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Background of the Invention Field of the Invention [0001} This

i nvention wal mbegrgenerally to integrated circuit fabrieatiuemoands24
nore particularly, to printing techniques. Description of the

Rel ated Art (0002] As a consequence of many factors, including demand
for increased portability, conputing power, nmenory capacity and
energy efficiency, integrated circuits are continuously being nmade
nore dense. The sizes of the constituent features, e.g., electrical
devices and interconnect lines, that formthe integrated circuits are
constantly being decreased to facilitate this scaling. [0003] The
trend of decreasing feature size is evident, for exanple, in nenory
circuits or devices such as dynam c random access nenories (DRAMs),
flash nenory, static random.access nenories &SRAMS ferroelectric
(FE) nmenories, etc. To taKFQRRABBNINRECTHRAMATDERNING conpri ses
mllions of identical circuit elenents, known as nenory cells. In
general, a capacitor-based nenpByckgelund of thefinaatibm conventi onal DRAM
typi cal I y fb,gﬁl gggﬁ e electrical devices: a storage capacitor and

an access ransi stor. Each nenory cell is an
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on the random access memories (SRAMSs), ferroelectric (FE) memories, etc. To take one example,

DRAM typically comprises millions of identical circuit elements, known as memory cells. In
general, a capacitor-based memory cell, such as in conventional DRAM, typically includes
two electrical devices: a storage capacitor and an access field effect transistor. Each memory
cell is an addressable location that can store one bit (binary digit} of data. A bit can be
written to a cell through the transistor and can be read by sensing charge in-thc capacitor.
Some memory technologies employ elements that can act as both a storage device and a
switch (e.g., dendrtic memory employing silver-doped chalcogenide glass) and some
nonvolatile memories do not require switches for each cell (e.g., magnetoresistive RAM) or
incorporate switches into the memory element (e. g, EEPROM). By decreasing the sizes of
the electrical devices that constitute a memory cell and the sizes of the conducting lines that
access the memory cells, the memory devices can be made smaller. Additionally, storage

capacities can be increased by fitting more memory cells on a given area in the memory



techni ques used to formthe features. For exanple, photolithography
is commonly used to pattern these features. Typically,

phot ol i t ho@y0a29¢iyi2i4390l ves passing |ight through a reti cP@r/usater/o11524
focusing the light onto a photochen cally-active photoresi st
material. Just as a slide has an inage to be projected onto a
screen, the reticle typically has a pattern to be transferred to a
substrate. By directing light or radiation through the reticle, the
pattern in the reticle can be focused on the photoresist. The |ight
or radiation causes a chem cal change in the illum nated parts of

t he photoresist, which allows those parts to be selectively retained,
or renovedeviss. Tbsnealfor rredlatmnsantfé)anﬁrarsiz‘as \Mmeehewvesr Bold kBl Qﬁq{%%le to

Thus, the osed attern in the

phot or esi s%é@?ﬂ?{:&(\j{d‘”rﬂJH mcgppr?ge%engﬁggﬂw(ﬁﬁtan ﬂ?eéf‘ PIYFHFBan be used as

a mask to forn00Gi ousShd eattintgSeddbttiG inifed@e seEplads Ol dreatd el the
conductive J:}{ nes ar. o ectr] cal deV| ces. 100051 Because
lithogr aphy |n§qute§16f é%g%%%H?h T 5yAPRIG] RhatplifRoarariit is gpmmonly used to
radi ati on mtitm iﬁesuﬁeﬁmme T}Ijbﬁ:allj/ t}ilﬁﬁih@ld’gﬁh%ﬁ!; @ﬁﬂ&%s@as@n@ﬁéﬂt'tﬁﬂugﬁ a rctlcle
l'i t hography jtechni que qﬁ actors sych as optics and

or radiation WAVS ShgtH 8’5’(@&%‘?3@‘03 }ﬁéﬂ%‘lﬂ faesish mafegia slust as a 31@3 has
wel | - def i remdrpge todrd}ﬂoﬁa’eﬂ) omresa ﬁteeﬂ&p@ﬁd&le@ﬁﬁ&hlﬁzhﬁs g8 haterRto Egéﬂ'@ansfened toa
features angd..on g gt th raﬁll ation projected t hrouq

the reticle. St% iy [ird mﬁ hﬁ? el Tﬁ?‘é‘ﬂort ﬁ‘éﬂug reSEtgle: BN ralerdadesetise gan be
i ncreasi ngfovwvtébleﬂlgtﬁhotomsez;c ‘Enolight of hefatibeAGes a ¢Hdmildal EERGE I0fe illuminated
Ths:  Shordgt ofushngiel ol gD, b LYBLeR S SIS L (T ey

wel | - resol ved atur es SI'z
Consequentdegired; eldtiveitd parsst ‘ehlpbawoa inosshiatiove alhuseths ek Bssed hﬁﬂf\@lﬁexp@déd garts

| ower wav osed 00 For ex npl e,

nm 248 n%ﬁﬁggghﬁgl%g?g&%%sﬁggﬂeng pﬁ’r%%?d[tg% t]%g@%eng %‘&G%F%ﬁ%gk
as feat urée g egripes &atieey efsadntegattdt diena) ichalivgy cORRciive fifat o Barts of
si zes, egsctmgpmwtei% 20 rimfeatures, may require even shorter

wavel ength systens or exanple, X- ray based |ithography, using

X-ray radi ati oh?Q0akt ealﬂbcetﬂscl llghgrﬂplhbass bgeelipr oposetsicd berpfvaing light or
smal | f eatHifsn SHFD sxﬁ'?ac%%hg mt{n?a@%]l% cﬁﬁtl%n ot ha?tlicuﬁ)arg Oosg?ag ; ?sf%m Ogé/pends

is extrenme ultravi ol et Si ng,
radi ati ontpPxe ff@yoraﬁ@clawnucs hlugﬂlab*hgr rah@WMVelamgh %ﬁ&ﬁdr@ﬂetme BBility to

rohi biti dditi.on to
Peohni quess P PeTRhshfmt TBYE BRBLu BRSHE) 61858 oF 355 Rty and on e
t echni cal “6B8Fagh & theoradigigpmirelectbd thigugiayhd iretivdgr aiphyill bhepereciated that
obst acl es résBQJt:[UﬂQlecr@hJeg et ﬁrlc?é:sa'n?( \’t%%gg BLQ halr%fl%l (l>t & h?r;[glscl eglffractmn

whi ch are?1 ficiently opaque to rays
us, shorter wavelength radiation is typically required to form well-resolved features, as the

sizes of the features decrease. Consequently, to facilitate reductions in feature sizes, lower
and lower wavelength systems have been proposed.

[0006] For example, 365 nm, 248 nm, 193 nm and 157 nm wavelength systems
have been developed as features sizes have decreased. Additional reductions in feature sizes,
e.g., down to 20 nm features, may require even shorter wavelength systems. For example, X-
ray based lithography, using X-ray radiation instead of light, has been proposed to form very
small features, such as 20 nm features. Another proposed technology is extreme ultraviolet
(EUV) lithography, using, e.g., 13.7 nm radiation. X-ray and EUV lithography, however, are

expected to be prohibitively expensive to implement. In addition to cost, the techniques face



difficulties in devising resists which are sufficiently sensitive to
the X-rays. Moreover, rather than using optics to focus radiation on
the resi stwosa2xvsay systens place the reticle cl ose PEGUSAE/011524
resist, to directly expose the resist to X-rays passing through the
reticle. This can cause conplications in aligning the reticle with

the resist and, in addition, places significant denmands on the
flatness of both the reticle and the resist. In addition, X-ray

| it hography can use reflective as opposed to refractive optics,

whi ch can require a conplete redesign of optical elenents and

rel ated systenms. Simlarly, other high resolution |ithography
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provi di ng %mrp%lcaral ity of;&pl tch nultiplied features overlying thg )
seni conduct OF 'SHIEE it BEnREs s retigle guith hegesivhiadfi & apditiph.oplrerschignificant
bet ween t hienphtichn thelflatqeks efbdte fiditede aREHES8A:] ONaditiod Ij‘_e_pqugﬂl]% phy can
noi eti es f%%ﬁ&ﬁk@% sel f-artgan%rm ng material is initiated. "[00 i _
Accor di ng to anot hera8BEE B I AS T rRRbkD | WHch samgedist 7 soppista tdesign of
for forniaptjca chmsdatspatitreltted syd@ndTeSiR@IEE QU b8 FedoRftiBh ML rhY ‘E&lﬂﬁligé{es,
of spacer_?1 ‘QM Al t.cc):nh earrul t%pLeltcat Lon. A filmis deposited between the
spacers. The $1F AT Redh B EIsgton, beasn fithomraphy disv r‘ige“bﬁ’f“f‘é?%m@ﬁl and practical
f eat ur es wibbttles, tifvduding high EQAABEinAGRIIEKENG t 0 yet anot her aspect of
the invention, @,pethod is .Frov' ded. for sem conductor fabrication.

The met hod com{rl s rEvrHHE LR Srarreiuee reeader high feelatiommetids to
of about 2@0emuymabifedtesson senpadridaciocampiiisi ng bl ock copol yners is
formed between the plurality of lines. [0011] According to another
aspect of.- the i.nvention, a nethod is provided for mask fornmation.

The nmethod conprises providing dupaidrechthefnvep@@er s over a .

sem conduct or 2 27496 _PCI/ US2007/ 011524 substrate. The

met hod al so qor[r%[?)isg\(e)s %%é%/dl}% ;%% Oéwh%sﬁﬁcge?fe sTHEEe g BEfhRR isxprenideth gor
bet ween t Aemip& @Eepaitent paemasicrmatndnital sitstraxpoTied nicth@N c@hSiRB pré@ding: 2

forma pathesny ofr iéﬂélg%nﬁigp]ied features overlying the semiconductor substrate. A self

organizing material is provided between the pitch multiplied features. Segregation of

chemical moieties forming the self-organizing malterial is initiated.

[0009] According to another aspect of the invention, a method is provided for
forming a mask pattern. The method comprises forming a plurality of spacezls by pitch
multiplication. A film is deposited between the spacers. The film is annealed to form a
repeating pattern of features within the film.

[0010] According to yet another aspect of the invention, a method is provided for
semiconductor fabrication. The method comprises providing a plurality of lines having a
pitch of about 200 mun or less. A pattern comprising block copolyrners is formed between the
plurality of lines.

