TOPOGRAPHY DI RECTED PATTERNI NG Background of the

I nvention Field of the invention [00011 This invention
relates generally to integrated circuit fabrication
and, nore particularly, to printing techniques.
Description of the Related Art 100021 As a conseguence
of many factors, including demand for increased
portability, computing power, nmenory capacity and
energy efficiency, integrated circuits are

conti nuously bei ng made nore dense. The sizes of the
constituent features, e.g., electrical devices and

i nterconnect lines, that formthe integrated circuits
are constantly being decreased to facilitate this
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Some memory technologies employ elements that can act as both a storage device and a
switch (e.g., dendritic 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 exanpl e,
photol i t hography is commonly used to pattern these
features. Typically, photolithography involves passing
light through a reticle and focusing the light onto a
phot ochem cal | y-active photoresist material. Just as a
slide has an imge 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
t he photoresist. The Iight or radiation causes a
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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 resist,
some X-ray systens place the reticle close to the
resist, to directly expose the resist to X-rays
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[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 nm or less. A pattern comprising block copolymers 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



the exposed mask material. [0012] According to yet

anot her aspect of the invention, a nmethod of

sem conduct or processing is provided. The nethod

conprises formng a first set of block donmains over a

sem conduct or substrate. The first set of bl ock

copolymers includes a plurality of separated groups

of bl ock domains. The bl ock domains are forned

substantially by Iike blocks of a block copolyner. A

second set of block domains i.s subsequently fornmed in

spaces between the separated groups of bl ock domains.

[0013] According to another aspect of the invention, a
subp@ate] Atheyméthbid mlsatcethprisestimgvidingd lsimaeggneousgngakoniterdal extending

The artlall e ' | e

bct‘gceiﬂ o € gpa {3 )fbf%ga(s)% gﬁ%§°§'glrls g%{?c%g@{oogxeeﬁl{aﬁﬁﬂstfgﬁﬁ Eragt{e%? 8f voids in
ﬂwsxﬁmx¢nmdcnmﬁx@hbstrate the guides having a pitch of

abo ZOOAcm)r%{n etTQr?otﬂé‘r tag%!c{)y ff QIQJ ifi n%gn, a method of

i nt ed CIFCUFt % conpris | ock cop yners
sendc@phlsted prleStMeWﬁﬁdJrﬁhfr mpthefl compEFSEnidrmipgiaifisst set of block
dorggllpfe foggp Ecgein%dngg nglf s&lﬂ@tgg aphd ﬁ%t [sgp J)f']blo-ghecdpmﬂ;%t'é fHeludes a

W e better erstood fromth
plubisy of fepamatedcgroupstnd blackdempatng. Ehp émchéﬁméma fer foreA substantially

rC iy formed

by [P BRERF o Il B ool A kS RO bl borhdiBh [ Brealifly
in gpaces bah@?@hélmepé’a@ﬂﬂwpéeﬁlpwm%'ﬁde view of a

par Ld fﬁ&‘rc 't@tﬁgfh@it Qdpeet [dFUihk, invBntRME O %&%ﬁﬂy fabricated

preferre odi nents q thelnventlo‘alét[ WL
murargte@ biecut s grayidsgh g rrriohy Sbscded irtegraipd O St plurality

' of E lﬁﬁerrtg'uﬂieg YuérBARE S serhiBérRIUERE QibsEhte Cte gulﬂfas Ea\@tgr #pittch of about
ter formng features |egda phot.or.esj s

200 perogdstic oL RFA lpRealed r ISR THERY & lsgreBiigites'block copolymers
dishéheamnbivrn tHeQfhlralityfdf gbdynderi ghidgs.schenat i ¢
cross-sectional side view of the partially forned
integrated circuit of Figure 2 after etching through a
hard mask | ayer, iBrickib@édiataefMetbrawpiesf er r ed

enbodi ment s_of. t he i nventi op; 01 Fi gur
schatfiet o, “qererien oD vt i e Bafsppgrivtion of
thed Plre@ﬂ:d ErﬂEdi@:haﬁte @nd frosuihe appenided) drasvidgsafvheh are mmmn@ illustrate
hot.or esi st phot 0 ist and transferring a -4
a“?)ﬁ?tttglhﬁ“? SILHVCHQO E'as’l? | ayer to a tenporary |ayer,
I N gouxs) darkigurei I ks prsetiearanecbrosemwnnienﬁs vigv phe partially formed
I nvent i on 10019 [ L)
inp 8 LBk bar erge i Beftge SRR fie iprension
[0016] 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 embodiments 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
renmoval , in accordance with preferred enbodinents of
the invention; [0020] Figure 6 is a schemati c,
cross-sectional side view of the partially fornmed
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 formed integrated circuit of Figure 6 after
a spacer etch, in accordance with preferred

enbodi nent s of the invention; 100221 Figure 8
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embodiments of the invention;

{00261 Figure 13 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 12 after selc‘ctivcly removing one of two block copolymer blocks,
in accordance with preferred embodiments of the invention;

[0027] Figure 14 is a schematic, cross-sectional 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

i nvention; [0029] Figure 16 is a schematic,
cross-sectional side view of a partially forned
integrated circuit after form ng spacers on sidewalls
of mandrels, in accordance with other preferred
enbodi nents of the invention; 10030] Figure 17 is a
schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 16 after
depositing a |l ayer of a block copol yner solution, in
acc ce 'th. ferred enbodi nents of 't
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10034} 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 renoving one of two
copol ynmer bl ock species relative to the other block
species and relative to the filler material, in
accordance with preferred enbodi nents of the
i nvention; (0038] Figure 25 is a schematic,
cross-sectional side view of the partially forned
integrated circuit of Figure 24 after transferring the
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rgg,p&remmnngﬁsmgff}gg&r? orgato t her nodynam c effects,

the copolyners w nize in solution to
m niQﬂ3?]3 t Hagwp@pdy a sthephatic, syessentmpalsidshobw;of the partially formed

mtEé/rQﬂe& kit of @i@r@%%ﬁér %}-r)/r%eé giitttegx‘l< élgglgglrlééhx@tclomyﬁqgr blocks

one another, e.g., sot ate

intp 3g epdralying wa%t@ﬁﬁy inf aﬂcm%gce vty rreferred agbedigieniy of the invention.
cont ai ni ng each bl ock type or species. For exanple, if
the copolyners are forrred of oI ar and non pol ar
bl ocks, the PeidréDgariptioneithe,Breferecd Ry ¢

bl O@do&m} ag gﬂ‘}@%n&yMﬁlbcp&clb%rynm&ogeﬂf%&gamz%ﬁ b@GQed to form mask
pa olargz%g eat wi th ot her pol ar bl ocks,

ke dre foaped RE DBP SEIES ;féwrﬁé}ls qﬁsaxycvo@ocks For
exdﬁ;ﬂerd:daﬁ dol&ﬁc BarSBe fforddedadti Z idifteréMtrBioMer. ST BlobiRCare preferably

mBH2R1S o PRl BB L, o D AP BB u e e
can i nunehtMr nDlue cta msr;mcﬁllyﬁdmu giffebathemegpob@nd PHiil esélﬂo@gamze in
a r at nent as
So}i"ﬁ%ﬂ%tﬁ mmgg G ST 05 t}fen SFAEE 1ons pebbfp\?%gﬁ’ tﬁ’ﬁé: a'bﬁef)ﬁ‘f?dymcr sto
moypeaclhizes ta i awitlieroe.gano izt iliga blaks bigregate ttqgatl'yu‘rﬁhaeby forming
t gatures
alt&‘%n qe%xﬁix%}&%%r%g% QXch bqgc% \A)ﬁpr% s?)%:xesbl % Examopl P g‘xe cgpolymers are

e sur
forart?é Qf apsdari d!onﬁmiarebdadpl the Hodishvidictegomp! gpnexat nen-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.



copolynmer formed of two different bl ock species, can

formalternating regions which are each fornmed of a

substantjally different block species. Wen the

sel f-organi zation occurs in the area between the

wal l's of a step, the steps can interact with the

bl ocks such that each of the alternating regions

formed by the bl ocks can be nmade to extend parallel to

the walls. [0042] Such self-organi zation can be useful

in formng nmasks for patterning features during

sem conductor fabrication processes. For exanple, one

of [ t 4N i ons n be.,r ed, .thereb ..

ol TRAT, 1\ dn AR o IR SR eci it ARk Shecinae b st graniation
of hiesk coprdymére carsbalinfloenpad be tapogrmphical deatsres; Rudsas steps on the surface

) ; ) LVi . d
onCwfich the BrogKbidiome? 8, HGReY B SERAPIA EhRik sppatymer, o
comﬁlm‘frefoamdequi'dh@erpragil@kspfw@esr andomdalignatingeegomsonkith are each
I . { f.. ]
for}rfég ot? aos%lﬁstgﬂﬁ yc[m’éé?tatngclg c&‘% %ﬁ{l}%ﬁ& gglgg{%a{%ﬁ%‘gf‘a%ﬁ% in the

nanometers or tens of nanoneters. varl ous
aregdefieees thasyells efsa step.ahe stBips\tan| interabewith sircbletlesciuciothat each of the

alt@RARE bEOROBRABNYy HE BIRRS St b Lﬂa&oggar&%ﬁ 1 RE W9
the Cl osel y-spaced step features. wever ,
applA0d3l i orfueh seHwseanipatiodan besusebi cd fupping, masks for patterning

feat@bd @ding KENELLREAREbHRE bl%@ésg&bsf"%c%)?a\?}‘x&l%\mng RL£GRD alternating

make their use inpractical and prohi bi
TENs €AR PG EEmPYsGa tipreby Igsviedhe edervenions refingtior asgdywask. The mask

carl BY Qdd fbn%atfeﬁ{ RkurtN@Rh A&T ARG UBRABPH uﬁd}rlgingisggllic%nductor
lithography step, relatively large features ar i rst
subjitftned and snaller step features are then derived ’

fropouBe el alll vebyprbahte® e alcldifSof B %ﬁgmﬁﬁrfho}e?m $s related to
hell€ tge 35 lied ?round the steps and allowed To
thes @t r‘S‘é CAPYHBOTS deCale Phe®nthenerdst @b nagpmefgisder, tens of
narfo@fetdis. €V ari ®BMRhogpdphly et da Cush a¢ ﬁ-rﬁ% B ePUBAbLMN and electron beam
eci es can

