METHOD TO PRODUCE NANOMETER- SI ZED FEATURES W TH DI RECTED Enbodi nents of the
invention relate to nethods, a stanp and a systemfor patterning a

subst r at ewbypoasmonh sel f-assenbl i ng bl ock copol yners, amdramsgeo@s2ssesul ting
fromthose nethods. B Lithography is a key process in the fabrication of
sem conductor integrated circuits. Photolithography typically involves
projecting an inmage through a reticle or mask onto a thin film of

phot oresi st or other material that covers a sem conductor wafer or other
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t opographi c features ontq a fLeceptor, substrate | Jfarma pattern on the
substrate, The features opk:ReifEiplate-ass >‘"":'&f‘prepared by
photollthography or electron (e-beara) |ithography. For exanple, FIG 1
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conventional photolithography using light, the minimum feature size and spacing between
patterns is generally on the order of the wavelength of the radiation used to expose the film.
This limits the ability to produce sub-lithographic features of about 60 nm using conventional

tithography.

{H803]  Microcontact printing has been developed to create sublithographic features in
semiconductor devices. This technique generally involves stamping or pressing a soft
template or stamp bearing small scale topographic features onto a receptor substrate to form a
pattern on the substrate, The features on the template are typically prepared by
photolithography or electron {e-beam} lithography. For example, FIG. 1 illustrates a
conventional soft template or stamp 10 formed, for example, from polydimethylsiloxane, with
defined features 12 structured with a stamping surface 14 and sidewalls 16, The stamping
surface 14 defines the dimension {(d) of the patiern to be stamped onto a substrate. As shown
in FIG. 2, the features 12 of the stamp are wetted with an ink 18 that is physisorbed or

chemisorbed onto the stamping surface 14 and the sidewalls 16 of the features 12. As



However, resolution of small features is problematic because of

i nconsi stent printing due to capillary forces that pull ink sorbed to
sur f aces w0 200v09p®at ures 12 adj acent to the stanping surCaas2004/06564., the
sidewal I s 18) onto the substrate (e.g2, areas 24). Such w cking of the ink
material onto the substrate also alters the intended dinension (d) of the
stanped features (SAMs) 22, as defined by the stanping surfaces 14 of the
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t he use of expensive patterning tools, the | owcost benefits of using bl ock
copoly re~0st 100071 Lt would be useful .to provide. a nethed and
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printi n%'%glijy%gat ziizi%?ﬁate blocks of a block copolymer. A block copolymer film with lamellar
muorphology, a periodicity matching the siripe pattern and both blocks being neutral wetting at
the air interface (e.g., PS-PMMA) that is cast on the patterned substrate and thermmally
annealed will self-assemble so that the domains orient themselves above the preferred stripes
and perpendicular to the surface. However, the process has no advantage over BUV
iithography or other sub-lithographic patterning technigues since one of these patteming
technigues must be used to form the substrate template patiern, and with the use of expensive

patterning tools, the low-cost benefits of using block copolymers are lost,

{88071 it would be useful io provide a method and system for preparing sub-lithographic

features that overcome existing problems.



[0010] FIG 2 illustrates a diagrammatic view of the stanp of FIG 1, with
i nk physi sorbed or ehem sorbed onto the surface of the stanp, and a

recept or wokstwmbe4t o be contacted by the inked stanp. PC®US3000/0B25s4 r at es
the inked stanp of FIG 2, brought in8o contact with the receptor

substrate, according to a conventional mcrocontact printing process. Fl G
4 illustrates a subsequent processing step with the formati on of SAMs from
the transferred ink on ﬁi@ﬁi%ﬁ%ﬁﬁ?ﬂ”ﬁ%“‘a‘?ﬁﬁli R4 MI\ZI%G 5illustrates a
di agrammatic top plan virewo ~gf a stanp at a
prelimn r e _accordin embodi ment
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el evati Oﬁt&meﬁzﬁﬁﬁg@di%@@ﬂfgwﬁﬁkh\at@% Hafsuthe ;w;&&b« adle. dapighed thafolb&ingd
taken al ong |ines 5A-5A and 5B-5B, respectively. [0012 j FIG 6 1is top plan
vi ew of HeHeriE BheiaRced S PAY 8¢ Heddp éfi‘effﬁfi‘f"ﬁ‘gén’@t s SA8HDS T HER TUERGH n

t he substrate e ona
ol ose- paci o e R S Ry T P e e
di agrammatic top plan views of the stanp of FIG 5 at various stages of the
f abri cat [#9A%of FEG skllfstaswenblobd abbmd kcrevpot tinmel vitwldir accomddiong steorpared
enbodi ment of the present disclosure, FIGS 7A-8A illustrate eievational,

cr oss- sedtd BIEFY iipgéﬁb@E¥W§nts of a portion of the substrate depicted
in FIGS. 7-8 taken, respectively along lines 7A-7L and lines 8A-8A. FJG 7B
is a cromeisecriomaliuiew OdiaRensuRsidabehdeRhetEd i 1Ry ik fiakenbal ong
lines 7B-7B.FIG_ 9 is a top pTan vi ew of the stanp of FIG 6 at a
subsequefitchgiggededfonioape w@aﬁcaﬁ tndungng agedeploa salsiBloda bgspyiaeed pY the
corrposedmg;td ﬁa&?xﬁwn@ lh@{rrﬁ@y th%fmi?@él %%ﬂ‘?@isﬂw Ehﬁrg éﬁﬁmycg%hﬁﬁh , FIG 10
is atop plan view of t ub equent stage o
fabr|caUmuﬂﬁ@ﬁmbﬁdmmgbmmmagaﬁmemnenb@ﬂﬂﬂﬁﬂbuﬁﬁ&ﬂbﬁnmmygmmh@nF§$h®mﬁng a
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FI G lo(kggg&w@igpgﬁLkQ@s K)A-1 OA. [0016] FIG 11 is a top plan V|em10f
the stanp of FI at a subsequent stage of fabrication according to

anot her enbodi nent of the invention, showi ng a self-assenbled polyner film
corrpos ed®8t1la 1441 lestratesw Begthanfatieyor Haerswilemorten ef eRbRexs ofF Bampi A i s

Cross- a%%%gi%?%ary processing stage according o an ermnbodiment of the present disclosure,

showing the subsirate with trenches. FIGS. SA-58 are elevational, cross-sectional views of

the subsirate depicted in FIG. 5 taken along lines 5A-5A and SB-5B, respectively,

{0012} FIG. 6 is top plan view of a portion of a subsirate according to another embodiment
showing the substrate with trenches for forming a forming a stamp with a hexagonal

close-packed array of perpendicular evlinders.

{6013] FIGS. 7-8 illustrate diagrammatic lop plan views of the stamp of FIG. § at various
stages of the fabrication of a self-assembled block copolymer film according to an
embodiment of the present disclosure. FIGSE. 7TA-BA illustrate elevational, cross-sectional
views of embodiments of a portion of the substrate depicted in FIGS. 7-8 taken, respectively,
along lines 7TA-7A and lines 8A-8A. FIG. 7B is a cross-sectional view of the substrate

depicted in FIG. 7 taken along lines 7B-7RB.



view of the substrate depicted in FIG 10 taken along lines 11A-I 1A Fl G
12 illustrates a diagrammatic top plan view of a portion of a stanp at a
prel i m navg 2peoweedi ng st age accordi ng to anot her enbodiPCEnIS2@b/081564

di scl osure, showing a chemcally différentiated stanping surface. FIG 12A
is an el evational, cross-sectional view of the substrate depicted in FIG
12 taken along lines 12L-12A. FIGS. 13-14 illustrate diagrammatic top plan

vi ews of jdghg) staOm Rfa b ?Xan%@cx@%f SHReaGUETGPS 99‘5?%’55&9;0&'[ s@&%%f thefion

J3A- 14A |IIustrate el evational, cross-sectional views of ortion of the
subst r at hogépg etRtadisanFes pRet flmkenmporalsgadekeusing] &wﬂyoﬁg‘»y HdveswiEBAIGA
and Iinef ﬁ - 14A, respectively. FIGS. 13B-14B are cross-sectional views of
the substtateé of FIGS. 13-14 taken, respectively, along lines 1313-1 3B and
| ines 14B-14B, respectively. . FJGS. 15-18 illustrate subsequent steps in

the use pmBISheFEt.ais afiofhiad vBw84 theslameiTFaGLS prd AbbR@efrsoge s fdbeicdium a
pattern on a substrate accordlﬂg to an enbaqdi nent of the |nvent|o%»FIG. 18A
is a cro¥SosER ParaihcysBipERerHE RUBEEH TS ONENh pH - pISEnDIEg POrERERIHEI ong

lines 18 %( Ft 50, 13790\%0\1“'0{ #Mﬁﬁs x@x%l?ih%@rcﬁ QUigBN{ g %fis I&%bsu%@u@rfal @ww

chem cal erent ated surface o e substrate shown in for
t he selemuhvaidemagwmb&ddnﬁﬁbnﬁ&@bm1 @fngiimelifAaksenbl ed bIock copolyner
film shown in a eross seetional view. FIGS, 21-22 illustratethe use of the

sel f-ass ner f of FlI ft
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openi ng i&@%&]g tE'aQ@thgﬁerhﬂﬁdxﬂﬁﬁ ﬁz,am@c anethar ierbedh BENLssofbln@olsr Glimt he
st anped pattern of an ink material shown in FIG ] 8L to guide deposition

of a matErRsChHtDPExpesRY opbiifrkrdosy withBicdigpshasaddGr o1 oF A ESTHERPRAI | y
di ffere“»‘;%@Eﬁ@hé&d&&&%ﬁ@%)%&8‘1“’!}15!1'8 %)gffkt%ﬁ%ro g%ﬂeoﬁ‘ﬁk (yixew FI'G 24 i]lustrates

t he use of the deposi teria ructure shown in FIG 23 as a
mask to etch the underlylng substrate. I\ FIG 25 illustrates yet another
enbodi mel§Bi Gl ¥¥e ldsBusfatdshelistranpedc patiier vﬁewfufarpdmm it exi@bt shown in

FIG 18A as a seed material for selective d %Wltlog an addi.ti onal
mat er i al OB, HASE RS AERAEKIEEE AFHHST CREP 1o iEhefie et s on

the SUbS&EE:ﬁﬁ@ih%ﬂ%nﬂd@e@qt&ﬁﬁég 885kl @@@J gyW%Féa%m%@aal Llowsidcabes Jihe use
of the ink pattern with added material shown in FfG 25 as a mask to etch

openi ngsviithe subetrainderikipil iy FEubiSt trlgnariong lines 12A-12A.
{3018] FIGSK, 13-14 illustrate diagrammatic top plan views of the stamp of FIG. 12 at
subsequent processing stages. FIGS., 13A-14A illustrate elevational, cross-sectional views of
a portion of the substrate depicied in FIGS. 13-14 taken, respectively, along lines 13A-13A
and lincs 14A-14A, respectively. FIGS, 138-148 are cross-sectional views of the substrate

of FIGS. 13-14 taken, respectively, along lines 13B-138 and lines 148-14B, respectively. .

[0819] FIGS. 15-18 illusirate subsequent steps in the use of the stamp of FIGS §-8A1na
contact printing process to form a pattern on a subsirate according {o an embodiment of the
invention, FIG. 1BA is a cross-sectional view of the substrate shown in FIG. 1§, taken along

lines 18A-1RA.

[0028] FIGS, 19-20 illustrate an embodiment of the use of a chemically differentiated
surface of the substrate shown in FIG. 18A for the selective deposit and formation of'a

seif-assembled block copolymer film, shown in a cross-sectional view, FIGS, 21-22 illustrate



| 0023] FIGS. 27-32 illustrate steps in another enbodi nent of a nethod
according to the invention to chemcally pattern a substrate, shown in a

Cr oss- secwpan@lo9vizew. FI GS, 31-32 illustrate the renovalPcofusean/srsess! i nk
ed polymer material and the use of th& inked pattern to direct
sel f-assenbly of a block copolynmer material. [0024] FIG 33 illustrates an

el evationai, cross-sectional view of an embodi ment of a substrate bearing a
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the substrate o nt processing step 35- 39
i |l ustrapeyar Etmmd'ammastofo eactpﬂlesetmmmdrtﬁiimggofthe tlbed sywentgi on for
formng a chemcally patterned naster tenplate for form ng a stanp for use

in inducj elf- mbl y of se b terial on a
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FIGS. 36-39 illustrate the substrate of FIG 35 at subsequent processing
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o an, v R LI 1698, L 4SK0ah 6, 9L AN ol SLgRSmaseciogel v e

illust rahesmqﬁd}etmaﬁmmur@mbst@étea process for formng a chemcally
patterned master tenplate for use in formng a stanp for directing
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1-43 illustrate the substrate of FIG 40 at subsequent processing stages to
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i 11 ustragewans @RHoTH AR aceidh Rgntngs Irhge uﬁ&entm ompk@fef orm ng a stanp on
a master tenplate as illustrated | n FIG 39. FIG 44 illustrates a

perspectrve Vi ew ster tenp ewth a materjal for formng 1tlhe stanp
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44A- 45A | I%ust rate top plan views an 4B- 4 ustrate el evational,
cr oss- sediusionatheviows:l of noleravested polgnpl atehrst andthratert tht irdodphigm shown

in FIGS. ,44-4 res ct| ‘H%\ FI GS. 46- 471|IIustrate eJevati onal ,
cr oss- st bi: “‘1\7?*8 e GRReYgier materia

{8024] FIG, 33 illustraies an elevational, cross-sectional view of an emnbodiment of a
substrate bearing a newtral wetting layer at a preliminary processing step. ¥FIG, 34 illustrates

the substrate of FIG, 33 at a subseguent processing step.

[B025] FIGS. 358-39 illustrate an embodiment of a process according 1o the nvention for
forming a chemically patterned master template for forming a stamp for use in inducing
self-assembly of a lamellar-phase block copolymer material on a substrate, FIG, 38
iHustrates a perspective view of a base substrate at a preliminary processing stage bearing a
hydrophilic material on the surface. FIGS. 36-39 illustrate the substrate of FIG. 35 at
subsequent processing stages o form a patierned master template. FIGS, 37A-394 illustrate
top plan views and FIGS, 378-398B illustrate elevational, cross-sectional views of the

substrates shown in FIGK. 37-39, respectively.



tenpl ate/stanp material conplex of FIG 45 at subsequent processing steps
showi ng the renoval of the chemcally patterned stanp from naster tenpl ate.
FI G 47A wOl2o®wmed2es a perspective view of the stanp of PErGS4a09/031560ni ng t he
chemcally pattern surface of the stafap. IH FIGS. 48-52 illustrate an
enbodi nent of the invention for using the stanp illustrated in FIGS. 47-47A
for directing ordering of a |anellar-phase bl ock copol yner material. FIGS,

48- 49 "{é{*ﬁ&! a&ﬁg@{ ﬁyﬁ 1&&2&@ afd0s %@&%ﬁ%%kﬁ&&w@ 191&0%(9@%3@@1%&4 gught

i nto contact copo ymer material “on a substrate FI G
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FIG 50. aEﬂe%mé}pﬁ%@@ulglﬁéfcaéeﬁr DL S E‘FN&J& ofichbencher¢ak! ¥iast spaned
stanp fromthe anneal ed anof sel f - assenb ed bl ock copol yner materjal of FIG
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FIG52 to an undarl strate

anel evat mm@m@ﬁ@&&wﬁ&ﬁmmamamsa\m@h ih FEG Dl ek, eopalivert material of FIG
52 at a subsequent processing step to selectively renpove pol yner donains to
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shown in -55 respectively. [0 | ustrate anot her
enbodi nentagfr iairm@@e«s“s afroatefiad don fngnatg@h@mmahm yp{ﬁémti%mm@d%m&ﬁﬁ*g%npl ate
and sta 0 ti assermbly of a.cylinder-phase block copolymer
e ar TGS ki P Seue AR wbadbe Bt pulieSr ROMRE PSR IR

havi ng asgUrfacs 420253 0918058 1SOFRO SR sGhd 3Tl @ﬂkmsbsqnmtammlmammst a
hydr ophobic material. FIG 56Ais a top plan view and FIG 56B is

el evat i oHaIS:seetows visaetof Janassdwpnpip ol e pragicse] =tném$¢>aﬁew§ham<ﬁn4‘kf@ 56.

[0031]F§? Ll sty Eg) i f0nned. framthe master
t enpl at exje ei’ﬁ?‘(‘i{/ g‘éﬁ %n%asflﬁ%e 29\}121 eg%a?%wﬁ &}E‘Ea‘s%%?ﬂ OB%IQ‘SQE W ‘I%I é 57A is a
t op pl ancmipiue/abmbhestsinl taselegfof Fhe atarpbetud Gocbsking sieps showi fing the
removal of the chemically patierned stamp from master template. FIG. 47A illustrates a
perspective view of the stamp of FIG. 47, showing the chemically pattern surface of the

stamp.

[6028] ¥IGS. 48-52 illusirate an embodiment of the invention for using the stamp illustrated
in FIGS. 47-47A for directing ordering of a lamelar-phase block copolymer material.

FIGS. 48-49 illustrate clevational, cross-sectional views of the stamp brought info contact
with the block copolymer material on a substrate. FIG. 58 illustrates an elevational,
cross-sectional view of the annealing of the block copolymer material in contact with the
stamp. FIG, 38A illustrates a top plan view of the surface of the annealed block copolymer
material of FIG. 50. FIGS. §1-82 illustrate the removal of the chemically patterned stamp
from the annealed and selfassembled block copolymer material of FIG. 50, shown in an

elevational, cross-sectional view,

{3029] FIGS. 33-85 {llusirate the use of the self~assembled lamellar-phase block copolymer

material of FIG, 52 to mask and cich an underlying substrate. FIG. 83 illustrates an



[0032] FIG 58 illustrates an enbodi nent of the use of the stanp of FIG 57
to direct ordering of a cylindrical-phase bl ock copolynmer material in an

el evat i onaiD,20evose4secti onal view FI G 58A il | ustratespaTtuspooplodaseyi ew of
the surface of the anneal ed and order&d bl ock copolyner nmaterial of FlG
58. FIG 59 illustrates an el evational, cross-sectional view of the use of

the sel f-assenbled cylindrical - phase bl ock copol ynmer material of FIGS.
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substrate Shown’in Fl at a subsequent” processing stage to fil
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of devi cedbsiaid shrevthisdsCacbPdlimgrerovadibodi nents of the invention. Such
description is for illustrative purposes only and not for purposes of
limtingghh Sﬁ@stql n . wkhe.ier m
"sem con@%c@or su stﬁrns' agttilgﬁs%ﬁ? élgj)é}]éﬁréc])lné C?"\ltl/e sﬁb}ggsg@%l ?8% n8Q’Ls@etrer?!cccc?n uctive
waf er fragreetmarer taaflee afid agnpribt dmahm@éiémamﬂ»lﬁ ofbeylinderdteodotio mean

any construction co i.n em conduct or materi i ncl udi.ng,but not
limted $@ BHR WWEH nﬁg i‘gﬁ% ’i‘@*ﬁﬁt‘b‘?ﬁ%%“&‘éﬁ“& % RIS %‘gé‘?‘élf"‘é\%af er
(ei ther ﬁilrﬁ@&_eb&ﬁm% @0@%@@%12&!&%% aGRARY 4}1%5\ﬂﬂai@&Q%n;ﬁ@%@ﬁﬁ@pﬁo&b%c@qm and
sem conductive material layers (éit alone or I n assenblies conprising
ot her nelf¥;. |E'&L!§sx)> a tc‘:r}hptdn araw Aspidi. r%Be‘S an efeanigornb cany-seuppartdwg! 8r uct ur e
i ncl udi nggi % | i_m te?l< t he sem conductive substrates, wafer
fr agment’ ‘6‘?”%? SRE F Bdd %above. [0037] "LO" is the inherent
periodicity or pitch value (bulk period or repeat unit) of structures that
sel f assjgoblie EgQs7anneatdsng «hbemnersel § sassgolhdint SA)mbkacknppoliymer or

a blend of a block copolynmer with one or_nore of its constituent
hormpol Vi §0 igay elypdiopds proscirshPedviarf FHr 3/ wedar PiepaiavendBreyiae of
ol ecul gg. F@ﬁ%ﬁ hat-e Wi th each other based upon chenical forces between
t he nol ecul es e term "physi osorbed” neans the physical adsorption of a
nol ecule (e.g., ink material) to a surface, for exanple, through

