ONE- DI MENSI ONAL ARRAYS OF BLOCK COPOLYMER CYLI NDERS 8
Enbodi nents of the invention relate to nethods of
w0 awpiteasi ng thin filns of self-assenbling bl oR&T/US2009/032130
copol ynmers, and devices resulting fromthose nethods.
Ls the devel opnment of nanoscal e nmechani cal,
el ectrical, chem cal and biol ogi cal devices and
systens increases, new processes and materials are
negdedigeihainhoat 8 IeNes e 81 dRVKAasran ERPOVeINDBERS
Maki ng el ectri calyngPRlpag ;e Qoo gugid eyl i nes has
becone a significant challenge as the dinensions of
sem conduct or feat ur eppghi?ksd @18t ges that are not
easi |y accessi bl e by %UﬁV@ﬁTTﬁﬁﬁT“TTThography, Cptlca
100a1E t hd)xgrtmihm@tmmbes‘sw:mgometaltmf@snﬂhue of iffticeiikg hin films of

f abr t t d. f eat
B A A R D e o
copol ynmers presents another route to patterning at

nanoscal e di mregsj(oRERENRNOCK TORGNWER T HGN M
spont aneousl y assenbly i nto periodic structures
[0003] er dpRbsdaepprnbel wRovelRehewash Fedem) ‘6@?})?&%@“& biological
dev 1?45 a%%%x ;Q&E? m?&:@ﬂ&%éx@ gfmji‘&léﬁ 82‘161%&3}?%& ﬂ%@&f@tlo fabricate nanoscale
ove ass transition t enper ature of
devxté!;emﬂ@bmmerm ‘t’fykisg k,lﬁemcahmmeatbl tngenduoting Rgesdrd be@ahe 4

o e g A0 L A o
ea»xima%‘*%ﬁgﬁﬁﬁ/ c%%?@{tﬁh%%tﬁg%‘ﬁﬁﬁs ORAR; ] b(ﬁo@@ﬂh!& Ak c@%i@}’mﬁ?@@d\ have

mol ecul ar “wei ght and fraction of the AB bl ocks
diftiofltyalabilbitiog kireopok g featwgeat diuss-Y0arapingier level. The use of seif

as%e&%!,mo 1‘5;;_96? gbpgﬁ%};}%%&%{ﬁﬁ%a drﬂgglfip %)ng tg tp%%é? %m?a@ gar?otshﬁg dtmensions.

Diblbadabowt: 88s 28binebhgy h%i}l@lﬂ@@p&}é&ﬂc a@ﬁma; e(ili*b'l Iﬁﬁi@phasa
pol ymer, a bl oc copolﬁgfr filmw 1| mcrophase
sepagaisArALlS coREliTel PolSYE phIcks ﬁwr@“aefﬁ@& igapEnn &y hegpal

dnnqu{mdgls@c }%et J;\PSS;R&%Q %?m gmgpc%t%fzetﬁ i ﬁﬁﬁﬁiwg}qﬁfdwméﬁ?anmalmgq

rati os of bl oc

ﬂunﬁﬁgmﬁamd@bﬁmhmaﬂnéﬁmamﬁwﬁﬂsaﬁnmﬁhEnd|block copol yner
assenbles into a periodic hexagonal cl ose- packed or

ooolfreKSOr 2t ar, ol Crlipders ol BOLVIET LIRS sorura

dgm%ﬂq g@Q H#Qanit@nmlby @ﬁe Qi%@hﬁ§w@fgh@£ﬂ<ﬁ&“@hé, AQcisde MBS AQf blocks of
the bl ocks are formed. Domain size typically ranges

a ditfigamoBooer unprrszéwaiamhﬁmswﬁwéuﬂe@ 1@epabnt@@elmi¢@e~aamw
othe@ogg e o] olf,fms eﬂgx%n?% {1(1911 I 105 ca&% i} nqa.%l%‘&toi{)(} Pl Q)‘L @& Ifwo blocks

(AB] enpdiBlobRGoBEp, hﬁﬂb@«a&hiﬁm@}t}hﬁagyﬂlbh@ﬁmhambzymmr and
within a narrow groove, However a 1-D array %3
self-apspraplednigrgvrigas sghgg@} domains with spheres of poivmcr surrounded by a

matrix of polymer A. For ratios of the two blocks between about 60:40 and 80:20, the diblock

copolymer assembles into a periodic hexagonal close-packed or honeycomb array of cylinders
of polymer B within a mairix 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 5-50 nm.



etch mask structure where, even if the sphere materi al
can be renoved, there is little aspect ratio to the

w0 20vaitepsay porous film | addition, the spher eBCT/HS2009/032130
adj acent grooves were offseé® along the _y-axis and not
al i gned. Moreover, applications for form ng structures
in an underlying substrate for sem conductor systens

{00048 AUI:Ge 2 1&%‘& € &ﬂo@éé@ %lffadgtz n§ |aq0§ RSy bes pife@ffs NGRS minority block
contacts, conductive |lines and/or other el ements such

of a@@cmimpfamatr@a?quM}lcﬁimﬁw@jmi@b\b@m@émla spberical-morphology

bim%ﬁ 8@(&31%%% igﬁlaﬂ mgipw %r m\«er m %freé 1@&1)18 ro& SP}aerr%s £ ‘hlg%b a poor
ctchOWEK GRIRufN@ESLe RIVOD ifQHé.BaphB@ e RECHOMVE IO N @R ETREs little aspect
DRAW NGS [0006 1 Enbodi nents of the invention are
raticedby IEHEHT DR POWRIIE Ferleiisne BesBh e Reinfglqce gigeves were offset
0 ) r
aioz@%ﬁc gg‘gsx%@ngotqu%}ﬁ%ﬂ gkc'higilrjy}@!t] o g?f; \%% *i(lg]:l 4{3\%}?&2&3@5&%&» in an
ung frrb/ﬁieg abeieatd wre;mzh &mtmdtbr 43’8&@11‘8 eclyiim atdmmpd}xvem@gsyi clanduts for
the sane refqe}r ence n ﬁ)@WI Il be us %%J Q/ﬁgho .
Fornyipg CQdYah AP ICaNE LB £ ulé%‘é?tf‘ﬁ%‘ o PEAPhEPaatEs
same or |like parts. [0007] FIG 1 illustrates a
Gi}{g? agranaad be ulan BlAtviNd 8WHeks & BBNdadiap fiohs af subsihieatienal
at a prelimnary processing stage according to an
arragnifodiarethtanebirediercp s evrcafis BResuPelemshow ng t he
substrate with a neutral wetting material thereon

f'hGS | A-l ggﬁy%g@i{zwgg@@r 988 BRAHPRRlg Vi ews of
e Substrat

i nes | A-

{Bﬁﬁgﬁa Fﬁgwsinﬁcg%[ %I{)tgb Fg%xtlv?/rgw g?sc{sﬁ%\i ?ei wt L El;%;l 1%@1:_:%(&;511@ foﬁowmg

ac »o@{pa@\ sybapabentyisiage fshdwinagvé ﬁ@'pis% Faty, Olmr@iﬁghout the following
trenches in a material layer fornmed on the neut ral

viewgethe refgrene evnemls WEIGS uspindbe fapiagsr atdellie pavatsigRage numerals
wiil %E 9&%%‘ iﬁ%%%ﬁ&g?}%\ 5eév§¢§1719£\'s AP rth{ c?&cﬂ};u&rb}% ﬁgf‘g% L€ or like parts.
icte aken, respective l'ong I'ines

2A— 2A and 2B-2B FIG 3 illustrates a side el evati onal

(007t ewFdE. hilporticon dofransabsip ale atw af preftiomoiasybstrate at 2
rocessin sta e acc [‘dl ng to.anoth nbodi t . of .

prol EH G B DUt SE UG ‘DR CSUBSTIAT B (i PH-FF GrEHBwT foving
the @bABELHIARL nbavalwHierBdwen hbfosuUbRtsate1 E%Eii@elcémoml

illustrates a side elevational view of the substrate of
crOSFls@im@i ateves Hubs et depiagd is R Inghehdotpkingt ifohAgnd 1B-1B,
rosnd] eutral wetting material within the trenches. FIGS

“5“6 ére di agrammatic top plan views of the substrate

of FIG 2 at subsequent stages in the fabrication of a
[oo0sel f Fes skhisegicbh didgraapatyop plahidisw eﬁmacsabs:iraﬁf ofd1G. L ata

single row of @; pendi cul ar oriented c nders in

SUbSEBIVHERETHOPI Vi CHFHORE! EPRich s et PR [bgihpn the neutnal

wetting material. FIGS, 2A-2B illustrate elevational, cross-sectional views of g portion of the

substrate depicted in FIG. 2 taken, respectively, along lines 2A-2A and 2B-2B.

(6691 FIG. 3 illustrates a side elevational view of g portion of a substrate at a preliminary
processing stage according to another embodiment of the disclosure, showing the substrate

with trenches in a material layer formed on the substrate. FIG. 4 illustrates a side elevational



enbodi nent of the disclosure. FIGS, 5A-6A illustrate

el evational, cross-sectional views of a portion of the
W@ wetozsse depicted in FIGS. 5-6 taken al ong |PEEES2009/032130

5A-5A and 6A-6A, respectively. FIGS. 5B-6B are

cross-sectional views of the substrate depicted in

FGS. 5-6 taken along |ines 5B-5B and 6B- 6B,
view 8B REGhbY S Yor 1{1@0’1%‘( éﬁ@s@mﬁ?ﬂ& cBNEWHRRLPEAMaMLENS: Rfutral

t he substrate of at subsequent “st ages,
Wﬂﬁmgm@tnakwﬂ@ﬂahiéﬂbbdinent of the use of the

sel f - assenbled bl ock copol yner filn1after renoval of

ﬁﬂﬁﬁbs%fi ‘t‘sh% 6p pUIE ;algmnﬁmtbcfkio ﬁﬁm vie nsao nd <;ubf§ rgte of EF(E‘SS“ at subsequent

g etc openi ngs.
stagéPQhe idbkid@tidlﬁii&i &lf&%é&ﬁmblﬂaﬂﬁodﬁdf@ﬁﬁnﬁsﬁﬁ hﬂ@w@‘npo‘&tﬁm igle row
a portion of the substrate depicted in FIGS. 7-9 taken
of P@ﬁ‘@?«@u{iiﬁirfé"§m7ﬂ- cyRNEEs gy DAY MEREAEERRyhe rgneles appoTgise to an
algyy S Aepi I Rewrs of 2
cmb%?zégﬁrt gf'%let%%%édﬁ&gf o}“‘r%;s‘l??ﬁe{g 1}%@&%%{ BQ%%%%’LE AERILEL R Rews of a
port'r“msrp"ek!ﬁ %L\beﬂr@ftﬁ dpf0R2n FIG,. 510taken dlodi Bgesadimraiil adtidpoA,

an, vi ortion of ,a substrate at a elimun .
respRH B RLe e SEAER S b eRo P ReF Sl A tids. 5o
takeh ﬁm‘é'l&%k Q8L EanSARWRNG 5 F]f*c%@&bes in a material |ayer

exposi ng the substrate [ 0A-10B are el evational ,

cross-sectional views of the substrate depicted in
[B0IR) G FIOS: 2enc Hlironen Hﬁﬁé@i FoAubstEr HridG1 0Bt fubemjuent stages,

uhisﬁ‘%ﬁx%? '% &M@( dl ?wlﬂhoofllég Se 0@%%@ *%]e%'f 51%% @Egﬁgf(@? 3:10111 Ofter

stra ubsequent

zcm&h‘agESnd ff?’hdﬂ porﬁrﬁbr bvakd, ana Qfa%iaiaﬁﬁci:}f thasseyiateedddli Bekof the etched
mer filmw thin the trenches in %he na%erlm

Operpggpe riyi{fﬁ' G894 1psigls Slevplietal v essoEehig BRYE of a portion of the

subsh F%@Q{Hh‘?@é@ Ykﬁmn%ﬁm% uqlgw %&IM% %ﬁé&{»@r&.
eplc in FIGS. "11-12 ken ong 1 nes -1 I'A and

FIGE27B-9R2A crespetivhyieliyws &l ESsutttBe I2Bcteden FIGS. 7-9 taken along

_ nal V). eus of the substrate deplcted in

lineg{ D t‘i%%ﬁgt%ﬁﬁ "'%ng lines 11B-1 IB and 12B- 12B,
respectively FIGS. 13-15 are top plan views of the

{ﬁ{iﬁﬁ bsgrat eg ofs HhGahdi@t (SUPEL QU] StcrG8Sof 4 bilbesie atd pgliminary
e use of the self-assenbl ed bl ock copolyner film

procassinegy st oaingfto @ﬁ@h@f‘«@WEBWVﬁéFh% igdgeate, a@\&n&%W% ina
mals Irf?il E& Sﬁoxﬁﬂ?mg lﬁg‘ xtu%ﬁ%ﬁu affhé 'El } ?xfe f%lch\%ﬁ Qﬁ%I SC s-sectional views

s*acc 0 ‘an enbo “osur e.
of thEts(ﬁtx a@ﬂédplc‘ﬁéki inl Hi(.bs t ¢ adicen eloay am soﬁﬁi 10araad S 08eld, orratctively.
views of a portion of the substrate depicted in FIGS.

