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Backeround of the Invention

Field of the Invention

(0002} This invention relates to mask formation, including printing techniques for

integrated circuit fabrication.

- Description of the Related Art

[0003] As a consequence of many factors, including demand for increased
portability, computing power, memory capacity and energy efficiency, integrated circuits are
continuously being reduced in size. The sizes of the constituent features that form the
integrated circuits, e.g., electrical devices and interconnect lines, are also constantly being
decreased to facilitate this size reduction.

|[0004]  The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories {DRAMs), flash memory, static
random access memories {SRAMSs), ferroelectric (FE) memories, etc. To take one example,
DRAM typically includes millions of identical circuit elements, known as memory cells. A
‘memory cell typically consists of two electrical devices: a storage capacitor and an access
-field effect transistor. Each memory cell is an addressable location that may store one bit
(binary digit) of data. A bit may be written to a cell through the transistor and may be read by

sensing charge in the capacitor. Some memory technologies employ elements that can act as



100041The trend of decreasing feature size is evident, for exanple,

in menory circuits or devices such as dynam c random access nenori es
(DRAMB), flash nmenory, static random access nenories (SRAMs),
ferroelectric (FE) nenories, etc. To take one exanple, DRAMtypically
includes mllions of identical circuit elenments, known as nenory
cells. A nmenory cell typically consists of two electrical devices: a
storage capacitqgr and an access field effect transistor. Each no
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_parts of the photoresist, which allows those parts to be selectively retained or removed,
.depending upon whether positive or negative photoresist is used, relative to parts which were

in the shadows. Thus, the exposed and unexposed parts form a pattern in the photoresist.



j 0008] Because lithography is typically acconplished by projecting
light or radiation onto a surface, the ultimate resolution of a
particul ar |ithography techni que depends upon factors such as optics
and light or radiation wavel ength. For exanple, the ability to focus
wel | -defined patterns onto resist depends upon the size of the
features and on the wavel ength of the radiation projected through the

reticle. It will be appreci ated that. resoluti on decreases with .
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is a schematic cross-sectional side view of the structure of Figure
these thin mask features during the development and pattern transfer steps. As a result, the
availability of sufficienily robust photoresist materials may limit the ability of
photolithography to print features, as those features continue to decrease in size.
[0010] Accordingly, there is a continuing need for high resolution methods to

pattern small features.

Brief Description of the Drawings

[0011]  Figure 1 is a schematic cross-sectional side view of a substrate with
overlying masking layers, in accordance with some embodiments of the invention.

[0012]  Figure 2 is a schematic cross-sectional side view of the structure of Figure
1 after patterning a selectively-definable layer, in accordance with some embodiments of the
invention.

[0013]  Figure 3 is a schematic cross-sectional side view of the structure of Figure

2 after etching through a hard mask layer, in accordance with embodiments of the invention.



2 after etching through a hard nmask | ayer, in accordance with

enbodi nents of the invention 100141Figure 4 is a schematic
cross-sectional side view of the structure of Figure 3 after renoving
the sel ectively-definable layer, in accordance with sone enbodi nents
of the invention. 10015]Figure 5 is a schematic, cross-sectional side
view of the structure of Figure 4 after w dening spaces bet ween

features in th d sk | ayer, in.accordanc enbodi
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top plan view of the structure of Figure 7
embodiments of the mvention.

[0G16] Figure 6 is a schematic, cross-sectional side view of the structure of Figure
5 after depositing a layer of a solution of self-organizing material, in accordance with some
embodiments of the invention.

[0017] Figure 7 is a schematic, cross-sectional side view of the structure of Figure
6 after self-assembly of the self-organizing material, in accordance with some embodiments
of the invention,

{0018] Figores 8 is a schematic, top plan view of the structure of Figure 7
showing an arrangement of domains of material resulting from the self-assembly of the self-
organizing material, in accordance with some embodiments of the invention.

[0019] Figure 9 is a schematic, cross-sectional side view of the structure of Figure
7 after selectively removing some domains of self-organizing material to form mandrels, in
accordance with some embodiments of the invention.

[0020] Figure 10 is a schematic, cross-sectional side view of the structure of
Figure 9 after depositing a layer of a spacer material, in accordance with some embodiments
of the mmvention.

[0021} Figure 11 is a schematic, cross-sectional side view of the structure of
Figure 10 after a spacer etch, in accordance with some embodiments of the invention,

[0022] Figure 12 is a schematic, cross-sectional side view of the structure of
Fipure 11 after removing the mandrels to leave a pattern of free-standing spacers, in
accordance with some embodiments of the invention.

[0023] Figure 13 is a schematic, cross-sectional side view of the structure of

“Figure 12 after transferring a pattern formed by the fieesianding spacers to an underlying

substrate, in accordance with some embodiments of the invention.



showi ng an arrangenent of domains of material resulting fromthe

sel f-assenbly of the self-organizing material, in accordance with
sone enbodi nents of the invention. [0019]Figure 9 is a schematic,
cross-sectional side view of the structure of Figure 7 after

sel ectively renmoving sone domains of self-organizing material to form
mandrel s, in accordance with sone enbodi nents of the invention.
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cross- sectivei®i- si de view of the structure of Figure 12 after
transferring a pattern fornmed by the freestanding spacers to an
underlying substrate, in accordance wth sone enbodi nents of the
I nventi on.

Detailed Description of Some Embodiments

10026] The ability of block copolymers to self-organize may be used to form
mask patterns. Block copolymers are formed of two or more chemically distinct blocks. For
example, each block may be formed of a different monomer. The blocks are immiscible or
thermodynamically incompatible, e.g., one block may be polar and the other may 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 the copolymers to move

" relative t0 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 active application of an external force to
direct the movement of particular individual molecules, although heat may be applied to
increase the rate of movement of the population of molecules as a whole.

[0027} In addition to interactions between the block species, the self-organization
of block copolymers can be influenced by topographical features, such as steps on the surface
on which the block copolymers are deposited. For example, a diblock copolymer, a
copolymer formed of two different block species, may form alternating domains, or regions,
which are each formed of a substantially different block species. When self-organization of

| block species occurs in the area between the walls of a step, the steps may interact with the

blacks such thal, e.g., each of the alternating regions formed by the blocks is made to form a



[0024] Figure 14 is a schematic, cross-sectional side view of the
structure of Figure 12 after depositing a planarizing | ayer over the
spacers, in accordance with sonme enbodi nents of the invention

[ 0025] Figure 15 is a schematic, cross-sectional side view of the
structure of Figure 14 after patterning the planarizing |ayer, in
accordance wth sonme enbodi nents of the invention. Detailed
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of domains, and shorter copolymers may not self-assemble as desired.

[0030] Embodiments of the invention allow for the formation of features smaller

than those that may be formed by block polymers alone. In embodiments of the invention, a
self-organizing material formed of different chemical species is allowed to organize to form
domains composed of like chemical species. Some of those domains are selectively removed
to form mandrels, or temporary placeholders. A pitch multiplication process is then
- performed using the mandrels formed from the self-organizing material. Features with a
bitch smaller than a pitch of the mandrels are derived from the mandrels. In some

embodiments, spacers are formed on sidewalls of the mandrels and the mandrels are



10028] Such sel f-organi zation can be useful in form ng nmasks for
patterning features during sem conductor fabrication processes. For
exanpl e, one of the alternating domai ns may be renoved, thereby
| eaving the material formng the other region to function as a mask.
The mask may be used to pattern features such as electrical devices
in an underlying sem conductor substrate. Methods for formng a
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100341Wth reference to Figure 1, a cross-sectional side view of a
partially formed integrated circuit 100 is illustrated. Msking

| ayers 120, 130 may be provi ded above a substrate 110 to form gui des
for copol yner self-assenbly. The materials for the layers 120, 130
overlying the substrate 110 are chosen based upon consi deration of
the interaction of the |layers with block copol ymer materials to be

used and of the he stry and oces di s for. the various ..
ottt Bt M Bk sRppimr RHER S bt il erbhOhE PRRtiebim s fongigns
exanpl e, Rﬁ@f%ﬁoﬁ@{a&t%ﬂ%ﬂnﬂug‘%‘%{a téxﬁ)ﬁ%ﬁex%'hg s&ﬁ@&%&nﬁﬁéﬁ@r&ﬁ F&Mﬁﬁmple
| ayers, the [ower nmasking |ayer 130 is chosen so that it can

sel ect i vebe;camecplmdns gl ampevéayw age trinsksred do hnwven layetsethgtloieer lmbmgé@er 130
mat eri al s. Wi | a at.ed, t materl cons