[0011] According to another aspect of the invention, a method is provided for

mask formation. The method comprises providing a pattern of spacers over a semiconductor



t he exposed nmask material. [0012] According to yet another aspect of
the invention, a nethod of sem conductor processing is provided. The
met hod conPiB¥42f8fming a first set of block domains ¥ykEpS207/011524
sem conductor substrate. The first set of block copol yners includes a
plurality of separated groups of block domains. The bl ock domains are
formed substantially by Iike blocks of a block copol yner. A second
set of block domains is subsequently fornmed in spaces between the
separated groups of block domains. [0013] According to another aspect
of the invention, a partially fabricated integrated circuit is

provi ded. The partially fabricated integrated circuit conprises a

plurality g0k &OPPhY ARIhod UL SonMHRES %;ioogai;ag 5 80ineonEbE] Masis HBRliERL ending
t he gui des having a pitch of about 00 nmor less. The partiall

f abri cat edeiveer iespaterei Thameskanaieriat raxppscdde p gehant Epory fgrgern of voids in
di sposed bet weeRdhaKRhdEBhi ty of copolymer guides. Brief. Description
of the Draw ngs [0014] The invention will be better understood from
the Detailed D8RI ptidsrosting t e YRt dngther sExmol nfBRt SIvarePns rdnielied of
appended  drawhR@Rtoritb&dlsiag & %%@ﬂ%d.t Thi |hdSdd @nSporised ehrAHg & Girdt 1B &F block
the invention, and whereinl [ 015% Figure 1 is a schematic )

cross- sectdoprals aicae@ sineigenstuctar substiatel | Fhe dirsretet afrhtled)r seradyres s diflpdes a
i n accor dapgaiidrRe Rk REELLEE SINOY FBRMSs. Ofnetdioil AWM 28 forl08 3stantially
Figures-27I's a schematic cross-sectional side view of the partial
formed i fvdiedteds el polfck capolppeurd seopd serf Plekilagaime at sveraupplgformed
phot or esi s}, s QY Ehetwldh HE CPHRAGRWsbhbloRk 8hekihed enbodi ments of the

i nvention; [00163 Figure 3 is a schematic cross-sectional side view

of the partial I[9033br meticcordip dpatnotheei sseehtt olofheringigpidon afRagtaliyt B
through a i%%xﬁte@%%uit %ysxlﬁ'ﬁvidéd? O G8OrWateh intBgr8f@ Lot erhRdbae plusality
of the invention; [001 Fi_gure is a schematic, cross-sectional

si de vi ew BropHungastdes qverlyiag Asemicprdustr spsias thegnides haping g paclyof about
after renmobigh bhRsPhPLOLASHIS) &hﬁ&@é@ﬁke?a@a@&edmf Sk Priigs Rock dopdBmers
2007/ 127496 PCT/ US2007/ 011524 j%%ttern romthe hard mask |ayer to a

t enpor ar y Fsppesd befpesn poPHEa Bl foPHY BFe$EISSed  enbodi nents of the
invention; [0019] Figure 5 is a schematic, cross-sectional side view

f h rtiall for
of the partially formed Brief Description of the Drawings

[0014] The invention will be better undersiood from the Detailed Description of
the Preferred Embodiments and from the appended drawings, which are meant to illustrate
and not to limit the invention, and wherein: ’

[0015] Figure 1 is a schematic cross-sectional side view of a partially formed
integrated circuit, in accordance with preferred embodiments of the invention;

{00161 Figures 2 is a schematic cross-sectional side view of the partially formed
integrated circuit of Figure 1 after forming features in a photoresist layer, in accordance with
preferred eimbodiments of the invention;

[0017] Figure 3 is a schematic cross-sectional side view of the partially formed
integrated circuit of Figure 2 after etching through a hard mask layer, in accordance with
preferred embodiments of the invention;

[0018] Figure 4 is a schematic, cross-sectional side view of the partially formed

integrated circuit of Figure 3 after removing the photoresistphotoresist and transferring a



integrated circuit of Figure 4 after a hard nmask | ayer renoval, in
accordance with preferred enbodinents of the invention; [0020]

Figure 6 iwoaiwdneati c, cross-sectional side view of tHE/psa0Tarizy
formed integrated circuit of Figure 5 after depositing a | ayer of a
spacer material, in accordance with preferred enbodi nents of the
invention; [00211 Figure 7 is a schematic, cross-sectional side view
of the partially forned integrated circuit of Figure 6 after a

spacer etch, in accordance with preferred enbodi nents of the

i nvention; 10022] Figure 8 is a schematic, cross-sectional side view
of the partially formed integrated circuit of Figure 7 after

removing aa#eARERiNthP 8kld RRsIOflayeh Qo LEMBIREY 1a§%E in IR cordhRRVEIR preferred
pattern of spacers, in accordance with preferred enbodi ments of th

i nvent i on: eMYRYIBARtIRijhe WMVENt 4 schematic, cross-sectional side vi ew

of the partiallpofqr Mefiguid¥d RU adnefiakd, lcfdibkec@bndll SAH Gef cffftﬁtef)artlally formed
depositing a Iayer of a bI ock copol yneér solution, in accordance W th
pref err ed '‘BPBGHdrEIFRE 0611‘*‘15%4|aﬁvr‘eﬁﬂ1ﬁrénnasmwueqrwbrle ageprilapcg with preferred

schemat i C, et RSRRES thORREnRInde view of the partially forned
i nt egrated CII‘CUIt of Figure 9 after self-organization of the bl ock

copol yners, in [88Br dafigere s hsgheanriis. cepseerigarinidn weyfofithepartially formed

i nvention; mile%?e'éﬂqf L@ u¥ ?%u;é-ﬁ ang d%gos@ﬁﬁ §ﬁ%’£—r@ra|s§ace? H&%aﬁ%&éc@ﬂﬁhce with
top views of the partially forned integrated circuit of Figure 10

showi ng t ICERERPRRGmERSSF ivdrveatiptingenent s resul ting fromthe

sel f-organi zat i@ tRAguRl P&Ka GORALNITRIGs-stdlioARICRIIRABG S Mhd Partially formed
preferred ._enbodi ments of  the i nvention; [00261 Figure 13 is a

schemat i c, N dsattjof ﬁa&ur%ﬁd@ew ERACET Ctehan perordaary yithgirefrged embodiments
i nt egr at edonhé’i@lUbl{tloﬁf Figure 12 after selectively renmoving one of two
bl ock copol yrrer bl ocks i n_accordance with preferred enbodi ments of

the invention: IPB#371 Hisytedis1zsshematic crpsmaeqtional Sids KewRfithe papially frsmed

view of t hﬂte@ﬁlﬁédl @tchit Jrariped 7 At eGhAiRda Géhaking RtidH Suihe Wddpsh elﬁyer to.
transferring the pattern defined by the bl ock copolyners_ into t

under | yi ng“Q{f5Ratgmet sPar‘Feb?cE’cﬂcﬂ%{ﬁ%ewl@wrﬁ?‘é@eﬁ“?’é@“@ﬁﬁﬁﬂfﬁli‘éH’t"§“‘6‘?n t he
invention; -5 \/}611223@07/111%314:9931&@3&@&2@@U&H&ﬁnal[@&2ﬁkw%fgﬂé Brtiaiby ro%med

a schemat i C, Cross- C%tlr ]gnal de view of a partially forned
i nt egr at edEERL Fircafty of TEnien &ty IFRPSHINg At {BFR O &t biagk oppelymer flgige, in
copol ynmer sacctiidncd vAt feferred embodiments of the invention;

{0024] Figure 10 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 9 after self-organization of the block copolymers, in accordance
with preferred embodiments of the invention;

{0025] Figures 11 and 12 are schematic, cross-sectional top views of the partially
formed integrated circuit of Figure 10 showing two exemplary copolymer arrangements
resulting from the self-organization of the block copolymers, in accordance with preferred
embodiments of the invention;

[0026} Figure 13 is a schemf:xtic, cross-sectional side view of the partially formed
integrated circuit of Figure 12 after selectively removing one of two block copolymer blocks,
in accordance with preferred embodiments of the invention;

{00271 Figure 14 is a schemalic, cross-seciional side view of the partially formed
integrated circuit of Figure 13 after transferring the pattern defined by the block copolymers

into the underlying substrate, in accordance with preferred embodiments of the invention;



mask | ayer and then into an underlying substrate, in accordance with
preferred enbodi nents of the invention; [0029] Figure 16 is a
schemat i ¢, WOr8¥E2%8¢t i onal side view of a partially forfEdus2007/011524
integrated circuit after form ng spacers on sidewalls of mandrels, in
accordance with other preferred enbodi nents of the invention; [0030]
Figure 17 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 16 after depositing a | ayer of a
bl ock copol ymer solution, in accordance with preferred enbodi nents
of the invention; [0031) Figure 18 is a schematic, cross-sectional
side view of the partially forned integrated circuit of Figure 17
after self-orgdnt2Rt i ofigoes tiBds blsciodna60RPbyABEnal HIACRAT SENERialW foined

referred .epbodi,nent f the invention; [[003 Figure 19 is a
E chemat i c,méﬁ%gcéj-“s}re‘%ﬁia%ﬁélt"a%?flif@ngiaewt‘(‘}fﬂ b‘f{‘gwélhyt'ihgﬂl?ﬁkr YHIpREpers into a hard
i nt egr at ednaskrlayer tndfhefriigurae ub8erdfifLfubsied€ Gl kMRt JantEe WY ipAge@RiBrModiMbhts
copol yner Q'tl%ﬁkéé " transferring the pattern formed by the renaining
copol ymer BIrECREN o an under | ying hardnmask | ayer and renoving the
remai ni ng copol[9ea® bl Bigks, 16 7 Deneme)cosWsddiopd&fi® Vied ofeRRFARERISed

of the invention; .[ 003 -igure 20 is a schematic, cross-sectional

si de vi ew ' dFEF eg Cﬁt[é‘rlgiag% g) %&W&cm ¥ AT é&F&'ﬁ‘EﬁO}CP‘FE‘?}FF’ B 29ePgpss viigh other
af t er depastfeirajerabddiyiedts of thk idveftiorat erial to fill in spaces

bet ween the sp a | anari zing to expose,the mandrels, in.
accordance Wit ﬁ&?'roif e?&%@ealg Hﬁ&&f’%ﬁg‘ﬁflg’ ‘H?J%fsﬁ‘ét‘qnﬁ\/%ﬁf ViSH: o thopafially formed
Fi gure 21 insgmtedcdimmatdfcEigakoisate cdebositly 8 ilder \Wrewietk thsolpadt §0?L|ltlo)ﬁ, in
formed integrated

oA A o S e St SO 8, 1 TROCETS
Figure 22 is aléetenatiigyreciBds 8 seigisionabsssetonui Qi Ofwt drahdaditiiia] fo¥ned
| ayer of T ERSE el bEHEnels e S o aeB BB PP Gt of psgrdsnce
ermbodi mentwsthgirefieired Fmbeditients of 6 inWBAQ07/ 127496 PCT/ US2007/ 011524
[0036] Fioure faf o AEDETON oA 2651805l ¢ 5eY PHAarl omes
sel f - or ganitegreied reiwhit bifokiguropb kfieresdectively acnovidanae of two cfodfimed M 86cks,
enbodi rrenttx%n&ferrﬁléethisrya%@;ni Ptmed by the remaining copolymer blocks into an underlying
hardmask layer and removing the remaining copolymer blocks, in accordance with preferred’
embodiments of the invention;

[0033] Figure 20 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 19 after depositing a layer of filler material to fill in spaces
between the spacers and planarizing to expose the mandrels, in accordance with preferred
embodiments of the invention;

j0034] Figure 21 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 20 after removing the mandrels, in accordance with preferred

embodiments of the invention;
[0035] Figure 22 is a schematic, cross-sectional side view of the partially formed

integrated circuit of Figure 21 after depositing a second layer of a block copolymer solution,

in accordance with' preferred embodiments of the invention;



(0037] Figure 24 is a schematic, cross-sectional side view of the
partially formed integrated circuit of Figure 23 after selectively
renovi ng oW® 2847/2Wd6 copol yner bl ock species relative tRCHHROGYHEZ4

bl ock species and relative to the filler material, in accordance with
preferred enbodi nents of the invention; [0038] Figure 25 is a
schematic, cross-sectional side view of the partially forned
integrated circuit of Figure 24 after transferring the patterned
formed by the remai ning blocks into the underlying hardnmask | ayer
and renoving the filler material, in accordance with preferred
enbodi nents of the invention; and [0039] Figure 26 is a schematic,
cross-sectionall0@idde vFigwed3 it hechatdtic ddrbas-deoti dbsidé Oie&%f&h@ﬁarﬁblﬂf%ed
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type or sise: e UhabMil] Mhondit TP ki Beop e S Merhan sororgrart
and non- p@@ﬁﬁ@lmﬁ@lm@MeotﬂmMnmd hndsegr egate so that non- poI ar
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xtornal o o RSk g ol SRR R ek Pt HRBr al feayention ™"
al t hough heat nay be applied to increase the rate of novenent as

noted below. -7 WO 200745) f4 {mnoptggf,p 15% 0041] In addition
to interactions between Mﬁ%ﬂ%@% i zation of

bl ock copol ynet®48hn Béeishility efidleck t’gpot}mmgﬂbapmoe@nizfe&aﬁ Uk QSed t6 Brth @8k
steps on }:;laﬂ'@er&yr BAG& ccff:@l)}ﬂqb'lrsc Qret R)@m@& Q6 K& WO (¥re c §m1acraﬁy %esQ net Erlogcs For