-1 al o i nes 13A to
00135 pggﬁ? oby2 32 B ma%%ﬁaé@ Bt ol HEseR g g o
sub&@éu&h@a%% bs ?‘ffe‘%ﬁﬁm&%@h %F Qdeif ResEh&R4 Eﬁ&ﬂ(lo%pbﬁ KeR 3k aNGin the
lines 13B-13B to 15B- B, resFectlver 0015] FI G

rencts inthanopicplan RiG3b. ol Aal o R oo oo beiidubabrat enet views of
a por’tmn of %‘he & )gt?e[tg Ide}gcteg in FIGS. 11-12 taken along Hnes 11A-11A and 12A-12A,
respectively, FIGS, 11B-12B are cross-sectional views of the subsirate depicted in

FIGS, 11-12 taken along lines 11B-118 and 12B-128, respectively,

{3014]  FIGRK. 13-18 are top plan views of the substrate of FIG. 12 at subsequent stages,

itlustrating the use of the self-assembled block copolymer film after removal of one of the



anot her enbodi rent of the invention, show ng a bilaycr

wetting |ayer along the trench surfaces. FIGS, 16A-16B
W@x@9Ia0xsyat i onal , cross-sectional views of thePCT/US2009/032130

substrate depicted in FIG 46 taken along |ines

16A- 16A and 16B-16B respectively. [0016 1 FIGS. 17-18

are top plan views of the substrate of FIG 16 at

poi‘ssrwi‘ $RAUEN: ShARES ctc ﬁ QW Rgdidend RN AL 1Rfet B8 ofdnidRGiccording to
pol ymer ‘domains to form openings to the substrate

an taﬁmdt'mmgi the Mbbhf@r Fatboli a8t 1éiﬁ<‘ftdﬁ<edm\i@mh oass-sectional
17A-18 strat.e S-SecCti .
e AP OR r tYSH breoRsTSEERr T ace v o ga FRbuPEg a v
1541754 &sheakeny. abang 3koess é@é}:{%ﬂ&&ﬁ)niﬁﬁc&@& the substrate depicted in
FIGS. 17B-18B are cross-sectional views

respectivel {m
Mhéf?i hbtakgpslonatiecdEBi-¢td e 1 H3EPBsesnertiiyely t aken al ong
lines 17B-17B to 18B-1 8B, respectively. [0017] FIGS.

E{}Mf%g %‘ i hist L @ %E%QE\U?E a?&ﬁ%ﬁ M 5 @b deDEr FI@’QQ%L&R&}H&, g 10

ormngt rows o ers |naS|ngetrenc
anotBbGmiQlibbhiugtihahesitant dpwitanbidenvefing lper tivog thofireach
prel.i m nar

auri?#gﬁggééeiééﬁg &S %}?Vﬁ“ég}@)r/m&[f?%% SI h lxi’t@% gl}besug\%a?gdeapicted in

FiGel @matd A0ah lines W64 88E1EQNER, i’dbﬁé’@n@}fy a portion of
the substrate depicted in FIG 19 taken, respectively,

al on% | ines 19A-19A and 19B-19B. FIG 20 is a top plan
[003 ewFdtSt RE18abstop et Wi Rde sgstplea ! SifBsEqinescarag s,

showu iéti@e 4 Ign%gr \%h e L oi B]\, g‘okql%eef doflﬁﬁﬁ%{ﬂ% ?gopf.n ngs 1o i}}xe %ubsﬁz ate

acuirdilﬁg @@dlﬁﬁb@rcmmgmt@t ahthe mmdume nNFIES$. kel $m vientrierlevational,
FIG 2 1is atop vi ew of the sub t

Crosypeckong “é%’s%fqh%fm%f‘ Ge sulaie © ﬁ@hﬁv&ﬁsfg{ 8 ﬁe ?%gﬁgw

11‘103 Pﬂ?'l ﬁﬁ Qf shh& |19§15‘éa9/%8°|1y§m 17RLEH Ak ordsh %( 1 3all \ﬁb‘/@% of the

pl an view o after etching of
snb%su‘asiepmiﬁei andGhi l”J | ahgikorﬁ ahohe het&:h@%@é«nﬁﬁ@émﬁe@gm ely.
20A- 22A are el evational, cross-secti onal views of the

00130 BET 3 15 e s 2 S5 SR GBI BB o o
of cghevatih analgic 6£:08S FIECE$ Dhalawi eWs Oin VBe Fubsti@l & substrate
‘of FIGS. 20-22, taken al ong I|nes 20B-20B, 21B-21B a

at a prpRrppEy pfqggﬁéqﬁ §iRes| sPOWERAWFHgh o # Falge@ver FIGS. 19A- ld)B are
elev %Aenapg, t{m§ b%-[‘@x‘l LER, Pﬁﬁ%r? Tk Sﬁ*hg: e @%W gﬁi&;ow-%l\cn

oW Nng deseri on W t Ference
respéht"ﬁ"vl\lyﬂ@&n@ﬁiﬁvs bFB‘s-lBAIanéﬁ@BtﬂQ@e exanpl es of deV| ces and
nmet hods accordi ng to enbodi ment s of the invention.

: uch_des ptlonlsfor I tiV poses O 1

oorghe FAE Bl visBa e b benibine wie? TP RO R ERR e m e

fabrRbuddher a@%‘i‘tﬁﬁémﬁg@u ﬁﬁﬁib@i%h&%@@ioﬁﬁE@@oiﬁﬁ@rﬁ;ﬁ@ﬂ&@h@ﬁn the trench
substrate" or "sem conduct i ve substrate" or

accor§ppricondubediveniedfler inferdipme fEG. 81 1+ sumbartart vigywi Hiesubyirate of
FIG. 20 at a subsequent stage after removal of the cydrical domains of the block copolymer
material, FIG. 22 is a top plan view of FIG. 21 after etching of the substrate and filling of the
etched openings. FIGS. 20A-224A are clevational, cross-sectional views of the substrates of
FIGS. 20-22 taken, respectively, along lines 20A-20A, 21A-21A and 22A-22A.

FIGS. 208-22B are clevational, cross-sectional views of the substrates of FIGS. 20-22, taken

along Hues 20B-208, 218-218 and 22B-228, respectively, showing both lines of cylinders.



"wafer” will be understood to nmean any construction
conprising sem conductor material, including but not

WO pevptexsst o hul k sem conductive materi al s suchP@®Uus2009/032130
sem conductor wafer (eitherSalone or in assenblies
conprising other materials thereon), and
seniconductive material layers (either alone or in

assenbl i es 11115 '}1&&%1@@"’1‘1‘@% afl ?kﬁ) W&Tﬁﬁ Etiﬁf\]m

"substrat e s IpPO
|
(}{}Un gst’qucqgﬂ G\QML fiegﬁf)hbm\{tﬁq iL%r é\;\g‘)f tgi(? g}ag‘?%:f&é & § Egﬁiea’mfi

cxaxh‘p}]m SLOEvias aus edither @d:\f(brdlﬁg, s tchenbrheeent! (e ﬂm\&dum t Suchr

pitch value (bulk period or eat unit) ?{ structures

desipion sebot | s bEh e RAEO R AR G: pgiich of i 156 S5
sel f-assenmbling (SA) bl ock copolymer. '"LB" s sed

%*ﬂﬁr eiyp tﬁesco%t&%t penk egh &i‘t LYo HO DVl e iebn R Bl ek o
bl ock copol ymer wWith one or nore of its constituent

"se mlgmmmuymtmte Lot isemissednatier euaifprtfmmai caf watepfagment” or

Wageffl Wﬁ&}ﬁ g,n(g:f%@%cﬁfetoks% S Exgg E)o Itrtu;c:rg?n %or ?ﬁ%ﬁds%m?wéadudm material,
incl@ORE vad ®Atintied id-@ulkfs@hman&uﬁ@c blsaglslcopohymermiandiutioBivaler
for a copol yner_ bl end [0022] Sn enbodi ments of the
{eithion giORE PHAL asEerpdicy FRRPHEES PINST m@@n@is thgrpgiph qnaiysgm)m gnguctive
FAIETLIAY 1l 3 9 gp" l y\f{@{%
oSl BEET R S Rt pnsemtal Mloncamyl iy
"sutcope! yfers teratenipabsing ponttanentisdiyg dss enbimitédibothe se m!bonductwe
periodi ¢ ﬁtructures P{dgjqﬁgﬁ gse separation of the
“m%%W%th@é PEBEIY eV BRSSP %8 Y anneal i ng, forning
ordered donai ns at nanoneter-scal e di nensions. In

peRmbodi ment s. Pherbigs HRVENEEQReriAliOReq 0 MBRS @Bkl (drib) or repeat
array of perpendicul ar-oriented cylinders is for

ned
unitiwl S_ﬁiidnmaﬁﬁth@n@ﬁ asgembet s BRI et 8 Smfwwm@hgg b‘“fA ) block
capfggrlglgr ;?S Cﬁ@ed%‘% Ctl% %bﬁg% P&g‘)é]r?“ n, t L& Fg? ug P en%wk 08 8RLEL
cop@lymhbng ﬁh%n& bﬁmoireSoFf iQrcnedinomt hbﬁ&oﬁ@lbﬁluaat’ &" aned henine indicate

used, for exanmp as an etch r foQ_p %
the Galfosp-FRHCH *éé‘f“@l‘rfé’é“b 5 @3%% UrdertT g hE §?f%ﬁ ymer or blend,
and HH;?H&!&}%% §CE | g% é\%ﬁf’"ﬂ\f@l 1,908 Bk OE&Q‘ of au}ﬁ‘o lymer blend.

assenbl ed opo ymer. Since the domain sizes
and periods (L) involved in this nmethod are determ ned

ﬁ&«@i/ t hecehadimehsngtie iofemiob) @m&gmpbmymﬂi ((ew\)mm layer) is prcparvd

L L e
BlodkN®pb BeR Qe ad Sspsh@htfusgantdnybik @8s péthﬂﬂg, exichesEhy mluophase
ul travi ol et (ElJV ? photollthograp whi ch has

<vpaé@mmf A] @np e oo G ODES IR HEEHBE, Forimeispiea dpmgins at
nano@neﬁ&l SC 8%%3;%@@1&% % 1%%0%?&8 AR %@Lrﬁ{o'na!i ohd) Qﬂnfgﬁfehﬂ%§ -3} array
I'raensi - array o nanohet er - scal e,
of p@@@rﬂﬁ@d&r@&tﬁ@tmﬁmhﬁ&ire@ foyhédetehis sacoohdimghtoenamdiments, two
enpodi nent of the invention is_i]lustrated

oW, slmg:ygmders can be %@r‘med ?n each french. FOIJOWLEIW 8e tt assembly, tﬁzc pattern of
perpendicular-oriented cylinders that is formed on the substrate can then be used, for example,
as an etch mask for patterning nanosized features into the underlying substrate through
selective removal of one block of the self-assembled block copolymer. Since the domain

izes and periods (L} invelved in this method are determined by the chain length of a biock



The descri bed enbodi nent involves a thermal anneal of

a cylindrical -phase bl ock copol yner in conbination
WORak/1625§F aphoepi t axy techni que that utilizes BCT/US2009/032130

l'ithographically defined treench as a guide with a

floor conposed of a material that is neutral wetting

to both polyner bl ocks, and sidewalls and ends that
csp@zﬁep{f‘ﬁ{\@ri%% h@n WRtdL0G 5‘%&:&5@1}19@:&)’ SRk dbt&ﬁ‘én@ﬁﬂti

nction'as constraints to induce the bl ock copol yne

vhotodiisetdphps Bevisag ot vaing éiﬁajf@dedqwﬁ)mgnﬁwmbf egp tbwhg‘ﬁén‘c

Ir%'é‘%ﬁlﬁté%&ﬁgd hﬁ%’ XH?%I{‘W Y5 ?Pﬁ% ﬁe? %@F“r‘g‘)fe i %8 i sxf ered to

the trench sidewalls. In sone enbodi nents, two rows of

001y | ndekgogds Heridohpadel ﬁ&s@&ﬁf%diﬁm;}olvmth exablrot khat defines a
copol ymer or blend is constructed sych that all of the .
OT‘ﬁﬁﬁﬁVW‘ﬁbﬂo%k@T% qﬁnaﬁ@v@f»éwéﬂ PRPEREr dice g wHadyg pocording

