METHOD TO PRODUCE NANOMETER-SIZED FEATURES WITH DIRECTED ASSEMBLY OF
BLOCK COPOLYMERS TECHNICAL FIEL 100011 Embodiments of the invention relate to methods, a
stamp and Y3089 atterning a substrate by use of self-assembling bIBEK EBBENPEZ4and
devices resulting from those methods. BACKGROUND OF THE INVENTION 100021 Lithography rs a
key process in the fabrication of semiconductor integrated circuits. Photolithoaraphy typically involves
projecting an image through a reticle or mask onto a thin film of photoresist or other material that
covers a semiconductor wafer or other substrate, and developing the film to remove exposed or
unexposed pBHIGHEBPAOEHEI B SrENCS B HHHERRSEEEIe flchl ProteSiRbE B R TED
semiconductor processing, the cas#aishvnkInfeain® sizescandrbestiscreasing development of
nanoscale mechanical, electrical, chemical and biological devices requires systems to produce
nanoscale features. However, with conventional photolithography using light, the minimum feature size
and spacing between patterns is generallyf : &%\ {' I QHI%% ﬂavelength of the radiation used to
expose the film. This limits the ability to prodtice-stiy=fitiograptic features of about 60 run using
conventio ithog 190 jerQcemact printi en de ) GLE: i aphic
foatLres o e L e
template o stariprisdarieg sirseli-sewies Wppdlaphicfedrurers ond e racepeorbulgsiiene thesorm pattern
on the subgtrate: 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 polychmethyisilBx el (it dREh e (@ AT &8 YR XFIENred with a stamping surface
14 and sidewalls 16. The stamping surface 14 defines the dimension (a) of the pattern to be stamped
onto a subtPaed, AlsiSwekimt ISIG?;“Z{ ecfeaitrds IshBraesRipare WL R S Ikt e 8 that is
phySiSOVbqﬁiuQ{oﬁlﬂﬁﬁ'%l?ﬁfQ@q \%Qyt%f&%@ } c%HHQ%% %ﬂa%@%%%éi@?ﬁé@é‘% s6.9hshefeatugs 12. As
WO 20091099924PCT/US2009/032564 2 depicted in FIG, 3, the inked stamp is brought into contact
with the reb&ptBF Bipsaee 20 (e naifiedn thatepvardrremead ararmdtareathsragishe s the
substrate 20 whefe dhe.inkforms:sell-azserahlsd MonRIayers ASAMS) 225G idhroduce a

pattern in subsequent processing steps. In semiconductor processing, the continual shrink in

feature sizes and the increasing development of nanoscale mechanical, electrical, chemical
and biological devices requires systems to produce nanoscale featurcs. However, with
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



100041 However, resolution of small features is problematic because of inconsistent printing due to
capillary forces that pull ink sorbed to surfaces of the features 12 adjacent to the stamping surface 14
(e.g., the si¥ERAMABPHo the substrate (e.g., areas 24). Such wicking of thReTiS2AaRa¢bnto the
substrate also alters the intended dimension (a) ofthe stamped features (SAMSs) 22, as defined by the
stamping surfaces 14 of the stamp/template. In addition, the size and dimension of the stamped
features 22 on the receptor substrate are limited to the dimensions (a?hc(;:c the Iitho%raphically-formed

features 12@8fkEd 0N he sthmp OIS TIOHECPESE 888 stich B e sRE MPOGIaIFEEd extreme
ultraviolet (EWViilithegraphy have.beanigsed-inattesants 4 forgnsub-lithoaraphic features.ikowever,
the igh costs associated with such. Iithoggghic tools have hindered their use. 100061 Self-assembled

block copol§ar & EHEbE EORPRIpEY & By ety #e surthce of a substrate with chemical
stripes (chemical templating), each stripe being prefercmtialty wetted by the alternate blocks of a block
copolymerjdsdpdd ckopslymesdiln o th kamél i Bnarpholagycaperedicity ofdtehingsthet stipdpattern
and both blocks being neutral wettin he air interface (e.g., PS:PMMA).that:s cast op the patterned
substrate é%& théfr %%‘ry %ﬁ%%’lé}@%ﬁﬁ}s% -ai“’%e?ﬁpé%s‘sjgghé %Igg}%g%%é)i}ﬁeg%%g%{ét g“eﬂrtr?éje%{\;ces above the
preferred stripesandderpéddiculahtostiessiifdd® ddowbyenhtheipriegessrhasidp. dtlvdntageayer BIN
lithography or, ather sup-lithographic patterning technigues since ane of these patterning techniques
must be usoféhtb form e dspd %?rgf% ?gjﬁ%é%eﬂpggtﬁtﬁﬁf an%j}%ﬁﬁ(ﬁ%deaﬁggné’ 0&%‘ noglité]ei pb{a x?é‘?h(lﬁfng tools,
the low-costdrensfiisidftishigdldckeddolyinessianalostiB087] 4tol tuldibe psefiglsoepriovide a method

and system for.preparing sub-lithographic.features that overcome existing problems. .\
200910000 b0 IEA S B CELERIBHION GLPE CRANN R it
Embodimdnis tofi thelinvemtion are(desttieldthelospvithi referand dagittes f8llduiingdancBmpianying
drawings, which are for illustrative purposes only. Throughout the following views, the reference

numerals wilihe used,in the.drawings, and ibe sameseference aumaralswilt e usedhroughout the

several views and in the description to indicate same or like parts. [00091 FIG. | illustrating an
elevationaliiBfEsarsedioiRdleeiret B EoUBHEGh APSAMp Uk ieRsesHtabepinGhd EopREation,

costs associated with such Hthographic tools have hindered their use.

{0006]  Self-assembled block copolymer films have been prepared by patterning the surface
of a substrate with chemical stripes {chemical lemplating), each siripe being preferentially
wetted by the alternate 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.



100101 FIG. 2 illustrates a diagrammatic view of the stamp of FIG. 1,with ink physisorbed or
chemisorbed onto the surface of the stampor substrate to be contacted by the inked stamp. FIG. 3
illustrates thW ¢hA88/4Q%D of FIG. 2, brought into contact with the receptor SGHSHR4828ding to a.
conventional mierocornact printing process. FIG. Lillustrates a subsequent processing step with the
formation of SAMs from the transferred ink on the receptor substrate. 100111 FIG. S illustrates a
diagrammatic top plan view of a portion of a substrate of a stamp at a prellmlnary processing stage

-l r‘{ X

3 BSitks

according to an embodiment ofR&idfddRA{d » , , ¥e with trenches. FIGS.
SA-5B are g]evatronal Cross- sectronal views of the substrate deplcted in FIG. 5 taken along lines

5A-5A and B8R, Faabebivay of e w e e issepiT WeRoPAbSHHORSE A6t Recording to

another emb@sttr@@@;t@@@mwbe sHhstratewitiisenabesderdarining afarminBoastany Wiha
hexagonal close-packed array of perpendicular cylinders. 100131 FIGS. 7-8 illustrate dlagrammatlc

top plan vieHe5f the SIS OFEIEI B A VhProlie diigas Srnasantichtis"o1s SR ESHBIEE Block
copolymer fitm aceardinestganembaginenehihapresentdiselosuraciidPartAcdh tlustaterts.

eIevationaI cross -sectional views of embodiments of a portion of the substrate depicted in FIGS. 7-8
taken, res Fﬂ%rg 3}1 7A and lines 8A-8A. FIG E)f?grs a cross-sectional v bew of th
substrate prc din EAKe) %ilcl)n”g‘ﬁ”n STB-78! \R?f) 55697659 24358*‘7&%)56 1032884 4
100141 FIG: Onsactop:plarruiemphppéstaop of FIG. 6 at a subsequent stage of fiibricati._ showing a
self-assembled polymer film composed of a hexagonal array or cylinders within the trenches. FIG.

10is atopg Ay ;"eﬁ“t@f ey ataat&otd;t%aét@taévté%egrﬁrttét%%@&fﬁ@@r@am agcarding tganother

embodiment e invention, showing a self-assembled polymer film composed of a single row of
cylinders vt E erReHasi 1 20fs aldosy et ia tew'er hsubstiaks depieted PYRYG. 10

taken along,|ings 106104 1 illustrates the inked stamp of FIG. 2, brought into contact with the
receptor substrate, according to a conventional microcontact printing process. FIG. 4
tllusirates g subseguent processing step with the formation of SAMSs from the transferred ink

on the receptor substrate.

{0611] FIG. 5 illustrates a diagrammatic top plan view of a portion of a substrate of a stamp
at a preliminary processing stage according to an embodiment 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 7A-7A and lines 8A-8A. FIG. 78 is a crogs-sectional view of the substrate

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



100161 FIG. 11 is a top plan view of the stamp of F] U. 5 at a subsequent stage of fabrication
according to another embodiment of the invention, showing a self-assembled polymer film composed
ola parallel NS@ WONARRAinders with the trenches. FIG. 11A is a cross-sectRInEURARP I8 Metsubstrate
depicted in FIG. 10 taken along lines | 1A-11 A 10b171 FIG. 12 illustrates a diagrammatic top plan
view of a portion of a stamp at a preliminary processing stage according to another embodiment of the
disclosure, showing a chemically differentiated stamping surface. FIG. IMis an elevationai,
cross.sect BN View §r thes b RS et EER Thlthkeh HIBRYIRELCTORRIAR! FHHTBIBIGS.
13-14 illustgateydigarammalictapdinviewsief thewstaran of hiadbatisuhseauentarecesgingistages.
FIGS. 13A-144 illustrate elevational, cross-sectional views of a portion of the substrate depicted in
FIGS. 13-1%’%&8& respectively, along lines 13A-13A  es 14A-14A, respectively, FIGS. 138-148 are
cross-sectional views of the substrate of FIGS. 13-14 taken, respectively, along lines 1313-1313 and
tines 141341413} réSifectively (o009 IG 81 - 18-illsfralé shibsequbntistepstigthe (eiofithe stamp
of FIGS 8-04, . A caniact riniing pracess \q form & pattern,on.a substale ageording.ie. 40,
embodiment of therinvantion. FIG. 1BA 1S & cross-sectional Viewror the substrate Shown in FIG 8, taken
along linesct8k«:8A 019621 FIGS: 19 RGiHa straté¢harrembodifERt b the asecsf-acchemicaly
differentiated surface of the substrate shown,in FIG. 15A far.the selective deposit and formation of a
self-assem%ﬁicted%J g%)é%g%epdg@%{é(? iﬁ%ﬁ?"g\%ﬁdlﬁ '?aac%l ’sﬁggb%éiga%%f,v. FIGS. 21-22 illustrate WO
20091099924PCT/US2009/032564 5 the use of the, self-assembled block. copolymer filin of 1710. 20
after remoVaF B lonBI&H-thb ipSIypRaH BIoERY, afsteeragio o dtch that sudreaacahs iRy BRTeetdhed
Opening.  ,cckiln 23 Mustiates-anathenesmodiment:oh tiewssof tae-stampadpatierefan ink

material shown in FIG. 18A to guide deposition of a material onto ex\%osed for_tions of the substrate to
form a cheffigaRdifte rariatsd Qurrataidrowndrareib shedaandiva Vidle, 114 is a cross-sectional

view of the substrate depicted in FIG. 10 taken along lines 11A-T1A.

10017 FIG. 12 illustrates a diagrammatic top plan view of a portion of astamp at a
preliminary processing stage according to another embodiment of the disclosure, showing a
chemically differentiated stamping surface. FIG. 124 is an elevational, cross-sectional view

of the substrate depicted in FIG. 12 taken along 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. IBA is a cross-sectional view of the substrate shown in FIG, 18, 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



FIG. 24 illustrates the use of the deposited material of the structure shown in FIG, 23 as a mask to
etch the underlying substrate. 100221 FIG, 25 illustrates yet another embodiment of the use of the
stamped patEr3WPANMK material shown in FIG. I8A as a seed material forP§8IdEA08948pYition of an
additional material to increase the thickness and/oP hardness of the ink elements on the substrate,
shown in a cross-sectional view. FIG. 26 illustrates the use of the ink pattern with added material

shown in MG. 25 as a mask. to etch openings in the underlying substrate. [00231 FIGS. 27-32
illustrate stiissis ah8thepiémssriehborh mBmoacadtsidihg s teariveriomyt ehemichii pattern a

substrate, shoagsrsectional viewsEleS 8132 dllustatathairemayalof ppnserssiipked polymer
material and the use of the inked pattern to direct self-assembfil of a block copolymer material. [0024]

FIG. 33 illustrates an-atignal, cross-sectional view. of an embodiment of substrate bearing a neutral
wetting lay B & pHUNILAY BrUBCRT) S1aB: FIC A TThAates e S HRDRGS B FIa ol R
subsequent-pracgssing:stef; ({N023) koS35 8% Hlustrdte an emboegimsptefbpprdcessadeording to
the invention. for formipg a chemically patterned master template for forming a stamp. for use in
inducing SO ALSEh BT O & EAFENH UL BIOCCSoHo T ERLAAl S SEBHe, 1. 3¢ ilustrates

a perspectWiiewitfahaseisubsirsie:atiagostlon mary- platassingustageshearing B Qydiophilic material
on the surface, FIGS 3§;?;9EIUftrate tpﬁe %Ji\)strate of FIG. 35 at subsequent processing stages to forin

a patterneé“r%sgsttoeﬁcehrﬁp B Ere58E 3TANFOR illustrate top plan views and FIGS. 3713-398 illustrate

devotional, cross-sectional -views of the substrates shown in .FIGS. 37-39, respectively. WO
20091099924F¢ T/AISR0501032564 610006 RIGS d0A8 Hiubtrate anbthdreprsadineenbdia process
for forming; g hemically patierned master templale, 10f 456, 10.100MI0g 8, 51ap IoLAUREHNG.,
self-assembly of a lamellar-phase block copolymer material, FIG. 40 illustrates a perspective view of a
base substrETag! dprelintiralephodessingstagbabéming E iy droplobictimatdiardiy et sthiface. FIGS.
41-43 illusigate the, substrate. ol 1 Grd 2§ SRFeUEAE RLAGESSID Q:%gg&%ﬁ%@{ MaRatiermned master
template. FIGS. 41A-4‘3AF|IIustrate top plan views and FIGS, 41B-438 illustrate elevational,
cross-sectibiatviewsof i e sabatratEscsHonrs i BIGSihe 1l rhasisectvER)e.

0023 FIGS. 27-32 illustrate steps in another embodiment of a method according to the

invention 1o chemically patiern a substraie, shown in a cross-sectional view. FIGK, 31-32

illustrate the removal of non-crossiinked polymer material and the use of the inked pattern o

direct self-assernbly of a block copolymer material.

{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.



100271 FIGS. 44-47 illustrate an embodiment according to the invention fig forming a stamp on a
master template as illustrated in FIG, 39. FIG, 44 illustrates a perspective view or a master template
with a mateM4P A09E¥PIRY the stamp in a preliminary processing stage. FIGYEW8¥Aé%ehe master
template/stamp material complex at a subsequent processing step. FIGS. 44A-45A illustrate top plan
views and FIGS. 4413-4513 illustrate elevational, cross-sectional views of the master template/stamp
material com% shown in FIGS. 44-45, respectively. FIGS. 46-47 illustrate devational, cross-sectional

views of théP s te Fidmp it ol Atarenaleormbesiar i ef ABratss Bee s iocsssift Seps
showing theremeuahalthechamicalupaticrmned stampfom mesialienplaiRe iy 4TAllsIates a

perspective view of the stamp of FIG, 47, showing thg chemically pattern surface of the stamp. [0028]
FIGS. 48-52"iRistats aPPaniBsamartsr thEindlaiBHTRIFLSIPG IS SEMS1OSHARA TRIEE B7-471
for directing prderingof glemgliarsphase hlagk copelymer matesial; RGR 4849 illpptate dagational,
cross-sectional views of the stamp brouaht into contact with the block copolymer mategal ona
substrate. BItSUBE iRHIEEEPEEVEIONA!, TrosSLat fBRaTView THER AnTEA MY GRS Biatk!
copolymer gnatesial iIngpRiachwitinthesstampof K bRAVlUsiEaes 8, toyBRIaR viewefdhe-surfaee, of the
annealed block copolymer. material of FIG. 50, FIGS, 51-52 illustrate the r;enzg%val of the chemically

patterned SEANE HOMTHe ieRISH AR SaIPSELEMTR G ¥iock CopolyREr M&trial of FIG. 50, shown in
an devotional, cross-sectional view, WO 20091099924PCT/US2009/032564 7 elevational,
cross-sectigigdnyiewiei $hédbidck copolymerthateriah0f FIGIER at Bisubsetueftpioressing step to

FlGedpRiad o

:"e'ec“"e'ys'%%!%%‘éfl polymer %%I{;‘%}%%?Og%@a %{G@%“m‘?{ th,ORqRings i&?uts'%&%g% .
illustrate the substrate shown | . 53 at subsequent processing stages to form and till openings in

the substrate:iGSE3S5A mrentoppafoviewsiof the substrate shdumrisr FIBSe 58854 pectively.
100301 FlGg- 56:58. illusirate another.embodimentoes- d{glrf rming.a ghemically patterned master
remplate 2t o e e B B e o 6
illustrates atperdpdetivédiedd of Husiasteloepiptate Waving H Sinf46B-U6Britgtots eoniposed of a
hydrophilic material;amidst. g hyerophabic. material, FIG,, 304 5.2 Jop planisy, ang ], HORKIS an
devotional?cr%s%jsé%ﬁ%néf\%éw_o?thedrﬁé{stérIiem"p ate Shown iinw FIGE.%G.SIE)OPEI/ FIG. 57 illustrates an
eent of a statnp-forrhed Fibabtdéstaritbwipittelof Eimaba insarswisratbnalverdsbseatbial view. FIG.
STAisa tot%rﬂ!ﬁgt(\,”&g\ﬁﬂj ﬁ%&ﬁﬁ%&%&tg%ﬂgiﬁ& at subsequent processing sieps showing 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



100321 FIG. 58 illustrates an embodiment of the use of the stamp of FIG. 57 to direct ordering of a
cylindrical-phase block copolymer material in an elevational, cross-sectional view. FIG. 58A illustrates
a top plan V@ HRE¥IXECce of the annealed and ordered block copolymer Peav&$a90YBPS458. (00331
FIG. 59 illustrates an elevational, cross-sectional vi self-assembled cylindrical-phase block copolymer
material ofFi e use of the 58-58A to mask and etch an underlying substrate. FIG. 60 illustrates the
substrate shown in FIG. 59 at a subsequent processing stage to lilt the cylindrical openings in the
substrate. FRE2GORISSEISPHRAHSUFBT thers ettaterHBRm mateiaied. o034 P FicH BtdtiRrates
geometrie%f@é@@iﬂyf%%a{@@JMw&l@y&%{@%&?ﬂa&%@fﬁww embadinenis:afdhaminyent e WO
20091099924PCT/US2009/032564 8 DETAILED DESCRIPTION OF THE INVENTION |

substrate. FIGK, 54-55 illustrate the substrate shown in FIG. 53 at subsequent processing

stages to form and {ill openings in the substrate. FIGK, 53A-88A are top plan views of the

substrate shown in FIGS. 53-35, respectively.

