METHOD FOR FORM NG HI GH DENSI TY PATTERNS BACKGROUND CF
THE I NVENTION Field of the Invention [0001]

wEpimoarivent s of the invention relate to sem coPdnUEZINNG/081474
processing, and nore particularly to masking
techni ques. Description of the Related Art [0002]
There is a constant demand for faster and snuller
i nt egr MEFHOD FOR FORMEV€ TR RGN EY PANTEORREed
circuits may be nade by reducing the sizes and
separation distances between the individual elenents

or el ectroni ¢ HEVKEEOUNPHRhFHEINHINY B ed circuit.
Field Tfﬂ! {Evr ocess of increasing the density of circuit
ross a substrate is typically referred to
apobscal imgbodidiéntd of 8Rd lifvedfiol helagderBashitMHdub @8 tRbceddfl, and
small'er integrated circuits there is a constant need

more paticulabhiodsaskingdediniqugs.t o form i sol ated features with
a high density. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0003] The appended draw ngs are schematic not
Descrip@6£ 88k ReYarllf AN to scale, and are nmeant to
Tustrate and not to limt enbodi ments of the
i (0062 i orThefdli® @4pndtig Wemahd\fordaerfandwimetear mtegrated circuits, faster
illustrating .a process in accordance with one or nore
and staplss anthersted Cdlrcwaﬁéﬂabw@émqeow refie@}%]t FPigt @) pjugtion distances
&Eaeg £es
bctwegxgg%r aln\{l:%ﬁxe o Seé)ljo!?lg%%d;nzg gﬁ\%c% ot g asnf in@ci%rated circuit. This

procedsrof @intréading thOQG]ty oif giscet Aeinbhtsatnosd £sutBtrate is typically referred to
cross-sectional side view of a partl ally forned
as “scaking g r g éde%lﬂtrth@ derpange fos fepig caad vimal e gcgaptedrpir@lits, there is a

consta%ﬂ’?@e% xﬁ'ét%o ?11 slgghﬁggt\é%l%’}n %%Iat&!dof?%tﬁ? E\%lg]lrjaﬁrlglglgéensny.

integrated circuit in accordance with one or nore
enbodi nents of the invention. OOO8| Fi Hure 2B
i |1 ustrat es BRIEFIIESSRETIOMOT JitHeD; St he

Lal | or.med rated f ur.e 2A a
lto ﬂ@bégct ﬁ&%aﬁppF?dﬁlg%ﬁ% Sgh léu‘"“gz “ffxes ”Wm"ﬁ‘A“’ o, and
are méint &FillbAguPatd &% fo Hﬁnt%ﬂo@f&eﬂ%@ﬁh@ﬁﬁeﬁtﬁdmd in

accordance with one or nore enbodi ments of the _
i 084} i orfigure 1A is a flow chart illustrating a process in accordance with one or

more embodiments of the invention.

[0005] Figure 1B is another flow chart illustrating a process in accordance with
one or more embodiments of the invention.

[0006] Figure 2 illustrates a cross-sectional side view of a partially formed
integrated circuit in accordance with one or more embodiments of the invention.

10007] Figure 2A illustrates a top view of a partially formed integrated circuit
accordance with one or more embodiments of the invention.

[0008] Figure 2B illustrates a cross-sectional side view of the partially formed

integrated circuit of Figure 2A along the sectional line 2B shown in Figure 2A.