Cal cot pvesiogstt s pc 2RP PSP RED ABlee TR gt PR & B oBiy gpposea

material inStefhls! oWl e0Arediated! thies n@fegial Eroonﬂdierai sdl @S¢y, adraptfertftially,
tinmes greater, or at |east about 20 tines greater, or at |east about

50 tines gtﬁleedtvéqenﬂmﬁchxﬁ@tfmf that maleriah i loay 2het 83 tanes sreatimas ol Jeashabopt 10
be appr ecg@& étaap m g@f&ﬁ %&% Wa} &h Lﬁoﬁmu@wgﬁtm&%&%

may inclu |ty o ayers erent
mat eri al Ssu:ﬁuhdiygama(enalls.ayers havi ng regl ons of different materials or

di fferent struct ures in them etc. These Eerl al s r]'[]a&?gl i ncl ude
seni conduct or s[003%Hsul Breishe priialdpa hiprsu AR EF agfrangigyed

~ exanpl e, fﬂlagt e ty %‘hglerfﬁé‘leﬁﬂr@ ﬁﬁwg%??ﬂ/eﬁoéfy(ﬁ I’eﬁtoﬂateﬁa@'ngi&é‘ or layers

crystal Cce actlve area, a-silici e, or a netal "layer
such as ahaumysglens ofdiffatenummierials opgifferehiagtecturesin Genb cteaflhesrgnaterials may

t hereof. | n sone e di nents, the sk features discusse el ow
directly %W%é%’r‘fan‘f Lqrh NPT o EPTGPE RS B EO naé’(?ﬂ%lﬂlel"?o\ge%%%aﬂﬁ The

such as 'Eﬁb@l’i*aﬁQ (t,cﬁmpﬂs@ doped PURSHES, & sibdle @HRAT cRABRA d@f&%sactﬁé"ﬁ'ea a
substrate nmay be an insulator and the | ocati on of mask features may

cor r esponsilitide,tdrea thetal rlaybr,| schtas antuogstém sihmaam rprb@Pmé hyecmrdmhma@ons

f )
e usea: Ao o PRsot R RR R cl yoat KAl el PHPY maf BT e ey

to transfgythe degdtedeflicehRnfbPEdiRictlirAR ek, NGch ay ﬁﬁerccﬁmg{;ts ia lh‘eﬁidb@[ﬂate In
| ayer, such as a transparent carbon, |ayer, which is then used to

transfer ether grehadenents,dhomibsisate w@e@ﬁdmmr@d thelopationgaf anpsk feajyies may
substrat e, rflbgg??h%nabfhg cf%ﬂéa Wi5flod SE HHERES, twieed %ﬁi&mé Bgures, such as in

sel ective ayer ove Ies a or et stop

| ayer 130daﬂMEb€ﬂ& r@é&ﬂ[llzat&m tTe sash fearatemiyl be ustas a dhelahisked directly etch the
definabl e Ia[y 120 nmay be phot odefi nabl e, Wﬁ g., faornmed of a

phot or esi 8bs ?tﬁcqfﬁﬂﬂyrhj “&Pﬂﬂoﬁﬁ%‘ﬁ%%g?t&ef“ jerfaniher yRderung fayer, g8, 2 SxBAplager
the phot ogegi r aRaliikdt rlt hPi%ne or more
ul travi ol Eeltﬁ:ﬁsfétsat em;p a?&t %gﬁo’?h%&n‘rﬁnﬁ\l}\g&eﬁengtﬁ (';s)yrgrtls\gérnsi);'e 63{%7 nm 0950
nm 248 nnmdmrlyﬁ@&awm mhahdwgmhstﬁyesterrs or 193 nrn wavel ength

e on St i, B S8Rl 5% S Sk DS, e 38R 0
use Wi th ghi¥sFa IHaphtinARUGE @tchadifp, Kiaydt PID, FWHIQ b0&lics the substrate 110. The
selectively definable layer 120 may be photodefinable, e.g., formed of a photoresist,
including any photoresist known in the art. For example, the photoresist may be any
photoresist compatible with extreme ultraviolet systems (e.g., 13.4 nm wavelength systems),
157 nm, 193 nm, 248 nm or 365 nm wavelength systems, or 193 nm wavelength immersion
~s‘;;a*slf:ms. Examples of photoresist materials include argon fluonde (ArF) sensitive

photoresist, i.e., photoresist suitable for use with an ArF light source, and kryplon fluoride



(KrF) sensitive photoresist, i.e., photoresist suitable for use with
a KrF light source. ArF photoresists are used with photolithography
systens utilizing relatively short wavelength light, e.g., 193 nm
Kr F photoresists are used with | onger wavel engt h phot ol ithography
systens, such as 248 nmsystens. In addition, while the use of

sel f-organi zi ng naterial and pitch nultiplication in enbodi nent s of

the i nven |ate hene to.define.extre f eat ur

with ex pe&?ﬂ%ﬁns%e PT\%‘?SV e fo‘g%sest 155?3?3 {8t Sy ﬁﬁlglsﬂu% s AT
extreme UbHoicdigd @fe 6369t ®ITB ptlbmtmgrapgy $tdn IENBNE t@ﬁtﬁxety shesit emse)engm
el ectron ‘beam | i t hographi c systens, such systenms may al so be used, if

desired. lightaeigi t1P3mm.ndil pRatorRsisth @i aiﬂﬁfywmb dongex pjagelength photolithography

B

resist | aprehsmnntphbmotlorxrredlbeﬂm&nfsest sife iﬂvaﬁuamamapeommtet elienaekdbyy define

nano-i nprint |ithography, e.g., by using nechan|Cﬁ_ forc

to form aexyEmely g e@he'swé@r §tpen%‘e3<#alwr§v wa‘f r?f:érfomt?rwlt Frehmgey SHesE
| ayer 130, CQ h t

ol ar y e, AERLLRE bl AR 15 Hhb My MEb eisferly or LARRGH W

si licon olithegraplet egstﬂfms; ok isystehb exdyi aleo daeatsed;gf (BARE) , Ins additicrs ngaskless
silicon-rjch silicon ynltrl har d, mask, | a

51T con rbewaR; B Prentr ehets ionruaa hedrecieiapas S5 et BY Ehnable
hard masklayeh. 130:the SRb&mhess, Pe nﬂleerm@tanewaﬁystﬂs@qdeﬁt &&mﬁ&paelnta%e

sel f-organizing material to direct the self- assenbl y of

sel f-or gafmrmechq amsletrthar midnpeopaitethed bF’ sencpiatrist hthogepiag zw, m ugipg & moter
to Flgure 2 ég?eflzﬁgle | 20 is exposed to radiation
through amFe@p ’%Yﬁ (6 1 ecfetl | eave a pattern conprising

features 122 v{mm] ar ¢hé Qfdt@ehl Gbr BROkREehisRAR)R 1BBL MY @bmplide W lidor@ic
appreciated that the pitch of the resulting features 122,

| i nes, i smaiguall whishtihgosapelymer. hExempleny tedterialy mﬁledqzﬂzcahwxfi%% Q)dsilcon

of a nei g;?gy{enal rP 8¢5 dte.%ecn;;i a t}f %gigﬁ%bc%gﬁﬂg@sﬁic; Qﬁc zggth&]fm hatesﬂtcon

f eat ur es nm or S abou

| ess, abogkyn &Bﬂb 1"ﬂlﬂeﬂiar@h‘xabl€$a§'erIBUG@h@ﬁtseslsﬁ}&oﬁmlthésm thé ﬁ]uamtm(eﬁﬂiﬁdaﬁ@nt
errbodl nment the features 122 may have a critical dinensiaon of