[6638] FIGS. 56-58 illustrate another embodiment of a process for forming a chemically
patierned master template and stamp for directing self-assembly of a eylinder-phase block
copolymer material. FIG. 56 illustrates a perspective view of a master template having a
surface bearing dots composed of a hydrophilic material amidst a hydrophobic material.
FIG. 56A is atop plan view and FIG. 568 is an clevational, cross-sectional view of the

master template shown in FIG. §6,

[6631] FIG. 87 illustrates an embodiment of a stamp formed from the master teraplate of
FIG. 56 in an elevational, cross-sectional view. FIG. 874 is a top plan view of the surface of

the stamp of FIG, 57.

[0032] FIG, 58 illusirates an embodiment of the use of the stamap of FIG. 57 to direct
ordering of a cylindrical-phase block copolymer material in an elevational, cross-sectional
view, FIG. 584 illusirates 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.



[00351 The following description with reference to the drawings provides Must:ran examples of
devices and methods according to embodiments of the invention, Such description is for illustrative
purposes ontKPAIABP93# purposes of limiting the same. 100361 hi the conRXE/EPREIAIRReAL
applicatior the term "serneonductor substrate” or "8emiconduetive substrate or 'set itionductive wafer
fragment" orfer fragment” or "wafer" will be understood to mean any construction comprising
semiconductor material, including but not limited to bulk semic,onductive materials such as a
semiconductor wafer (eitheridiohaiddie JAESMBIES FeM KRS BASYBEEHAE thereon), and
,Se,miconductive material layers (either alone or in assemblies comprising other, materials), The term
"substrate"! PEfets td Hnlp SUp e swtictre herfdmms cont ot it &5 CHeSehHeEdticti substrates,
wafelrcI 'fragéﬂﬁﬂiﬁ&R;’ﬁ@fﬁ&ﬁ@dé%@fihiﬁi@&oﬁl@o@%ﬁd'éﬁ@fhiﬁilﬁ@ﬂfﬁ}ﬁfﬁ?ﬂ i&eei@zds?i.tysge}@itgr val(ue §bulk
period or repeat unit) of structures that self assemble upon annealing from a self-assembling (SA
Flock copolyFiPHPa BIBHA G5 BISCIR EBGRERYRA Bite O FHEKE o Qighiitey ftHfitopolymers,
[00381 The term "chemical affinity" means the tendency of molecules to associate with each other
based upoiiiéhemicatihraesdsetidencthecmalgditesoil Hederms "physiosdrbed sedasthe physical
adsorption.qf a.molecule (e.g., ink.material) to a surface,.-fox example, thr -weak inteymolecular
teractions e LR I A A Fca e e B orption o
a molecule'fe g imkintatenidt) toalsurface; fop exarmplejthroaghrishenically bérdingsicchias through
hydrogen bonds, I0RiG 98{‘9%&'&'1'8%@@@@%{%%{1%%@&% honds.ef é%&%?&é'wg- 'i'c%%%%l'&@k%@ﬂ- [0039] in
embodiments of the invstamp or template Is prepared by gumjled self-assembly o lock copolymers,
with both pelymetidoaifs atthe s imerfitcenBlobk copotisghfitens spodtaeisosiipeésemble into
periodic structures,by.microphase, s i0 the | olymer:blocks-after. annealing,
forming or(!gjjfégrge:&d1 %éfgﬁygﬁé% é%%ia%n‘ck?r%e%%%%%%%%Eﬁ%n%?%%&g%{ rgg %%?h%g;%%r%gr %‘I%]}Eé%as affinity for
and is swelledHyabsolption ofasinkchemicatardizcbstoad polymendemainiassupstantialy no
affinity for the.ink chemicakand remains unchanged, The chemical ink can then be transferred from the
stamp to a receptor WO 20091099924PCT/US2009/032564 9 substrate where the ink for is SAMs.
The resolution of the imprinted SAMs exceed other microcontact techniques using self-assembled
polymer filf1833hd Brods $8mighesetd DRy e weritguaiRediginieariny BesRRdGEIRY electron beam
lithography@kahV.srhetobtheataphg, Wwhich-Rave comBaraRIe. SeSOHIIRR. (SA) block copolymer or

a blend of a block copolymer with one or more of ifs constituent homopolymers.

[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



[00401The two-dimensional (2-1)) irled pattern that is formed on the receptor substrate can then be
used, for example, as a template or pattern for self-assembled ordering of a block copolymer film that
is east onto Y2 198 receptor substrate. Following self assembly on thRGEESEI8Y/435¢trate, one
block of the copoimer can then be selectively removed and the remaining patterned film used as an
etch mask for patterning nanosized features into the underlying substrate. 100411Methods for
labricifing a stamp composed of a self-assembled block copolymer thin film that defines

nanotneterSSE8iE EyITRBRHCACARY TnEbr vy palieFROBBESKEHG L drembEImAnts srirrtipVéntion are
illustrated l&Et&%&é%&@%&ﬂ@mﬁrg%&m@@k&mmt%m%mgw@ﬁﬂ&%&Qeéﬂewm

conditions that us graphoe |tax3%techn|ques utig the sidewalls of trenches as constraints to induce

orientation SRAPEidtrasR isra v Brihrseraemb i aBId iR sapeiyhe s YimbrnliSreerstarray

pattern registesead do:thentienah sidevuakds, Graphoepitaxial techniques can used to order
cylindrical-phase dibiock copolymers in one dimension, for example parallel lines of half-cylinders,

hexagonal packed, arrays ofperp linders, .or a e Jow.of per endicular cylinders
within Iitho ﬁlcally fetifi ?‘/ing E}ﬁgg (;Se)s %&%ﬁﬁefﬁ ‘81“5:3/1 ?ﬁ?‘%g i 5}%§%H5e‘1§)¥epared
by provid|ng;trémfmsdsammgrwmks;tlhataar;etsmlﬁ@twertpauﬁmﬁ@imiémkﬂe@ibiaﬁaxhie@k{,mmmﬁw and a

floor compose eltheﬁo %materl thatl bloik sensmve or#)referent Ily, wettin oone the blocks

of the block Gopolyer h trancias Whers mﬁ) AN Ey Aders %Vﬁegl of am t%lﬁal that

is neutral wettiagg mdnettbhteﬁ-ksem enghdswhereymarray: @ﬁ@eiﬁpealémﬁﬂabmdmdﬁr& aar@ té:le5| red,

[0043]Add|t|onally in SO gmlbodl fnts th el trench Ioor can be cheml y ly differe tl%ed to provide
ay ﬁ_%éat ? 1Ie % SEC }%H etch iﬁd\ atternin 11 1105 atures }Bq
a wetting pa% ern rol orientation of the micro p separ If“assem ing cylindrical

domains ircacsegomg ciression, for example, parallel Ilnes of half-cylinders or perpendicular-oriented
cylinders. The trench floors are structured or

{0841]  Methods for fabricating a stamp composed of a self-assembled block copolymer
thin {ilm that defines nanometer-scale cylindrical and linear array patterns according to

cmbodiments of the invention are lustrated i FIGS, §-14.

{0842}  In some embodiments, the stamp is prepared under processing conditions that use a
graphoepifaxy techniques utilizing the sidewalls of trenches as constraints to induce
orientation and registration of a film of a self-assembling diblock copolymer to form an
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



WO 20091099924PCT/US2009/032564 10 composed or surface materials to provide a neutral wetting
surface or preferential wetting surface to impose ordering on a block copolymer film that is then cast
on top of thaVEUH¥ABAdale 1 to produce desired arrays of nanoscaled liRéT AP e ders,
[00441As illustrated in FIGS, 5-5B, a base substrat® 28 is provided, which can be silicon, silicon
oxide,silicon oxynitride, silicon oxycarbide, among other materials. In some embodiments, a neutral
wetting material 30 s formed over the base substrate 28. A material layer 32 to be etched can then be
formed ovetYHBHEL AP G Aia AP 0 SRR B S SR CHE L BE BErioAS YT HE material
layer 32 limnréuspacen@bbetern the dArdogiespbhedsenches 34sarestriugtmedwithheppbsing:
sidewalls 38, osing ends 40, a floor 42, a width 04,,), a length (4) and a depth (Di). [0045] As
lustrated MPETRTE T IBBCHREARSER (OHIRG A 55 T A e BUOHET Hose packed array of
perpendicular cylinders, the ends 40 of the trenches 34 are angled to the sideivalls 38', for example, at
an about 60#agle, drdlintoed enttiédinfedls, ahestrentctirenddSdre stighitid, retindedn|beothers,
embodiments,. the material layer 32 can be formed on the base substrate 28, etehed ta thrill t
rencnes 1 A T o e e T e B O B e
trench BoossRcamithdrosslinketk Nohvertsslinkéd rd ddomicopalyrer tnatesiab dutside e drenches
(e.g.,on th 'S .36)-canbe, suk tlysremoved. 100461 T gl 1] using a
lithog raphiéS 1%%?%§v'n%6 %ﬁ%nfgo%%&:}gas%%{g r% %ggg%%l o%p(”\élzt%gr% Tf%cggf fg%%%ﬁg %%%%?ﬁ%gﬁﬂ m) Such
exposure systemhiifsiudesforesdn Pl earemisuitvasiolel@ U3 fithograpteypr proximmitgxtays and
electron beam:hcs-baamdiiagrapty. asknounand sedin hie.ar Copvantianal phatglithoaraphy
can attain (at smallest) about 58 urn features. 109471A method called "pitch doubling™ or "pitch
multiplicatibaeai? aisoié (isedd heraxbeliding théegapaBilities of photolithographic techniques beyond
their minimum pitch, as described, for example, in U.S. Pat, No. 5,328,810 (Lowrey et al,), C.S. Pat
No. 7,115, 5hAbateliciuatabd. i 8120Q6/0281266,0Wells) and e, 2004490288081 (WMels) Brefly, a

pattern of lines is photolithographic:ally formed in. a photoresiat material overlyin.g a layer of an

expendabl& FRERATALWITEN TH HIFR CVerieY aYSuntaths e exPetidiniBhietiaf 1ayepigl=d o
the sidewalls 38°, for example, at an about 60°angle, and in some embodiments, the trench
ends are slightly rounded. In other embodiments, the material layer 32 can be formed on the
base substrate 28, etched to form the trenches 34, and then a neutral wetling material {e.g.,
random copolymer) 38 can be applied to the trench floors 42 and crosslinked.
Non~crosslinked random copolymer material outside the trenches {e.g., on the spacers 36) can

be subsequently 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 et 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



WO 20091099924PCT/US2009/032564 11 etched to form plaeeholders or mandrels, the photoresist
.8 stripped, spacers ate formed on the sides of the mandrels, and the mandrels are then removed
leaving benN® 98%1938%+s as a mask Ibr patterning the substrate. Thus, wiREEEROMIIEFS64
photolithography formed a pattern defining one feé%ure and one space, the same width now defines
two features and two spaces, with die spaces defined by the spacers. As a result, the smallest feature
size possible with a photo lithographic technique js effectively decreased down to about 30 um or less.
[0048) The Bl BY s TEHEFS RIS 3B RS tesik! Bt {Pasts WpUSE"S SRS Wiferein
each trenchigeniaims manenbangtfeatures (e o siindeisvidmelas; sighdastgis:ing farming a
single array or layer of mmostructures within the trenches include the width and, depth of the trench,
the formu@ﬁa#%%wé‘fb%afagé%am&i% ééﬁwéﬁ?ﬁ%‘fhwwai@F@ﬁ@%ﬁ%ﬁ%@ﬁiﬁﬁ@%ﬁ%@%ﬁ%ﬁ of the
copolymer fisinithedengihu(l) pitbadrpachesdsatonahautil i ivheren is.andategarmuiiiple of Lo,
typically within a range of ahout n*10-n*100 am (with %l being_}th? number of features or structures
(i.e., cylind&Fd) Y erHE St Gy oMt FEREEs 2934 SBOUTEGI 6L 6 (o) SUERSAE (& 28t block
copolymer phadeiiiab. 44 of @botidiovili Editbaitrenchess 364 ds genebiovena: rnge of about 10-100
um.aches 34 are constructed with a width (w) such that a block copolymer (or blend) will self assemble

. . P : : oo
upon anne !M@ﬂ'”t? 'ﬁnﬁgﬁgh‘%@fE8£&ﬁ§!§'ﬂ‘%ﬁ§s %%y Sylindars,damelias, gte.) spanning the "width
(w) of the trench, with the center-to-center distance of a jacent identical elements being at or about L".

The width ohthesspsicert84: bétweercadjdoentitrenties cdmvarycandiisigeretally apoutero to about
10025, 000 e et L e e o et D0 D e o a
laraellblockrewgsly meludin arevitipitehdvdipe: of Lho)rshicispamth&don rddistétedktocthdaidevalls 38
o e st o RS SIS Al o e
the trenches is at or about sl where # is an integer multiple of L, typically within a range of
about #*10-n*100 nm (with # being the number of features or structures {i.e., cylinders}}.
The depth (D)) of the trenches 34 is about equal to L, (DL} such that the cast block
copolymer material 44 of about L, will fill the trenches, and is generally over a range of about
10-100 nm. The trenches 34 are constructed with a width (w,) such that a block copolymer {or
blend) will self assemble upon annealing inte a single layer of » elements (e.g., cylinders,
famellae, ete.) spanning the width (w,) of the trench, with the center-to-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 L), 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, ("#*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.,



12 * 10 to about n*100 urn (with n being the number of features or structures). For forming a 1-1) 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 foV8 RN about 36-42 am), the trenches 32 can be constRIEREESABA833ekh (w) of
about 24.10 or less, e.g., about 1.0'110 to about 2 13v0 20091099924PCT/US2009/032564 12 about
1.75*L0). For forming parallel lines of half-cylinders or a periodic, hexagonal dose-pack or honeycomb

array of per endicular cgllnders the trenches 32, 32' can be constructed with a. width f)(l) at or about
an integer AtRtiple’ of the L AEaIBe RErEsHers fiLal4YBndRE Y6 4Peiiiith BraRBR120-2,000 rim

foran L" V%t@ea?@wtt?z%zmt) a%8020} EoEexaMBle, & Rleck GerRlMer Bavingase:mm nicn (L

value) deposited intoa wide trench having a neutral wetting floor will, upon annealing, result in a

zigzag patfeHE BEESh WA ATE P StnbHAEARPEGRrdEEei §ie ORS Bty XHEF i&lantE96r the length

(Ib) of e, treneh, rathesthana singlelinapfnerpendiovlarcylinders aligned wishithe. sidewalis down the
center of the trench As the Lo value of the copolymer is increased, for example, by forming a ternary

blend by ﬂ‘sgx&%ﬂltlo .Of both nstl tho fol)émers the, %e isas from tc\%q 1rowst 19 one row of
the perpen rcy |nder§nvy e cen Ster o frafen. TOOS A iodk %3p ymer mif about Lois

deposited G atroutitil thetd:temeheg Bdeand] upomanivealing, ttmwialmic&iagelmﬁt film mgltgelf-assemble

into morphol ies n array of ele en ts that are e ted | ons the weiting properties
of the tren(?h sur a(g()a%sﬁo ?@n%%%%%l cas’ vewe tﬁg of aﬁ%ﬂ an%é?%%% S5 éce Bm%C jfhrlg'ocks and
enthalpie fonggs (riveittie wettihg oher mefexentglt:-\}mttwtg}smade:tﬂwthﬁlpreﬁe mbgii@ti)mt(et@ the

minority blo%< » 1he trenc}:h1 gL%ew?tg%%? z;[md ct% t(I) ?'e strugtgg:e}g thHO l}Fi%e];ferentlal We&tlgg by one
block of the bloc copolymer to induce regis ration ofe e‘me e.g., cyI| e linders, lamellae,

etc.) as th@mtym:ebblbckmsgetf%ssa‘mb!enutlpotﬁsaﬁdxeam)ttheibtemmectmlbcmopdimtﬂcmklmolymer
will seqregate fo e sidealk a0l edges of e rench 0 AsSerBIeRIQ & hin e Gy 14 pligh interface

(wetting) Iayer an assemble to form e nts accordin Ylto the wetting surface of the trench
floor 42. 106521.For example, in 'sponse to neutral weiflng properties of the trench floor surface