. | i ly . T i-ni | k
oL Tl R P T e L 0, P R
apglinal‘e:ml ofhtheg Y aﬂhel.isi, ak Slofig rdgﬂﬁhﬁ) he? gaxiobulﬁ h@chﬁﬂ:@l I iﬁlﬂ‘(ﬁﬁﬂa&ﬁbapgbstaclcs
tegrated circuits.. referably,. pitc
Wh{r?ﬁ Icg'?ﬁ]la%% g’te’ll-nél R f”%prﬁcsflégpfing ‘% @Plﬂf‘f’ﬁé e li"g*st ep
f eal0Oddls. FEo pl‘efmrmﬂlt&),d_ilmmﬁbﬁﬂlb \iﬂe_)dtidnﬂﬁ@ﬁierf Bah dEfniG@ithe steps
o nE AR BSOS 0L IR LSRR P L P
are Spracierizechfremftios reindively l4rhe fesiutess Bibcktdopolynenchretisn apslied around
d avi ng a patter f
o BRGSO 8L B e SR B G e o
of the plogks ae F‘Fhﬁgﬁ!@?@y sededtivelygemeovedt iTha rapfiaibing dlock species can be used
£9RAl YoPRBseqndht 134G Idede G4 | cati '
* adv ant_ageoﬁzgi]%t;pl I %ﬁé’gtdﬁgﬁp %r!mrrilgfg ingalrtlén%?st 4iithe &8s Epyjeation of
integiededrcditep f eat ures whi ch might ot herw se be forned

usi ['0@45]6V\’ef’refér§ﬂ>}9,t bidR lnyulﬁﬁ[wh&f(is A0k to form the small step features. For
example, a relatively large feature can be patterned by conventional photolithography to form
a pattern of temporary placeholders, 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 techni ques. Advantageously,
conventional, proven and relatively inexpensive
l'ithography techniques can be utilized, thereby
reduci ng costs and increasing process reliability.
Mor eover, the sel f-organizing behavior of block
copolynmers allows the reliable formation of very
smal| features, thereby facilitating the formation of
a mask with a very small feature size. For exanple,
features having a critical dinmension of about 50 nin
or Iess nore preferably, about 30 nmor |ess and,

I ut..20 ymor ss,,can,b f or med,
[oo éﬁ %h%‘é“qgﬁf?" a%ﬁ?&@” P%°Y%‘§‘°§?‘Ht??’8‘é?p small, closely-
spa&hdi Esep ri'edtmiee wihinhenight othefwdise beoformedk esipgnbwer k'ﬁlatili@hmﬂmlalex and

cxpzgie PTG, ot Bl osc ACaem s e A R, dPbr, g selatively
meﬁf;ertmtemﬁﬁsgraﬂqotedhmgudsmahrte wilebdrthedby md:mmngecm'ts and increasing

Iuralt acer |sformed oyver a s
pragess &g 1% F}Yls Pegfileroﬁ c%r%afsﬂmén%b? iayior of oF! F:f %l%?ag%{%grrs] allows the
reliaelbrmnqatem cifr\endms:ﬂr fdaembs; metdbsfacﬂaatmg thpldornintid@ 8f 8 hixsk with a

i ssu t.o _Low
aildffﬂlz %@fz;quylj cxalm%lc fc?turcls hav1?% r,\ catxga gﬁ%gwn Q'tabgtﬁ 50 nm or
lese,nhoreaorefdr@bi @lstmté@ 1of ot kres and; afoze prefaebly@bout 20 nm or less can be

foﬁr%or porated by reference herein. It will be

appreci ated that the preferred enbodi nents can be

applietdd]} t o Refenengresillsnoystesimpge toilee Figbrescukdrein lisg numerals refer to
likd ?Eﬂtsoﬂﬁrc'oughwte ﬁrvﬁ?l%g aﬁﬁr@&é{é& that tﬂ‘?@ﬁreb the%gf RdcE&arily drawn to scale.

rcuits-can inc ., nMenory chips or conputer
pr 0de0$8br s.In 1619 Phyje hf m@fl@ri% ﬁ@?@f@l@g 1P ¢hg greferreg embodiments, a

SotS§abiONa! foith & o¥LeY PhstAtd?BY tHih | Multib@EABE.  Suitable pitch
ph&£192 rfafi%d rgl ?calt 8 rl SSI sluétrgtﬂéd Vgrnlg)ous | ay e?lsa e pre

mqmlcp.nqp eFlenigyesfags %ﬁ@pybesrlw Rdatenhygy$328.81fh ﬁsv%@tt@ Loyey et al.,

an& OU fSa(i"a{e'nE @lf%n%d&hmu |14 /24 540t HyORran T MTRLRA | @iﬁog OfThe entire
he | ayers the substrate 11

overlyi ﬁrég I?
dlSp‘béWé? alihspecHSSBFSECBEPBYBIT b FlrraRse eTedn 1511l g appreciated that
thd ﬂlteféré@te‘n%du@énti Ek@l b fi8d V¥ foimbhakk usap t}iH&'ﬁbncaﬁon of various
naterials to_be used and of the ch m stry and g
intgERT G HES:{ 3PerBISPE RIS CRL I By 1 GREEEY ST F omputer
pnsdeada.sg‘ erring steps discussed herein. Because pat terns

PR R S ETE R —
folnyiSihtepdald, cidod@ 1D0tisdlbntrated.e Maobmsvlayeys dé@—llmmeeprbfax)e@ly provided

120 d _t trate. 110 f
ab?Y]ea? g%gﬁtegggg% gafcéélétatc é)ftgh ltCBhO% elﬁhglt}ré tcr‘?iié? ?&r@lgfﬁ%?rs 120-140
ovenyiog 8¢ subtterté &l Gare lprefovably Cbesea jbpsed cipan eqlnsndmhoa of the interaction

of r@e ! Ieras| with H:o%ﬂscl ﬁakﬁg ﬁﬁ e%gltsltg %leyus &®bnd of %h cheﬁlistry and process

pre rent I a en the etc rate
corrmlens fir the vanodsemtenaﬁmmmgzar@ patiens trgmséerring steps giscussed herein.

At )%%?%L PO QKL é@r&bﬂ)"%ﬁng’éﬁﬁ o ’lov@rl ers during pitch
%E{T& l peasty a outp20 ti'mes greater and By &P
multlphcatlon, 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 considered 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 tines greater than

that for surrounding materials. Because an objective

for the layers 120-140 is to allow well-defined

patterns to be formed above the substrate 110, it

wi Il be appreciated that one or nore of the |ayers

120-140 can be omtted or substituted, or additiona

| ayers can be added, if suitable other materials,

chem stries and/or process conditions are used.

[0050] It will be appreciated that the "substrate" to

whi ch patterns are transferred can include a |ayer of

a single material, a plurality of layers of different
preférailg ki khss abaut| layenesmreatéraxyxeres:rﬁaﬁabbrgﬁt deagfi Bbqut 3} times greater and,

di f nt. .na tfaterihlR€ Bcause an
mOS’h%‘FéF#& at %?&1 eboug éﬁ ti e g}eﬁfépﬁ'ﬂﬁ{ 83t fof sﬁrlfb%ﬂalng

em conductors, insulators,
objeGtvedfoe L Bayesr 12009 il iy PHbrEd 1P ia ks lermedygbove the

b can On'n ea Or
subsﬁ%tgil‘tzlpﬁ: Giff 34 2 @%BE&'&& ol SREG: RBleYotithd &98s 12@140 be omitied

active area, a silicide &
substiayey, or suditions layerasryshecarded if FRirbIA %tPCrC‘BB‘ﬁ’é?ls’l @ﬁ'@fsmes and/or

or_ C thereof. In sone enbodi ments, the
procle PARRLAGLL 05,

scussed bel ow can directly correspond
t 0 [0058] desl mall be pperseinted thasthec sHRrAte V@ MIER RFEDS g& Jiapoterred

can u?%o‘!‘d&t aelraﬁé}rlﬂedc diskle hiAterfAf aPHAGREF Sayelsofaiffetnt materials, a layer or

he substrate can be an, ipnsul ator..and
layckmbaireEisns AE KT ERTMEIAE SRR PR BRE: 5 (TR whldfils can

mcl?&s LdngiboddRetd, suftfors n&iﬂh@&tbr@ﬁoxb&irmﬁ%noﬁm tickmetf \Fer example, the
eat ures, such as in. damascene