140 Ml aher aatsmlcfﬁrﬁteleﬁbwskzewerrﬂép 13_@‘@thﬁe’iﬂétf‘e%%éatﬁr‘d@gﬂﬁﬂée}f“
the p %grt&er}lg Trg’:tﬁ) Waﬁg@aﬁe&z}%ﬁggrﬁ%&m@r SE48Gnth G (tetteed

hard mask here mask featurés 132 in th
har d naskpeltayner 130. The pattern transfer may be acconplished usi ng

an ani sotropic_et h Si f rcar bo l.asma,

al t hough a vvet[‘)??’ﬁot r C}bFe TGS 'ﬁ%‘ tE‘%P@Q}P%“«i‘%P@ it H%B)H%F’Wﬁ%ﬁst?
| ayer 130raH§:t1§1lr'ftﬁrb€ghe£'tr!‘:thlé lah@meﬁwmtﬁﬁémf tewa)@até@@rto Fﬁﬁﬁ@f@hﬁ@s 122
chem stries include CFH3, CF2F12, CF3H and CE4/ 1-1Br. h reference

t o Fi gur ewHich rags fmefl @xf’ mhng)dbﬁwbtﬂtmﬂwdeﬁ i habilebd weaclatezbthmashe aitgly opghe
[ ﬁgo \h:(rj d Wﬁ@ﬂng )geéifu%sgléga@g FI A g&reguaétg é}vevstu% Jﬁ{]ee Wit §f % PneFiﬁ 8th5e’ width
of a neighboring space 124. In some embodiments, the pitch of the features 122 may be, e.g.,
about 400 nm or less, about 300 nm or less, about 200 nm or less, or about 100 or less. In an
exemplary embodiment, the features 122 may have a critical dimension of about 140 nm and
a pitch of about 280 nm.
190391 With reference to Figure 3, the pattern in the photodefinable layer 120 is
transferred to the hard mask layer 130, thereby forming hard mask features 132 in the hard

| mask layer 130. The pattern transfer may be accomplished using an anisotropic etch, such as



trimmed to form guides 134 for copol yner self-assenbly. The hard nask
features 132 may be trinmmed using a wet or dry etch which selectively
etches the hard nmask material relative to other exposed matrials. The
trimetch nmay be perfornmed using, e.g., a S02/02/Ar plasma. The trim
allows the formation of features having smaller critical dinensions
than could easily be forned using conventi onal photollthography. For

exanpl e, hard mask features 132 hawvi.ng .a crit.ica i mensi % about .
T30 him antlt 500 ek o dRkhEn 2 Mg 88T lndiftes) TR BpReS e Ay 1«
sel f - assembhrdabiH@syet 330 Ravimgendly eiih ! E£ahpistyTRBEIcOMoR blad@e ich dFentlftics
and the sane pitch of about 280 nm_In other enbodinents, the

phot or esi Brlude &ifilbe STakn QetqndChyHRay Wil refarensedo F iguER i KepisinforBing Ghe
t ead d 134
of t he. aoBioriBaiE By EPRH B ediifeg, EOCLE A RO, O CE0 0

nmask features D82)]  With ik ® E@hzfe-ilrtgarhlaﬂi ﬂgslrrﬁaarrtsawz Figure 4) are
bl ock copol yners, is next gpl i ed and aI owed to_self-assenble to

forma rra%”r{nrﬁ%ﬁ tocform @yisles ¢ i far lPBB?Ia@%SEi gsemy-hdbe hege mask dsakyes ]32 may
sel f - or gapi ‘%';’E% I

Transact i ons in nol g%%/tc}p%fﬁ SH?C@ES, &dhéggg%g%oﬁ&k%%4 andd‘:1 F?\‘o
U. S. Pat eotherAq:)qpbsadarnatualsNo"ﬂje thit 88D nie hegredfotriéddSnH ., 4 BO./Eptiirpdasma.

di scl osureg, of. e ncor orated ref rence her ei n.

0042w ¢ RS ik Atsane ETmation & RV PR SBEIehF (MR OO Yibsoud casly
mat eri al béfoﬁﬁ&?ﬁﬁ;ﬁ&mb@ﬁﬁ’&ﬁfblﬁ&ﬂxﬂ%@%ph& h?or%lbrﬁ@l% Ha?&magﬂ"'ﬁaﬁﬁb@ql_’:ﬁ/ &RAng
conpri ses bl ocks of” polymer material” which e selectively etched

rel ative & oritgabdammsioarof ahdutwiiOotn ped/a p¢lf oﬁﬁ’ogahfz&(bnm may heetsimmed tefiefm

di ct abl . th k Ny o] d i |
L N BT T -
Cﬁgt S' ni nl'rﬁt@‘t(ﬁ |aBt§ﬁtQ8Plnﬁﬁ Kin o 'eglﬁgtliﬁrﬁﬁﬁs hee ﬁlikﬂﬂﬂ%h@tr fYatbidel U232 (REL€2) may be
Ol yat 1 e SRt coioy ofBtstegt 178t e bayl aass TemmivRy Somherety Bk ghides

| It
PP Ler L B e R Lthetb Rl Wil BeBeatloiine fullmact Rutdfil o2 ||

the ratio of tfoe4yonsi tdlPorgakibing kaatedul, ARH®lazkScopalymaes, dhﬁs;ampphm and
facilitate_ self-organization and to form organi zed bl ock domain

havi ng dedloved tsHEASFBR. o form %?&ﬁ‘b gitery} ?vemer SuB%raérpblrﬂecMsrb@%forﬁ%%
bl ock co C t

end-to-eﬁ ﬁy(g%&gntﬂr? P EJ@E %Wy r | n blgarggr?gl ﬁldr%%%karigﬁcgﬁﬁlga%g&gr "
ki nki ng, MWmatdvhgaegy,n8ok ik Noz8a, Sépttlhbablmkalﬂbmms Pa!temoﬁpplwarbm Nos.

sol ution i ng | onger yners may. b use to.fo er donmj
and a copgﬁwls@}‘ﬁﬁﬂ/ﬁgﬁgjﬁ {% SRET tdégr‘:ﬁ’é‘ﬂfﬁo‘f y RSO ilr’rr%‘cge%u’élé?fp?’&tegsby
form smal J.@hefdemBicRS. | N sone enbodi nents, the copolyners are
selected to provide mandrels that provide a consistent spacing

bet ween spacer[§01235 ( Withurederemge. tol Figwehsra Elmbdé0 rdritleck cdpelvirieo akaterial is

copol yner elected to faci at e, sel.f - ass
barter . SHRENTRAPEI Sheee inetindeT s ARSGER SomBlhs BERE of ghmer
provide amdt%ﬁhlﬁﬂﬁcﬁﬁ@? b8 el BB RhBR AR $o orkiotikepSid maohﬁmﬁorgaﬁze

be deposited by various nethods, includin i n-on coating

spi n castinrfydesisedand wediciablg r@amwaﬁ@n tm@lﬁ@&smrwm@gglwwweﬂ tsmr@g@ﬁeg@er

of the copaol

pat t or n SRl oblTphO R R BEGHIPERASA) AR 1S bBE ey
up to a paetdxesipiary ﬂhstedmesﬁ:bbahahedhet copohenep ad ymloileﬂgiommadommsﬂg,
the environnent in which the %rrers are di spos

d,
di'stance &t R@é‘ﬁﬁéﬂﬂ@%e’mﬁé’io&h@e yimethacyiataddv Thﬁéﬂéefdwyﬁw@rs may
will typi g@fgxloyldea arsgﬁzv mfaofdﬂréﬁll tSS. N"Rldehd 1 %rm%re pﬁre@ig{ex hA R AT size of

domai ns t orm para i nes, as Vi ewe In a top-down view
( Fi gur e 8gach Sibkddrklcapsiyinaeambthe o dlk topstpagrit blogks sndgnonomers may be chosen
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bel ow, a thickness which is greater than the height of the guides 134
may be used to provide a copolyner reservoir. In other enbodi nents, a
t hi ckness which is equal to, or less than the height of the guides
134 may be used to formisolated islands of copol ynmers between the

gui des 134, thereby preventing cross-diffusion of copol yners between

t he i sl ands. 100461 Wiile the invention is not bound by theory,
it will be appreciated that the different block sPecies are i
under st ool tfasilifatef selhoveapizttiond dedt v dorar mseERpivsfi bloglondaepansathping desirgd
process Si. o] e . r S i
sel f-or gaériflmze g@lg%sln Félh gﬁ#ﬁg}% %;,,ﬁ 9 a;ecaggdﬁ ?%éagédlggf E\PA(?AC( hcog;r!\-@%ﬁ gasem% ﬁnér e
const i t uepdlyihbolekgth géalt, ke bioade @dpoleydriangthtaf the capotynidn émbbh viedudihg agy

the length of the guideg.134 due to interfacial interactions, It will
be appr ec?oé]t‘%_o’fﬁ Neh & WA BOGITTaWF 24 %&H&%C&e@ﬁn&r n a?orl?B} er sofution
ef {1 i ent; Rackiohe OlapblyncFORRL ERL:c8 REFLASLard BfSUbll.a LPoSAEE souton

cases, opofyrers available for the self-organization may be
depl et ed hdvinghshovepmpylysrers mhyrbd 6¢d dx feemdwsnalloedomanes. [lasgee efbediments, the