For exanple, a diblock co
example, each block can be formed of a different monomer. The blocks are preferably

immiscible or thermodynamically incompatible, e.g., one block can be polar and the other
can be non-polar. Due to thermodynamic effects, the copolymers will self-organize in
solution to minimize the energy of the system as a whole; typically, this causes copolymers to
move relative to one another, e.g., so that like blocks aggregate together, thereby forming
alternating regions containing each block type or species. .For example, if the copolymers are
formed of polar and non-polar blocks, the blocks will segregate so that non-polar blocks
aggregate with other non-polar blocks and polar blocks aggregate with other polar blocks. It
will be appreciated that the block copolymers may be described as a self-organizing material
since the blocks can move to form a pattern without application of an external force to direct
the movement of individual molecules, although heat may be applied to increase the rate of

movement as noted below,



copolymer fornmed of two different block species, can formalternating
regions which are each forned of a substantially different bl ock
speci es. \Wientq7Ha@748€l| f - or gani zati on occurs in the areaPJASAREN1IRAE
wal I's of a step, the steps can interact with the bl ocks such that
each of the alternating regions forned by the bl ocks can be nade to
extend parallel to the walls. [0042] Such self-organization can be
useful in form ng masks for patterning features during sem conductor
fabrication processes. For exanple, one of the alternating regions
can be renoved, thereby leaving the other regions to function as a
mask. The mask can be used to pattern features such as el ectrical
devices in an uUd@Ell yiingdgsivhcohderadtinns bawed thateock[PO4R] tHetseMiokdanBBtion

appr eci at e alternatin ons is related to
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step, relativel rg first defl nd.smal | er step
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copol yner $eaires ghane sgyplcombictor d‘ahml:atwmgrosesem amde:ednhmum]eta the alternating
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of the blocks are su sequent y'se e&

bl ock spe@ﬁfeé?e ¢i8er bepitaml featigen surdisds éla:nncsxmmsequei'mt arp ahdRlyhign@nionductor
under i ni Rgd@ieri als during,- e.g., the fabrication of integrated
circuits. [0045] Preferabl pitch multiplication is used to formthe
smal | step feall¥ék. Howill émnpb@ateé theat [kt $ix@b§/thbaitgmafimt-agi‘oasGzafhlzhﬁi to

pat t er ned gy sg®mFeRki 9h t 0.for pattern o
terrporarytpl zsiceholglers a CBP&WLHS Qﬁg%ﬁggéri %reeorggfr?g BROEWE gf deg of

of the nEAMTRALES. aNBn‘t"ﬁélth%@H}é’l%e‘fhtrcb ?ﬂlh?ens KempEdY, foe&vim gnd elpatdreieam
of free-stiahgdtpey %ﬁaﬁ%&ﬁle%gﬂateg?& fBHﬁ‘iﬁ% 'u%”cu’a‘@%g%ggf i%@ﬁ@g}rése Clt-Iowgvcr

the sel f- orfganl zation of bl ock copol
PCT/ us 2007p®icgiszyof theeepthpfs. ¢ W’Gﬂdtﬁbpw, das N@rmladvdmcagenru ptaytial bbsacles

the Tormatham &2h nlBiteir 6t a5SbiticaPARGHaRL ARl EAldisEs whi ch m ght
ot herwi se be formed using newer, relative y conpl ex an
[0044] In preferred embodiments of the invention, rather than defining the steps

in a single lithography step, relatively large features are first defined and smaller step features
are then derived from the relatively large features. Block copolymers are then applied around
the steps and allowed to self-organize in the space between the step, or guide, features. Some
of the blocks are subsequently selectively removed. The remaining block species can be used
as a mask for subsequent patterning of underlining materials during, e.g., the fabrication of
integrated circuits.

[0045] Preferab}y, pitch multiplication is used to form the small step features. For
example, a relatively large feature can be patterned by conventional photolithography to form
a pattern of temporary placcholders, or mandrels. Spacers are formed on the sides of the
mandrels and the mandrels are then removed, leaving a pattern of free-standing spacers which

can function as guides for directing the self-organization of block copolymers,



expensi ve |ithography techniques. Advantageously, conventional,
proven and rel atively inexpensive |ithography techniques can be
utilized, YREPEW¥educi ng costs and increasing procesCHESHEAMISE y,
Mor eover, the sel f-organizing behavior of block copolynmers allows the
reliable formation of very small features, thereby facilitating the
formation of a mask with a very small feature size. For exanple,
features having a critical dinension of about 50 urn or |ess, nore
preferably, about 30 nmor |ess and, nore preferably about 20 nm or

| ess can be fornmed. [0047) Reference will now be nmade to the
Figures, wherein like nunerals refer to Ilike parts throughout. It

will be appreci[aﬂcﬂni t htchth@tifli GUbe 8dvah B cdtblyRE6 €S BRI folryatbh RBmAIQ closely-
scale. [0048] In a first phase of methods according to thegfreferred

enbod] mentiEEced JARFERIE i Sl GPeTiEe o ferBad S9BE M En e SasgpLex and

pitch mul tdxpdseat iiBBerasi &é&a}l u@.&i t Auvaitdgdoufll] 6@teflodEChRVELRSD 3biBtively
described in U S Patent . 328,810, 1ssued to Lowey et al and

U. S. Pat eﬁ{m’s&ﬁmwf’cg{hpgwpm tecﬁlﬂgq_sdfc@dfﬁe u%lg,zeff-,r refy regucmg £qstsgand’ increasing
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by reference herein. It wll be appreci ated that the erred

embodi mentTgidbkn fopm@ationef way pgel Sramiem dhesehy daliteting the fpaﬁrtroe & iagpeskfvith 2
various iRheghat Rened §igdli Fs exINpREfbt RN AL cEikiEAWihEnta ol ABEhiUMHm or
e.g., nmenory chips or conputer processors 0049]. Wth reference to

Figure 1, '$SScPoispretEatin faputsidun v &sks gpd anararofﬁf%rrwa PRy THegym or less can be
integratedbﬁhanurt 100 is |IIustrated Various | ayers 120-140 are
preferably provrdeg bove a s str é 0 0 facrlr%ate itch

ma

mul tiplicati on.l rearswr RoW %ml"‘ ¢ Figyrepyyynerg eﬁuﬁﬁmﬂwefer to
substr at e 1ikkQans erdighbar ab\bm &r@pxeaatbaﬂedmu pr:ynreeefhsrrod QEabdaqly dodwit BB&cale.
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form ng al’tﬂlurpﬁiyt er epstcelanﬁfmemgwsﬁ egﬁ:b@&m M?SﬁdhhﬁﬁﬁﬁﬁraﬂcﬁﬁC&Uﬁﬂ:ie pitch

tt [ S are owe
Gur i ng. i voHBfer SERERe e BreGuB RalRi B Aperataifo ! wdiigenecst.

sel ecti velapddefd. rizdndne A@yeamirz(ﬂ;roarldmttbect subsﬁinabeaﬂ,lﬁlear E’zspﬂef ETlabbntire
chosen so t hey can be sel ecti vel ati.ve to

cxposed mil B O PERIFIrE S SPLEP RS (RAETE ‘Mt br I aT P Appreciced th
consi der edhs ptefatddvehbodiments pmeﬁeealmmedad) form mbgkbadedhietretfhigicati@hof atr@us
for that mater ;% .s. at . | east
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2007/ 127498 BEKPUSSHES) PR E0 Rl i RSP s phtr oL o e e somputer

greater, mooespreferably at Ieast about 20 times greater and,

[0049] With reference to Figure 1, a cross-sectional side view of a partially
formed integrated circuit 100 is illustrated. Various layers 120-140 arc preferably provided
above a substrate 110 to facililate pitch multiplication. The materials for the layers 120-140
overlying the substrate 110 are preferably chosen based upon consideration of the interaction
of the layers with block copolymer materials to be used and of the chemistry and process
conditions for the various pattern forming and pattern transferring steps discussed herein.
Because patterns in upper layers are preferably transferred to lower layers during pitch
multiplication, lower masking layers 130, 140 between a selectively definable layer 120 and
the substrate 110 are preferably chosen so that they can be selectively etched relative to other
exposed materials. It will be appreciated that a material |is constdered selectively, or

preferentially, etched when the etch rate for that material is at least about 2-3 times greater,



nost preferably, at |east about 40 tinmes greater than that for
surrounding materials. Because an objective for the |ayers 120-140
is to all oWOowe1/12@8%i ned patterns to be forned above theCT/Es198T/ a3
110, it will be appreciated that one or nore of the layers 120-140
can be omtted or substituted, or additional |ayers can be added, if
suitable other materials, chem stries and/or process conditions are
used. (0050] It wll be appreciated that the "substrate" to which
patterns are transferred can include a |ayer of a single material, a
plurality of layers of different materials, a layer or |layers having
regi ons of different materials or structures in them etc. These
materials can__incl conductors, ins

combi nat i BRETAPYEA dGF "SW@B %9’&%?@%? e RIGHS %tr‘%{‘@eaég%g%%?@é g%ter it
pol ysi | i cQBst prafler8IR G Tdadtadootieni tiresgedatey maaﬁlm.forausmdﬂdmgd"eatemﬁls aBecause an

metal |ayer such as a tun m,0 0 c
conbi nat Y‘ﬁh"é‘tlt’ﬁé?re@te layegs sg@&?éﬁr%oar d’etiﬂ yﬁg{eﬁls?éa%eu foglgwd above the
di scusseds gt caR \ﬁllllrlﬂlideecmm’drtBﬂpma@r h@rd biethd daiersel@0- 0 zxer fre gmitEf or
conductive features, such as inte ct ales. an

e nﬁ’@ﬁﬁtﬂtﬁﬁlrt%r a@ﬂ@nguﬁg?? Son, % ﬁ i s’u1t!1brfeto Rr ﬁxlété?ita{i %Iﬁegustﬂes d/or

ot her ean Tnsulator an
| ocati on phcamsdaditent se@sedcan correspond to the desired location of

i nsul ation bet \/\?6‘85 rl"ldultc(tr \é%ﬁge’%%uéeécfﬁgt S“s%gst?ﬁ A ['Jalf”}qur %ea_re transferred

metal |ization. er ence

sel ecti veka Ie[et]wam}zer bﬁgremg&zﬁhtermrearﬂnluest}aoﬂiasz nﬁ@llﬁferﬂnr mete@ﬁlsst tyyer or
| ayer 130, whi ch overlies a OYELL e Sedae:
subst r at e!3%¥¥8 haRE FEEPRSCS iﬁéft"tf %ﬁa Or% Ctar%gﬂgﬂrhg%cr eferably o0
phot odef i pahide ,sem&ogductcfr@,rmdatofs aoqtﬂhgtbtsr es pohbinpiigris fHéraef. alfsF example the

hot k th ) ] )
Dy oherorgetae Sa b ot FAMBHTRL fsbie oBg guse oy, amid, o

wavel engt haesay &tyensuchlﬁaa whgateawlidmge br conper byemosgetEpionEerislie & Bme
preferred ‘SE%?B‘F%‘%SS 5 mﬂrrq(t ?ea'm’% ;drsaggérpgela&geﬂ. é#rutt 'cg)?regﬁ!fnﬁ)to the desired
| .