{0 a}g %%ﬁ&%?%ﬁt Huhd ﬁgufjiﬂﬁ 2nngak ed dt9§< i(?% thgrmal anneal ,

k copol yners |nc or exanpl e,
pol y(styrene) - b-pol (nethylnethacrylate) (PS-b PMVR)
1802df  offherdeR8bbd p@btyi(ia‘@ny:hlm &)s pthermal anneal of a w}mdrmal phase block

s,op(tl‘;:;geiognﬁs_)%)(b k) E% (‘E\r ty*il g;%i%;r\ gﬁ g¥y(16g (rﬁel&n? % u%ilpl Y. (1 i?ggrag}gzaliv

defiRGY k) 4 GFGe Brift B&‘i\)or BpagdithehgeAlitihe mva& BeBMyko both
di bl oek copol yners are used in the illustrated

polyer @Blcﬁ%rwd sigenells argipads BR! preoskewapy yatEstone @olymer block and

fumé)c(m l()lb romt i 'thc}ugé E%kl E&q\]p%%w& £0 %u}f“%@ )&B%e 91%8% 1 ordered 1-D

T copo i ncl ude copo yners

ar‘ra)ﬂ(‘]ﬁa kiBAcgopalf yﬁlﬁfcﬁ‘rs(iﬁ a@o&vrﬁﬁ*—rﬁzﬁﬂ%@ﬁ&t&m derpendicular to the trench
PMVA- PS- PMMA) . [ 0026], Th L value the bl ock Tindor
ﬂoo%@pm y%lmdctgﬁheotéeiﬁgéfdp%@ ﬁ;& gnen&, e FUEt ﬁ.@ inders can

be (B8 MRLEGULALL Wei ght  of the block copol ynmer. The bl ock
copol ymer material can al so be fornulated as a binary

or ternary blend conprising a bl ock co% ynmer and one
[6026¢ mdhe bmmpmiymw eirRsiy cofstihisdsashetheygpleoidhe polymer blocks

will {P i %?L%l&ﬁ%t&?@é@ﬁéf} é{%&hyﬁg %mcri(fclckd?mn ihehqﬁmgiloggr & g&gﬁ&( Maheal, such

dibIRQ! QOFBFy nieMRL NS aﬁﬂcmﬁ@ﬁ@ 398/ ({thent)-dvabiyanechiencdiolctiste)
fraction of the honopol %ners can range fro[\?ﬁ:r t o about

(PS-50O Maex ahsr @\drpﬂavtdéﬁ @?VW&%P@@E&%‘&@?Q blend is
y %01 46K 21K
o BB BN B b o ey

(PFS-pahi fuy) etdiygl otiet hathyd gﬁ:ﬂ(‘:}b immf*eahiﬁ‘mk c@&lﬁﬁ@na@mu%d in the
.. about 0% PEO hono HP) can. al so, be use
s 68 GEe° BRI IFRD CEUIE R BUL a: Trig: BORE M B10ck

cop%ﬁeﬁg ear e ds8d. bEJdnev\’ies bt Bdlock Repadded iEQROABPAlY AR ers, and
function, at least in part, to | ower the surface

ABZenarymot (¢.heP PEOTHGTRE nsd F&1YHatS-§MPS).

[0826]  The L value of the block copolymer can be modified, for example, by adjusting the
molecular weight of the block copolymer. The block copolymer material can also be
formulated as a binary or ternary blend comprising a block copolymer and one or more
homopolymers (HPs) of the sarne type of polymers as the polymer blocks in the block
copolymer, to produce a blend that will swell the size of the polymer domains and increase

the L valae. The volume fraction of the homopolymers can range from { to about 60%. An



[0027] The fil m norphol ogy, including the domain sizes

and periods (LO) of the m crophase-scparat ed domains,
w@amohessontrol | ed by chain |length of a bl ock POPUR20a%632130

(ol ecul ar wei ght, MAN and %ol une fraction of the AB

bl ocks of a di bl ock copol ynmer to produce cylindrica

nor phol ogi es (anong ot hers). For exanple for vol une
exarfz%ﬁ@%g‘ b@&ﬁa@(ﬂﬁ{i@&d ngmﬁrﬁnctx I%Qnﬁ‘@@a p@%@mt\ﬂﬂ?gﬁﬁl *vﬁy'& blend, for

bet ween about di bl ock copo ymer
exampli) 0% ef éfpih é& P&seipré’i\'ﬁt«iés aa% <§e7—l ’f\ Ia%ﬁéyfblﬁ@ndrﬁ@& of 20K

pol xﬁg%\’:}a? il‘ﬂgté‘ig%'\ hfge f"xcb enmgﬁgl aéxd 61;30&. Lr{}e& Y lilgbt Eh Lo r(‘)orpr%i‘sﬁmd {HP}
can B0 Be RMYAS 6RRALY PR pe Bt clindd-Ordnyl dﬁtﬂ}:m’ﬁi@ ah@amialGylieved that
20 nm di aneter cylindrical PVVMA domains in a matrix of

the ided SEBJIRpEE T tHJURC POYE PSshcPag0 % IPRRRhRispRacg cncrgy of the
| k. wei ght (M) of 67 kg/nol. [0028] As
”&U§%$%§£@iﬁ%%ﬁééi 1-1B, a substrate 10 i s provided,
whi ch can be silicon, silicon oxide silicon nitride,
(00251 | | dbn fiydrphadegy, ﬁidiﬁcﬁm@t?mxipmhmim ana;rmgi»dt@eﬁ the

erials. further de icted, cond ctlve ljines 12.
0PRG54 S PG 5 SO0 OB DO P fr%@f By mes
{mo épﬁaﬂw&gﬁ{- W%ﬁsf‘{ Nubberasubshr @t & Bl oclshianybiefi §iRlymer to

descri bed enbodi ments, a single trench or multiple

produrendhdscdanctbeolpgipmendng athes)s dlos exaserde. fandean frpiégs at ratios
arr t.h
or oG B Sl B QL LB TP b B e

micrbBhdss spfaomb gadsent é@eiﬁﬁ a;litb@)m@ic C@lﬁldiﬂﬁtﬂl &ﬁndmm@sol@nu B within
or other active ar eaS

a

a m?t(‘fri?‘é AEPEEMET & FErHedPéen %@d%&ﬁm@Sé’r%e%gf‘fﬁ?é ‘*(‘-é’P@“'me’" material
(Lo-hb Bﬁg)m g(%ihabtogf%() %ﬂ’ﬁ%g%n%&& J[hﬁ Hodf PRAUIY neﬁ?stiﬁ ol Birik £ P ig

anne eac e situated above a
compbsed loé abat i70% B ;ﬁﬂi AR Paid A, withndudtmheiecdlamedightl(ivi:g ohe
_...enbadiments, nmultiple trenches are formed with the
57 KghiE- 24 of each adj acent trench 18 aligned or slightly

of fset fromeach other at |ess than 5% of L such that

0028y | | ndeksicicn irgiasent Bt £ snches @riepahid@nedniandan be silicon, silicon
situated above the sanme line 12,1n the illustrated

oxiderdleuinmeile, aligvevrdaiiridiesticng Q}%{ié}r doppmeas Q@acgma&:rm“ As
furthf() @e TRC L& oc%gdﬁim{t lm&%ﬁr@??ghc}g 8&{@ qare%vg [gg J&Swﬁ%ﬁ&&}ﬁ@?@gmm) are

situgdh@yensh teadubtdaan ibe formed over the neutral wetting
naterial and etched to formtrenches 18 that are

oriented pendi.cul ar. to the arr of .conduct. ve
[B02P] neln gy Néé C% sl digens, dzmgloé}égr%néﬁgn ggplf pignches can be

?orivxr’f@tu?fﬂp%lubstﬁ)’ce ﬁné S QENR SPRCRIAREF QLS AT 1RBY(helweanive
trenches. The trenches 18 are structured wth

duabﬁp@sﬁmgusmmemah¢sn@Qanﬁﬁnﬁ®ﬁgﬁ®h@§}Qﬂwdgiwﬁhandnﬁy01
conductive lines §2 {or other active areas) at a pitch of L. The trench or trenches are formed
over the active areas 12 {e.g., lines) such that when the block copolymer material is annealed,
each cylinder will be situated above a single active area 12 {e.g,, conductive line). In some
emubodiments, multiple trenches are formed with the ends 24 of each adjacent trench 18
aligned or slightly offSet from each other at less than 5% of L such that cylinders in adjacent

irenches are aligned and situated above the same line 12,



floor 26, a wwdth (W), a length (/,-) and a depth
(D) I'n another enbodinent illustrated in FIGS. 3-4,
w0 b@otrexser i al | ayer 16 can be formed on the subGI/D81089/032130
10', etched to formthe trehches 18, and a neutral
wetting material 14' can then be fornmed on the trench
floors 26'. For exanple, a random copol yner nmateri al
100N 98 (AGROSHIRn B LS, L RACRERnI ToBR0 £ 1095t hakAC
t orma neutral wetting material Tayer erla on
copsiymbades boutiside tethtersehghesiSud hmea@mb &ﬁyt:hkﬁ sp agepsmore
.20 .(e. 9. pons crosslinked random copo .
maGab et PTRbTaR PooueeRt gt Bt bpf 80P form
trendHe@NERQS a&&»x(c@ﬁdﬁ:’éﬁ%%u@@ﬂ tdP@e LRENBTM8hAGedines 12, as shown in
| i t hographi c tool having an exposure system capabl e of
FiGFat 2% nPw@om ot the metaiablager 16 {orn@-sro@r el nyisidggan between the
osu[ ex X454 ¢ g
m.mu fép v Zgl % %%& sﬂﬁ{ LE{Q% mft}ggp %g@gd%w §4 Sc,r%gggsnéﬁgdnds 24, a
flooek®atwidh e\b@)amk(r@ﬂb(eaa&dw&;h@gl)gphy, as knovvn and used
in the art Conventi onal photolit hogr aphy can attai n
|1 est) 0|rt 8 nmfe 033
g{még anoﬁgiqré:ﬁi }lﬁlmi}ltﬁ strghed -irb %It ?Bqafa,gg} ARG 8%11 be
iomﬁ:ldsb% (Rec el 1Y RXLEROLAY (Ed @8R | dnkiia88uREl wetting material
phot ol i t hographi'c techni ques beyond their m ni num
4' gintibdn bafordeser iHoaknci ﬁr}’ue)zéh-pl?gg C\nmpiu Sanfein copplymer material

can E?\A%éjteéﬁcév;rg&tgi\f\% ng)hes Ej% %\6 d’é? S@szlévfg é% fo(x %3' rﬁ%)%x a%vv aé% material layer,
Mat&§ 6h QOZIBOBu s\ kheStrencBEd Rich¥s o 12 %&@Emmf@ ki, R8s ciddslinked

photol i thographically fornmed in a photoresist nmateri al
randgUeiaPg iy ecapayp SEbSHIMH YaRPertabl e material, which in
turn overlies a substrate, the expendabl e rrateri al

it abﬁyepﬂr o%: SLAENE. ti%m}?ersgs%qug A&l §o %ﬁ%gg%‘% Ia.?iﬁ%ﬂ@aphic tool

otoré&sist 1s stripped, spacer$ are ‘
havmg de sxabutchestomndpails of andrtihparntbocdrél & laflé-HWem). Such

exPop RO PR G T HE SRR PR OF ECLRG TP aRy: prosimity

X-raRB Qﬁ@éibé’ﬁ%ﬁﬁ@&% Hc%ﬁrﬁgm@ra@ %Rﬁ"kﬁo@ﬁfﬂh@ LRg iRRe: frealthRutional
and one space, the same w d now defines two features

photahidopmphs pacagingat ﬁnﬂh?éﬁslba@te‘is? rdefdahees. by t he spacers.
As a result the smallest feature size possible with a