108351] A block copolymer material of about L, is deposited to about fill the trenches 34
and, upon annealing, the block copolymer film will self-assemble into morphologies to form
an array of elements that are oriented in response to the weiting properties of the trench
surfaces. Entropic forces drive the weiting of a neutral wetting surface by both blocks, and
enthalpic forces drive the wetting of a preferential-wetting surface by the preferred block
{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



material (e.g., crosslinked neutral wetting random copolymer mat) and preferential \ vetting sidewalls
and ends, an annealed cylinder-phase block copolymer film will self-assemble to form cylinders in a
perpendiculH ORI o the trench floors in the center of a polymer matB&TAAFYWIARER4r-phase
block copolymer film vill self-assemble into a lamelfir array of alternating polymer-rich blocks (e.g., PS
and PNIMA) that extend across the width and for the WO 20091099924PCT/US2009/032564 13
length of the tiench and are oriented perpendicular to the trench floor and parallel to the sidewalls. In a
trench haviige preterdrIShABHiAG fosR SdeipaR At RIS HRes AR EARIPRG IR HAASE block
copolymer filipwiillssali-assembla o formdires.ahhalfaulingerss indawrolymer matrixexiendiig the
length of the trench and parallel to the trench floor. (0053]The structuring o\g i}?{f‘trergch sidewalls 38
and cns 4918 N RV RIPSIFRRANG EISES BheBH RS BIITRS IR POty et TWAIEITAT t8 form a thin
wetting laygsiomihesa :sudacasinfaiy ayige: praterential welting.sutfaces, fenexdmple, in the use of a
PS-b-PMMA block copolymer, the material layer 32 can be composed of silicon (with native oxide),

oxide (e.g. %%%r?e” oxide, 210,), silicon aitride, silicon gxyearbide, jndium tin oxjae (1T %&{!&90” .
oxynitride, {an sist ma erlrfls Slch a8 such as met acryla{el-%ase resists, among other n%aterlals,
'which exhibitprefeertidkviatthgaOiardthy PiMivhatbiodko frthe:isa ofctiogingerphisscopolymer
material, the material will self assemble to form a thin (e.g., 1/4 pitch).interface layer, A and
BMMA oy B S o B e T o
copolymertivaiedepoltrermaisriakwilld ssemblechntdalterating Fvilaand RS dametiddb o dy2 pitch)
within each trench, with the. si [l interface (¢ 14 nitgh 4110 e[ iments, a
preferentizze\'/g’é’tﬁ}% Wﬁa‘%ﬁ%&%ﬁ 'as ]é“% Jﬁo %‘ﬁé%hﬁ%%&ﬁ%%&gﬁaﬁ (F %ﬁ?ﬂ%@ﬁ?ﬁr&}éﬁ} ﬁgg{elegg%%% an -OH
containing tpietyide. gidhyshoxyetidinetisiory fatd) camdbappiisdomd thessurfaces Qﬁhh@ trenches,
for examplg,. by.spin.goating and #@%&-g&%%@% 49, ARAUE LRGN allowiihg terminal OH groups to
end-graft to oxmlle sidewalls 38 and ends 40 of the’trenches. Non-grafted material can be removed by
rinsing witk:anapprbpriatersolvesit(aigridbiiera)iSed Hor wiarmisiabManskipat &in Science, 1997,

275, 1458-3460,.a0d Jn 2t alamuik 2008 224 (8aR1 A880: 10023 Hhersiuatying. of the drepetyfloors 42
to be neutral wetting (equal &ffinity for both _ o

PS matrix. In the use of a lamellar-phase block copolymer material, the material will

assembie into alternating PMMA and P8 lamellae {(e.g., ¥4 pitch) within each trench, with

PMMA at the sidewall interface (g.g., ¥4 pitch).

{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



blocks of the copolymer) allows both blocks of the copolymer material to wet the floor of the trench. A
neutral wetting material 30 can be provided by applying a neutral wetting polymer (e.g., a neutral
wetting rand¥th208%8¥Mér) onto the base substrate 28, forming the materidt¢(dyeP28994de&tHen etching
the trenches to expose the underlying neutral Wett]rﬁg material, as illustrated in FIGS, 5-5B. A neutral
wetting random copolymer can also be applied after WO 20091099924PCT/US2009/032564 14

forming the trenches. for example, as a blanket coat by casting or spn-eoatrng into the trenches and
thermally proBesgiHy: teeReis thensatsiirimbanipbticRrbb IHe YeHcHes By eapRy a8fon, which

results ‘i” %J%&fe@ﬁﬁ@tﬁ@fﬂﬁﬂﬁg&&@%gﬁ%ﬁ%{ﬁKﬁ‘@nﬁ@éﬂﬁ@@z‘ﬁ’@?ﬁ@%@c@gpﬁ ERRAIYPASL 4R another
embodiment, the random copolymer material within the trenches can be Ehoto-exposed (e.g., through

a mask or FéHEIE M6 CivssTRCIE FARTEM BOiSHBrSRATRRStHE R CREE th 6 e Netittil Wetting
material layar: MoRgrassiinked rapderssonelymar nateriabautsicdathe tienchas (88, an the spacers
36) can be subsequenﬂy removed. 100561For example, in the use of a poi,block-methyl methacrylate)

block copofFREEEFSIPRINIAE R fitrd- (T PHBto-BrodsabletidRbisH RS PRINATEBESR mer
(PS-r-PMNAy yuhich exhibite.naBnpreferential arneuital wetting tomars BSandiPMVA:Gandge east
onto the base substrate 28 (.e.u., by spin coating). The polymer material can be fixed in ace by
grafting (ofPAHEXCRY Sb&t A1) Giebg ezt G PRStoIicamy CraRKTRIAY @R SIHEEEPETSm a
mar that isypgutrat wetting to PS and PMMA and insoluble due to the crosslinking. 10057fln another
embodiment, a neutral wetting random copolymer of polystyrene (PS), polymethaerylate (PMMA) with

hydroxyl graup(s) (e.g., 2-hydroxyethyl methacrylate (P(S;r-MMA-I=fIEMA)) (e.g., about 58% PS) can
e can ne DIRAT. o Pl S Rt S T (S U Bty A gy S b D-10 o thick
by heatingcapabout: X666 Bivabagt 48:moiihs. Feepifoexarsfileabicetatiprtanyifitiv] 2060 22 er

7855-7860 100381 RYTace 1Rk S AeUIal WRTING IP P RoR-EMMA G20, 2152 3 RISAAIRG Y. PN
be cast onto the base substrate 28 {e.g., by spin coating). The polymer material can be fixed
in place by grafiing {on an oxide substrate) or by thermally or photolytically crosslinking (any
surface} to form a mat that is neutral wetting to PS and PMMA and insoluble due to the

crosslinking.

{30571 In ancther embodiment, a neutral wetting random copolymer of polystyrene (P8},
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 layer of a photo- or thermally cross-linkable random copolymer suchas a
benzocyclobutene- or azidomethylstyrene-functionalized random copolymer of styrene and
methyl methacrylate {e.g., poly(styrene-r-benzocyelobutene-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



coating a blanket layer of a photo- or thermally cross-linkable random copolymer such as a
benzecyclobutene- or azidomethylstyrene-functionalized random copolymer of styrene and methyl
inethacrylat® @2§99888&kyrene-r-henzocyclobutene-r- methyl methacrylateP@ESUARIIRIEBC33)). For
example, such a random copolymer can compriselabout 42% PMMA, about (58-x)% PS and x% (e.g.,
about 2-3%) of either polybenzocyclobutene or poly(para-azidomethyistyrene)). An
azidomethylstyrene-functionalized random copolymer can be UV photo-erosslinked (e.g., 1-5
MW/cm®.2 ERpBEHE! o KBS LIS Se BRSO AN 50 5hHlésPortreom S SSHNEE., at about
170C. for aboud:4 hawshierforma (W 20094099924P CT/US 2808/03286 41255088 ikedpalymer

mat as a neu‘tralﬁ}vgegtjln Ia}éer 30. A benzocyclobutene-funcfmnalized random copolymer can be
thermally B8 Hrketd l(gé‘d%‘t‘ ABABERHIE for about 4 hours or at about 250C for about 10 minutes).
[0059]in another embodiment in which the base substrate 28 is silicon (with native oxide), another
neutral wefti§urfaee:foriRSchBuMiMé& canviieghrdvidesk by hydre g8nsteiiminatedisiizon: &odexample,
the floors 42 of trenches 34 can be etched, for example, with a hydragen plasma, to remove the oxide
material ard 16 %}%‘ ro?gvé('r@t%%‘iﬁgﬂfecdl}gﬂ |ECI6nE§j(?)(\aImc a?sﬁ‘ﬁ 6?rgllg\f7§e%t§fg}§wﬁﬂ%ceﬂq E"giné?ﬁ‘nﬁf?/ for both
blocks of asblock copolymeriméterinlsudhl asiRS:heR MiMA: bbtarmidatedesiticgiiccantbe prepared by a
conventional process, for example, by a flugride jon etch of a silicon substrate (with nagivg oxide
; o1 (HASH re S ox1ge mafer ( NYArooen-~ier o0 SUICOH 34,

present, a%%hi.%oﬁfﬁ é}f’\)‘fﬁy giﬁlgs()afe%%g gﬁiaqﬁea&ilsag% %t%ﬁn of' y1 bnen %girfé%i‘ (ﬂllg)qanof buffered
HP or ammednibnes fleondextid b 48}, byl hiapor freantieniyds by aiydkogeniplasmeetreatment (e.g.,
atomic hydrogen) an Hster ninated silicon substrate can be fyrcgg%r_prgggsg&g QXE @tté g %fandom
copoIymerbélﬁ%ﬁ“az?ls?@%s%é%gf&% 3}158,%%8%5%%5 rate lr\ésu%/ti%‘g’ ma néﬂtra?)véé“ttlgﬁ@ surface, for
example, yan;ile situdideratiical polymesizdtion ofistyrencaihdaiethykidetirasniaasing a
di-olefinic linker such divinyl benzene which ‘I‘j}nklg the nolymer to.the su ﬁg ?%derggﬁ a af-about 10-15
nm thick film, 00§6)0 F’nb(})(é?e}ue'm%z%%ﬁgﬁtgft% }iﬁ lice fo%maf%% 0 pé‘r‘éﬂ{e r&‘ -cyﬁhc%%s ir the

ammonium fluoride (NHgFY, by HF vapor treatment, or by a hydrogen plasma treatment {e.g.,

atomic hydrogen). An H-terminated silicon substrate can be further processed by grafting a

random copolymer such as PS-r-PMMA selectively onto the substrate resulting in a neuiral

wetting surface, for example, by an in sifu free radical polymerization of styrene and methyl

methacrylate using a di-olefinic linker such divinyl benzene which links the polymer to the

surface to produce an about 10-15 nm thick film.

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



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 WitROAAI&93¢ about L, will result in. "n" rows or lines of half-cyliREdrE PRI the
sidewalis and trench floor) extending the length (4}6and spanning the width (TI;) of the trenches.
[0061]Preferential wetting floors 42 can be provided by a silicon material with an overlying layer 30 of

native oxide, or by forming a layer 30 of oxide (e.g., silicon oxide, Sio,), silicon nitride, silicop

O yoarbidBU T SIREN DR PGP raal S06H L6 Shehe A UL Shetatb deat faetss, etc,

over the base subsirate:A8: WE20)AIHA39924PL HUB 200 HOIZp6Y therhandopb ytlietsblended to

have a pitch at or ahqut L) is, then deposited into. the trenches 34 and onto the trench floors .42, and
Btie Lobal reLabe o

processed Stich th RS Wi R LR R LGRIHETE PR ISR BB SO HEr dkérial can
be depositédhy: spincashing0{Spinbeating fromitditite colufidr (@] gheul(:2 52 widsdolistion) of
the copolymer in an organic solyent h as dichloroethane (CII)C17) or toluene, for example.
[0063]Qapﬁf§r§/%?iéb%{%ﬁﬁtg %@%ﬁ% Bigk %%ep ‘ﬁ}/ﬂr%z?"ﬁ% erial 44 (e.g., greater rnonolayer) into the
trenches 34. In a trench having a depth (D,) at or about the Lo value or die copolymer material, the
block copol§feéi is degroBitedieochill thél tevmsh sﬁ‘i_ﬁ@ l_ﬁa@k tivieknesy (ﬁa‘teifiﬁhé‘ﬁé’p@sﬁétﬁﬂmdbkﬂ a
copolymer RAEASIal AR AL hauhd. 0 anftie I ol aseemble Ja /M A Re YeLAelements

(e.g., cylinders lamellae, etc.) across the wi 1) ot the trench, thie elements having a

diameter/wigthararatoue 015 Loe gecktionp oy, dop exahiplel ahgyprosiithicknéss tha Jiska
lamellar-phase Ro-b-PMMA black conglymer film 44,15 about #.20%. ob g LO¥lue ¢ the,gopolymer

(e.g., about 10-I0U am) to form alternating polymer-rich"lamellar blocks having a width of about 0,5
Le, (e.g., B0 Rithin leaoitierdh Jaiciel a5erent éfe@emiaml;m@iﬁw&h%‘@ﬁﬁm thicker than
Lo, e.9., UR.{a:about;+1000248 of e Liexalhe 1lhe thickressolbenim Aeands measurashfor

example, by ellipsometry techniques, As shown, a'thin film 44a of the block copolymer material can be
deposited eht5thelspacarss oftpshatisharmyér 302 s HIRm-WnTo i S MvhéMpE &t elements with
no apparepf,styeiure fromy & lnsdownBeISNGETVE. (8.0 o fameliag iIna paralielarigntation),APR64i The

block copolymer material is fabricated such that each of the self-assembled |gqumer domains has a
different séfaBiRjFeRETgGVEH RR ClanesmlardarkechempaMsapplied s 8n brdslic SolUfiSH, either

neat (undisselyed)ersambinedivithasolventdhaknil beselectiveb.ahsorhed intaiand cause one of
the polymer domains to swell and become impre§é1ated with the ink chemical material. In some

embodimefRs ik bUERGtthd e divertiwil e Serderver AbsEiBetints SASGRHE Bdmer domains.
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



10065]In some embodiments, the block copolymer can be chemically modified a -functional group
haying chemical affinity for the ink material, for example, a Thiel or amine WO
200910999 M@ 209 982936H9/032564 17 group. For example, one of the blocRE EARIMAEINMY contain a
anal or amine functional group, for example, polyv]r?tylpyridine. [0066]The film morphology, including,
the domain sizes and periods (1,0) of the microphase-separated domains, can be controlled by chain
length of a block copolymer (molecular weight, MW) and volume fraction of the AB blocks of a diblock
copo|ymer%&%Poo%éﬁﬁmaw%wﬁ8}%@95&8%&?&%&%5%&%@éé?%ﬁ@%ﬂ%é%ﬁcm@z]For
example, fg;@@lﬁum&gf@ﬁggg)sp@g,@ﬂg@}%g@{@r than about 80:20 of the two blocks (AB) of a cliblock
polymer, a block copolymer filmmierophase separate and self-assemble into a periodic spherical

domainsvgg% heres of polymer B surraunded by a matrix of polymer A. For.ratias,of the two blocks
generally BokGebn abBUT BOAL S B8 50t HIBIGEC EOBRITHE? ASSAIS Thed Bebclc cylincrica
domains ofipalysherBeyyithined doatriaafpalymenioRol atidshetwetnodbditS0c50:end«60:40, lamellar
domains of alErmatng PGS 8 e DISRR AR RIS u R URAR Sz YRiRIN 1AngEs o, §-50 fin

b

produce lamellar, cylindrical, or spherical morphologies, among others.

[3067]  For example, for volume fractions at ratios greater than about 80:20 of the two
blocks (AB) of a diblock polymer, a block copolymer film will microphase separate and
self-assemble into a periodic spherical domains with spheres of polymer B surronnded by a
matrix of polymer A, For ratios of the two blocks generally between about 60:40 and 80:28,
the diblock copolymer assembles into periadic cylindrical domains of polymer B within a
matrix of polymer A. For ratios between about 50:50 and 60:40, lamellar domains or

alternating stripes of the blocks are formed. Domain size typically ranges from 3-50 nm.

[3868]  An example of a lamellac-forming PS-b-PMMA diblock copolymer ({1, = 32 nm)
to form about 16 nm wide lamellae is composed of a weight ratio of about 50:50 (PS:PMMA)
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).