sensitive , ot oresi st Sul t use with an
ArF | i ght ppetmee, oﬁndnducym cfnarrlres,orsmrrse ag mnﬁycoger%s,tmv@epﬁetseﬁ@sr s, other

i.e., phOt oresl st S 0flanUBE B goKuEd | thGhbc 88K Stemad Features can
phot or esi stﬂi3 (glre ’re e?‘mbFi'ageugsae}d§ vE\IAYIVItl phgtol |thogrcaaphy st ens

utilizi ng cbred:sabmdle:} yhesﬁ@utedvlaw;)@nﬁtlnsqietgﬁt betweg conplyaiiypeaires: such as in

phot or esi y used with | onger wavel ength
photol it hg raﬁﬁgelggtgﬂth%%r@{m such as 248 nmsystens. I n addition, Yn%riel 0
1€ My

pitch multipli msnbn darth@bvtnateé refpenpro suFigdredb it ele R e AREPgP

fsﬁg'}]u;gs W %rtﬁ%za( %8%71 %%Q? gtcs'_trﬁlsérgg%%(iﬂﬁéﬁBvérﬁ’ésr@tdnq%rér?Qiy&l‘ QY& Svhich
overlies the substrate 1]0 The selectively definable layer 120 is preferably photodefinable,
e.g., formed of a photoresist, including any photoresist known in the art. For example, the
photoresist can be any photoresist compatible with 157 mm, 193 nm, 248 nm or 365 nm
wavelength systems, 193 nm wavelength immersion systems. Examples of preferred
photoresist materials include argon fluoride (ArF) sensitive photoresist, ie., photoresist
suitable for use with an ArF light source, and krypton fluoride (KrF) sensitive photoresist,
i.e., photoresist suitable for use with a KrF light source. ArF photoresists are preferably used
with photolithography systems utilizing relatively short wavelength light, e.g., 193 nm. KrF
photoresists are preferably used with longer wavelength photolithography systems, such as

248 nm systems. In addition, while pitch multiplication can obviate the need to define

extremely small features with expensive, relatively new direct formation techniques such as
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extrene ultraviolet systens (including 13.7 urn wavel ength systens)
or electron beam |I|ithographic systens, such systens can al so be
used, if d¥OI2PEA2Z¥H addition, maskless |ithography, dCHERRITAIE24
phot ol i t hography, can be used to define the selectively definable

| ayer 120. In other enbodinents, the layer 120 and any subsequent
resist layers can be forned of a resist that can be patterned by
nano-i nprint |ithography, e.g., by using a nold or nechanical force
. to forma pattern in the resist. [0052] The material for the hard
mask | ayer 130 preferably conprises an inorganic material. Exenplary
materials include silicon oxide (SiQ2), silicon or a dielectric

anti -refl @etdiN® HRALdIBY ssBMRClinclGlBR BS7 amSivdveRAgthi §Rtefish iog Gdlectron beam
oxynitride. Preferably, the hard nask |ayer 130.i1s.a. diele i

] € [ic
ant i - r ef | SEIEEELEORBIHY, CERRESPSCS PHY 2BARCs 190y 1T ARiifdy ¢in AgEiien, dpaskless
130 can bguRafdph§ Ubrahbki@d VABIASRBES LY, Ofan fRr iBed do RETHhE EHESsc@it 1Y definable
pitches near the resolution limts ?f a hotﬁlithogra$hic teqhnique.b
The DARCs 1a¥5h 1 &%hdR Qs s&hogimanis: gie 1ayehil e 2phgny isyheayesf refeT ioipe, can be
t hus i ncr easldadhrlaesiRiRAicah 88 pidrieddy faho RAPER! HithSRGBPAY., R Dsingl @ idM®or
t he edges of a pattern. [0053] The tenporary |ayer 140 is preferably

formed of TawBEPsdiuceBon 2 PARFRE® P6F58Fs very high etch selectivity

relative to theyg@pef erred nhad G NBs khd Bl inddsk . 1l @30 pirefetibBbeympfiste an
anor phous carbon is a form of amorphous carbon that js

k [ s hi ghl . .
t r anspar eFROERIC pajsRipl ghEereplaw BateRals Inclide fRicon H’b&dﬁ&\%@é?\tsgml%r‘” Brilggtrc
al i gnment By rb@dchge td-2iRs PORRIT), dulh LHEsiliv@MEALIEABESo:Ghithidd Mreftdtl, HiRrhard
such alignnment. Techniques for form ng such transparent c%ph_d
be found iMPsh 18114 @ et prbrrbiect h‘ioﬁ“%@ﬁRESl'I ﬁ@“}%@%&%ﬁ © har
ﬁ%- _203.b xfmfﬁ 18Rt 1 3@ Igegﬂ4a@t$dﬂ1§e@1g@dv$dﬂég&oﬁ£ﬁoﬁfcﬁig@@ pe&tei;mmmgrpau&d near the

erein by reference, Nth reference t i t he .

Dhot odef | AEBTSlordyais bt huolkpgerlic fisnia dF GHEkRs Sy FEnsfeppon by
and then dewehiepgdidho rdfRaNéensathpatiti@ERing ARPpiesisiog WistatviifcasphbRithaghipbi can
are formed, of photodefinable material. It wll be appreciated that

the pitch 6% HE BB PPARY S eat ures 122, e.g., lines, is equal to

t he sum of the (0853 h Ofhdtelipband2Perand id frefevdbiit formed ofari@phhiseribog, whick
space 124. | f desired, the dinmensions of the |jne 2.can,.be adjust

by using, &g Y ?Wa%‘gﬁs%}f]? c?ﬁgﬁt“@iyc ﬁé??tgledté’cb"gagrgi“eﬁrgfi hlhzatr?]em?lsgi gf m%'d Rftre
t he wi dt h éfetably, thenenchRibus Thdon p 4 fobn @f ainbphbentabesthdi2? highty tmsparent to
e.g., about 200, nmor.about 120 nm [0055], Wth reference to_ Figure

5. % he” padieaf v 14 RSO baerPRAR sk P e Pl oMo s Bt Cipane
hard mask Wayrngth3®ftikhe ebyd farsuch@lifmaentr €$ech3Ruen forhforhangdsuria Skansparent
layer -1 lcarbon can be found in A. Helmbold, D. Meissner, Thin Solid Films, 283 {1996) 156-203.

The entire disclosure of this reference is incbrporated herein by reference,

10054} With reference to Figure 2, the photodefinable layer 120 is exposed to
radiation through a reticle and then developed to leave a pattern comprising features 122
which are formed of photodefinable material. It will be appreciated that the pitch of the
resulting features 122, e.g., lines, is equal to the sum of the width of a line 122 and the width
of a neighboring space 124. If desired, the dimensions of the line 122 can be adjusted by
using, e.g., an isotropic eth:h to decrease both the height and the width of the line 122. The
pitch of the features 122 can be, e.g., about 200 nm or about 120 nm.

[0055] With reference to Figure 3: the pattern in the photodefinable layer 120 is
transferred to the hard mask layer 130 thereby forming features 132 in the hard mask layer
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WO 2007/ 127496 PcT/us2007/011524 130. In particular, Figure 3 shows
the features 122 and 132 in isolation. The pattern transfer is

pr ef er abl yW38E&BET4¥6hed usi ng an ani sotropi ¢ etch, suchPGEEURALTEN T4
using a fluorocarbon plasm, although a wet (isotropic) etch may
also be suitable if the hard mask layer 130 is sufficiently thin.
Preferred fluorocarbon plasma etch chem stries include CFH3, CF2H2,
CF3H and CF4/HBr. Resist form ng the photodefinable |ayer 120 can
optionally be renoved, e.g., by plasma ashing. In the illustrated
enbodi nent, the resist renoval can.be delayed and advantageously is
efficiently perforned in a single step with etching of the tenporary

| ayer  140. 056 ren t: €1 ol Bttdrh € anst
phot odef il ?\%b*"é’ i lﬁﬁwé - t%‘%u{fs E Cfgzelpqsog%%?‘s ’1?1? ajﬁsf erred
to the tenpereddyy hewwaiplidkkd ﬁsﬁx@iﬂ mscftmpxcd@pnsmh wnarpftch usingyreflucrgguiym
spacer material (Fig been . foun t. f €50
used f or Plaspacdiiopgl ér"i’ealasag%‘ét ?C%H’azraés‘f‘i'/pg’é‘t& yf%%gh%igmﬁg% ek i
phot or esissfsicleanvithiast Bfwerre'ﬂhﬂﬁoroéeh‘ﬁon plabrtie retehi «shepn%’;fleﬁr gmhyde CFH3: CF3H;,
transferredfromt eyl be 28noved,
(Fi gure EpHiagd t%ﬂf%‘ 6""?“3&% %Q&\%ﬁ %t&gglf or e Sf alyrrat erial
that can o tihisiianch 5shmgprm@m$tusmmmhmqunserﬁdhe sewt:eqmcrvat g by delayed and
deposition a sed bel Oh tR8 terkog} ¢ Naye
heat r esﬁg‘t’%ﬂﬁ%o‘tsﬁaﬁ %h% ye%?rg e V\ﬁ a Sn‘ ge(rjélégﬁt %%re{r(ﬁ ng the teen]r{rﬁpor ar;’ ’
| ayer 1404ps preferably sel ect ed such that it can be selectively

renoved rel at| th Sl itddER bl a¥er 120 and
be fornmed and und@etlhﬁﬁbenrcr%{ ergmlc %65%9&9% gljf%stratle 116& -

not ed abayeharti sk a@_ger 130483 tiagstprred rthb ksynﬁomfrr@d%1‘40dﬁﬁﬂlﬁﬁ’(f8§df€?&?15%°f 2
and, nore pre 5ﬁro? t r&f‘a Qﬁ‘lﬁ;or%ts C ftl?&g’oei ORRAk tﬁdﬂ%@@éxﬁ&?ﬁur@i used for

features lqyss 1 F7E4 t odef1 na ?;O preferably
t r ansf er rse.dcet mdth@lt@ppz%ar yrel gyerlld4® bighrigr 8 tQQES’ébFR a‘t*ﬁﬁtﬁ@i pITa‘k}?the

e.g., asrrac inin Sa81ea6wh 120
cheni st ri et“n‘%?‘ff y&ﬂ%ﬁ%{%ﬁih@@gmfg% & % 2/ K g&glri HBr }eoeyl%ﬁlz Sl(FCIJ%uz{e
cont ai ni gy tplﬂaesm;nméhﬂyaaaybragﬁbwéin;h istthen@ael coaterrinhpigean gy st dithe proaws

as it can etch carbon r ed it T2 (I_lgyle,(,, 140 cattioa tb daGi
gr eat er t‘i?gh%oﬁf)%tr gé}?l% Sgt‘{é’ %Fae%%/)faqser aater than 40 tines, . -

the rate libatr Hehie rd:smta;hcq:ra}gakt phgteresigiaGhe atesiat 1ng5\t1§qﬁe[r§mr%y layer ®140 is

Tor e : e 1 I &l for th
T0r 050 7B D SR SRRk e By R R e b Tor e

di scl osurspacds W GFigirs 7) knbofgpoed eed ﬁeflétdﬁrlﬁyg Ml e ¢ %F P‘ﬂtﬂff"r’ 148 As
appr eci at ed, ctttfo <L g i?@i%’ﬂ'} Rirfifly RIrRASABf 6@BrphidRtrb@nant) sloye iefdiably,
a

t he terrporary yer and o renove the features 122 fornmed from
transparent carbor.