[0010] Figure 3B illustrates a cross-sectional side
view of the partially fornmed integrated circuit of
WO2@a0es93A al ong the sectional |ine 3B shown i PCRU§08081474
3A. 10011] Figure 4Aillustrates a top view of the
partially formed integrated circuit of Figure 3A after
transferring the pattern of pillars to underlying
Flgurﬂﬁkdé{ég tf]ca}fagﬁe?n'(ﬂr ARG NRE Wikihe@NB a‘%onﬁQﬁc% with one or more
ments of the invention. [0012] Figure 4B
embodilmknis bf Bteasveaation.oss- secti onal side view of the

R
integr técg(l:'i?cgms(ﬁ‘ljl \er h@séc?iBPzYl'lﬁW?:ﬁfshBQﬁ I?P{gﬁi'eai/lxy
I nte rate Ult 0] ure 4A after one of

t [ 1npskimgark ay&atlastfaa@ daep meme@fuheﬁammllpﬁﬁmed anaeated tibcuit of
one or nore enbodi nents of the invention. [001

4]
Figurer} 4y after sm@sfarming thearattgmepfar s tosaeder] zﬁw&m%ﬁka@ Igyeasingrecordance
W”hd%Pgn%%%%lam“M Bﬁggfﬁflﬁ&% ted circuit of Figure 5A

sectrona i'ne shomn in Figure 5A. [0015]

F[tmunp 6AFikirk U [IR{s@8ted at @Bss\Weboraf sidBevi@ardritd lpyrtially formed
formed integrated circuit of Figure 5A during

integraled os¢uis Wit igire 4 Asplergsthe seationdldinedl hownar § 1gune 4A.

DSRET oo Foo ROt AoRRi< PiiEr PRPRRy BrmedSegratca cicuit of

Figur€d Q35256 d1AR@magiifle 1&9%%%9%6%%%&& trPAdeirdaRed Rih one or more
Integrated circuit of "Figure 6A along the sectional

embodiimeats@B tighowmtion. Fi gure 6A. [ 0017] Flgure TA

illustrates a top.view of the pa ally
i 044t at dazwe A fusBplcEiRgPE- S@ﬁ\tl%n@i élded‘éi)%sﬂ tﬁwa:axfaliy formed

mtegrst@ gaﬁtﬁmlgﬁ%%ﬁbn fﬁeésafmqp%glggﬁhwmqmg%e FRr e

I ment's venti on, Figure 7
i [0015] r atfdgura 6¢v idisstraect iopnadw sf Wle puitially dfrmiet éntegrated circuit of
partially formed jntegrated cjrcuit of Figure 7A al ong
Figur¢ e dwsgidspagition plea ?}@C@h@\ﬁﬁﬂ?homP@@F@nﬂﬁcor{img}’% one Or more

embo?h%H&Eﬁ%ﬁuhb&H?&rates a top view of the partially

ntegrated circuit of Figure 7A after etching

t N 1spac efigirat 68 iilalstrafes acQosdanienaliside deve drthepasially formed
enmbodi nents of the invention. [0020] Figure 8B
integrptedl ggewheldSgeredriodgugs Besraivap! el hoan 1B igweoA.

pfd’d]l.n?d | yFlfgL?rre%dﬂlustrates a top view of the partially formed integrated circuat of

Figure 6A after deposition of the spacer material m accordance with one or more
embodiments of the invention.

[0018] Figure 7B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 7A along the sectional line 7B shown in Figure 7A.

[0019] Figure 8A illustrates a top view of the partially formed integrated circuit of
Figure 7A after etching the spacer material in accordance with one or more embodiments of
the invention.

[0020} Figure 8B illustrates a cross-sectional side view of the partially formed

integrated circuit of Figure 8A along the sectional line 8B shown in Figure 8A.



integrated circuit of Figure 8A along the sectional

line 8B shown in Figure 8A Figure 8A after further
we@t@hiongyse he spacer material in accordance w tPCDH82008/081474

nore enbodi nents of the invention. [0022] Figure 9B

illustrates a cross-sectional side view of the

partially fornmed integrated circuit of Figure 9A al ong

Figurd RQ a6t ifomigl &inBe ABe showh nbtefik0w eic@dad@048h one or more
Figure 10A illustrates a top view of the partially