%352 1115‘[@ @Rﬁ%o fméhe %ﬂﬂ}'hﬂge 6%&}“%% éicgé%(yn”qgﬁ 8298 dsed for

nm or ors In or m ng
exie@diag ﬂ@| ] pc(bdlﬁ@)()f ahs@iithory dpay:ezéciquuv: beyond thelr minimum pm h, as

per pendi cul ar-oriented nang-cyiind ers within the -
desciipehdHESaTRED et RE- Nodo At 0 §L oty aTe%ﬁhB(‘%#’)“ §fo- 745525
(Abﬂ%{l%@c&’ai §hes 55%%58%6@@3?{13 d&ﬁ@ i W/@G@gdsy(ﬁmmr Bricfly, a

to”achieve the d tch (L) and
patieth Dtkmssp}@dti)hthebozﬁﬁeuﬁlxd@mnabpm gimemmmmi OVP@ﬁSSQ layer of
an SWQE"%{}%][}E%?}& “g&g‘% W wgh YRE subdir a?c Ed\,xB%}ﬁaE% diQﬂdE(iw\ er is
etched to form placeholders or mandrels, the photoresist is stripped, spacers are formed on the
sides of the mandrels, and the mandrels are then removed leaving behind the spacers as a
mask for patiemning the substrate. Thus, where the injtial photolithography formed a patlermn

defining one feature and one space, the same width now defines two {eatures and two spaces,



deposited into a 75-nmw de trench having a neutra

wetting floor will, upon annealing, result in a zigzag
wQEaiwae2ssof 35-nra di amet er perpendi cul ar cyl i PCEDS2009/032130

that are offset by about orfe-half the pitch distance,

or about 0.5*L) for the length (/.,) of the trench,

rather than a single Iine row of perpendicular

wit}g%ﬁleisﬁgc‘%g def? eﬁg)gfﬁee b0t e asfbgﬁt |55 0108  G8 BB%@* le with a

e trenc I's a shi ronrtmo rows to one
photcdithogfarhhecgedpend ei(teujtia elyciebtcnddrdewnitt hbout Bhencenter
of the trench as the width (w) of the trench is
ased and/ ar the dicit L ue)
0047 oc RREBHO it e & et e e By e ig

nan@-ct BERST Withh endedyhéhecadd il V@iﬁtm{ﬁa Jhetikie ?L@@S)D Il e ¥ench, the
honopol yners. "The boundary conditions of the trench

forrailefesnet i tee Dipek porsbirpertcdlovdrie ashiene the fepjed eiteh (L), and the
ereLn e h contains "n" nunber of

Ehm?%ﬁ?ﬁﬁggﬁ”efgg,b@?F@%g%%&§ Fln some enbodi nents, the

trenches 18 are constructed with a wwdth W) of about
{0635}t o Fab exquﬂc Sriocl{ @mpolvnber Xr bleed }b'&‘ting;l a‘yyﬁthrez) L gflut he35-nm

bIo k copgl ymer  such that a cast r :
depgRipaiTS e oot e R RS aebe%rﬂ@“ai%wg result
ina @‘W)@@Mﬁ%ﬁn R &A:H&b&é@é@éd@furd@ erpend G AL oA IbPABES one-half

a center-to-center pitch distance of adjacent

the @yd}n hgarcs, ataboni iaﬁfﬁu‘rtfer_thﬁé@nﬁxﬁnpf éaf. trmaimgathg than a single line row

of oA QuBDR R R SRR o e Pp B B By e s
shﬂCi@rﬁh beo abeuls oke ko®HBthetBrihdabbu by 980y it tEhentengtt trench
of the trenches is at or about nL or an_ inte

as ‘ihmr *(dﬂbil ) %fﬁ‘iﬁrfﬁsﬁé%ér"rsﬁseﬁi /P e pairgecior(lanbist Gﬁgre rk&mk

mp(%lgm@i{)g 311(1:%1%}53&901”&&{11% i n% gg t&ﬁhﬁ% R 1 %Kv t?gb%%ﬁ@#ryﬁjﬁ%ﬁl

condrimenc hesoddymssgil habemndanam:ddit(@e 1)) ’ch:,'fimdw\asidtxh albf 2% héoth the x-

s pacers 20 between adj trenches n v
and @éﬁe PP ABBigtIE e Hbt e TS GHEOH ﬂﬁfﬁr%m (c.g-
eyliddagytrench dinension is about 20-100 nmwi de W) and

about 100-25,000 nmin length (11), with a depth (>,)

of about 10-100 nm[0037] Referring nowto FIGS, 5-~5B,
{00341 sellt >€a@eenb¢dlmgm\d§w iraidelic 4B arepleasiaickidowih & opdhyireof about L

10 a&‘;‘c ¢l L‘f ér AT Q@%F ggc%ﬁa % {r I oc%‘éio& %(i;lg x%cr%gc%g% gl‘s@blouk

Ccopo

mpdﬁj&ﬁ'&nﬁa&ﬂﬁr@r bendgdbig hevesal @Bntrﬁﬂﬂa, abofrvahidty inkd) single row
is deposited into the trenches 18 such that the
Of PRI SY {rdeys whberenrénentemicheitepe sl ¢dierepl odiders at or

aboit @P (}4% @E{ﬁxﬁv@ d %Qﬁg ald Y@t PLnal %%c}\ Iﬁoﬁrﬁitv tfe ¢ &N %ﬁ |ab&9 5 0 nm
and the k copélyner matérial wl assenb
pitclf valme @ Isithglvedth a;y et ﬁnf-:‘ n@zyir:}ms dércsn ac a‘ﬂxss tlhe* BT B hr (ile)
I, exa thlckness

50-5§ v | Pl A0 A6 BT ool SRGCR- EbBbl et HaIs Por
‘rypie%ﬁy\ﬁ\%ﬁﬂﬁ Qréﬂ?g,@ of about #n*10 to about n¥100 nm (with » being the number of
features or structures, e.g., cvlinders). The depth () of the trenches 18 is greater than L
(D>1L). The width of the spacers 20 between adiacent trenches can vary and is generally
about L 1o about .. In some embodiments, the trench dimension is about 20-100 nm wide

{(wy) and about 100-25,000 wm in length (7, with & depth (D)) of about 10-100 nm.



trench is about + 20% of the L value of the bl ock

copol yner material (e.g., about 10-1 00 nm to form
wa@iovnedsss havi ng a di aneter of about 0.5*L (eP@l/USHoBE2130

nm or about 20 nm for exd®ple; within a pol yner

matrix in a single row within each trench. The

t hi ckness of the bl ock copolyner material 28 can be
[604% as Q’{e%gnng ﬁBW@@‘?E’@k% sBYa elil- hﬁ&%ﬁﬁg Eéyl'iiﬁﬁﬁﬂil B8RS black

[ The” bl ock copol ymer material ¢an deposi t ed
i«ﬂpahiymspmﬁtewahﬁ vy e inhm@ttm@g)ﬂ mreémthodm mt@n@b bigrideh block

S C= (e PPy t .0 25-2 . n) 0 o
cordfinds e eshsne it Gt L RP Sle hiRe TERRGETB] o the
trentiQlUBRE:L tﬁa@ﬁh@ XAk s ¢aph |‘f‘hiﬁt&é€mﬁ@s’f Qﬁ&ibpwlﬂﬁd XRESSpolymer is
bl ock COB ymer naterlal &i % reater than _a
gengrpihioRiay & ‘)’Utllnfifbltfﬁ@di ﬁéﬁ%ﬁ%@ Frasrelimrhnagtiehpill jeliaspemble t
- o | fi- b B e 1] a ; .
ﬂ,mgé plﬁl eqﬁ‘%% ?ximtd & dﬁ%ﬁgg ﬁgg\fl%a %sg)faﬁ f%@%%{dsal ggtci?ﬁigg@e, a typical
th‘b}tﬂiﬁﬂcnﬁs 2 celi gir;x,abph(k ElgpEbBr A Rk ddpeimmanmesaliah®f withe: the
fil flow in he trenches | eavin
weng peeiirol Ge! gﬂ}si‘fﬂ}“a%‘%” SRt RGP HEOE FRETPg r Pt 10-100 2m)
to *;Jﬂr&%ﬁdé@ Rafown d&%{&&%@ﬁbéﬁﬁ 0,940, &he eS8 about 20 nm, for
enbodi nent, the trench floors 26 are structured to be
cxmnﬁaxwahnmmmﬂwngIﬁsq&amaamgknnmywﬁmnéb@ﬂhﬂbhoék@ﬂnﬁhxwﬁﬁfﬂw

formati,on of cylindrical pol ro.
blocf R NEE! el B P R s ercie i &P ey 1 SiE s
floors, and the trench sidewal ks 22 and ends 24 are
{30388 r ugtiebedk tepdiempr eher zﬁil’liahaic, Aopédie By byinoaeingl(gk-cofiing) from
t he bl ock copol ynmer. to induce re |strat|on of the
a dﬂé&g sCHdeR ga, £0 abqyé OiSdlevire1selubigny ¢ pwgy}p@,&e, ! @i Riganic soivent such
as di%? |k A Heﬂﬂ & SHERR0 @&%M ridhe: %‘@Mf{ A8 gQr&ﬂ%rx[é@%;mk
%e tr nch &urfaces, Anneal i ng, t he preferred
x,op(rwmm meriit28hkec Igr@ﬁertllmx ‘I:mbmsﬁdyﬁra:aaki} {hh afsecitm 38k As Shown a thin
ssenble

oy G TPl eichaR P A E B Gaheer Pofeab Dot GHar e g lever 16

outsf@fihd d"&}ch@@g :h C)%fthé %Léi‘% anchian @m&%@ﬁ? aad &id ﬁlnﬁ E&,& will flow into
sidewal | s and edges of the trench to form a

the tamg ?ecrsfiatv@nsocr sisturElng Yrayieleyeram We plabriediayer m f&n agopidown
pets CWtroplc forces drive the wetting of a neutra

et an surface byboth bl ocks, and etithal pic forces

drive the wetting of a preferential-metting surface by
{663he prekergses d&ii@dkném e trehdieflanrndé hteysirbboek)io b&'meuual wetting

proyi de preferenti wettjng surfaces, for exa

(cquplridlipigs POl Pashy.o %mw@p BR8P B BIYFRAPTORUAB ChY iafﬂ polymmer
dom!iﬁé’gf ¢ 48 Qgégtaggc&qﬁ@%iggmqm ﬁbilxdhci@ﬁ)ré%& bhe riﬁin@{ Sidewalls 22 and

oxI g), oxi de (e.'g., silicon oxid , l'i con
endsrilidtare dejetsid Licmre&mﬁwa'M% ibpebiie ok of t}wﬂwk(d@@)y mer to

indu?sieleiehhgg\i}(l%x%e\t 1 é}siéldim':sgg dl%tt §(§%’?]agisnig lgef(r}ll Lﬁlégﬁ%lf&l?\s A2 t-assemble. In

resp@sb b G d 8Sh&tss oARPRGn Wabéﬁaﬁﬁfﬁ AhSalindhit@hreferred or
exhibit preferential wetting toward the

minority block of the eylindrical-phase block copolymer will self-assemble to form a single

row of eylindrical domains in the center of a polymer matrix for the fength of the trench and

segregate to the sidewslls and edges of the trench to form a thin interface or wetting layer, as

depicted in FIGS. 6-6B. Entropic forces drive the wetting of a neuiral wetting surface by



PMVA bl ock. In the use of a PS-PMVA cylinder-phase

bl ock copol yner material, the copolyner material wll
waelob/1eessenbl e to forma thin interface | ayer BEIEUS2009/032130

cylinders of PMVA in a PS d&trix [0041] In other

enbodi nents, a preferential wetting material such as a

pol ynet hyl net hacryl ate (PMMA) pol yner nodified with an
both m%oﬁﬁdaénlﬂ&agg @@L&t&i eGhPwe mﬁé%ﬁ Q?X@ Dy IBihass éﬂrﬁ&ﬁi}v the

e appli onto the surf e trenches,

prefexahigbek (chy, dpmneaatbicg).and then heating (e.qg., to
about 17OOC3 to aIIOM/the terninal CH groups to
2 and ends .24

| d vl | -
Gﬁ@n en%ﬁ’égg %p%xeé?t?tg% W, tn@r ng,afﬁr Bl g& Lgc, oli]a PS-b-PMMA

blodk' c@§@ ?’ﬁlyWiEﬁ%@{@nQ&ﬂ@ﬁ&ﬂE‘}'o@ﬁ 8¢ SO ¥ERE of Siidsn (g Ihtﬁlﬁ’ebmdf. }, oxide
or exa Mansky et al., Science, 1997,