0
sub§ifate, cerh BRI PRiSIGnes OB HISOR,ANF 5(6{1 acleviczzat Sle {a 0 @ﬁx]mdc or a

metQFFayé}aMcﬁ ab aifg%gsihﬁgaluﬁvrﬁﬁﬂ bxﬁ&ppeﬁ&yaﬂ mmbxmlom thpreof. In some
st op |1 C overlles a te I
e 30 L et U S Aok 13 s

pladi&fenDaltl Sorldaymve fé’a&zrbﬁ prchf ey alnkporirotsodef thnaﬂlbétratc In other

e.g., formed of a oresis | £ mask features can
et oI, SRGHR PR T e iy BEL U MaGol of mask £
corRBR4rAr RSihet deeired eatioty of hmuu@subxytwwnmﬁv%wé fRptpres, spgh as in

193 r 248 nm or 365 run wavel ength systens,

nm T
damassengpAAE iyt h i mersi on systens. Exanples of
prefossiied Witotontasied refombar fodfigurg rlg mmqgleé;p1§g}ﬁ deﬁnable layer 120

Lol F | Serlids- 2 layer 140, which
OVTSh L%Igl[éAli( éll'-“ %H% g ¥§e[pr§btewvl\}|§?h§\1§] 1 ,g\r chp;rary ayer o ﬁw ;l
ovaliey the sulzsndtekﬂ;@pt’ﬁw fefagtiyelyl defineple)layss 120 i P& erably photodefinable,

gpt}‘Ot U hotoxles@t indARALLRShiRtorsit @BIVA ih @ic afeFud éxample, the
source. ArF photoresi st s ar e ef erzggln}/n or 365 nm
phtbteedxst m he Bhp Phptotasish cepRsLibls ¥tk e

hgot MaVeheddioh lilheREsione s&tems’l.QSExmmlestf—' preferred
wavﬁ ‘?%irle%%{ng are dpr ef er abl y L]Jsed W th, |

. phmtaxﬁgise maptdriahth drcdndet ﬁr@@p y(éf@nﬁensg'd& I,F%ggoreszsig mphotorwlst
suﬁ%o% RiBrse Ivﬂt}?gg!g}lh @i@ht Mdeeaﬂi k&ProfLiliaride i(Kalf)i @nsitenphotoresist,

ate the nee fine xtrenel I €Sterably used

L cupbpoTRA DS o7 AOMARGF NN T Ect BT S i Feterably
willESURbI SR aptyS)stahs uhﬁﬁng relatively short wavelength light, e.g., 193 nm. KiF
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 engt h systens) or electron beam |ithographic

systens, such systens can also be used, if desired. In

addi tion, maskless |ithography, or maskl ess

phot ol i t hography, can be used to define the

sel ectively definable 1layer 120. In other

enbodi nents, the layer 120 and any subsequent resi st

| ayers can be forned of a resist that can be

patterned by nano-inprint |ithography, e.g., by using

a nold or nechanical force to forma pattern in the

reS|st 100521 The mat-erial for the hard mask
extieaee pitevialethystemsnfineleding ok3.7 inp pyRiepethutyaiems) | ‘of Clectron beam
lxﬂg?%gmcagﬂteﬁﬁt gﬁéhagﬁsténfkc LailQ1sS el 6RD, XihEred.Si M2)ddition, maskless

on-or a dielectric anti-reflective coatin
lithopyaRY,, orsmaskless Piotofifiogirby.i @R bsi ysed dp dgRYm T selfgtively definable

Iaygtr ?if’.@r qgl&hertéﬁ%olaﬁﬁglts RS faybAYEH add@ny %u&e@he@tk @&sist lfyvers can be
ti-reflective coatln (hy RC) LBln for.the

formed of 2 e tha e ba Beftesed aﬁaﬂ%’eﬁl ?%Fa V28t ByUEE 2 mold or
chQ&chfa@?cm:@Q) BAh hhiien Rk Rl t ches near the

resolution limts of a photolltho ra hi i1 q
The 098RLs CEliv @it doF dbo Mgt ovRsE ylaYep e ‘?f{f B gRpprises an

indr| ,JA;@{%Iateﬁiaﬁ Eié}ﬁ@aﬂynﬁsteam B@hidb QiliRbe ok ¢8I0, tslicehioe b dielectric
ﬂOt olitho

define the ed es of

sl O3V RV E DRy e b PSP TS PEGTSRBI R o gty the hard
méamlfiﬁﬁh qué i€ ar&els)ébma\@mterle&ixfeemm«ge Uyghﬁgh UstrghDARCs for the hard

selectivity rel at erre a ,
magk daser 5}(§can,\hﬁ,;@mcry¥ mt@ge é g?{glrm lﬁ%mgg)?iglgﬁ pltches near the
redoitiBn AfmiNTEr P PhoISlitagiaphic tthﬁtuqus. fMihg MARCs ams plahaem resfdutxon by

t _offers . _further r

BTN £ EE R TS AP BT PRTE T2l SRR gty on
dehih@hie cus@bfagiattatich al i gnnent. Techni ques for form ng

b AT A0 ST BEA Roly SBP n wi

ofTRe vert high etich clelestivity odlativiei ® fhef preéamsd bagd mask materials. More

prefexa )P ral ed %relar b¥s S oF Afror 99(5 on Ethlsht transparentto
F%f ﬁ? §OreoD: %ﬁ Q& deti ha

lighx pod eitht tocﬁfersr facthert mmnotdmewgﬂor phototalighmenthy bHE8: transpmnt to the
wde?/ %&Qeq. l]g%mt u%%y For smﬁﬁtglgfu?leﬁto MPEdRSidues ff&afdr'l‘i'ﬁ& &%ﬂ transparent

are oto i nabl e materi al .
cabmnapp Frscionndih in Heirmd, o+ Misisgyrer i Sokid diilmsn &33 $'lose) 196203

BES indoPrRMbtithertifl hef,enaaof t he
TR Boidsfe oftnl sofelcBER indofpRiiHPhertiR by TSR, O

spact@oam Withigafererse, tor Figurs oS PbSIBinplsap 2y pxposed to

gﬁﬁop SrBHH S tB6L10 ¥nd USdn@bvelBp&ll to RAvé §qiaft&|ﬂl cfbn@ir&hxgt@atures 122
ecrease both the hei ht and the width of the

whigh arerﬁgmcé, af gthotsdefipable mategak g [twil Eeaﬁpqsgcxatgd éhat it the pitch of the
re%ﬁ%'é fe%QQesnmzoé gahaey nsle”eﬂatrtmthe:l&ﬁ’é&h&w;m foe i dine nze axid)the width

Igure 3, the pattern |nt§‘%§hotqdeflpq‘g Ig adustedb
of & neighbmyEeirenl 2% Hifleshed Mnd@enPagiert P4JF H b6 2ajusted by
oY, W N Garf B&tkaYi€ Stcll &2 ddiedsb Bothah €l helghtkanidayewidth of thc line 122. The
pitch of the features 122 can be, e.g., about 20¢ 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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-11 130. In particular, Figure 3 shows the features
122 and 132 in isolation. The pattern transfer is
preferably acconplished using an ani sotropic etch,
such as an etch using a fluorocarbon plasm, although
a wet (isotropic) etch may also be suitable if the
hard mask |ayer 130 is sufficiently thin. Preferred
fl uorocarbon plasma etch chem stries include CFH3,
CF2H2, CF3H and CF4/HBr. Resist formng the

phot odef i nabl e | ayer 120 can optionally be renoved,
e.g., by plasma ashing. In the illustrated enbodi nent,
the resist renmpval can be del ayed and 'advant%%gously

1301 % SfdGireRghi Pebobe tieRatures 423 hwy] 32 iptispatigng [The patrh fansfer
0

: the tenporary Layer .140. . [ ' iocarb
is DRFNG SOOI 1 PR RECLAr GU) Bl S v 4 Bighocarbon
plasAdaitiiohgh havel EEtpikpyel nayilsosbe suitabledf ithedhard npask layer 130 is

temporary layer 140 to allo r..de L1000 iludR CFH,, CFoH,,
S“fﬁcbfggl’ thigp Bfgéﬁrﬁeéicépmﬁﬁ 7l grgs'{\gieé‘glre @E:Eth?{‘ lx%us been .
CF,H0MaCH, M. tRasist fompénrgathe phagodefinable dnyer ©pHgRally bg removed,

depgsi tion. are typi halt, the resh AdnRdvRS tdnl bel delayed and
e-&v&?’?‘ﬂ%ﬁ’%?ﬁ m?hj'g,d{)’ﬁlé%%%dt %[g?or? IP!ihs br efeesr abl y |
advirtapastisty isceffibiently péréorned im p singlepgen With gishing of the temporery fayer

140ph0t odefi nable | ayer 120 (Figure 3) to the tenporary
tayer 140, which is forned of a material  that