: i in the.mddle of th t f
o P hout " or SR S BRI R bR B e BreGiR: © SR AN Setveen
Thus, in §A6&Es avhodigRetie). teomen ehmboBmehts) (e HOK Sofulrhéis N kiveted to

thick to extend above the guides 134 to provide a reservoir of
copol yrer Ecifigate sdhbassanbly dnlgardeziaed paitemn igtmasdealy aye rémmedre.g ey Puetdasiry

Lo be Suf ri npiey'ra oS Sl BESPsl Mholel T ant Yo Raftieagh ve

occur oV edepbgitedebyertpians Bethod§) GhcidoMd, b & ebir @neatit® spingiastihg/ brubiheoating or
bl ock copolyners in the copolyner film 160 are allowed to
sel f - or gaYAPPEACPPREORe| f - Or gani zati on may be facilitated and

accel erated by eal | . pal | y- i j 4 Cul
100, The ¢ empelBHI7e TROHBRELE @ cobisBl HETAES pla) KB baked e e
| ow t 0 préssead patvietosted fpraéd e thergpdlinackl ttokilldepppryciard tiaat, uphe a particular

partially fabricateq integrated circuit 100. The anneal .may_ be
per f or nedtha%knésstféﬁ‘ﬁg ) r@lwerﬁs@%h ﬁ%lﬁ@néﬁgmn%@@?nn B SIGHLR POBEE ore

200C or afoited 808 il BQIRHYROLEAlBe hdPR M@gbid@ﬂé}!tﬁ@cﬁﬁ]yﬁﬁ?@wm

to cause cross-1inking of the copolyners, “thereby stabilizing the

copol yner gpically bdng to Brmhiltiempatingl spbstandielly tansarf domagnisahat. forn@ 0ar8lich lines, as

pattern of. |lapell ae resultin fter ;the, anneal .is shown i i e 7,
bormi no THSET o o et Gienr o) " S BRaleed Y o et oy Pl e
ot her bl Ofker&R86itESor TreOlaterMensthnt 6f N3t BrBAVRRY B Brrited d6 SoAs 4soldiéd
wll be a&prem ated that the sizes of the bl ock domains are

det er nmi neftatwest e, $iapestop pateh e Untlercsomeonilisions, geiated do theetrickness of the film
160, the polymer length scale and the environment in which the polymers are disposed, the

copolymers may orient to form vertically-extending pillars, such as cylinders, or spheres.
[0044] For forming lamellae, the copolymer film thickness may be less than about
the length scale of the copolymers forming the film. For example, where the copolymer
length scale is about 35 nm, the thickness of the films is about 35 nm or less, about 30 nm or

less, or about 25 nm or less.

[0045] It will be appreciated that the thickness of the film 160 may be greater
- than, equal to or less than the height of the guides 134. As illustrated and discussed further
‘below, a thickness which is greater than the height of the guides 134 may be used to provide

a copolymer reservoir. In other embodiments, a thickness which is equal to, or less than the
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: [0049]Wth reference to Figure 8, a top-down view of the
partially fabricated integrated circuit of Figure 7 is shown. The PS
domai ns 162 can be seen alternating with the PMVA domai ns 164. Both
dormai ns 162 and 164 extend along the |length of the guides 134.

10050] Wth reference to Figure 9, the domains 164 are selectively
renoved, | eaving behind t he domain 162 and the guides 134 (not

i 11 b arP e HRRL S R85 IBRNE Yok el p i RrpiAk e e

st ep usi nguidessizagihercdy pfeverhﬁjgn@assadzﬁﬁrmmcblaalyxﬁamsed;ewmgsimdktI ple
etches with different etch chem strjes. For exanple, where the

domai ns 164 ar B0#¢)r medViile thamycatien smet beidibydheosn ibwal bompeesiad tha the
the d
r"orn 5t o i UG B 58 M R

ani sot r opinca ptoctss rsmyzldireo dppyhaps s@mumm of matriels.0fTht kef- dtgﬁmzﬁtﬁmri’agmbai by
et-ched at ,a fast e than t he_ot her t preC| ated that -
Che. di monde e 36 hfcbswwrﬂ%e ﬂisacpa%t@eenﬁ% {%Pgﬁwﬁﬁ bymses forfsient

size of tHemeARQ! YIRS MESRAANGH Bk UGRS lggr@ﬂettqu%rfaé 3| ﬁ%twns.. It will be
enbodi ments, the resulti ng pattern nmay conprise CiOITB.I ns having a

critical @pm@mmbﬁhauhe atlbatgasi@atim mhay mhduin aanmeffaimmpadkﬁagmfmhmopblgmsr

16 Pt o, 4 s G o i 42 bl APl Tl AR ion
enbodi Meningy bé Gepleteddf the cdfdymadiI 14008 &hdh des 1903 thrdBOf éﬂ%x?ﬁﬁ’@vc%ﬁismg an

i nst ead, thereby | eaving the domains 164, with or wthout the guid
134. 1005apaExthe mifglp of prse te be firged avithout ciganiaged copatpmers os pib georly

e Al e T LS e ORI R Ry

that may @k @SedetRabtovkabe tguitesfignrtd r}goﬁdeatfemlxt of asholyIekas Ifor M self-
material . The spacer, material: 1) nmay be deposited, V\nth(good step

cover age; 0@7’“??&5?“6@“%]96@% @@F“@?“ dhey &'H?fér Burls ?%Siél‘rb‘at | Histgpce Wet‘ﬁ‘?én the
mandr el s Fna% R t

mandr el s %nge angqa%%bes i Osbeel S%(Pfﬁdesek o htg%?]hl ea% F%/]Et?m su ttlata ¥
110. The spacever twgee@;ipahsesray be wi t hout I i m tatl on, an inorganic
materi al , sucD @i w con- cont ai_ni ng er| , Or an organic
material, suchH%%¥la crepgg o JitgYre dnt ?ﬂpﬁ ymepaighe gapdyme) fim
ey be, widghaubiididd tb%%lf%?gan&'el ’I‘B@@elf §iglah19£ifbn% 8@% f@&ﬁta?édlainﬁg&e]erated by

nitride. In the illustrated enbodi nent,” the spa mat er |
silicon ommddlngnbeﬁmnléy—fﬂbﬁsat%mtwaccemrcmt )01 alhedeppsatiicor thaaiedenay

atomc | deposi ti . e el f tin osition wth
a sili co?]gep?}g’éﬂfg)sl? aﬁﬁmsmg,g Ir?%"e'tlfjf \ge Eﬁ%&gﬁﬁ}ye 5 ]%thge’g@?gecﬁp gJymers or the
ni trogen RieaNfakicated ihREptddl difcaRN 00X THE EnRRmEY bd p&dREmed stspeﬁﬁabaéﬁlwof
ALD may be perforned at relatively |ow tenperatures, e.g., under

about. 200€ssofan pber 2388 utless0bam abemt éﬁﬂ"ﬁiayr ghogt/ém"(itmeaomlmmdmg@tst olhe
under | yi N Eﬁ £§PL < b%q{gécﬁ tt(%]ggusg%} ]1%1(111? of QE exagﬁ]neﬁ% tﬁﬂgb)gq%%ﬁzmg the

used to preven eria
domai ns m@olymrsoroheterefmﬁ@anepmemnhmrefebsvapor deposition is used

to deposit the S‘Pacer mat eri al_.
0048 A pattern of lamellae resulting after the anneal is shown in Figure 7.
Domains 162 of one block species, e.g., PS, and domains 164 of the other block species, e.g.,
PMMA, aliernate between the guides 134, 1t will be appreciated that the sizes of the block

- domains are determined by the sizes of the block species forming them.
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[ 0053] The thickness of the layer 170 is determ ned based upon the
desired wdth of the spacers 175 (Figure 12). For exanple, in sone
enbodi nents, the layer 170 is deposited to a thickness of about 10-80
am or about 20-50 umto form spacers of roughly simlar widths. The
step coverage is about 80% or greater and or about 90% or greater.
[0054] Wth reference to Figures Il, the silicon oxide spacer |ayer

170 is then suphjected _tq an ani sotr.opic etch to renov acer .
material f romulﬁh%ﬁzonyéﬁ’ Eﬁ’[ﬁl‘?r?’%&?eté’ ]i‘% edb 2 RE-dBRPLYIGY | tﬁ‘gp?@@ly fabricated
i nt egr at eghdetdisititcuit QO FigHCN isARoRh C The 25 I8RO 8 e SBARRINAhE With the
may be pertforned using & fluorocarbon plasma, e.g., a CF4, CHF3

and/ or NFBMdbhdainping 64| Bethalomains 162 pad 58 exyingd alang il lewgile of the Eniges 4.
12, the bl ock ins 2 d an emai ni ui des 4 ar .enoved t
Feave freest alil spRatt ctuiih RS, Y IS 100 Ben s PR £50)s8
nmay be r eRRyRE bblindBhe Aomdiny 161 6h@$hd BitiesS €34 Got \sBbwn), GIRME cdrhBfBtion as
features relative to the spacers 175. The etches may al so selectivelg
i

renove t headrels o oreh meultipiication) Jtivilde1mpraciatask thpk thepdemains 164 may
derl yi t i i 1 ) )
et 1 B 0, DR VRO e AT

chemi st ri @sheyayttlbéiffemnt el chihiBhies @t stamps Wined delomaidsH@dtare formed of
limtation, a 02-based carbon triP etch to renmove the PS bl ock

domai ns 18MMpng hecloptdis Loharegimaedf e Bt dameys rofopey braemoved by
silicon nj i i ) SYNE Nni.L:gh- i i .

