﬁ{}dﬁsgﬁ

thin brush interface or wetting | ayer ving at ness at |s
gener al | ixtabyngle srnech rstrendicwir- @zh@t@ecrytzerr iwﬁiwdlameted pstrahow }tﬁéﬁ weém
adj acent F X v el dormmi

pref er enteQl e}‘wge\%et? ‘f‘%ﬁﬁ“&‘é&’f’ er@@ég% hﬂ{éﬁl {Oh¢ Oui E%‘ﬁ?%“ rf“ﬁ’ b brase
cons equehit“tlg/uogtohyemt with amabout b@)nmtmreh maducda frmmimxmabie thawsdiew,) of the

ot ned By AEPRG BIOTE)Frmal P SRORA TG0 By FAHL R Sne okhh wiih

a di anet ;ﬁarpaatitr_@iﬁr-&ﬁkﬁﬂﬂd (Qhﬁﬁud-gdlamdt& tdnm (ﬂ‘U.tB@LQQSGlﬁ'D) aﬁf__,néé}‘»{ﬂ}ﬂ(ﬂ@r s in
therowa cordi.n othelengtho rench, and
cent er - t%" ‘"C‘@ fé‘r‘%ﬂ §t%fﬁtré’f(ffﬁtf‘é‘ﬁ}‘dﬁ§‘?l§%€("f)ﬁ} i}ﬁé&*ﬁﬁi@ﬁ"@ééﬁa’ﬁ’}‘? inefetn

at or abﬁtéherhnulﬁz@@ﬂ@l R%lyd@rm%ﬁﬂg?ﬁa@ of Eootlt n* Ibrﬂ@dﬂ%ﬁi PRfohink (argth)rr Rhnp
t he anneal ed ﬁrrer materi'al 28" can be optionally be crosslinked,
and any tl]ﬁ’r%@?‘?j%? P¥dgsl yner naterial 26a" on surfaces outsi de t he
trenches can then be optionally renoved, as depicted in FIGS.

1.41B. (h¥3100) ribi%al@&lﬂol}%&‘? Sl x%ﬂur@f*xééﬁ?ﬁs MLEE bf"ﬂhe %/50 blogkk cgﬁgﬂ)p e

processed, for exanple forman etch mask 3 orm cyl rical
openi ngdeiveen Aeous é@‘)éft’ﬁ%é@ AQGie., rﬁmm@malﬁmi@olmrﬂ Msm &weiibn in tRIr@Ze

13438, totf’@ 6%4¥% qufﬂl%l:m thélg&raﬂ%ﬁi' A a‘;s%mbie \‘err mrlmd cglrbﬁmams

sel f-assenbl e Can b gaf
r es ul ti mdpelmmar Povithinsa @@ﬂuyam}s polyater BX mkamglbg;f a cﬁﬁnaﬁﬁ}ormﬁfm?}be’mmgs

(e. o PradnbaiGiELae Bofiadete soat B hEhrive byl YR i

openi nga mm ofitatcohpbea oB&ou srbrewxm PO AR ENGOIPMIRIA RR) 6 0REUBIIENR
| i nes 42" ot hgéggctr e areas sem conductin ggr egions, etc.)

in the Cfr'r (Wr? B8Y-afB q@nprwf a aﬁmd?rd%rlmagé’ﬁjb PY B copsl gy raaterial

using a (Beh e.h@gm MEfoFi£ 8544 V8 nrnqvgdsmrtr?gush&z By PIAEERSn Jn@a@%@&ﬂ?*fﬁ
depicte 14- 148, the reman he et ch mask

matrix 3m3>036@1ﬁ1 Foen7 Soet-YochHoamech Oamic oL ‘Gylhamtriumréetcutapmrghg@@raw can
be fill a gr L. @r allo
such asg%ﬁ\,mg&'ll&zl' ﬁ?g‘g’t{ﬁan |’34\E%"b§gnofrrgéf}§[}ﬁrg§w%e?§ f(?o ‘%ﬁ%ﬁ%&@ée of Y

cyl i ndr teaposcdnf avotis? It wt-FoRS goriductY\PE A witle s tod 'molddaire ewelghn dviodl
3 bst I b
et "ol i SR R AR BB P e e i g