(e. gm@smy_@e@e f\a@@ HiHewst nigide, BHpghuiveabpBoBd D! iwssisibiééosdm
oxy@]uicﬁugﬂuallm g\ﬁ%h@ﬁgs c%na% 1&%9‘ ai%%a@édl ?%@t QQI{ Po@hf?&%ﬁsl
oor t he

terta t the
giuthtﬁiﬁl’sﬁeh 519@5 mmhg athewaiatdrings, mkﬁrﬂb{hibﬁbﬁdei&m!ﬁefv@ﬁwim the

tral it
e BPEL Y el e e el (e E 8 T TR,
copgi‘?ﬁxn} E\%eﬁ@e@i’?@tﬁﬁk@n}ﬂi@%@%ﬁ@L RN EIER 191EREAGV AR of PMMA

renches to expose the underlying neutral wettilng
1naﬁﬁnmﬁnal as illustrated in FIGS, 2-2B. [0043] In
another embodi ment illustrated in FIGS. 3- 4, a neutra

ran I plied after
B et e R SR R A el
pclw@@:@ij) Ry HeaskiN@hor AS RbimeRatddiged Wipat heitdenthies mo&s}, {e.g.,
depicted in FIG 4 . The random copol yner material can

by R BB T gpn ﬁ)‘? UL R R S R T
A\ enc o lar IR

sp111;2%&3%%%5&?%%2&%&%5% 123G, ‘g%g_ﬁlt ‘{}5(? @ oa!sne t}ﬂ? 9‘}1%15&@ OIMILGH: 1o

end@f@&ﬁldxldeeidiemﬁmm a‘.hd veatstddng dli(ﬂimimh&sc dpal- ynatﬁed mananal can be

TeTng agm? E{r¥>§1gp\$ glé%g%tggog%gﬁe % neg% g_ gg ? ‘Eﬁ-b%‘;se dSm(V O@ e xampic Mansky et

y mr;feug;@oa sk L8t bed 8) Qi crosshinkoddes r 4o,
copol’ymer’ within the trenches to formthe neutra

~welting material 14'. Non- cr033||nk=ed random .
[6042bpolyareiraimatiéng aenguliirdé Al Dpdrideds 0@ 816@0;‘*030 Frof pesterial to
wet f{%%fom i\%g tu%en\%la nfé Blg?tgalé gfge%%ﬁiﬂ%écxairﬁn%%{ élhl ng \14?16\7 ‘% Iph dn,@, a
neuthy ukhﬁlgé}mﬁglmﬁat kon refirilandom ﬁ@@@hyﬁnpd@met) m}nﬁs‘é:d smiﬁss,mte 18,

nononer s |dent|cal to those in the_ bl ock cop P%%
formyng e rede sty et Hatng fen AsPRerpalceicar Greraath” g%‘ﬂéfiﬁg noutral

wadn% rﬁ’ﬁﬁ’iﬁp{m ﬂﬁ%fﬁ&i fanmsazngutral wetting surface. For
he Use of a poly(styrepe bl ock- net hyl

nethacrylate) bl ock copol yne
{00431 In another embodiment illustrated in E‘i(s 8. 3-4, a neutral wetting random

copolymer material can be applied afier forming the trenches 18, for example, as a blanket
coat by casting or spin-coating into the trenches, as depicted in FIG. 4. The random
copolymer material can then be thermally processed to flow the material into the botiom of
the trenches by capillary action, which results in a layer (mat) 14° composed of the
crosslinked, neutral wetting random copolymer. In ancther embodiment, the random

copolymer material within the trenches can be photo-exposed (e.g., through a mask or reticle)



(PS-b-PMVA) s a neutral wetting material 14 can be
formed froma thin film of a phol o-crosslinkable
WO 20doosPS: PMVA copol yner (PS-r-PMVA) whi ch exi¢hiis209/032130
non-preferential or neutrall2wetting toward PS and PMVA
(e.g. a random copol yner of PS-PMVA containing an
about 0 6 nole fraction of styrene) which can be cast
10 c QR ktﬁliberaﬁwﬁ EB}% ndOw &ﬁ Ghe irgﬁhégpt'orfox%’ el I{)“g)ﬁil V:s“!ﬁﬁg material
random copol yne terla can be fixed in place by
14 dﬁ@ﬁtx@&diin@e@fmﬁmg cppniyanr oricde! subdt hatie)clas (by., on the
t | hot IytlcaIIy crosslinking (any surface)
Spmfﬁ%%ga 1%” ‘£ﬁﬁﬁ¥yr§“ﬁ§ﬁtral wetting to PS and PMVA
and i nsol ubl e when the bl ock copolymer material is
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chenekhraitipe &orean emémx&@gretpbmﬁfcth@maﬂy sphyPhivsehaspyiigkiag (any
surfa eg‘m ﬁ)&%g‘; t}%?@ gCu‘frF P&'ct% ?{Pii% @%(Eﬁ}ﬁ%&@&ragﬁ% ‘rh, when thc block

nprise out
copady iﬁ&d‘ﬂ?ﬁ%lﬁeg gasi oﬁiboutiuaﬁﬁ%@ cofslaikidyer
pol ybenzocycl obuteti e or pol y(para- azidonethylsty
._An azi domet hyl st yrenc-functi onal i zed
ﬁm@bpo? St e SRRV CBHESe PSR [P AREd opRT e bE0E Brene (0s),
poly Méﬁ%@?g@at@ e §’H()ev\ ftﬁ’ fn (ﬁ@%ﬂtgréﬁs(ﬁqe endsyytier:aRaut m3tacrylate
m nut or thermal Iy crossiinked (e g., at about
(i’(SﬂmmﬁdﬁFMBdhtc 2. Hout 5§%66) tor b aerssslornkdd epoley e
sl 02 8 ahdt heeY EhelEnsiE ety 1t o Solfony e pypeatine
aboR@aterorabby 48088 198k e, IAk: ﬂb@)dbwﬁ@z@‘ T@Ufbpi ,7855 7860,
about 4 hours or at about 250cC for about 10 m nutes).
I n anot her enbodi nent in which the substrate 10 is

[0048] | i Aovripgs that WaePye sgtiinel PSahidMMA Ragsodie sty spin
‘oatﬁzgr a6kl Qle i '1* Wr iR Rey B%Qi\’?ng\eigic*ﬂndom c,opoliymer such as a

rogen termn I't'con.” The floors 26 of
bensbrenchesiel 8 mrbﬁhﬁs@m imﬁ@mne&mdﬁpweimwwth@mi of styrene and

ey agen LRSI LB, LETENE e OuLfC oL er o e lc

(PS-r-PMMA--BCB)). For example, such a random copolymer can comprise about

42% PMMA, about (38-x)% PS8 and x% {(c.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 13 seconds to about

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



with equal affinity for both bl ocks of a bl ock

copol ynmer material. Hterm nated silicon can be
WQe@pasxsdl by a conventional process, for exanpP@l/Usz00%032130

fluoride ion etch of a silildon substrate (with native

oxi de present, about 12-15 A) by exposure to an

aqueous sol ution of hydrogen fluoride (HF) and
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escri for exanple,
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treaPQhy, r@;@ by th?&k%mﬁ 913@1&@§%a1§§:ﬁ@4{@§ €A 188kdgeas SeNBl-Rrminated
according fo the preferentia neutral wetting of

silicoheuisirencho bafifrice Qr%@%ﬁ@maﬁﬁs@ 4 rogdemrbPedmpoipiap -

Pi\fﬂ‘gﬁnégelc? 349 88@%@&&' ltlﬁﬁg{(jg? stugm in 3616:*{/ eé t\%etgrggr &QE&%I example, by an

in sitil ROSilic @1%&&{{&@&@% besofant Bed GOMPORLHac 1b’|1<ﬁ€ Kﬁn@fi di-blefinic
copol ymer materi al . For exa I a PS-b- PMVA c

mkfﬁ?eﬁpeh AImyE Benases ghisbdingg hernne: T“‘édﬁ Hie Wieehiseratise é%%‘f? a
a 4885230 0C in a vacuum oven for about 1-24 hours

101 Q&H&% evégtheself assenbl ed norphol ogy. The resulting
nDrphoIogy of the anneal ed copol yner material 30

[0048¢. gly ypenpiéndécdmeny i estiad wotingfsuchid fvd Ebsh-PoEr Aped

for a =N force {ASeaApy
ps-teRERRS By ar i SR oR B DB s CaRy oy BoiAn ng
tm,h%rgﬁhﬁ@maw TARSERRYs 6 ~n1fﬁ@d\ﬂ9ﬁeﬂ\,h,@ﬂ};§ﬁhf:ﬁm l‘ﬁﬂ’agc @rafted to
gl obal heating of the block copol ymer

oxidetthgs Séibadlilsreribel foa examde.dry lPéb é’lﬁikz é’e}l%@fﬁdmém dﬁr{eg@?’)

. be applied to portions or sections of the
p"’copo‘lymar material 28 on the substrate 10. For
exanpl e, the substrate can be noved across a
i0849]  In the present embodiment, the block copolymer material 28 is then thermally

annealed (arrows |} to cause the polymer blocks to phase separate and self assemble
according to the preferential and neuiral wetting of the trench surfaces to form a
seif-asserubled polymer material 38, as illustrated in FIGS, 6-68. Thermal annealing can be
conducted at above the glass transition temperature of the component blocks of the copelymer
material. For example, a PS-b-PMMA copolymer material can be globally annealed ata

iemperature of about 180-230°C in a vacuum oven for about 1-24 hours {0 achieve the



hot-to-col d tenperature gradient 32 (FIG 6A)
posi ti oned above or underneath the substrate (or the
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g@a(%kg} ther) ah#ka@ Single row (1-D array) registered and
parallel to the sidewails 22 of the trench. The

di aneter of the cylinders 34 will generally be abouﬁ
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cyli2¥ers034 dsfhﬁn,tdi érchdembs! ersr@ a., E’M‘ﬁA\)&nﬂmmg pblayer nBd& 36 of the

Wi t he thi ckness of the er 34 n
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22 and ends 24 of the trenches to form a thin wetling layer 34a with the thickness of the

layer 34a being generally about one-fourth of the center-to-center distance between adjacent



[0053] Optionally, after the bl ock copol ynmer materi a!
i s anneal ed and ordered, the copolynmer nmaterial can be
W@ e@anexsst o crosslink the pol yner segnents (e.RBCT/US1969/032130
PS segnents) to fix and enRance the strength of the
sel f -assenbl ed pol yner bl ocks. The pol yners can be
structured to inherently crosslink (e.g., upon
oy E1§5€90§f¥‘ r ?ort@aaHiné' 3vd,al gt P‘(ﬂ\&]yﬁoﬁﬁgﬂﬁ il QR O{dﬂgli ﬁ%{é& with
deep ultraviolet (DUV) radiation), or one of th
attapiekyiiedonivlivckssofuctiiedicopol are rimaﬁ:@r@mc}e i@&‘fﬂiiﬁie
fornmulated to contain a crosslinking agent [0054]
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o0 T L S 08 S L ST 83 O S et

self L EaRved, ()Et@&mﬁ%%ﬁ@h@gt@%t@é& fxygen zﬁ@m) PRSI Ropolymer material
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oxygen {O;) plasma treatiment.