[0032] FIG, 58 illusirates an embodiment of the use of the starap of FIG. 57 to divect

ordering of a cylindrical-phase block copolymer material in an elevational, cross-sectional
view, FEG. 38A illustrates a top plan view of the surface of the annealed and ordered block

copolymer material of FIG. 58,

{0033} FIG, 59 illustrates an elevational, cross-sectional view of the use of the
self-assembled cylindrical-phase block copolymer maierial of FIGS. 58-358A to mask and etch
an underlying substrate. FI1G. 68 illustrates the substrate shown in FIG. 59 at a subsequent
processing stage to fill the eylindrical openings in the substrate. FIG. 68A is a top plan view

of the substrate shown in FIG, 60,

[8034] FIG. 61 illustrates geometries for an integrated circuit layout that can be prepared

using embodiments of the invention.



weak internol ecul ar interactions such as Van der Walls forces. The term

"chem sor bed" neans the chem cal adsorption of a nolecule (e.g., ink
mat er i al )wWoao@/®e2iace, for exanple, through chen cal | y Pooruseeng/os2seh as
t hrough hydrogen bonds, ionic bonds, 8ithiol |inkages, electrostatic bonds

or other "weak" chem cal bond. [0039] In enbodinents of the invention a
stanp or tenplate is prepared by guided sel f-assenbly of bl ock copol yners,
wi th both pol ymer dorgyasyafnlHpserpribRI R BN eape! yrer films

spont aneousl y assenbl trophase separation of
t he cons Ny, PRL r e e 4 omai ns at
nanomet ew@%%g {nd rr%ﬁgl o& ”rﬂ(‘t}%ﬁ%{ %h{ ﬁ@&@ % hﬂ%%‘” %&%Eaag gﬁjf; ?%"l“’% y for and
is swell ﬁdm’@ﬂes&ﬁﬁ@hpéé 0 refthal dg,&krdmlg&ﬂbﬁﬁbdiafa:dtqa)fsiﬁﬁmnmtm| Wiret domai n has
substantlally no afflnlty for the ink chenlcal and r?nalns unchanged. The
cheni cal S§SRRPIEGS {HEHIEIYS BHEPEE CBY FH IR} FR S TRaHPILEIHNE BESHY6r subst rat e
where the ink fornms SAMs. The resolution of the inprinted SAMs exceed ot her
rnicrocopgagf LashRiAUeSr S NE 86 h@§%ﬁmﬂk%QmPQhﬁﬁﬁﬁd&A&ﬂﬁmﬁﬁﬁﬁ<ﬂr00€55|ng
costs using the technique is signi cantiy ess than using el ectron beam
lithogr aphyil@nd@tlvt« pmr@‘iw t:}hdgrramucww \Eafemfaagemm@n@ammrémg@‘s@t”um on The
t wo- di I'TEI']SI Ona’l % v %ﬁl 3 ggs,m?l 1 g h‘iubil ’“ﬂ. ¥ miconduc?r Ypatteild
subst r at 6 %&n "V HER "B Hiee ot Eyaﬁ%Fé 8§”% Péﬁ%@ﬁ%e or-pat tern tor
sel f-as Sﬁfmﬁﬁx@! HRr gertinmgdat talddeationgapaleym@eridit huvhtbateednscogagiioondior t he
patterned receptor substrate. Fol|ow ng self assenbly on the receptor
subst r at @ith@éons| o dkasspmpns u@@ﬁm%meﬁhé@wwrhséwhb@o@b ﬁ%%ﬁ%wuﬁ’@%ved and
the re of J a nanosi zed
foat ur oo oL e AL A P e S B PR S5 e Db Bt g &
st anp coflypesed'etfca tsehf sagsaity edchioekiudogobyner litnkked td ithemctrhatnddaficnes
nanonet er-scal e cylindrical and |inea f ray patterns according to
enbodi meRPERES: PRET IHGBRES Oh VAFES fFH8ET A0S in FIGS, 5-14. [0042 J In some
enbodi nents, the stanp is prepared under processing conditions that use a
gr aphoe%@@ny ‘TLe‘CMh%hﬁ&f,H@ hdrioldng drE}ﬁeﬁlf&l@n“?%ﬁ@p&fodtdr%}ﬁﬁ%u@%fc0n5t raints
to induce orientation and registration of f a sel f-assenbling
di bl ock stopbFseibat stld a$somrhviea¢1mre@té¢eémefma9« s@ém@émhim&@ﬁ Axldpddeapelyrie ot rench
si dewal | s, . it | te ques can. be us (
oyt 1 nar 122 RECESH AR R e Eors D E Rl B st e,
parall e

[8638] The term "chemical affinity” means the tendency of molecules to associate with each

other based upon chemical forces between the molecules. The term "physiosorbed” means
the physical adsorption of a molecnle (e.g., ink material) to a surface, for example, through
weak intermolecular interactions such as Van der Walls forces. The term “chemisorbed”
means the chemical adsorption of a molecule (e.g., ink material} to a surface, for example,
through chemically bonding such as through hydrogen bonds, ionic bonds, dithiol hokages,

electrostatic bonds or other "weak” chemical hond.

[0839] In embodiments of the invention, a stamp or template is prepared by guided
self~assembly of block copolymers, with both polymer domains at the air interface. Block
copolymer films spontaneously assemble into periodic structures by microphase separation of
the constituent polymer blocks after annealing, forming ordered domains at nanometer-scale
dimensions. One of the polymer blocks has affinity for and is swelled by absorption of an ink
chemical and a second polymer domain has substantially no affinity for the ink chemical and

remains unchanged, The chemical ink can then be transferred from the stamp to a receptor



| ines of half-cylinders, hexagonal close-packed arrays of perpendicul ar
cylinders, or a single row of perpendicular cylinders within

| i t hogr aphiocaddopoaref i ned trenches. A desired pattern of pcylisaaens2sen t he
stanp can be prepared by providing trenches having walls that are selective
to one polynmer block of a block copolymer and a fl oor conposed either of a
material that is block-sensitive or preferentially wetting to one of the
ol ocks ofuikheie BRRKNE BROLKIES AL, LRNENRRiMNETR hIER A PRLALE biter

hal f-cyl 1 nders are eS|reJ or a material that is neutral wetting to both
bl ocks |nn@n@nﬁhé&gmheuﬁ1an%axﬁaw&mmﬂ@bwﬁgmdnﬁubamubybLmﬂmgs0a$agdg&mred

[ 0043] Addjt al | enbodi nents,. the.trenc

Chem Cal [T B Tt bh PGB Gom BE CA bt BREDRF FF £6 Y uRRHtoeranty.

ori ent at i@Rhekvd AEnf-ENORRARBn SEParated and sel f- assenbllng cylindrical
domains in a second di mension, for exanple, parallel |ines of

hal f - cyllnders or perpendlcular-orlented cylinders The trench floors arc
st ruct ur Hig4 rcoh%bé@ﬂmﬁﬁﬂﬁﬁﬁﬂa%éhﬁﬁ@@ﬂwﬁM@?h@1bﬁﬁvm@§ﬂébh@9ﬂ¥@hﬂhé%4qng
sur face ere tid 0

copol yrre?fnf { Q mgl&?%%% caggttgr% % ?p 5? %@r %ﬁbs%‘%ﬁ% é@gi ?112%31 ék to
produce cdgsiymed fﬁﬂhl’tﬁ&ﬁw afst a®o @ﬁﬁ@hi@dﬁﬁkﬂ&@t@@tﬁis&&tpc Yollnaeloseli] [a@@%};y As
iIIustra ed in ths -5B, .a base substrate 28 is prOV|ded whi ch can be
silicon, §.%B‘&9Fﬁ "8i8; ons Hlpdort The FRodaTerSRp B SRPRT (Y Be10vst ﬁ%@\ﬁ
oxycar bi Q&azzﬁﬁ%’?ﬁte%e@%ﬂnﬂ?@%g Lh & Scn LS aﬁém 1%&‘:1?@%3 i@dtﬂ&?tﬁgiélth etting
material 30 is torned over the base subs ate 28 A material lTayer 32 to be
et ched canictipien sbsifatr ned over the neutral wetting material 30 and etched
to forn1trenches 34. Portions of the material |ayer 32 forma spacer 36

bet ween c trenches 34 are structured with 0pposi |demalls
56, "oppollah erlEiGds ol MrlshiRas S o BbRefiy S Satfiad PRy kGt
(D1) . [@QA@}n Ast ddinus hambegriRalkl@indical ﬂadﬂﬂi@@ﬂn@mﬁef@mwﬁ;ﬁbw a stanp
26" with a hexa%onal cl ose- packed array of perpendicular cylinders, the
ends 40 SRICHREE pete HewnBar sgribusmiilea FiES frd4si dewal I's 38", for exanple,
at an about 60ang!e, and in sone enbodi nents, the trench ends are slightly

rounded. jghni0t her, SERAGHL AR S, Lﬂohﬁarﬂﬁgkﬁra‘:eﬁk d|1 gf proged gﬁﬁ% Beatiohime ‘LRQ at he

base substrate 28, etched to Torm 4 an hen a neutr al
wetting gaﬁerpmbw@aﬁgnuwgahﬁnngdmpmkwmﬁsytﬁﬁkbamuh@napphme@ntbmihe trench

fl 42, ked t I
out 5i de CHE PRRRRES TeTg" o D LS SpLBSr S0he) PR Bo N BEEUBHE Py r ermoved.

ordered array pattern registered to the trench sidewalls. Graphoepitaxial techniques can be
used to order cylindrical-phase diblock copolymers in one dimension, for example, paralle!
lines of half-cylinders, hexagonal close-packed arrays of perpendicular cylinders, or a single
row of perpendicular cylinders within Hthographically defined trenches. A desired patiern of
cylinders on the stamp can be prepared by providing trenches having walls that are selective
to one polymer block of a block copelymer and a floor composed either of a material that is
block-sensitive or preferentially wetting o one of the blocks of the block copolymer in
trenches where lines of parallel half-cylinders are desired, or a material that is neutral wetting

to both blocks in trenches where an arvay of perpendicular cylinders are desired.

{0043]  Additionally, in some embodiments, the trench floors can be chemically
differentiated to provide a wetting pattemn to conirol orientation of the microphase separated
and self-assembling cylindrical domains in a second dimension, for example, parallel lines of

half-cylinders or perpendicular-oriented cylinders, The trench floors are structured or



The trenches can be fornmed using a |ithographic tool having an exposure
system capabl e of patterning at the scale of LO (10-100 nni). Such exposure
syst ens iwol2o@ben99d2er exanpl e, extrenme ultraviol et (EU VpcClriushagnashy,
proximty X-rays and el ectron beam (eWbeam |ithography, as known and used
in the art. Conventional photolithography can attain (at smallest) about 58
run features. [0047] A nmethod called "pitch doubling” or "pitch

nul tiplieatbQBd cCaRd %@u@ﬁmg%ﬁnﬁwa extandbnge theaGapabitilbi g S @ing

photol it hogﬁ aphi ¢ techni ques beyond their mninmumpitch, as described, for
exanpl e, sircPiSmPa? ozrd@vng032®1®$@op@mvvp@h@thaals)thwnyast orpigp of i, sulstmiel 5, 525
(Abat che )6/ 0281266 (\\el | 07/,0023805 (Vells).
Briefly, X%.d gfafa @8‘? 8% P (“leﬁi(ejémlémﬂop g%ﬂ%oé@é” “lsé‘igi% y© 81rdﬁ%’d in a

phot oresi st material overlying a | ayer of an expendabl e material, which in
turn oveflgides aAstbstraal é; M{DE BEpengablebsratcedsiiabr dv&y’ﬁ[ whistehbdsiticodf or m
pl acehol ders or. _mandrel s, phot oresi st _is stri spacers are _fornmed
on the sPed GHdt RECHARGHE: §§}aﬁ%l O%Yi’émr‘f*&rﬁ?@né‘xéi’%Pidﬁe?ﬁn?léhﬁ%dmi‘t%%ﬁ}%

behi nd t b, SPAGLHSAS aane‘{rzﬁﬁkw&%o B?ﬁér%!% R%&Q&i SHPEIS1ALEsuniMS pgWaer @ the

initial photolithography formed a pattern defining one feature and one
space, thetcsaneyasiddtih bnowhdéfimibsn bavpricedtuarese andrat wottispacesijal &l thd t he
spaces defl ed b resul t est f ze
bost bl AP EHO AHETOITY Rbor THATto Rt Falk oS S Bh ervtsey TR bEbEaE i  domn
to about rr&%w AR trdnORE- 34 LXLMBk1T0E whauRdasiy: Gandiitd Wsp@fidoneds sgnch
sidewalls 38 in both the x- and y-axis inpose a structure wherein ‘each

trench c@?ﬁlail»*n%wl@fb(W’mﬁi@é@thdfﬁ@@@t@ﬁ%ﬁs@{ﬁe g., cylinders, lanellae, etc).
Factors in forming a single array or layer of nanostructures withi n the

trenchespl l@f}' uge ﬁ?u@t?at“\@ ﬂ%ﬁ@’lﬁ:ﬁ&%% Enk s %{q‘?ﬂ)ﬁ@qtin%?t gv{i &m‘?f the

bl ock co to achi eve thé deS|re pirtch ss (/) of
the copoil ymmcketd anav'l!ﬁ@efmngkh af dyliraibrst the ehdoHE Iné thel tserabesdid’ axta(mgled h® where

nis an i er Ie of LO t cal thjn a range .of abqut "*] ~"*10Q
rim (wit %w%g‘# P Rtir B et a?le%lgm PFeTg R ogingls, By ers)).
The dept &dﬁ gﬂ)\h?fﬁ ¥ henbee ni@iﬁﬁl@&i %ﬂlb‘@éuﬁéﬂw Ehe‘?ﬁzﬁéﬁiait}& eIFQE AT orsHe B ihat the

cast bl ock copoly mat eri al abouft fill the trenches, and is
gener al | §psovehstraie r2§n@eh@ftc’é@®mthemn@@@ Sﬁnandﬁh@n @ n@mﬁh@@ttm razrstermiamt, ructed

\l/J\/lng Zn\r,ré‘ (ﬁem %"F?%%&iggf“%‘gf 5‘@3&?@5 kE)hT%g%gf%ﬁg%g (Qa(aggdr m%g‘) lﬁeﬁder SE| r aﬁéffggl, ©
etc.) spampntmgsihed windbh opblynel ntaheial 5@BER thewWtdnbhdsh®. ¢C RALRY siaBer€ 80T @
di st ancebmosilbﬁequemiy removed,

[0846]  The trenches can be formed using a lithographic tool having an exposure system

capable of patterning at the scale of Ly (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 58 nm features.

[0047] A method called "piich doubling” or "pitch multiplcation” can also be used for
extending the capabilities of photolithographic technigues beyond their minimum pitch, as
described, for example, in U8, Pat. No. 5,328,810 (Lowrey ¢t al.), U.S. Pat. No, 7,115,525
{Abatchev, et al), US 2006/0281266 (Wells) and US 2007/0023805 (Wells). Briefly, a
pattern of lines is photolithographically formed in a photoresist material overlying a layer of

an expendable material, which in turn overlies a substrate, the expendable material layer is



adj acent identical elenments being at or about LO. The wi dth of the spacer
34 between adj acent trenches can vary and is generally about LO to about
nLO. I n swoei@nentinents, the trench dimension is about PC@AS2005082564M W de
(w) and about 100-25,000 nmin lengthii(/,), with a depth (D1 ) of about
10-100 run. \ To forma single layer of;/ lanellae froma | anell ar-phase
bl ock copol ynmer (inherent pitch value of L 0), which span the width

regi st er ednt0,the, §L€L%Miéi @(}ﬁédﬁa@é L,ttﬁs?;)}lxiﬁﬂgtéibt 1Qtstﬁplﬂ@d hRRENSh: mt‘@ 8n\dt h
(w) of the trenches can be a nul he inhérent” pitch value (LO) of
t he pol ysides ofliag mgn@qi;aémdt ibt omnérbbum ﬁi@ném&’@@c sgvigniebhindphe apdcgrspangi ng
from about .n*l of features or
st ruct or Begt e gt aRaie REGE LRSy o e Pyl ar ol P s B TERast eyfftler <
Wi th a cediefg $- BenielndRinkePacef thakaat vwalBubwlRihes Gvo Baiedthd ofo ahosl
65-75 nmfor a LO value of about 36-42 nm, the trenches 32 can be

const r ucteH Ui tPRces dwitaechby iy spicerbotta oD top snadipst fegtugg sizegpstible it . o to
about 2* 0 or .

half-cyl*&%%gg rﬁ%§99%?|8%§m%g%bﬁ\%}au%“mn%ggﬁgﬂ{ Obg&hgﬁgﬁggnb array of
per pendi cul ar cylinders, the trenches 32, 32' can be constructed with a

wi dt h (weii4git df‘heaﬂ&nmtiazanahﬁtﬁiegew‘ the D‘Bﬁiqﬁﬂ sedeafalls B8 bt Bomabae wd vhxiswhere n =
3 4, 5, etczﬁg gﬁ @f abgut 1205 2, 00 uniforﬁ n LO val ue of about
36- 42 nny PoELY 58 \ﬁfﬁ|‘v8m%n5f ReREO FOT e r T HAR g 04 logBY ¢RI val ue)
deposi t ek e )7 TP WndBrk i hE RGN 90 AR UE ﬁﬁﬂmt‘f{@%ﬂeﬂgﬁfﬁrﬁﬁé Wil

upon anneallng result in a zigzag pattérn of 35-nm di aneter per endlcular

cyl i nderernche inglde Gfuidih <t§)§d drhatithdigrande ffomistve diekmglhack =4‘)i90 finer e

the o Al DE gl DN RS L C abd PR R RS RPN Al B ADE T Be Bk fig b 11

copol ynmefhe k:8ndhas [seasedbol @L, @%aP] i6 an Byed@iiingear Lg E\@@d’dﬁdy Ni&ﬂda Byt be
addi tion of both constituent bompopoiynmers, there is a shift fromtwo rows

to one rdWYbr IUNE IPRrpERCPERS S TRt 8 RRbresPreRecteEhtier GHM%E )t r ench,
[ OOS | 1@&4\9;% QOPOH KERE, RL 84 E@lboﬁéf \‘quQPthL lg,, S oqﬁRﬂ%jt;}Eﬁ% %:@Q&Ut fill the

trenches ‘upon anneal i n k°copol yner
sel f-as &e)@blvmen mmxmlb 2] k}ﬁhi@gﬁ é,g wiib fifloharanhey, pay isafenedaBpent:s hgt oi’a::beut

oriente resp se t wettin operti Jof the tre ch sur
ent ropi o+ LGS ARF Gt Heattiny GrebPREavER GactrhgeCarpe oty BoTH
bl ocks, @&st@m} hak @é@mfoﬁﬁﬁ%% aﬁﬁéa\ﬁ%otixﬂ@ aWRlold B9 A phakerantdyghdewet ting
surface by the preferred
famellae, ete.) spanning thc: W ui‘d\ {w;) of the trench, with the center-io-center distance of
adjacent identical elements being at or about L, The width of the spacer 34 between adjacent
trenches can vary and is generally about L, to about #nl,. In some embodiments, the trench

dimension is about 100-1,500 nm wide (w,) and abowt 100-25,000 nm in length {{)), with a
depth (13 of about 16-100 nm.