C
wi Hlheseand’ Witk pieowes & Fieamdh HeaEap o tphoiefiiibls faygr 120 and

the ﬂg iqrrsﬂeigs il%@é %Miset{'aggferrgﬁ SFHS $8¢boPaY DWer 140 wdaliohi fonddposition of 2

her heat resistance than phoiaresist, th
layefBlS@rdfadpaqﬁqgthﬂgalt(ﬁtgufee@po}tdp? bp%fyg)rung &%ati € temperatur%s used for

spagerrerglgté%gl & pﬁﬁ{lgﬁta%jt)%%hy trbsthight fof dhotdeesiBe ke atithwehd.  Thus, the
renoved relative to the materi al toé\et;{ﬂ}e si;:)aa%%rlg e%%go(Figure
pat(ehi igmr@er@l%n%%ﬁgﬁhﬁgﬁgﬁ% dﬁza&hgy I;WS: :fgw o A e provess
; 126, 8nHid0i 46t £ chatdbial/ that tesjemd
3) ‘ei’zfge feéﬁ !%?%r?g%%blly for rre:js of Znﬁ_{ p .ou%ﬁ%%_ﬁgn @g&mrtﬁ having
conghitiohe ferspacer @?‘&ﬁ%‘pi&i’%ﬂ'_i‘mtaa’fdoﬁ » 1% ‘ e pattern o 140 i
high&2hdst er?sié‘t&%f' tﬁ?ﬁ Iiaﬁotfasméisf, |d lﬁtd mdt:ﬁiab fmgnbe |t?ymrarxilzgr is
s prefera ransferre Ceh VTR R Ve tAUR ™ 1 for the
prefesably selfctod Sedhtat Hi 78 851 SESFV R FEPOVeR Tl as ma .
sp&Bi185 MRG0 b0 Zorared aAd fﬂﬂ*@ﬂy@eimm’? ﬂg;‘;;‘”‘e Ho. As
chem stries include [ ) © breferably,
n°‘IeQBP9"62PNZlF§%I‘12 ’5856?%%?’5%?{5?6‘3? %ﬂﬁ%&eagt ageous!y, breferably
ahdpRreddnbamt ai ning plasma is used as it can etch
"carbon of Lhe PLelert el &IPOr Al e Ak Ehcdl AelerRasialger 120 is
gr ef%871 t hat® BO°F Res™and, ore preferably, greater
préfiaBly dParisiciied tbhbe namportiyalayerhOhasieg AadRe-(oRjANNE BPsTg 8- 2
etched. . A suyjitable - 10 Qtch RS ABteS irdhsaera Q1gd,/SiCly or
T et e e
Si€l/@IN, bt ) , ‘e ’0 e“o
whi ch i i.ncor par | NefB¥ed ©ID6RACIAYer| 140t 4 tatdgreater than
p}wlgg?e agat(‘t C%%tcﬁlleb%gt&?[}% ﬂ?e xed In@ RACKyer

a 02- cont ai ni n | asma can .
20 times and, more preferably, greater than 40 times t%e F3ate: that theahard mask layer 130 is

etched. A suitable SO,-containing plasma is described in U.S. Patent Application No.
10/931,772 to Abatchev et al, filed August 31, 2004, the entire disclosure of which is

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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si mul taneously etch the tenporary |ayer 140 and al so
renove the features 122 fornmed from -12 the
phot odefi nabl e | ayer 120. The resulting lines 142 in
the tenporary layer 140 constitute the placehol ders
or mandrels along which a pattern of spacers 152
(Figure 7) will be forned. (00581 Wth reference to
Figure 5, the material 132 fromthe hard mask | ayer
130 (Figure 4) can be renoved to facilitate | ater
~spacer formation by |eaving the tenporary |ayer 140
exposed for subsequent etching (Figure 8). The
preferred hard nask |ayer 130 can be renpved gsélrrllgo a nstitute
B Diatr bihrs oo it o
. 5 e i .
the ﬂh@ﬁ@eﬁ,orﬁf‘@gﬂfé“ra]‘i%w}c‘}f&sgacer t.cecrri al 1s preferably ;39
bl i depqicrebneers Bignmls, shegoaterial 3o fop LEPPLIRES <Y
i ncluding the har I itfon YyaeRiing e terapratary layer
(Figurred X 6P bgﬁamgved’e\ﬂgf?ggag% laﬁ gﬁaﬁé’ﬁ%‘r’éﬂ 1Zq he

. . .The ac .
14 Bidddor S@sefenaeyhingaFignicad). t st pre'rgﬁe%g?:dégasgslﬁﬁcgﬁgo can be

fof transferri . : wedath yorgrisingISF pad WH4F.
reﬁmt@ﬂ%‘&ﬁa‘a?f?%ﬁ\ﬁggf’g? Q%{‘ tfﬁég)e}@c‘:‘{hpﬁt re atr?g?a £.9:9N€ proferably

or @Bss bl oeki, speboes iwFigrdpot l@y%i%ﬂ 9511%‘,‘:“&‘5& © P 130 (if

di scussed, bel ow. ..Th td, alcludingf e alatd/madk) layer 1
blagksy dB@*‘&E‘bB%’?ff”é'bal% ?q'ﬁ; 8%%3%%%% %oV gr al,ge; and Fﬁ)eﬁgp&n be any
reniBnif©Pas the Gopatndasitlevalisrodthy BaRBHR AR HI '8 WPTT [ he

t e_rrFor ary | ayer 140 . hSlfideepdtRhelol the andenlyingdwbstrate 110 and
maggria %h‘f A PREN OXi des and si |1 cqn .nj teEfeg%?'a th1Bcd gtepolymer, as
allblé Bstarat edectivithadptiemto, onehe BRECEP it ertal s b ao0d step
" Sg Iler?IB (? 3{0%' dgie ;F(}gycglh Pl Pegerpslyt 1T ehabeadhpasitedgesh g9

ron wth other selected materi 0fd B layer 140.
col@ade; Bgd 8) armiee dEOOBBY 2bR SFRRT LY _r?ﬁ'inﬁ%t‘ggé ?cl)t? ﬂé pace ?r:‘ry ,; cweated
Pr%tﬁg : aa:teon%?so g&ﬁdboﬁliédﬂ,c kitiden ohizet ead sitgpmmitrides. In the 1

., using 03 and TE Iidul® dvantages in
entboidiieent athel speesAinateria) 43 s‘g‘éﬁbgf“fif’o%c%%éiv?&épu%{dﬁg a Y
si,l.i con Efitir$Okctall faterials@Xf figanaskingistatk.ogen precur sor
coqmpiga Pﬁw‘;\glﬁﬁ i'con o‘>:<i des. o nitr im%fe%al SRRE6h I; NcBhde. chéhcal vapor
t hi cjlonetis oPreferesd) ’é‘_ﬁ%‘l’dsl 6 P& prererably det er i ne
de(bpg?%?lgn,ue? N dlE0, des TESY tuifatrhsibifont dxides patt eP®ic I8

gure8). Preterably, the JB86or & fpaUkilida%xides or
wiing aguleesnerosiiter HOh b sreRa Sof e BB B e
ng {1 ﬁgégt RlpecAIRNTRGERSES,of dtcdaye 16@ jratreigRBlst TS

s for a high r MBS stk eotdnigekin elsant 80% or
desfiret! yd deRfJE P £B eﬁsg%r&%g Sﬁ'ﬁ%&g%brl])?r ol = IE:] (r)1 be ic ayer deposition
(RIRP Gl nhoke pesTatible) atou#fiSh of BieAFH gA@‘G‘F‘H’é%O“IS@'r atb?’o c;l;b- Tt control

copol yners, .sinc : G Bds A tieatepaditet] ayeh) Ik K his con
aippyefoy advigh ‘ih?'?en(?f bRSoIRE L the 84 s p

["Uenced by the thickness of : the self-

oo s L s
el gnt. o SR id il & ¥

qEpamazation, of %}heeblf) ﬁ?gﬁ@s’é&of t he bl ock

3 i lose t
JFpbIgHicAnaleriol el deqsobf paight of ShesReeRP %%i)m% %%gga&ly sufficiently close to

¢ Pq?{c%g%% TBh e Bl WBpAYaE inatdriab (Sphe alposiEd) fhajlgw some block
coplolymer ma?griatl: ?(? toi/ergjig lJtll?e ggager}s ‘i?ﬁ’ %!h¥lges{ill being continuous with copolymer

ddeposition, eg,

material between the spacers 152. Advantageously,' as noted below, having copolymer
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mat eri al between the spacers 152. Advant ageously,' as
not ed bel ow, having copolynmer -13 material overlying
the spacers 152 can provide a reservoir of copol yner
mat eri al which can guard agai nst the depletion of
copol ynmers during copol ymer sel f-organization. [0061]
Wth reference to Figure 7, the silicon oxide spacer
| ayer 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 perforned
using a fluorocarbon plasm, e.g., containing . )
mateGHAVEIFiSy et @s252 cay provids aapserysinefgppolymys mptegipt hich can

ef erence to.Fi qur . $ bi8drY
suand g O A i Lo e B QOB BEEARBIRERY | v
f rjeest]andWith sgferenestol BRureThethaesilinos| axidespagpiglayer 150 is then
.selectivel vy renmye ' ' tHokiPorRhIQG s 154 of th
i BEATED) b TER bk A oo e
partigllgyfpemed onegxitril viycyt 480 Seehcen ctghicHsCRNORP % & APAGE FiEH- can be
perfo%@qu g%{%@ |§ f&altBh %Qasﬁlg,oéfg; cdfiSinAgiCICHH;, Clre/cinse of EHF:/Ar

ntl'uence the organization of block
plasmgmpol yners, as noted below. As a result, the spacers

15&)085]” ORY ;1P Rtredce Qef-‘i%\ﬁr'bmﬁ’a m@ndfels digemporary placeholders 142
ani sotropic etch. In ot

r enmfodi nents,, .t he.hei f
(FigahdrRin s semaved AN Besiaitd) BroThd St & e 142 are
seledtif Byl ERBOEA L¥ink aNCsrgdrd s(rp gmhﬁs.l_)Premn'edb_etcehe‘thsmti%@lexmclude a

as go form spacers 152 of %ﬂe ge§k§ed hei ght. 100641
oxyepCANEHHIE RIZRRP ‘ft%}?’é}lé‘rﬂ?émte FPg8re?8, pitch .

mJFdUGQi i ca{d QBtddaabdveyThd aeipght agfc trepispasiasd 152 reaphimfluence the

il Tustrated enbodi ment, the.pitgh 152 drontionall
orgapigation RGPk FRPPLYFTEY 2 ey N afdsut, fe ?‘up”%‘g'g 132 gt optionally
be LHRACE . 4l Adkir(gHinganisondpicetdngilm athbyeritmdiraent he height of the mandrels

phot ol j t hography. . For .exanp Ofy QheBE Sdiected
142 (Fige fﬁgﬁégﬁa¥ﬁ%P%ﬁog eg OJ§. g%&%33§?§iacegs 1 R
as tdf@¥rh RPacarsplisk olff tiefdesipaiieigd®0  or | ess can be forned.