{00537  An application of the self-assembled polymer material 34 is as an etch mask to
form openings in the substrate 18, For example, as iilustrated in ¥FI1GS. 778, in one
embodiment, the cylindrical polymer domains 34 of the self-assembled polymer material 38

can be selectively removed resulting in a polymer matrix 36 with openings 48 exposing the



Q56J Further processing can then be perforned as
desired. For exanple, as depicted in FIGS. 9~9B, the

WO e®odoessl mat ri x 36 can be renoved and t he subBRCT/EHS209/032130
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be preferential wetting to the mnority block of the
PS- b- PEQ bl ock copol yner material (e.g., PRO. The
W@ e@pabesst 18" are al so structured with a w dt hPCI$2009/032130
that is about 1-1 .5* L or11 to | 1A tinmes the pitch
val ue of the bl ock copolyner material. For exanple,
for a cylindrical -phase PS-b-PEO copolyner with a L
ue; I . G nu jto
om\ﬁgég a&%ﬁ@@% cévggf@gc Bﬁb&cws@;@m T%ﬁ»q 9Asird EDx%l)%@of e
methaveriehdse wainndaemé@ (68 -babigdd Ath-PEODGAC }ﬁ%ﬁmvm@% peph as P8-b-
EHUE¢ | @ 10B, a substrate 10" is shown wi th conductive
i'fles 12" (or other active area) and a overlying
material |ayer 16" in which trenches 18" have been
{008 Chathe plhentsitstimate vilzingadoNatienhad] cliayates 1o fmma‘tmn ofa
defining the trench surfaces can be a material that
neulr etidnt myteprierdre Hercdl flamst whisg reecenbe B‘f‘m?iﬁé’f@&f‘fyh%% steps. In
ddd;’%gck@h o?‘fhﬂ'tﬁnﬁf hekamaediy ﬂfé@«t s 28 REEE 8 enbhbabe ™y is structured to
ing material can be“dpplied ont'o the Surfaces of
be pt’dieret‘nfﬁn@dma?g toFor mécaitpbleck ot S -w8EOGflod RGolynRE@aterial
( E? ck copolymer, the substrate 10" and naterial |ayer
©816%“¢an be formed of silicon (with native oxide),
oxide (e.g., silicon oxide, SiO), silicon nitride,

(0068 | 1 g0B 10XMEAN BT A8, aldcN@iufdd RRXIvESH (I @at isdHokic DN 5% L o
oxynitride, and resist materials such as such as

1 to ik traes Wik atteh paued theélosksoptéh@ﬁ!gme‘?@ﬁér Heaeerpnpipdor a

A fere t P
eriflBS oL PR PROS S ILL 3 Lo, LB Aoy BR i
consb@pRb yerRavem Rkl &) ot heucHpahy rfer: da;ah eﬂn ak thwi thdncselchn be at or
assenble to formcylinders of PEOin a PS matrix and a

aboWlfin interface brush or wetting |ayer on the sidewalls
22" and ends 24" of the trench [0062] L

ﬁﬁ{ﬁgl ' 'R‘@Eérﬁﬁb (PPRSE 18&'@@' E%@)Maﬁci@ CiQBRIWATRih DB 8L lines 127 (or

(or bl'end wth honopol ymerJ havi ng an i nherent
othcpaqtoh aaaa) ond atb@wi:vmgcramtebe ieheqydé 'tewhichtisnehis I8P durhpeen

etché&o_lll'g%ée%subgﬁzgmg?'i‘ [i]}il 1&1%}{ %3156” ( L}A%}H‘iéff‘})? rﬁci%ge%u&gc can be a
matda0 e RRBhSARYy BkRmtial waﬁﬁ@&l b it goltier Elbﬁ@clﬁr @anher

be about the L value of the material or gr eat er %ﬁ
embpfinigisap s 1HTOWeEMerRECLaleATR Gé aPe Pl PeuRaig b Bfdrenches

For %,B%{E i R 1R 8?5%%@‘%?0%500@(%% &@n‘gi Ecqng% Qgg'; z‘rﬁéd g}ﬁaeriai layer

yner are Sheral At a Fatic o
16" 861 BDforsat bf izhain i rbdu&e kociclop ok iyiege. gvvsilizbmm‘cidmﬁﬁ@s‘;esiiimn

mm%bps{flrg{; %B’\?C?IF g elzé%@ﬁ%\%% {ﬁ?égﬁg N )%Q{jl%lgrg{” ﬁfgl‘%ﬂ& matenais
such(ds sBeh aiR thaMXRY R5Rfs, BnbXd %;E‘ﬁgﬁ&xaﬁﬁﬁi@ NP S RePER erential
copol ymer material (L=50 nni) to formabout 25 nm

wettidigametdrthe JEOridedke dh 1REGe 06 raiSREED nylander-phase block copolymer
material, the copolymer material will self assemble fo form cylinders of PEO in a P8 mairix

and a thin interface brush or wetting layer on the sidewslls 227 and ends 24" of the trench,

{621 A cylindrical-phase PS-b-PEC block copolymer material 28" (or blend with
homopolymers) having an inherent pitch at or about L can be deposited into the trenches 187,

as shown in FIGS, 11-11B. With the use of a solvent anneal, the thickness {¢;) of the block



matri x of PS is conposed of about 70% PS and 30% PEO
with a total nolecular weight (M) of about 75
waguoppadsst Al t hough di bl ock copol yners are usedP@TU$1969/032130
illustrative enbodi ment, taA8bl ock or nulti bl ock
copolynmers can al so be used [0064] The PS-b- PEO bl ock
copol ynmer material can also be fornulated as a binary
copcqgjm(aeﬁﬂéhx dsg!)ﬁ{ég ROR Sl ﬁ{Q;eaQbE Sodin BEQ, BLiocks the material or
pol ymer and one or nore honopoiyncrs (i.e.,
greapo) ¢854 yr erebo(PB)U0aNG! thollyediky| ene oxi de ( PEO) to
produce bl ends that swell the size of the pol yner

%(%gl u =P éig}(,: ncqlggss {?iﬁé E\ (ﬁ%ﬁﬁ&ks }gfei ﬂlaep\PQ PP ?1%)10&18:0;503)’:}1&17

an Tange
are g_“@ie@ﬁl@ lzlt a A%cf ABo@ X3l dah: |, L&E}ﬁﬁftyhdibib&m&e _‘ymer will
Eolyner blend is a PS-b-PEQ PS/ PEO bl end. The
miCPRiE Serehanpilyepueiaita s brer e red ey %éltﬁ ng-?
, ht t >0l
B
copﬁmm&&h@ﬁa@aﬁré&sn@tdawmaﬁnuGZsmhEMHmsanhhmﬂnpbPﬁﬁehnﬂumina

matgy p%%%p gé}ﬁoé%ﬁd eftall}?gutgf{}d& %gp‘gﬁr}{; %ﬁ;ﬁ% éirt éF 51 ﬂkcuﬁr weight (M)

of a&ﬂ@mﬁ %Efﬁ%{ XPOSH &blRk %o%@?@ér‘:%fc &eod 4004 11180k MeNEmb&Timent,
ocks, for exanpl e benzene, chloroformor a

hﬁﬂoﬁi@mnﬁ@nhﬁbemaﬁenwk%ﬂMﬁQOb?heﬁblock copol yner
material 28" is exposed to the solvent vapors to

ﬂﬁéﬁ%gwﬂm ?@\#}E@%&L‘p %{%i@g%r Rjal?&%f%én at so ‘(EEf@m{?Ea EQ}E a binary or

tern@l [Hose d o fn@risSihg WHR- Ed»lphﬁllﬁex,}owpobfmdrh\ed Swobﬂ tenreﬁmimmncrs (ie.,

nmateri al and evapor at e, TQe solvent s (%aéeq VS T }
POlYHRTRE AP Wising mé\,{y{?fyéqneag\lidq (HESY fapedugb W’ Fpwe By size of the

polyG P AbXIRE agg Lerdal 1188 va WQH%%&?%G? St ﬁerk%l&;% matd L Qbe

per pen rteatures th roug t he copol yner
homnmiemal can Thee dvoap0 tathon 407. thessolpkernita ®ormsdiglock copolymer

e D085 T LSRR S0 SO 2R Gy

adju@ng @ ke dewRnar dr 80 tdhe heokeg6” of the trench
18', with format1on of perpendicul ar-oriented

l'indrical domains 34" guided bg@thetrench si dewal | s .
00630 Ahel 8obt Bl i <@@ﬁfwewen‘5ﬁteﬁw&b 't Héha solyent giaied (arows 1),

o Ioéi% a %Q ﬁﬂ% gﬂkﬁ&%?&gﬁt’xengféﬁ ﬁﬁ?&!}eé 1 OR¥G242)1 2D

ent énne can e conducted in
hlgh hum dity (e.g., about 70-85% wth water
gﬁ%épndm:s athion aomeat, hﬁe: flotinpopatiiredy mootsd iasvdllve byokpente to a vapor

ofa 0 a@geerg 01{]tﬁ))éh ﬁhe@ %%{%bﬁ(;n%%cﬁpg%g%% ﬁonsilg{;vg Io? itzlghlerofonn’octane
mlxi(iﬂaarﬁ&tb@&k@a}p&m@mp{r&%m@Q@Dlswﬁéseﬁ@m%blvbﬁﬁm%%m to slowly swell
preferential wetting sidewalls 22" and ends 24"

bothgotstandiboli (I, 6BV ént matarieal Theeshykpignioly em vapors are then
allovwdifio slloﬁn%ﬂ use ou‘g 3’? 1Pg xwe’ﬁdypo? Vmer n% anl%nd AL apozak The

solvent-saturated vapor maintains a neutral air interface 46" with the copolymer material 28",
which induces the formation of perpendicular features throughout the copolymer material.
The evaporation of the solvent forms a gradient that causes seif-assembly and formation of
stroctures starting at the air-surface interface 46" and driven downward to the floor 26" of the

trench 18", with formation of perpendicular-oriented eylindrical domains 34" guided by the



per pendi cul arly-oriented cylindrical domains 34" of

the mnority polyner block (e.g., PEO within a matrix
w@a009a625sshe maj or pol ymer block (e.g., PS), w RET/Uk09/032130

mnority bl ock segregatingl1?o the sidewalls 22" of the

trench to forma wetting |layer 34a" with a thickness

general |y about one-fourth of the center-to-center

ticng}B %H@vgﬁﬁ il dﬁglcﬁ‘&ﬁ&hﬁ %Mﬂnlpré@t@{ Srodfthe alk NSO 46" 1o the substrate
nmbodi nent's, the cylinders have a diameter at or about

surta,eau‘gﬂc(heﬁ@i 26 Ab dmtsomn@nﬁ?@ﬁfm@fm slhelvednnbesl tor besreipoted in high
humé{f}?yt (g gggreaégﬁit %43/\ C%w % é%g%(;é&fa ﬁ}é)n 08%%&11]‘ v?hii,iﬂh C((O/} js the solvent

tegO%mﬁ@ﬁﬂ%&%ﬂﬁﬂpgand the centcr-to-center dlstance

(pitch di stance, p) between cylinder domains is at or
about L J8] Optionall i t he. anneal ed and orqf
(004781 y i crRtarTiapronged o4 ihnwiott Gt dd et ¢F oadd Piehitpeier of the
blodRQ H@{nﬁﬁ Lﬁm(i%”g reféxg%af? % s Kwdfs 22 Trﬁ?mds 24" combined
uns rUcture 28a bl ock copo ymer
withatodvdnahnreul &suits it hentdénchasabd@dnD] rery de optle ovabl y

per SRS RO B R B B S bATE: Ml . 0

with PR hlaanakd: V@&h@ﬁﬁ}dr'p@!@%@i WERR (L. gemb%ﬂmg 2§88y hihek
formfor exanple, an étch mask use in etching

%greg;émg m@g;e.smwgg sabsf ihatt@n@ir Tﬂdﬁﬁ%ﬁl‘ﬁkﬁ@’im@ﬁ%r Wlﬁveﬁlide“
aencﬁ(réh‘, Qoougel_xce I}_ﬁ,é@i en&,\i’ll 1—to cTnQ\,rn ancc ? rjg&e\él% 1:99%?5”’5 In some

embe¥intondy treak hﬁlﬁlﬁ@héﬁ& a&ﬁametaﬂathﬁ aS@h@Ci*IL\ﬁel gy, albeﬂfm(ﬁdiaﬁmt the
produce openings 40" in the PS material Ia er 36" that
centginip-qralen duHnce ﬁ*f“!é‘k%hqiﬂb‘“Sééh‘amw%é@r%ﬁﬁ ia derg Hpa ey 18
{ & Ih Xy J
nocQlipBRte 1Bl O pPREMNGE o ot “semy‘v‘é*i%a‘a%ti%% (pitch distance, )
memﬁmcgmﬁkngmnmnsneﬁnam@nﬁﬂer size range (i.e., about
10- 100 nm). Renoval of the PEO phase dommi ns 34" can

006, PRRUSETEH s BBk oGy P ENBRE G2 " Eon be wested o

cros§1ORthO PV hdr p0&std (bRKeRY PS gaaguspys Thy drahedi-ed agh dim 28a” of
or exposure to water “al one, which will draw PEO tothe

the Worif eppelwiler mstirias peisiderile Fensherorashand rsiopd s vAS. as shown
lnyiggeﬁpgﬁénents in which the PS~b~PEQ bl ock copol yner
ncl'udes an aci d-cl eavable linker (e.g., trityl
aIcohoI i nker) positioned between the pol yner bl ocks,
18068k posid rdepiofedﬁﬂﬂ FICROESHAR atle pol-ysvemblrdpelyinalr n30¢ridl 8 Anoptionally

ueous aci d r|tluo 0 acetic acid) ar.to an _ ..