[8848]  To form a single layer of n lameliae from a lamellar-phase block copolymer
{inherent piich value of Ly), which span the width registered to the sidewalls 38 for the length
of the trench 34, the width {(w,) of the trenches can be a multiple of the inherent pitch value
(Lo} of the polymer, being equal to or about nL, ("n*L,") and typically ranging from about

7 *10 to about n*100 nm (with » being the number of features or structures), For forming a
£-13 array of perpendicular-oriented cylinders with a center-to-center pitch of at or about L,
(e.g., a width of about 65-75 nm for a L, value of about 36-42 nm), the trenches 32 can be

constructed with a width (w) of about 2* L, or less, e.g., about 1.0%L, to about 2%L, {e.g.,



(e.g., the mnority block) The trench sidewalls 38 and ends 40 are
structured to be preferential wetting by one block of the bl ock copol yner
t o i nducewoegismsaii on of el ements (e.g., cylinders, halPCTapkenadsrsss

| anel | ae, etc.) as the polynmer bl ocksl2sel f-assenbl e Upon anneal i ng, the
preferred bl ock of the bl ock copolymer will segregate to the sidewalls and
edges of the trench to assenble into a thin (e.g., 1A pitch) interface
(et ti Ng)od Y 65 v ANG oWk ﬂ@?ﬁmﬁdg@ {&m 8l SEERS, REGELAING Lo the
wetting surface of the tre oor : For exanple, 1nresponse to
neutral olesstpasy mﬁ:ome«rmmésuraf of h@p@irm&m cfyliodars,she femhemid, 821 @b be. g.,

cross nked wetting .rand mer fere wetting
o1 Geval KSR et e B PR e R FuBd p BB LESBbF GRE Phihwi 11
sel f - assgrtyl & § Quf oEm §W1&tﬁ@@é‘§odﬁ@2@”9@09@@&!&%!'1a&a@éb%ﬁ@%R@ﬂ”tnﬂﬂt he
trench floors in the center of a polynmer matrix, and a | anel | ar-phase bl ock

copolynmer filmwll self-assenble into a Ianellar array of alternating
pol yner - HeH bl dekexapelega bpsk goepi PRM)avitiat 3 eRPen@h der 8¢ tREOSHEHINC &nd f or

t hel engt‘hj Rxlfr LRE L ANER eﬁ"‘\ﬁ.{}[ LP;% ufh | Slrs,'tﬁgtﬂ%gr ﬁ,ﬂ%%ﬂgk&%& prgé%«%uhhﬁw Q&h f1 oor

and par al to the si a trenc aving a rentra w%ttlng
fl oor, s;b{diemﬁabﬂb -andiiends, peamnamnmbﬁmd@pd thmdes aﬁmm a&hh@h@imﬁﬁbmh@r film

wil | self a to form!lines of linders in.a ner.
ext endi n§ ¢ Rl @nrgﬁ HeBE, f%%»ftﬂeeétrfcﬁﬂ%}ﬁ@“paf & EP"é}d“i”i”t‘“HE“‘f ? i ?rﬂ’g@ﬁf*e [ 0053]

The struGidfdiRGeh hbtedderal @indewakls 38, and, 8Rds, #9148 iPecRLGIergnt i al
wetting causes one of the bl ocks of the copolyner material to forma thin

wet ting $ay@kf@mi@hmsgagun$aé@3ﬁiﬂﬁh@aﬁwﬁ@eommﬁmemahnﬁmHKWgw@hmgxsahﬁaces,
for exan ] terial |ayer
55 can n8abitbBebdTerSEs fl ol avat i o s R e e SR con

oxi de, Sk&xk, silicon nitride, silicon oxycarbtde, |nd|un1t|n OXIde (17O,
silicon oxynitride, and resist materials such as such as

niethacrélale based resists ot her. materials which_exhi bit

pr ef er enfPPad! me@@ﬁﬁégﬁﬁﬁaﬁﬁi@ﬁ@“ﬁ%ﬁﬂbBWd@HS Fmﬁﬁﬁéﬁﬁgﬁuﬁ$ﬂﬁméy¥¥%ﬁéﬁ phase
copol yne, br h t r as.

1A pltchgrKi tgﬁ g%ﬁ“%a?ﬁ?ﬁé‘ angké%bksgg ggggggﬁg?ﬁﬁgﬁ?%é%FFﬁiers
(e.g., Vanmﬂmfdam@m¢ﬁkumﬁommﬁmﬂmrbﬁenﬁgmtbiwamhgmﬁkkamﬁmﬁdsﬁnmkbck

copol yner naterjal the mater Wl assenble i.nto rnat,i and PS
onel | ety Prlabis 00 Cwa bt elinp ErERER Sr e puse S Pone et |

i nterf acg{aig imcé]s PIGRY weli Q9 54h pi‘é?ex@ﬁmfw&{@%%m‘ﬁ thethrPabebRALI al

wetting material such as a
{e.g., the minority block)., The trench sidewalls 38 and ends 48 are structured to be

preferential wetting by one block of the block copolymer to induce registration of elements
{e.g., cvlinders, half-eylinders, lamellae, eic.) as the polymer blocks self-assemble. Upon
annealing, the preferred block of the block copolymer will segregate to the sidewalls and
edges of the trench to assemble into a thin (e.g., ¥4 pitch) interface (wetting) layer, and will

self-assemble to form elements according to the wetting surface of the french foor 42.

{38521 For example, in response to neutral wetting properties of the trench floor surface
material (e.g., crosstinked neutral wetting random copolymer mat) and preferential wetting
sidewalls and ends, an annealed cylinder-phase block copolymer film will self-assemble 1o
form cylinders in a perpendicular orientation to the trench floors in the center of a polymer
matrix, and a lamellar-phase block copolymer filvo will self-asseruble into a lamellar array of

alternating polymer-rich blocks {e.g., PS and PMMA) that extend across the width and for the



pol ymet hyl net hacryl ate (PMMVA) polyner nodified with a -QH containing noiety
(e.g., hydroxy ethyl nethacrylate) can be applied onto the surfaces of the

t renches,wbanosneserpl e by spin coating and then heating @eTgis2omo3mbout
1700C) lo allow the termnal OH groups to end-graft to oxide sidewalls 38
and ends 40 of the trenches. Non-grafted material can be renoved by rinsing
with an appropriate solvent (e.g., toluene). See, for exanple, Mansky ct aL

Sci ence, 1 A998 7, 11?67158110@4@@ax%‘lﬁ@nteé@grplen&hﬂ@ £ thslr%&gdﬁlﬂcfor a@f@&@&ﬂ@go ihé855- 7860.

[ 0055] The“structuring of the tréench floors 42 to be neutral mettlgg (equal
af fi ni t ysifioralbotih d@b@@k@‘@f& 1 prefecopol yvn%m)g flaol, oW Wbt ndpindeles aofieal
copol ymer
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neutral wathingarandemicennd M:m)m@ma@erth@n@ﬁ&@u@u@swmneh 28@1 f or mi ng_ t he
material |ayer 32 and then et chi ng the trenc es to expose the underl yi ng
neutral wetting _material, as illustrated in 5-5B. A neut wetting
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as a bl anketl; caals ti@%i&&%%?{ ng g%ﬁeﬁ RleDntpald R}gf@hﬁt Qh&hf?ctt‘ir{geig%}%x ahd

thermal |y processing to f e'material into tomof the trenches
by capi | dafayeacid poyideprdirenies chatisig smriac,dbayme\&mpie)mehmmsﬁd Of-b-FhEMA

Cr ossHn neu r al ttin and n.anot her enbodi. t he
Cdom Bt S h UE i IPro e Tt oA DR b oS TR g
through @ JTesk:Qroxf®t 5&h&)kiil0n GHAas itk bRecHand amiGRARR! SRy (1NDS, mﬂﬂ:ohhe
trenches to formthe neutral wetti ng material |ayer. Non-crosslinkcd random

copol ymerxymties.ial ret siateiotsiach ﬁ%ﬁ@h@é meghagrylatohateHacsPpaceresd36)crcan be

subsequen v 005 For 1USE . ]

ol vty DS S Ry P anee o v AT S e BB BB e slimy . a chin
film of @mhe@opmw&gi@ﬂﬁm%&:m,nﬂem&ﬁ;ﬁ%&nmﬁmano (oS- erthﬁmv@ whi ch
exhibits non-preferential_ or neutral wett] X&% toward PS and PMVA can. be cast

ont o t he’ FasW 8ispiees e g N Agand RyMeyichlindssy Siigit-cyrRETH 61§ nerPiivat € al
can be f ”@(ﬁ%ﬂ u%%e@( 2 35 ?\ﬂa(qu(\&nCO%égy%i %#él%ﬁa( %ltveﬂqa@ﬁa‘p%ﬂt hermal |y

or photol tica crossl |nk|n surface orma mat that 1s neutral
wetting vtssmﬂ&, aﬂd al%wwm@ﬁﬂvﬁ\«ﬁ%ahdjﬁﬁ éarskiet{@gt, Mepichdsshionkihgendh, kathanot her

enbodi neut r al tti.n angipm pol ymer of polystyrene (PS),
pol yrre?%g@h‘ﬁéi < FERVA ‘;(ve F%%War dkw&ﬁr oup(s) (e.g., 2-hydroxyethyl
rret hacryl ate
{00584]  In other embodiments, a preferential wetting material such as a

polymethylmethacrylate (PMMA) polymer modified with an —OH containing moiety {(e.g.,
hydroxyethylmethacrylate) can be applied onto the surfaces of the trenches, for example, by
spin coating and then heating {¢.g., to about 170°C) {o allow the terminal OH groups to
end-graft to oxide sidewalls 38 and ends 46 of the trenches. Non-grafted material can be
removed by rinsing with an appropriate solvent {e.g., toluene). See, for example, Mansky ¢t

al.,, Science, 1997, 275, 1458-1460, and In ot al., Langmuir, 2006, 22, T855-7864.

{3855]  The structuring of the trench floors 42 to be neutral wetting (equal affinity for both
blocks of the copelymer) allows both blocks of the copolymer material to wet the floor of the
trench. A neutral wetting material 38 can be provided by applying a neutral wetting polymer
{(e.g., a neutral wetting random copolymer) onto the base substrate 28, forming the material
layer 32 and then etching the trenches to expose the underlying neutral wetting material, as

illustrated in FIGS. 5-58. A neutral wetting random copolymer can also be applied after



(P(S-r-MVA-r-rl ITiMA)) (e.g., about 58% PS) can be can be sel ectively
grafted to a base substrate 2 (e.g., an oxide) as a layer 30 about 5-10 nm
t hi ck by weaviwmyort about 1600C for about 48 hours. SeepcCrars2énaspbe, | n et
al ., Langmuir, 2006, 22, 7855-7860 A®urface that is neutral wetting to
PS- b- PMVA can al so be prepared by spin coating a blanket |ayer of a photo-
or thermally cross-Iinkable random copol ymer such as a benzocycl obut ene- or
azi donet d. st : met hyl
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phot o- crossl i nked” (e. g. MN cnlL2 exposure for a bout 15 seconds to about
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about 10 m nutes). [0059] In another enbodinent in which the base substrate

28 is sﬂﬁﬁ@ﬁﬁi(mnth native oxi de), another neutral wetting surface for
PS- b- PMVA can be provi ded by hydrogen-term nated silicon. For exanple, the
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pl asma, to renove t oxi de nater|a or m hydrogen- tefm hated silicon
30, whi chpblynre(#S$- h#PMkM); aginfiih oéqlphduoaﬂ%ﬁqqhm{aw;sfmndcbm&’b bk sopeivnaerbl ock

copoly PS- b- PNNA termnpated silicaon repared
by 5 Lorgsrs ohLD) Wit eetBir g e el obRervore fe g S aram TS T con
subst rati@ dawl dofs MRLLEOXHAE2PIES. eB§ sp;ﬁ-@@éﬁnbg-zf HSn Y mBYmeXROSIhL S RedN
aqueous sol ution of hydrogen fluorid é% and buffered HF or anmoni um

f I'uori den @hase By grﬁyﬁa—@nmpmdqwéém@mr by erbxytﬂaoml@fﬁ@igéﬁi plastrbnkipg Srent
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processe gra i'ng a ranhdomc fhe “dieh s e ec |ver onto
t he suba&@&hﬁuﬁgsultlng in a neutral wetting surface, for exanple, by an in
situ free radical polynerization of styrene and nethyl nethacrylate using a

sur face P657Hr odace iy oAb A5G Flte. ridopmopolyii o phhShuent (bSF
polymethacrylate (PMMA) with hydroxyl group(s) {¢.g., 2-hydroxyethyl methacrylate
(F{S-r-MMA-r-HEMA)Y) (e.g., about 58% PS8} can be can be selectively grafted to a base
substrate 28 (e.g., an oxide) as a layer 36 about 5-10 nm thick by heating at about 160°C for

about 48 hours. See, for example, In et al, Langmuir, 2006, 22, 7855-7860.

{80581 A surface that is neutral wetting to PS-b-PMMA can also be prepared by spin
coating a blanket laver of a photo- or thermally cross-linkable random copolymer such as a
benzocyclobutene- or azidomethylstyrene-functionalized random copolymer of styrene and
methyl methacrylate (e.g., poly(styrene-r-benzocycelobutene-r~- methy] methacrylate
(PS-r-PMMA-r-BCB)). For example, such a random copolymer can comprise about

42% PMMA, about (58-x)% P8 and x% (e.g., about 2-3%) of either polybenzocyclobutene or
poly{para-azidomethylstyrene)). An azidomethylstyrene-functionalized random copolymer
can be UV photo-crosslinked {e.g., 1-5 MW/cm”™2 exposure for about 15 seconds {o about

30 minutes) or thermally crosslinked (e.g., at about 170°C for about 4 hours) to form a



I n other enbodi nents, to induce formation of parallel half-cylinders in the
trenches, the trenches are structured with a floor surface that is

pr ef er entwal2omavi2zag by one of the polymer bl ocks of a pcoals2e@opsisgsrer .
Anneal ing of a cylindrical -phase bl ock copol ynmer material having an

i nherent pitch value of about LO will result in """ rows or |ines of

hal f-cylinders (parallel to the sidewal ks and trench floor) extending the
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deposi t ei@b dl&ygcs@wﬁamnaaﬁatit:mgv@ﬂlemndm-mmamal rgd ﬁmmxaimgmutm;smtledlmhom 8.9
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copol yet | SAgen Sy Rem araab ot bk ST et bl o PR P °F o
forma Selnﬁlﬁbﬁuh&%ﬂnd@f(\f?ﬂdemmﬁ {RobtreatS¥hi, BERS sh{BORN] Elesmelkcathe@GEQSS the
width (wi) of the trench, the el enents having ‘a dianeter/width at or about

0 5 LO (dém@& hydissae). 2 Hﬁ‘}»lﬁlﬁm@%d@;@an@ }S@Dbtia&tcyﬁ be gqnlta ROEIRRSES b( ,gya‘rt)m,ozf a
I | o 4 : 09%.0f . Lo
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pol yner -wéidhg kg&meb Iiaf bnlnqﬂdxé:wm\m Ay &e waziidal p{ﬂymb@uﬁmﬁ o5 stvBereeng mat}fﬁ 50 nm
within each trench, In

use of a sql ve anne filmcan be nuch
t hi cker THaHYlple %ﬂ?@adl SHHC ke S o0 ?iuf?fe‘?’{‘éh@‘&ﬁu@ep?‘“é“et‘ﬁ? ness of

the fil mli%tg@r}ﬁ&gkggggwglﬁqu <0l %gg@man@ by el lipsonmetry techniques. As
shown, a thin | m 44a of the bl ock copol yner

13066]  In other embodiments, to induce formation of parallel half-cylinders in the
trenches, the trenches are structured with a floor surface that is preferential wetting by one of
the polymer blocks of a block copolymer. Annealing of a cylindrical-phase block copolymer
material having an inherent pitch value of about L, will result in " rows or lines of
half-cylinders {(parallel to the sidewalls and trench floor) extending the length (/) and

spanning the width (wy of the trenches.

{3861}  Preferential wetting floors 42 can be provided by a silicon material with an
overlving layver 30 of native oxide, or by forming a layer 38 of oxide {c.g., silicon oxide,
Si(y,), silicon nitride, silicon oxyearbide, ITO, silicon oxynitride, resist material such as such

as methacrylate-based resists, etc., over the base substrate 28,

{8862]  Reforring now to FIGS, 7-7R, a film of a self-assembling block copolymer

material 44 having an inherent pitch at or about L, {or a ternary blend of block copolymer and



material can be deposited onto the spacers 36 of the material |ayer 32;
this filmwll forma nonol ayer of elenents with no apparent structure from
a top- dovwwoperspextii ve (e.g., lanellae in a parallel oripemtustéoony2s6dhe

bl ock copolymer material is fabricate@d such that each of the self-assenbl ed
pol ynmer domains has a different solubility for a given ink chemcal. The
ink chemcal is applied as an organic solution either neat (undissolved) or
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one of the polynmer domains to swell and becone inpregnated with the ink
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funct i on@bmardkp fadutonge.ghebbadl. 28l fithi bbby oftthecdpaky rnmatie mh atganfconhvexanpl e
a thiol or am negroup. For exanple, one of the blocks can inherently

cont ai n B<p AP debigrockten s Penlet foRRENG ISP Er  exanpl e, pol yvi nyi pyri di ne.

[ 0066] The fil m norphol ogy, including the domain sizes and periods (LO) of

the m crgpiase-SgRAak.8d dONBI-AS. oredLIA& LROLLRL et DY 4ghal Noleenoth, af a
bl ock co%o??rrer (rmlrgc(fjl ar} wel Sht ,O M/\)j and&%olﬁurre frécti or(l %f étehe ABan ocks

of a di binoeKagopolytefreadicpféd e trbaislaviag o dpth (Tt it caklow thesipheticcdl

mor phol ogi es, ,anong _others 067], For. exanpl e, r. vol une fractjons at

ot os oo AR T at S GO bR BB i o S e R

pol yner, ihakhleck) sapohymiied blbar wdolyharGe ﬁdmﬁﬁi@ 5 epaoat e, anths alih~agsenbl e
into a periodic spherical domains with spheres of polynmer B surrounded by a
matri x ofelisesopae lofoma e singlq lgaetoT clameentsis. SlcobrderyBREHET 19 DEEWE 8 about
60: 40 and;80: 20,¢ ..0k.bl el &S bl.es.i.nt o hadi ¢. cylindrical
dormi ne S DGy e B R BB o AL P Y el about
50: 50 antl &60). 40y ckanglk| arypthahdicscor(sabf eranatibnghst PEgeBMofiatthekbl ocks are

formed. Donmin size typically ranges fromps-50 nm An exanple of a
| anel | a_émg@meﬁg'hpé:% fie PvAGOB Gcke ieb'é}ig/ e (@%z_ﬂgqév'm?% (cgp 4ihyt {648 wou
16 nm wide, L anelkae, 5, ConRosed el nigcel.ght anahithQhoalevt, @0%159-50 R PMVA)
and total nolecular weight (M) of about 571 kg/xnoL An exanple of a
cyl i nderwitlon migigrdSh biPnase oposynet aneb thafing ¢:0-bem@s: hirgket a8 br.mgbout
20 nm di 1%%%% (r)utc%lﬁb&? erolf%%’.l- Lo value. The thickness of the film 44 can be measured, for
example, by ellipsometry techniques. As shown, a thin film 44a of the bloek copolymer
material can be deposited onto the spacers 36 of the material layer 32; this film will form a
monolayer of elements with no apparent structure from a top-down perspective {e.g., lamellae

in a parallel orientation)}.

[0864]  The block copolymer material is fabricated such that each of the self-assembled
polymer domains has a different solubility for a given ink chemical. The ink chemieal is
applied as an organic solution, either neat (undissolved) or combined with a solvent that will
be selectively absorbed into and cause one of the polymer domains to swell and become
impregnated with the ink chemical material. In some embodiments, the ink but not the

solvent will be selectively absorbed into one of the polymer domains.