embodiments #f thetivggnéioed circuit of Figure 9A after etching
t il lars in.accordance with one or, nore odi nent
olVteBL | i 15h PGSR P oTeR i St L iRs ParUa Tormed
integr&tE@r?i?Clﬁte(ﬁ{Pi%\j}@bA_S‘dl&’tﬁgrtYlé eWiBhalifie oBahbivakh ¥iduhs oRd
Integrated Circuit of Figure 10A along the sectional
| [0023]LOB FBjran OAnilEtogisen h@Aiew 00 s paRiadiyrfernkbdAintegrated circuit
Jillustrates a top view of the partjally forned )
of Figupy 2radice gichingcthif UbFs i girPrlanesavalpt@F g ghaefgnindimgents of the
inventidh @ccordance with one or nore embodi ments of the
Invention. [0026] Figure HB illustrates a

C[01023} sedtip@oaloBsilidstrateseavemiss-tdisiopdrdidealieyw dfohegdrtially formed
) integrated circuit of Figure 11A along the sectignal
integrpted eirquigpidtiswg 104 gongihe seetipnal [ipg 298 skp vy preligpig 10A.

il rates_a.tqp,vi.ew of the part,all . o
M) o BB PR s PR Wb o R npqggted creui

of FiSiR@A6A Afdrefordingl fluds ao LR chith BRE 0P indi®lehbodiments of the
enbodi nents of the irnvention. [0028] Figure 2B

invenii¢i.ustrates a cross-sectional side view of the

ially..f Nt ted ci it Fi 12A ..
DT B PR e Sl P b by formed
inte gr%g@r&ﬁ%ﬁﬁ A Dh e dhoRRERERRBRhENBEDFMENTI 1A

29] Enbodi nents descri bed herein provide nethods of
f W0A7hg phipterlis diusirgod atepdviéwaf theemartialy fogmed hitggnated circuit
,densiijé. n one or nEre enbodi ma&tjs, a mﬁt hod i‘1s~1
of Fighisy il 4eda¥Dr FHPHG PG rPRGH SR 1L JCEUTRIGR Pithgone or more

embo@ﬁrﬁéa?sr&tf?éinfv%%dﬁres having a final density of features
that 1s greater than a starting density of features in

t heo28int egFigtued! A8 ilhwiriteby caosmstdtiophlesidd viewooDthe martaally formed

] The method can jnclude formng . a pattern of _jsol gted
integrgled|cyewit phlignt 14 Aqdpeg by S%ﬂ@%élrﬁéﬁﬁ owpgan ¥ muf@h@A
i nclude form ng spacers around the pillars, such as by
bl anket

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0029] Embodiments described herein provide methods of forming patterns of
1solated features having a high density. In one or more embodiments, a method is provided
for forming an integrated circuit with a pattern of features having a final density of features
that is greater than a starting density of features in the integrated circuit by a multiple of two
or more. The method can include forming a pattern of isolated pillars having a density X.
The method can further include forming spacers around the pillars, such as by blanket
depositing spacer material on and around the pillars and then isotropically etching the spacer

materials to form a pattern of holes having a density at least about X. The pillars can be



depositing spacer material on and around the pillars
and then isotropically etching the spacer materials to
WO oromiozs9pat t ern of hol es having a density at |RPEBUS2008/081474
about X. The pillars can beln sone enbodi nents, plugs
can be forned in the pattern of holes in the mask,
such as by epitaxial deposition on the substrate, in
In sonQ:r Qﬁl‘iocﬁxﬁeﬂﬁ thgﬁcaﬁl Rt BEN iPthePpdtleR! SF RaA¥d RO0the neBRSECY as by
| east I'n other enbodinments, the pattern of
epztaxiabthmsnmntdmethcrasbstm'annb@rdelt tolmdwdmaqaatth@ of ipbldars haang e density

a eoRER BB SDRL R S5 R St oL ] 00300 o i

substrz%}%egtﬁ?ﬂé'dflﬁ%rﬁ% ﬁelrnle%zeg%{Helgstets throughout- (0031]