Font ur os palnifhedticiEive i oD Pan bl e Biab s Bk, Bl Mbbodimens,
of the spayarsmikstopis ctaumhy pelapploptiftatwiste dtireobihe dondosanmsbd 62hed at a

Fi 9) f by the bl | yn F | e, th
bl ock donlérsrateanls ot CHIbPe BRBHRoEDY=F i EpEPe oL Bs halHgeares
pitch of ﬁgﬁ%lg}gascﬂmn Fonl @8 SiZ¥8F 06 cbRNiRE RRd MO PFRels"@nBIPREK In some

donmins 162" had a'pitch of about 60 run or |ess, spacers 175 having a
pitch of ebldmas,uhs msulting patbany misey chmprisdlS demasins havieg appiicst fisepsion of

t hat becayse e ers 175.are formed o h i dewal | s..qf e hl.ock
oo ne” a8 S0 IRAREND rhoabflias S FE o bl THe R b Pind offoBFw oD SH:
bl ock don@i Bsoul G2nANGr fRut t7BPiEabl 3bokOBMuA. CltoFRH bk APprecihitd GRAEEbGer
175 forma first pattern 177. It will be appreciated that higher

orders of cipbadineniai the plomeainsi H7 eation reagihidesyed may 6 rementso imstead t thergly
usi ng t-he acer ; r spacers or mask
features.]eiﬁ&é%w{hﬁ%ﬁg?é’?@ﬂﬁé&@@?&%&émfg?ﬂtﬁhe pattern 177 is
transferred toob$lg subieks st réfkRncd tocFipat ti8) Mlayerare béspaseymdieral is blanket

acconpl i shed using etch chem stries appropriate for selectivel ih
et chi ng t feopiederaniprmaly nies rxBpsed grurigees, Sldingathe bgtrate| PO  Ehg gpacer

t he space . 715 ' - ard i Ly ' ' I
etch chem&gtteglg]e?a{g% S bsﬁa?%}ag ﬂtr‘r%ts’g%!g s.as'r Ig?]q \%\nékl foqgﬁeﬁgpprgc? tagﬁgttﬁa%n
wher e t heussleHgihg atagerial O The spaces esterialy 4) sragfbe dicpdsaed muthrpabd steplcsyerage:; 2)
succession of different chem stries, e.qg,, dry-etch em.stri may.
e sed LBLREABERIEI§ BUCHPRRMER, GmBHELS vy W EMCTTISy Brs and 2 49 be
single chem-aldly elcheartthd el RMdrd 16X £13 dddes 1 B8 i8hlcbRE QD4 the underlying
materials. It will also be appreciated that, depending upon the

chemi st r ysubstrath & hd. Stheispacen swteriat ey bpavighont imBatrmy ap inoegapivauatenial, supleas
illustrated. enbodinent, the spacers 175 arge .suffi.cientl I .
corpl et o § RUCBEERapAeh BTt i ot depd PrfeT el i Koadhordt B atice
awgy- 100&%&5&&@ sh@Jee MRAGRIS thaly @Y Methdd lilh@ioipshicoy,edilistnngkiddand silicon
substrate :

S ~ nitnde. In the illustrated embodiment, the spacer material is silicon oxide.

[0052] Methods for spacer material deposition include atomic layer deposition,

e.g., using a self- limiting deposition with a silicon precursor and a subsequent exposure to an
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i ncluding the domain 162 and the guides 134, are stripped, |eaving
the patterned substrate 110. After the pattern transfer, the
partially fabricated integrated circuit 100 is subjected to
subsequent processing steps, including formng ancillary electrical
devices and electrical interconnects, to forma conpl eted integrated
circuit, e.g., a nenory chip. 1005911t will be appreciated that
various nodifications of the illustrated_ enbodi nents are paossible.

For exanpP@eempi BEOERNRIEEEEY 19 formhulican Axddes ap¢ NHIIBSoRRPEHIRY y A Pmivohe

R L ke Tt e

t he i | | usthiah edage mhodhimthtrmalr damageh td amdetyigf tamiely eeesitivenontmels, For
t he bl ock species . m hare nononer (s). For exanple, the bl ock

Speci o e B FRHTBAY O eF o PEHEMSHhseb b HnoTERS, mEsia TBhR e block
are the saie.;nOf62MaY ofifR; EﬁBHEﬁﬂ]eHﬂl(s, {HRRIGAIR FRERRRION idbed kd\déposit the spacer

different distribution in each block. The different sets of npbnoners
f or m bl ockstehalvi ng di fferent properties which nmay drive the

| f- nbl h | : 06Q},hn sSome. di ment L
suppl ormont a1 8" S ERCRIAER s v nh S SRR R B B Bty
over the bt apksplesrmims Farand). 164 angmplél Ge Sohdbmbodinv@id, italldyyr 170 is

extend the pattern defined by those bl ock domains and the guides 134.
The sel f - dapgsitedzto rigthiknessicdlabpedr Hi-Bninhe abaplp?&H@pm togfpen spmersyadoyphly

a copol yner .. su as.a_plock co 0 i al (PR

suppl ene ntEag ‘3@@? ) ?@8 S%%E%%% n 9% %OIE? ?\? é}g&cgﬁ; ﬁ]d (?ﬁg&glgglt’fﬂ&c%%gﬁnns
162 and 164 angosy)i dewifiSfefgunde thimgurtdel, dbergilioen bRide spactr Rayer 17is then
gui des 134 are able to direct the organization of the self-aqrganizi 2%

mat er i al . subinctedta A mrsOtRmE ech eempYrIacss mMsHs! e bapgona surkargs &fl of
134 incl ude,. - . C ci r

have pol a %éﬁgj %ggﬁégp]ot%ﬁ%(?g% “ﬁé@i ié’sci%néug%ﬁggggn%%gi)éﬁéﬁ% %fgr el 11'-‘]41}5&
suppl emenpaforiabdaling o fiodypoben plasing, Rg.,talCF;] GHEY arlB Nif;eohthminggiesmas

t he bl ock copolynmers qof the film 160. A_nethaod for vertical . .
extending a pa@i‘%ﬂn fW‘ﬁb&fﬁFn@etPfE%‘Fﬁdﬁrgle O?}‘ag%??‘i“ﬁ? Eﬁ% aﬁ‘s g‘@f BEagmng
in US. Patent [ ' 7 ej i 2 and
Tne 2, 2B LR R b o TR o sy 62 en
No. MLCRORUBOIS4 miahdecratnored by sedtagairpfetahbs dfat issledtivelyr yponoae debsh deatires

by reference. 1006111t w e reci ated that, before, o fter .

transf er r {SAVE ﬁ%%ﬁceﬁ%ﬁ%gerﬁhﬁagﬁ?dnﬂy Sosﬁﬁ)eézgy%h'éeﬂ(ivﬁﬁh%h]&?]f Agmaps 162
mask patt gi15u;a8N 158 QYE¥d & thel DRIABRE RBitRE 110.7 Dégehditf Qipdd )the hderial
exanple, a plFanarizing material can be deposited between and over the

spacers 1f&kBmingdhe ftocks|demmiiszl 63gandethe giides t3h theosamg erediffernt eich shamigrics

o L " hef b8 s SR Sl AL EGEERA v et
under | yi ngenanb RS Blodd@omMihd N6 Sllermibgholio adiil guved wkbetch teeremove the silicon

pl anari zing material can be photoresist, such as negative or positive
phot or esi Bitridaguides id4.erence to Figure 16, the photoresist can be

patterned by etﬁggaur erhds, E;ﬁ%—%dagﬂiehg%gg@gﬂﬁghﬁgq}eﬁ?}gﬁkd.pﬁf Efilbstrated