[¢065]  In some embodiments, the block copolymer can be chemically modified to include

a functional group having chemical affinity for the ink material, for example, a thiol or amine



PMVA domains in a matrix of PS is conposed of about 70% PS and 30% PMVA
with a total nolecular weight (M) of 67 kg/raol. Al though PS-b-PMVA

di bl ock cwpabywymeedare used in the illustrative enbodi meaotrasednams2ssy pes of
bl ock copolymers (i.e., tribiock or t¥iblock or nmultiblock copolyners) can
be used. Exanples of dibl ock copol yners include poly(styrene-Dbl ockni et hyl
nmet hacryl atc) (PS-b-PMVR), polyethyl eneoxi de-polyi soprene,
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honopoi yntrs can range fron10 to about 40@6 An exanple of a ternary dibl ock
copol ynejiTienddrsxanpis; hwPNNR&RSKBNN%&bwand;&ﬂ@ﬁhsxanmt%?“ﬂeKﬁ@lw@

PS-b-P 40% ol rene and..2CK. | met hacryl ate
The L0 VPGS (OF) Che T e Loeb eBeT et 1760 by oy Sk TG e ol ecti ar
wei ght  ofeiithebli96k: 6 9BQLYIFBELer &QQ&%M&{&ER@H}N&QES eOpel YRR dilbiadkd tys then
anneal ed to cause the polynmer bl ocks to phase separate and self asSenble
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el ectron m crooscop N%B scannlng el ectron mcroscopy (SEM_[0072] In
epos
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anneal ed. I n enbodi nents of a solvent anneal, the filmcan be swollen by

exposur gohey aew%p@iwgﬁe 8r o e -%&hﬂﬁg‘?\fboiﬁl\&ﬁ@i Qlﬂ%&c&@om@@ {he "\%}Q@f can
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and total molecular weight (M) of about 51 kg/mol. An example of a eylinder-forming
PS-5-PMMA copolymer material (Ly= 35 nm) to form about 20 nm diameter cylindrical
PMMA domains in a matrix of PS is composed of about 70% PS and 30% PMMA with a total

molecular weight (M,) of 67 kg/mol,

[0869]  Although PS-b-PMMA diblock copolymers are used in the illustrative
embodiments, other types of block copolymers (i.e., triblock or triblock or multiblock
copolymers) can be used. Examples of diblock copolymers include poly{styrene-block-
methyl methacrylate) (PS-b-PMMA), polyethyleneoxide-polyisoprene, polyethyleneoxide-
polybutadiene, polyethyleleoxide-polystyrene, polyethelencoxide-polymethylmethacrylate,
polystyrene-polyvinyipyridine, polystyrene-polyisoprene (PS-b-Pl), polystyrene-
polybutadiene, polybutadiene-polyvinylpyridine, polyisoprene-polymethylmethacrylate, and
polystyrene-~-polylactide, among others. Bxamples of triblock copolymers include

poly(styrene-block methyl methacrylate-block-ethylene oxide).



the film44 to slowy swell both blocks (PS, PMMA) of the film The sol vent
and sol vent vapors are then allowed to slowy evaporate to dry the film
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surfaces within the trenches result, upon annealing, 1n a single |ayer ofn

| anel | aesca8ateB0daci eswimtbiraoaidiig t@\ﬁhc) preferatiial ardemsral Whisnp afbetenelr  or
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0f o (Ve BTt ho o st Rl iy S RiRg DR Lo BF st
exanpl e glepesidd. r&ﬂ:r@ﬂﬁnﬁaﬁtﬁ%@kht@@mﬁéf iabelitc) 28 5O « R iRV é&hm@le ﬁﬁpg)l yrrer
film(e.g., M =51 kg/nmo k LO= 32 nni) in an about 160 nm wi de trench

will subdpwicdereractosensh AR tapsuesian Flastm BICRCPEh e MpRe S HERITGD

surface s‘x\% 26 is thus defined by a lanellar array of polyner

domai ns gu«&s@gmﬂ ne a linear pattern of |anellar bl ocks, each about 14-18

nm wi de and several mcrons in length (e.g., about 10-4000 nm. and a

cent er - t{§8eHnl lesopktectbodimatio tite Bgosim hm@kmpbiemyphtmHéic@m‘f‘&a@lvhrél ed in by
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of a "good" solvent for both blocks, and the vapor can then be removed. Vapors of a solvent
such as benzene, chloroform or a chloroform/octane mixture, for example, can be exposed to
the film 44 to slowly swell both blocks (P8, PMMA) of the film. The solvent and solvent
vapors are then allowed to slowly evaporate to dry the film, resulting in self~assembled

polymer domains,

{88731 The block copolymer film 44 can also be thermally annealed at the annealing
temperature {€.g., about 1 50-250°C) in an atmosphere that is saturated or nearly saturated (but
not supersaturated ) with a solvent in which both blocks are scluble. The solvent-saturated
vapor maintains a neutral air interface in conjunction with the surface interface with a neutral
wetling floor 34, The existence of both neutral wetting air and surface interfaces induces the

formation of perpendicular features throughout the film,

[0074] Referring to FIGS. §-84A, upon annealing a lamelar-phase block copolymer film 44
{e.g., PS-b-PMMA of about Lg) within a trench 34 with preferential wetling sidewalls 38 and



into trenches with preferential wetting sidewalls and a neutral wetting
trench fl oor, upon annealing, the cylinder-phase copolynmer filmwll

sel f - assewbl2eo9mvee4a fil m conposed of perpendi cul ar- ori ecras2eylodrsder s of
one of the polynmer blocks (e.g., PWMWAP within a polyner matrix 54' of the
ot her polyner block (e.g. PS) registered to the sidewalls of the trench.
176] FIG 9 illustrates an enbodi nent of a stanp 26' conposed of an
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hexagonal. atray Bfc fkhdopds &%Itbg&r@Lﬂ'ﬁ\ 192 bicds WG Rk (PE8bRRfEed)mpol yer
bl ock (i.e., Iike domains such as PMVA) that are oriented perpendl cular to

the neutwalh (e} of thg tvfehsdmﬂdzﬂzé mefectiaewershoW Y341 i il h¢mL@01?m@m Xo54' of the

maj or poI ock. n ock (e.qg.,
PRy i T ey Aegat s natbe ra paflt P ER Bk R TR Mg tnas a0
to forma pnelf =19 Koa¥er Lp23 am] Rearh@ag Diehm aFifayc@@NntidlisOBdinide gk @chows  of
cyli nders according to the width {w) of the trench with the cylinders 52
in each rBvitsel hipretips pichep.o e Hempykisaderesfite %‘ﬁ‘é?&ﬁﬁ“a@éﬁ@cﬁ%ﬁ@" 4ach row
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vary according t engt he trehc and ape of e trench
end (e.gi4-1% andlédamastgicﬁﬂimlﬁbﬁs in hekgih (S mebauoWs-4had i, @deaaﬁeimmwr%s

than mcylinders. The cylinders 52 jener.al | apart at a pitch
di st ancepl@i'”?' é‘?mo ) tmﬁgeikféi‘-gééﬁgég *%f}lbﬁﬁﬁélg%{)‘t‘imt*ﬁ‘éi E‘gﬂé““ﬁ W and an
adj acentg;rQw, (GeM Lt 0-eenter distance), and at a pitch distance {pi) at
or about Lo*cos( 1/6) or O 866 LO being the distance between two parall el
| i nes where one |ine bisects the cylinders in a given row and the other
line bi 4881H theudypdimder s Whiclan fhdjohe srtindrow-piTse biprhsppaigruer is deposited

into trenches with preferential wetting sidewalls and a neutral wetting trench floor, upon
annealing, the cylinder-phase copolymer film will self-assemble into a film cormposed of
perpendicular-oriented cylinders of one of the polymer blocks {e.g., PMMA) within a polymer

matrix 84' of the other polymer block {c.g., PS) registered to the sidewalls of the trench.

[0076]  FIG, 9 illustrates an embodiment of a stamp 26° composed of an annealed
cylinder-phase copolymer film 46° in the formation of an array of hexagonal close-packed
array of perpendicularly-oriented cylinders 82 within a polymer matrix 34", The sidewalls
38" and angled ends 48 of the trenches 34° are used as constraints to induce orientation and
registration of cylindrical copolymer domains to achieve the hexagonal cylindrical array
registered to the trench sidewalls. The width {w,} of the trenches 34" 15 at o7 about
Lo¥cos(m/6) or Lo*0.866 , which defines the number of rows of cylinders, and the trench

length (/) is at or about mL,, which defines the nurnber of cylinders per row. The ends 48" of



surface of the stanp 2 is thus defined by an array of polynmer domains that
defi ne a hexagonal or honeyconb pattern of perpendicul ar-oriented cylinders
52', eachwealwowos22422 nmin diameter with a center-to-cenrars2@onsiseof about
42 nm QO77J I n another enbodi ment usi2tg a cylindrical - phase copol yner
material, the trench di nensions can be nodified to use the trench sidewalls
and ends as constraints to induce orientation and registration of
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the trench, a he cénteér-to-center distance (pitch distance) (p et ween
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e her AT R PP L AR Rl b o RS Bt Bty Bl tn B Bl B Fhe

cyl i ndergs; facent€a6N caROUL-RB2 disid \Nakh ANBEOR dWtdibe ?)g?&%%,{m&t@ LEERLEE)
pitch of about 42 nm [0078] Referrlng now to FI GS. | A, in _yet another

enbodi mentd- &S Ingpeinacp F’iﬁéﬁm%bﬁﬁb’ﬁ%%"%w@w dses whtteppaline biecty fenyliadergg -
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i nduce for t9on
mat ri x Sétfhcd fahe spepidd’ 8 ﬂ@xﬁf@lﬁhe& bya r,m aﬁaabf }Qﬂ‘s her ddneaitd mmmmfnk, @or s 42' "
and registered to the

hexagonal or honeycomb pattern of perpendicular-oriented cylinders 827, each about

20-22 nm in diameter with a center-to-center pitch of about 42 nr,

{88771 In another embodiment using a cylindrical-phase copolymer material, the trench
dimensions can be modified to use the trench sidewalls and ends as constraints to induce
orientation and registration of cylindrical copolymer domains in a single row parallel to the
trench sidewalls. The trenches are structured to have a width (w,) that is at or about

1.0-1.75 * the L, value of the block copolymer material, a neutral wetting floor, and sidewalls
and ends that are preferential wetiing by the minority (preferred) block {¢.g., the PMMA
block} of the diblock copolymer {(e.g., PS-b-PMMA)}. A cylindrical-phase diblock copolymer
{or blend with homopolymers) having an inherent pitch at or about L, can be deposited into
the trenches to a thickness (i;} of about the L, value of the copolymer material (as in

FIGR, 7-74). Asillustrated in FIGS, 18-18A, the annealed block copolymer film self-

assembles to form film 46", The constraints provided by the width (w,) of trench 34" and the



sidewal ls 38"'". A preferentially wetting floor 42!" can be provided, for
exanple, by a layer 58" ! of oxide, silicon nitride, silicon oxycarbide,
anong ot hwo009fiee928t anpi ng surface of the stanp 26"" i spdefise@d/obysean array
of polymer dormains that define lines nf half-cylinders each about 20-22 nm
wi de and several mcrons in length (eg., about 10-4000 mm), and a
center-to-center pitch of about 42 . [0079] In another enbodi nent of the
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trenches to expose the sec eutral wetting
mat er i al ar36dy Gim;dlysm: tmmasm G&2i! debic 4 Heglexpeo o€ derbasbordabstamatdeyliotdrs 80°.t he
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trench sfadeqaryts’ "m’“ %m?‘r‘b’ﬁé* af"l"%‘i‘i -©-gar DHER OF RIS defed by
alternating preferentlal wetting sections 62"" (base substrate 28""} and

neutral evs) NkiseekineRse#AES. @@ﬂnﬁ1ﬁﬁaEﬂﬁh&&9&%6&@&@@&&@@Q@Hh&ﬂﬂp|y”EF
30" ") I'n sone enbodi nents, each of the sections can have a width (wi) at

or aboutPhaes caprbynas ’mﬁimﬁ theryouiitrend's cat he Sim%‘ﬁfﬁél‘vm}%étftﬁiﬁ’@f%@é}t‘fv@ﬁéb 60" "
can havesu G h4q§ EO Endﬂg @Qgﬁgoﬁ%&ﬂgcﬁﬁﬁ g&? rlltdo \Q%tﬁt’ g;% $0§S9t§1 L{Sns

62"" have a w'dth a et FPench I'’s

(e.qg., ahawexisde)tharge E)‘I’i@f‘:ﬁ&i@tﬂtdn&htaﬁ&ﬁ td tlhliz’é&iiiﬁkﬁ)rﬂﬁﬂdramﬁﬁglﬁueﬁ% ted) bl ock
of the bl ck cogglyner c Iinqticg phase bl ock gf ymer f|In1(e
pi tch LO’)‘ s¢ %@f@éﬁ%fﬁ“ ¥ VERiRE %far-@@d PR rREdE é%%@?@'w ﬁti%%é film

thi cknesg:+# 3@0)9&6, huL n!-tgdé@gicﬂﬁ' Bﬁﬁéa?fgde,laﬁléillggloﬂ%?ﬁf. af&dstuiﬁpmg surface of the
stamp 26" is defined by ap array of polymer domains that define lines of half-cylinders,
gach about 20-22 nm wide and several microns in length (¢.g., about 10-4000 um), and &

center-to~center pitch of about 42 nm.

{0679}  In another embodiment of the invention, graphoepitaxy (fopographic features,

¢.g., sidewalls, ends, eic.) is used to influence the formation of arrays in one dimension, and
the trench floors provide a wetting pattern that can be used to chemically control formation of
the arrays in g second dimension, For example, as illustrated in FEGS. 12-124, a neutral
wetting material 36"" (e.g., random copolymer) can formed on the base substrate 28" and
crosalinked in select regions 68", such as by photo-exposure through a reticle or a patterned
mask {e.g., photoresist). As shown, the non-crosslinked regions of the neutral wetling
material 38" have been removed (e.g., by wet processing using a solvent} to expose the

sections 62" of the underlving base substrate 28"", resulting in a pattern of discrete regions



FIGS, 14-14B, the differing wetting patterns on the trench floor 42""

i nposes ordering on the cylindrical -phase bl ock copolyner filmas it is an
eal ed reswbtoovgopezdaa 1-D array of alternating perpendi celcansesmstsed
cylinders 52"" and parallel-oriented 2al f-cylinders 56"" for the | ength
(nLO) of each trench [0082] After the copolyner filmis anneal ed and
ordered, the filmcan then be treated to crosslink the polyner segnents

(e.g.. thePg 1ﬁ@9ﬂ§‘&h§éd ﬁtquda m@g{}g ;ﬁ'ﬁa@m@"ﬁ "&%né&ﬁ% 10mefy ahfSertions 62"
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spacer 36 in FIG 7A) ean then be rem)ve?g, as illustrated in FIGS, 8~8A In
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36, | eavifghdifens eabistenedegiehi cﬁﬁ$ﬁ€@|xﬁgthf(bd“?‘ﬁ%rt§&bﬂt thend reseh and
exposing the surface of materi al | ayer 32 on the spacers 36 above/outside

t he trenchiesimms. dhorhrer eﬁtﬁmgﬁncewms sphecanneakeddfi (wm) 4boc@nubd.. and the
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regi ons, an@n@lds HE'EXROSHGDxARY kicRsienfntikinec(GOP R HEBnd it r@zeaﬁreb}ab foempimee, for
exanpl e by an oxygen (O) plasna treatnment. [008S] The resulting stanp is
st r uct ur'8ackgoPR! Y%t anpi ng surface 64 conposed of an ordered array of

pol ynmer domains (e.g., 48, 50) in the desired pattern for stanmping onto a

recept orgagst £ 3l &gyl Q 31%%@%0&%%& 1?:%@1 016, fNKediand spernogugbt% LA & gont act

W th the receptor substrate to produce the pattern on the substrate The ink
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cylindrical-phase block copolymer film as it is annealed, resulting in a 1-13 array of alternating
perpendicular-oriented cylinders 52" and parallel-oriented half-cylinders 367" for the length

{nL.) of each trench.

{0082] After the copolymer film is annealed and ordered, the film can then be treated to
crosslink the polymer segments (e.g., the PS segments) to fix and enhance the strength of the
seif-assembled polymer blocks, The polymers can be structured to inherently crosslink (g.g.,
upon exposure to ultraviolet (UV) radiation, including deep uitraviolet (DUV) radiation), or
one or both of the polymer blocks of the copolymer material can be formulated to contain a

crosslinking agent.

{0883]  Optionally, the unstructured thin film 44a of the block copolymer material cutside
the trenches (e.g., lamellac in a paraliel orientation on spacer 36 in FIG. 7TA) can then be
removed, as illustrated in FIGS., 8-8A. In embodiments in which the ink chemical would be

absorbed by the film 44a, the film would be removed.



non-coval ent force or bond (e.g., hydrogen bond, etc.) and will forma
sel f-assenbl ed nonol ayer (SAM on the receptor substrate. The ink chem cal
can i ncl uate 200099924n0r e functi onal groups that chem cal lpgTrisaam/08dssh t he
receptor substrate. The chemical affi®dity between the ink material and the
receptor substrate is greater than the chemcal affinity between the ink
mat eri al and the polyner domain in which it is absorbed. [0078] In
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thai will usion of the mater sele Flv e sel ect ed
pol ymer donaln Exanpl es of solvents that can be utilized |nclude met hanol ,
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control with respect he anount of ink material that is absorbed into

t he st anpediFhéhapaem wolledubdragxposed to a vapor of the ink chenmical for a
sufficient tinme period for absorption of an adequate quantity of the ink

chem Caaiﬂ@’y’ﬂt hﬁmqq}( Y& gﬂ% pai 1£ ‘Qﬁgg%(ld suléﬁ al g&m%%u akalf'&éﬂt {]é% Sy erqdi ment

of a st cess utili nvention, as
depi ct ecbdixlfn‘d% ﬁﬁsxauBe*&Ae sRéh@fem‘ﬁ&@ yﬁa@«rﬁdi Gimlis, \/@1 &éraﬁm nfprpgsacedsr can be
conduct %g)nbc%v grri)il f)(lnlrag%r%ggcg ?g\? gmyc?mgr 1 bond, ete.) and will form a self-asserabled
monolayer (SAM} on the receptor substrate. The ink chemical can include one or more
functional groups that chemically react with the receptor subsirate. The chemical affinity
between the ink material and the receptor substrate is greater than the chemical affinity

between the ink material and the polymer domain in which it is absorbed.