[ 00102] Methods of the disclosure provide a neans of generating

sel f -assenbl ed di bl ock copol ynmer filns conposed of

per pendi cuvar0@ited8 ed cylinders in a polynmer matrix. TPEI/TBRAMHS0
provi de ordered and regi stered el enents on a nanoneter scale that can
be prepared nore i nexpensively than by el ectron beam | ithography, EUW
phot ol i t hography or conventional photolithography. The feature sizes
produced [} acRegsidd! iRwy Hibiss1i-DMENt BRCANNAL: DScIe@pblphePieRALed
by conventional photolithography. The described nmethodS and systens
can be r@8dienplesgbrainedndnren poeh ratkeyt L indspesited tntp Giedinihed Hd istor
manuf act y:ing. a L.oyhde 08 Linn Al QN1 N

Fochn que T EBFRE I 38 pEHfoiRy- 20 1R % & MGORbisall floul [ it dha
the m xi rypeaked (spnty heatmad pehl)t Rbe bbdodopolyps! yrerialdil ‘enh bt cangoscdrfe

or nore ionjic. liguids accordi ng.t,0,4 | J - , . t.he, i nvention, can
enhance & ‘l’icr'rihp‘f %c’)l\g;é( ‘fcﬁ’ggfln%? Sg{gl*’a%g éb'g)l?%g’ﬂlﬁ%ggtat E%'bﬁ%‘r‘%%cr) BcA é“{ﬁ
(e.g., | animicdeuahds pytiondeds)ibdir Algblock odp@diynads intieril 26t f@khen be
interacthon Hﬁth one hg@g of the block copolynmer w thout the

i nt r oductBR? S%Yﬁ%wﬁw AF Brodightafisiabids such as sodium (Na),
l'ithium (Li) or potassium (K). [001.04] Although specific enbodi ments
have beefsobt] usAy ddpetedindr1dss e2-1 18 dipbe iigieMing dnd W fcbpdige RARE REtiA ed.

by those of Qrgépary sriIL in the art }hat any arrangement whi ch is
cal cul at BYPHgesifhevanct Rutacshiheyipdyal-phoge Hactkenpebmen matprinotd ' ild
speci fi CsoNRAGNBRS FOOMEr mdBhiS 28PRL & Gk) Miniloied B RRABELIG-GRAGL any
adaptations or variations that operaté according to the principles of
t he i nveptlingricah domaise? befdhe minarisr Graforrad) polgmpnblerided (VA wiithin a

i nventio iﬁﬁeljﬂazm‘i 96 0Pk iy }’orxtt 0E91]11@rimcka( Q bag equi val ents thereof.
re gr g P fl

The di scl osures of patents, énces an u cations cited in the
application are incorporated by reference herein. WHAT IS CLAI MED

1S: 1. RO#Bt holdeopndiging prgvidechianibs ridib () eldhpbnoids' nad Seichirader of

substr at B R o] Busel -8 sl ¥ | af - se
b1 ook consPEEERoR e composticr] GTrS% iAo B AR BHTR ¢ 3o BT
t he substomdtmed withe: traneh Ghoh®dii thg cahibgnugrtulral @ nhegtafakning eiting tdvadr ,

and opposi.ng.,sid |l s and ends that are preferentially wetting to a
irst bl GukPaTmEo b Copars mer anptep et ok 2o gt pisckettenta
copol ynmewettepohi prefiredqiPidriy)19lydndd bRek 1eROIYIED dRlef balndgtd an
ionic liguid, apd. . annefllng t he blgck copaql yner conposi tion to
sel f assEHBtE het 3@6’6‘!@“&‘_&568 Y5E PLoglh o Mdn Wittsha Hirar 30acaf g
| 'amel | armgemBinosnt blctR (.4 118¢), MRk FnRgirRARERNE B Qeknlld pdhsullack
copol yner conBOS|t|oQ‘or|ented perpendicular to the neutral” wetting
f1 oor ~ arfte eseeBAlarig4t iea plaggrew slignch aratdrie e sidewalth2 it o dength «fitld m
L wher Gldic Mo flicGRRR) o FRliert SITPRRT deh QL BURISER Hadrafffo DY W of
the ionic f#gﬁ%ﬁf W?%h the "bal ahce as %ﬁ%g%¥§€§&%§§o @%@% mat eri al
center-to-center distance between cylinders or about 0.5*L {e.g., 5-50 nm, or about 20 nm,
for example). The preferred (iminority) block {e.g., PMMA) will also segregate to the
sidewalls 20" and ends 22" of the trench to form a thin brush interface or wetting layer 32a*
having a thickness that is generally about one-fourth of the center-to-center distance between
adjacent cylinders 34. For example, a layer of PMMA domains will preferentially wet oxide
interfaces, with attached PS domains consequently directed away from the oxide material. In
some embodiments, the self-assembled block copolymer material 28" is defined by an array

of cylindrical domains {eylinders) 32", cach with a diameter at or about 0.5% L, with the
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3. The method of Caiml, wherein the ionic liquid conprises an
organic cation selected fromthe group consisting of substituted

i m dazol i UWE 200017288 ni uns, pyrrolidi niums, phosphoni uNPCTAISRAIAOIHAS
guani di ni uns, uroniuns, isouroniuns, thiouroniuns, and sul foni uns.