Negati ve photoresi'st can’be use n rments in the Teatures
of the maskbhinter helfichasetheaspycetd 032 by raphiyddf thagof teablbekgdempng ¢62

f about 40 less. It has been found that it i
Can’ be. i {TRUEPLTaed BiiHFchI e BB BF SxeInT o MR GoPPERE: had
due to di %F&Jﬁg#é Bt 20b SRMELENYS RARRSA E@cr}é}?ab@mo@rxﬁ%bﬁfesmat !;/Qf&*med

On the ot and 1 ncreasing The l1ght” intensity nmay undesira )
cause pol ymewhaathoblodf dehainph6? bades piith ofthbeut @0 nptdrdeds, spacers 175 having a

oxi . oGt JPBHoA DT BAr ST oRe or o ditb e e thuedibd e

removal , §heseRymlidddnl tht aidewald ffahs BIVBY abmai@f 164 AhO5RGHS 1 7D 8éne@R follow
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may be omtted. For exanple, the photodefinable nmaterial nay be
formed of or replaced by a material which is conpatible with the
tenperatures and other conditions for copolyner self-organization
and/ or the spacers 175 nay be used as a nask for etching the
substrate 110 where an etch having sufficient selectivity for the
substrate 110 is avail able. [00631In sone other enbodi nents,

addi ti onal masking | evel s may be provided over t he @)ubstrate 110. F?J}
exanpl e, BEduElmsPA thaRlpek deming h@i‘r’@ sxAvRially form astpserblogre hhg pracers 175

spacers 1fo,angd @ﬁte?#'??f Hjo%oa E@Fﬁteﬁ%’iaﬁ @fegfﬁlellgrﬁeﬁ%if Rén &5@@3&%5%%
to one or nore additional 3 ayers ore bernStrans erred

to t he substdhadved inlmnermaboraldﬂextts bmeslmgxhe gpaces k75 aymasirelaio foen oicespiacals
to provide hi her resi stance to etches used for etching the

subst r at €% 'B8¥ TE3WPl e, the pattern 177 may be transferred to an

anor phous car bMSﬁaye'W]lﬂ?fe‘?ér&cl%EIb w%&é aNshe erteﬁh 12 &hansubat tr)arq@suraa@am
Anor phous carbon has been found e suitable as a hard mask f

et chi ng alifar iBeypasterns ﬂﬂansf@nmmrhiaﬂmmgllﬂmﬂeusﬂrm gtch m@@lsmsﬁvpfqmmbefor

Byer . pr Btese PR St onaT HE Ay SPEECRES P o U MR LR e P

llayers unggg L:Mllagaﬁlls’@l dﬁﬁ%&dll@yﬁfe‘ﬁmln@ sBidblS Eth eRACtEtOfor kiiraeatdi@fls. It
process. For exanpl e, processing may involve ion inplantation,

di  f usi onwalbpt rmgpreciatsdshati whgre dha gHbsiraty 1 papmposes daveps of differgs mgterials, a

hard mask under ot ni o Joi g
| ayers ang' SRt %éﬁ?ﬂ?‘?{ﬂg{e y'éér%ec’l %3@%@1 %%mﬁ mrrt%%?ayergs&g%qgﬁé&y
be used astch tBioagh GiesdAifférent fagdrs,Cifensiggit drealaniisabt pafficiehi rgettiCP)the

or CVP may. be perforned on any of the Ia){ers to allqQw for both
pl anar i zafifsFenammiaiahi iy Wil 2 dsreraciAtsl hehydapending uapt difs sheisthy or

US. Paten o) 1 4 I t
entire di éc ogh%% tgp {\?\lﬁ’g@%ce}]ss{ﬁ%@r %eoert%qéteidqjg;/}éﬁg %ﬁaée:dieé” b%’g%%n}l lﬂ@spacers
1006511 n awt kel suffjcieny|tel] theompleishe atck of drebadistraeni 30 waolebcagplompiptely
to fabricate integrated circuits, enbodi nents of the invention may be
applied i WoULtY®us ot her applications where the formati on of patterns

with very smal o%@ratuwh'réfe%%é It A Er@r]rfxﬁ’a%ﬁsk Soh R dTRRt %u&frat%h?l(}
invention may be applied to ormgraFr ngs, disk drives, storage nedia

or tenpl ainehldcmrg ﬂnaslomafmirﬁbaltdeﬁaelglmdmgﬁé,pary strmpndulqay@rg thpm@rtmq:dqg]bstrate

0 o R RO o A RS BB TR g

phase shi Eﬁﬂs&ﬂreﬁﬁ?ﬁfch@ln gCaatsi Rudild GaELf BSEUAME Nddcytical devibds! addeelectncal
appreciated fromthe description herein that the invention includes

vari ous eftigdinmesis.do f@ma@m%greémtmw eirvd: ¢8> 3 BIRBoBHHBR ment s of
e i nventi on, ysfPt NGl LAY yB2LEFLNA00 e SEGBEHHEIGE YOS UL Syl

provi ded. The nprrses rovi

copol ynmer gmbédithells Ogrk  Pdssibhee bF(QCkxzﬁirmel by silscassselxacﬂaevaingzex: esfodiblbek
to leave laterally separated nmandrel s conprising an ot her bl ock aof

t he bl ock cerspyngrmritreasapiidlastratign pd giscyssion) R LeRoIWBEHS s1ay hedomped ¢gwo or
mandrel s. .| ?@P%%ggg cidTBUT hgﬁﬂl ﬁxg@regm@%h&e&s%%e SAE ABuR %rngsmetehtsare

of the man Bttern acers Is transferred

t he subst eadheformed of a different monomer, the block species may share monomer(s). For example
the block species may be formed of different sets of monomers, some of which are the same,
or may be formed of the same monomer, but in a different distribution in each block. The

different sets of monomers form blocks having different properties which may drive _the self-

assez‘rrb}y‘of the cepo]y_m_ers.
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100671According to other enbodi ments the invention, a nethod for
formng a mask for patterning a substrate is provided. The nethod
conprises providing a |ayer of a self-organizing nmaterial. Like
chem cal species of the self-organizing nmaterial are aggregated to
forma repeating pattern having domains defined by the chem ca
species. One of the chem cal species is preferentially reaned to

mandr of o [ 0088P¥cor B 67 o COBROBERy “cNBBUIIGR! So0F T o nyre Eine

a met hod feferhinhRObQEGRbstdd G theftadd mmm6Q5an@newaﬁ@@hldaan@4rr@td&ﬁﬁany
conprises exposing a bl ock copolyner |ayer to a wet etch to define

f r ee- st aneliteny, the @gf@ﬁrardﬁijn%b@t@ase Blgele demaipaind e guisks | 3k r She splirqyganizing
bl ock copol, yigf 0 8'ihe SBRESI AL TR IRACH S ARE! bitn Al 2 itk copolymer.

pl acehol ders. er n rirve rom-t Spac Fansferred 1o an

under | yi n’ghémbl‘&hﬁlafbﬂnmgﬁlﬁﬁéi@blﬁmaﬁﬁdl Y1 80 & dhbgenab dnmteracliwid ths bloek dérhains
wll al so be appreci.ated ﬁéﬂt hose skilled in _the artdflhat varl ous

omi ssi ons6Ztgi 4o swdesigdispeh et @ﬁéﬂoﬁ’&kﬁsﬁéz nifdeanddhe pudeset Houe silpdp
structureg I%F Istﬁs 'o%‘ihz%ﬁ&y Vit %QH{OI%%I fagkral, OB Ncat @%P%}%Pe t eblock

i nventi on. uch nodi fications and clfanges are intended to fa
withint hemﬁamqafﬁmfndtme andgeidts b, mdudej}m‘larraadl nby-polheblagparcies) el Iayerr$80