[6878]  In embodiments of the invention, the ink chemical can have amino, thiol, alcohol or
alikyne functional groups. Examples of ink chemicals include thiols such as
2-aminoethanethiol, aminothiophenol, cysieine, homocysteine, leucinethiol,
Z2-butylaminoethanethiol, 2-cylechexylaminoethanethiol, ete.; mercaptoaleochols such as
mercaptoethanols (e.g., Z-mercaptoethanol (HS-CHCH,OHY), mercaptopropanols (e.g.,
2-mercaptopropanol) and ruercaptobutanols (e.g., 4-mercapto-1-butanel, 2-mercapiobutanol);
and acetylenics with hydrocarbon tails or other functional groups such as alcohols, thiols,
amines, halides, eic., e.g., carboxylates such as propiolic acid, 4-butynoic acid, S-pentynoic

acid, and the like.



solution of the ink chemcal material (either neat or in a solvent) 66 onto
the stanmping surface 64 or, in other enbodi nents, by exposing the stanping
surface twoaowaper24of the ink chem cal. The contact of trhe/useéoobrshd cal
solution with the stanping surface of24the stanp is for a tine effective to
enable the ink material to diffuse into and be selectively absorbed by the
targeted polyner domai n. Upon contact of the stanp with the ink chem cal,
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cor r ugat @dcsiMidace iaaérggﬁt, isfiesnitche Wilinesmotk dbeiswl he@a@gwwcud@m ns
50. As illustrated in FIG 17 a receptor substrate 68 is then brought into

cont act @awﬁlemegtSWWEﬁﬁieh@mml Fapmplngof sikvasdmibal q@nﬁﬁg ubbzq?irmﬂu@mrrm ns 50
situated _on_ t ta sur f 4 o the s effect
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on the rgeepientatlRsing Bk aﬁém&BDiW@tehﬁﬁ 1Eh§ﬁimﬂ-%dboﬁﬁ—T@ieml\mk chem cal
material 66 is transferred fromthe stanp 26 by chem cal bonding of one or
nore fun onal groups of .the ink teri I with a functjonal group(s) on

t he surféé% Mornpgatirpraprbpesubéidatis g s nﬁ%%ﬁ]v E&‘aﬁ‘ﬁl*@‘ %‘“f"ﬁ?ém?‘écept or
substratg, 68,10 Is'?'tgﬁros?! del 2082 )&!\g?@i é%'n{rbp&ﬁh \A@%;n&,rt $o 12 ahloGANGQRk higu],at or
("sSa") substrat es, ['I'con<on-sapphire ("SOS") substrates, and ot her

seni condbgitie nbssaxit}sitm‘attb@ stgmrph Tas swinlpi vwond geexpsedim a 'g@prmirﬁhu mk galligaim
?r;f gp : glefga? gL i&ggln}liﬁrxri]vx BN %%r a%jj)m ao:nc adg?u%l@%@}mnét[‘v()f )ﬁqeaiéﬁ %{1%@%?&@1@6“ ¢
subst r at@s,H§eGndk di sk drives or optical storage devices. Optionally, the
receptor substrate 68 can be nodified to incorporate functional groups that
enhance chem cal bonding and transfer of the ink material fromthe

st anp/ t dﬁ?ﬁ]&t é‘]((‘e% &% 18g BHfH28) embpstimagi o ASEETRS P‘Paﬁ*é‘“%’”@ﬁél’*&ﬁ}? 26
Subst r atgs mﬁ%ﬂi%kﬁedm%gvhn%s@l;! &lkgt%;%i@&ngtg onality will be reactive to inks
u

havi ng am ne or thiol funttl o groups )strates nodified with an
i socyanate functionality will be reactive to inks having al cohol or am no
functi or@#8yr diqfswin@um*ﬁ&yalis strmaliifig pabewtistchn bhkardvsictl ol agrigtngsawibt [be
reacti Ve

h}%@ 1ot %16, mlt( chermical material (either neat or in a solvent) 66 onto the stamping
surface 64 or, in other embodiments, by exposing the stamping surface to a vapor of the ink
chernical., The contact of the ink chemical solution with the stamping surface of the stamp is
for a time effective to enable the ink material to diffuse into and be selectively absorbed by

the targeted polyrmer domain,

{6083} Upon contact of the stamp with the ink chemical, the polymer domain 3§ with
affinity for the ink chemical solution (e.g., PS domain) is swelled by absorption of the ink
chemical solution, as illustrated in FYG. 16. The other polymer domain 48 with substantiaily
no affinity for the ink chemical {e.g., PMMA domain) remains unchanged. This results in the
stamping surface 64 of the stamp 26 having a relatively corrugated surface that defines the

lines of the swollen polymer domains 86,

{(084]  As ilustrated in FIG. 17, a receptor substrate 68 is then brought into contact

{(arrows |} with the swollen and ink-containing polymer domains 88 situated on the stamping



am no, al cohol or thiol functional groups. A kylazido -nodified substrates
wll be reactive to inks with alkyne functional groups. For exanple, a
silicon owDdeovsebetrate can be nodified with azi de groupsTius260a08ised at e

bi ndi ng of an acetyl enic carboxyl at esi nk [00S6J Table 1 (bel ow) provides
exanpl es of ink chemcal materials that can be used for selective

absorption by one of the polyner block domains (i.e., PMMA) of a stanp
accor di NG, rEQe ERes !:h@\(ﬁ%ﬂ Ay, o ?fggi SrRedi LBALS: af, ehgp 91; ih%%@%&lﬁﬂtsﬁbs]ﬁ ate,
modi fications that can be used in conbination Wt I nk
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trimet hoxysil ane) cysteine honocysteine socyansto-nodifi ed substrates

such as Siperaec§Bafted with a i soeyanat opropyi (trial koxy) silane (e.g.
i socyanat opropyl | eucinethiol trieihoxysilane, |socyanatopropyl

i met hﬁ%& §‘§ ‘]a@xedmg f)‘thfzﬁgg]&é{ljcﬁig]%ra%é{;98§ E&?‘ﬂ%@ A m* xide, silicon wafers

2-cyl co xylanlln et haner nDdl d Slibstrates such as
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subst r at® ﬁg}ig}j}@ﬁdgg “gbj@i B %‘F &5t b%?@“é‘é%éﬂ[ﬁ’t%@?%ﬂ%ﬂ trn absenic
| socyanah@pLORYsh gn'&’e ac'h'é’t@é i &'—JE@S@%&T (uials krﬁ?ﬁ%&qgﬁtgﬂ{ ORYA Ni, Fe, Co, Cu,

ncr capt opr opanol s trieth o y silane, 1socyanatopropyl trinethoxysilane,
etc.) ndrddpi%mmuaﬂob@nﬁbakoﬁdsﬁmVsawﬂdhﬁmédnsub@mnmmésusuahkas@\

chl orine-ter Lcet.yd eni cs mnth dr.ocarbon Al kyla2|do
o 11 60 ShRLErE Betiat R RehEibrs! b SRR Ehotiaids M LGERER Pa Rl onal

groups 6:-11%?!;&Q:%Jnﬁ&ﬂ%kmﬁ%@dnd(ﬂeﬁxg@{ BOX¥ )1& 1aREa BFm \Wd RaBp/sGha@se.al cohol s,
thiols, am nes, 11-azidound ecyl Prou (e.qg., formed from

stamp "’{p) as indicated in Table T (below). Substrales modified with a glycidoxy

functionality will be reactive lo inks having amine or thiol functional groups. Substrates

modified with an isocyanate functionality will be reactive to inks having alcohol or amino

functional groups. Substrates modified with chiorosilyl groups will be reactive to inks with

amino, alechol or thiol functional groups. Alkviamdo -modified substrates will be reactive to

inks with alkyne functional groups. For example, a silicon oxide substrate can be modified

with azide groups to facilitste binding of an acetylenic carboxylate ink.

{0886] Table 1 (below) provides examples of ink chemical materials that can be used for
selective absorption by one of the polvmer block domains (e, PMMA) of a stamp according
to the invention, and embodiments of receptor substrate modifications that can be used in
combination with the ink chemical material to effect transfer of the ink onto the receptor

substrate to form SAMs in a staraped pattern.
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[0087]

An alkylazido-modified receptor substrate 68 can be prepared, for example, as a

silicon dioxide (8i0;) substrate grafted with 6-azidosulfonylhexy! {triethoxy)silane or with a

| 1-azidoundecyl group monolayers that can be formed by grafting 1{-bromoundecy!

{triethyoxy)silane (o a Si(}, substrate then derivatizing with sodinm azide, as described, for

example, by Rozkiewicz et al; dngew. Chem. Ini. Ed Eng., 2006, 45, 5292~

3296. A

chlorasilyl-modified receptor substrate 68 can be prepared, for example, as

chlorine-terminated silicon {Si-Cl) by chlorination of hydrogen-terminated silicon surfaces by



stanp 26 and exposed portions 72 of the substrate, as shown in FIGS.
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68 The stanp 26 may then be re-inked,27if needed, for further stanping of
the sane or another receptor substrate. [0091] The ink pattern 70 on the
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sel f -asse y of a block copolyner to match the tenplate pattern of

el ements on the receptor substrate. For exanple, as depicted in FIGS,

JS-18A, {(8%Hg @pdnemplptimnsiiche @k tshdbpio2Be (FHGyr 48)iratarihé pkmprat éetal t hat

w il forma SAM conposed of .a e . -
TEoveC ﬁawng&e K chiemical material 66 as a pattern 78 on portions of the receptor

substrate 68 corresponding to the inked polymer domains 88 on the stamping surface 64 of the
stamp 26 and exposed portions 72 of the substrate, as shown in FIGS, 18-18A. Insome
embodiments, the ink chemical material is processed to form a self-assembled monolayer
(SAM) on the surface of the receptor substrate 68, The stamp 26 may then be re-inked, if

needed, for further stamping of the same or another recepior substrate.

[0891] The ink pattern 78 on the recepior substrate 68 has identical or substantially identical
reselution to the pattern of the inked polymer domains on the stamping surface 64 of the
stamp 26. The patierned stamp 26 can be used to produce features (pattern 78} on the
receptor substrate that are sub-lithographic, for example, a thickness of about 1-10 angstroms,
and lateral width (w,,) that corresponds 1o the dimension (width (wpq3) of the pattern of the

"inked” polymer domains on the stamping surface 64 of the stamp 26 (FIG. 17}



hydr ophobi ¢ material such as octadecylthiol (ODT) can be transferred as a
pattern 70 of elenents 66 (e.g., parallel lines) onto a receptor substrate
68 that hae 2am/mpaii de surface Unstanped regions 72 of wPrhe/samonsmse
adjacent to the line elenents 66 can Be nmade hydrophilic by reacting the
exposed substrate with a material such as 1i-hydroxyundecylthioL The
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phantom . Further processing can then be perforned as deS|red such as

filling fohesy Op@ﬁgrr}@Fh&fL Wbkl SatidBt @f !h@|1c&@ic@su'&mwnitirfhﬁ%t@ucs&a&, wf@Tbe
exanple, with a dielectric material to separate active areas, or with a

conduct | SPadneiedrs sirslich as a netal or other conductive naterial to form
nanow re channel arrays for tranS|stor channel s, seniconductor capacitors,
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substrat'e or an un ayer process e performed as
desiredidthé&&eh&&@s&edbbgmdéﬁﬁubnkﬁampﬁkyman&kkG)anmunﬂehbwwﬁghmhenlca
pattern is rapid relative to_other nethods of "top-down" or graphoepitaxy

or der i ng" SR PR GTCEPPAFHEHA5]: ot her enbodi ments, the inked pattern of
el enents 66 can be used as a tenplate for selectlve deposition of a

hydr ophgbiesjorm ke eephiinie: 1R BkiabaRRt 9 6f SikaEnt B8 chnkegdrekenent s 66 or
t he unstanped areas 72 of the substrate. For exanple, referring to FIG 23,
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chemically control the self-asserably of a block copolymer to match the template pattern of
clements on the receptor substrate. For example, as depicted in FIGS, 18-184, using a
template such as stamp 26 (FIG. 16), an ink material that will form a SAM composed of a
hydrophobic material such as octadecylthiol {ODT) can be transferred as a pattern 78 of
elements 66 (¢.g., parallel lines) onto a receptor substrate 68 that has an epoxide surface.
Unstamped regions 72 of the substrate adjacent to the line elements 66 can be made
hydrophilic by reacting the exposed substrate with a material such as 11-hydroxyundecylthiol.
The pattern of hydrophobic material line elements 66 and the hydrophilic substrate regions 72
on the substrate can then be used as a template for guided self~assembly of a block copolymer

material,

[3096] Referring to FIG. 19, a block copolymer material having domains that are
selectively wetting to the template (seed layer) formed by the hydrophobic line elements 66

and the hydrophilic substrate regions 72, can be deposited as a film 74 onto the substrate. The
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shown in elnventlonlllustratedln FI GS, 27- 32
utilizes chemcal patterning of a substrate to direct self-assenbly of a
bl ock cope¥Ynen oilian esmmi;mmdismma tetnes fptoaesstiutanl Hezeed as steampdit &npl at e

88 that is formed with arent sections 90, trans ar sectl ons
92, and sawg%%g? glehrf & abansh e R A BAEHEE § Fel o #pdSed of
a mater|{§JOrttg@ﬁml@mséabééﬁnﬁﬂ@L;li\yqutbgtgd@@parent to 1JV or DUV radi atl on in
order to allow light to pass therethrough, for exanple glass (e.g., quartz

(SIO)), cal cium fluoride B
[0098] For example, referring to FIG, 23, the inked pattern of elements 66’ can be used as

an "anti-seed” guide or teruplate for the global application and selective deposition of a
material 74" that is chemically different from the stamped regions (elements} 66° ounto
adjacent exposed regions 72" of the substrate 68'. For example, elements $6' composed of a
hydrophobic ink material {e.g., octadecyl thiol) can be stamped onto the substrate 68, and a
hydrophilic material 74" {e.g., an oxide) can be selectively applied to the non-stamped
substrate arcas 72°, for example, by a vapor deposition, resulting in the structure shown in
FIG. 23, The resulting film 82° can be used as a mask to eteh (arrows ||} the underlying

substrate 68" to form openings 84' (shown in phantom), as depicted in FIG, 24,

{08991 In another embodiment, as shown in FIG. 25, elements 66" can be used as a seed
material for the selective deposition of additional material 74" to increase the thickness and/or

hardness of the elements 667 and produce a hard mask for eiching the substrate 68", For



(CaF ) dianond, or a transparent plastic or polynmeric material, and the
non- transparent (opaque) sections 92 can be conposed, for exanple, of a

el ast omrerwo 2p@logpes mat eri al such as pol y(di met hyl si | oxaog)usesedo®sed OF 01
As shown in FIG 27, the stanping sur¥dace 94 can be coated with a thin film
96 of a polynerizable neutral wetting material which exhibits
non-preferential or neutral wetting toward the bl ocks of a bl ock copol yner,
such as &aﬁ@'&@% 1RLQGK "GP0l YITRld (RrDacer TSl nEVMANborkRE Liemirat&yBBiccan

then be presséd (arrow j.) onto a receptor substrate 68 (e.g., a

pr ef er entarlab: yisgtstiighyraterioal cosinghtease. si hdxpgmotwiotth estat)i wah oxbsdeyent oxi de,
etc.) as shown.in EIG .28 to transfer, .the polyner material 96 onto the
Subst r atBB8YE HHR IOR! Bt irgGepkBaer i au oy TR R b GiereBafe (e g., Lv
or DUV r@iatdsQRY/o£RBIERE DS Be cldhaRsid't g6 abahiQMEmpld a M RUGE LR as
transparent sections 90 of the stanp/tenplate 88 to photolytical

crossl i rklidingtirde sas e tdlestiselggepdsiiefenpdhy pemena bl balridg nihadpé g%ﬁiﬁs“t rate
68. The ﬁa@%ﬁ!ﬁxsﬁt&%”%%m all dt RS%XB’% e SRV ‘\e&)dlﬁ% LOMG %DJQ?&B&‘M %}3 p%&%nro?%pt or
substrate H%aving the crossti nked pol ynmer secti ons an

non- cr ossS¢rhakeds polyones chbeihials, 2RGcnaweteph 8t 6dwicd aFh Ged3Bydrdrdhat ink
processing can then be conducted as desired. For exapple, .as shown jn Fl G
31, the HORDEIGREEIATREEOPS) §Fre? Ohit B (480 “‘e‘aﬁ%‘@%‘é“apgﬁg\?‘éﬁ?mfi}?rﬁ‘%%’é)ﬁﬁll e,

by wvet pr.ocessindnyieai eRemed! pdlS80LMLONPLOSRESH MR R Bcat0l vent to
expose sécti‘ons 102 of tHe receptor substrate 6S5 resulting in discrete

neutral peétrbémgtise CATRRsc@8hoonposddeiod (o did sdrdvesthli vkederpodigma 7 4ids er i al

(e.g., crosslinked.random copal yner.), and preferential wetting segtions 102
conposed“ﬂ?mfﬁge%%ﬁﬂ?@&“géégggﬁS“?égg??ﬁ?gﬁf%&g@?“%Q%ﬁgfﬁm”Qgﬁﬁé’”copolyner
mat er i algi@ak thehRe4Caste BidERLNZPO LS @M &elinRr chemieab yasditdd @siest | at ed
surface and anneal'ed to forma self-assenbl ed bl ock copol yner |ayer 104. As
i |1 ust r dbedndaniyPleGubsmte ¢§ielcanndal EaribEsoks copotpprsws BT mASsDAvMR | regi ster
to the %ﬁkﬁgging wetting patterns (98/102) on the receptor substrate 68,

for exanplé, to formlanellae 106, 108 as shown. The resulting film 104 can
be further processed, for exanple, to selectively renove one of the pol yner
bl ocks tjed N duesha chdbdinmms ki foinwsdon Ohairgey iref TIS.026-3%, ansferchtheapat t er n

151 mg. CORBRTEAAS PR EROE A T SERAPEIGS AL BBOR AT Ed BYPotmes
Slr I)Ij'ug?:i%én £5c8NGRHES NiOh,/GR8HSe BOMATs foReeIMak ithhldatont WdiBnhibgh throughput
non-transparent sections 92, and a stamping surface #4. The transparent sections 90 are
composed of a material that is substantially transparent to UV or BUV radiation in order fo
allow light to pass therethrough, for example, glass {e.g., quartz (8102}, caleium fluoride
{Cal,), diamond, or a fransparent plastic or polymeric material, and the non-transparent

{opaque) sections 92 can be composed, for example, of a elastomeric polymer material such

as poly{dimethylsiloxane) (PDMS).

{08181] As shown in FIG, 27, the stamping swrface 94 can be coated with a thin film %6 of a
polymerizable neutral wetling material which exhibits non-preferential or neutral wetting
toward the blocks of a block copolymer, such as a random block copolymer (e.g.,
PS-r-PMMA). The template 88 can then be pressed (arrow [) onto a receptor substraic 68
{e.g., a preferential weiting material such as silicon (with native oxide), oxide, etc.) as shown
in FIG. 28 to transfer the polymer material 96 onto the substrate 68. Then, as illustrated in

FIG. 29, a radiation source {e.g., UV or DUV radiation) can then be transmitted {arrows [}



met hods. Wth enbodi nents of the present invention, a stanp can be prepared
usi ng conventional |ithography (to formthe trenches) but, because the
stanp camnwbeowsmgznepeatedly to pattern nultipl e substraceais2admeimsoduct i on
cost per stanped substrate is reducedll n addition, the use of the stanped
pattern (e.g., SAMink pattern 70) for chemcally controlling the formation
of a self-assenbl ed bl ock copol yner filn1 can subsequently provide an etch

mask on @r&@ﬂ%B@J.lﬁpira%%kc&d&@fs@%@&cbs@w a%nﬁgsm&dt&@ﬁ@@wa/@m than by
el ectron beam | ithography or Ei JV photo ography. Thé teature sizes

producedhandxaaﬁﬁssP&bﬁﬂby@hmms1%%memﬁﬁonﬁ&amhsmﬁ®é8p?hp@neﬁﬂ®§3»anﬁwn

conventional thogra 00104]. I n. : her odi nent ofitbe

Covent 1 o EPEUSE RO eanr B rs3PRG Bk g Tt -DER Bl | ng

bl ock copeliy¥®s MaLeki-Alsskitked pol‘,fﬁhérﬁﬂatéiﬁﬂ i (vl ug aehiand idFIEcied by overlaying
atopographically flat stanp that is chemcally patterned on its surface.

The chenlcally patterned stanp overlaid on a BCP filmcast onto a substrate
that hastUBE&H %1%@1109@*#@@@? dipoths cpadustigaasiopsist thongraer potihpideks of the

BCP wi | T%ﬁk rﬁcﬁie%&g rﬁgisgﬂ\%t? rﬁ%l\/%ertﬂﬂ%crﬁiﬁﬁig U,rme r%m%é& r?mt aﬁi‘@% LerR on t he

st anp. e présent e & i nvention achi eves tern transfer
to a bl ogkcceapghby reheiBER)issitthoutrodceandimgs golply s @aiolsay\fmommﬂm atpireessi on

in the substrate and mnth ut .a transfer of mmteri.al the s rate or the
BCP mat eFF&I°! Q}‘éﬁ““ﬁfﬁ Teggit i‘%gliﬁs‘i?@ﬁ‘e’%@“&“&g BETE é‘icéﬁ‘*{iﬁ b?farw f%stk%*) to be

patt erngdsFhe Sidbahsat8edial @ caR: R GRIPRSSE &Eo@nﬁ%@@&d@éi@féﬁ@ﬁl Wekdng Whi ch

can be, for exanple, silicon, Silicon oxide, silicon nitride, silicon
oxyn|trnﬁehmsﬁﬁﬁcomp@x9®éﬁbﬁu@O%dngn@Rwﬁh@mﬂWdtgrmakbsAéiéﬁdwprQBKI

non- preferentla neutral wet aterial. n|t for bl ocks
of 't he” COBERY R R sRE Y R b o] ReTRhEl R SR BRI ert Prg
mat er i alaphddeCRrSrhe sti@nRehbf0r o X el y@rer Dyye bbﬁ@ﬂk@i ilkeatibath B¢, zmd@;m
copol ynmer naterial onto the base materi‘al 112 by casting or spin-coating,

and fi xigvgealpeblpel sarelymatiem Hi4 Wi iseisiselogye éﬁ&rw ﬁ‘qf‘i%ftﬁﬁkéﬁ‘”b)(?%é“z) on
substrateg) .ar, . I ot Nkl $ ace

For - exaril Seen Y SRS, a0 ot e B e S el yer
can be ffdrmﬂt& Jan(bmtm}tdn iprockidedy fof emmgﬁmtﬁ;@%&ie@sﬁyl mkxabdz ong afndo WP&VPM\/A

copol y for PS-r - PMVA, (6Q% r af to an OXI strate.
[00107] “}&%Ckﬁr‘%wgﬁ%‘i %/h@déé%ﬁi‘{‘ pasdise éﬁﬁ ’Gr(;‘ﬁ' %mx%ﬁflﬁt%ghlpéii%?‘ B %F%AcJ?bI BE'*f or med

on a bas@usirate material.