4. The method of Claim1l, wherein the ionic liquid conprises an anion
sel ected fromthe group consisting of halogens, formate, sulfates,

sul f onat egmbe i feyiihddrdiRshe WBLRANERE (PBE M8 dh oMROSRBRLES the
gl ycol ates, antinonates, cobalt tetracarbonyl, ttifluoroacetate,

decanoat &entariRyPEe digtece (RifdkyAisinGs ph aviweenriah grindet #oeabovsl. The
met hod of Claim1l1, wherein the bl ock copol ymer conposition further

conpri segp@sil- 1@07\/131&5/31, 181’1@fc%§' -the BS mBb& m@ﬁ Bf)ﬂle szmegeébmyﬁaer Whergig

t he bl ock copol yner materjal conprises poly gé{lene and | east one
of pol y( ﬁ%’cwpﬂﬁ%ﬁt”hé@ﬁmgdﬁﬂfﬁd 2P Egy wehyttens pelvingenatarid 26&" on surfaces

pol y(vi nylmyE H@'n@gé}ms can ‘Ecxﬁocn&ﬁiiapeq%qternEQJf‘nhﬂ%pﬁte@qH ?’%:5 ugt H_rgad

pol ymer material on a substrate
sel f-assenbling cylindrical-phase bIock copolyner conp05|t|on Wi t hin
a trenchiiH niieaeitapseripjadroobmer mstesiabdl raan dientbhgristwek foopenyle

conposi t fo?x?a £ élé] @9” & i%hg gghr%?lgzﬁlogggé%ﬂﬁt&%rslug{hia%% 'a?or £3 ch%Ee as

liquid, the tren avi ng oof, and
opposi ngilsstckedan [FIGEN LR~ éﬁﬁts‘shet mmmdep@ymmmnsavr ){e mePE/}M}g‘t dgfaha

nlnorlty Jock f t he bl o ol r sition

Shneal | T RETH A BB HA 2B o F RGeSt 1 OGN & PP bi ock
copol ynegolgaomasiit BON(d.0f F PSY iR @ptLids 380 MR dAhe0he ﬁoﬁch E'I@él Hoqike
within a matrix g%ia second, bl ock of the bl ock copoly onposij ti on,

the sel fPHEURRAETH |I%1RX O PGty ek e Sapersi asipswrsh éfi/?iﬁb(da'ﬂ‘c"h i bk rEss ol
and the &hinBgléd GatacANRIRS (QLLAR ﬁﬂm&%ﬁ@ Rl c%Hjhﬂt'Ewl H’ners QQ” BEShEBtive

wetting f1 oor and ext endi ng throu t he 't hi ckness of
sel f - assHpsI{ed: kﬂnﬁm@d@@m@mﬁ elornpode vhdmlying Sab%ﬁawglﬂé (muw nderlayhg,

| engt hwqg)t f#&ﬁ}pﬁ&r ﬁglﬁ selngﬂg%cﬁ%t EI?QMQ %]?‘2 L)Ztss,Wher ein the trench

has a ereln nter-to-center pitch of

cyllnders of the bIock cog conposition. 9. A nethod of etching
a subst rigeH] C@ﬁfppieplgicﬁ@n FiGs, 14~i4l§ the remnants of the elch mask 34" (e.g., matrix

30"} can then be removed and the cylindrical openings 38" can be filled with a desired
material 48" such as a metal or metal alloy such as Cu, Al, W, 8i, and Tis Ny, among others,
to form arrays of cylindrical contacts to the conductive lines 42, The cylindrical openings
38" in the substrate can also be filled with a metal-insulator-metal stack io form capacitors

with an insulating material such as 8i0;, AL O, HIO,, Z10;, SrTi0s, and the like.