Subst  at €7 amhm LA B 0P G D S B Ie TR BT B B Epeck
lsglt 25; | ?/eJ; tfogﬂm%”tge pdyee kamarettﬁ@sﬂe%lqhﬁge& )é?ﬁﬂ%nér? o¥ ﬁ@\ﬂg?q 160. A
y arated mandrel’s conprising an ot her ock o e bl oc
copol ymarmethod for vertically extending a pattem formed of self-organizing material is disclosed in
U.S. Patent Application No. 11/445,907 to Gurtej Sandhu, filed June 2, 2006, entitled
Topography Based Patterning (Attorey Docket No. MICRON.349A), the entire disclose of
which is incorporated herein by reference. '
[0061] 1t will be appreciated that, before or after transferring the mask pattern 177
to the substrate 110, additional mask patterns can be overlaid the mask pattern 177 (Figure
11). For example, a planarizing material can be deposited between and over the spacers 175
and the planarizing material can be patterned to form an additional pattern. The additional
pattern, forming a combined pattern with the mask pattern 177, can be transferred to the
underlying substrate 110. With reference to Figure 15, the planarizing material can be
photoresist, such as negative or positive photoresist. With reference to Figure 16, the
photoresist can be patterned by exposure to radiation to form the additional pattern. Negative
photoresist can be used in embodiments in which the features of the mask pattern 177 are
very closely spaced, e.g., having a pitch of about 40 nm or less. It has been found that
positive photoresist can be difficult to remove between spacers with such small pitches, due
to difficulties in completely exposing the photoresist to light. On the other hand increasing
the light intensity may undesirably cause polymerization of the photoresist, due to optical
-amplification by some transparent spacer matenals, such as silicon oxide. Negative

‘photoresist does not need to be exposed to light for removal, thereby facilitating the removal
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bl anket depositing spacer material on the mandrels; etching the
spacer material to form spacers on sidewalls of the mandrels; and
transferring a pattern defined by the spacers to the substrate

2. The nethod of Claim1l, wherein providing the |ayer formed of bl ock
copol ymers conprises: depositing a bl ock copol yner solution over the
subs}rate, and segregating bl ocks constituting the bl ock
copolyners to forma repeatin attern defiped by blocks of .the .
copol ymer@l Wé?*e%l%\é’e%gtsf’%ﬁe@%n% the Om?sq?loﬁ'ﬁg"lﬁ%"t %@H’”ﬁfm@o%fbiﬁaﬁ?n with the
wher ein H&%&gﬁthlhhe | ayer fornmed of bl ock copolynmers further
conprises providing laterally spaced apart copol yner self-assenbly

gui des over t h@0&]bst aseye winbodimende foshard mepsk hayeb [} 3@ lovertypnd theesubstrate

sol ution conprises depositi t h | .ock I | ut i bet
e "copol FRaP SBGregEbt o dhegnotoadnnl JRSnlTiay T i hepE st vy o
wher ei n tjagicasi Wigsh ﬁ{)&n{;ﬁﬁmﬁ%ﬂi th® tERpR4thab aﬂﬁ‘Sbtﬁ%}' @hnbitiRas ’ﬁorprdg)ﬁ@' sBlf-

a block formng the bl ock copol yners. he net hod of aim

3, wher ei ergeizatigniandor Abe sfasenekd Sonayberassy isad ek Eort elehing gin wuheirate 110
group conSl et na, &Y St LRBeRefiEe Bl RONANA Bleh ARkl

anti-refl further

conprising ren@ys3)g t hesdmaomet smbedipestst dannel hdking e8elp aidyeienprovided
defined by the s%acers to the substrate. 7. The net hod, of
Claim6, ¢wrthesubsmpli@i Fy exame edditiappl thael matk laysss gar bsprgvided befeen

SDCETS BRIl s AR | BTy ] Il ORI, RE g o

of d ai m Zidiwer ieird makielabat Yeftbsheihgiyaisieeedy ihs esbsaawer] pd.oTke arlitivnal hard
mask layers may be selected to provide higher resistance to etches used for efching the
substrate. For example, the pattern 177 may be transferred to an amorphous carbon layer
before being transferred to the substrate 110. Amorphous carbon has been found to be
suitable as a hard mask for etching a variety of silicon-containing materials.

[0064] Also, while “processing” through a mask layer may encompass eiching an
underlying layer, processing through the mask layers may involve subjecting layers
underlying the mask layers to any semiconductor fabrication process. For example,
processing may involve ion implantation, diffusion doping, depositing, oxidizing
(particularly with use of a hard mask under the polymer mask), nitridizing, etc. through the
mask layers and onto underlying layers. In addition, the mask layers may be used as a stop or
barrier for chemical mechanical polishing (CMP) or CMP may be performed on any of the
Iayers to allow for both planarization and etching of the underlying layers, as discussed in
1).S. Patent Application No. 11/216,477, filed Angust 31, 2005, the entire disclosure of which
is incorporated by reference herein.

[0065]  In addition, while the illustrated embodiments may be applied to fabricate
integrated circuits, embodiments of the invention may be applied in various other

--applications where the formation of patterns with very small features is desired. For
' éxample, embodiments of the invention may be applied to form gratings, disk drives, storage

media or templates or masks for other lithography techniques, including X-ray or imprint
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9. The method of CGaim1l, further conprising: depositing a

sel ectively-definable material over the spacers; and defining an
other pattern in the selectively-definable materi al, wher ei n
transferring the pattern defined by the spacers to the substrate
conprises transferring a conbi ned pattern forned fromthe pattern and
the other pattern to the substrate. 10. The method of Caim9

wherein t sel ectivel y-defi nabl e. r i s depqgsited on and betwe

the spac epﬁ)?grap]_’y' Fmii.amﬂi% pﬂ?@ﬁ%’?ﬁ gﬁ‘%@ﬁiﬁ]ﬂ%?’ev%@e QW RAfErning 2 SilbSrate
sel ecti velpyr glgfd Makkfk havias phsc RIPA BSkSd] coatings. 12. The nethod of
Claim 11, wherein the photoresist is negative photoresist. 13

The method of [H0&6Im 9 Cofisequéntly, Sowibl bes tmmgeciatethpmr the Wgscrinion: berpinrbe the

pattern forned fromthe pattefn.,.and.t .
nder ! vi ndRmics et GoBRt bEbGuRRR:. 18; Saile ARHAERR 1b SafPembodiment; of
t he subst fiRtigvention, a mefidd 1Ghpatreiin®d sehicchdictorSubsthes Bipiotidan sTler methgd

t he conbined pattern to the substrate transfers the pattern_ defi ned
by the speeBprEses Pravidiag aylayesgramprisinga blogk tGorphersaprPreabligk of the block

i ntegrate [ ' : o
o 1L |« ANBLSE 16 ORIl o
met hod of bigtkiofrthk, bladkeropblymicrsariifaesrrmateridl heblpaktet depositimf ionebk mgndrble. The

spacers to the substrate defjnes intercopnegts.in th ubstrate
P spacer materal is etched to ijorm spacers on s? ewalls of the mandrels. A pattern defined by

the spacers is transferred 1o the substrate. ,

[0067] According 1o other embodiments the invention, a method for forming a
mask for patterning a substrate is provided. The method comprises providing a layer of a
self-organizing material. Like chemical species of the self-organizing material arc agpregated
to form a repeating pattern having domains defined by the chemical species. One of the
chemical species is preferentially removed to form spaced apart mandrels Spacers are formed
on sidewalls of the mandrels.

[0068] According to yet other embodiments of the invention, a method for
integrated circuit fabrication is provided. The method comprises exposing a block copolymer
layer to a wet etch to define free-standing, regularly-spaced, spaced-apart placeholders in the
block copolymer layer. Spacers are formed on sidewalls of the placeholders. A pattern
derived from the spacers is transferred to an underlying substrate.

10069] In addition to the above disclosure, it will also be appreciated by those
skilled in the art that various omissions, additions and modifications may be made to the
methods and structures 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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16. A method for form ng a mask for patterning a substrate,
conprising: providing a |layer of a self-organizing materi al;
aggregating like chemcal species of the self-organizing material to
forma repeating pattern having donai ns defined by the chem cal

speci es; preferentially renoving one of the chem cal species to
form spaced apart mandrels; and form ng spacers on sidewalls of the
mandr el s. 17. The method of C aim 16, wherein the

sel f - ornganrizAg materi al conprises a bl ock copol yner. 18. The

met hod of O aim 17 wherein the bl ock copolyner is a dibl OClc(i ol ock
I : ' ' ae..di bl oc
copotymer. Ar}lgtho%[ iy rp@?&ﬂﬂl% a%femgoﬁild%%r.%ubﬁfg?erﬁg%rﬁ%ﬁ i '

copol ymer conprises pol ystyrene. Cl aim 19,
wher ei n t he di bl pokidiopalayaeronfpuisingdlockaopoljmers; _ f ]

pol yrmet hyl met hacryl at e .21 The od of -Claim 16, further
conpri si ng ext enﬁ%ﬁﬁﬁlvﬁIyﬁ@?’aﬁ?g g biek ?@ggé@fﬂﬁ&ol’dymem to leave laterahy'

separated mandrels comprising an other block of the block copolymers;
blanket depositing spacer material on the mandrels;
etching the spacer material to form spacers on sidewalls of the mandrels; and
transferring a pattern defined by the spacers to the substrate.