[0057] The pattern of features 122 in the modified photodefinable layer 120 is
preferably transferred to the temporary layer 140 using an Oz-containing plasma, e.g., a
plasma containing SO, O; and Ar. Other suitable etch chemistries include a Cl/02/3iCly or
8iCl4/Oy/No or HBr/O2/N2/SiCly containing plasma. Advantagezously, the SOj-containing
plasma is used as it can etch carbon of the preferred temporary layer 140 at a rate greater than
20 times and, more preferably, greater than 40 times the rate that the hard mask layer 130 is
etched. A suitable SQs-containing plasma is described in U.S. Patent Application No.
10/931,772 to Abatchev er al, filed August 31, 2004, the entire disclosure of which ig
incorporate herein by reference. It will be appreciated that the SO»-containing plasma can

simultaneously etch the temporary layer 140 and also remove the features 122 formed from
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-12 WD 2007/ 127496 PCT/ US2007/011524 the phot odefinable |ayer 120.
The resulting lines 142 in the tenporary |ayer 140 constitute the

pl acehol de¥ e 2¢7/1f@hdr el s al ong which a pattern of spacdl8/UBR7FSgur e
7) will be fornmed. [00581 Wth reference to Figure 5, the nmaterial
132 fromthe hard mask |layer 130 (Figure 4) can be renoved to
facilitate later spacer formation by |eaving the tenporary |ayer 140
exposed for subsequent etching (Figure 8). The preferred hard nmask

| ayer 130 can be renoved using a buffered oxide etch (BOE), which is
a wet etch conprising HF and NH4F. 100591 Next, as shown in Figure 6,
a layer 150 of spacer material is preferably blanket deposited

conformal |y over_exposed surfgces, .includi.ng . d ASlondi3x
(i f renﬁxiemhﬁ@)ief&waf)et'ﬁéﬁtl&ﬁ- oG Esaiors g i %ge %ﬁ‘hgﬁaﬁf@iz}z. The
spacer MakSjidcaloldifion@aanyls altk sihichla gekiat ofapacawst! SadFigurrda kiH 6F formed.
transferring a pattern to _the underlyi subs: al | .9%s130
for etch sel e@@g%li ty Wigh Eﬁf‘?rs‘écett?)%lﬁ]i‘éy%igg%]ra%%%{ ocefr%lgélgei Igaggig;‘a a bl ock
copol yNeypig@s 4) ShSEsRaescbed auilitdbestappoer foreden by lopriasdhalsmporay layer
can be deposited with good st over age; gsi3echnade
a tenper at F@Oé%gﬁtsPB?eéuwttqﬁC%ﬁ)%&f%ggaqrn;}g?%;ﬁ%%dmg. ?%I%Igga?er red
mat er i al $eh ek UbiBe ibhifeen oxfelctcd gBOBY, wiesh madve tch comprising Ffend NHyE-
the illustrated enbodinent, the acer teri i i) - 0% G 5erabl
whi ch provi deO058t 1 i QY25 RPN ARJEETF THRE 130 of Soict HERMRPH) fiefers 7
sel ect ed LRk&! degbsite@lcohidemams kidn @xpdsad kurf{cdQ 60duding fleer lrasd ek Ieyers 1 30o(f

spacer material deposition include chem cal . vggor QS it 4t cBn Be an

usi ng 03 remARMECG Befiep ﬁ?%?’{aie\’f%ﬁg %titp?jgl,angrﬁg g‘?bnllnhgdﬁ%gye'r depogi ti %n,y

e.0., UShfGidd ook LiCad aphasiblsor trvistdmiana pxyegete Be unilehopeabirae i ¢ 8pd

to formsilicaon oxides or f%‘éi(’i des e
te

Chi i loeK BEsstyakr,
the | ayerallow® Psetph SPIEFHLY Bl hed %%gegloglgg%ecteggﬁr %:I_ngg i redﬁﬁmy]gtrh as
of the SRAGELSA kalow. Fi ik eplpr nRrefabmatibyblyt AR cgr dis denpsiady @/ itsBAPotEP

B0 or  greatel g g [ &, o el arabl v, SROKLINIRAE WihaBL Bin layer 140.
; tem : porary iayer
Advant age€QUSPs 2 $ H%‘%%@%’PS’{ epaggl 1'on _ aIcIOO\%/s‘ for a high deﬁr ef of .
control  oMefertd endidtiatk hessieodilitdne siiepo sikided ahdpicon otridehj dnd fidsirate
can be especial encticial HL M0 SWhEE SHrdRbedbRbdular advantages in
copol yrrerf’é?b"éiilﬂ?’é RSPEET 24y éﬁf‘fa?. on of _thespbl ock copol ymers is
i nf | uencegiyndibe witi akaesisciod matrsialdep wimasiing|siek  copol yrer
terial and sipge thg helght,.@lad B 152, oSicoh S Bba
materi al and SI el . . ccal vanor
. Rbds £3F A flaferi poitiBh @i mical vap
sufficiently épﬁ@j t of;rﬂ?}%nee%t Fckness Sg# the bl ock copol yner terial
(to be deppsiitied)e.d ousitd OnesbFEOB|to&em ©bsol yiss afatieFi QY P BURr Y &4
the spacers 152 while still t&?'aﬁ‘% t L NLEGH S Wb leBur PRl bR silidvat edideal or
bet ween t RS PALEPE HED ANV ANt agég%ésal , asge_n\git3 ed bel ow _having )
copol ymer nitrides, respectively. The thickness of the layer 150 is preferably determme d upon the
desired width of the spacers 152 (Figure 8). Preferably, the step coverage 1s gbout 80% or
greater and, more preferably, about 90% or greater. Advantageously, atomic layer deposition
allows for a high degree of control over the thickness of the deposited layer 150. This control
can be especially beneficial when forming guides for block copolymers, since the self-
organization of the block copolymers is influenced by the thickness of the deposited block
copolymer material and since the height of the spacers 152 is preferably sufficiently close to
the thickness of the block copolymer material (to be deposited) to allow some block
copolymer material to overlie the spacers 152 while still being continuous with copolymer

material between the spacers 152. Advantageously, as noted below, having copolymer
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-13 WD 2007/ 127496 PCT/ US2007/011524 material overlying the spacers
152 can provide a reservoir of copolyner material which can guard
agai nst t heodeplietwen of copol ynmers during copol ymer  PCT/US2007/011524
sel f-organi zation. [0061] Wth reference to Figure 7, the silicon

oxi de spacer layer 150 is then subjected to an anisotropic etch to
renove spacer material from horizontal surfaces 154 of the partially
formed integrated circuit 100. Such an etch, also known as a spacer
etch, can be performed using a fluorocarbon plasma, e.g., containing
CF4/ CHF3, CAFs/ CH2F2 or CHF3/ Ar plasma. [0062] Wth reference to
Figure 8, the mandrel S or tenporary pI acehol ders 142 (Figure 7) are
next renoved ave _freestandin r

sel ect i vé?‘%ie‘? I%’V ng HedgagEs ggi a%l ? ?a%s%ﬁ%ar c;m% g?ﬁf Fefr%%%(rj!&lg\tglé}% San
chem st rig®grd Hpainsdie acplﬂiopgﬁ‘mepmipmals dumg cpﬂpamreftlf:hfga@@@wﬂas an etch
usi ng SCJZ (00 ed .above ft S r

i nfl uence the [g@%am {h fqerfél?ceb‘ioocl “rce;’opiofﬁ1 r?lélr%gn OQ?de %518% %)é&ggvsocﬁqhen
resul t, tdigjeseacisanifopRietdpbiranatd spacebmatmahﬁmd hoezagltal swgogg 1 3hof the

h h nbodi
e

érrpor ary layer
(Figure ].ﬁcrﬁ)ﬁﬂecbﬂ&ﬁgﬂ# gotiedarbon phsmb,ce. 4. ocamisyag 6Fs' CIE2, @st/therzj@%?HEdN
hei ght. [ Wth continued reference to Figure 8, pitch
mul tiplic f*ﬁ has thus been acconplished. In the illustrated
enbodi nent , t h[eomt chwifh tdfieresypao diigurd B2 tiesmmuslagfi (o (¢rapdrary tpigceheifier a2
photoreS| 122 and 4 h §3 . NatleYmbQirBm ci 4Dy
photol it h 3 are pgFt g?gﬂﬁﬁgﬁm%% il %a%!iﬁ% S%%Cregsgl st |1 neg1 122 had Ege

pitch of @b@uvemeanamd sqmansoraﬁ@: stna\mrn@sa mrqfeﬁecbﬁtchtf@ammm iAepdT 2
S e BB bR ARG RAN TS Whgg gofhe, photoresi ot 11 nes

fun, spacers 1 aving a ggirtch of about
100 nm or Iesﬁ)oezjn basf ooutrédabo[ve,o&'&] hBigth@fcﬁlﬁoFWFsl gapgipfluence the

lied and bl g fRCdgabdr i
gpga!sﬁ pg%’]{g%‘?‘ﬁ on o?%[?:ﬁl{%g;ﬂ%@ el 1 f%gryefo%; | g0, Be's§1t tﬁ@é}:’ !:é At 0 h Qphiedmy

ate A’suitabl e nmethod for formn
sel f - or gahé mdnbrl ok wmg@hmptrp}ac gieh.nin gthergrehenivasd, fhe hoiehbel the mendrels

Transact i iﬁgilé%ure %‘g? (%/?e] tﬁ-; eress YPhe 1inpdy 1er PRPEBEREN) 2806k seldd®d so

entire di rence I's 1 ncorporat ed y ref erence
her ei n. [@@tﬁﬁimwnaherséﬁbpéﬁ@éw@dmegh?e 9, a film 160 of bl ock

copol ymer mat e[dﬂgjll I's With continued reference to Figure 8, pitch multiplication has thus been
accomplished. In the illustrated embodiment, the pitch of the spacers 152 is roughly half that
of the photoresist lines 122 and spaces 124 (Figure 2) originally formed by photolithography.
For example, where the photoresist lines 122 had a pitch of about 400 nm, spacers 152
having a pitch of about 200 nm or less can be formed. In some embodiments where the
photoresist lines 122 had a pitch of about 200 nm, spacers 152 having a pitch of about 100
nm or less can be formed.

[0065] Block copolymers are next applied and block copolymer self-organization
is facilitated to form a mask pattern over the substrate 110. A suitable method for forming
self-organized block copolymer patterns is disclosed in Block, IEE Transactions in
Nanotechnology, Vol. 3, No. 3, September 2004, The entire disclosure of that reference is
incorporated by reference herein. .