[88183] Patterning a substrate using conventional lithographic techniques has been hampered
by difficultics such as high costs and/or incompatibility with high throughput production
methods, With embodiments of the present invention, a stamp can be prepared using
conventional lithography (to form the trenches) but, because the starnp can be used repeatedly
to pattern multiple substrates, the production cost per stamped substrate is reduced. In
addition, the use of the stamped pattern {(c.g., SAM ink pattern 78) for chemieally controlling
the formation of a self-assembled block copelymer film, can subsequently provide an gtch
mask on a nanoscale level that can be prepared more inexpensively than by electron beam
lithography or EUV photolithography. The feature sizes produced and accessible by this

mvention cannot be prepared by conventional photolithography.

{30184] Tn another embodiment of the invention illustrated in FIGS. 33-68, the ordering of a

self-assembling block copolymer material (e.g., film} is induced and directed by overlaying a



material 112 such as an oxide by grafting and heating a random copol yner of
pol ystyrene (PS) and pol ynethacrylate (PMVMA) with a few % (e.g., less than
or equal WO 0b0999285%) hydroxy! group(s) (e.g., 2-hydroxperhpSomesisacryl at e
(P(S-r-MVA-r-HEMA)) on the base materd2al. In another enbodi nent, a surface
that is neutral wetting to PS-b-PMVA can al so be prepared by spin coating
and crosslinking a benzocycl obut ene- or azi donet hyl styren e-functionalized
random cqpol L iQf . a0d. et hyl . m alLe, (L8 ,4}9{9§.E(1.tyren
e-r-benz%@?@%@%w@n%ﬁ%%ﬁfgﬁ% l%ﬁ?i ‘g%gr “’a%de%a?éﬁb%?@m' LT -CI§CBC§{ %n t he base
mat er i al patfeBjed stimypetvealnat drex BERUO axentnto asWiaseicridtdns ddenldhalf uwidifiacion
(with native oxide) can pe treated b fluaride jon etch (e.g. ith
aqueous 19P° f’ﬂﬁ%ﬂf”e‘t‘%‘ ngyEe B‘F‘hltlﬂifl“' ?Oﬂllhi'éégjo‘?’#r‘g%hﬁ “‘3‘55@{‘&}?)0108?5 }gﬁ%ﬁ?&ben

pl asme_efghn % pREM] auisbyidgs cnihetent i hudueaen-dRRAiNaked saikicon,
oC - D-

which is neutral wetting to a copolynmer material such as P FMVA.

An || -t cirarisfrated bick copny mat @GR Iwithot sarinpe phutitRierfoprotisysediocbyn gikaf ti ng
of a randgom copol yner such as PS-r-.P onto the material 114 (e.g., in
o a1t RS VB s B o e b L R S RS el Ve ale wi th a

di-olefinic linker). [00109] Referring nowto FIG 34. a lanellar- or

cyl i ndri @atgqheEe Blinckrgopahsete MBhaniak 1816 bk paidreal. CAstsubsrase i mmont o
the neutral wettjng material 114 on the substrate 110 The bl ock,k copol ymer
mat er i al PHAEDRRCT Hiebasn masiTal RIRrBeh @i I X EBPIo S En HHGO LR STEOBI ock
COPOl Y e ARd ATPROLUARE SilRkfRdedulife hawa, Jopk hef:Bl. 85 sRRAKGL LO) The

bl ock copolyier material ‘can be deposited By spin casting or spin-coating
from a didnutrefesmitial droreufiel wetlinabrteriaDl REcQualtdis ol fut blonks oftht hepobopob wmer
in an or, anjl%: spldv}elgiéﬁsg h. as dichloro ethane (Cl-1 2d2) or toluene, for
exanpl e. OFRE PHT HAEES P9 #0f the bl ock copol ymer material 116 is at or
about L [0QL10J The bl ock copol yner material 116 is then induced to self

assenbl egbyie] Ortcat \E’&tiﬁ% st8i Bl 1 WhiBMhe BE6QY NG aiid BebiaA¥eRbAORa | S

t opographically flat and chem cally patterned on its surface. [00111] FIGS,

35- 39 i |'Pday st gnRcienbednlfer thefoagr pristdsid 2fycafEmni g itacarsend {SHM at e

for form m.f se i, Adyc ahi s assembly, W k copol ymer

R R A e e G L I

t opogr apttioealdoulif katsliniSngtaapat@tbehyFor example, a material that neutral wetting {0 a
PS-b-PMMA block copolymer can be formed from a thin film of a photo-crosslinkable

random PS:PMMA copolymer, for example, PS-r-PMMA (60% PS) grafted to an oxade

substirate.

{6G187] As previously described, a neutral wetting layer can also be formed on a base
material 112 such as an oxide by grafling and heating a random copolymer of polystyrene
{PS} and polymethacrylate (PMMA) with a few % {c.g., less than or equal o about 5%}
hydroxyt group(s) {(e.g., 2-hydroxyethyl methacrylate (P(S-r-MMA-r-HEMA}} on the base
material. In another embodiment, a surface that is neutral wetting to PS-b-PMMA can also be
prepared by spin coating and crosshinking a benzocyclobutene- or
azidomethylstyrene-functionalized random copolymer of styrene and methyl methacrylate
{2.g., poly{siyrene-r-benzocyclobutene-r- methyl methacrylate (PS-r-PMMA-r-BCB}) on the

hase material.

{80108 In vet another embodiment, a base material 1312 of silicon {with native oxide} can be

treated by a fluoride ion etch (e.g., with agueous HF, buffered HF or NHF, HF vapor



formng a pattern of chemcally differentiated areas on the surface of a
base substrate 120. The base substrate 120 can be conposed, for exanple, of
silicon dvoxndarderz4gol d. [00112] Referring to FI G 35, ipaoTarseooenbisds nent, a
hydrophilic material 122 on the base Bubstrate 120 can be mieropatterned to
formthe chem cal nmaster tenplate 118 The hydrophilic material 122 can be,
for exanple, silicon (wth native oxide), oxide (e.g., silicon oxide,

Si Ox), i t I, 6le, L AL Stk Laxycarbide, silicon
oxyn|tr|gg%MB$hég%%%dgghgﬁégﬁﬁﬁgﬁﬁbﬁgﬁplh%@ﬂggkﬁég%gﬁgggg?al 122 can be

conposedhefognmetainatc oficexaripilels ngokd weiidylers bicoppenlynpakiasdislimcras

pl ati nu base, substr 122 and ove SAM of . .an_al. kane t hi ol
Buch as TyarauyEnaaty 1 Eiir i Qb teRtGH AL %S b ol e R PGt o
Thehydr Oil@hdidﬂlké}p fef ddh 2 22.rqanyhecfiorneaaenat e (Base, subsés aligaJ20 as a
nonol ayer ( SAM about 0.5-5 nmthick. 13] As shomn in FIG 36. a layer
of resi sﬁﬁiﬁﬁmframan of sgrepg anbecilot methaery lihevithydiopHing énksat eri al 122, and
t hen developed in a desired pattern and renoved (FIGS, 37- 37B) to expose

porti ons 8iod; h@:{@%?&%ﬁ e ﬁ(mkq faﬁ'{ h&xz%r oVl Q%ru.%;ﬁ‘tﬁge fmLeLd ;% ﬁé%%i%xai

patterne u5|ng a ographi’ ¢ tool having’ an exposure syste capa
pat t er ni g iathehhestss altBmofnt@athc oyt GutitidgDmbtdall@ cane sublseaimdt@r fat for the

resi st i eIec ed based t he requi.red se Slt vity and npat.i ity with
the expd C%V}é‘f%erh Bt P ANBEEC S ek POttt s et Eay R el ?“‘RT%
exanpl e, m%&ivhﬁ%n&' Hézhéﬁ!é‘%i@ﬁs W EWM 1 iy B%%@H QY or z%loﬁ& [ OMLDERM (Sslaam

l'i t hography, immrersion |ithography, and proximty -rays as known and used
in the anm@nﬁhenbatkpwwuﬁbymedcaﬁumhesrwsm@anﬁﬁ@ﬁmhuki@&i@@neeeab@nposed

for exarn serl i,near. o enLn (stri

F s 570578 oB iR B pEerolg b B e ST B A B BB et
128 can drhﬁﬂwbﬁiﬁ%&@ﬁa@*toedh@fﬂ}fu@kﬁehﬁve%mégﬂacﬁQﬁ bloRsr Shtctihe: faydroghi 1 i c
material 122 using the resist 124 as a nask. The hydrophobic naterial 128

can be, <$@Ff%xanple an al kyl trial koxysilane such as
nethyltrlnethoxysilane met hykri ct hoxysilanc. ncthyltriisopropoxysilane,

ethyitri ﬁ@ﬁﬁ@? 1%' I@(ﬂ 0L ﬁ)@f‘,}ﬁygijrliﬂj]'ﬂﬁ&i?@ Q'Tb@rﬂ%duﬂ:dgg QQYH&,E% ﬁgh‘%}ﬁ%‘%‘! l.8R¢ and

n-pro ryltri oxysi an a e such as do
octadecanmmhwehd(@Bﬁk&nammﬁglmkmEn&&sﬁheghmdm@phﬁmkmdmhmenaéyp@ﬁ&u@anabe
dep05|te as. a nonol ayer (e.g., self-assenbl ed nonol ayer (SAM) of about
0.5-5 ruh PRk

{00111} FIGR, 35-39 illustrate an embodiment of a process for forming a master template for
forming a stamp for use in inducing seif-assembly of a block copolymer material on a
substrate. The master template {generally 118), which is topographically flat, is prepared by
forming a pattern of chemically differentiated areas on the surface of a base substrate 126

The base substrate 128 can be composed, for example, of silicon dioxide or gold.

(00112} Referring to FIG. 35, in one embodiment, a hydrophilic material 122 on the base
substrate 128 can be micropatterned to form the chemical master template $18. The
hydrophilic matertal 122 can be, for example, silicon (with native oxide), oxide {e.g., silicon
oxide, Si0y), indium tin oxide (IT0), silicon nitride, silicon oxyearbide, silicon oxynitride. In
another erabodiment, the hydrophilic material 122 can be composed of a metal, for example,
gold, silver, copper, palladium or platinum, on the base substrate 122 and an overlying SAM

of an alkane thiol such as hydroxyundecylthiol (HUT), or other hydrophilic alkane thiel. The



15] As illustrated in FIGS. 39-39B, the resist 124 can then be stripped to
expose the previously nmasked portions of the hydrophilic material 122. The
resul ti ngwoaseam2enpl ate 118 now bears a chemi cal |y patrceruseaossasbace 130
conposed of lines of the hydrophobic #aterial 128 (e.g., alkyl

trial koxysil ane) adjacent to lines of the hydrophilic material 122 (e.g

oxi de). For exanple, a nmaster tenplate 1 18 can be prepared wth a surface
patter ne}@vd%ﬁlhh@bﬁgfeﬁghﬁ@ G SO 28 3@&&1}9555@‘@%@% ﬁ'ﬁ%ls a(r@nax@p{@%?& to a
hydr ophi I'ic 'SAM 122 of 11-hydr oxyundecane-1 -th UT), "as descri bed by
van Pol | abett 8PS ntAflgelv. Chem Int. Ed: 46, 6634 6637 (2007)CD116] The
hydrophiiic 122 and hydrophobic 128 naterial el enrents on the surface of the
master t t nsi.one )

subst ant Tyt eraChi TRk ENE b Bt i Gl o TR BB R

val ue) ohakhigl 1H206k i@&p@éw@w ﬁm ew@ﬁ peBERknd IondhatFIGS.dapyittedgane t he
substrate 110 (FI G in those sections of the polyner naterla) 116 where
sel f - asSERBIY? qfﬁ%wé%ﬁé AaatEnal Lgr i Bsrenstapieny Wé%e padtegied WRgE | ae,

cyli nder}ﬁ)m# lge%orig me B @{Op%l %ﬁ?éﬁ&lﬁ%d QJ}@Y a’ftggﬁr%r %t%l e Jc%ﬁ’ M@@Bxea‘aﬁ%u aCk of

formation erpen Fcur ar nts 1 red, rophobi c
regi on 128aMHIBLEGm 39 owrihlyidr Gphidisics ﬁﬂé@mﬂ)mﬁhm the ;écpmmédpwmhwdmﬁenm ons

t th 0 the B t |
PRy, s S SR M A S A I My St S Ao
chem calg HB&PI{EE“&;&& wltr@vid e [}WQH&%O!‘E@E? rdi@lrod 284m Q@bgy‘n\ 1?51‘!0@!13'@’)]
SI

trlalkoxy ane) can be bl anket dep05|ted onto a base substrate 120' such
as sili C‘ﬁﬁﬂfmméﬁilhi@mhbxfmé@m?fimmé%an*@laéKﬂﬂ'\h@dﬂ?@/@ﬁﬁ«ép‘h%k@ narariign 128' can

then be 'B%)&%Fmr{g m%sg Ll Ry fﬂ YRR A1 85 Bl e%z?rrg}lgiﬁ o SC%& iﬁ%ﬁlsﬁ \ﬁ@“‘”

FIGS. 41 pos€ portions o &>hase “si e

depi ct edsirpeH1GS, a%@%amms. ¥xpused base substrate can then be
sel ectively oxidized to forma hydrophiiic nonolayer (SAM 122' , or
ot her e a hydrophjiic mater

hodi ts,. | .g., oxide, SiN, al h |,
etc.) can b g%%%ﬁnselaw&ﬁt%g%és é§§ﬁ%ﬂ%@é§§l§%@%&i‘§ cppien b%ﬁég&‘? é °
i1 ust r%ﬁdth'c@x&@scﬁ%zﬁg’ﬁhmE}@@m%)ﬁiﬁlc%gatg IlZﬁ’ﬂﬁng?%c%méEﬁp@gx AWk tthe

surface 130! of the master tenpla now bearing a pattern of |ines of
t he hyddnﬁhmﬁpbwnmﬁ@mﬂdRS1@8haéwaﬁempki@nhﬁmbgndmxyhbﬂﬁydm0®h|||c mat eri al

i_tz gr’rp ( d}éﬁg‘;‘@l‘xrpvhf%fg\% q%?g m%.‘thvthnn&oq 'sile g‘ 8&1&? Vigmlopu!)mmq?)mas a guide, a

cthyltrimethoxysilane, ethyliriethoxysilane, n-propyhirimethoxysilane and
n-propyliriethoxysilane; an alkylthiolate such as dodecanethiol or octadecanethiol (ODT);
among others. The hydrophobic material 128 can be deposited as a monolayer (e.g.,

self~assembled monolayer (SAM)) of about 0.5-5 num thick.

[06115] Ag illustrated in FIGS. 38-398, the resist 124 can then be stripped to expose the
previously masked portions of the hydrophilic material 122, The resulting master

template 118 now bears a chemically patterned surface 130 composed of Hines of the
hydrophobic material 128 (e.g., alkyl trialkoxysilanc) adjacent to lines of the hydrophilic
material 122 (e.g., oxide). For example, a master template 11¥ can be prepared with a surface
patterned with hydrophobic SAM 128 of octadecancthiol (ODT) adjacent {0 a hydrophilie
SAM 122 of 11-hydroxyundecane-1-thic {(HUT), as described by van Poll et al., Angew.
Chem. Int. Ed.: 46, 6634-6637 (2007)



then fornmed with hydrophiiic and hydrophobic elenents in a mrror inage of
the pattern of elenents on the nmaster tenplate surface. The chemcally

di f f er entwatedd/®on2fiace of the stanp 132 can then be use@crassdimvmsisesel f
assenbly of the block copolynmer nmaterdsal 116 on the substrate H Q(FI G 33).
| 00119] Referring to FIGS. 44-44B, in sone enbodi nents, a soft, flexible or
rubbery material 134 such as a pol ydi net hyl si | oxane (PDVS) el astoner or

ot her ei @%Ff‘ﬁ&syd%gﬁﬁ% 1kalh8 ROLY R 2B EL 8L e k8l on 184 LrGONESHhe
pol yur et hanes, etc.) 'is depositéd onto the chemcally patterned surface 130

of the nmstieriempiny HBiferd d8idneichod with astidim(wi BRat ThietmsmoditbitadiaBunfatbes of a

PDMS matgri.al i drophobic, To nodify the surface of .the stanp, .l
ol yrior Gt ST SO UBO P Srar g G kel oy BHop RER eiaBr o ReP I GRS mer
wi th di fferents iunghddnadhe SOB i DIeTEEe34) if idse s@ibBydsapPbbiveerbleeyl e

136a and a hydrophobic nol ecul e 136b. As illustrated in FI GS 45-45B,
pr ef er entitavhgesaii-argemdlynploasmasiceBearienisé provars (o, ool eyt ial 134

agai nst n%%%gfmta%ahto???ﬁﬁy 1k @t&%ﬁéﬁ%\.ﬂ%}%@f@d% {aglﬁéisfo%?ﬁlﬂm ation and

prefere ‘accumula sel'f-ass 0 sna ecul es 136a, 136b
at the sprpadeulk38riefict Berpatsymitsist anpydlidobh regspdpse(iG:. Bhe(dydrophilic
122 and hydrophobi c 128 regions or elenents on the functionalized syrface
130 of tHETRISIErEranpIndicd OTa%! I AIRstous {irfg, WA <14 iKkE 5 0WAE U8 t he

pol ymer yal.etd algdadrreactgwth the small nolecules 136a. 136b and with
f unct i onal groups of the polymer to "freeze" the pattern of smal

hydrophi | i c and hydrophobi c nol ecul es 136a, 136b into the polyner (e.g.,
PDVS el défbhidrBefatagpe ¥82. dyal astitherentoydeep hf forein2ochendcdiydsophbBi € 128

surfaces, tespectfull f_ the master .tenplate 118..The resulting stanp 132
oas a1 ETPPE et 128 e e G TRSE Hud FIRIAS P s LR O 3PP

di f f er enfubshest tRkudiunctiienak klikes oty duophhlbic Tabadanthobidraphalize’ 136b)
that replicates the pattern of hydrophilic (122) and hydropﬁgﬁ%c_(128)

el enent LIBREHE NFHSTEY EIRPIoAEd UIng & rret 18K Al asskas poe: &1 BYeHrdrdiB,
mat eri al,,, .S ) ooyl 5 841,6D0A 601 AEDY).. €20 R dsa i xture of
D e G A S
Vi nyl - t erpirdtbec: ndbtegutesthed bhadedifvervenidieiad fgnos pgdsophisic deseidybed by van
Pol I et al gew. Chem Int. Ed.; 46, 6634-6637 (2007). Exanples of snal
hydr ophdoPetrbret PRSP pr £ 6! a8 Hdhés Of‘zé'{.‘“‘g. P PRRg jiolar ) - p
er f | uor Qgecena defh il o88NEE SxfRe@base@hM¥rate 126", Then, as illustrated in

FIGS., 43-438, the resist 124' can be stripped, with the surface 1387 of the master template

118 now bearing a pattern of lines of the hydrophobic material 128" adjacent to lines of the

hydrophilic material 122°,

106118 Using the masier ternplate 118 (e.g., FIG. 39) as a guide, a stamp {generally 132) is
then formed with hydrophilic and hydrophobic elements in a mirror image of the pattern of
elements on the master template surface, The chemically differentiated surface of the stamp
132 can then be used to direct self assembly of the block copolymer material 116 on the

substrate 119 (FI1G. 33}

{88119] Referring to FIGS. 44-448, in some embodiments, a soft, flexible or rubbery
material 134 such as a polydimethylsiloxane (PDMS) clastomer or other elastomeric, cross-
linkable polymer material {c.g., silicones, polvurethanes, etc.) is deposited onto the

chemically patterned surface 138 of the master template 118 to form a stamp 132, The



2- brono-2-net hyl propionic acid ester), and hydrocarbon al kenes (e.g.,
11-undecene), anong ot hers. Exanples of small hydrophilic nol ecul es include
ol i go( et hwben®/gbyzaol ) net hacrylat e (OEGVA), undee-1 1pemyis2ovex3ses hyl ene
gl ycol mononel hyl ether (PEGg derivatdeve), and vinylic (nmono- or divinyl)
pol y(et hyi cne glycol), anmong others. The PDVMS can be m xed, for exanple,

w th equi m)l ar anounts of a small anobunt of the small nol ecul es, generally
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such as water (arrows j, j.) can be applied or the stanp/tenplate conpl ex

soaked i¥plyher myknani4 aghinehihaitiabieperpbdt él%hndos»méldtreﬂﬂéhcsm&;mm@mﬁ 132 and