ustrates a general sequence of process
S[0eps] ac Rufdemg wit rpone: matowi the figaresfin twhéch likeemtmayals refer to
In step 1 of Figure IA a plurality of pillars are
like partsiwodeiyita substrate, such as by etching into a | ayer
0@0§iﬁc k F?%ur!: alyerﬁusftrg{egead %1 gegﬁen%g Ryt p}SI@Ee%S %Eetpgyaccordmg to
fbrmng eri‘al over strat attern
some S@bodifSni oIty 1@|vd:rttbbn0fln @lebH&lFfSF 1g1ﬁerlA@n¢ﬂmblety dfipdlars are formed
pillars can be fornmed by photolitho
on a Ssbst@tﬁt, iy ays lmsdyng] HtpRAEXSE €5 plagk ¢ awrg ﬁ@mwﬁl&\'?h@ﬁ substrate or
evel 0 he ph t or.esi st e f
by oI ST Gt Sy oo RE o BBt T OBk TG, of pitars. For
examplé, Qh@‘tgzﬂglrs SarShd iFind By |;iﬁ6i0%dﬁ>‘l‘grd@>ﬁiﬁf@f feldrgvell @RBodiy photoresist
he structure or prowdln%‘El e structure alread
14

€ y
to llglpir @nrhd@n dewelﬂpem the M@fﬂstn@t @l patefrophnpdllash fermed by the
t he L ar, aces e t he I
photoAR) o sahgf R4 paTCEPs: b SRR RELIBorvRU Thger & Fale the
strucnﬁ}’elt)'r %Fosmdih? 1l §1Q1c§1are 5]?&1(1? %ﬂde”ﬂh 8fcb3d, sheinaRRed & Formed on
forma ern of holes conpletely open to an
and amdé nlhwplﬂigrsrtatfdlr sraEces béteetrolhespiiay Miglealeaj@mgamﬂ%m of openings
at as_the densit

f. th
berwegt P nf n 16,359, DB PHEST e P ool i PASH of hole
compfeﬂzr cft B&dn ﬁoineﬁrdeltlﬁﬂé Q¥ dhdgoRs H@%B@ﬁ'ﬂieﬁ.{ltyrb@ st 3 grgat as the

ensity at |east twce as great as the pattern of
densnpldf Itla:rmttehabf pibus. fn eiep Gusieypillas medemnvidie fsubduntar soles, thus

.0032] Fig 1B-12B i]lustrat h [ 1 .
providiag aTPUgngie W biln g ?ﬂlst% 5@@%&@@%3@ i1 fhg PPscTE ggillers tha

\mﬂeﬁ%pgggg%gh§dgkgk &Hsiygntion. In step 10, a substrate

I'S” provi a first hard mask layer 310 is
f goodf t hEpeeydB- li(E:llgumlatestHeinaﬁtaﬂat ESie’@ilpdirSEd]lEhbty of process
formed integrated circuit_200 after s&ep 12 @
steps @gPaliag Buiome FTRECSEE at e BCRRRP- | AR [Sifde] %561?5“‘5“6 100 1s

provuﬁgzira%doafﬁ t 298 Gky ]aglf r $H ﬁ%gglﬁemg%g{regc ?ﬁlgtn%r 2 illustrates a partially

em con or processi ng
formed mtegrated mrcun 200 after step 12 has been carried out.) The substrate 100 may

include one or more of a variety of suitable workpieces for semiconducior processing. For
example, the substrate can include a silicon wafer. In one or more embodiments, the first
hard mask layer 110 includes amorphous carbon, e.g., transparent carbon, which has been
found to have excellent etch selectivity with other materials of the illustrated imaging or

masking stack. Methods for forming amorphous carbon are disclosed in A. Helmbold, D.