[00102] Methods of the disclosure provide a means of generating self-assembled diblock
copolymer films composed of perpendicular-oriented cylinders in a polymer matrix. The
methods provide ordered and registered elements on a nanometer scale that can be prepared
more nexpensively than by electron beam lithegraphy, EUV photelithography or
conventional photolithography. The feature sizes produced and accessible by this invention
cannot be easily prepared by conventional photolithography. The described methods and
systems can be readily employed and incorporated into existing semiconductor
manufacturing process flows and provide a low cost, high-throughput technique for

fabricating small structures,
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annealing a | amel | ar-phase bl ock copolyner material situated in a
trench in a material |ayer overlying the substrate, the trench having
opposi ng sWOINE3I_Nd ends that are preferentially wetROTAH208/0358¢4

bl ock of the block copolyner material, a floor that is neutral
wetting, a wwdth and a I ength, the block copolynmer material bl ended
with an ionic liquid, wherein the block copolyner material forns

per pendi ¢841§R} OFi eifi@thr) BEREtiRCasRaRbiRdod hEnYbEbhc R0 heRdhNg{ he

| ength of the trench; selectively rempving one of the blocks to form
openi ngs “B%PoRPHdonREaEdiAseIding 10 eePPENF pighe inyeden. BEIIWAROf t he
substrat g ; S N[ Y 165 fTB1 10f h: :
further ?1815&‘8};{5 gﬂ%n%gr%’eglﬁge%mggr%gﬁl%@?lﬁaﬁgﬂ%rg%% {I%W%ﬁ%}é{iéﬁ @elﬁlé%%)i vel y
cr ossl i niluprgharordiiion poghkerdftciptitonolidiokneqbpwsl of therblonktcepdlphier withoyt thi¥he

hod ' ' _ I f.Qr . f, 1 el
{7 enches Tt R L RBL b O B s Wha R ERuR ARLIRREN BT Rer ©

conpri si pgadsideh (g the trenches in the substrate with a fill
material. 13. The nethod of Caim9, wherein one block of the bl ock

copol yne erj; orises.a.qetal, selected fromthe group . . .
conal U 10T Ao BRI RE R R SRR R R 5T B wit
gold, pl m&p@mh 'atﬁiiihy*'tgﬁtic]@tﬁg@iaﬁcmﬂlﬂ \i/im‘fﬂ'iﬁ futy ﬂ@shrgmgraugdﬂm; wmﬁh Iisaabl thlaggad
zinc. 14. The thod o aim9,. wherejn_one oc t he ock. .
Copol y et AR TE P RO REP € ay e st fon R e Loy o SHogb sho e his
r emovi Nga@Mmeatdh i$ ieenBtOGkSvR AL dapGBIR drS@8aldk HahshotNead¥Blddle to the

conmponent into an inorganic netal material to forma plurality of
i nes ontilséles e igyeplion as described, Therefore, it is inlended that this invention be

timited only by the claims and the equivalents thereof. The disclosures of patents, references

and publications cited in the application are incorporated by reference herein,
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15. A method of etching a substrate, conpri sing: annealing a
cylindrical - phase bl ock copolynmer material situated in a trench in a
material |ayer overlying the substrate, the trench havi ng opposi ng
sidewal I s and ends that are preferentially wetting to a mnority

bl ock of the block copolyner nmaterial, a floor that is neutral
wetting, a wwdth and a I ength, the block copolynmer material bl ended
with an ionic liquid, wherein the block copolynmer material fornms a
single Rgﬂﬁ¥ i\cudl ar-oriented cylinders of the mnority bl ock
inanm f bl ock for the length of the trench, the
anneal ed bl ock copol ymer material having a thickness, and the

cyl i nder,s extend hrough the thickness of the anneal ed bl ock
copol ymer Nl i S b %%PW@FFB\PP o WateHR L8 2 SRS URle RIS E o nn
openi Ngs expgeiniig d - Sseasling el anishasd BIBNEpEKRRE EsRRTtbh GAtinOf trhhe
substrate to forg1cy|indri al openings therein. 16. The nethod of

d ai m 187 POHEIRE FaYEL AP R Pubgiats rtho frexch haxing A lvgethne ngytrb pettipg Hlogs kand

sel ect i Wehaking! Q&Halln | 6l NGhds Mat 'Rd QEdfir¥ntialiPGlettingl fo a RSt BREPQE B block
Claim 15, further conprising flllln%@&he openings in the substrate
with a cPRlymgcampggsition, apd thelogleqopeiymer canpepifion pompyiriteet hlogkh somolymper