In sone e i mep - & OfiR% I rlitiblid86n hdLthus b
hadd®ar. tE(%a%f°°3g%€%d@%%&ﬁ%nw§bgg%gr’? 152 hgbilng 3 .;:lf::“
accqulzhedf n aloiliusit0ed embodiment| s piteinef the sRaGFdd2 1 OBEEY at

of %l q}%k(orgs?sq %ké@?izs afd ?pa@%xltZ_tL "(‘131%‘.1}69‘? oRBGhall REeE BPFiotsiithography.
e -organi zation 1I's facilitated to forma K 152
For patmplen whersr the rhotaresist linee 123 diad g BiRR %{)%"ﬁgﬁﬁ S 1Bpec™
havh grf})ﬁ@) %15940&1' 9h9 ARt s ksPLar ke ERRIY MArsoptdntodindrts where the
drsclosed 1n hlock, | EE Transacti ons i

phokiessist dotin b = YSFh oGeboNG 00T ESBERT )67 ha (i 2 P of Sbout 100
mngpﬁ%ggmngggggyre of that reference is incorporated

reference herein. i s
Y {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.

j0066]) 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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100661 Wth reference to Figure 9, a film 160 of bl ock
copolynmer material is deposited between and over the

spacers 152. The copol yner conprises bl ocks of pol ymer
-14 material which can be selectively etched rel ative

to one another and can self-organize in a desired and
predi ctabl e manner, e.g., the blocks are preferably

i mm scible and will segregate wunder appropriate
conditions to formdomains predom nantly containing a
singl e block species.

In the exenplary illustrated
enbodi nent, the copol ynmer is a diblock copol yner,
conprising, e.g., polystyrene (PS) and .
materhd® WiidiEédayeRideaeely |eathed FEHiig)toj ane gnothenend gsg. sifppaganmze in 2
~ratio w.th.a total no ' L Sfatab®f infidiskiglcramb will kegregate
desired| aﬁfid’é‘g’ﬁgﬂﬁf‘%‘?’ &an hﬁgﬂbﬁscﬁﬁgﬁ;_g%sol ved ina. . o
underS Rppr6ptiate @oditionsotcudorer dpmeme rrapfoningily BB Rt §m§

re
Subst antd al Lt | AbsholRAG@aSs iat diblock topolymer,
o Ay et
compPRingEres, pblystysuie b(PS)hands goly- By URCHACT, & -
PS:PW%@E \Evgfn Sltgta olecPBir ARRLESE G 1@fmbhathd diBlotiotaolgnerean be

I'ock copol ymer and the ratio of the . i
providedaisidiuerin alsobyekts e.gn dolnemnso I4§;,“15<‘*.f§ralalp',ethﬁ cepolymes e Sgh%%nélﬁﬂy a

to facilht - Ar:0akisgahd prrdandility ahd regubarigpanf thegpattems
the sgpg §jee ofiracl%#g) Oﬁg\kllﬁ’n@’ 1g'glgii‘sréed gdi Si on

mensi ons. .Th -
formedppiherseif orgeaizatiomos the F?Rmefﬁo ty‘ﬂ@ ¢ F%;H'artrﬁte@ thg* & l&%tﬁl es e of

scal e,
V10 1 d-.1i68tHR cohsiiniuat blopkd andenonamefrs argpreferably

eamﬁ@f)%g'& gﬂgmtdg%?ﬁ ﬁé or ki Eki ng{ whi ¢
0

lin . o
chossi ze fapflitath seltonearizgbipmPnd o (BRyEEUE %gﬁg@mﬁgit}l ong des!

dimai3ofs. [ Pnd OBk 'c@g%(ﬁﬁﬁexg oEed apinaiidic mihonerdengtio pesky terayerage end-
hay Be used to orm snal | e‘(r?ddor[‘gl r«‘;?yilinglg?k

to-ergolonty ms theceapobner d H48; PEYHY Variout “net hods, . 4

size | dPGhe!ideR dofhaths, Btiger 0Bpctymatrs MIpy tspusedda dorm daregy dpgppins an
coating or vapor d o§i tion, ;[ 0RGGInsTNend BiotkRESSy@Er can be:

shorten cOPAPHEFIBAY Fl‘ﬁf“ig‘b ¥&hB& Thosén based upon th% .

depSiRsd by Gariils tredtRodspinbmadfnes aBd sify-oniveatingy ShY (aFHEE, frpsh coating or
w |l be appreciated that, up to a particular

vapericpRAe¥s rel ated to the pol ymer length scal e an

t he
envypeérMenthd thisMatshoft the cppilymer By 1 @0 cap by saesgn dogs.eg. upon the

the di stance, betwee heigithe @bprefitted @ag afpo a particular
dcsziﬁizl?aﬁﬁﬁ‘emg&gSWer?e%stﬂ\?mg l}r{q‘%ﬁi gg? Ihy?o?ll)ent,ct qﬂf o§l%n lymers are
thicRhds8 Félated Rgthegobstaitrgs Sopld andehe erivirgBRERtig Yy thF 8P

. parallel lines | | fkidht (0P Bl §pabery 163y thé-cgpalgners will
dispopgd, egrche Idésﬁﬂcf %gt“(’:%h%ﬁg%%s%é%to Eraét ern, . e @i’m arallel lines, as
typlcal £o6an Refins, aliomating shbswitially BRelAsQRAiYy hptfgm p ’

. lamel | a cgg;,,,? Aol T 1 9). f Gyuoh ila0éllecchnf Batused sy pattern, e.g,
"‘e‘é'?‘gﬁr,l % r%%fnm S S'#é%g?iegg% Ag)oveuaiegart i qul ary & Bl ckNes&a features,
intdredrates or thet Inkerad oKipnsion pEREIamelias fan bRy
gt %{,3 i AboVbh GhrticiRr pRIKAERIsla@d o tieppbsed lengfiscale and the

copolyners will typically orient to for : ‘al : £
eemicotinl e e paD ARSI HPRseic e FoRgTadHs wilh ypically orieat to form
veSBNR E3erdRizOpiiRrs] Qdoh dheylnybisndespherar(Figure 12). The cylinders can

advantageously be used to pattern isolated features, e.g., vias or transistor gates. Thus, the

LK which governs the

b

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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advant ageously be used to pattern isol ated features,

e.g., vias or transistor gates. Thus, the pattern to

be fornmed can advant ageously be sel ected by

appropriate selection of copolynmer filmthickness.

Al ternatively, other variables, such as copol yner

conmposition or process 15 conditions can be nodified

to facilitate the formation of vertically extending

pillars or horizontally extending |anellae for a

gi ven thickness through appropriate sel ection of

interfacial interactions betmeen t he bl ocks of the

copol yner as as, t rate sur.faces
COHE"HP%*’K ﬁ%‘é?eo‘f“’t‘ édftPlfﬁ?'g %@a@%af &ertiealy, e"@&ﬂt&? pillars or
horizént&l |eﬁﬁ>ﬁdtngamrtehee He ghgwat tIubI&les§ RRGAEIS apprdpridé selection of

mtepfg%lglﬁptegcgg% aeé{gg%g&g %@gh%ﬂ%@ &° her aatéglréeg tqlg e sul?)strate surfaces,
ThePthtkhekisnF tBe EGMA01 60T Heemﬁwpﬂran ¢quabDtder leesrinadithe Réight of the
soitoh 5 KRS 0 U S £ Pl BT spcersco
hava Qu o4t Gge oS probididgns mbp@ymslofeatrectr i dhankks epibodiments, a thickness

.copol yners bet wee er 52..1 r '
oSBT B S5, B S BeD B SRR L g
' by fobig JsdFwed fsbnds ofcdpelysiersietwednshe spaotry 182, thérely preventing cross-
diﬂﬂ@:? kpceoi)gl))ﬁ%moﬂee‘t’ nqm YSIJFPO§S than about the | ength

copo ymer r exanple, in the
i | 1108€8]at eHorefvboihigiemellact the cop@mb]yﬁﬂm thigkmgastis prefdrably dess than

aboﬁpﬂ'#t leﬁép %Q&l%%‘? thd) @oﬂo@rﬁ&n% RhmpRE i Merﬁﬁuét&ted embodiment, the

Am or | ess, hore E}e erab
copatym lepgth sonledi ab@és35aﬁél endrihsrthiskeses ph e;ﬁlna%atefez@iy about 35

oy fes@ mbeSReferably, it 8ORRH bR and! Bfdst PrlefkdbBP Sbbit 25 nm or less.
about” 20 urn. 069) Wth reference to Figure 10, the
In ok gmkodigisal ickpess fyAboEbEYIYer film 160 are

al | pues] t ovsgl fer@EaRMN 38purd 16, B8 biock rcgaélypﬁatsl if theC@polyter film
facilitated and accel erated by anneal 1 n