exanpl e, the substrate can include a silicon wafer. In
one or nore enbodinents, the first hard nmask |ayer 110
WO p@0d®s9 anor phous carbon, e.g., transparent BEF/DB82908/081474
whi ch has been found to have excellent etch
selectivity with other materials of the illustrated
i magi ng or maski ng stack. Methods for form ng
2006/@TRSN) PBliGRE POUPprAIRr Di1S ChOS eshtitied APTTHEHNRBDUWICED PATTERNS
D. 2006/ 021 1260, published Septenber 21 2006, entitled
RELA'IIWEGF@ RH@I@JT@WERRHYREEATU@&OH@H@@mmWhmh are

FEATURES, " th t d
hereby REgPBBRUSEE B BB r1BrEr BHEG] AmERUST (SRR mask
layer g@ﬁg’q IsH 88 ineddve e fkt tPl@lrdij.@q )lr(ér aY§¥o prbéect ﬂ’le@iﬁchard mask layer

over the first hard | ayer” 110 to protect
110 dulieg fetchife malatbr neegls dndyaertoleﬂhamhstruhngacemratu of) foomih@tpatterns by
steps and/or to enhange t he a curacy . of fo

photohetiaps IByPHSIBEENS CROGIIHY: TF b g fRaPlayet 112 includes an
anu-req{(];‘e@\% e éI%R% SEGaNds h@ﬁg&g@ kBJ'—\R ARE2 Wﬂﬁh UE{-&S facilitate

an anti-reflective coatin suc as DARC
phMoE@ﬁ@%@M¥§§pMMhﬁﬁg@ﬁﬂmﬁﬂdmghﬁaﬂaxmhgt0|Ithography by

preventing undesired Lﬁgg reflections. [0033] In step
1500331 sellastapvigh ¢ seleetiveRbienaplpdayer g0 is Wﬁ@a %f‘nSftCﬁéd hard

mask ?%%g??%_zgﬁng snﬁgkvef])g}ﬂgf nC?HEZIaHJIh]e.ZOS%J  lorek ? ugﬁglanﬁﬁ&&emst in

toresrs

accor@He® M AN Gl WnbWn gﬁb&esééﬁ VN pRIVRERS seskd af Seﬂﬁ}@@!mdjjctw fabncat]on
masks in sem conductor fabrication. For exanple,

For ephenlortbsipbotorssist ben bnynyp hlnteicaiss @qmmhb‘awbllﬁm h'|91517n 248

o el RGO o 23 SUbre TP T LIS g, exteme

unravﬁﬂat SRR M 93 33t Wi Mame| SReib) sy slerdh b&im lithographic
el ectron bean1I|thograph|c systens. In addition,

systemms ki edditibn tih@&j:ﬂ@p whOgoaphwaskn@sléeq@hﬂlomlithM@hap pgn be used to

aenS 3. B RER L. Lt D GRS bR Pk SHe e

mcludenzﬁbb'fg?luélrn%)m]fﬁ) Yerdigle }Qﬂf{ﬁ&lﬁeﬂ@' bhotBrePBOLRHBRI B use with an
, photoresist suitab for use with an ArF |ight

ArF lgthtmmme amblkrkply)pﬁhnmﬁé ﬂ@FD ssiiKe p)]otge:agt,tz v ghotoresist suitable for

hot or esi st sui able
wse RiTRS SIS SOV, MTE IC P e ST S PETaRED peel apBopy t/daferanhy
t g h i)} zi | a
systelﬂ%gfrﬁt]ﬁil\%gvxgldghg? §}§>F%g%tal§é4§mlgﬂ¥ &1 % ml@%rlfzrﬁphg{rl’g‘jﬂgfogtzsgsts are
prefemably Lmeéﬁmﬁla}bhg(erumd]emgmiphbmhlgmgraWy ebgegs,lsuch as 248 nm systems.