100681An example of a lamellae-forming PS3-PMMA diblock copolyin r t(1.:" =32 rim) to forrn, about
16 MI wide lamellae is composed of a weight ratio of about 50:50 (PS:PMMA) and total molecular
weight (M," Y 2BVR892kg/mol. An example of a cylinder-fonning PS-b-PMREA/ESHIY/AIdTohaterial
(La= 35 nm) to form about 20 rim diameter cyIindr?gal PMMA domains in a matrix of PS is composed
of about 70% PS and :30'N PNIMA with a total molecular weight (Mn) of 67 kg/mol. [00691Although
PS-b-PMMA. diblock copolymers are used in the illustrative embodiments, other types of E‘I[ock
copolymers{§&] trib?d%@é‘?“t%‘iEfﬁ?éliﬁaﬁl%ﬁ%ﬁ‘t@ﬂéﬁ@éd%h}?ﬁé?§¥’é%fﬁ°§e“ﬁ§&éﬁ%&ﬁﬁ%ﬁi‘8%ﬁo ibock
copolymergdngitde pely(styrane-hioskmethvk methagiviate) (RS RMMA) ke same type of
polyethyleneoxide-polyisoprene, polyethylencoxide- atadiene, polyethylelcoxide-polystyrene,
polyethe|eﬁeb‘sa&’é'§ﬁé|§m@fﬂwﬁa‘thméﬁféﬁséﬁygfw@ﬁabﬁaiﬁfvimﬁ&%ﬁ B SrEREipbISiEPrene
(PS-b-Pl), polystysengcr pelybitagianacpetyiutadienrp o vayHdnNeT e volume fraction of the
polyisoprone-polymethylmetbaerylat and polystyrene-polykietide, among others, Examples of triblock
copolymer& Ttiiae Poly (APraneoittR Mgty é‘tf"r‘acr@%@é%‘éﬁ-i}’iﬁ;}%’ﬁ%ﬁ@éﬁ?ﬁ%@ ymes
200910999R4RGTAPS2009/03 2564/ 18 {0A MR herblagk eeipohirer iImatsrinboanialsoheitrmulated as
a binary or terpary blend comprising a SA Hoek copolymer . and one or more homopalymers of the
same type%%ﬁ%g? 3*’5%"'?%@6’&&%%% B%g%‘?ﬁ’ﬁffélﬁ?{?f@ggﬁ&y \ ‘r?‘fov ’ﬁ?gdﬁég]%‘?é%%g%%ﬁ%well the
size of the palysescabmains agdinaeaserthiedutavatighobintpolyrien pbivarvelume fraction of the
homopolymers can range from 0 to about 40%. An example of a ternary dibtock copolymer blend is a

PS-b-PNI @dﬁ’ /PMM blﬁnd fqr exa,miplle £OK121 §?§1§PM'\AA cont &niqge4g% gO%é alystyrene
/ 5 K S CERET annenied 10 cads 3 E :

and 20K. I|?J/[Iolyt| et ;ﬁr%fﬁaéﬁ? 5%3310 The 1,'4 va ﬁé of the po yr%wé’r can é%ss) Lbie %oq?f?ea )53 agﬁﬁstlng the
molecular wgighteofithechioskeotpolyenerdijaoptiicTielblockdopdipenariimsdado fientansdaled to
cause the palymer. pIpeks 1o Bh: §§r§a%?e%.rcﬁ&§v%q A% %%%%QL%; 98{%{?&§8g'ﬂ%1ﬂﬁ%f§£%9£ﬁ%ha”d
neutral wetting ofb'_[he trench surfaces to Corm a se -assembled p lymer film="The resulting
morphologiiiof #id apneatechiiien 28 teantapemehdival Bebaehtationoilah éinelearbaeramined, for
example, Uging @wm%cnﬁ?&mwaﬁw (AEM): RS missIoNSISEUaR Pieass oRY.LEMY S5aRNIng
electron microscopy (SEM),

microscopy {SEM),

{66721 In some embodiments, the deposited block copolymer film 44 can be solvent

annealed. In embodiments of a solvent anneal, the film can be swollen by exposure {0 a vapor

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



[00721 in sorliC embodiments: the deposited block copolymer film 44 can be solvent annealed. in
embodiments of a solvent anneal, the film can be swollen by exposure to a vapor of a "good" solvent
for both blo®k, AAY X 4apor can then be removed. Vapors of a solvent sSURGTASBYIABR&hloroform
or a chloroform/octane mixture, for example, can g exposed to the film 44 to slowly swell both blocks
(PS. 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, [OQ73] The block copolymer 1‘Virln¥144r can also be
thermally hiI0 5 T SFHERRIE tém et (8 Y2 A AP 1561280 INAR & MEEphert that is
saturated Qingarly. sawratedhytnebsunensalurRtiediwith agetvantin winaksbathdleeks @re ssluble.
The solvent-saturated vapor maintains a neutral air interface in conjuncti ith the surface interface
with a neufr3FRRTEN G G ab)i@treﬁta %?f"ﬁ}é&ftﬁg%é?ﬁré’ 7 gn@*ﬁ&%‘&r%é%}ﬁﬂg 4ces induces
the formatipi@lperyendisuialdeaiuresshroughout theofinah IO 20003022924 RCTAIGZ20004082564 19
a neutral wetting trench floor 4%%}xhi‘p}iﬁ nggtr%qr non-p Q}fe[ﬁétlial g@ttjngdtiovya}rd t})ﬁm thrbfogk,s, e.g.,a
random gréﬁt%%fi%/ BIFHHE BoIYLFirhesr ARRASEIERL e MBI it A i 18 BoRposed oF **
alternatingqaalymer-richiiel eolss: 48 8 Qe is PSs and PMMAL); dhadamellas Heotks:48:G0tare driented
perpendicular to the trend' floor.42 and parallel t thgﬁ_;g,jgevy?lls 38, g)gterndjnlg ﬂth%len%higf tte trench
34 and spannify e HdHERT SOA T H0RPEge B RV ATTA 4t 'oF AB6HE: e TEHEFAIRtS provided by
the width (wehofdhestridnches anckthe gharaciesiofdher cdpolymeacafBisitiorscdralbingd (ithof
preferential or neutral wetting, surfaces within the trenches result, upon annealing, in.a single layer of n
amellne. 252 S5 hehod B A (o oF T EhAHAE RATEP HToh SIERLe o ISR EHa E oRks within
a trench issactbreling falthewidth: (v oftiedrenchednd (e oletulatorieighiofiind). of the block
copolymer. For example, depositing and. annealing an ahat 190, PS:PMMA block, copolymer film
e R T T T Ak ADCTeD o e A SO BE YR Wit o about 5
lamellar pitehesh i reStamping byrfa2eua thexstermp 26(0s:thusidefinad: byilh Jadeltse dredyzofpolymer
domains that define a linear pattern of lamellar blocks, each about 14-18.run wide. and, several microns
in length (él.}é.), %i?gb? ]!61%2%8 %1%’@ \“éintzjlga“ Cbiéiﬁ?gﬁ?l%fg‘gﬁif”ecr%lt% # abou %’gﬁ:ﬁ&ﬁ 2%611%?pitch can be
dialed in biausitg lowerafiptdeular deeightsdittodkicopolymers{00 75 ficembadinektsdrcvhichiia film of

a cylindrical;phase Hoek copolymer is deposited into tfrenches with preferen i;fi’zli\é’exﬂ@ _%de.yg@glé and a
neutral We?fi?ng tF‘é‘ﬁé‘h‘ﬁb%‘F,‘%‘*p‘g%r%%‘éaﬁ’fnsgf“r#é‘%%i&%%’f-?E?%gg\{ éc%ol@%?f ﬁ m will self-assemble into

a film compuskediofipetféndicularsoridntedidykndésdidlodendftheippimer ioekslfe s EIMMA) within
a polymer gﬂ,@gr% ég)g{ the other polymer block (e.g., PS) registered to the sidewalk of the trench.

[0076.1 FIG, ilustrates 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 y
perpendiclorintatbedimaaisis shighRin Bpggrrgi ek BRsTRe S deRaANE s a3 hd ends
40" of the tranches 34 Rt ysedAscanatrainisiie induce. ariepiation.anshregistrRtion of gylindrical
copolymer domains to achieve the hexagonal cylindrical array registered to the trench sidewalls. The
width (w,) BFirE iRy Badss-aber apsttymer g Vil Be6SCRRiEH R Akt PRIFHSEP 'of rows of
cylinders, andthe fiench ength s at & TrRhquhmiay whichselings thenumbeial.cxlindears:per
row. The ends 40' of _ _ (

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



WO 20091099924PCT/US2009/032564 20 etches are angled to the staewallsat an about 600 angle,
and in. some embodiments can be slightly rounded., A cylindrical-phase diblock copolymer material
having an inMEr&MP#eR24t or about LO Or blend with homopolymers) and. Z€HAARESY (3256t about”,
will self assemble upon annealing to form a hexag@nal array of cylindrical domains 52' of the minor
(preferred) polymer block (i.e, like domains such as I''lMMA) that are oriented perpendicular to the
neutral \\tali:1g floor 42' of the trench 34" within a matrix 54' of the major polymer block (e.g., PS), The
minor (preféf&gypotymerbidek ethe, TIUAMA PR lsegragats. 1o aiepratériéntisg kettindisiddialle, 38
and ends 40 {0 form,a welting layer, 34anLhe ﬂ@g@&%@h@gﬁg@g&%ﬁ%m&em&i&f%%%wlmders

according to the width (Wt) of the trench with the cglinders n each row being offset from the

cylinders iRKE @daBdREsBWEIR A R8N eohtai Rl BB Perepmusrss jenerdlF esiiHaers, which
number cagyuary acearding.ie-thedangth {Ahafitherench andihe shapgof the lrenehi erehieg..

rounded, angled, etc.) with some rows having greater or less than tit cylinders. The cylinders 52" are
generally s?ﬁgc%d%ﬁ%‘%‘t @%ﬁ@ﬁ%ﬁs@ﬁh@é%&%%ﬁb@&@ﬁ@lmw ealAihdéridthe same raw
and an adjggeni:rovs(Gentelda-cemendistancaliand ak-apilghidisianae 1p)ak onaneui:L04gos(7 16) or

0,866 L" being the distance between two parallel lines where one line bisects the c§linders in a given
row and thE'oihaiohme BrsecRiare @ylinders Tramiiacentrair) Pebystantiny SufatdSf therdthmp 26

is thus defingd-by;amanay.of-palimersomains Jhakdsfing hexagenal eshoneysamblpaitem, of
perpendicular-oriented cyl aers 52', each about 20-22 nm in diameter with a center-to-center pitch of

about 42 nhi BOFEPIIhAERE I BB SIRENTURH Y SEsIFiePhESE THIoIME HraSHEF the trench
dimensiong.gam hamadiied@:1serthe #enchsidewalisandends.asgonsipintsiangduce origntation
and registration of cylindrical copglymer domains in a single row parallel to the trench sidewalls. The
trenehes ar@ SRR hAPE S R thoe0 U5 IS REBH BB G B @,»7%%% PYERIE B i block
COpolymeram%@&eiﬁkag,S ﬂ%klw@étweﬁl}i g ﬂl@@fm@igpbggim?aﬁl@%a Slfenf&éh@:a arg gr.gtzfeuﬂaé&yet@@iby the
minority (preferre ock (e.g,, the PMINTA block), of the diblock copolymerPS-pb-PMMA), A
sl s oS RSPORIGE ELFUIEA 1 BTG s b SNy it SR lor about
LO can be gepeositearintosthecenahest® g thickness: {t,) efabautibe :0ivaduénahthe:eepolymet
material Ms in FIGS. 7-7A), As illustrated in FIGS. 10-10A, .thﬁé?nnealed lock c mp%%/}gggr fil

self-assenEIES 5 017 A TG QB ITRS pr BUILECT BY e RIERRC (1) & Fothe Ak (16" W)
20091099924REF 1) S2RQAUA3ABHAce between two parallel Hnes where one line bisects the cylinders

in a given row and the other line bisects the cylinders in an adjacent row. The stamping
surface of the stamp 26' is thus defined by an array of polymer domains that define a
hexagonal or honeycomb pattern of perpendicular-oriented cylinders 327, 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



21 character of the block copolymer composition combinea with a neutral wetting trench floor 42" and
preferential wettie ialls 38" results in a onc-dimensionaarray or single row of perpendicularly-oriented
cylindrical dYR2#/BY9%t the minority (preferred) polymer block (e.g., PhillRAT WP ARMtrix 54" of
the major polymer block (e.g., PS), with the prefer?éd block segregating to the sidewalk 38" of the
trench to than a welling layer 52a". in some embodiments, the cylinders have a diameter at or about
0.5L., (e.g., about 20 urn), the number n of cylinders in the row is according to the length_of the
trench, and#Ecter of g tipsda AERYIH SRstaReBiEr D BEtwed H BREH ARED SYREIRY S %émé at or

about Lo (eg, :ﬁﬁ%%&@eﬂﬂﬂ)'\%@iﬁx{ esiiting stampiag suriace of the slamp 26 19, defined hyan array of
polymer domains that define a single row of perpendicular-oriented cylinders _52':69eaqh about 20-22

urn in diamfEt8 MR R edREB-cdRIS DR SFEH Gl RE HIA (00 78T RERSHINGMBH IS RIS ™ME-11A, in
yet anothepgmbediment:using areylindrieal- shase genalymenmatariabhetrenehesd4 iican be
structured with by preferential wetting surfaces 38, 40, 42 to induce formation of half-cylinder
copolymer HBIHETISERK AP E aIRsr s srnth AP are B Q! FArIE SHEatiBh 18 thetréfith floors
42" and registered-tosthersidewalk 3dinirRreiorantialyoweting floar42 " car be grevided:for example,
by a layer 581 of oxide, silicon nitride, silicon oxycarbido, among others. The stamping surface of the

stamp 2645 BERNEE’DY &1L BFPSIThIEE HOMARE Haraenratisas Brh eyt tere dsen about 20-22
nm wide apg-sgveralAieansitdepsih (Os8mahout 10400 an)iantbanepnteriadeentespitch. of about
42 11111. 100791 in another embodiment of the invention, graphoe itg)g (topo ‘rapagg,fegt#r,es, e.g.,
sidewalk, ER4E" bed§ fs: AEBE" (0 iffitlentd (RSO MB TR AREYS ToHE d p AN

n,
floors provigde:ayetting patednthat canhr tsed ahgmically convotdormation-afdheairdys sra, second
dimension. Fg;aixgn?!e%asﬁillus ated in FIC S. 12-12A, a neutral wetting material 30" (e.g., random
copolymery SHhed on The DAL S B stite S8 YA SFSiRkdLha S8t 1éFons 60™, such as by
photo-exposure through a reticle or a patterned mask (e.g., pheteiresist). As shown, the
non-crosslifikéd} re§ighsiofthevneuliEkMetiing hateris] 80 thiraae hdanmemevec: (@ gndoyalet
processin s in% a ,Iv%ng 59 expos the sectigns 62" _of,tt_hef under|: 'ng ,b§%§ §UQ§15rgJ%T%§"", resulting
i & pattert OF LIOKe 1Sgione WO 2008 LOB00BA T I SA00805350A 3 el At

surfaces 38, 40, 42 to induce formation of half-cylinder copolymer domains 56’ in a polymer

matrix 54" that are in a paralle! orientation to the trench floors 427" and registered (o the

sidewalls 38", A preferentially wetting floor 42" can be provided, for example, by a layer

58" of oxide, silicon nitride, silicon oxycarbide, among others. The stamping surface of the

stamp 26" is defined by ap array of polymer domains that define lines of half-cylinders,

each about 20-22 nm wide and several microns in length {(e.g., about 10-4000 pm), and g

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



60™ of the crosslinked neutral-wetting material 30"copolymer) and sections 62" of the exposed
preferential-wetting base substrate 28". 100801 As depicted in FIGS, 13-I3B, the material layer 32"
can then heifhHOY % trenches 34™ etched to expose the sections 60" oP¢HEUSRUAPABEAEHing
material 30" and sections 62" of the exposed badé substrate 10" on the trench floors IV" as a series
of stripes oriented perpendicular to the trench sidcwalls 38". The trench floors 42" are thus defined by
alternating preferential wetting sections 62™ (base substrate 28"") and neutral wetting sectigns 60™ (a

mat of the BRossHhREFIaTHBRTESRORARIEH. T ST/ S EmBEHIRER EOROALRGH e Sedtiiidean. have
a width (w,¢f) @t ok gheutylds@cand inather wmbadimantgsthe neutral wetting Sections 60™ can have a
width (4/,.2) at or about I-11,0 and the preferential wetting sections 62" have a width at or about 1.,".

The trench Walﬁw 3™ an .erﬂ?‘,{ 0%'.(ed, fﬁqxi,ge,:qr( prefgrential wetting to the minority-
(preferred)ig ock o '?%% S5k &Bpo ym'eirfg‘f% 1A ] ?r%c‘fﬁgia\%l ﬁgse B?gc\{lgl%%%%ﬁﬁrrﬁd%%tﬁré#g.. pitch Lo)
can then becastof$pliicdatedinigpthe nchesd4 0 asElhe thicknessigofateoat Bidiidiamnealed.
As ilustrated I FIGS, 41413, the difering wetting paitens, on the rench floo: 42,/ mposes ordering
on the cylindrical-phase l6ck ¢ polymer filmas it is annea ed, resulting in"a 1-D array of alternating
perpendicuiaizesientetb ¢ ylimperdi St antip aralled-odentd FHlfcylinders:86 Mofos the' lemgth)of each
trench, (0082] After the copolymer film.is annealed and k ,th film can, then b E,&%ﬂto
crosslink e Dbt LB i B B e B T Sl
self-assemiédngolyrienbi®éRs{dinet pdlimerssehinidod stndoturagebyinhef@htly. elosslink (e.g., upon

exposure to ultravi I.E( (\( re "tiQ\_ -i{ ludi Hee nif.aviolgt (QU\) iatign) e or both of the
polymer blg%%g %¥% rg‘égao%’ygﬁ}%rﬁggr% %%ﬁ%ggo‘}p?ﬁﬁ{[ggc@ fi a'cc?r%'}l{lr?j {g %réé%ﬁ}r% %Bﬂgaigent. [0083J

Optionally cthbodhistraetibeciehimifilmitdda sof e bidCK copolymerviditefialbatsitebthe Hendidshe.g.,
lamellae in g parallel grighiation on spacet, 36.10 EiGy, £6A).can then beremaved; as llystated in FIGS.
8-8A, In e?%%ociments inﬁ W i'c% the ink chemica &/éu}fd ﬁ‘era'tislorééd E?/ethe fiim 144a, the film would be
removed, 3Oe2¢091009924P T4 432009032864 welting to the minority (preferred) block of the

block copolymer.

{0681} A cylindrical-phase block copolymer film (e.g., pitch L} can then be cast or spin

coated info the trenches 347" {0 a film thickness (7} of about L, and annealed. As illustrated in
FIGS, 14-148, the differing wetting patterns on the trench floor 42" imposes ordering on the
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.



23 100841 For example, the trench regions can be selectively exposed through reticle (not shown) to
erosslink only the annealed and self-assembled film 46 within the trenches 34, and a wash can then
be applied WP 29%98Ppriate solvent (e.g., toluene) to remove the non-erd&sTtikEYPBRRAS of the
block copolymer material 44a on the spacers 36, I%"‘aving the registered self-assembled film within the
trench and exposing the surface of material layer 32 on the spacers 36 above/outside the trenches. In
another embodiment, the annealed Elm 46 can be crosslinked globally, a photoresist material can be
applied to pHiht afdrexgEsEaHEGFEss g e AL ba Blegtird spavees SerauBiastHectfantch regions,
and the expesed ROHIORS:Rf thecapalymer.fim sanhetemoradifarexampla iy AR S GANLQP)

plasma treatment. The resulting stamp is structured with-aping surface 64 composed of an ordered
array of pofyiisFk d8idfsteagr sel Bl PN HEsHEe SARYH Sk SRiNHIPG OHIB & Fééptor substrate.