160 plley ) torsghirareaniasd Thersstiroseadipatior €34 be Hhiiend acceleated by

annteaaf atﬁa&lﬁug?ffaﬁrhﬁteartﬁteg}atddscmnrt erfoer abhey tcﬁﬁﬁ&&ﬁctoﬁ) tieanncal is
Su i ci ent Yy

revent adver ectin
profUKIESTL I PO GrDL R BarEcH F) T AP e blodk copoiymers
or z’habagmt Qiﬂ)nﬁaté@ ititégrdted cirduit 100e Ih Iﬂtamnmtteﬁemmdmmﬂem;em anneal is

preferabl rf.or
pre‘%f %lyeg rﬁ‘ﬁﬂ "‘érﬁ' PSRy X‘Frg"‘? e[hpr & %‘t‘g% (r;r;% %%%& less than
aboabmﬂ“C%GQnaﬁﬂbremty, phaftaBaisl. yAdmmgteods&O@e anneal can also cause
crogs; Osgt agF RS cypoil hetl'se,atﬂgx%gy sgagﬂlzﬁ'lgfﬁre? %ﬁﬁ/gmtexésbfﬁr later etching and

'nkin copof ymers I ZI ng
pmtmmﬁamﬁmbvmers for later etching and pattern transfer

st eﬁ%‘?ﬂé gloﬁg‘ ﬁ&'n %tlgxﬁéﬁqusdlﬁge&é%é Sﬁ{ék}t isrkgo@a i Figure 10.

t he S s own in Dormal ns 162 of one
Dotphigs | 62 pEoiacigockesngeics. RE:, E‘:ﬁa andidempins 164 ezthe ptheplplog spspies, e.g.,

PMMA! Cht%@&h&@eef?tbg g aceRM% 1ebiiebd gﬁ;ﬁe@%mﬂ tHel\zes of the block
spacers 152. It %redlate that the sizes of
domsins 3k defermined by the sizes of the lock 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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domai ns are determ ned bythe sizes of the block
species formng them [00711 Wth reference to Figure
11, a top-down view of the partially fabricated
integrated circuit of Figure 10 is shown. The PS
domai ns 162 can be seen alternating with -16 the PMVA
domai ns 164. Both domains 162 and 164 extend al ong the
| ength of the spacers 152. [00721 Wth reference to
Figure 12, in other enbodi nents, the thickness of the
copolymer film 160 (Figure 9) is chosen so as to form
vertically extending cylinders (or other isolated
pillar shapes, including pillars having rectangul ar. or
the EMIL4 deorinsdifttalBath demaine 63 aival 64 exteed fjongdhp lengihpf thegpacers
150and PMVA. The resul ting arrangement, froma top-down
view, has regions 162a_ of PS surrounded, by region
164007831 PMViith refreenca fo Aiiguas @én*érﬂth%aﬁ%’é’m%%ft%ﬂ thickpess of the

copB A1 Rin 160 EFigurk ONisahbseh! 8 %s td Bri ddhichiPNextéddnguylih@dirs(or other
_can advantageously be applied in sone %ﬁrﬁggenggts ional
isolpted PPlar shapes. derluipayilapthaymgertangulan oF pyRLy PO Ay ERsssectiona
ared8) E‘?x}{ﬁis?{lg bsahy rﬁ?M$'S ﬁmﬁﬁ?mgdﬁiﬁgﬂ&)‘m ri&ﬁp-:iywn view, has
applications, incl]uding | n ar enent s
regiope 1633 of BS surapnded vy 15eieat { Siagef ﬁf?’%’g‘k (P i Brrangément can be
useﬁlg frZBRhRk, %gps,ém&@g&éso Hﬂ'aﬂo_ﬁﬁ&ﬁ,thwbiill?ﬁ cafndaiageously be applied
_ advant ages by_providing a higher surfac rea
in O QRO 5Y UPIR Y CEr SR G payes of features,
sucﬁ’%aﬁ%ﬁ&:s Nor ke Rd ﬁﬁﬁgsmﬁ&, idhwiivgs DRANAY Eln$alr:1}e atrangeingnts, the
renmoved; | eavin ehi nd_ t spacers 152 and t P
P S FoHTRAF QoATe BOIOBET SIRDAET URc By Phich can have
advRSEERbYipAeyidinga highet furfage grea stieiurg acetic acid as an
etc f. ot her enbadi t r -ahi S0 [ :
Rty |, ByEPe ORI,y R Rl A ORS00 1
arehgleetiehe deradved, teasingr bahitdethehrpacarh @5 tehérthe PS gumdingod62. The
appreci,at ed tha ' AS] t : hant.
R BB L DR P08 B R AUAL 81 kv
In @thpempogimanssd dener guisotresis etch oribeiappropristy wégreeone of the domains
oodi | | i Sls¥ons of th
cw TR kg B0 PRUATD0 0 0 B0 ot v
resaltiog tfes2Ores i can separ densuding optheeyzeo Pf 4ho GpPPPmpRIsed; and process
itkdns D egi | Bsuft ool iRAhGgedull§ BRprise PS
o a N ?n is%g-f “an %@te ,&g’a%c a{%é] r ?@%az can be refov ea§ prise
dompist badng ¢ hetiet dimensidnmf BRE 2OV seRSFAFHOY BRfces qiahogy20 nm- It
wil‘gbg 'EB&Eci‘aJES 3 Stirer c;lrl%gdmﬂeggz tht Py _&&nﬁﬁi €62 BedForl the spacers 152
Igure 14, the spacers 152 and donumins %gz.gﬁn by ugﬁd
carglee @W@q(mﬁ@f‘d’ﬂﬁﬁ%@?‘ﬁ@g the BMMA doipagin )1, v (Hs‘flﬁ}ﬂu € spacers
15410. For exanple, the substrate 110 can be etched
22{ i Fl/telhsv g]? 2%%r§§c:‘:qr)ﬁg'hgeurg 14, tﬁen spaagérg ?g{ gtpci 3on%}ir(1:shl 65'1% 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 substrate 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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substrate relative to both the spacers 152 and donai ns

162 to transfer the pattern in the mask to the

substrate | 10. In one exanple, where the spacers 152

are fornmed of silicon oxide and the substrate 110 is

formed of silicon, the substrate 110 can be

selectively etched relative to the spacers 152 and to

the bl ock domai ns 162 using a fluorine-based dry etch

chem stry, e.g., -17 such as that used to selectively

renmove silicon layers relative to photoresist. It wll

be appreciated that where the substrate 110 conpri ses

| ayers of different materials, a succession of It will b
such @i tf£need 1€ hamtsztely emovprsiicon dayeys dﬁﬁl"ét‘ehphomres’s‘ t will e

h e eri sion
appregﬁ%géﬁ% Hﬁl‘%iﬁ, %‘ﬁ lsu skt)r%tel“ﬁ% %o{nﬂn%é(i&ﬁ%séf\@féf Rirgdt dlsb b@ug:bs

ayers, a single chem st

‘of diffbreht EHedfidtries) pﬁfexfabb'l dry{etvé Q!iefnllséql@snf:an H‘éf‘é‘?‘{ gﬂ glcmfs?wely etch

throu\é\"h 'g'iﬁs% bff?; %E 1%%6‘ m%g% 85@9 chhﬁféuy @sfﬁcg%gir;ﬂ;?gf 5:; ?gmz hg the different

matefifle HoviRiahe bkGEpmreipteld @@{@pgﬁimmﬁ)gé %c{lﬂmstncs used,
the sé??ﬁ%ésﬁ ltﬂheti: nga%s 62]r§a bt SHRAE R dttrﬂll?m_'nﬁh réfaence to Figure

acers 152 an [ 162
15, iR @omt leait®lliemanes ﬂteopqmﬂu ed by RF $RIPYS ﬁ.gfg%mF §Ytg?mi$gf' can be

e 2 ©I1abing Gob® etchukittivityerelative to
trans:‘.]ﬁgxiegncg ﬁgx %gﬁ%nﬁ?e et C%&l& Ydyb 17 ¥ &obd e

ng t he substrate 110. [ 0075)
subsh“hbh&tdﬂats beforsretahing the sustateddfrd by theory, it will be

ap 07 gﬂ %g}nichxﬁ& zﬁJ%ﬁnoxdistoewmd 15 tﬁedty,spwdl bs aprueriated that the
at e eto erno amc con

dlffepmo blmk spefigs qaarselifﬁggfﬁ%at% Usie tB aﬂ%ﬁ% ttg‘?? 1 8 process
\ &E%'J 2 SpRiaBeh bﬂﬁlate%xaguI’ﬂecheﬁprgdnezag?;atggztgdedllyzthe spacers
Slmﬂ(TaE %ur S hg) whi ch engoura r%enl QIS lﬁeuﬁl'%k l@bﬁﬁiﬂﬁer@fto orient
152 t(Figuts| %wheréw%@s% © co&?ﬁ’ %Qnerrse ves al oneg!d e
thenksﬁﬂzgi gxllc?afg Maelgﬁ%&ggﬁ g«:lﬁﬁcerk tlSWJnI IIZ wyélgévp mmﬁgﬁwizﬁg eh s; t
, UCH al

orgqyg@kprh G frefieincd ﬂg?r§ ment e%a%ﬂl E Sful 'thc cgﬁgl?m

ORIV Sbla e Jhakﬂelf-ofrgmmtahen san be dlegistst 2B theorprolympep dilm 160
epleted if the co ent endsle vf ek E}Qﬁnse to be
BXt@ﬁ? §ECTGPO ARFEE P éﬂsé‘p caus?’%ég%jag%elg in the m dd i

of,
forrh e RN Bﬁg&niz@d hﬁ:ol;fxmrsrem smr[empdmeggmt il also %e apprecnated that

the- ggbc%gepraf Exa 1t6ﬁ K P n%ﬁr% on EF@&II fthlfcllc Ittcr)n Wilehd I&g&& beengc*;Jlrs 152 to
proSidé hirésesiir dfitoplymers dsat tbﬁ selbpeorization vébg'ttécicg\% Eveten o spacers