I L S R R T
om0 LSS o el S AT b s
moldl drt inegranjhly forez ¢ pathyn ubé mepish  Figures 2A and 2B illustrate a partially
formed integrated circuit 200 after step 12 has been carried out. As shown in Figures 2A and
2B, the selectively definable layer 120 can include a mask pattern, the pattern including a
plurality of pillars 121 having a substantially circular cross-section. The width of the pillars

121 in the selectively definable layer 120 is 4. The pillars 121 can be patterned using a

photolithographic technique. In one or more embodiments, 4 can be substantially equal to



nol d or mechanical force to pattern the resist.
Figures 2A and 2B illustrate a partially forned
WO pi0egrawsed circuit 200 after step 12 has beenPCHDUS10681081474
out. As shown in Figures 2A and 2B, the selectively
definabl e layer 120 can include a mask pattern, the
pattern including a plurality of pillars 121 having a
the plﬁéd@%@@r&&h Ak | Yrrkdd &ith %51(1@1(@%%%&‘9&515 R miieu khaGt i@ size
lars 121 in the selectively definable |ayer 120 is
fonned\by'ﬁluetoﬂllthdgmy bAd solreqixtipdtitneradech oslentp enhance the accuracy of

the PRI AR DS B Uhe &AFHAPT YPBEGRIEY Bihghotolithographic
techmﬁ_lhés_ t%ﬁal 9@({)} k?:?mf nAedcWhR (kAL %tlﬁei‘. BEGRE sithBbol e size
ni um tor mabl e Teature size forne

limit gfhiod ethitidpeegr aphy and subsequently tri rmed in order to
enhance the accuracy_of the patterns f

db
pHWB4! i ¢ Hogrshpwy. N tFigie| 28e Bpplisanss g)(rg{r\?qg:at Yenters of nearest
nelghlp&%tgoﬂé 3151130 lag{?¢hc al % R\%'eﬂ I&)esar%]yl@.l £ahb N 2§68 Ns"RS elne‘ﬁé il¥strated

curatef orm eatu avi ng si'zes above

embodigat, |3 lmstlbs@zfntﬁxhﬁ et tmt»ﬁb@the[vﬂﬁﬂﬂrl wisicls havwlviamagdsgur frming
2A, the di stance between centers of nearest

a patteraiog hplse ﬂﬁgnaﬂdlm a@\gs aphcolamehasdesereeddsrripi |0 epbodimens where

the wgcﬁg s,{l JoN gﬁeg{er yh qﬁ%ﬁ %]? Otf {biléé ?H ALe % gﬁ%ﬂ AT nﬁl 0? 'd]f,s selectively

defin®fY &eRdes £reruihindd Goride P ttﬁﬂhﬂnﬂé shpl s 1ﬁrd5r@&9ﬁﬂ abileve the
rows and columms as descri bed herein. In enbodi nents _
dimenstoes &, t Beand dtds destbagr katigbelowanAbhenghathe rogsktglern shown in

. di | | f. th :
FiguriaTh A g PaYare BIeald MRT ARb e ny SR smagpoints of a
squard LBRr pAudriks 86 R pb&ivE HseMR b%@@sc@ﬁ'b@@ﬁm%‘r@ﬂuﬂ%@ere@lbem E

as described hereinbel ow. Al though the mask pattern

siie0ds] i n FHigguas 82 2wl ARdillaBratn cheupesalhy draned iR grapidt dircuit 200
nters | ocated at, the.corn oi Nt .o

afer Yl of Fgvap fbﬁ%“r frsfe o8 5pad b ralctydlyppotig laver 120

is trlrﬁiﬁéﬁréugﬁ%s rs%b{ %tﬁefe%CHDQP%ﬁnﬁ@Q@er Fh@ s Qﬁ/@ﬁor O,/HBr

and 3B Il tra e partial formed i nt egr at ed
plasmai rFGgluu'e BJK)ﬂloasfstthat atee ;ﬁ)elﬂtmmﬁm@ sg&_}r b4 [t mi]srsbbiénof the selectively