mat er i almaEeAPnd 38 fonf IMRIALd @ Metal alloy, and a
metal /insulator/netal stack. 19. A nethod of etching a substrate,

conpri si ng: annealing iy tlepkacapobyeier copopsjtinnr tanself abssmblgi thiai bogk tonstsmier
Ina _rmt:ﬁﬁﬂaﬁitioh?ﬁégralt fﬁfn% éxﬁ@lﬁ} BSnat Tl P e bI&JT(einPraes@&lﬁd!%f’o\ék B8the block
opposi ng sidewal | s and ends that are preferentially wetting to one
pol ymer cerobimier shmppritidy| erishited qstriendienlarntatthe nedtral wvetiogtfloal andkextending the
fl oor, ﬁmgk%%ﬂf%gﬁm? | ength, the bl ock copol yner material blended
with an 10ni iquid;

2. The method of Claim 1, wherein the block copolymer composition comprises 0.1-50 %

by wt of the ionic liquid, with the balance as the block copolymer material.

3. The method of Claim I, wherein the ionic liquid comprises an organic cation selected
from the group consisting of substituted imidazoliums, pyridiniums, pyrrolidiniums,
phosphoniums, ammoniums, guanidinjums, uroniums, isouroniums, thiouroniums, and

sulfoniums.

4, The method of Claim 1, wherein the ionic liquid comprises an anion selected from the
group consisting of halogens, formate, sulfates, sulfonates, amides, imides, methanes, borates,
phosphates, glycolates, antimonates, cobalt tetracarbonyl, trifluoroacetate, decanoate,

alkylsulfate, alkylphosphate, and glycolate.

5. The method of Claim 1, wherein the block copolymer composition further comprises
0.1-10 % by wt water.

6. The method of Claim 1, wherein the block copolymer material comprises polystyrene and

at least one of poly(methyl methacrylate), poly(ethylene oxide) and poly(vinylpyridine).
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causing a m crophase separation in the bl ock copolynmer material to
forma polynmer |ayer conprising self-assenbled pol ynmer domains
oriented perpendicular to the neutral wetting floor of the trench and
aligned parallel to the sidewalls for the length of the trench

sel ectively crosslinldng one of the polynmer donains;

sel ectively renoving non-crosslinked pol yner donmains to form openings
t hrough the polynmer |ayer; and etching the substrate through the
openings in the polymer layer. 20. The nethod of Caim 19, wherein

t he bl ock copolymer material conprises a | anellar-phase bl ock

copol ynet matdeméthdd affatming T naphtaseraiqplnet esteiialan asubsrateatingisingl yer
domai ns of perpendicul.ar-orij.ented ] anell ae 1. The nethod of Cl.gi.m
19, wherein Forti %cﬁ%ff%ésﬁgﬁ%bﬁ% r"-"’f‘r‘h “é’g?PQFsecB‘H% i°8%°gy’5“’f composition ithin
cyl i ndr ibeadh iphasaeil bykr @othe kybswiste,thd Blbcladopblyaikr tintposiiba semEtiharailek

into perpendicul ar-oriented, gyl indrical, domains of a mnorit, ol yner
bl ook PRI el s Seiedskd iy art fSfia e st o g
mat er i alopposingadidthallé kid Bndd thiteRe PreféterdialRtaerting! to | d@oriOVBIGEY b thedblock
substrate, ,the trench having sidewalls, ends, a floor, a width and a

Iength,‘Tm%ﬁﬁgpﬁﬁﬂﬁﬁ@nhﬁferial conprising a sel f-assenmbl ed bl ock
copol yner neifkildly G8NG6ALS boiblydhdr EdoRdbiifich @Bk | ARndle ohef blost HRIIVHBT
bl ock selectively cogrdinating an ionic liquid and a second gol ner
bl ock, FPEPesHiea|intg cylindsiseledpmnins i fgisiblask Vighin @andtrip of a serane plogk of g
the | engiddk Wopdl@el kE&AFYition, the self-assembled block copolymer composition having a
thickness, and the cylindrical domains oriented perpendicular to the neutral wetiing floor and
extending through the thickness of the self-assembled block copolymer composition in a single

row for the length of the trench.

8. The method of Claim 7, wherein the trench has a width of 1.5L-2L, wherein “L”’ is the

center-to-center pitch of cylinders of the block copolymer composition.