rovi de a re

GRPQLYARI 2 fs@reftlably chosen to be sufficiently
ISdeWrcS?’aanl za?qlgn\é% %%ﬁ oceurs between the  Spacers
smdlBd. milkbniee terdepletion effest BbeARSEOXFT 'P1#E “8PHEE s 152 i s

pr efo%@b' yﬁ? Bg\ F?mta&i:ﬂ@nt? ;tﬁé k&bﬁﬁiﬂrygloxs padve the spacers 152 can be
e dep etion effect that can r
enlhx@eag éeypnpahg @gace{sobSﬁs] ueh ) FRATEEREY 20 n\(e})(r%itgg ad‘?%xﬁ{gw for forming

wel %? kf KA R0MR rElBﬁveS}Jﬁ&Este@ﬁﬂte@ spechns 152.
é‘ ar ge ond t he spacers

canldVive ad&%gq{@@gcer ngrrenH éle s% sI %{hairegﬁgfﬁgtﬁgures 1-6

ned

Ca‘hgg%gé & SHME SPades 882 \vsﬁltye widee [of mqpmlsaﬂ&j repliing & a partially
fabricated integrated 102. The spacers 152 and mandrels 142 overiy a hardmask layer 112,

which overlies a substrate 110.
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100771 Wth 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 mandrel s 142 overly a hardmask |ayer 112,

whi ch overlies a substrate 110. -18 [0078] Wth

reference to Figure 17, a first |layer 162 of bl ock

copol yner material is deposited between the spacers

152 and al so over the spacers 152 and the nmandrels

142. Advant ageously, the mandrels 142 provide a

relatively large surface area which allows the .

f qooms) i onwath referaceto FiguerlVop first Me’b?&o‘?%@%lﬁf’%%fm&"al
. material _The bl ver Wt @pdcals 152Mmndahs mahdrals 142,
15 de?%"?%b%ﬁ%%&“c%ﬁ%%%é?%ﬁ? iogl di s{):usse aPOVe, .\ o s the
AdvaaREPsusE tig, mendyels 1S provide PRAEIVERHBTEIRER Fey We

sel ecte hi rer[ MEXé84dl. ViChd block copolymer
fom?t@"e?{eﬁg%} c;% |g‘§fel§?8(?q{1§% g%&gﬁl/ners ne.aldowad to . ps
matesigll can be gianilaz t0 theMﬂCEﬁOE%ﬂ“ﬁé“%tg’&aéldEF‘éstS%cgabé’Q’?’ s é‘?‘ &8

i ' ckhadaras gate@dbdvet egrat ed circuit

and%lgl_eﬁ,ak?tg %ﬁ%%ﬁg%élgftfa-‘ gﬁr;{gani zation, a first set,of self-organize

al [er9at | Nthorshaenes te &3eus% 1§ 1he AR EREE RS 2. g A
whicgs 329,09 {easog.}%,qmwagaw partibily Elbrisped inegrated gircuit 102,

I\ﬁ%\, are formed in

t he open spage .b ies. e.2.,
UG L T

'gure 19, sone
PS, 91 4R REkordinEaBinaS blotk gpecict neg. PPRIMA, o derined in ghe open space

are selectively renoved, the pattern defined by the
betweemﬁieﬁpﬁ?grsdé?rai ns 162 is transferred to the

ungigyshy i NovhRkeeRake toaFignrelER séwe @f thephlog dempias erpihg block
domeiomShears Ssteatisaiems ik K R TR oty B the bl Biiene 102 i
cenQhrred ©ahaiRferiyibg Harinidde ldyar Ui2e(s &, buye Anisatpopiq gich gefqetiygfor the

appreciated that, in at Vi eli "Ravih@ BEMAE® S pattern of
hardmpgk daysr §d2) P“ffgéheoﬁaon&%}ﬁ g erq'(s%\,/msé(’s1r shown i EF;‘H_Fiegur gs T
T B e ouoy et o | St 05

y | 1 : andl} u
1 . 1 mn s m

oAt S e I

material, t i HieeH th drb @42 chie fill ldyert 6 is preferably
the &gﬁgcso@fzv\tge%ﬁ’t 1{’&@%‘? g%s?&&r es‘,3 11%%&35%%0 of the gaps petween the
forfatdbfis ipkinazing ratdrial that ean R PuR|on| <2 fill the gnps b

hot,anesi st f i2hoQRatEi Rt £F thid M (2$60)16 ifitiedefpbioforesist or a
feafic o Pxithol pfolabilathelife

e planarized, e,g., b hem al hanical
spitre dixkctrid (SOFMH i Bisi fHYlayer! lgtceﬁ g% p}fggﬁze?be-%h gﬁ !r:'kéerr%lﬁaé jmechanica
pol%ﬁ?}%ﬁ, 12l Sadidid bR B%PAS ethndits 142laustxpateddas iflowaied.
re

ol e s M i 2 15 AR 212 gy st
waﬁzﬁg&é}%e% qfig\;rg G206 seqpal iyyee r 80w eppalymers m@,@p\g]sistd@ggsxted. 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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copol ymer material preferably occupi es the open space
bet ween the spacers 152 and also overlies the

remai ning parts of the |ayer 116, formng a reservoir
184 of copolyner material over those areas. It wll
be appreciated that the copolynmer material can be the
same as that deposited to formthe |ayer 162 (Figure
17), although the material for the |ayers 180 and 162
can be different in sone enbodinents.. -19 [0083] Wth
reference to Figure 23, copolynmers in the copol ymer

| ayer 180 self- orga nize, e.g., during an anneal, to
fonn a second set of alternating bl ock domains 186 and

1[%83]W t Rk fegtrBiteao Famirt @By @palymeonia thé conpdyrariiayend 80 seif-
t he domai ns 18 are se

orgamlzgewg néprineraomnnedetoy o 8.860q &t B%‘Z‘lﬁé tv\{BQﬂQr MESbmains 186 and

ef erence
188. PR fdnRe &P FighRe24) dht 6f the dlefnans,de py thetdormpinselidisars gelectively

is transferred to thF émderl yi ng hardmask | ayer 112
removeddeaving behindthe AP 18 et ch sel ective for the

hgf FRSK Wil @kfeiched tcamgutdms therpiticte rdefifed By thq fomains 188 is
er

116 i s renoved. e S Sich selective for th
UanSfﬂ’a?datﬁélﬁ%\“?e’émglhﬁ’émPaﬁlf @% | on% %P gltq ﬁ‘gﬂ%'?%%ksco?e The

" hardnsR §0ef 2PD) dﬂﬂethe I?&hﬁfnde&lofvthet 61 lagarH 16tis semeysd- \fpepgnding upon
exposed surf a r 10h88 apRSaRal with

Pmeﬁﬁwpaéa’flﬁfﬁ"sd’aﬂﬁ € Wt‘ér\ﬁf Oé‘g ?H%egg%lgs]oﬁs}g@ gt ed ggt??nr:der S, 4

each bk MEWith ekpoded sﬁ&‘aces,e&p deanirgel {4 and o ggn appear, in 2 top down

wew,f‘}giﬁg a eo%% é)ﬁlaldgrg %Ié 1’]%@1'1@9{&Ep%cubﬁ9)ause t he

ve been forned separ
t hoess] f eahwmamhb én ptidecmbodmgalf lgegatfsmﬂbe gefatluf ;114 and 188

gat t r ns d’f){) Alst pAhRG dah B BRAE RNGrpadice mﬂﬂﬂfftncmlattems by

ype of pattern. For ex | e
estabfxﬂﬁﬁglﬂﬁsawtdpm coustitions patheciesirest %g‘ ?\ﬁr egample, thef
eat Ene:s, Qﬁﬂé ﬂfenfe@tizresl 188 amn fdim g pattern ©
featuEegnllé cconﬁ%ﬁp& Winl

di fferent
linesC OFio¢ yarebe g@qmzhshqd@ 6L ,tgqy ‘Fsb‘?&# %L@ffgh CoRo 1¥IHBI‘ ?oméatosn;ons ]to for:)n
fhe dndastgrfthobloghsgo form lines by
each q%Ahekfreatll% lcl)%ﬁ)r tiIXS '(a&q{ ﬂ&gzie%gte he 1
decreasimgahs haigit ofdhe)spacery A iz',ge 2> BUEES glv{'lhﬂr % E&tk ng%cée%;ﬁ expose

the r{xﬁmﬁép 3L ( Flg&% BN G eddtid} 2hd Sikgbddor2Ppcing ﬂpcﬁxd:gq‘l fieagpes 114 or

e Sl ze an

188, Whiwtdies dings ﬁggor;\ﬁay%f Ipsgfs:? g%g\?cﬁlsnf eeao‘ﬁ%'lry%% \;lailléd 9{1 ésﬁapropnate

Fars,
seled &%@%ﬁ&ﬁ@ﬁf&b&ﬁ&ﬁaﬂv&@;ﬂo&ﬁb doyditiensy. , appr opr i atqg
sel ecti on of chenica s N$4 and 152
To0MBE! W (b SRR BRTE R e Q‘g’ép‘% qﬁgag%g%er shlhhlié‘z = i
can 8B Gistd8s gQﬁ@kﬂ’ér pilodessig dme voderlyieg suhsHatgd 19 A Rluptggted, the

processin the u rlyh fEredl{d. thé\Substrate 110 using,
patt?fPICngf‘?dan&‘ ‘H’@ams ??‘ngr% g’éfﬁggw t he dotn% léss if4 d bove,
aﬁdan;s'aao@a retomeetecmsﬂoemeemtml forming fye srbaae 1 16 ASPRlsd @

n.ani so t %g 551 §etiansreted thhehenad @ror@lintervening
in ?OHFITFW oqipgn'sy set e"? As “not ed above,
hardmask layers (not shown) before being transferred to the substrate 110.