The stamp:anctben;pe.inked:and hrouaht Rt coniach wikh.the feeepiorsybstatedanradues:the
pattern on the substrate, [0077] The ink ellenl is selected such that it will be absorbed selectively into a

polymer ddRtatietith saircaalisthbies Bolmbr MREY0E PHEISIREIRI fOVERs 6f BtsFAdRYESvalent

force or bondife. G bdragen.hent gt Jandwilldorm a-sei-assambled.menclaver (3AM) gn the
receptor substrate. The ink chemijcal can include one or more functional groups that chemically react

with the ret¥ptrSapsirktes’ FRBAHemRA AT BEENR IS PRPHRASNAFAHE B0 FBEptdrSubstrate
is greater tharstherehemical affiniyReiwesn Heolnkinateriahandtbepolyntandemairdnpwiiiehit is
absorbed. In embodiments of the invention, the ink chemical can have amino, thiol, alcohol or
alkyne funCliHafGroupe EXEhTBIRE IR Eie MICEIS TR % Hhily $titk-4s BASmctaTEthiol,
aminothiophenol, cysteine, hornocysteine, leucirtethiel, 2-butylaminoethanothiol,
2-eylcohexXggifijnoEteansethiol setonmercapiosidohidis:stuchiasgnertaptbethansise(eod 3n ordered

2 mercapoeANOl IS 101201 esispiopiopeneda Zmercatlopiopanel) and
mercaptob"u?aﬁolspe:g., 2l-mereaptio-’ 2Butanot, -méf‘é”épf"o %aﬁo}l); And ace §Iénles chffi}hydrocarbon

tails or otherfuirctiol&kgreupscsucheassaloddadisndihals g WG 0091099824 RCTEISR008032564 24
[0079) The inlé&hemical. ateri?#is in.the form of an organic solution such that it will diffuse into and be

. STOGUCe i alicrn o £ supstraie, . . . .
selectlvelfa%sor ed gy onie of the polymer domains causing the polymer domain to swell. The ink

chemical material can be in the form of a neat (undiluted) solution or combined with an organic solvent
that will préffiété diffeisioh Sramecm aneivald stasiRidny intontHe b wekcer pbsE dslsidincExalifples of
solvents thatican,be tilized f@@%@'ﬁi@%@%ﬂ@@@'@&hﬁ&%aﬁ%{%@r einylens.glycel@ropylene glycol
and acetic acid. Typically, the concentration of the ink chemical material in solution is about I-10k mM.

non~covalent force or bond {e.g., hydrogen bond, ete.) and will form a self-asserbled

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.



In another embodiment, the ink chemical material can be provided, in a vaporous flO33a, which can
provide a higher level of control with respect to the amount of ink material that is absorbed into the
stamp. The WQH94B881d4be exposed to a vapor of the ink chemical for a suF§ER2IPAOBEMbd for
absorption of an adequate quantity of the ink chenifcal by the polymer domain. i00811 FIGS. 15-18
illustrate an embodiment of a stamping process util according to the invention, as depicted in FIGS.
8-8A. 100821 Referring to FIG. 15, a stamping process can be conducted by applying (arrow solution
of the ink dif8riftal rhatskat@niset matsd in 2 SsIiam) b AtaaHE REHpySuHats 84lor, in other

embodiments, By igxposing thestamping:suiacs tona yaperofiiheink shamicalil hesonaetof the ink
chemical solution with the stamping surface of the stamp is for a time effective to enable the ilia

material tohfdEE s ehd [Be Sdeeavity dpesibd By he tHipEes potird Safiiadjees8 lpon
contact of the stamrRithine ink shemicaldhe Rolymendemai B withrafiiniy fentheirk ehemical
solution (e.g., PS domain) is swelled by absorption of the ink chemical solution, as illustrated in FIG,
16. The othelP JBRyIHEF GOmRAK2AS JAERSubSETRITY HOSGHIFRY HBF AR AR SREFCEFIETS., PMMA
domain) remain:sunshangedofhisresulis in Mo slamping siHace 64 ahihe stemp6ikaying:a
relatively corrugated surface, that defines the lines of the swollen, Polxmer domains 50. WO
200910999FABEIYEHGHNOE564 P15 fhRABA B theoSiinth 28 etid Ftralsfer of the ink material
66 onto the receptor substrate, resuhingin a pattern 70 on. the receptor substrate, as shown in FIGS,
18-18A. Thi{iid} cHemicalumatehialiG6:is, tlansfe redfratrthe starym 36 oy cldedical bgrding of one or

more funcg’onal oups of the ink material wi functional, grou on the surf, Ce, f the feceptor
(S IR Hylerl QVIGE ¢ INCY ICVE | COTRLES i1{ SEE g ] ateris

ubstate €3 OB A A e tor SO e Bl e e S S SR
silicon-on-ihsulatds (18T stibstiates, Silesmon-saipphicef8Q8Y) substratdshanmdkMetmical
semicond%ctors,,,straées such as, §ilic n- e{man}um, germ nium galli ar eniilde %ngln ium

. 10f d SUTnTient (e ferigd Tor absorphon of an adegus Y i cheital by Y
phosphlde,Ochaa?‘f:of‘ifc%?ﬁ1 e-cla S‘o‘%dm%‘igﬁ"a&) rlr?gggne fic Material ué.g.% Rﬁ,%ei,lﬁég &1, ¢ M?”n, t, Tu,
etc.), and gthgmsubstrates used in disk drives or optical storage devices. Optionally, the receptor
substrate 68 can he modified to incorporate functional groups that enhance chemical bonding and

transfer of ihg MK mateyialkirom;ihe stamplamplate (6.9, SiamR2GyRedndigated inskanlerk(below),

Substrates modified with a glycidoxy functionality will be reactive to inks having amine or thiol
functional @?@Hﬁ&%@ﬁ@ﬁéﬁé@m%@ﬁéé%iﬂﬁeéﬁqé&'gn%@ﬂ?unctionality will be reactive to inks having
alcohol or amino functional groups. Substrates modified with eblorosityl groups will be reactive to inks
with {3082] Referring to FIG, 18, a stamping process can be conducted by applying (arrows [} a

solution of the ink chemical material {either neat or in 8 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



alcohol or thicut functional groups. Alkylazido -modified substrates will be reactive to inks with alkyne
functional groups! For example, a silicon oxide substrate can be modified oups to facilitate binding of
an aeetylen¥WQaMBYUWIAH ink. [0086] Table | (below) 'provides examples of ERARHA A2 0dterials that
can be used for selective absorption by one of thezﬁolymer block domains (hen 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 Hacsahielcpiiemt® WePp0sandourAbTUBI06Y 682580 be Redeh I SiHstrate
modification tygidoxy-meeifiedpubstiaies skehas SiQ2.0ralied Wit glyaidaxypropyldrialkoxy) silane
(e.g., glycidoxypropyi trimethoxysilane) oeyanato-modified substrates such as Si02 grafted with a

Lisocyan at‘éﬁﬁﬁfiﬁﬂ l:ﬁg}ﬁgggilsn‘éﬁﬁ*@?@éf@j{%é@;gﬁ}’wpﬁ%?p’;?;6 by chemical bonding of ong or more

functional groups of the ink material with a functional group(s} on the surface of the receptor

substrate 68.

[0085] Examples of the receptor subsirate 68 include silicon oxide, silicon walers,
silicon-on-insulator ("SOI") substrates, stlicon-on-sapphire ("SOS"™) substrates, and other
semiconductor substrates such s silicon-germaninm, germanium, gallium arsenide and
indium phosphide, chalcogenide-class of materials, magnetic materials (e.g., Ni, Fe, Co, Cu,

), and other substrates used in disk drives or optical storage devices.

72

Ir, Mn, P, Ty, ete.
Optionally, the receptor substrate 68 can be modified to incorporate functional groups that
enhance chemical bonding and transfer of the ink material from the stamp/teraplate (e.g.,
stamp 26), as indicated in Table 1 (below). Substrates 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.



itnetrioxysilano, isoeyanatopropyl trimethoxysilane, etc.) Chiorosilyi -modified substrates such s
chlorine-terminated silicon(Si-CD (e.g., from I-i-terminated silicon exposed to gas)
Isoeyanato-WMBd#EPEBstrates such as Si02 gr.1ted with a isocyanatopropfA{EIEIRANSFahe (e.g.,
isocyanatopropyl triethoxysilarie, isocyanatopropyizfrimethoxysilane, etc.) Cblorosilyl-modified
substrates such as chlorine-terminated silicon (Si-Cl) Acetylenies with hydrocarbon tails or other
functional groups.such.as. alcohaols, thiolsi. amine halides,.etc.,.such as: propiolic acid.(or.acetylene

momocarpb¥ylidaeid}iacid :Mc acid AlkylaRidepmodifibe subsiaiéicatiol as Si02 graft with

6-azidosu gy eyl (eToxy)sitane, or Wit 7 B 7oy IS T ATONR, & G DTSR wieh «
glycidoxypropyl{irialkoxy) silane {e.g., glyeidoxypropyl

2-aminoethanethiol =) .
trimethoxysilane}

arminothiophenol
cysteine
. , - i substrates such as Si0 grafied witha
homoeysteine i}isesyaﬁam mmh/figd u‘Lsna’fg u/ch 23 SiOg grait@d with a
isocyanatopropyi{(trialkoxy) silane (e.g., isocyanatopropyl
levcinethiol tricthoxysilane, isocyanatopropyl trimethoxysilane, etc.)

Z-butylaminoethanethiol
Lo JIPRO DS . R TOE I . . gn . . s
2-cyleohexylaminoethanethiol | Chlorosilyl -modified substrates such as chlorine-terminated
siticon (81-Cl} {e.g., from H-terminated silicon exposed to Chy
gas)

- Mercaptoaleohols, such as: Isocyanate-meodified substrates such as 810, grafted with a
isoeyanatopropyl{trialkoxy) silane {e.g., isocyanatopropyl

mercaptoethanols . . ) ) .
P tricthoxysilane, tsocyanatopropyl trimethoxysilane, eic.)

mercaptopropanols
mercaptobutanols

Chlorosilyl-modified substrates such as chlorine-terminated
silicon {8i-Cl}

Acetylenics with hydrocarbon Alkylazido -meodified substrates such as 510, grafied with
tails or other functional groups S-axidosulfonythexyl (riethoxy)silane, or with a
such as alcohols, thiols, amines, | 1l-azidoundecyl group {e.g., formed from
- halides, etc., such as: i 1-bromoundecyl{tricthyoxy)silane reacted with sodium
avide).

propiolic acid (or acetylene
monocarboxylic acid)

butynoic acid

pentynoic acid

{30871  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. fni. 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



1-bromoundecyhtriethyoxylsilane reacted with sodium azi de), 7] An alkylazide-modified receptor
substrate 68 can be prepared, for example, as a silicon dioxide (Si02) substrate grafted with
6-imiclosuifdYQIBWABIBASilane or with a -azidoundecvl group monolayers tR&TCEYHE/f3230dd by
grafting 1 kbromoundecyl :iethyoxy.,:silarie to a 2ib2 substrate then derivatizing with sodium azide,
as described, for example, by Riszkiewicz et al; Angew. Chem, 1M. Ed. Eng., 2006, 45, 5292-5296. A
orosilyhmodified receptor substrate 68 can be @repared, for example, as orminated silicon (Si-Cl) by

chlorinatiof PRy BtiEHAERN BRttEd AKME sEHACSs By MAHP0BA DY EAP T 8280 6555 64

example, by Zhu et al; Langmuir, 2006, 16, 6766-6772.

[3088] The temperature during the stamping process generally ranges {rom about room
temperature (20°C) to near the boiling point of the ink chemical solution. Contact of the
starnp 26 with the receptor substrate 68 is for a time effective to enable chemical bonds to
form between functional groups on the receptor substrate and the ink chemiecal material 66,

generally about T minute to about 4 hours, and typically about 1-15 minutes,

{(0089] The receptor substrate and the ink material may react to form a urea or urethane
linkage through a mercapio alcohol, a disulfide linkage through a thiol (R-SH) functional
group, a bond invelving acid/base groups, or an amine linkage through an amine/epoxide
reaction of a triaxole image through reaction between an azide and alkyne. Diffusion (or
other transfer mechanism) of the ink material from the polymer domains of the stamp onto the
receptor subsirate {(where the ink reacts) can create a concentration gradient, which then draws

additional ink onto the surface of the receptor substrate from the inked polymer domains.

{30981  Upon completion of the ink transfer {o the receptor substirate, the stamp is then
removed leaving the ink chemical 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}



27 exposure to chlorine gas (CI?) (e.g., at 80C or exposure to a tungsten lamp) as described. f-r

example, by Zhu et al; Langmuir, 2006, 16, 6766-6772. [00881 The temperature during the stamping

process ger¥fhRYOPAREE from about room temperature (20C) to near the bBHRY I GRIE ink

chemical solution. Contact of the stamp 26 with thfésreceptor substrate 68 is for a time effective to

enable chemical bonds to form between functional groups on the receptor substrate and the ink

chemical material 66, generally about 1 minute tg about 4 hours, and typically about 1 litgtes. [0089]
g Fonbk & et Tk

The receptbistbstiatE el MM AHSHAI S readt b 5rBK & Greth Hyé'through a
mercapto digefiel aidisuifidedinkagaatreuoh-athigl finctiersd grawpsahandinvolyving:acid/base
groups, or an amine linkage through.an amine/epoxide reaction of a g{gzoic image through reaction
between aff AEe SHEFAT KPER BTG (BF OHhar (RHSIar NG RhY 67 SRR MadGrial from the
polymer daomidiris: gfdigstampmeanio theveseptarswbsirate {(whetbrthednk reaelghcay crdate a
concentration gradient, which then draws additional ink onjc,).the surface of the, 1 t trate
rom the RS BOG B METCIG0GI Ui CORTIHON bl Sk BT, e bbn
substrate, fhecstanyikis:ithepreidovadieaying ihdhinkichamigataattirial 66adva patiermifi. dn portions
of the receptor substrate 68 corresponding to the inked polymer domains, 50 on the, stamping surface
o4 of the ST SRR SR o0t DTPS 15 SR LRGP ak PR RIS T AN aSme
embodimepitdyitie inknehemnicatsnatedalds prospeseditoriomraiselixassabled MOrBEyer {SANIl) on
the surface of the receptor substrate 68. The stamp 26 may then be re-inked, ii needed, for further

stamping AN DL ANQHEHES % &-+0091 L. The. ink pattern (0 onshe feceptor
B X ROSREEAbe AGR e e Lon e e

substrate 68 has identical of substantially identical reso
domains ofothasrshapidiyisefface 64 of the stamp 26. The patterned stamp 26 can he used to produce
features (pattern 70) on the receptor substrate that arc sub-lithographic, for example, a thickness of

about I.-10 @ngstrams . akddatenal width (d4e)thatcaresnends ledhe dimaesion(wadiuin):of the
pattern of the "inked" polymer domains on the stamping sur%ace 64 of the stamp 26 (FIG, 17). WO

2009109943 %P £ &5 dygioadEpauide the formation of eteh masks 1o pattern portions of the
underlying receptor substrate 68,

[0695]  In one embodiment, the inked pattern 78 of clements 66 can be formed as a
chemically differentiated surface in a pattern of hydrophobic and hydrophilic materials {or
neutral and preferential-wetting materials), which can be used a3 a lemplate to guide and
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



28 [0092] In the embodiment illustrated in FIGS, 18-iSA, the ink (e.g., SAM) pattern 70 formed using
the stamp 26 haying a stamping surface 64 composed of a lamellar array of polymer domains defines
a linear patt®Q ¥OAN&IB4rallel lines of nanorneter-sc.ale to sublithographietitERZ18%8338dut 5-50 am
wide and several microns in length (e.g., about 1024000 tun), and a center-to-center pitch of about
10-100 am. Stamp 26" (FIGS. 11-11A), for example, also provides a stamping surface having parallel
lines of polymer domains._In other embodiments, the stamp can have a stamping surface composed of
a cylindric&CHAEPST BhRHbFabREINS A8 gakseriBdar for axAmpin iih Pespag fstinbi e and 26"
(FIGS. 940),:100Q3% After-applylag dhesinkpatiers oanbavaceniar ssbistats, Tudhernieesissing may
be conducted as desired. [00941 For example, the inked pattern 70 of the stamped regions or
elements 68"Sowh EiaragdNdEbétisetFth Hlide VR hation brBfch AR Battard Bortions of
the underlying regegiar sabsirate £8.- L0095k inonerembosineant:itheyinkadwpatiemZorefelements 66
can be formed as a chemically differentiated surface in a pattern of hydrophaobic_and hydrophilic
materials (OFREGFAT e PrEfETErAIwR RinY MEIRAAIS)) WiTiEH EAR e S t‘é%rﬁ?ﬁaﬁé"“ jtiide and
chemicallyigonireh the-sak-8 se mbly:efadleck captiyraer iadnaieh thetemplatepattern of elements
on the receptor subs#g,ate,‘For example, as degicted in FI%S. %g:,lSA.ﬁusin% %ierr}p ate such as stamp
26 (FIG. 167 8Pk mATEHAEEWIforh B EARMRESHPBEL Aot Ftdhdbic kel such as
oetadecyltbiahi@i) 8} canthedransiegedasapattelig 20f flemeantsi6x(eha: dharatiéd imas)isinto a
receptor substrate 68 that has an epoxide surface. Unstamped re iqnﬁ 72 of the S%Qs‘{rate adjacent to
the ine cleARRES 85 Lih K S T ARERTIC B FREtinh the dkgdbsd <UBLHeRe It H aterial such
as 1-hydroxymtiecyltckhenpatietrn: ehhysrophobiconaterakdinehelerienis:G6oarid doe duydrdphlic
substrate r_e%o%s 72.0n th_eﬂs%‘bst_trate can then be used as a tgmgla{te f?rf Qlﬁ?‘ed t§elf-assembly of a
block copoﬁy BY At fzatﬁiefd @‘éfihe@iﬁ}ﬁ% {8 &f&‘f‘i@f‘ﬁ‘ Block %%6@%%1" b 5'§r?”a%‘§r\i/ing domains
that are seledtivieleweitingdothedeninplate (seetddayel) tamheddeyithé Hydraphabie:lhéyeléierits 66
and the hydrophilic substrate ée" ions 2)2 ca b%tGE{)QSiteddaSI%-fi,|m 74ﬂ91nt0 ;[gegybg,rt%te“._z&gg" WO
200910999 AP ETTTS009103256 4629 Bpatyiier iy 74 caly ther bearneared to forms
self-assembled:plalymendimr&eindthokdmelkae%8;. SO registered to the hydrophobic and hydrophilic
regions 66, 72 of the template below, as illustrated in FIG, 20. Then, as shown in F1G, 21, one of the

polymer dogmains (&9amshac80kef the sell:assembled film-4& ganheseleciively tameyediand the

resulting film 82 can be used as a mask to etch (arrowsthe underlying substrate 68, for example, by a
non-selectiVERIE: dritipid prodesay dotlibisate iy Sones soperlgs B4 SKo WS 1HSSHSRMANS Further
processing;¢ap ien ke RRUeuned Bs desiredhsugh as filling the