9. A method of etching a substrate, comprising:

annealing a lamellar-phase block copolymer material situated in a trench in a material
layer overlying the substrate, the trench having opposing sidewalls and ends that are
preferentially wetting to one block of the block copolymer material, a floor that is neutral
wetting, a width and a length, the block copolymer material blended with an ionic liquid,
wherein the block copolymer material forms perpendicular-oriented lamellae spanning the width
and extending the length of the trench;

selectively removing one of the blocks to form openings exposing the substrate; and

etching exposed portions of the substrate to form openings therein.

10.  The method of Claim 9, further comprising, prior to removing one of the blocks,

selectively crosslinking another block of the block copolymer material.
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23. A polyneric material situated within a trench in a material |ayer
overlying a substrate, the trench having sidewalls, ends, a floor, a
width and a |l ength, the polyneric material conprising a

sel f -assenbl ed bl ock copol yner material conprising cylindrical

pol ymer domains of a mnority polynmer block selectively coordinating
an ionic liquidin a mtrix of a majority polymer block, the
cylindrical polyner domains oriented perpendicular to the floor and

'n-asi riql € 3hl %th%éto? &(Ijefinqq}, twrﬁgre;netﬂg tetréhig;g fctu‘ll;llg atpraggrﬁ%f parailel trenches within

the trench.

12, The method of Claim 11, further comprising filling the trenches in the substrate with a fill

material.

13.  The method of Claim 9, wherein one block of the block copolymer material comprises a
metal selected from the group consisting of silicon, chromium, titanium, aluminum,

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

14.  The method of Claim 9, wherein one block of the block copolymer material comprises a
metal component, and selectively removing one of the blocks further comprises forming the

metal component into an inorganic metal material to form a plurality of lines on the substrate.

15. A method of etching a substrate, comprising:

annealing a cylindrical-phase block copolymer material situated in a trench in a material
layer overlying the substrate, the trench having opposing sidewalls and ends that are
preferentially wetting to a minority block of the block copolymer material, a floor that is neutral
wetting, a width and a length, the block copolymer material blended with an ionic liquid,
wherein the block copolymer material forms a single row of perpendicular-oriented cylinders of
the minority block in a matrix of a majority block for the length of the trench, the annealed block
copolymer material having a thickness, and the cylinders extending through the thickness of the
annealed block copolymer material;

selectively removing the minority block to form opeﬁings exposing the substrate; and

etching exposed portions of the substrate to form cylindrical openings therein.

16.  The method of Claim 15, further comprising, prior to removing the minority block,

selectively crosslinking the majority block.

17.  The method of Claim 15, further comprising filling the openings in the substrate with a

fill material,
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18.  The method of Claim 17, wherein the fill material comprises a metal, a metal alloy, and a

metal/insulator/metal stack.

19. A method of etching a substrate, comprising:

forming a block copolymer material within a trench in a material layer overlying the
substrate, the trench having opposing sidewalls and ends that are preferentially wetting to one
polymer block of the block copolymer material, a neutral wetting floor, a width and a length, the
block copolymer material blended with an ionic liquid;

causing a microphase separation in the block copolymer material to form a polymer layer
comprising self-assembled polymer domains oriented perpendicular to the neutral wetting floor
of the trench and aligned parallel to the sidewalls for the length of the trench;

selectively crosslinking one of the polymer domains;

selectively removing non-crosslinked polymer domains to form openings through the
polymer layer; and

etching the substrate through the openings in the polymer layer.

20, The method of Claim 19, wherein the block copolymer material comprises a
lamellar-phase block copolymer material that microphase separates into alternating polymer

domains of perpendicular-oriented lameilae,

21.  The method of Claim 19, wherein the block copolymer material comprises a
cylindrical-phase  block  copolymer material that microphase separates into
perpendicular-oriented cylindrical domains of a minority polymer block within a matrix of a

majority polymer block.

22. A polymeric material situated within a trench in a material layer overlying a substrate, the
trench having sidewalls, ends, a floor, a width and a length, the polymeric material comprising a
self-assembled block copolymer material comprising alternating lamellae of a first polymer
block selectively coordinating an ionic liquid and a second polymer block, the lamella oriented

perpendicular to the floor and extending the length of the trench.
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23. A polymeric material situated within a trench in a material layer overlying a substrate, the
trench having sidewalls, ends, a floor, a width and a length, the polymeric material comprising a
self-assembled block copolymer material comprising cylindrical polymer domains of a minority
polymer block selectively coordinating an ionic liquid in a matrix of a majority polymer block,
the cylindrical polymer domains oriented perpendicular to the floor and in a single array

extending the length of the trench.
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