crosg il AFOICR &R b isteisen forale sRgreye %‘Hé’)“ﬁ% (e Pt gine
oper 1%;9 @'ﬁ& %&iﬁﬁémﬂfsﬁir&%m&%&' lafk, Bl the %d&ﬁiw@%@@wﬂ%ﬁ one of the
ymers into Their ‘Constituent Bl ocks,

polvivise d@n@iki& ua| g_e 5 >$ gofg@‘) 3@01 k8TPlcl BEMyaterRIohgIn GEW; q;v'ﬁnducal domains
34" \é\%]trrkg‘i %g béﬁﬁlv mfrﬂovefiﬁg or 0‘{1,!6”% g?%?gr}éqel&@ T thﬁ% Sﬂg?i\éleﬂvf %@” that can
be used, for example, as a lithographic template or mask to etch openings 42" in the
underlying substrate 10" (FIGS, 14-148) for semiconductor processing in the nanometer size
range (i.e., about 10-100 nm). Removal of the PEO phase domaing 34" can be performed, for
example, by exposure of the self-assembled block copolymer material 38" {optionally

cross-linked) to aqueous hydroiodic acid or exposure o water alone, which will draw PEO to



exposure to water to draw the PE-O domains to the
surface followed by a brief oxygen (Q2) plasna etch
W@ 209402561 be performed to renove the PEO domai PGT/US2009/032130
[0070] As shown in FTGS. 13015B, the residual polyner
matri x 36" can then be renoved and the openings 42"
that have been fornmed in the substrate can be filled
the %/anta@e @«Hﬂﬁﬁ' r&@;ﬁﬂg@ﬁﬁ@s & ﬂ)h pd QO ’%H%H'E%Finmquﬂﬁai the
d accor ing to the invention utilizes
P3--RECrdbe Lampe@imﬂr nnvdoiiznatidehaniiih laker (¢.g., trityl alcohol Huker)

cyli drlcal- ock copol yner nmaterjal conprisin "
pos SR e e By 0T G108t FOatiody Ao By BT PR g 30° 0
an a&Q@f@'{% @u@ gl ?m‘h@ﬁ%aa%ﬁ LAY BYo ok aﬁ@ﬁ Qf‘(ﬁ@aﬁ Bk %Erf@&ﬂéﬁ% @Iéa‘ve the
cylinders in a Po ymer netrix. es of Zlactl
T

ohirben &Ko EEHOINgNEY ﬁgngm & Yo |audé;cm:>10n of | Tribhx,k ‘opolymers into

H\e(rgé‘X 1%5% }i‘;ﬂﬁ%.?i? %éwggé%? ?% %é r%b%ggylgli’ﬁ)[etmﬁs;ﬁg i 1)water can

thenl el RFR 1008mole teN@ULERAPEORLEHNG JF8L el odther Qﬂa‘%hﬁ)cmﬁ
trench floor, thus reducing the nunber_ of processing

expepEps WA larsyy BeiliG ’é%m%zn% epiai iga Adi s ycelet oxygen (O)
" (Xo)VA I wWth a
Phh%ﬁiﬁgﬁ%gg%ggg%mgﬁﬁ£§%%%lngﬁpﬁgﬁikﬂgg%%?gpolylactic
acid (PLA), a biodegradable, thernoplastic allphatlc
ﬁﬁ”'}ﬁ@)l yéstshmm &l FOUs. rel@t |thfeleyida@}gy}hdwe1wpwéﬁf can@en be removed

a . PLA.do ns.to,f ,
and 91? Oéj,\éillflgﬁ %t ﬁrﬁﬁi IPT w&g‘v 1}1%:%1? H}m gggggé can %§ f‘ﬁgfi vu{%'l aD x.lf.ﬁlh
matdrzeagh surfaces (e.qg., sidewalis, ends, floor) are

structured using the same or highly simlar naterim

F}hat is preferential wetting to the mnority bloc
[007d] g. AvpRet ARRCHIMEEKOGE metpEaoPpe €06 PIVWQPN‘h’aiﬂé‘FFéIﬂ‘emai

ann&xpgﬁqc%lnblﬁlﬁmﬂr\ﬁﬁ?y L ,,._[ﬁl@&q }:gﬁ%ts%h%? Qi\?di*?i%@pﬁa\%i?ﬁe%{o'nﬂﬁgmg

erence Ihg to
polyER:3€ By pbhéacsiubsid aiicégrla@}'me@n&ixynmtienm alsinlghyrerv, 183 aggnof

be faornmed froma materi that is inherent .
vﬂ?saﬁ%fléﬁlewe%@d WEPHFH N f 80 SO PR D) R 5rCGRTaide block
w*x@%&dﬂc TRALS incu RN RIRLERLE Rb. Foxﬁﬁl\ihtﬁlﬁ‘s MRLRHBene ﬁ&ldﬁ??% b-PLA}.

applied onto the ‘surfaces of the trenches 18", wit

t hesame or closely simlar material! being used to , ,
(007861 | Abe dereribedenhbdimepeliminpigsthe fJormpign OF 8 geutpg wegfng material

on thcnégfn&f; glgg Ihgz?us V{g?\%u ne%ﬁn%hq gﬁ%ﬁ.{&l}%%%éé .@(%s. g'{ %léfg bn_ﬂlsieﬁ a thermal

annéal ﬁ@Kes@ opsiky 0B pichtdeUpl8erprbaesif@ ti@n with 4 dctemt axicdl, In addition,
, silicon (wth native oxide), silicon nitr

the v§f pi E@h%&waﬁ V) aibiresicariedlp B lachiTe)phagr |ppbfaﬁ¢1, allows
xdatg%}@nc.lag% EP\%I (68 L3lo AL &L 8L 8 @t}'ﬁ P MG t?yl@ﬁimml shaped

hac ase resi sts, anmong other nmaterials.
voidf 0074dh thﬁ pbhrercpresente. gnifhdioenthe ttdmeh rrdmehesg 18devanlls, ends,
tructured, wi.th.a wi dth

t.
oo e BT S SPOAC L BB Rt B P PG R ine o
the thiho@ly 06c2BQUELZBLA(MIEI S 2 PS-b-PLA copolyraer material.

{00731  The present embodiments can also be described with reference to FIGS. 18-15,
Referring to FIGS, 16-108, the substrate 168" and material layer 16" can be formed from a
material that is inherently preferential wetiing to the PLA block, or in other embodiments, 4

preferential wetling material can be applied onto the surfaces of the trenches 18", with the



n - nunber of cylinders), and a depth (Dl) at greater
than L (Dp L) such that a cylindrical-phase bl ock
weopolgaser (or blend) that is cast into the trReNS1009/632130
t hi ckness of about the inhétent L value of the
copolymer material wll self assenbl e upon annealing
into a single layer of n cylinders according to the
samlg et E‘e1§/ Liﬂ)ﬂa?ﬁnatt‘%?ai Legp ggetj e *&@fg&é’ b QQ&%&H%E h cfkds 24" and floor
at or about 0° , an center-to-dent
26V dif ﬁﬁﬂﬁ%h@bp)lﬂ ook \ﬁﬂ}iﬁaaemﬁ:dy&im&kemfaﬁennﬁ sedioug tol_th" PLA block of
75 |ndr| cal as PS—b PLA bl ock.copaolyner. ...
a PHETLA Hpoisde pog e BRooR bl & i Sdporierar witgpative
oxiddh esﬂ@@)’i"n?thd@ Qﬂ%ﬁk%ﬂf@eﬁ&ﬁé R@Wang: @Rdd ?h:r@l) %ﬁco@'&@ﬁtﬁk and
of about L can be deposited into the trenches 18", as
rw@igmﬁmmlmﬂch@Ssudllas1nQﬁBimFidc-b@wairrpﬁ@b,aum%bnwmmiia
copolymer material (L= 49 nn) can be conposed of about
Z1% 29% PLA L | ecL Lght €M),
007 RO s R R R SRR SO S B R i s
at aleyd i it ive Rk PliA R%QH&? s coppi@ndrahdatxal of leREh (PO 26 hbddpah, (where

R TRl ek 8- LRI

ey iu‘ﬁﬁtc.ﬂ ‘[%%99} Jock WLE! f:t 3@?@4 ?{ ik ¥a l;tl» ’th@at&%bh Be: thickness of

m nor er entirally wet the
aboguhd mbesn22 “!/aiu{idsf ?hz@:'bp@lﬁ mhmati rieh‘&ﬁ fedf dosarmbla updni ml%ahnb into a

g0 SUSL S B0, 8960, Gl LU L SUEh, BULLBGSS. S

diandd@erk® By atidit bhey, P&rﬁﬁﬁéﬁni&ﬂ@@%i&ﬁﬁﬁt&n&%@ éé\ﬁid;‘;akc@gt d}ﬂﬁ@efxs at or
34a""' is a bilaycr of PLA 48a"' and . The PS

abod8p" ' portion of the wetting |ayer (dep| ct ed with
broken lining - -) is continuous with the overall PS
TR T o189, SO py| s, e

0B en A Sl YA TR ek, eyl

mulgidngt df(q‘lontnSe“p ooblege dithyhotdaeohivettd) hevily) anfnicher pténgler about L
es 22" "'

cum Ggdogopsd e CHEEOABoERCIONT 61 F LR qﬂ?@%ﬁ?{p&ﬁvﬁw PS-b-PLA

cop&?&l&eﬁai{?ﬂ% t\'inzwmﬁy&%lﬁé%fnp%e%@f 268124 PEARLORIOLA Qith a toral
assenbl e to f'orm perpendi cul ar-oriented

molwiar et he AV doions6 (B8 kg /mioh tafoshrghe 70w wiankrtey calindrical PLA
do mat ri x 3%5 !\} f the majority polyner block (e.g., PS),
OGN I ¢ AEUBLA 4Ba" 7PS 48b" 1 bi | ayer along the trench
surfaces 22'", 24" f, 26"'. In sonme enbodi nents, the

ﬁﬁ‘"/m ockipe® Béﬁti}ﬁ@&hc 8@ ImAG 4] 26 AMibehe' ZanNBA¥Te amaqma\ mer
previ ouslﬁ descri bed. Ls shown | n FI GS. 16A- 168,
bl%i@h% PUA- A gnd RE} icaalo gehibr AY igariacedf’ saualiy wRiitang ta minority

ol LR A pred@ntiDE WELA NGl AYRN: 846 5¢n GORRASE, Ofform a thin
8 tﬁ 3 gﬁ%gg lg Ca&gir1 J’Z%a\%jgw J%i overfying t he sur ?az:e o
x\mitm% ihe 3dabst eat}mfmc frerah stfecs medbbtrftdor ¥P65.'12-THe PSning
now to %fé%dfgﬁ 168, in the present emmbodiment, the wetting layer 34a™ is a bilayer of
PLA 48a™ and PS 485", The P8 48h" portion of the wetting layer (depicted with broken

lining - - ~) is continuous with the overall PS matrix 36'Y, as shown.