[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



openings 84 with a material 86 as shown in FIG. 22, for ex-ample, with a dielectric material to separate
active areas, or with a conductive material such as a metal or other conductive material to form
nanowire cHXRPEPEHEI3¥or transistor channels, semiconductor capacitors PATdUSA98P/8#3e4ures that
can extend to an active area or element in the subrate or an underlayer. Further processing can then
be performed as desired. The self-assembly of block copolymers to an underlying chemical pattern is
rapid relative to other methods of "top-down" or graphoepitaxy ordering and registration. [0097] In
other embSHiREHsSHHRCHKEE DaHERR BralefEnt §6 biisd tideg bR toipiate forseidtive
deposition gfgehythiephebie.ai-hyshophilie;matedal anta-eithesthedakedelements:. 60 e tinstamped
areas 72 of the substrate. 10098] For example, referring to FIG, 23, the inked pattern of elements 66'
can be usetl SR TGRSR GRS BRI ATPRIES Or the BIOTEI pTEANEE SHtSSREENE deposition of a
material 74hthatdsschermicathtdifferenifcapthessampadregionsxtelements} £6.0Mp adjacent
exposed regions 72" of the substrate 68'. For example, elements 66" composed ogaﬁ-lydrophobic ink
material (e'5! S GEAUEAR D ELH BE SRRSO B MESEEEtP AL 8, Biva'd hJHOBIIC steRal 74
(e.9., an oxidayean PE'seieckively Rppiadia:the nep-stampaessubstiaie ayeasphafarcexample, by a
vapor deposition, resylting in the structure shown in FIG, 23. The resulting film 8T can be yseq%as a
mask to efeli B8 1) {Hé?‘é}ﬁid%??;?ﬁﬁgf‘éﬁﬁétfﬁfé%é“té%r%ﬁfb erHGE-gs (SHSRHT pHAME) as
depicted imktei4a3RQ204nanathesampodingnindg sHoWR hirlGalbi @lanentstdhcaivhd used
as a seed materigl for the selectiye depositign of additignal material 74" tg.incre ase the thickness
and/or har%ﬁ%%é %Wh‘%“ [& ‘éﬁf?}%é’ﬁﬁﬁai produce & %’f%ﬁ}ﬁs%%?}giémﬂﬁ%é‘igﬁﬁstrate 68". For WO
20091099924REHEAISROQ0IEID5G4 3Q:ekampig,alements ablicanhedbnmedchirom Acetylenic

hydrocarbons or esters.of acctylenic carboxylates with h gr carbon conjugates (e.9., hexylpropynoate
ceter, with SIS OU L ETER e AT TR Tk T OREFIC a7 97 Gich e ok Seide 16
increase the:thigknessmander hatdriessmithd Blemebts 66! uladnothenextmplesaintateriah 34" such
as silicon njtride can be selectively deposited ontq the elements 66" by ALL) methods to form a
hardmask '*‘Eé%ﬁ%p‘é%%a‘%%% %‘%é’r%ﬁpl‘eé?éﬁf% glesr%‘g‘of” ?lch‘ %na%?:%lolr%‘fﬁrgu%ﬁg ﬁéﬁest;nnogp the elements 66".
in other erfibGdibvents, elements 66" can be formed as a seed layer from an ink material having a
functional group on its tail end (e.g., ink chemical with a bromine functional group) thatelectively initiate

polymer 9?@%503@%9&&‘%&5@%?&%{ fadical.polymetization. (] R gasthen he;condieled fo add

additional polymer material 74" to increase the thickness and/or hardness of the elements 66" and
produce afrériTigsR fopetehingtopanings!Bassahil hafdnhisik gordambe ﬂﬁbﬁ?@ﬁéﬂ?&@fié&%ﬁﬁple, to
mask the gfch, ofdhe waderly @%&%ﬁ%&@%t@%ﬁ(&&isf_'iﬁ}rﬁ%@c»‘éitﬁ”@a_)& AHNORRNI0gE 84", as shown in
FIG. 26. 1001001 Another embodiment of the invention illustrated in FIGS. 27-32, utilizes chemical
patterning'stalsusaerats sectiveeP3eiod seEnmlyer auBiseid ogdoly irernin Somec B ¥ fignts, the
process UEB&%%@@E@ME@%@%%@%tﬁﬂ;s%r{'gﬁfﬂ?}?gr&%@a%@%E’@T?%S@Gﬁ@%%Qi{.ﬁ‘x(%ﬁ‘&%@.%ﬁrem

sections 92, and a stamping surface 94. The transparent sections 90 are composed of a material that
is substantiaiy tahsisapar R e sIT(PT S8m0Blei8 6786t HHBWISHE 10 pads te 8 thidugh, for
example, @i%?%ﬁedﬂm%@!% (ﬁ@%&}&a&@y@ﬁ@@f@@i@@ﬁ@h@@ﬂg%&%@ﬁ@%@@g RtRplastic or

polymeric material, and the non-transparent ((rx#é?que) sections 92 can be composed, for example, of a
elastornerférselymatiarefialsach seperelintatryiensieants gpwrg§ric 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 [}



[001011 As shown in FIG. 27, the stamping surface 94 can be coated with a thin film 96 of a
polymerizable neutral wetting material which exhibits non-preferential or neutral wetting toward the
blocks of a BYStRO8YPUMYFher, such as a random block copolymer (e.g., PS-rEENHRAY/03tRe4emplate
88 can then. be pressed (arrow onto a receptor substrate 68 (e.g., a preferential wetting 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 DUN/ radiation) can
then be tralNSAREBARBPEER) S70ErDHBY DO Jo0s AP Y6 63056 E B S GG tHE ransparent
sections 9Qieéthe stampéitemplaie 88 ia.phelabiically srosshinksdiserete sections e akthe: paiymer
material 96 on the suybstrate 68. The template 88 can then be removed from contact with the receptor
substrate 6%, TEAUHTG THE GOEaRNRES HetyTEP S8 SHENS S En i REREC S SIMREE SO MET fiaterial 100,
as depicted:#imics$and Q04 Q23 FTther-pIosRssAg: sanihen he-cancusiad as xiesired. For example,
as shown in FIG. 31, the non-erosslinked polymer material 100 can be removed, for example, by wet

processin B milcal dissolution praces usingba sglvent to expose sections _1%2 of the receptor
1 UFEer groces*m 7 Ci 160 be conqueted as gesired. 0r§x< Iﬁ‘ﬁ‘? C, a8 § PW)‘I 1(?
substrate 68, resulting 1h discrete neutral Wetting sections 98" composed of the trosslinked polymer

material (elj{:cidsshinicedaandorhedqpolymen):aied preférential wettinglséotionsib2 tpmposed of the
exposed receptor. supstra A block copolymer materialcan then be ¢ in coated

DFO QES“?&&I ‘i}’f gr% ?\Ctj'.lggitgdé (%)S(IS ?gtlon OCESS U Qlfét% _SrO vm?{o %ﬁg@&(} Svkbtllé)%}ﬁ%%q}rf %R@

onto the cheniica surface and anneale arm a self-assem ock copolymer
layer 104. #sciffustratetdn BIG32]tthe ianhealéd dslock! copthmsertilns $84 wilbregistétito the differing
wetting patterns (98/102) on the receptor substrate 88, far example, to.form lamell e.198 108 as
Shonn T e A T R B A R Rl ot
ymer blockstboprotiicecarharetimbsic forpgsedneasgtyretdhstotransfer tide patidrviitooghatmederlying
substrate material..[0Q10 Pafter ing.a substrate using conventional lithogrphi f;%%m;jgues has been
hamperedI ?lE%I fcﬁ%‘tll%%&guljc é&f r%gﬁ§0§?§95%§ g%ti{ﬁéo&rﬁ“é%%%l&}?%!ﬁg%%fﬁr%%‘gﬁﬂput production
methods, Witlvadrdlodimeats=tf- thespridsd it dukentiohy eestapsp tih e prlapantd isbcddvéntional
ithography, (to form the tenches) byt because the. st canbe used repeatediy ta paljer multiple
substratesf1 1tﬁe 'pkodué'eti?on I%o%t pberr stamped.‘sjﬁ%tsrate {l"TsH%eg,j}ced}(.1 in add igfn, théﬁ@e of ?ge lstamped

pattern (e85 SANItIpatten e?&)fmre@qaémieﬁwf@mﬂ@mi@@r@wrﬁ&ﬁ@rsimerise”ﬂ‘ha@éﬂhi@@d block
copolymerdilm, g20.subsequently pravide @p gieh mask on.a:nanoscale leyel &'%%E%&}Qﬁo?fe pared

more inexpensively than by electron beam lithography or FUN/. photolithography. Thefeature sizes

produced &Hésiceessitieythid medntioricaindtbegnb patengyrdbavaigsnaliphstoitigraighy, WO
20091099924PCT/11S2009/032564 32

[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



topographically -flat stamp that is ehemcaiiy patterned on its surface. The chemically patterned stamp
overlaid on a BCP film cast onto a substrate that has been globally modified to be equally wetting to
both blocks WIRRMBEIHl direct self-assembly of the BCP film to match thB(FHRIWHANRNstamp. The
present embodiment of the invention achieves a p?fttern transfer to a block copolymer (BCP) without
leaving a physically formed impression in the substrate and without a transfer of material to the
substrate or the BCP material. [001051 FIG. 33 illustrates a substrate (generally 110) to be patterned.
The substriegpisn b ebapeadiro i cehase mterarted oA RERT e ¥ 8BS, silicon, silicon
oxide, Si”%Qté%l&'i@ﬁstéﬂiﬁ%r&%éﬁ@“i@@&f@icﬂﬂx%é/&%ﬁ@%s%g% atherdnateraloAgshawnsad
non-preferential or neutral wetting material 114 (equal affinity for blocks of the copolymer) formed over
the base nidteviafusbpYosireHe Pelitarwehtsitidrialil S cinc Re rRmgy difeBmplErbiPblanket
coating rangdoiy @Q@?M@%rdﬂ@ﬁ%@dxﬁﬁtoltﬁ@}@@%%tr@%@lﬁe%g casting@iSRinseating..and fixing
the polymer material in place by grafting (on an oxide substrate) or by thermally or photolytically
crosslinking {@H $BFateyk @SP@%éFﬁbig(&J}rﬁ{%’ﬁ&I tHAF RS AR RN Y 2 D SR BRIRRA DK
copolymer cagdhe-formediramaa:thisriil gy af A-phote-@rasslinkable randare RHRIMIMA copolymer, for
example, S-r-PMMA (60% PS) grafted to an oxide substrate. [001071 As previously described, a

neutral wetti r.can also be formed on a base material 112 such as an.gxide by grafting, and
neating a TUNIOR, A0CoIS SR BET G R (o) 18 B elb B RTAES T MIAY GRK oty B e g,
less than drsegurabdecd it iske) hytirdedyl Toup(d) 2dnyolroiyetihyhipiethAcrytatel IS riNHVENIEL EMA))
on the base. material. In another,embodiment, a surface that is neu rala\ﬁvegigglto PS-b-PMMA. can

nirge Q;%COH OX 7111%1”1*’36 SldlCOl‘.& OXXIIC’%?’OI(, £, aanong O‘E}liﬁ' NATeil OWIL, &
also be prepared by spin coating and erosshnking a benzécyclobuterie  ofr

azidomethyistyrerferdrmetionalizest watidenmeaprlyhidr of sty néhe gridmbétbid niotisacnylate:er) is
(styrene-r- enz%ci%/clot%u}t ne-r- methyl methaerylate (PS-r-PMMA-r-BCB)) on the base material, WO
Soca5a6h 4

20091099974PC TNI520081632564

133 treatment,etc.) or a hydrogen plasma etch as previously
described, to form hydrogen-terminated silicon, which is neutral wetting to a block copolyrner material
such as PSUBIBMMAS 1Al seefiitered it dhdnatdialorme Gan e fnherprbtestaosiiigrafting of a
random copglymerseh-as RRi:EMMA antedbe matenial hld (8.0:4p Sitplres fadicalRakymgrization
of styrene and methyl methaerylate with a di-olefinic linker).

the polywer material in place by grafiing (on an oxide substrate} or by thermally or

photolytically crosslinking {any surface). For example, a material that neuiral weiting 1o 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



1001091 Referring now to FIG, 34, a lamellar- or cylindrica 116 is then cast as a film onto the neutral
wetting material 114 on lock copolylneT material ubstrate 110. The block copolymer material has an
inherent pitCHQRYPABRL" (or a ternary blend of block copolymer and horR6gaRePLBIed to
have a pitch at or about LO). The block copolymer%aterial can be deposited by spin casting or
spin-coating from a dilute solution (e.g., about 0.25-2 wt% solution) of the copolymer in an organic
solvent such as dichloroethane (C1121112) or toluene, for example. The thickness (0 of the block
copolymer Fiatsfah P18t brHBStR Ti4fTr 16] FREER EBpbHiH FRite¥dPTT6 is then induced to self
assemble hygeptaciwithasiampseeandingiiathadnvention:is:topeniapicaly: takand ehemically

patterned on its §urface. 100111] FIG9 iLe an embodiment of a process for forming a master template
for forming'a SEAMPHAT uSE fit ALk BIY OF L BIER COBbRMEF AiEtERAIrsrFased bY gratling of a

random copolymer such as PS-r-PMMA onto the material 134 (e.g., in situ tree radical

polymerization of styrene and methyl methacrylate with a di-olefinic linker).

[80189] Referring now to FIG. 34, a lameliar- or cylindrical-phase block copolymer material
116 15 then cast as a film onto the neutral wetting material 114 on the substrate 118, The
block copolymer maierial has an inherent pitch at or about L, {or a ternary blend of block
copolymer and homopolymers blended to have a pitch at or about L), The block copolymer
material can be deposited by spin casting or spin-coating from a dilute solution (e.g., about
0.25-2 wi% solution) of the copolymer in an organic solvent such as dichloroethane (CHyCly)
or toluene, for example. The thickness (£} of the block copolymer material $16 isat or

about L.

{68118¢] The block copolymer material 116 is then induced to self assemblie by contact with a
- . , o e e . "
stamp, which, according to the invention, is topographically flat and chemically patterned on

its surface.

{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 118, 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



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 120. The base substrate
120 can be YSh9BYEYW R example, of silicon dioxide or gold. 1001121 RefBETAIS380/08¢R64
embodiment, a hydrophilic material 122 onbase sistrate 120 can be mnicropatterned to form the
chemical master template 418, The hydrophilic material 122 can ben-ple, silicon (with native oxide),
oxide (e,g oxide, Si0,), iridium tin oxide (ITO), silicon nitride, silicon oxycarbide, silicon ox nitride. Ir
another enfBOEIARHE THECRYUIGHINE PiARHAZY BaRse irfiedd b st Hetdample! gold,
silver, coppesupaliadium orglatinum, on the base substrate 122 and an overlying SAM of an al kane
thiol such as hydroxyundeciyithiol (HUT) or other hydrophilic alkane third, The WO

20091099 G/ 009/03 A3 drophilic materlal e forme b bstrate
120 as a rgéﬁga e’g@,&i\ﬁ)no?aggt%ut 8 5 é“”t {‘Yl?l S shi’él\rllvr?“ln i(eh :%1 t% }‘eri of resist
material 124acambi 13rmaul Gmthh@dpo@lmﬂmdmamhpmﬁﬁ sadddﬂmemmie{\}i&kﬁﬁeﬁ?ﬂﬁ"éBjesme:dcpattern
and removet{BIRS: AL RTRV R sxnese Rariens aldhe lydrophlic malelal 1ag, Thie Jesist materia
can be patterned using a i raphlc ol avmg an exposure sys(t(em cgpa%ﬁe of | pa r%’Eernlng at the
scale of at1dhagr@phw@maﬂ@g\m)cﬂmtmaieﬁahf@ambiﬂemm@sei@wdlbaséd ohathe réquited
Sensitvity Zsisompaiplib b e praase syslem alisrsed SHERaxposUR sIRMIRclude, fo
example, extreme uItraV|o et ( ﬁ\ﬁ ithography, e ectron eam eam ography Immersion
I|thographyoan@ipbdmtyb@hm]@a@tmmmnh%Lusedbﬂﬁth‘él&hmi%ipanem!ﬂmmehiﬁ?,tﬁé resist
material 12. e 0 e r.open as shown in
FIGs. 37578 L e e o B e A e be
deposited vnmrethieekfvsadrbectiohsoithsthydrephicimateriald 224 gt reSistir?sras a mask.
The hydropfiabi maferial 28 anpey o xample, an alkyl Halka/SIang SUeDAtear openings
methyltrimethoxysilane, methyl Irle%axysnane met}qylttalsopropo ysilane, ethyltrlmethoxysnane
ethyltriethdsiyHiRind 2A- E}iﬂdibyl‘ﬁ‘ﬂﬂ@tﬂﬁx?aﬂan’e Bnd n-propyltriethoxysilane; an alkyithiolate such as
dodecanethiol or octadecanethiol (OD T); among others. The hydrophobia material 128 can be

deposited as e Ajonelaxer @y seliassembled manelayerkRAMI:0f abeuiQ Brenandhiekiek001151
As illustrated in FIGS. 39-3913, the resist 124 can then be stripped to expose the previously masked

portions offH Hreptif Hiierarl sy iﬁvﬁéoﬁgghﬂ.ﬁ&fm%@%éﬁwa%1&%%@.8w4b*éa’r§%*é§he%ﬂ?cany
patterned pyitagad30 sempases ofilines ©f thedydrophabia matesialdlidB(e.gh alkyl trialkoxysilane)

adjacent to lines of the hydrophilie
wmethyltrimethoXysilane, methyliricthoxysilane, methyliriisopropoxysilane,

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.