}[Nﬁgkgg t gﬁe entu f a&ilna gugr? ndgf gg%)%bq% }n&%ﬁh%ﬁ% mto @I%B caggm 2&9&; ﬁth\/%fﬁ sur?]‘a FIC gn

46. [001%]9%& ¢dibmsﬁgmahpd32 thessinké ac8e 238 ogiilit B2 stanpi-d3R bisiaghen cal |y
differentiated accordln to the Qattern of hydrophlllc and hydr ophobi c

el ement STEBE Ped! Hagtepn fienprateatad syrecestifrdcle epsteremele *ﬁé%ﬁﬁsﬁ
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are pref&oeni alzt}mmtmmgi gmupsmi m hep bt mc*lfrg,e,fg”ttlﬁ.epéaimeki @mﬁidhyimm&(ce g

PS). L t ter t d
[ hes. 1384 P19BRUHAE EFF O CUREE AP AP YRR G- MRS D) b 18R of T he

hydr ophi ol g ﬁl@ﬁ?} 1%5}%11@@@2 Qb{&jf\f{.ﬁ@ﬂ@bﬁ ﬂﬂSﬂ%ﬁ@é@ y@bﬁ&@i@ﬁ?tdﬂ(ﬁé erQ‘;l* t he
surface 130 of e naster te , as wel he’L0 val ue of the

bl ock cdpmbwﬁeﬂgnﬁlmmﬁm(gﬁ@mlp 111%11:@& ?Eatietlﬁaut@siﬁﬁah@ bﬂr@ a(pRHGn 34) . The
stanp 132 incl u that. has..a.w dth ( t hat
corresponds te O“% Tﬁn ﬁé’l gﬁ%?‘\ﬁ/ § ‘%lfvd tH’é"]fwyg’]]‘%%ﬁ%b?fSﬁg&ﬁ% If28a on the
cheni calyyasteFic 13&; 3 W e BlidaSesOREAMREn SNBRdPNEIBER 2 thaaliuehb B0 1 28)

Referring now to FIG 48, the chenmically patterned surface 138 of the st anp

118 is rf 1%&‘%@9%’?@%&%*%‘@@@&t§§wth the surface 140 of the bl ock copol yner
material 116 situated on the neutral wetting material 114 on the substrate

110, for ﬁmmo?exﬂpi@rﬁﬁhfﬁgeiﬁgﬁm§ @ Brial, such as Sylgard-184 (Dow-Corning), can
prepared as a mixture of PDMS and small functional hydrophobic and hydrophilic molecules
{e.g., vinyl-terminated molecules with different head groups), as described by van Poll et al,,
Angew. Chem. Int. BEd. 46, 6634-6637 (2007). Examples of small hydrophobic molecules
include perfluorinated alkenes {e.g., 1H,1H,2H-perfluorodecene), vinyl esters {e.g., alky
2-bromo-Z-methyl propionic acid ester), and hydrocarbon alkenes {e.g., 11-undecene), among
others. Examples of small hydrophilic melecules include oligo{ethylene glycol)y methacrylate
(OBGMA), undec-11-enyl hexaethylene glycol monomethyl ether (PEG, derivative), and
vinyite (mono- or divinyl} poly{ethylene glyeol), among others. The PDMS can be mixed, for
example, with equimolar amounts of 3 small amount of the small molecules, generally less
thar about § wi-% (e.g., about 2-3 wi-%). During curing, the molecules will self-assemble
according to the functionalized monolayer on the terplate surface and react with the PDMS

backbone by a hydrosilylation reaction during curing.



surface 138 onto the bl ock copolynmer material (FIG 49). The rubbery or

fl exi ble body of the stanp 132 allows the stanp to conformto the

t opogr aphyoahosdees2bl ock copol yner material 116. As depi ecedseovomsBe4 50, t he
bl ock copolymer material 116 is then Hnnealed (arrows j | ) while in
contact with the chemcally patterned stanp surface to forma

sel f-assenbl ed pol yner material 142. [00124] The chem cal pattern of

hydr ophi jgggz Angde By ErR0RRORI Y, R69:d 3927 4183680 QN H=RE8Y rful%@ﬁ‘gflx& ?61; %@W
132 will direct the self-assenbly and pefpendicul ar ofdering hé pol yner
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exanpl e, ciasoidepizktLd ho sl &S, wiBth SPApe: hrfbatahﬁldli\&%*i@?& Aath@bBly B> paase bl ock

copol yrrer?é g PS-1vPM VI A)5 during the anneal, the PMVA bl ock WI Il align
‘&R BKER

wiih and® terlarial bagee of Hee Inderdpi 3, it félms@mp(qaprﬁi@s@a negied fewt t he
surface @f H’irﬁ‘ﬁe%‘}%}{m ??%t%ﬂgld 6%4%%\&'18%()’“% align with and

preferentra wet th c material (lines) 136b to formlines of
PWA | anel | a 144a and PS Iarrel | a 144b. The neutral wetting material 114 on
t he subsifihtd flﬁﬂiuem&aai asc tthate J&ééotbthe pmmﬁ Qlliacharicdht dticdcanstd ae ext end

conpl et el throu h the self- as terial 142 fromthe

e R R i e e S S e A i SR
stamp 132,.0nrhhosenk kﬂﬁ@s i]336§wré}%@d E)h@}d}“@ﬁﬂﬁg 8ndifagh t}(a\f‘f&m)pi'tf@@htihis at or
about the LO value of the bl ock copolyner material. [00126] In regi ons of

the s ubs\tvfrtamemm Wmsﬁe 0%&1@b§é{§f&@ﬁm01}6@u (@rsm gM ﬁksqnﬁgwﬁmhgéwmask%ﬁhéd BCP
lﬁg%’g; i glsau\a,a\pr{frsaesxlé tial w r{?r%[g etg P‘sf:l &r\er by O»k (fgioegbi m(%torgrﬂeer %Q ; O?’%\ C%Q?\ﬂ%y iPﬁxt;tr .

great er thand e &@m@bm\; et wtidm (1b]}§)61kth§ qmcd m( imamsh pr aeftereniii-al
wetting to only one domain of the blo )é result in the
f or mat | ORAE1 tbaii%wwwdr fettied tw%fmﬁ@hqlaﬁ@&ﬁ Zlﬁﬂﬁf‘bﬁif@}& Piglsrigds pondi ng

wi dth (F{%%Ui E@i} é)%\hﬁe ghlee %’%@‘8{@53('dg%{r%éé%&h@%@iﬁ#ea A2he |, OQrQ;gJJ)ﬁB@f er r| ng

now to e sta renoved from cont act
t he sur flacsk amgwoh'hﬁtx srﬁitsfnaas&(ehi)l léécbmhb yueiraicaér ¥14 234T0 'ﬂhe salopt ibé mrdhcésl ve

forces (e.g., Van der |ft t he st mthe
o f ace ST GbHE shon nit e e GBS B et e B A bR sl | n
sol vent Eﬁ@h}gjmpl%?@é'ectibi§ PRYORYthe chemical master 118, which is greater than the BCP L,

vahue,

[08123] Referring now to FIG, 48, the chemically patterned surface 138 of the stamp 118 is
now brought into contact with the surface 140 of the block copolymer material 116 situated
on the neutral wetting material 114 on the substraie 114, for example, by pressing the stamp
surface 138 onto the block copolymer material (FIG. 49). The rubbery or flexible body of the
stamp 332 allows the stamp to conform to the topography of the block copolymer material
116, As depicied in FIG. 58, the block copolymer material 116 is then annealed {(arrows [{)
while in contact with the chemically patterned stamp surface to form a self-assembled

polymer material 142.

{06124} The chemical pattern of hydrophilic and hydrophobic lines 136a, 136b on the surface
of the stamp 132 will divect the self-assembly and perpendicular ordering of the polymer

domains of the block copolymer material 116 in regions in which the pitch (w)) of the



al cohol, acetic acid, etc.) that wll perneate and swell the body of the
stanp 132 (e.g., PDVM5) but not the polynmer domains 144a, 144b of the
anneal ed,weeabdymseenbl ed pol ynmer material 142, In sone ecihas2emensxsss a

sol vent can be used thai also swells 3ne but not both of the pol yner

domai ns of the self-assenbled polyner material, e.g., the polyner domain
that is subsequently selectively renoved (e.g., PWA | anel |l ae 144a). After

separ at i agmgﬁ@ 1@@@1\5% égﬁh&&@gs@ggg Sam b %ﬁt pﬁ& ﬁg‘?ﬁ@ﬂg 89&%&%‘1@.

mat eri al st arip re-use npl at'1 ng
anot her Brdacarolsubstaiata Ibeari ng a BCP materi aI | ayer. The self assenbl ed
pol ymer material 142 can then be devel oped to selectively renove one of the

ol yner 1 t o, produc S 4 nposed

b the ORI ey Boytre wroims ¢ty STARh PR elals B Bei ngs. a8
in the desbheeRatl erm-BinhANES: %<%S#nﬂ&itﬂ’r‘@P@H@ﬁ%@&%ﬁl@i@@ﬁﬁﬁﬂﬁm in

FI GS, 53-53A The underly| ng substrate 112 can then be etched (arrows H)

usi ng t heipeakiainect de by e s (1 HB‘M m ortihe Petarr oW strgep 1@)&1’{@0 an

Fggglr : g' t@%ﬂ%%tﬂ) \fex}f ra%afn xl;lﬁ;ewg\r}% *IS azllv C%f rgiﬁlr%)bmrr!%%lén%%néa i3 f}% ‘ut he

openi ngstailxﬁ@xriu 3 | E‘QE\MEJE}@&MI&'@@M@PS lﬁﬂ@ﬁaei@h Tae pehall wettingongtadsli g cal | oy
such as th 5WSi, and nong ot hers, as shown in FIGS. 55-55A to
formarr yé‘ﬂ%?f‘dbaﬁrlglci“@}l“fcft}iﬁfcfh‘ét??ix?%“q‘?‘ﬁ@‘smi@s%&edﬂé’@ﬁlﬁw Kl deR PSRy ®okgthge of

about 5-B0 N tAnk H%OWP&@ NiDg 186 Em}{ﬁh@ gmac%Qﬂg‘at‘{xmmﬁ%dl g&f[?:ﬂ {I:éczﬁé M1l 1 e

152 Further processing ‘can be conducted esire
enbodi maﬁth@% thcherbb ot clopobiymert Sﬁ@mehwsal imiiﬁ%&:&ammﬂ eyibavadrmiichkwphias és

bl ock cop ut.r al tt| ng lL.ayer 114 (FIG 34). Referring
to FI GS E%Oé%thib %‘feéﬁa}f nﬁﬁ?l%\‘t{?o g TR ?f‘ge formed with "dots" of a
hydr ophi Fb material 122" (e.g., oxide) surrounded by a hydrophobic

mat eri al{odll) 1tQeons @Mhabikydrath 9@4} koxysiubaRadn: phh@nHQl(8:0f che hydrophiiic
material 122" are formed in regions where perpendi cul ari cgl inders in the
o

BCP mat éﬁiiaﬂ*bxéﬁﬁé&%@?riew appEepgve ngt Hisuedbthe coptiyt alnbie plock Roypymequal to

the L v Gyl EolR B, ek e |, or
W thin abagi T o or e 3 RABTGDLRTE: TRRRLI Ry SRt ok MR e
mast er twehpldtie: Ht& codémesrped pendiceaital w efyilng nelefs cat doma clelsd bied: ar e
chem call%/ggatter EduEQ be h droph FI GS. 57-57A a pol

0 sho yme
mat er i alcOPRYEEL P B F&?o@ Pt <r{bm8ﬁhm ?%@%@aﬂaa%%ﬁdeBp B ¢ 136b"
conponenhgelRubing WRIEGY] €8)iniiBe {0 IR0 SHAEaterial 142,

180127 Referring now to FIGS. 81-32, the stamp 132 is then removed from contact (T1)
with the surface of the self~assembled polymer layer 342, To break the adhesive forces

{e.g., Van der Waals forces) and 1ift the stamp from the polymer surface, in some
embodiments, the stamp/solvent complex can be scaked in a solvent {(e.g., water, isopropyl
alcohol, acetic acid, ete.) that will permeate and swell the body of the stamp 132 {c.g., PDMS)
but not the polymer domains 144a, 144b of the annealed, self-assembled polymer material
142, In some embodiments, 8 solvent can be used that also swells one but not both of the
polymer domains of the self-assembled polymer material, e.g., the polymer domain that is
subsequently selectively removed (e.g., PMMA lamellae 144a). After separation and removal
of the stamp from the self-assembled polymer material, the stamp 132 can then be re-used for

further templating on another area or subsirate bearing a BCP material layer.



(arrows |.|) on the master tenplate 118". Upon curing, the hydrophiiic
conponents 136a" of the stanp material 134" align with the hydrophiiic dots
122" and wbeotwdsaphobi ¢ conponents 136b" align w th thechyuseaplsisse
regions 128" on the naster tenplate 138". The cured stanmp 132" is then
removed fromthe nmaster tenplate 118" and applied to a cylindrical-phase

bl ock copol ymer material (e.g., 116 in FIG 34), which is annealed while in

contact gl syt PR §Iﬁ&££9u£zﬁL3§5§m§§r éﬁ&r 400 191\.1{&0&%311) &P&%%ﬂ@@&' ng, the

cylindrical - phase BCP -assenble 1nto per pendi cul ar-ori ent ed
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and align c dot s
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PS) in f&%E@@§@te§@ofﬂ€b<@¥ﬁ!m@hﬂw@a@aﬁle%&howﬁﬂn rhessimspasuntace. In
response to areas where t drophobi c area 136b" has a width (w') that is

great er WHERYBE sebigic Hi can @m@qqﬁenél( @éﬂ%’vtbﬁc}lﬁy@é}ﬁ@ watkek4baps Wﬁl‘v\m in
se! f- aszﬁ «‘it 5)4% ‘{ Q¢ .0 igﬂlﬁg?§§ iﬂ?fdhﬁ{ Jﬁb%tfw &(1?[1?@ 1‘?(%@ The whi ch axe
parall
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oriente 0 and 1 n- co ftTa [ayer 114".

The nunbekidodl rhasaas@ife e Idf"ﬁbi/}hnb Mgy, 9 4456ad Foam Avafmenmwml:m@mh@xt he wi dth
w') for exa a single line of a parallel half-cylinder will formfrom
”@ﬁeif

a bI ock EBISF he PP@WW\&H@#@VI{%%WWB%B1 “d?%él OF $EBIUHEE 2O dth (w
ir) of a@l@h’tag ZQ ﬁp WA n@\ ::I;{Be ﬁ\?r‘?hojrgg hﬁ(ﬁ il EWGQ ‘3(3@35%0@6( {B?Vn fdfré?}m d:ihe

surface of the anneal ed and copolymer material” 142".
[ 00132] Asaitepimtuedvd mdEliGE h58ng ahed&zijmai smge 58y é—ﬁg 1y, VAR Lbﬂd@dj(&)lg can

t hen be sel ecti vel enoved to for k 146" co f cC dri cal
o nec Tag sy Sl ERB R re R B s sl TR Boir Y ot PEiEY
PS) to expose the base substrate 112". The substrate 112" can then be

et ched Ustnm|thetiRekbid®ient:0tHMisokCApbREl eRterRPENY AGSHlBUndbeonme n
phanton) to active areas 152" in the substrate 112". The etched openi ngs

150" carp! eféwfqppi:«éwmﬁiﬁ* a2 appE pretiated 2 rate f (BIG- 194 ReG g ¥ contacts to
the undgfilé%SA iy Ld\ﬁ Srs il G 1911?% ‘(ealg ¢ f@(?gxg&m&h' \4@ ‘L &ﬂ?ﬁ*@dro gﬁ'&e‘fh?d in

FIGS 6 Substrate can then Itional processe as nee
[00133]‘Eﬁé(e@egenk)ﬁmhmdﬁm%mxabimbhmﬁmnmemhwmm&ﬁﬁeguenb%whgg@gmhehmehlIy
pattern y. of a BCP f|In1eI|n1éﬁd§s t he need

rect, self
for for ﬁﬂgﬁg‘ O § E}%P} f’%hl{l%ﬁﬁpﬁ}t‘)‘gi%q §l;t‘l’irm“\h;i’ﬁ1 EHRIVEGRTLECPHEUEY of a
pat t er ni NG, 56¢ MY SR RS ElidYeekl LPOON ARV Ve QNI pitch (p) equal 1o the

L, value of the cylindrical-phase block copolymer (BCP) material or within about 10% or less
than the L, value, Other regions (128") of the master template 118" where perpendicuiar

cylinders are not desired are chemically patiermned o be hydrophobic.

{B013¢] As shown in FIGS, §7-87A, a polymer material {e.g., PDMS) composed of
hydrophilic 136s™ and hydrophobic 136b" components (e.g., molecules) is formed and cured
(arrows ||} on the master template 118", Upon curing, the hydrophilic components 136a" of
the stamp material 134" align with the hydrophilic dots 122" and the hydrophobi¢
componenis 136b™ align with the hydrophobic regions 128" on the master template 118",
The cured stamp 132" is then removed from the master template 118" and applied to a
cylindrical-phase block copolymer material {e.g., 116 in FIG. 34), which is annealed while in

contact with the stamp (FIGS, $8-88A (arrow |).



sub-1ithographic patterning techniques to physically or chemcally pattern
the surface of a substrate, e.g., wth chemcal stripes (chem cal

tcnpl at i P 2e@atr9Rtri pe being preferentially wetted by trhe/uskiemsmsbe bl ocks
of a bl ock copol ymer to cause pol yner40donai ns to orient thensel ves above
the preferred stripes and perpendicular to the surface. The present

enbodi nent of a chemcally patterned stanp provides a | ow cost and
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use of apehewiwioyicpat cenmbd kf‘tfé’nq@mp@\di viget rolvder bhgkdf.ga P8R assenbl i ng

bl ock copol yner materia S n,‘t_r uire ttxe i ng.of .the substrate to
forma t% %‘P%{%‘%@é’? #?e‘i/‘ﬁgiogif} @F‘fpéé%% (fuﬁ g‘f%‘gfa&%éégo%l’{f AXTR|
sel f - assemy yurrobRiiehh sk giidl 8t diyihe eGUCREyBOSISck Bl P8 ankspeie &F ihgi nal

mast er tenpl ate requires patterning usi ng} sub-1ithographic tools f g.
EWV, e- phepis yeas dAAD Apn Easamp fldacey 81 BoRmsalepirrds whare 15 wdgphebic

i ncl udi ng, glbl o AELSALEAY LML 8L ATRSE O, ShOGLE PRRIGE. ! el ale,

and the abi use eac Imes"to”direct ordering of BCP
mat er i al siatcAs! \aﬂlmmﬁmmﬁﬁdne) foastonotr poepiatds nd hilheyimstel Sténphatherd s
significantl | n addi.ti si nce i cal

flat, prdsP m&ﬁ ﬁ'Zfieﬂ%dfﬁfv%iflﬁm’iﬁﬁ@gin?ma%e«éﬁ%ﬁga?%gng‘r‘rﬁh%?ﬂgﬁg gﬁlﬁﬁﬁmzed

in conj ungtiQRaWstRsL N8 SUR] 8GR BREBSHE RiGANLAC tor MBLER PLRYIARS o4
si gni fi cant "advant age over nanol npfint |ithography. Long-range order and

det ect i viparsilebhal&cglgldes agls &bl lednbl ek wopohyprelr~H1) Iilm)rve‘it«at o hiydporovéd as

i By EORMRY | SOA, CQrdproeal Dk LGt r e Searer s P68 R le B om

t opogr aphi:g ek MELST he amﬁﬁé%’i{&m@rséﬁ@a@eﬁfbﬁ@dﬁﬁ@dk&ﬁ@ﬁﬁﬁm 00438 41:s depicted
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conductive |ines and contacts can b I nt irTcuit no
devi ce anatekd@8Y ofiite oslyselymar lhtdciade ng ob?ﬁ)meesmmslytsbaﬂs 1bs{t1@@1ﬁ6]’ Akt hough
specific Errbod nts have trated and described herein WI Il be

b
appr eci at8¥ Ay thows ot By dr ﬁ‘ﬁr‘weléfff 1“%9‘%%0&?@ fﬂH’t‘*“éWPQP‘F%%

whi ch i S{x&@{ il }ﬁﬁ%ﬁt@ﬁh@o @@tﬂ’c%}‘&btl@@” SANE <PMEBRSA 2MBY hb@tchbl shd:f dil:ada f or the
speci fic enbodi ments shown.
can be filled with an appropuate maienai 184" 1o form contacts to the underlying active areas
182" (e.g., conductive lnes), as depicted in FIGS, 68-68A. The substrate can then be

additional processed as needed.