[0066] With reference to Figure 9, a film 160 of block copolymer material is

deposited between and over the spacers 152. The copolymer comprises blocks of polymer
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deposi ted between and over the spacers 152. The copol yner conpri ses
bl ocks of polyner - 14 WD 2007/127496 PCT/ US2007/011524 materia

whi ch can W@ 8&lV8ettvel y etched relative to one anot her PGHUS20&N11524
self-organize in a desired and predictable manner, e.g., the bl ocks
are preferably inm scible and will segregate wunder appropriate
conditions to form domai ns predom nantly containing a single block
species. In the exenplary illustrated enbodi nent, the copolyner is a
di bl ock copol yner, conprising, e.g., polystyrene (PS) and

pol y- net hyl met hacrylate (PMVA) in a 70:30 PS:PMVA ratio with a total
nol ecul ar wei ght of 64 kg/nol. The diblock copolymer can be provided

di ssolved in a sol vent . . efer t eV AR S.cah @
subst ant imaterigl which qaﬂé’es*ﬁwg“‘?ll%gmg‘?#;re&am 03It ?gélé{h?rogg'lﬁn%?gglse% ©

predi ct apidicl Xn@ﬂﬁédfc%ld Abhrcy, Of., thb®lqoas merpr@erablonmdsqwc gpdwill segregate

sel f- organlzatlono t eco on [t. Wi r t thGsk
total si pedesfapPERERCIFY btlﬁ? g’?‘?n‘é ARy pfeﬁgl%%gtg ?g C%ﬁ {a?rtu?éj fage

constit U@ﬁ@cm@' agkfe 306 M&ﬁtﬁatar emmcmfnemtameywpghugems @Glﬂ?la@i FORORERET
sel f-organi zation and to ani.ze PIVIM]Q) dgsi rasko
di nensi oremprHes, b?éekp‘tléﬁiﬁ\e ?égﬁ’&\‘;ep%ﬁ g@l ns?%&%gel ymer | ength

scal e, t e @YRIALR o8N a tdiaieﬁkde&mgﬁdigmfoftﬁhag@uﬂoIT)hné#bliJfrk qopplyner can be
i ncluding any coiling or kinKin i ch Hshtially all
bl ock domed diﬁﬁb’égirbﬁbﬂy‘ifﬁ’eﬁrg ng’n%ep%geéa %&? a%sgaerrgfsuorralh?lsya
and shonf £l GOR9L YAE ESMPEYdE tol Seteas® t}feq»mtﬂlstnmlbeaﬁﬂddm]@ﬁ@ oftg pafterns
bl ock copol ymer can db arl 0 QNGO Gial f
e.g., spifpoed Rydle ?ﬁ%’gf’fg%‘b‘Fﬁ“’Ea?if?*r °¥’° P w0 ook alsizeo

coat I ng or vapor
deposi ti Qfen i h@%ﬁlcogmﬁnemwkme 3&81005f thdn eormamomqm@qks fepd mopemersaye preferably

chosen based upon sired att ARy adns having desired
copol ymercélpﬁﬁllntt“’vﬁf‘P1 “ﬂﬁeeseifgfb‘ig&?}?% ftggn %?%a%&% parti cul lar e

t hi cknessyimehddd 1He wdhe qm@bmrs Ihae'ngnhnt%ab @olymaT tenetheisoler BAFEHEES Frd-
whi ch the pol yners osed St &q(gﬁhg\agmcﬁ@dvdnkb&he
hei ght oftoteﬁ6¥‘§'§§b%$ efgﬁoy‘g remcf(ﬁz)lmdIng/!:rir%dr"gé]\%\[n]'}dé I?é]cﬁl cal i Y Ofi ent to
form alt eﬁi&a&ﬂ g, blsdkosdranihs. aﬂ.bygéra:rmblbfmerSd@ﬁfalbﬁélS? ta Torpy 1prgss AqImpRp an

li nes, viewed in a to (Ela8Hr Bordabhs. e ibdn®poBenet @an be:
be used t%‘o’ﬁ%&‘f‘ﬁ’r"}?’me@s é“aypbe Q\Iggr%oiﬁ}r%%csg{sa or 'the lateral extension.of
the | arrelda@esxféarbybﬁnbumélddst dndhating, iespl ireen $QEPGBY! casiing, brus coating or
t ransi st or Above a particular thickness related to the pol ymer

| engt h scHP&" '?P(?S’t“ﬂg envi ronment in which the polyners are dis 8(g)osedﬂ,1
t he copol yner S[(Mﬁ‘v]l tgrpectlablkrycsswfé'mconﬁelwr flm I8P Gan 1 §Roass: RASET BB e
pillars, such as | nd r IS\ ,@Fllgmlleoe]%)prec{lga@i @yl ulsldﬂparﬁamar
advant age ??érf?lpf)tée use °0 E)%’Ep 31% F gﬁet ed features, e g .. via

t ransi st oﬂnmeggﬂaﬁdug the prgymer length scale and the environment m Wwhich the polymers are

disposed, e.g., the distance between and the height of the spacers 152, the copolymers will
typically orient to form alternating, substantially lamellar domains that form parallel lines, as
viewed in a top-down view (Figure 11). Such lamellae can be used to pattern, e.g.,
interconnects, or the lateral extension of the lamellae can be limited to form isolated features,
e.g., transistor gates. Above a particular thickness related to the polymer length scale and the
environment in which the polymers are disposed, the copolymers will typically orient to form
vertically-extending pillars, such as cylinders, or spheres (Figure 12). The cylinders can
advantageously be used to pattern isolated features, e.g., vias or transistor gates. Thus, the
pattern to be formed can advantageously be selected by appropriate selection of copolymer

film thickness. Alternatively, other variables, such as copolymer composition or process
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pattern to be fornmed can advantageously be sel ected by appropriate
sel ection of copolyner filmthickness. Alternatively, other

vari abl es, WOueW/13&%¢ opol yner conposition or process 15PGNDIS2007/011524
2007/ 127496 PCT/ US2007/ 011524 conditions can be nodified to
facilitate the formation of vertically extending pillars or

hori zontally extending | anellae for a given thickness through
appropriate selection of interfacial interactions between the bl ocks
of the copolyner as well as the substrate surfaces. The thickness of
the film 160 can be greater than, equal to or |less than the hei ght of
the spacers 152. As noted below, a thickness which is greater than

t he hei ghteoRditibhte c£PBE @h&difidd to FaNBRIaNMoARRTon| 6F vEiteMyeX¥ndng pillars or
copol ymer reservoir. In other _emhodi nents, a thickness which is

equal to derzerElly srispdipgdrpeliredar ¢ aiven Huckssy Hiropsh pRRIOREAE SFlsctiom of

be advant agRauSal 1Hl)érafcﬁérf§| B étah@bRekd &l (ROSSHoA & AR VN NB it PBIMBLHITaces,
t he spacers 152 t her eby Bﬂeventlng cross- diffusion of copolyners

bet ween t e 1Bickpess of [l M 198rcap Sergrerier tinm| qaxa), tor felegsolyan Welilelghn%the

t hi ckness ghceRf 8261 abhdted 888wt B &ickndROMEich Rt ROULM 8CABhObf hSpacers can
copol yner. For exanple, in t he |Ilustrat ed enbodi mrent, the copol yner

| engt h scd¥se pdvasfight oI ARCIRAE FPROIYRTICIEHEEAT- ofin ©ofher fepbadimegts, a thickness

pref er abl yw1abowteqdd to BANYre bﬁ'&ablmﬁﬁt tHirﬁ‘ﬂhS thalghfyof t8d Qpat;eré QarﬂlEB %aﬁt@@a%us
and, nost bipr ef er abl aboué 25 nm or

SS. one
t hi ckness sf"ﬁ‘b‘BEfso dran Wé’QPOIWFﬁ bFB’feé?é}?f‘csé’a‘E%S #??gdfeéebmre"teh‘é"g Cross-
bl ock copaliffgdsof dapbipMesaRolsciBlic siahts. 160 are aI | owed to

sel f - organi ze. Q sel%-o_ a, atlon f acj a ed and
accel erat ed by 0 Fhoal %d{"??fég A e ‘ﬁ@ C?Paﬁsfw Tethickpesg PapratFrably legs then
100. The tabopethatierceh edald be&&ncn@alymes For ekanEb) n mboﬁw&aﬁea difbodiment, the
sufficientl | ow revent a sel E‘ ctin 6%
or the parcfa\é%l Fﬁ%tgl €4f é?ja‘?c#gé %’Hﬂa F%E 951 fhe tHrlfn? ﬁepregr aIberrebout 33
i Il ustrat esh entzeg Inﬁﬂ%ﬁtpreférhﬂyaﬁh’dﬂaﬁo n& orflesfa8 ahbyt frekfbeEbudls am or less.
t enper at ure of t ha 3151 %ﬁ re preferably, less than
about 200&"8RY® mﬁ%@?e’%r @’F ﬁ%feﬁs 8%%%C Advant ageousl y, the
anneal can al sqommse W(tmafe&rdnlcélkd Hmuﬂa‘ 13, hig: Blopgo bypadyfcrs ﬁxh&fee;byolymer film
stabili zi the .co ,Tszn tchln and Zrt
RPN e S O e LR e o ST AV R R
shown i n kingenlieg Iﬁb paﬁﬁ]ﬁﬁtﬂbﬁcéﬁ@& igbgrone chbmckO&péIIheetSmpa'a@re, ofPfhe anehl is
donmi ns 164 Eter
ot e ¢ fici@lanh oIS e RAEIIBIE 38 predh ane Sl aree Ao B8 opapymers
bl oc_k dommnlmspmélyd@bmmcrwtbgmyedtche:umlﬂes Irofhetihestialed chnbefiaeing she anneal is
formng t %?éperably performed at a temperature of less than about 250°C, more preferably, less than
about 200°C and, most preferably, about 180°C. Advantageously, the anneal can also cause
cross-linking of the copolymers, thereby stabilizing the copolymers for later etching and
pattern transfer steps.
[06670] The pattern of lamellae resulting after the anneal is shown in Figure 10.
Domains 162 of one block species, e.g., PS, and domains 164 of the other block species, e.g.,
PMMA, alternate between the spacers 152. [t will be appreciated that the sizes of the block
domains are determined by the sizes of the block species forming them.
[0071] With reference to Figure 11, a top-down view of the partially fabricated -~

integrated circuit of Figure 10 is shown. The PS domains 162 can be seen alternating with
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[0071] Wth reference to Figure 11, a top-down view of the partially
fabricated integrated circuit of Figure 10 is shown. The PS donuains
162 can beveeemal#bernating with -16 WO 2007/ 127496  PCT/US2007/011524
PCT/ US2007/ 011524 t he PMVA domai ns 164. Both domains 162 and 164
extend along the length of the spacers 152. 100721 Wth reference to
Figure 12, in other enbodi nents, the thickness of the copolyner film
160 (Figure 9) is chosen so as to formvertically extending cylinders
(or other isolated pillar shapes, including pillars having

rectangul ar or cubic horizontal cross-sectional areas) conprising PS
and PMVA. The resulting arrangenent, froma top-down view, has

regi ons 162 surr ded, by redqi of Suych ..a
arrangemne apé\g&mbgomﬂgiﬁ %{] o 5 n%,a &%2 ENt A I\fNAg %/hlegesmhgt}f f the spacers
addition, ishe pillars can advant ageousl y be appl i ed in sone
arrangenents f at t ng. arrays..of featur

arrays of feat ﬁ)r()g% %Ié'lh % reg%ep é)clf \61}681 o oFﬁ%f erg%&lm(éwsaﬁzte%hgﬁfgseof the
i ncl udi ngcw%erlﬁmnslﬁck(Fgureamgemmso ashe form *drm@y@awnﬁageyiwders (or other
rect angul ar hori zont al BSriSeg |
advant ag eésolj?? d F})rl ar. s%ape 150%91&% epll?egﬁ r?Vl%re%_tfaggﬁéto?u%?]Srh\éﬁk%g%fg%s Q@c\f%nal
refer encealteas)l%togmnemg?S thePFMIA. dUraienstinpbdragehegufres 4 Gpateinl VI&W haS
are selectlvely e d a h rs

domai ns. LEEHIEE FLAS Ao RDR REoh R IR BR sl Bladgielian be
etch, e. gnsefuistbngsrmm@, lege. amantacfaslaanhe:tcklh@nt the mlmrmtmdventbmudmbﬁgppléfd
dry or amsotro ic etc e a Q f

can be ot I apeais iR ARERPBE o KL Bl bgh U Redp R D
that the dmcrhearssctapmstané fctrheemmefsaﬂptlcat@n$,exaCtluqhes Diviy almy such eqpeenetinreg tso the
the o1z Bliahd'Ea RROL ¥ MREraly %ffﬁ Bl HBEaiCABLLILOGRL ok, S con have
enbodi nent’s, the resu t| ng pattern can advantageously conpfise

domai ns hadvantges wmmmg aiuﬂlmnsultfwe@feaamwezo nm separ at ed by

spaces of abou?} O%%Sru"bv;tﬂg‘efe @%%ﬁ%ﬁﬂah@ﬁémé @64951#1@ urele and 11

enbodi nent s domal ns 1 or the spacers can
renoved i pst e@@tw@lmgm@byed, éef—wlnmg btﬁlhed rAVEpaderelioR aPGM‘Chfﬂvx’ii’ ¥ ﬁO@PmW IpRouthe

the spacet§ovhpéan ng% gl\{\!}feﬁ' b&%ﬁﬁﬁﬁﬁg arw%t ElgW £, ddng Bcbz%c %&%Q@ &S ctbRant.