(801158} As 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)



material 122 (e.g., oxide). For example, a master template 118 can be prepared with a surface
patterned with hydrophobic SAM 128 of oetadecanetinol (ODT) adjacent to a hydrophilic SAM 122 of
11-hydroxyH8e88HE ¥ ol (IRA), as described by van Poll et al., Angew. SV SANOIB2564
6534-6637 (2007). WO 20091099924PCT/US2009/032564 35 The hydrophilic 122.op Ati 128
material elements ona master template 118 are dime oned with a width (mil) that matches or subin the
inherent self-assembled structure (e.g., L. value% of the block copolymer mate! “tis deposited on
the substrat’ 119 (FieadiphiithodéSacdioussrtndisdigiiar witerlaleis Whére SBieasstbly into
perpendiculasseiienethsinuciuresiiechsiamelas: eylinders), isdesiad:dp areasehthepelymermaterial
116 where a lack of formation of perpendicular-oriented elements is desired, a hydrophobic region
128a (FIG, 0Y {6t Wy dfopRETEE0RT BN e Sdrmmed Wit ti&hSIGHS (B Witith T2y thit-dre greater
than the L"1value:ok the:Bi€eR materialubie: L0 I Retgningdeklici4a, 48 aneikierembediment of
forming a chemical master 118', a hydrophobic material 128' (e.qg., an alkyl trialkoxysilape) can be
blanket deﬁéﬁifwﬁnﬁéfgﬁﬁgﬁé&ﬁgﬁé@ﬁ QBF LBt o B St S a@%e?&ﬁeﬁMFé?}ﬁﬁe
hydrophobishaterial 128 samdhenbepatiemned andremovadiusing-asasisbe24' as a mask as shown
in FIGS. 41-4113, to expase portions of the base sybstrate 120'. Then, as depijcted. in FIGS. 42-4211,
the expos i BAE SRR Bt B SOIRtSef BAUIERS TR PRI e MiHolayer (SAM)
122, or in athkoeribodigeitsaatirytiephilioimalesial{e:g.(iaxjddd Bl Ny alicaneithiokete hearkbe
deposited fntvqa Q&%}?Q%‘i‘%%ﬁ%ﬂbﬁtm@ 1201, Then, as illustrated in

o : BUF matenal 116,

{60117} Referring to FIG, 40, in another embodiment of forming a chemical master 118', a
hydrophobic material 128° (e.g., an alkyl trialkoxysilane) can be blanket deposited onto a base
subsirate 128" such as silicon or silicon oxide, for example. The hydrophobic material 128
can then be patterned and removed using a resist 124" as a mask as shown in FIGS. 41-41B,
to expose portions of the base substrate 128°. Then, as depicted in FIGS. 42-428, the
exposed base substrate can then be selectively oxidized to form a hydrophilic monolayer
{(SAM) 122, or in other embodiments, a hydrophilic material (e.g., oxide, SiN, alkane thiol,
eic.} can be deposited onto the exposed base substrate 128, 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



FIGS. 43-4311. the resist 124' can he stripped, with the surface 130’ of the master template 118’ now
bearing a pattern of lines of the hydrophobic material 12W adjacent to lines of the hydrophilic material
122', 1001190 master template 118 (e.g., FIG. 3guide, a stamp (§EAYaRPYO$286then formed
with hydrophilic and hydrophobic elements in a mitfor 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 110 (FIG, 33). 1001191 Referring
to FIGS. 43uagligrdsidenbodirnaitsaison néuderiniteridrrsadichasupuydietfitoxane
(PaMS) elagtomeraf AhesRIAOBNEIGLI0SS JnkaRlR REMDSMaeH! (819mSlNeRRSorent
polyurethanes, ,etc.% is deposited onto the chemically patterned surface 130 of the master template 118
to form a stARTECRERSTRE NACFPI6916099 AT IS P0eI0 256 BE drfrddifledsHakE W a PDMS

material is {giyophabic:he-medifiResltace ofthe stampsiemalymenmaterial camsheprepared as
a mixture of the elastomeric polymer with different functional small molecules, e.g., a hydraophilic

molecule TS8R HHIERYArdSRGER ToRCHIR LI IALS IS atEein Ef S S egBieHafE&Rtial wetting

by moleculgsd36ai.l3eRavelihe Rolymesmaiedalii3dnagainsting. mesier fepmpiate- k18 asrow .f)
directs the migration and preferential accumulation (self-assembly) of the small molecules 136a, 136b

at the surfdcé 138 DPIRETBOIFHER dhiB ESPIRSFSIRIE L Mhe iydro philiE“E52PERE hY APophobic 128
regions or gigmenisQntbefunetioalized-sutfare430.0f e mastesdemplate: Ll B D uningguring, a

crosslinking agent of the palymer material 134 reacts with the small m lecules }ﬁGa, 13Qb%n with
functional g?&&ﬁs%“ﬁﬂ?éiﬁ%i%éi’v‘“tBt"Pfe%Eém KOt of %%ﬁgﬁwa‘rﬂghﬂ?@ SR8 hdepHGbic Molecules
136a, 136h3gtodhepolymenies:e LRMS elastemen:stamped22 againskinehydwphitiecliand
hydrophobic 128 surfaces, respectfully, of the master e 118. The resulting stamp 132 a flat
surface 13@%@%88%%&&&%@?&9&%?é;%emgﬁ%mé%?ﬁ@reﬁéﬁ%épﬁﬁf@éﬁ“f n%ﬁ@ﬁgﬁ s
(hydrophiligga3sarandhydpapnhobic 1360y thasreplicaies shapaftespaf hydraphilie 4122} and
hycrophobic (126) elemen on e master eplae 112, 1901201, For ample, 3 2DIYS elastore
sub-micrometer features of different chemical functionalities (hydrophilic 136a and

hydrophobic 136h) that replicates the pattern of hydrophilic (122) and hydrophobic (128}

clements on the master template 118

1061281 For example, a PDMS elastomer material, such as Sylgard-184 (Dow-Coming), 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.



as a mixture of PDMS and small functional hydrophobic and hydrophilic molecules (e.g.,1-terminated
molecules with different head groups), as described by van Poll et al., Anc(tem Chem. Int. Ed: 46,
6634-6637 Y Q240/8R4Mples of small hydrophobic molecules include perflB6RARG9/032564
alkenes1/1,1/1,21/-perfluorodecerm), vinyl esters Eé’.g., alky 2-bramo-2-methyl propionic acid ester),
and hydrocarbon alkenes (e.g., 11-unciccene), among others. Examples of small hydrophilic
molecules include oli%céethvylene glycol) metbacry;late (OEGMA), undec-11-enyl hexaethylene glycol
rnoriemeth ' t‘?gd%?i\‘féﬁ\%i}{,‘énﬁé\/?ﬁgll‘&' (Ficha e P ARk o et ASRBAG bR XMbhg
others. The:BLINIES can:hensixednfotexatople ) Witheauimalafamaanis of asmalkmeuatafithe small
molecules, generally less than about 5 wt% (e.g., about 24-9/0. During curing, the maolecules will

self-assemidte SEEGRHinG 1o YRR AHCBARSEAIRBHO ke F BhHhaMRHHP IS SR SRE FE8ct with the
PDMS backhepebysaikeydeosilylatianreaciianeifoghaitingsd\WR 26R91899924P €TV U&2009/032564
37 1001211 Referring now to FIGS, 46 and 47-47A .the now chemically functjo a}liz{g) polymer stamp
132 can thd s%‘?ﬁa%affawgwéi ")“?r%ﬁiih%ri&fﬁﬁﬁéiféb ﬁ%ﬁ%ﬁﬁ%@r?&#}ﬁ%@%&.ﬁip}gﬁxamp|e,
a solvent steRas:wateriamomws:lichsiar e spphedoriie ssamp/template complex soaked in the
solvent, which will permeate and swell the stamp body 132 and weaken the interfacial bonds an the

hydrophili , and,the stamp can the, eeled from the,surface .of the,master. teraplate, as shown
e{%g@l _{i ﬂﬁﬁ&ra&e P.G sur%a.wqe*@ig sb Fg%mp .?2131% -ﬁ!bdﬁ‘v diﬂewﬁ%é‘ AL

in FIG, 46. s'illustratéd, the surface e'stamp is chemically ferentiated
according teatrdipgttethophycrophiticiandihydispiobiers@rteritsonithe thastestertplalete 188 The

p fthe Stamp of hydrophilic lines 136 that are preferentialweiting to on
domain of 1E e e B B AT Ty e e SR R A B Pwetting
to the oth evbioek ‘ofthe Hoskncophyrmek (@gol RSX Ma@Mé’%bs@riwmmﬁtéziﬁﬁéiwrﬁﬁ%@% (i.e.,

width (W'))a?é H?%Q{%%%ﬂi?’x?]@%%gﬁ é@@%ﬁiﬁe? %M%?BE@!%@%S@@%QW@Sk%s (k8 k) afHDE,

hydrophilic lines 122 and Ic lines 128, respectively, e surface 130 of the master

template 118}ragwéikabitreionvdive ofidhe (vlock tosolrelihatédth (BOH) iﬁ‘@’@fﬁﬁatﬁéliémbstrate 110
(FIG. 34). The stamp d3gdngludes g hydr %ﬁ%‘z%ﬁﬁﬁﬁ%%@%ﬁ%ﬁ&%@éﬁ%@ﬂx&f’ii@?‘t

corresponds to the dimensions (w2) of the hydrophobic section 128a on the chemical master 118,
which is gré&eestitialy thelgepuriacodffeof the master teroplate 118, as well as the L, value of the

block copolymer material (BCP)Y 116 on the substrate 118 (FIG. 34). The stamp 132 includes
a hydrophobic section 136hy that has a width (wy) that corresponds to the dimensions (wy) of
the hydrophobic section 128a on the 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



1001231 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 mat¥¥fAr4POENhe substrate 110, for example, by pressing the staRfprAltae%03Z%bnto the
block copolymer material (FIG, 49). The nibbery orflexible body of the stamp 132 allows the stamp to
conform to the topography of the block copolymer material 116. As depicted in FIG. 50, the Hock
copolymer material 116 is then annealed (arrows f while in contact with the chemically patterned

stamp surfaS&toldda dSfssdhsoisanponatier i ateriabrad theophomnt phetcpemizalysatiehs of

hydrophilicand hydrophebis ings 3362, 136b on the surface of the stamp 132 will direct the
self-assembly and perpendicular ordering of the polymer domains of the bl.ock copolymer material 116

in regions | ich the pitch (w1) qf the WO, 20091099924PCT/US2009/032564 38 elements 136a,
136b on th@%ﬁlﬁgx SUrfAcE: ea?%&%%ﬁélt\{ﬁbyﬁgﬁeﬁ?“ feh Bﬁrﬁﬂﬁ,”éalffea&?‘fﬁi?%‘iéé}?%%l&%ner material

116. 100125hbgnexample; ss-gopidtey] dufie Hieb0rRAuse Rtalampliarpliags hleck eapolymer (e.g.,
PS-b-PMMA).. during the anneal, the PMMA block will align with and preferentially wet.the hydrophilic
material (li )iéé)ﬁ%;gﬁg& ‘tWétgﬁﬁ?é %08? ‘é‘%?é‘rﬁﬁﬁﬁﬁe‘ »hé%t%f%ﬁﬁ%l%%%%@ﬁlﬁh% aﬁ% ﬁpéferentially
wet the hydropliokismataridiglings) &3bpricformuliveswofiRMMboldmeladdda:a(thBS 1anelta 1441,
The neutral wetfing material 114 on the substrate.110 ensures that the perpendicular-orienfed lamellae
extend co?nﬁﬁfgttéﬁ/%hﬁrg%%&é}%% ﬂﬁgggﬁ ﬁ%%@éﬁ}?%gfﬁé%%iaﬁﬁﬁ%gﬁf }ﬁeét iﬁf@’?fﬁ%’él@gi## %h%lneutral
wetting materialtbi4itol ecsunfac i3 ofithe stimpd-32 e thbse:linesxi3ahed3b e tHatthavega pitch

() that st o ahout the 4,0 yalye o e biock copalymer, ateral, 1001251 gons o e
substrate 110 Whers su '§eé|)uefnrflbalf?e?hing (5ing the s8I ASSEMbIed REB Ay s Ak s not

desired, theidanttst ofrthe: BBtk ichpalymert Afateriabwithnasstatsp Yaghoh (ehgvelB361)0 Whichhas a

width (w2) héa‘t.i% ﬁ@t%tef tha the£¥§é%6f oLth glrock copolymer and is preferential wetting to only one

. 2 € L VAIUC OL 1 SINEY ?Zg‘;iﬁ‘? idl, .
domain of the blo copolymer; will resu tin"the formation of parallel-oriented lamellae 144al, 144b1l

for a correspondingv2) within the self-assembly polymer material 142. [00127] Referring now to FIGS.
51-52, the Pl 13248 s Fémovesfibn tbrtasrwithseresi raderonthaisel-dssembled polymer

layer 142, Torhea theiadhesive.rces e, Yandercy/ils fices)and iitdie sipmpdiom the

polymer surface, in some embodiments, the stamp/solvent complex can be soaked in a solvent (e.g.,
water, isopPapyi BItoHo!, BBt Her ©te.) IRabwilvpeinsate widthdwel e Baapbr thastimp 132 (e.g.,
PDMS) bupngt Hiemolymerdemaing 144a J44liofihe annealed,seliagsembled pelymer material

»

142, In some embodiments, a solvent can be used that also swells’one but not both of the polymer
domains ofthe Sefia el Bt pogrr et pecyictrsipaiviiamabmdititad fdbuiseguently
selectively: reraoyseie; 9 EMMA lamelae. 1dda). Allelseparation apdfemeval of the stamp from the

self-assembled polymer material, the stamp 132 can then he re-used for further templating on another

area or Suﬁﬁﬁgtﬁ tggeatfclrrg 1§ r%(i\c EI,:; gﬁ&%{igl}l_%“’e{he stamp 132 is then removed from contact (11)
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.



WO 20091099924PCT/US2009/032564 39 [00128] The self-assembled polymer material 142 can then
be developed to selectively remove one of the polymer domains (e.g.. PMMA lamellae 144a) to
produce a N'YEQRM2&WIAposed of the remaining polymer domain (e.g., PS P4rh&If280243Ydvith
openings 148 in the desired pattern of lines expos?ﬁg the substrate 112, as shown in FIGS, 53-53A.
The underlying substrate 112. can then be etched (arrows 11) using the mask 146, as shown in FIGS.
54-54A, to form openings 150 to an underlying active area or element 152. The residual mask 146

(i.e., PS laM8ia811 408 59 hapt BRI PN TR A48 P el iidis BeVRmstda Silerthe 8 penings 150
filled with amafesiahd 4R goi Poipeh e condpctive alloyaauch AsiEa) Bl andididibd, among
others, as shown in FIGS, 55-554 to form arrays of parallel conductive lines 154 having a, width over a
range of aﬁ&ﬁ}%ﬁ%%rﬁft%fﬁa%ﬁ%i@ﬂmﬁfa%%@%r@a%-cgﬁtgﬁﬁg?%éﬁﬁe}cﬂ% fReM B HittRdre
processingigan-nesondugted.as desiket 0012940 otherembedimanissites stogk gopolymer material
116 can be c Iindriga[-pha:sg bIocK co onrr](-:;rr‘(B)CP') ona neutral wetting | yer,llﬂAfﬂgFlG, 34). Relrring
to FIGS, 5@2%@'5%&%%%%%@1%@@ A DO RRER vith "HE16 Bt H oS B e taEtal 122"
ﬁle : dg-, Oxridmmr@mﬁe« | dz Ii)cyt@lﬁflydfﬁ%h@@i@Sﬂ@é&ﬂﬁ#}lﬂcﬂﬁ?}ﬁﬁ@mﬁﬁe&‘ikﬂ wfﬁ&gisysiam.c)'rﬂdweddots %f the
.rophiiic material 122" are formed in regions where perpendicular 'ii the CI' material are desired,
o e e A o L R A AACE B OGE Bomolymer

(BCP) matesiabardvithirhabeowthoya o8 leissitham the:kicralus4Qiherregians:(dagiyohthelmaster

template 118" where perpengdicul r,gygpders are not desired are cg mically patterned to be
ycophotte 190 (30 NAG i o B 85 A Sty T THALCh T BN CBMBace o
hydrophilig:iafie! anditycrophebicsd 3abingampdienis: (e gnduoletdes) iSffarmed @nductrddifgrrows
1the master template 1}?“.{U o%%anQi,‘) tgeahg?d;o dhi!j,facomgonengs 136a" of het stamp material 134"
align with fhia Ky aroprife ddes 1 P SR the I Br s pAobic RIS REELE T 38E™ Afigs With' the AYdrophobic
regions 128" on the master template 118". The cured stamp 132" is then removed from the master
temp" and 8BPREH to ether embodiments, the block copolymer material 116 can be cylindrical-phase

block copolymer (BCP) on a neutral wetting layver 114 (FIG, 34). Refeming to

FIGS, 36-36B, a master template 118" can be formed with "dots" of a hydrophilic material
1227 {e.g., oxide)} surrounded by a hydrophobic material 128" {e.g., an alkyl trialkoxysilane).
The dots of the hydrophilic material 122% are formed in regions where perpendicular
cylinders in the BCP material are desired, and have a diameter {) and pitch (p) equal to 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 |).