1081331 The present embodiment of the invention of overlying a chemically patterned stamp
to direct self-assembly of a BCP film eliminates the need for forming a subsirate template
pattern, which requires the use of a patterning technigue such as EUV lithography or other
sub-lithographic patierning technigues to physically or chemically pattern the surface of a
substrate, ¢.g., with chemical stripes {chemical templating), cach stripe being preferentially
wetted by the alternate blocks of a block copolymer to cause polymer domains to orfent
themselves above the preferred stripes and perpendicular to the surface. The present
embodiment of a chemically patterned stamp provides a low cost and re-usable method to
provide registered self-assembled block copolymers with long-range order without the need

for patterning a substirate.



application is intended to cover any adaptations or variations that operate
according to the principles of the invention as described. Therefore, it is
i nt ended wbaboddep®e4i nventi on be limted only by the claPos/imaatobrscs

equi val ents thereof. The disclosures 4f patents, references and
publications cited in the application are incorporated by reference

herein. WHAT IS CLAIMED IS: 1. A stanp, conprising a substrate and a

sel f - assgﬁ}@kgd}*}bé %Kvi‘%@ﬁ%ﬁ/dﬁ{f £t'térﬁ@dtJ@zﬁ%ﬁ&ﬂdir&zb&d@ﬁh@b?@éﬂ?ﬂi&sﬁ@ﬂ&izﬁg hibaist

pol ymer bl ock having an affini Fy for and swel |l able by absorption of an ink
cheni cal cagméynzr setond dpod yareequirk pekerhimgiof ghesubsitrantd ity ingosadicalivy for
and not swci,l ahlc by said,ink chemcal. 2. The stamp of .Claim1l, wherein
the copol Y iRrt st e pEP SRR s BpssdPPL R B P B e IS P
pol ymer hlsacknly pabakiel mesiebhethellirehindansisafe dbaihdgrgihipobyneg., bl ock,
or perpendicular-oriented, alternating lanellar domains of the first |

pol ymer BHEck-barn. tihe agd cbirastipopyerets Bleagwkificgionmmyaisingivgingrihadagyipglipn of
further 1Si.ng. an..i. ectkwel Y. AL hi iid first
pol ymer G e B P b Dl B bl 1 i LRl BN 1%
The st ampmed to@i@tiorderimheli el h nidneialsn ki svateenlt, ahe canpf prsesingnhs mkstehem cal
havi ng an ‘aEn' no, .thiol, alcohol, az%de or, ai kyne functi onag,%io%g, or a
conbi nat EBRARECES G UAIRSTHSE Bt 2RI RgoalSERmP B AImBrPSic B}'F ¥ ming a

sel f -assgabl.ed Jbl;acks 6ORO| YWiBLsd bbby ?&yﬁie? HARR-SHRSHERN & o AL B Q8K te
t pol yimer bl ock

copolynmer filmconprising a firs capabl e of absorbing an ink
cheni cal suwrBcsweld insandef, whéth ppobijeer siphificknt addhirda gsasonthrpohyn fithslgoapky.
having substantially no affinity f and, nat . swel | abl e by sai.d ink .

Chen car b A tied S et he AR RER BB S HE e e iy 0
conpri si fghé kembhOeK OO YIRS 118 peorel SRIGNIWabRdRidher (B¢ amR, Bybskhbaten, t he
trench having sidewalls and ends that are preferential wetting to one of
the bl ock8rlskritire BHGER fespdicldreercrand ot ogographatedlwepoerdpential T8t t i ng
to one o%digtggcebl ocks of the block copolyner, neutral wetting to the bl ocks
of the block copol ynmer, or a conbination of preferential wetting and
neutral wetting areas; and causing the block copolyner filmto

sel f - assi@éihid Aoddpirted saf i>.9d| fheassembited bhbekimeopaby ensdiito lfonm a

variety of geomeiries for integrated civcutt layouls 184, including periodic conductive
iines 1586 and contacts 158, lines with bends 164, isolated lines and contacts, etc., as needed
for the circuit design. Ddes comprising the conductive lines and contacts can be incorporated

inte a circuit module, device or electronic system, including processor systems,

[08136] Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement which is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. This
application is intended fo cover any adaptations or variations thatl operate according to the
principles of the invention as described. Therefore, it is intended that this invention be limited
only by the claims and the equivalents thereof. The disclosures of patents, references and

publications cited in the application are incorporated by reference herein.



7. The nethod of Claim6, wherein the trench floor is neutral wetting, and
the sel f-assenbl ed bl ock copol ynmer fil mconprises perpendicularly-oriented
cyl i ndri cab 2dovabers of the first polynmer block in a matPpcr/ustomhsssecond
pol ymer bl ock or alternating | anell ar42donmai ns of the first polynmer bl ock
and the second pol yner bl ock.8. The nethod of Caim6, wherein the trench
floor is preferential wetting, and the self-assenbl ed bl ock copolyner film
conpri se lol ; d half-cylindrical domains of the first polyner
bl ock In%v}@%egs@igliﬁﬁ'is% cond polyner block. 9. The nethod of Claim®6
further conprisi ngA sipmiz;@rcom*pntmg misagitientlaoeK-copdliydtEnc ¢dpojynchénmcal |y

pat t er ni t he of .the tr enc to.fo sai d comhj ferenti al
el ting. BRcoRelE PR cABPENHE * rSae MK TEREEIPGaR Bopb Iy PRy

CONPr i Seghdrfhilondh Ezﬁ@dh»ﬁx’f@$§mm %Kn&g@wnﬁmﬁmﬂgwmg hesmiNRdofrftlptan 6.
further corrprlsgl?gm( plying an ink efial to a surface of 'the

sel f - ass@&tadaw i‘cﬁjpé)k emfdal.m V\/nerel n the ink material is selectively

ol yrer bl ook 11. THeTEPhoibr sl Hoauner Sn e TR thom cal i s
sel ect edpdrpanmictule-Gleatt coDRGLSET thY ok palyhide @lo,ck aaanarceaﬂmakmhﬂbyimrsaﬂ
acetylenic with a functi onal tail group selected fromt he roufp conS| stl ng

of hydr oR&rBBHSIyMaAr G661 & PermngicslaranFed Aisnehag fageslar dpnangolg

form ng &#ﬁﬁ&ﬁ%&%tﬁe%&%ﬁ&&@‘kﬁm crgrl sing: applying an ink mat eri aI to a
surface a sta risin -assenbl ed bl ock copol yner fil mwherein
the ink materl.al i Eh@@iﬁﬁpbf (iéhm lahstebednimtiay anchkswetds sdedtivestabpadbydrer

bl ock but. 1not second % bl ock, of . t he. bl ock CO{)&L%{W&I’} fi |($T‘l "y

cont act | Wi ERESSTF e g gt 8 TR BOR S 1 R R OP L PRSI ER B he | nk
mat erial ontaq sai dygubshy at @ldhﬁ 3f OfBleRANLd uﬁaitn&i%fiﬂi COJ’(;%)FNJ%} pRthadicef Caim
12, wherein the receptor substrate conprises a glyci doxy-, isocyanato-,

al kyl aziloingom ashihoriosillapohol, ande pbﬁ&ymgfru@upmahmuphé aj ok bivetien Hasiredfs
transferred by che ate
through a1 i nkage SETREd P ra frelf sufPebhs Fetie b e IR st ik age. a
ur et hane:obbIkagEimandi Sihi bderhiNkagsociafoRehtediage:drdphisage et @ty.aa ne

| i nkage 14. The met hod of C aim 13, further conprising, selectively
deposi t @%@d(acmlﬁigpf{ apsorbing an ink chemical to sweil said first polymér block and a second

polymer block having substantially no affinity for and not sweliable by said ink chemical.

6. The method of Claim 5, further comprising:

forming a film comprising the block copolymer in a trench within the stamp substrate,
the trench having sidewalls and ends that are preferential wetting to one of the blocks of the
black copolymer, and a floor that is preferential wetting 10 one of the blocks of the block
copolymer, neutral wetting to the blocks of the block copolymer, or a combination of
preferential wetting and neutral wetting areas; and

causing the block copolymer film to self-assemble to form said scif-assernbled block
copolymer film.

7. The method of Claim 6, wherein the trench floor is neutral wetting, and the
self-assembled block copolymer film comprises perpendicularty-oriented cylindrical domains
of the first polymer block in a matrix of the second polymer block or aliernating lamellar

domains of the first polymer block and the second polymer block.



on the ink material on the substrate to increase the thickness or hardness
of the ink material. 15. The nethod of Claim 14, etching the substrate
wher ei n tWe 2oemee2al on the ink material nasks the subsPratts20000325¢he

met hod of Claim 12, further conprisim$ selectively forming a material on
exposed areas of the substrate, said material being chemcally different
fromthe ink material.17 The nmethod of Claim 16, wherein the ink materi al

conprises a hydr opRohl, GnaRELeCTah caRMeRi A LeRM ddof Igr@ftsegéﬁqzmuﬁgrmd on
the substrate, and the method further conprises; formn copolyrrer

mat er i al thopel§: aisdmhgtdr‘o@mk@bp@i‘ ek fimae empa:!sasa*mﬁhlyfdmpfldl hi‘g‘ Qyétﬁlém?éldomama

k . nmaterial | f mbl ed bl ock
Copatymeh el PORE BRI R ek e HEYPeEer e to the. hyar ophobi c

ink material @and anethehopef yneh cbhegk: taniegishaned honhpendBidsiophi lic
material; and sel ecti vela\é1 renovi ng one bl ock of the sel f-assenbl ed bl ock
copol yrremppéverf fifrg, Fhopvs: V@@%anstke flopr dttbhirerghtih &rgusst saplangtngfist anp,
conpri si ¥ , € gtlon extending froma first surface
to a sec‘ﬁgf r%&%x‘?‘%ﬁ?ﬁ‘mﬁé‘eﬁm@%Emﬁ &g‘% ‘on source is transmttabl e through
the transpar eptersiachd fnck anditohe Fivshsued aceiniaviingas Potlyampohzabl e

mat eri al thereon. 19 The of Claim 18, wherejin the pol ynerizable
material is a %eut?’ﬁlm%‘f\f?fagphﬁtée?‘iﬂgv ORI PP (i1s3 ?ﬁ*“%“&%l?ﬁ”i@ dwherein
the ”eUts-%?t*a\.é’@éﬁab Bar. %E&B e@lbl&ﬁqegﬂ*?ﬁ}%r a4 4ndem Bl eakneReRol Mlgﬁémz%ivl A

met hod of formng a pattern on a substrate, conprising; applying a
pol ymer izbadbed mat erd sdelkoaid ﬁrﬁtr;@ﬂvrsur‘cﬂmlmmﬁahss@npd ool b OnPg a

t ransparent terial section.ext di' ,f‘r mthe fir urf e a_second
surface: contdcti nig"‘” B %4%‘%13%&?? J]g%‘t“}‘ﬁg%mt‘%lsléﬁéf“vb émb F?é‘ﬂzable
mat er i alwnwzt%[gsm dhiong rﬁer&%ﬁbﬁ&émﬁl a&@w; Q&tﬁi&ﬁ@%ﬂ 4tfb@ct£ﬁ1airk§13%hﬁjﬂ>tsc§e&til on

of the stanp to polynerize portions of the polynerizable material; and

r enovi ngrarh&esgranpedsishng ehleydsesstanat @cchols, thiols, amines and halides.

i2. A method of forming a patiern on a substrate, comprising:

applying an ink material to a surface of a stamp comprising a self~assembled block
copolymer film wherein the ink material is selectively absorbed inte and swells a first
polymer block but not a second polymer block of the block copolymer filmy;

contacting the surface of the stamp with the substrate to transfer the ink material onto
said subsirate to form said pattern,

13, 'The method of Claim 12, wherein the receptor substrate comprises a
glycidoxy-, isocyanato-, alkylazido- or chlorosilyl- Runctional group; and

the ink material is transferred by chemical bonding of the ink material with the
substrate through a Hokage selected from the group consisting of a urea linkage, a urethane
linkage, g disulfide linkage, an acid-base linkage or an amine linkage.

14, The method of Claim 13, further comprising, selectively depositing a material
on the ink material on the subsirate to increase the thickness or hardness of the ink maternial.

is. The method of Claim 14, ctching the substrate wherein the material on the ink
material masks the substrate.

16, The method of Claim 12, further comprising selectively forming a material on

exposed areas of the substrate, said material being chemically different from the ink material.



22 The nethod of CAaim2 1 further conprising, renoving non~po]ytneriz.ed
material to expose portions of the substrate. 23 The nethod of Caim 22,
wher ei n twe 2p@logmeni zed material conprises a neutral wetrCirnug2msrssal and
the substrate conprises a preferential4 wetting material and the nethod
further conprises applying a self-assenbling block copolyner materi al

t hereover, and annealing the copolyner material to forma self-assenbl ed

pol yner |ayer 724 U g@m{ﬁﬁ%@@ﬁt?ﬁm@ﬁ%@é ihd Hﬂ{tn%énﬁQﬁP{p!rélqr}gfw%}%gﬁ%kVe| y

removi ng one Iock of e self-asse pol ynmer layer to forman etch mask
for et chiragrithedsuystaphtie. m26tialAs frethddn ofe fubsimitnguad teehifthad Setibt ed bl ock

copol ymer mat eri al, conprising: contacting a bl ock copolyner material with
a stanp ¢OMPFI%ing a surface conprising an area of hydrophilic material and

an area of a fhy:dﬁ»@@mm@u?@twer@ aterS@bf shy dyepbhdiie irandhydraphobighiat eas
having a width at or abo the LO value of the block copol ymer material,

the bl ocikm@woampcwpérmsﬂblwktqqavlemubmaamb@tfﬁm avef phyig st dedkal @ and
anneal i "4 E‘L‘Renc? aQ/QJ"( VﬁQpe%b ég%%%gﬁ%F%EG%L is rs,géz t@l%g% }%@‘M%ﬁ%@lﬂk i ﬁv?}] @a&%l ock

copol yrrer nateri a ar- ereln one
pol ymer hilgekdonmst hlopk ef egentddabliye M&@Eﬁ Iitembiysda}opﬂiril ic material on the
stanp surface and anot her pol ynmer, bl ock domai g ﬁri{%rentl al | éwet& t he

hydr ophobi ¢ r&t°8iTaY 156 ipect Hipr ehift adEr9n0FRE GRIRBYYBF BYEi o)

further &%Ufﬁ %1 gﬁggglt@“g}b&étarrp fromcontact with the block copol yner
mat eri al . of Clalm 26, further conprising contacting the

stanp wt h a @ecorr&lsilahmckommmﬂlgyrmr material. 28. The nethod of C aim 26,

furth f th |y d t
el 1 - asseny di B OERY GOBET S Ne et e (18 F Orihe 3 RaeR “COMBREIRG  he

remai ni ngxRGhMIBE 206k it EJM&hHG%{)h@{ih@ﬁﬂ@ﬁﬁr&lb@egﬁbl@%nﬁat e; and
etching the substrate through the openings in the mask. 29. The nethod of

d ai m 25, furtbhErst egmse heving aprépearizagcthisesf dmrddy: forning a master
tenpl ate conpyy sing, .a, a?ﬁg I)ﬁa&?nm %gl s,1g}%ftfl{;n&qxfmggm%)@hém‘fa—:gﬁa}alngxn@é(tg{ Q&%ﬂ@ ¢

ar eas,;
material.

20, The stamp of Claim 19, wherein the neutral wetiing material comprises a
random block copolymer.

21, A wmethod of forming a patiern on a substrate, comprising:

applying a polymerizable material to a first surface of a stamp comprising a
transparent material section extending from the Hrst surface 1o a second surface;

contacting the stamp with the substrate to apply the polymerizable material;

fransmitting a radiation source through the transparent section of the stamp to
polymerize portions of the polymerizable material; and

removing the stamp from the substrate.

22, The method of Claim 21, further comprising, removing non-polymerized
material {0 expose portions of the substrate,

23, The method of Claim 22, wherein the polymerized material comprises a
neuntral wetting material and the substrate comprises a preferential wetting material, and the
method further coroprises applying a self-assembling block copolymer material thereover, and

annealing the copolymer material to form a seif-assembled polvmer layer.



depositing an elastomeric polymer material on the surface of the naster
tenpl ate, the polyner material conprising hydrophilic and hydrophobic
conmponentwo 20aviopr4t he pol yneric material to formthe strampshavioszyoa

chem cally patterned surface with thetshydrophilic conponents on the surface
regi stered to the hydrophilic areas of the master tenplate and the

hydr ophobi ¢ conponents on the surface regi stered to the hydrophobi c areas

of the miSter%_-?]e”pﬁﬁ%&gﬁx%?%&f%@n"iggﬁu%nﬁcéﬁﬁ %.ébd&%t‘i %ﬂ%ﬁﬁ%&zﬁe block of

t enpl at e. 30. ereln el astoneric polyner Is
sel ect edikroiratdembiriqupyroansysts ﬁgmoi*a q:mii ek fiok etchinlzshd avoame). 5 silicones

and pol urethaxtes 31 Th t hod of 30, erein the r ophobij c
conponent is gg(nolééh‘f E"‘g% sered df‘*rc%rf?"t gﬁ?@ﬂ‘#gb‘fﬁ? V%‘t‘lnﬁﬁ“%g COmprising.

per fluori nat eQm@USQQ@%IOCiU daYbt %%; %ﬁ&riaﬁ@gh Q)ﬁ%?r@ﬁ@ﬁﬂ@ﬁu@lﬁlpﬁ@ C(;ﬁ?pl ishite
met hod of C aim 30 V\/nerelnt% df ophi I'i ¢ conponent i's a nol ecul e

sel ect edaif rorvi haryrvipretnsi Gui mglr@if ofol hy@a(ﬁélvhyliemgl@ spbbydrodtiacdy| at e,

Eg?;\ (Cet h\ ﬁ’ilgi?f"}efhl Q%)ég %thgﬂn%ndewﬁl}}leﬁ 2r abot %r’&eﬁb ‘\,yallm oflﬂ{g@ bloc nQopX’»'lynXer material,

the biod\ copolymer material sitiated on a neulral wetling material; and

annealing the block copolymer material to cause self-assembly of the block copolymer
matenial into perpendicular-oriented polymer domains, wherein one polymer block domain
preferentially wets the hydrophilic material on the stamp surface and another polymer block
domain preferentially wets the hydrophobic material on the stamp surface.

26. The method of Claim 25, further comprising removing the stamp from contact
with the block copolymer material,

27.  The method of Claim 26, further comprising contacting the stamp with a
second block copolymer material,

28, The method of Claim 26, further comprising:

removing one of the polymer block domains of the self-assembled block copolymer
material to form a mask comprising the remaining polymer block with openings that expose
the subsirate; and

etching the substrate through the openings in the mask.

29, The method of Claim 25, further comprising preparing the stamp by:

forming a master template comprising a surface having defined hydrophilic and
hydrophobic areas;

depositing an elastomeric polymer material on the surface of the master template, the
polymer material comprising hydrophilic and hydrophobic components;

curing the polymeric material to form the stamp having a chemically patterned surface
with the hydrophilic components on the surface registered (o the hydrophilic areas of the
master template and the hydrophobic components on the surface registered to the hydrophobic
areas of the master template; and

removing the stamp from the master template.



WO 2009/099924 PCT/US2009/032564
46

30, The method of Claim 29, wherein the clasiomeric polymer is selected from the
group consisting of poly(dimethylsiloxane), siticones and polyurethanes,

33 The method of Claim 30, wherein the hydrophobic component is a molecule
selected from the group consisting of perfluorinated alkenes, vinyl esters, and hydrocarbon
alkenes.

32 The method of Claim 30, wherein the hydrophilic component is a molecule
selected from the group consisting of oligo{ethylene glycol) methacrylate, undec-11-enyl

hexaethyvlene glycel monomethy! ether, and vinyvlic poly{ethylens glycol).