{98777 Thermal annealing of the block copolymer material 28" in combination with the
constraints provided by the width (wy) of the trench 18", the preferential wetting trench

surfaces 22, 24™ 26" and the composition of the block copolymer, causes the minority



which is covalently bonded to the PLA |ayer 48a' " is

in contact with the PS block (matrix 26'"), which in
wo eop/10255coval ently bonded to the PLA cyl i nder PCDE$200%032130

34" " [QO7S] Polynmer segnendts (e.g., the PS matrix

36'") of the anneal ed polynmer material 30"" may

optionally be crosslinked, and any unstructured

. /aat | 4883, 10 { r
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cylindérs 34" can be selectively renmoved, for
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bi | ayer 48a"' 8b' " that over|ies the trench fjggrt
whiglhig ca}ﬁaéﬁﬁhg@n@qd tofge Kots laxr dfa "aly iiiwﬁiéidm‘yti?t Bedheiock
,; e 'Y AT
(matg{‘é 56 w‘ﬁg é\ 1IE gltirr;ﬁgp&}s& %&%9 i%edq% gegﬁ tﬁ:'c etiC %%)r%gﬁs 34,
process (arroms 1), r exanple, can be conducted to
{00 1¢ mo Vel ke sbgihayete aahePBatatandsex pﬁﬁ?@ a@h@hd’i@ﬁﬁhﬁ? material 3¢

II 1 ubst r ‘ mi en n
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cylindrical-shaped openings 42" in the substrate down to an active area such as a conductive

fine 12’ or to semi-conducting regions, etc. The remnants of the etch mask 36" can be
subsequently removed and the openings 42' can be filled as desired, as described with respect

to FIGS, 15-188.
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12", The self-assembled polymer film can then be processed to form a mask

(FIGS. 21-21B) by removing the cylinder domains 34"" (e.g., PMMA} leaving a polymer

matrix 36" {e.g., P8) with cylindrical openings 48" to the underlying substrate 18",

which can then be etched to form openings 42" (shown in phantom) to "buried” active areas
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material in a single array for the length of the
trench. 2 . The nmethod of Caim1, wherein the block
W@ opohyaser conpri ses pol ystyrene and pol yr net hRdT/US2009/032130
nmet hacryl ate. 3. The nmetho@5of Claim 1, wherein the
bl ock copol yner conprises a blend of the bl ock
copol ynmer with a honopolymer of the first polyner
yvﬁgjp,\ﬂrzﬁ 5§§end pol yner bl ock, or both. 4. The
hod~of~—CFarm 1, wherein the trench has a w dth of
1. abMeﬂhﬁé oﬁﬁmmtng]ﬁ ﬁm)éstlu,ic?mvﬂ eaigtmr ohicabout a b_l;bba'n* , epmprising:
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mag eri alrhOmethoa Wi ass: Dhwilehan sithsddialegotvhee Eﬂnﬁgrﬁ{ﬁ Solystyrene
material [ayer over the neutral wetting material; and

and poymwithy! hdatwtch wi thin the naterlal | ayer to expose

T

blocRbofdignts @ilE b he@oPsllvaRr af tated Ipa] y n&e Ibﬁﬁk etle bramd tohigmer block,
group consisting of oxide, silicon nitride, silicon
of bgRyear bi dc. silicon oxyntride, indiumtin oxide ( 1
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glutari mde resist
1.5 X L, a length of about »l,, and a depth of greater than about L.

5. The method of Claim 1, wherein the neutral wetting floor comprises a random
copolymer material. _

6. The method of Claim 1, wherein the neutral wetting floor comprises
hydrogen-terminated silicon.

7. The method of Claim 1, wherein the neutral wetting floor comprises
3-(p-methoxyphenylipropyltrichiorosilane gratted to oxide.

8. The method of Claim 1, further comprising, prior to forming the block
copolymer material within the trench,

forming the material layer on the subsirate;

forming the trench within the material layer; and

forming the neutral wetting material on the floor of the trench.

9. The method of Claim 1, further comprising, prior to forming the block

copolymer maierial within the trench,



11. The nmethod of Claim 1, wherein annealing the bl ock

copol ynmer material conprises thermal annealing. 12.
wab@mrexshnd of Cl aim 1, wherein annealing the BCDUE2009/032130

copol ymer material conprisés solvent annealing. 13 The

method of Claim1l, further conprising, after annealing

sel ectively crosslinking domains of the second pol yner

bl %Iﬁ‘m%ﬁie n-gtlﬁ’aﬂ%tagdnﬁ{eu & éi'hi'rt cEuF {ﬂg%ﬁbﬁﬁﬁp” si ng

sel ec ramvn ITst polymer block to form

cyK@mﬂngdﬁhn&ﬂ&numgsoemnbﬂﬂnmg WHmmggmﬁ@héemﬁtrlx of

seco oI bl ock. 1 of
urPHERE @8&&1 Vvﬁf&me% m%mﬁhm%ap%ﬁ% o iag’rﬁ Yl Toterial at

the § yggq%@;e through the openings 16. L nethod of form ng

a polymer layer on a substrate conprising: dep03|t|n%

a dyl | ndibi eadthphaddalsh bcskhe@@p@ihmwﬁataeﬁ pads dinhairench comprise

bstr.

amifFRneud BT ki el M BF. SHRTHIEME. U8B grapoiee
siiic@f o@fieaider intifmt e okide Ot hectizeneh: Ravt, Rgd 8 |p@@\&§tﬁéhh‘ﬁ

ends and a floor that are preferential wetting to a
ghulggple idck of the bl ock copol yner; and sol vent

anneal i e [y?mp% %a:&??%ﬁ%@@% JRLGLL 8l Eﬁ&'&& otplaﬂgne?‘?f b sial

bl ock copo yner eri al assenbl €s 1 nt

com@yhhmmﬁHQBMﬁQEMﬁlns of the first block of the bl ock
of . the

B2k Caoriprd oL berieres dabb 66 oen opbi e

Cmngﬁ@@ shkah@ukNgea thickness, and the cylindrica
pol ynmer domai ns orlented perpendlcular to the trench

fldor aile extlendifngaittht. dughusarr@rtbrhgcdétﬁegsn@ﬁng trelectively

.S senbl bl ock.c material in a single
Lﬁmiﬁgﬁﬁfi%ﬁ&?%éqpéﬁﬁFHi g@. g?fF%nch 17 . The nethod of

A aiym 16&: whetel 47 @ahy etlriannreabtitgy tecbleotkmoving the first

copol yner material conprises thernaF annealing with a
poiywr Noak ipfasgiriiadiggal sptinsscatingievin el Bgopatriz gf hpfgeond
pghgggg .of Caim16, wherein the bl ock copol yner

conprlses pol ystyrene and pol yet hyl ene oxide. 19 . The

rreﬁ hod Ofe Gledion &8 latnheY, dinthcr hembliook cwbpghywrersked portions of the

npri ses .a el eavabl e PS-b-PEO. 20. The net hod of

Sm”@?%ﬁ%%@%hi%ﬁ§¥@ﬁﬁsthe trench has a width of about

1-155 tiAMBSthod of forming a poelymer layer on a subsirate, comprising!

depositing a cylindrical-phase block copolymer material in a trench in a material fayer on
the subsirate to a thickness of about the L value of the block copolymer or greater in the french,
the trench having sidewalls, ends and a floor that are preferential wetting to a first block of the
block copolymer; and

solvent annealing the block copolymer material such that said block copolymer
material self-assernbles into eylindrical domains of the first block of the block copolymer
within a matrix of a second block of the block copolymer, said self-assembled block
copolymer material having a thickness, and the cylindrical pelymer domains oriented
perpendicular to the trench floor and extending through said thickness of the self-assembled

block copolymer material in a single array for the length of the rench.



the L value of the block copolyner. 2 1. A nmethod of

formng a polyner |ayer on a substrate, conprising:
wWa@le@osdxssng a cylindrical -phase bl ock copol yneeT/US2009/032130

material in a trench in a daterial |ayer on the

substrate to a thickness of about the L value of the

bl ock copolyner in the trench, the trench having
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22. The method of Claim 21, wherein the block copolymer comprises polystyrene
and polylactide.

23. The method of Claim 21, wherein the trench has a width of about the L value
of the block copolymer to about 1-1.5%L.

24, The method of Claim 21, wherein the sidewalls, ends and floor of the trench
comprises a silicon oxide.

28. The method of Claim 22, wherein the block copolymer forms a wetting layer
on the sidewalls, ends and floor of the trench, said wetting layer comprising a bilayer of
polylactide and polystyrene;

the method further comprising, after annealing:

selectively removing the first polymer block to form cylindrical openings extending

through the matrix of the second polymer block; and



anneal ing a bl ock copolynmer material situated in a
trench in a material |ayer overlying the substrate,
w0 b@ottesach havi ng opposi ng sidewal | s and endsPCTrES2089/@32130
preferentially wetting to @8mnority bl ock of the
bl ock copolynmer, a floor, a wdth and a | ength,
wherein the bl ock copolyner material fornms a single
ar r.ay,of 1R zf erRengk %H!l@é% @A EMESr o A DIRRRMR s 8renings to expose
m nor ity pol yner inamtrix of a mpjority
the pokyater bl ock, sald annealed bl ock copolyner materi a
hamlng thic ers
R0, LRS00, LB X LIders UL EIdLg, covionsof
subSelesiduiBhde sRAMEkNg one of the polynmer blocks to form
openi ngs exposing the substrate; and etching exposed
poﬂﬁlonsxﬁﬁﬁmﬁ@f§Wb§%ﬁaWbﬁﬁ©vﬁ@Wﬁﬁ@Eénlngs t her ei n.
28 a%n:er%gi\r}g%t (9& C g?}’%n%}e a[psgezi)a/ 5i %ﬁ:agtlé g@ﬂa{ 11&3:\' ?%&LP%@E overlying
the ﬁib@tsz&é Jthk ti@;@ﬁﬂﬁ;@hi@,&i@p@iﬂﬁ h&cxpﬂlsyamié renldd hekee aﬂ‘ﬁﬁt‘&-ﬂﬂ&i Iy wetting to

met hod of O aim27, wherein the trench floor i
5 MRl AP R RGCE SOROTRE: P Rbd i FripaEin. iRarB g block

cop(}_[g"?m ofél@f%?l@ié 3%199 b 3:0%1 fer E&?}Lﬁilu‘ﬁ@ﬁ LG c?ﬂmdér BEf the minority

rel he bl ock copol'yner
pobymat eidcalin nsnzswk ef:m Eﬂi(ﬁx@om lyimer gookipaciomstdtd bigoloformivmer

bl ock .copal.ymer co Qisﬂn _polystyrene and. . ... . e
et Gt R P HBBRT By a6 L ATy kPP R e
gwnéﬁ&yﬁéﬂ¥@ﬁ@g@ﬁﬂ poyl acti de. 32. The nethod of O aim

, Wherein said etching forns a pattern of

r egﬂg@im@ burenmdheess ab e, podupen tetioge apm eospenprysingbe
vahﬁg ggpstrate 33. The nethod of Caim27, further
ising filling the openings in the substrate with

a f. ld*ingﬂﬁbeiddqiom(ﬁﬂ of FheubRidrog fofm Chaiings3Bereisher ei n
the fill material_ conp rlses a netal, a netal all ov,

anda mEPAFISTHAACATSR Ko SIS CHERNSBE, PR Gt o IE one of the
pmﬁ!e?@kn& A SHPSRLY %@q mg@g%b@b% thi 9@1;%&%@&@4 ock

copolymer ‘material withi'n a trench a material |ayer
ovérl yi Age rhehvsiuldStiniat 27, wivecit Henchmchdvbng noppsd siatigng.

sid malls a S, thag ar.e ferentially wetting to.
2 Hinor 105 SO BRotk ‘6E Eha o aek "eopoRy e nad veling

f lqor, & h%ﬂ;t&libdaﬁﬂftlﬁni eNGHei S LSRG @\pﬂlv@rre@ BRASRI is sclected

separation in the bl ock copolynmer material to form

froneib i Qak il m@owm*gber@pr shmariping selyporsprend ppostoylone
oxidb, N ar@agd\ Copd E) 11%,1“%81%%![! np %u%@@gen@aﬁg KOWI ICHEQ the

32, The method of Claim 27, wherein said etching forms a pattern of registered,
addressable, sub-lithographic openings in the substrate,

33 The method of Claim 27, further comprising filling the openings in the
substrate with a fill material,

34, The method of Claim 33, wherein the fill material comprises a metal, a metal

alloy, and a metal/insulator/metal stack.
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wherein the cylindrical polymer domains are in two rows for the length of the trench,
with adjacent cylindrical domains offset from cach other in a zig-zag arrangement at a
center-to-center distance of about one-half the L value of the block copolymer in a direction
paralici to the trench sidewalls.

37. A polymeric material situated within a trench in a material layer overlying a
substrate, the trench having sidewalls, ends, a floor, a width and a length, the polymeric
material comprising a self-assembled block copolymer material comprising cylindrical

polymer domains of a minority polymer block in a matrix of a majority polymer block, the



m nority polymer block 39. The polyneric material of
Caim 37, wherein the trench has a floor, sidewalls
w@e@aemsst conprising a material that is preferkel/Usiong032130
wetting to the mnority poBynmer bl ock 40. A polyneric
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40. A polymaeric material situated within a trench in a material layer overlying a
substrate, the trench having sidewalls, ends, a floor, a width and a length, the polymeric
material comprising a self-assembled block copolymer material comprising cylindrical
polymer domains of a minority poelymer block in a matrix of a majority polymer block;

wherein the cylindrical polymer domains are oriented perpendicular to the trench floor
and in two rows for the length of the french, with adjacent cylindrical domains offset from
each other in a zig-zag arrangement at a center-to-center distance of about one-half the

L. value of the block copolymer in a direction paraliel {o the trench sidewalls.