. th [ le. .
deﬁna%iey%werﬂig’ e oyt WESEH G5 @@ @é‘%/ fing tpdne Gimming step
i4 Caﬁeécﬁfgﬁthg&lulﬂ B{/lﬂékyhfea Y &z 1A itsole@/@an Qhe Gﬁﬂiﬁﬁum feature size

sna. Flg ows that after the trimmng step
fonnab&; ustnlr@thp ilithapraphiclofiqiceses eb pattary dleysebtefivalmbbiendbieylayer 120.
120 have a width C which . is. |ess {},han the width A

In onerprygorerepb odMeRt: Ay @tdgbciﬁ&@éﬁméﬂ afi‘ﬂf%]g‘@ousl y provide

a feature size that is Iez han the m ni mum feature
size formabl e using the Ifi g(aphic techni que used to
pattern the selectively def2i pable | ayer 120.

[0036] Figure 3B also shows that after the trimming step 14, the distance between
two distant pillars 121 of the selectively definable layer 120, such as between pillars 12]a and

121c, is £. In one or more embodiments, the distance £ is substantially equal to

2



In one or nore enbodinents the width Cis
substantially equal to [0036] Figure 3B al so shows
WO b@w/ozfoser the trimm ng step 14, the di st ancePGBUSMOES081474
two distant pillars 121 of the selectively definable
| ayer 120, such as between pillars 121a and 121 c, is
E. In one or nore enbodi nents, the distance E is
neighSoHstANark abl %f@H@%le&Q@l@lc&hhﬂﬂé NgePlbd, aush 42betOked PRlars 121a
sel ectively definable |ayer 120, such as between
and 1l [salp.sIm@ksoramete :mbbd:mestsuhe distasae Dois swhstaatially equal to
enbodi nents, the distanc substantially equal to
Y is used herein as a t| havi ng a di nensi on of
di stance to clarify th t| nshi p between vari ous
di mensions in the patt e or nore enbodi nents.

Yis L@Igﬁ li]l%‘l’fl:g%lﬁs By l%éPSt aeﬁﬁ&ﬁ#g}énengﬂ)%gqft é)lst%ce':tlogcl’fgref? tﬁ@rggt?onshlp

betwebf GlaHBhNintddSiont M MMEHARA WF @né iof endreremoldimatsd. NQithough C is
known |ithographic techni ques, and does not

substangedsequal 1oy bear any rel ationship to the width A of
the pillars 121 after ste . [0038] Selectively
definable [ayers 120 haviqé% pattern of these
di mensi ons can produce a lpattfern of spacer-defined
holes in later steps that"is” advantageously aligned
in Fléﬁﬁésh}/—‘i d Bat Yeli HEfanQ'rleéle}fuﬁlbltg %re'afér hﬁiﬁ AR, SELUHRL Yhe minimum
finable ayer I'n partictlar, the pattern of the
featurs eizecfbmmé}ﬂeyusuhq hn:arhi hathbgyp:lmc kﬁﬁmﬁh@vmd doeBinguneeSArilydrear any

be. descri bed as f:%%ars 21 forned in colums
relatioiship i e Widih Wﬁ’f ek dlipssterdict | ar 121a is

on f

D 3Bl oSty dfﬁ%“? 24%?;1. e EAR bEMexd Bfnensions can

produeeaymaeanst spaecrfdefiséd holes irt Taearlsmpe Iﬂm‘DSS aqb\rahtagemﬂsgflﬂlgnsd with
positioned in the second colunm and a rd row.