have

[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 specnes Morcover, while

the block species of the illustrated embodiment are each formed of a different monomer, the
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in sone enbodi nents, the pattern can first be

transferred to one or nore intervening hardmask

| ayers (not shown) before being transferred to the

substrate 110. [0087) It will be appreciated that

various nodifications of the preferred enbodinents

are possi ble. For exanple, while discussed in the

context of diblock copolyners, the copolyners can be

formed of two or nore bl ock species. Mireover, while

the bl ock species of the illustrated enbodi nent are

each fornmed of a different nononmer, the 20 bl ock

speci es can share nononer(s). For exanple t.he bl o g
block mpmmscamashabeenfoopmzﬂs)of Forg¢xempice the dlgck S@PC*FPoﬁ%hB‘? ormed of
d:ffeéent set%fofvmbr?an&%eso%ﬁofsﬁ'ﬂﬁh D& tHeAShrRE of Qan®E Bfmdd6f the same

a different distribution in_each ¢
monbinet; Kout Pn ef diffeising distrfaitign fip epedh blogky SPrgferably, ﬁgqrg}fgcrcnt sets O

formblo & Miebfertitls GRGER L&Sd 68 s€l@Brganization of
mongihee t% %Kécé(??t}é{é@ggﬁfézrartﬁl on of ° t he copol yners. [00881
thedapobrmm enbodi nents, the hatdmask and/or tenporary

Z&ISFEV € rlh Xhixg em%dm%Hpss e HaRintAR ahE oﬂmﬂpbﬁﬂy laE&r overlying the

e phot odefi nabl e materi al. .can

substeete mptme@mqéy Eormeragpiea thepiqtpefigable 6%%&%1 b’F“é %gﬁ?‘ﬁ““d of or
repl%&g ng%%ﬁh%ﬁ%b @Qﬁc&ﬁﬂhﬁbiecﬁlﬂdtﬂelt&ﬁﬁerﬁmes anp amer conditions for

t - | | | ustraged
et by oRERSL TS ISy L0 e
gr'eﬂtpreg ! éllb%nféaﬁxéle hbf aﬁlsﬁfkdanﬁ(fﬁr fooning lhg;hh:]ugllty spacers.

qual it spacers ile | PLOSE:
t hrl kwb‘éﬁ/ cﬁ%%xfge rtgrﬂxéﬁl # mlf {Ryer et ehaﬂﬁf mvolvcs etching
an HRLEKInY ﬁgeﬂ Gy 6dessifl m&es@ Mg triasko u@rers han rimekvel amcyng layers
can |nvolve subj ectin ers L S
e o v o o TR B, BB camle
ro@eﬁ’lﬂ@bﬁx invielvRCies Smﬁ&n&ﬁﬁn i diffodivre doping,i dqpbahngtqrovpt etchmg, etc.
di f fusi on dopin itin
e TS O 5 R g, T RSOt o e
as 2§6p bi Bitriet fve cheraical lagtfhlamcdamhblgngj £EP) g1 C&/Ifgga@ﬂaed?erfonned on
ey g Sl SREMGRLATRIOARLARL 8. balth O (MEhIcfinEMRers, o5

on ers | ow for th
disdusted mILaSaPmmmonahPm @pwhptr@ e %@%ﬁ?&eﬁleg?ﬁ‘ﬁﬁch 28, 2005, the

ers Rtyekghonal  Pat ent
entxAp% Fclos’ufe cgf r\lwl}\é)hsg gr%?xg:gra'téa b? ré’erlel ed Merch 28 2005, the )
ent j0020]di s& owlditienofwhillsi dhystrajed r"r‘BBll“’ﬁo oty epgmplary sequence for

fabx%?e{tx% g?m%ﬁ rc‘xarlc ts [nOQﬂpﬁe Iaﬁpr@(ﬁlﬁéd HRP the'\brefefred embodiments can be

app to an exenp uence,. for
appfliad in caaioizs gthpmgp@pagpéﬂwbgq the) fqrgxatu?r%/ ﬂ?ﬁagiamﬁ gnth very small features is

des?r@é) r PG &taﬁxglet ﬁﬁt rdfBfeduntRinieE Ribedppidits fc&mrgrhelgs, disk drives,

plied in varlous ot her ap i on .
stofagp meadiapAr éq'm}ﬂ%{taq er masks oy c{?}&rﬁaﬂéqgmﬂiyv}'g%w Lﬂugs mcludmg X-ray or

umgﬁﬁh&% aFE Pr exanple, the preferred embodi ments can be

app [()I()gl] © ﬁfxc(c):glrgmggrl)?,t ’tI le Sbc: a%iat%lc(lad ; Iby%?dsc skilled in the art that these and

various other 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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storage nedia or tenplates or masks for other
i thography techniques, including X-ray or inprint
l'ithography. 100911 Accordingly, it will be
appreci ated by those skilled in the art that these and
various other om ssions, additions and nodifications
may be nmade to the methods and structures described
WE 8PQ¥fr. W t hout departing fromthe scope of the
— 1nvention. Al such nodifications and changes are
intended to fall within the scope of the invention, as
defined, by the. appended clains. -21 WE CLAIM 1. A
method. Breasd SLRRRERdRiaresRisEie s5meliart o1 no:
f or m ngfoamirg Sfirsset oDblodl dutkaiatosm@i B Semivendudtor substrate, the
seni conduct ar, subftrate the first EEI ca&gnisin a
pl fiFshpstegmprisiag g Riusply ofsepated groups GE Rlogh Aampas. cadfugroup
9T &Rpri Y PPludlitPoPol B difsY tHe b1 ddk Qokna e T8tk subdishtially
bl ock” domai ns fornmed substantially by |ike bl ocks of
a by bkkbleelsafiarhdeck eepelysgbeeduent iy forming a second

set of ' i :

groups O bg%iﬁgg% gorrgllglnagse%%g%%ﬁ%mrr%t odnatcl) eué g?%rgnég%g& the
wh egperaredf growpsng bidek dbmass. set conpri ses: providing a
plurality of separated guides for copol yner alignnent
over the sem conductor substrate; depositing a first

| ayer oThdmehisd 00plalny TEKEeréin foRALE the Tt wersdniphices:
guides; and formng the fir et of bl ock domai ns

t s
fr om t heropidinga@ ply Qfeqegarptﬁg gyides @bag@éymg_a igpgent over the

met hodo Afucol diddirae: Wherein form ng the bl ock donai ns
conpri se annealinq the bl ock copol ymers. 4. The
4

met hod ddpositiag mfizst l4yer phldeckeenpphimeinig spacen betaeen g guides;
pattern formed by the first set of block domains into
an underlying hardnmask | ayer to define features in

t he har fimmsilg thafiest set®f bibake domtine fromfthe blackrepolfruers methe
cog?rising depositing a filler material around and
ovd®the features in the hardnask | ayer.

3. The method of claim 2, wherein forming the block domains comprise

annealing the block copolymers.
4, The method of claim 2, further comprising transferring a pattern formed
by the first set of block domains into an underlying hardmask layer to define

features in the hardmask layer.

5. The method of claim 4, further comprising depositing a filler material

around and over the features in the hardmask layer.

6. The method of claim 5, further comprising partially removing the filler

material to expose the separated guides.
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6. The nethod of claimb5, further conprising partially

removing the filler material to expose the separated

guides. -22 7. The nethod of claim 2, further

conpri sing exposing the guides to etchant to open

central areas between edges of the guides to formthe

spaces between the separated groups of block domins.
The [

d ez)os it ?ﬁ% Eg&gg of ng A erthér%%InEﬁgmé Q)EER; 1'1% tﬂ@guxdes to ehchant

S pac@en bedtoil ereimbetwngl dzdges sfthe padesatd foxﬁn tbkepdcesjbﬂwvecrsthe

in the s aces. icb The nethod of claim8, wherein the

guigawied ?ﬂs gﬁgggwgmﬁlsposed on sidewalls of the

each of a plurality of separated mandrels. 10. The

met hod of claim8, wherein exposing the guides tq

et Bhant Thomsihprd 6§ cla%7efeﬂbvépwppgﬁﬁéﬁmlttnﬁ@ skeardriayes of
111006 W&g iPlhe g]!)a%bmé%oreffb*ﬁﬁlhg {he%gémﬁ'sét' dt%lock domains in

transterrin pattern forned the first and the
sethesgacset of bl ock domai ns |nto the under | yi ng
substrate. 12. The nmethod of claim@8, wherein the
first set of block domains form features chosen from
t he. g r OTRe pothed f i:lagn Bf wiveeeit itlmagmdearminba'm spiasad$ dispaed on

pilla ver Jln , in the second set
of SIBF‘?S oé%?aﬁ{é ? Bgraté’ﬁh ﬁre?sf romthe group
consi sting of vertlcal Ianellae, i solated pillars and

vertical «cylinders. -23
10.  The method of claim 8, wherein exposing the guides to etchant comprises

selectively removing the mandrels.

11.  The method of claim 8, further comprising transferring a pattern formed

by the first and the second set of block domains into the underlying substrate.

12. The method of claim 8, wherein the first set of block domains form
features chosen from the group consisting of vertical lamellae, isolated pillars or
vertical cylinders, wherein the second set of block domains form features chosen
from the group consisting of vertical lamellae, isolated pillars and vertical

cylinders.
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