and domai ns o1\'16‘35 can as "a mask processi ng” of
under | yi ngn sﬁh@s«zmlm@nm@ a drp pr enisavsps, e‘%ﬂTéalsh?ﬂﬁE’F%tel"I@f% 81?\3 offlee domains

et ched thrqu %néa ATBSHKsthShRYhaf g othe@nmﬂu%eta%ﬂeb@m@tt&&a th\@mensions of the

sel ectlvely et es the substrate relative to he spacers 152
and domai mesultine featurgsapnsf werys Hepgpdingeeth then sigheof g keopolymer used and process

conditions. In some embodiments, the resulting pattern can advantageously comprise PS
domains having a critical dimension of about 20 nm separated by spaces of about 20 nm. Tt
will be appreciated that in other embodiments, the PS domains 162 and/or the spacers 152
can be removed instead, thereby leaving the PMMA domain 164, with or without the spacers
152,

[oe74) With reference to Figure 14, the spacers 152 and domains 162 can be used
as a mask for processing of the underlying substrate 110. For example, the substrate 110 can
be etched through the mask using, e.g., an anisotropic etch that selectively eiches the
substrate relative to both the spacers 152 and domains 162 to transfer the pattern in the mask
to the substrate 110. In one example, where the spacers 152 are formed of silicon oxide and
the subsirate 110 is formed of silicon, the substrate 110 can be selectively etched relative to

the spacers 152 and to the block domains 162 using a fluorine-based dry etch chemistry, e.g.,
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to the substrate 110. In one exanple, where the spacers 152 are
formed of silicon oxide and the substrate 110 is fornmed of silicon,
t he subst r&petraQ748@n be sel ectively etched rel ative t PCTWiRMEpaAGR: S
152 and to the block domains 162 using a fluorine-based dry etch

chem stry, e.g., -17 WD 2007/127496 PCT/ US2007/011524 such as that
used to selectively renove silicon layers relative to photoresist. It
wll be appreciated that where the substrate 110 conprises | ayers of

different materials, a succession of different chem stries,
preferably dry-etch chem stries, can be used to successively etch
through these different layers, if a single chem stry is not
sufficient to etch all the different —materialsr .|t.w S0 Bewill be
appr eci atuell ashibet, vgd gendleREvap e e S‘Bﬁ%}fag P ymlngec ﬁ%ﬁhbm% ed

stries used,
the spacg rp?ec?azgd andytde ndonBinse 16Pcomytisbelagts hediffeCohsetyiet 4 UCCHFOR
reference ™o gure 15, in_sone enbodients, th% boa%geﬁrtg A els E@\deiP)étch
the spacef giffBRt ahemigEivhi eI ERKCIHR SIFPERERFRST Y5 an under | yi ng
hard ”ashué%%%es%%ferbﬁtvlhws,geadi;@tec&hea@ﬂmt inet sufficiehtatoi ey albthe different
substrat e i

errals, before etching the substrate 110. L] Red
t he i nventategials 4t Wik alspoRraPPERFiatHedRly dRERIRE POt ﬁa“p%?‘é’té{'gg‘g@’?ﬁtg the
di fferenf, bl ock sDegiase 6 52 ABgbegRhel dDenstauetiig rwitidyfragrice to Figure

consi der ati ons in a process. simlar taq.the phase sep i.0R..0 b
mat er i al 85, Hheenwetmpbasigems 2Bt PalrT gow?gdngdt%wp%ﬁxg %%a%@fﬁsd%zf@ c.an e
(Figure 9), hih SNGRWRER hie SRR UGOL haviiar kedofich keedivig kelative to

copol yners to orient themselhveshgal ong tlg% | ength of the spacers 152.
It will ebspisredriaiedeorattching hesrrs 5 Yini zation can result in a

nore efficientoPapki ngnié tehv&mipaliyn®bospkby eerys tiovillidggppreciated that the

copol ymers avai | abl e for the self-organizatj . 4,800 iaforbdees
Copol Y eI RRFINEH e LI VR E5 a0 O AN BEpance. cagsrnd an

area in thg;mdhepihe bhRrappaiseattalheThd sifreganikatioods coidehhy fegpacers
copolynmers. | n sone enbodinents,, it w. ber APMISK &o88niehado orient
the copol\WReFIgFs i FEH°H §“°6Péﬁg5rt3%@'¥5&§hjlfe?t?%}?§ﬁ’t&i i ck to%%xtt;gnd abov

the SpPacefsndhstAongdHiayidigthaot esespmers bT2. cdpotilines gpprepiaphghat the self-

sel f-organi zati on which occurs between - &S EQQY &lich that
the di st aHE@HECHEER FHE BpAcEPS T E“‘Ptsg’%r%le e?gbley”é”rl?oﬁé“eeﬁ'\%o be

Suf f i ci entdpylynrphiailbble oniie eif-drhanizitiphenn dis espleind ifthacorarrgciin 160

over | arge expanses. [00761 In other odi S thel ARIAILSLM¥ Bxpanse to be
regi on abBVEIE ersi?&c%’igg O%ﬁ‘ oE (i eéC’augIr{l}gaa(rillgée%{l eygnd t he spacers, 152

Such an eplatgemRai bgniRavepaguant dyesad apbolonedthd willelgo_gappisaigte

5", S8R Btk Vgl YRR L edanams b gedontr

1-6 provide a reservoir of copolymers for the self-organization which oceurs between'the spacers
152. Moreover, the distance between the spacers 152 is preferably chosen to be sufficiently
small to minimize the depletion effect that can occur over large expanses.

[0076] In other embodiments, the reserveir region above the spacers 152 can be
enlarged beyond the spacers 152. Such an enlargement can have advantages for forming
well-defined block domains between relatively widely separated spacers 152.

1007°7] With reference to Figure 16, the steps shown with reference Figures 1-6
can be used to form spacers 152 on the sides of mandrels 142, resulting in a partially

fabricated integrated 102. The spacers 152 and mandrels 142 overly a hardmask layer 112,

which overlies a substrate 110.
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can be used to form spacers 152 on the sides of mandrels 142,
resulting in a partially fabricated integrated 102. The spacers 152
and mandr ewe20022a9€rly a hardmask | ayer 112, which ovIT/ises07811524
substrate 110. 18 WD 2007/ 127496 PCT/ US2007/011524 10078] Wth
reference to Figure 17, a first |ayer 162 of bl ock copol ymer materi al
i s deposited between the spacers 152 and al so over the spacers 152
and the mandrels 142. Advantageously, the mandrels 142 provide a
relatively |arge surface area which allows the formation of a |arge
reservoir 164 of block copolynmer material. The bl ock copol ymer

material can be simlar to the bl ock copolyner mat eri al di scussed
above, conprisin

' b o erm eria
t hi ckness as 98% d g_ @brequgg_ le\{lf\%:\l’f é'lpfnstcl erq%y%ﬁﬁloﬁﬁ Sﬁ}lﬁg aterial

e ent ure
COpOI YMe{Sqe ?5&1:3@'1‘)6%% th® sﬁ&&fsl ll(mgﬁﬂl;ﬂ@ ovemhlmipawﬂlﬁféa&t@éllé?l&k@ﬁ 142.

e.g nealing the partia ric
Af ter t hedsmtagegvs@aﬁbfz atapéwls i I%’P eéefFFngéﬂ? ér Ra Fﬁg“' o‘%ﬁ%ﬂé\g@the
of one blagkiSPge ioehrec rdienoirPBa andlodermpalsmit dntist hetlst besk lsppriymer
species, e.g., PMVA, are formed in the o . P8
spacers mﬂeﬂa{ oOIOSIITHo fherRlp %’QOWeﬁF%%Pgﬁg%%gsseg%gg%fe&ﬁﬁe&gngég
donai ns, ? hﬁxd%ﬁ)ﬁkve SIRteaghitdss armtsbdbeet.i vel y renmoved, the

| ne

pattern the remaini n omai.ns, 162 i r &d ske.dk
under | yi ng haiQﬂ?ﬁ k IWiferefereacq %g“rel} “SR?! F%Soag?gﬁﬁéch sel ec i/zg

for the r}ﬁ,ghdgm,sge hAYRFatekdl B), @g];ﬂaﬁﬂ‘ee}u@ﬂﬁlm:m@Z&m@t@él ng@graaqqinwalﬂ
| eavi ng behind a_pattern of eat ur 114 blo8Y SheciklZe o,
It will befteppy %’E@HZE’("Wétaﬁﬁ‘i sgt fe%te HO&Q&S Hﬁi gﬁ?@at uregﬁefm &
can be |igieg,Phof¥iné N6L6S theashe bluoR sperids, gw,emmx\ arrdforped pOb8 PPENFRRHE
reference fo Figure 20, a fill layer 116 is deposited around and over
the feat (rebeecn 1 wacers 132-i n t he spaces between the spacers 152. The

fill layer 11Goggw)pr efv@maleteenct as Fhnirofl 9 asopicavtathe blavh demadis ak-thablock
can be spun on and that can fill 1v:;
Exanpl es dsmagisalPdr FFi Srﬁlgﬁ’c"r‘r‘é‘?tl%ﬁr}é?‘?&’f Lg? %t'c1 ﬁ mftzi %#%Ihg%m&%fﬁ%goﬁ%aéﬁ i

phot or esi ézrmfa&e@to SRLAJOVixH Ie:lrﬁﬁiislkllwe( SEDDe 2 myeammsotrppsyétrch f&lscwr@“otée
pl anari zed, en ¢

necha lea9n da
Po ensur chdmists emdaae S 490gre 1% s a0 "ERB Y iefng A 8’“’“‘82 " e
Wth ref efgfs 110 iffti@Uaedddsk Jayee RN arweillsbelmr@rféeds@ﬁ‘e@t 2 %Pwn vie

renoved. Wth reference to Fi ay£12.180 of
copol yner fepmea il 4Fan & 8§°¥11rglers’r?|8%ﬁ0wgn§?§$9&g 1|rlnat erial preferabl

occupi es t he opegi)spavatbafaeen tb Figuspa.er 8l 1&pr hHyissjeppsited around and over
the features 114 to fill in the spaces between the spacers 152. The fill layer 116 is preferably
formed of a planarizing material that can be spun on and that can fill the gaps between the
features 114. Exa.mpl.es of planarizing materials for the fill layer 116 include photoresist or a
spin on dielectric (SOD). The £ill layer 116 can be planarized, e.g., by chemical mechanical
polishing, or etched back to ensure that the mandrels 142 are exposed, as illustrated.
[0082} With reference to Figure 21, the mandrels 142 are selectively removed.
With reference to Figure 22, a second layer 180 of copolymer material is deposited. The
copolymer material preferably occupies the open space between the spacers 152 and also
overlies the remaining parts of the layer 116, forming a reservoir 184 of copolymer material
over those areas. It will be appreciated that the copolymer material can be the same as that
deposited to form the layer 162 (Figure 17), although the material for the layers 180 and 162

can be different in some embodiments.
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overlies the remaining parts of the layer 116, form ng a reservoir
184 of copolynmer material over those areas. It wll be appreciated
t hat the cWpAEPyRBFHat erial can be the sane as that ddggvizewt/ogG24
formthe layer 162 (Figure 17), although the naterial for the |ayers
180 and 162 can be different in sone enbodi nents. -19 WO 2007/127496 -
PCT/ US2007/ 011524 [0083] Wth reference to Figure 23, copolyners in
t he copol yner | ayer 180 self organize, e.g., during an anneal, to
forma second set of alternating bl ock donains 186 and 188. Wth
reference to Figure 24, one of the domains, e.g., the domains 186,
are selectively renoved, |eaving behind t he domains 188. 10084] Wth

reference to Figure 25, the pattern d ad&% 18 self-
transferred tl@oﬁgﬂe uRab e Iﬁ%ﬁﬁf’éﬁ I g/&l}n%}i(rié@?u 135}%1@& >
ani sot r o, 6.8l oy Scﬁllrﬁghh\éﬁn&ﬂ)rtotfbﬂn ahacaideskof ﬁmat:m&@}ocaﬁ@ﬂtaﬁﬁ 186 and
remai nder “of the fill