cylindrical-phase block copolymer material (e.g., 116 in 'FIG. 34), which is annealed while contact with
the stamp (FIGS, 58-58A (arrow 1). WO 20091099924PCT/US2009/032564 40 1001311 Upon
annealing, tROAMARIIE2BCP (116), will self-assemble into perpendicular-ofedi@§%PMderet 156"
composed of one polymer block (e.g., PMI1/4/1 redsﬂponse to and aligned with the hydrophilic dots
136a" on the surface 138" of the stamp 132", surrounded by a matrix 158" of the other polymer block
(e.g., PS)in response to the hydro hobic areas 136W:' on the stam 1 ﬂi surface. In response to areas

where the BrophbBiR G A 8Eh oS A Hidth (g 3hELS grdteyithar oFseial16™M95+1,0, the block

copolymer ypajarinlywill-selassemplete faxm eﬁeﬁxmqredr@%@ﬁﬁﬁe&l&mmegs EHBaA which are
oriented parallel to and i in contact with the neutral wettin ﬁ%{ayer 114". The number of lines of

half-cylind&FEPPEER O GHEPEECEMIMG (5 HTeAMbEr a1t cxampRrEsmbie iRk B s3aPallel

half-cylindanwill amm framiabloek:copoRsner (ke 3Bk mhersidbe @Mgirmqbleqra@éﬁﬁmas a width
(w") of about 70-80. um. The stamp 1 is then removed (arrow [) from th surf ce C nnealed
36 me S

and self-asSERBRWHI GRS &aﬁarfa%efodfgﬁipar% REREA T &rrﬁ Weers 156"
(e.g., FNM&dlegkptandhenida Ss@re@tweiy gmva&&m@mﬁwaﬁé ﬂA&h@@mpﬂosepbhfmwmdrrcal

openings 148" wn;hri e matrix 158" the other er blg fP ) the base
o oetre 15 ML AT % Ko B ChAd G TRl R 2 Vo B B o
openings kﬁ&n(sdir@walla pdﬂamﬁomg\utmaﬁwelar&asel&a inettiesSibsiraid’ 112he1fhmemhéd;merfngs

150" can bge lIe % pprop riate materjal 154" to fo ﬁg gcts to th undeegr)]{ ing ac ive areas
152" (e.g., con&uo‘t\/“eﬁilneﬁ aé%%té‘cf‘f’ﬁ g %‘5% he<Gb&tEiE Cafk then vé additional
processedasatieenldd.c D831 Thenpresent Emﬁmhmenhef {he-ﬂsr\}/entbomrmf@ri&rbﬂﬁgpalmmmcally

patterned sta direct self ssembly film eliminates t or form asr;ﬁstrate
template pat‘tgrfr% %\%hrli §>r‘e(‘:fﬁ‘ires u%“é% 6}err;;p(%;:l %Irlrirlllng tlec ﬁ?& e%‘%c %&Bf\f‘r‘t‘ﬁ‘ piﬁf/ r' other

sub-lithographicipatteining tidehaiguasdaphysicatye mibthigmhich ity patterer tthetsuﬂiab@ 6f a substrate,
e.g., with chemical stripes (Chemical templating), each stripe being preferentially wetted by the

altenate biggit.2. black copobrresio sausa plmet domansgtientlhemglies above the

preferred stripes and perpendicular to the surface. The present embodiment of a chemically patterned
stamp proviledixdoirenstahia ferusapleshétfodtoprovitielredistbied seffuasseiiBlod Haekhe

copolymerg,with w-@@g@&@?ggﬂmﬁﬁem@, fornatsrningse SUSAteLINS. 1127 The
20091099924PCT/US2009/032564
substrate 112 can then be etched using the mask 146" {0 form oylindrical openings 154"
{shown in phantom) to active arcas 182" in the substrate 1127, The etched openings 158"
can be filled with an appropriate material 184" to 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.



41 [00134] The use of a chemicafly patterned stamp to direct ordering of a self-assembling block
copolymer material does not require patterning of the substrate to form a topographically varied
surface as r8§UAMEY Yraphoepitaxial self-assembly, which significantly re8GEd552¢5¥83Mb, only an
original master template requires patterning usingf‘%ub-lithographic tools (e.g., e-beam, etc.), and
at least two levels of amplification result including the fabrication of multiple stamps from a single
master template, and the ability to use each stamp multiple times to direct ordering of 13(2 aterials.
As a resultitHE*Ebst T prepaRifg e A stal tEmbIIIE R SIgHHCAINTARRSHi2 8t T SRR, Uitice the
stamp is topgaraphicallydat areblems ofilftaitfrena selb-assambled pelymerfipare-minimized in
conjunction with the,_surface‘_ar.eas in' contact, yvhri,ch ngviges 2 significant a%,vqn?geﬂ ver nanoimprint
lithography L Big FHAGR S rar St e rsRRNAEP 0P A Bt G8SEmMbiad BIBER BEPOIFREY fift i afss™
improved asithestiamp depiplatesapdidisstls tbeprapenrdpiineachreyinoeithe fibwisByg.,

comparison, graphoepitaxy requires force figlds generated from topographic. features to impose order
frompa disthict QI%*@%%S?%% 6%%%@‘(3&% tl‘—"iéeé‘ii,g Zﬁ%ﬁté?ﬁ%ﬁﬁ?%‘“ﬁﬁ%g Hﬁ‘ﬁ"&réﬁe gﬁ%ﬁlﬁié“ﬁPe‘g to form
a variety ohgeopietiesdoriniegmiedciicuillayosiscl 24d ineluding periediegondugtivelifés 156 and
contacts 158, lines with bg{jq,s 16&} ifg)lated lines and gonﬁlac s, etc,, as needed %)Qr the circuit design.
Dies compHEIfity tHE EEhERE M de AnB U i B BT OPA R P TRRS 2 6 B % ule, device or
electronic sysigin lclgdifigaprocessor systamsi{00i36hAltheughspaaifiseraiiddiiefits, have been

illustrated and described herein, it will be appreciated by those of ordinary skill in.the art that an
g R o R e
embodimenisfsiomwens thaisapplicatidoh sintehdec:igne byet ady adapiationsanrapatiohs dhatpdperate
accordingii?the rinciﬁg!ﬁes of hﬂe- ven%ionfasS scribe efore, it is intended that.this invention be

e o B R S R S e S D R R e

publications: citeekimthesapplication diredncbeporatechbiecrefarence fiereid i ZIWH AT tSCHaklAED |S:

L. A stamp, comprising & substrate.and g, selt assembled blogk sppolymer fimuithin g renchn the
substrate, ﬁwé’ rench comprising a Tioor. opposing ends, ant %pﬁos‘i’ng S ewalfsngein'g 'paraﬁeflnto each
other fromodistend to the opposing end, the block copolymer film defining a stamping surface

comprising an ordered array of polymer domains that define a pattern for stamping a receptor

substrate, the,ayan ohpalymer.derpaips eamprizing.a first pelyimarhlockhaving:ap affinity for and

swellable by abSO{ftion of an ink chemical material and a second polymer block having substantially
no affinity f6¥ightionGeewelraséobyrsadaia ehericalaatbiibl nolaing swimpisroidiptitewherein the
trench comprisesenunpatiRINgdNeyial wetingflagnand e siamning surface isdefingd oy an array

of perpendicular-oriented cylindrical domains of the first polymer block in a matrix of the second
polymer blfgrhe circuit design. Dies 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.



3. The stamp of Claim 1, wherein the trench comprises an unpatterned preferential wetting floor and the
stamping surface is defined by an array of parallel-orjented half cylindrical domains of the first polymer
block in a matrix of the second polymer block. 4. Th&stamp of Claim 1, wherein the trench comprises an
unpatterned neutral wetting floor and the stamping surface is defined by an array of
perpendigylaxorientadaaieamiigg lamellar domains of the first polymer block and the second polymer
block. 5. The stamp of Claim 2, wherein the stamping surface is defined by a hexagonal pattern of

perpendidular-ofteR P FRAMISIYUB RS Bhe A= Tharrr e RGsiBARCLY e BMHE 8t ond polymer
block. 6 tfEnerstahe affshaiia thevieekirdhpStATRINDOY dPpedE efite Gy costailg sus (s

perpendicular-oriented cylindrical domains of the first polymer block within a matrix of the second polymer

block. 43°%NgRE"8LeHIR 6 AIRFT QRS PRI ARATRNYEHIER TBEIRRE CORPBERH U SETH1! Breferential

wetting agepshiiag itk We it an ordstd erstproprdyshsfarsna siefiizeddina pyaehgylindrical
domains of the first polymer block in a matrix of the second polymer block; .. wherein ajrays of
perpendiSTRP e, RS o G LS o SRS ORARS CORRFAS NafisaEst Bekench floor,

and arrayg@ahpaiaiffietierseshaaiivey i isakibser pitoaisiceavek dherredereatabveidagaisias of the trench
floor. 8. The sta f Claim 1, further comprising an ink chemical material selectively absorbed within the
domain BB PSSR AT b B el ot ST B meroin he
domains @gthedirst polymer block but not the domains of the second polymer block are swollen and

impregnated with the ink chemical material, and the chemical affinity between the ink chemical material
and a receptor substrate is greater than the chemical affinity between the ink chemical material and the

first polyraer blotke Qarhp@isGiaim af Wiwrsi B tivdheseih toenitiksebemivpbiisatetalduasionedigmies:
functional groups that are chemically. reactive with the receptor substrate; said functignal groups selected
from the AP SRR IT 2P S ALY R 56 Hh PR A AT L S SRS o,
alcohol fuhefiosiad@yougy, bivekcapioakenRaf fthrctipoal golymenbideliunctional group, allcyne functional

group, and acetylenic group with a functional tail group selected from the group consisting of
hydrocarbons, alcohols, thiols, amines and halides. 10. A method of forming the stamp of Claim 1,
comprisirgy:  Torstagp 6frClemprishigensel-hasenuoingrisiacin eopatyeracvpiisfier she drerding the
substrateﬂ c%‘rdand the stamping surface is defined by an array of parallel-oriented half cylindrical domains

of the first polymer block in amatrix of the second polymer block.

4. The stamp of Claim 1, wherein the trench comprises an unpatterned neutral wetting floor
and the stamping surface is defined by an array of perpendicular-oriented, alternating lamellar

domains of thefirst polymer block and the second polymer block.

5. The stamp of Claim 2, wherein the stamping surface is defined by a hexagonal pattern of
perpendicular-oriented cylindrical domains of the first polymer block within a matrix of the

second polymer block.

6. The stamp of Claim 2, wherein the stamping surface is defined by a single row of
perpendicular-oriented cylindrical domains of the first polymer block within a matrix of the
second polymer block.



annealing the block copolymer film to form a self-assembled block copolymer film defining the stamping
surface of the stamp. 11. The method of Claim 10, \%%erein the floor of the trench is unpatterned and
preferential wetting to one of the blocks of the block Copolymer. 44 12. The method of Claim 10, wherein
the floor of the trench is unpatterned and neutral wetting to both blocks of the block copolymer. 13. The

method of, ClainT A8 steiiprefCiiafloof RédeA tFeribison reMBN AN BiiBES eEeRTmhMRIi0Y and neutral

wetting areas, and the stamping surface is defined by arrays of cylindrical domains of the first polymer

block in LTREERLA WEURE GHPH BIHREN R WEL Ng Fifare A FRyLaprRi Be iR S 96HRPHEY cylindrical
domains greysjwiaspureveatimalkal weifing pepasaliheirens mMEPD ohitbasayRl poparRilekssented

half-cylindrical are situated over the gﬁe_ferential_ wetting areas of the trench floor. 14. The method of

Claim 13, furthe BBFBREIRYS Of PERGPECHHREHIRY M EIGEGRHAMBH R AXE SHERCAYEh RENR Gk he floor

of the trepektiteyfamassstichearafinatisur, charatels vighang tinoramten ial fadynetineiosras tuatedbiriein the
step of fo min%flthe block capol mer(glfrg compﬁs%%forming a cylindrical-phase block copolymer film in the
trench. 15 R AEFSHOM VB RSSAHORSAS L% trate, comprising:  applying an ink chemical

material to the stamping surface of the stamp of Claim 1 wherein the ink chemical material is selectively
absorbed into and swells the domains of the first polymer. block but not the domains of the second
potymor Block of (EATBRELGDA el AN ST IP LRIk GG SAELA FET NGO Hmteria
and the rgegpiahedositite i gietiter toRmidentburitmbatitriemheiyeesnting ik she Misabonatesial and the

first pol lock; and
st po yrtr)]l%rcl?, (\)/v%e’ra?] the domains of the first polymer block but not the domains of the second polymer

block are swollen and impregnated with the ink chemical material, and the chemical affinity
between the ink chemical material and a receptor substrate is greater than the chemical affinity
between the ink chemical material and the first polymer block.

9. The stamp of Claim 8, wherein the ink chemica material has one or more functional
groups that are chemically reactive with the receptor substrate; said functional groups selected
from the group consisting of an amine functional group, amino functional group, thiol functional
group, alcohol functional group, mercaptoal cohol functional group, azide functional group,
alkyne functional group, and acetylenic group with afunctional tail group selected from the

group consisting of hydrocarbons, acohoals, thiols, amines and halides.

10. A method of forming the stamp of Claim 1, comprising:

forming afilm comprising a self-assembling block copolymer within the trench in the
substrate; and

annealing the block copolymer film to form a self-assembled block copolymer film

defining the stamping surface of the stamp.

11. Themethod of Claim 10, wherein the floor of the trench is unpatterned and preferential

wetting to one of the blocks of the block copolymer.



contacting the stamping surface of the stamp with the receptor substrate to transfer the ink chemical
material onto said receptor substrate to form said paj'%ﬁrn. 16. The method of Claim 15, wherein the ink
chemical material has one or more functional groups'that are chemically reactive with the receptor
substrate; said functional groups selected from the group consisting of an amine group, amino group, thiol

group, algohol greepnéri¢aptoiernol aifenarisie daiosixhanbaiieldenpepiemed and fedifig method of
Claim 15, wherein the ink chemical material is selected from the group consisting of a thiol, a

mercaptd4RBASIARAARIQEERALHIE RIRAKLCRRONBISAI tail group selected from the group consisting of
hydrocarbons, alcohols, thiols, amines and halides. 18. The method of Claim 15, wherein the receptor
substrate comprises a}?ﬁ'l cidoxy-, isocyanato-, alk){lazido- or chlorosilyl- functional group; and. . the ink

chemicalateriMERREHIERS GEAGS 10heER L g LhatePtchSHeamRIag o [REar e the group
foEsistinwgaﬁar?Jéﬂa Hﬁmgaimgﬁwgt&@a@f, allbm@stalﬁliﬁugiﬁﬁfﬁfa&agaef@ml v @?&%&M@Dﬂc{?fe&ﬂhamiie
inkage. 19. The met of Claim 18, further comprising, selectively depgsiting a material on the in
oo TSGR PO oL RS S A AR D B TA L6 Mafioss of the 1k chemioal
rr;]aterial.I 20. Theirmaﬁh@dagﬁs@rap@' ﬁé;\dumfaﬂroﬁ@ﬁwgi&?g?aﬁrd@imtharﬁgammua@bsir@t?hﬂreg' Ittéﬁ ink
chemical material as an etch mask. 21. The met of Claim 15, further comprising selectiyely forming a
toion BRGSO E PR gk 0 SRR LR ONas R TN A LS st o ok
chemicaltregsesiatentidl Weeinpihed of Giairendh flgberein the ink chemical material comprises a

hydrophobic material and the chemically different material formed on the receptor substrate comprises a
hydrophilic material, and the method further comprises:

14.  The method of Claim 13, further comprising,

prior to forming the block copolymer film, chemically patterning the floor of the trench
to form said combination of preferential wetting and neutral wetting areas,

wherein the step of forming the block copolymer film comprises forming a

cylindrical-phase block copolymer film in the trench.

15. A method of forming a pattern on a substrate, comprising:

applying an ink chemical materia to the stamping surface of the stamp of Claim 1
wherein the ink chemical material is selectively absorbed into and swells the domains of the first
polymer block but not the domains of the second polymer block of the block copolymer film,
and the chemical affinity between theink chemical material and the receptor substrate is greater
than the chemical affinity between the ink chemical material and the first polymer block; and

contacting the stamping surface of the stamp with the receptor substrate to transfer the
ink chemical material onto said receptor substrate to form said pattern.

16. The method of Claim 15, wherein the ink chemical material has one or more functional
groups that are chemically reactive with the receptor substrate; said functional groups selected
from the group consisting of an amine group, amino group, thiol group, alcohol group,

mercaptoal cohol group, azide group, and alkyne group.



forming a block copolymer material on said hydrophobic ink chemical material and said hydrophilic
material, and annealing said block copolymer materigl to form a self-assembled block copolymer layer,
wherein domains of one polymer block are registeredto the hydrophobic ink chemical material and
domains of another polymer block are registered to the hydrophilic material; and selectively removing

the domains of gne hlaek@bie selfEssampkieditonk aanalvaaidryiel 1o Jaenantrightreagtdpr etching
the receptor substrate. o : .
consisting of athiol, a mercaptoal cohol and an acetylenic with afunctional tail group selected

from the group consisting of hydrocarbons, alcohols, thiols, amines and halides.

18.  Themethod of Claim 15, wherein the receptor substrate comprises a glycidoxy-,
isocyanato-, alkylazido- or chlorosilyl- functiona group; and

theink chemica material chemically bonds with the receptor substrate through alinkage
selected from the group consisting of a urealinkage, a urethane linkage, a disulfide linkage, an

acid-base linkage or an amine linkage.

19.  Themethod of Claim 18, further comprising, selectively depositing a material on the ink
chemical material on the receptor substrate to increase the thickness or hardness of the ink
chemical material.

20.  Themethod of Claim 19, further comprising etching the receptor substrate using the ink
chemical material asan etch mask.

21.  Themethod of Claim 15, further comprising selectively forming a material on exposed
areas of the receptor substrate, said material being chemically different from the ink chemical
material.

22.  Themethod of Claim 21, wherein the ink chemical material comprises a hydrophobic
material and the chemically different material formed on the receptor substrate comprises a
hydrophilic material, and the method further comprises:

forming a block copolymer material on said hydrophobic ink chemical material and said
hydrophilic material, and annealing said block copolymer material to form a self-assembled
block copolymer layer, wherein domains of one polymer block are registered to the hydrophobic
ink chemical material and domains of another polymer block are registered to the hydrophilic
material; and

selectively removing the domains of one block of the self-assembled block copolymer

layer to form an etch mask for etching the receptor substrate.