2. The method of Claim 1, wherein providing the layer formed of block copolymers
comprises:

depositing a block copolymer solution over the substrate; and
segregating blocks constituting the block copolymers to form a repeating pattern
defined by blocks of the copolymers over the substrate.

3. The method of Claim 2, wherein providing the layer formed of block copolymers
further comprises providing laterally spaced apart copolymer self-assembly guides over the
substrate, wherein depositing the block copolymer solution comprises depositing the block
copolymer solution between the copolymer segregation guides.

4, The method of Claim 3, wherein the guides are formed of a material which
attracts or repels a block forming the block copolymers,

5. The method of Claim 3, wherein the guides are formed of a material selected from
the group consisting of silicon oxide, silicon and a dielectric anti-reflective coating.

0. The method of Claim 1, further comprising removing the mandrels before
transferring the pattern defined by the spacers to the substrate.

7. The method of Claim 6, further comprising transferring the pattern defined by the
spacers to an underlying hard mask layer before transferring the pattern defined by the spacers to
the substrate.

8. The method of Claim 7, wherein the hard mask layer comprises amorphous
carbon.

9. The method of Claim 1, further comprising:
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pattern defined by the chem cal species. 22. The net hod of
Claim 21, wherein extending the height of the repeating pattern
defined by the chem cal species conprises: deposi ting

addi tional self-organizing naterial over the repeating pattern
defined by the chem cal species; and aligning Iike chem cal

noi eties of the additional self-organizing material with the domains
defined by the chem cal species. 23. The nmethod of C aim 22,

wherein the sel f ygraapioz ga&cﬁ@élﬁaéﬁlabpenﬁat&m o dhd { AR,

: and
sel f-organi zing nateri al are block copol yners. 2’43.n The net hod
of d aim 23, whedefiring he othet patiermgiarthesetagtivaly-defirmbleanaetidie addi t i onal

sel f-organi zi ng ter. al e.a_ sa bl pck | yners. 25. The
Tt hod of O ai m 2orGREPBTTHT SR SFaRERT derod DLl g s hegposml Comprises
cheni cal  spe&h&srriag ARbdated Phafidth Fainlcd RN IAE Fhi€dh afPihe biRs pafert RALe
addi tional self-organizing material and etching one of the chem cal

speci es. substrate.
10.  The method of Claim 9, wherein the selectively-definable layer is deposited on

and between the spacers.

11.  The method of Claim 10, wherein the selectively-definable layer is photoresist.

12.  The method of Claim 11, wherein the photoresist is negative photoresist.

13. The method of Claim 9, further comprising transferring the combined pattern

- formed from the pattern and the other pattern to an underlying hard mask layer before
transferring the combine pattern to the substrate,

14.  The method of Claim 9, wherein transferring the combined pattern to the substrate
transfers the pattern defined by the spacers to an array region of a partially-fabricated integrated
circuit and transfers the other pattern to a periphery region of the partially-fabricated integrated
circuit.

15.  The method of Claim 1, wherein transferring the pattern defined by the spacers to
the substrate defines interconnects in the substrate.

16. A method for forming a mask for patterning a substrate, comprising:

providing a layer of a self-organizing material;

aggregating like chemical species of the self-organizing material to form a
repeating pattern having domains defined by the chemical species;

preferentially removing one of the chemical species to form spaced apart
mandrels; and

forming spacers on sidewalls of the mandrels.

17.  The method of Claim 16, wherein the self-organizing material comprises a block
copolymer.

18.  The method of Claim 17 wherein the block copolymer is a diblock copolymer.

19.  The method of Claim 18, wherein the diblock copolymer comprises polystyrene.
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26. A nethod for integrated circuit fabrication, conprising:
exposing a bl ock copolyner layer to a wet etch to define
free-standi ng, regul arly-spaced, spaced-apart placeholders in the

bl ock copol yner |ayer; form ng spacers on sidewalls of the

pl acehol ders; and transferring a pattern derived fromthe spacers to
an underlying substrate. 27. The nethod of C aim 26, wherein
the wet etch conprises acetic acid. 28. The nethod of C aim

27, wherein 4ghe @h@cllﬁeﬁg@%fym%ﬁmcmhe?aﬁ fk Qﬁﬁ%o]@fcoﬁéﬂnﬁ&t YERRE cBRdrises
polynethylnethacrylate . "The method of O alm 26, wherein

t he pl awdhetthidmsthherylatea pltch of about 100 nmor |ess. 30. The

Hﬁ: (r;(r)dl gfs SCIZ?II m %%é Mﬁ&f op C alm 1%' ﬁlrglglp !:o%ﬁr%sm%aé& en%m% 'ci[ ﬁelght ofafgé) tueEJe;ﬂIl)lg

pattern defined by the chemical species.
22.  The method of Claim 21, wherein extending the height of the repeating pattern
defined by the chemical species comprises:
depositing additional self-organizing material over the repeating pattern defined
by the chemical species; and
aligning like chemical moieties of the additional self-organizing material with the
domains defined by the chemical species,

23.  The method of Claim 22, wherein the self-organizing material and the additional
self-organizing material are block copolymers.

24.  The method of Claim 23, wherein the self-organizing material and the additional
self-organizing material are a same block copolymers,

25.  The method of Claim 22, wherein preferentially removing one of the chemical
species comprises etching like chemical moieties of the additional self-organizing material and
etching one of the chemical species.

26. A method for integrated circuit fabrication, comprising:

exposing a block copolymer layer to a wet etch to define free-standing, regularly-
spaced, spaced-apart placeholders in the block copolymer layer;

forming spacers on sidewalls of the placeholders; and

transferring a pattern derived from the spacers to an underlying substrate.

27.  The method of Claim 26, wherein the wet etch comprises acetic acid.

28.  The method of Claim 27, wherein the block copolymer comprises blocks of
polystyrene and polymethylmethacrylate. '

29.  The method of Claim 26, wherein the placeholders have a pitch of about 100 nm
or less.

30.  The method of Claim 29, wherein the placeholders have a pitch of about 50 nm or

less.
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31. The nethod of C aim 26, wherein the free-standing, spaced-apart

pl acehol ders conprise vertical |anellae. 32. The nethod of
Cl aim 26, wherein the free-standi ng, spaced-apart placehol ders
conprise vertically extending isolated pillars. 33. The net hod

of Claim 26, wherein the transferring the pattern conprises defining
regul arly spaced features in an array region of a partially
fabricated intergrated circuit. 34. The nethod of C aim 26,

wherein forrding Shacréthod oflaige36, Whasikethe dRPSBInlinpYsfactBNRkt Slhceholders
spacer material .over the placehol ders; and ani sotropically etching
the | ay@mpsise ¥gitieal lamgllagy i o | 35. The nethod of C aim 26,

further conmppi si Rge HGHLYI Bf @fﬂﬂlsh?,g%’{l%giQQhQ (ﬁl%F%&Hﬁﬁhg, acécﬁ?ﬁ%ﬁ ]Slgcehg'ﬁers

wet etch: depositing a solution o copol yrmer s®over
subst r abeipriamdertically eatendial isoiptedygllidsock copol yner sol ution to cause

sel f-assenbly of .the blo opol.yners .into regularly-spaced block _ .
dormi e, 5. %" Jue gtk CBHT o Wit ,trw?gqf%%thaé)aﬁgrpﬁowgﬂﬁmieﬁnmg
bl ock GeRAAKRhcebliled h REIESEIbNET &w@hwricﬁ%ﬁrﬁl@@?m@ci&t&hdes

conpri ses fornln%‘a bl ock copol ynmer reservair directly over the
gui des. 34, he method of Claim 26, wherein forming spacers comprises:

blanket depositing a layer of spacer material over the placeholders; and
anisotropically etching the layer of spacer material.
35. The method of Claim 26, further comprising, before exposing the block
copolymer layer to the wet etch:
depositing a solution of block copolymers over the substrate; and
annealing the block copolymer solution to cause self-assembly of the block
copolymers into regularly-spaced block domains.
36.  The method of Claim 3, wherein depositing the block copolymer solution between
the copolymer segregation guides comprises forming a block copolymer reservoir directly over

the guides.
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