QBs, B¢ KREGSel
par anet er&. aWéihtf?%f@P?ﬁ@r a‘%‘ErF&% On5¥ © ftrtﬁgg%rflam é(;]?t Hfglﬁggl%#gck ‘copol yme?y
mat eri al by, 1@@%&5&hdﬂaﬁh@auinmﬁfssexposed surfaces the features 114
and 188 can appear, in_a top i t Rfh 188
cylinders (Fil§#ds 1W‘§hEFf?Lr2“°erté’ gﬁrtea%,}gel pgti&gjog%?&eﬂd@gﬁit%ageoaanssl s
i n ot her, enRodlsHE MeuindbeHALBAdInAS Iragatmz eesg ;Uiylaramdsoi@elc digtvaslepivsor the
f or med separatel y, those features. ca &hdi

di f f er enhargmestelayer HA?) aBd tamhamadsy © HEE g pr gr H)ﬁa egg{yﬁ’g(?t :U(%Ir)ls (l)ng upot%

desired %%Q@ss YarPdre i t}EaOﬁneea@alBﬁd efthbhmoclds e&th@r*dgcmqpobﬁ@larf@rt?ﬁ wi
pattern

f cylind while. t t faown
| i nes. Thick c{thﬁ @gr\g@b@féﬂsg%ﬁ cf:sé JES ﬁlre]s8ﬁ4ca%|a lfggl’ﬁhaa ?@&r j%l’eﬂtc@ dow

using different copol yner
conposi t ,QRS al Bndshk Eﬂolm}'hﬁﬁerﬁ f{Elgﬁ&aUﬂllae@ 12, X4portiveB8, or by
i ncreasing the tendenc he, bl oc t PES: g% fgggjr@asa, RxgH 188
t he hei ght of (488l sp tagta&??fs}y N mQC'Od%(QI'HQC:%’/P P etch hack

Process gy ExRaFemdiRepaimagy hbse Etaﬂtﬁreé Barglesr J@awy Orgﬁﬂlzéd’é‘i"tdi‘%"r’iemﬂ’ﬁ%ems by
si ze and/ or aci ng bet wee t.ur &é}gr Foegmple, the
and/ or véf’tﬁ}i’]tsg}“gp I%’P?pné%n gmong ks d%red% ot i

vant ageously be vari ed gqn% ¢
?88!3 ggr {N q&aﬁum§ ]gh«eezm €08 pamofalylamlvdgleath@l fWé%é§3 6621 g@%ﬁm ©

th reference to Fi di b 118 Sorm
114 and 158 diF %& 3%801889%"1 rfasg P %Qg}nggﬂég%é?n%e%o the %L&eﬁé%/n ng. .
subst r at adnl 8¢ thATFedthibuS14 at &88, ot memcpwﬁmerthf: tgedempe gt W"t s by
114 and 152 can he trans sihk Atk 1P <tbhitagk pro@ed.to eApbse
ani sot roﬂeﬁreé?"é%q?é}e&%%égl i %gceﬁ)llg?%tgz;@al éf orm ng “the sugg‘i; rate ., ..
110. As nat efnakoyveR (Figursde erdsditioneiesizetane/op sP&g PEHRY B?‘élfesﬁé ©

transferr e% w%et O s aNd/of ver@itcaﬁrﬁ{ﬁﬁg,% advantageously be varied by, e.g., appropriate

selection of chemical species and process conditions.

[0086] With reference to Figure 26, the spacers 152 and the domains 114 and 152
can be used as a mask for processing of the underlying substrate 110. As illustrated, the
pattern defined by the domains 114 and 152 can be transferred to the substrate 110 using,
e.g., an anisotropic etch selective for the material forming the substrate 110. As noted above,
in some embodiments, the pattern can first be transferred to one or more intervening
hardmask layers (not shown) before being transferred to the substrate 110.

[0087] It will be appreciated that various modifications of the preferred
embodiments are possible. For example, while discussed in the context of diblock
copolymers, the copolymers can be formed of two or more block sPecigs. Moreover, while

the block species of the illustrated embodiment are each formed of a different monomer, the
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hardmask | ayers (not shown) before being transferred to the substrate
110. [008{* It will be appreciated that various nodifications of the
preferred Weahgdieht s are possible. For exanple, whil £y EREIEF2 n
t he context of diblock copolyners, the copolyners can be forned of
two or nore block species. Mreover, while the block species of the
illustrated enbodi nent are each fornmed of a different nononer, the
-20 WD 2007/ 127496 PCT/ US2007/ 011524 bl ock species can share

nononer (s). For exanple, the bl ock species can be forned of

different sets of nononers, sonme of which are the sanme, or can be
formed of the same nononer, but in a different distribution in each
block.  Prefgr %teééilés oSt SR Reer QhamIBNORTHIO! Ofdricblcanin doanédgf

di fferent properties Ich can drive the self-organizatiqgn of

t he
copol ynerdffertB088] off monemerse fHBelcfavid argHRe FaP s kb fomed élrfrﬁg? (R

layer ov S UbSL LAt sthBtiRCin0ch tishi. Fotetesaipplie, diffi@nt sets of
photodef?ﬁ%%#%QQQ?S?ial can beSforhEd“chor repl aced B%Hgygatem

. | I
whi ch hasnoempas fasnebloghsrhaving diffppsel preRFES WREh SERERYE ﬂf%ﬂé"zragf’“ of
spacer fq IoRQerd N the illustrated enbodi ment, however, the
har dmask an s%&%ef [

layers are preferred for allow ng hlgh quaﬂﬁﬁ%
pattern transfle988] andinfspmef mbadigerrs: ghe RpTdPRYGATYRE (EFROr P OBED PV the
whill e " Pragess by vt RROHAN Sofeindiayet bebenablymial weshelfehtage or
an underlying

ayer, processing through the nmask |ayers cap involve

SUb) ect i rgplReyidnts matrale} PRIRGISE RETHHAE Wil dhe P erar B QBFATRL gPs or
fabrication.pr0GEsRn, MATMhENARRLEd emPbAGRES hBGeta N theMaalrvaY ia0d spacer layers
i npl ant at1on, diffusion_dogjng, deposi ting,. or t etchingﬁ eé#?

t hrough tére prefested faraiosving bish apeity Aefr Frkdrs s‘gfﬁ& forming gt PN SRPRES:
nmask layers cagoffl Us@ko, 3Hild “sbORsiak” adughrmiskilagh grafaally imohaskiching
pol i shi ng (ng? or CVWP can be perfornmed on of the layer .tp Javers
al | ow f orarbenderiyingn sves aRPeFssias dherehi thg %?Skfﬁ}élerﬁn%r‘l”ﬁ?lﬁé Elugv(é&g, et
di Scusseduﬂdaﬂg@- HET QUiS1ARA tPaleNienARPIdueat | fabriddon GR6@ES, OBdr, example,

filed March 28, 2005, the entire disg&ggure of ich.is incor&qﬁ t

ate
by ref er epreeespige &R InYoOTP Fplaptriiop; ighidoame: CERIFREY A5h Feag’t%c'

an exenpl @ty RRAE Q5 and BR6 LBy lafdr& gmaddattion] theuhdsk Jayits cam bé used

be appreciated that the preferred enbodi Is be plied

various oheptongpPreist fSfeemirshmerenich ISR @ﬂ’aaftft%?gs?%%% ﬁe"\%"e‘ﬁ?d on
smal | feaflly 66 teSlaydi@ % Bsw o0 bo@XxSaRIrRatidhen Eehier I dhe nhadlyirenkagers, as
can be applied to formgratin

t enpl at esdisFusirdsiist Pol rOtHeRa | ;ieﬁgégglbﬁ%g%lgioh ﬁ?é&%@ﬁp%ﬁ%ﬁfcﬁ% ﬁgjgx-z Py e
or entire disclosure of which is incorporated by reference herein.

[00920] In addition, while illustrated applied io an exemplary sequence for
fabricating integrated circuits, it will be appreciated that the preferred embodiments can be
applied in various other applications when the formation of patterns with very small features is
desired. For example, the preferred embodiments can be applied to form gratings, disk drives,
storage media or templates or masks for other lithography techniques, including X-ray or
imprint lithography.

[0091] Accordingly, it will be appreciated by those skilled in the art that these and
various other omissions, additions and modifications may be made to the methods and
struclures described above without departing from the scope of the invention. All such

modifications and changes are intended to fall within the scope of the invention, as defined

by the appended claims.
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imprint |ithography. [0091] Accordingly, it will be appreciated by
those skilled in the art that these and various other om ssions,
addi tions and nodifications nmay be nade to the nethods and
structures described above w thout departing fromthe scope of the
invention. Al such nodifications and changes are intended to fall
wi thin the scope of the invention, as defined by the appended
claims. -21 | CLACMMI. A nethod for formng a mask pattern,
conprising: formng;a p ' s. by .pitch multiplication;
depositing a film bet]'vveeh%%gbg%%%g?s; iané’c‘é’?fr\rﬁ'gﬁ[i ng the filmto form
a repeating pattern of f@‘ﬁl"ﬁF%‘%’BWqWWﬁﬁh‘F‘F‘HPW“Z. The met hod of
~Qaim1, wherein form ngdpdsitagpiimretiviet e spkerssplicer s conpri ses:

providing a plurality of gmhg ﬁ;@ﬁlﬁ-bféﬂﬁ;@ﬂeﬁﬂgp&%%ﬁ{a&m%mﬁmﬁ%@' I's of
the mandrel s; and reqovi t Wg{el S, E?o,l ave free-stand] ng
spacers which constifute the °p + PRetsin {opming {is pliplity of spaceryqomprignst hod of
Claim1, wherein the feab#idsgspydivyofmdsdy from t he group consisting
of vertical |anellae, i SpikedceRbdddokalt BRtasiRRqres. 4. The nmet hod of
Claim 1, wherein the fil east reiall verlies .the spacers.
5. The method of daim lm'%%bhé?nﬁnd{eﬁ% i éﬁ%ﬁ%’fﬁsrp%%w'ﬁa’s%ﬁsﬁ% h
conprising bl ock copBripAttreces.wher ei n anneal ing the fil m conprises
causi ng a segregati on. of THelnetdisef tChiat 1, whadinhd fadurds lam Clos GRAlBERES. 6.

The nmethod of O ajdhg orfddich RS QIR hitksRG sH#ROSI Ng the filmto an
etchant to sel ectivgf’y :ﬁlﬁrmve LI mmaterial anong the repeating
7. getpd

pattern of features. f oot the i g leay pptiplfy gpert 8i ng
processi ng an under | yi ngTieanpbed of Claimnta wigrein dile filnheoprigds atstlsior epaakg Ng

pattern of feat urssk coiymdd) Sherbhlakbeing@e i chphles cansiIEk Sdaliol it AGRSHI N t he
under!lying | ayer_fggnwng]t grd g}lmmcorrprl ses etching the repeating pattern

into the underlying m efral 22
6. The method of Claim 1, further comprising exposing the film to an etchant to

selectively remove film material among the repesting pattern of features,

7. The method of Claim 6, further comprising processing an underlying layer of
materia) through the repeating pattern of features.

8 The method of Claim 7, wherein processing the underlying layer of material
comprises etching the repeating pattern into-the underlying material,