the piligen pf pilerfot! i9ithe aledively dedingljs .1%3’65&%(& irhpqrﬁéulinh .tl}edpaﬁem of
the se?egr W:Tg d@ﬁgabﬁ@?iﬁére%%@ﬂo&g W rIes A Ecrﬁ;@dtaghget'hog lplelisars 121

usi n I MensSi ons “descr i ove

formddah Febkmm alnatr@m sh em&hqaalemmmnpxa@emallypm;ma i hcﬁmdolumn
in open positions in_the same colums and rows su
and atsﬁ%ﬁndtrﬁ‘é’ patappenast Piller &5l biis pawtlgrirf»‘édﬂ\hhiet chﬂl*fb“ﬂ'a‘[“fl @fl@m the first

row, {he lg\lwlerln"iaorsa{){lﬁr %'fcf zsrpoqsﬁ%sg 45] it t a hownlu{ﬁrgcﬂi WMha row, and the

r1ghtrﬂ@§ lpma@n@dc ispdshRntd [Sthe ¢k dBaTuRARANE Mg decbisd row@WWhen the mask
anot her hol e 14Qd positioned in the first: colum and

pattemnhie fermieddrspignhe dnmrﬁ’ms ldescaibed oo vso dicthodisdgrmed tnhléter steps can

d h hol
advarg%%eﬂlg%ﬁ% go?ﬁ eﬁi t%e? Bosgtg{)]nl} m{]ﬁléd %a%%nqgctohf?nrl? :f?nde rows suc that the

row, -
patteﬁhrtﬂ%% i8lihed 458 (RO PhtdrOPLMIER. FiRrd RAT cﬂiasﬁl%ddlfmm%ﬁﬁl]y below,
t he

shows a pattern of holes 140 with a hole 140a positioned in the first column and the first row,
another hole 140d positioned in the first column and the third row, another hole 140c
positioned in the second column and the second row, another hole 140b positioned in the
third column and the first row, and another hole 140¢ positioned in the third column and the

third row.



third row -1-definable layer 120 is transferred to
the second hard mask | ayer 112, such as by

W@ri080t396pi cal | y etching the second hard mask PEES2008/081474
through the selectively definable |ayer 120. [0040]
Figures 4A and 4B illustrate the partially forned
integrated circuit 200 after step 20 of Figure |IB has

definaPReMyeAINDEH Ydhsfehl] Sbethe26ocopd | had Smdd2 1aree 10 n@dh as by
in the first hard mask Iager 110 by anlsotroplcal

anisotepoialingtching the sesondhbard mrgk kayernyer thtpugh thr wilrgHvelR életynable layer
120 sel ectively definable | ayer 120 and the second hard
- mask | ayer 112. As shown in Figures 4A and 4B, the
dOLl@f S KAutOnReshd -'i‘BSﬂh‘?ﬁra?eoﬂﬁaﬁhrhﬁ}@efoﬁ%@§tlﬁ@éﬂa@l:“dircuxt 200
e sanme pattern as the pattern in the selectively
after s@k@fﬂ(}mlguﬂeaﬁehmsbzau catied gl dotstepéllypillefsi IR3brefdrayém the first

o iy W e
selectilv@%gcfeﬁés]ﬁe layéle 1 ﬁ?%m Knés@yl er 12 ARY¥hBEGs in Figures 4A
renove suc

: carrying out a wet
and 48t thedpitagh122 f‘orﬁiehen sw‘pbbfd barehh‘&', sibthensglyedti saeieypattem as the
definable | ayer 120 is renpve

paﬂernéndherFisﬂ@tw v gafpablgdays ke %PE'? '\éﬁlé%hiS(Fﬁa @E‘tﬂg% 520 can be
AN
o g LB AP 8 o) IS AL L o

Jayer OEX, kHé:adél:(ﬁld lRy®madllRyed 10041dy Heresibeql 131&tdpf22Flslgihrae bl B5n’y1ng out
spacer material 130 (Figures 6A. 6B) is deposited on
a wet st qy¢h. | I@r@herzzmbomr@qm% epmlegHelp Behinablpsiay dtl@ Oihgmoved by the

same 8?:51#1156% !1% df:%‘lei gﬁlgenfﬁg{nathg qi]‘ I]{a?cf Ha_?lﬁ%}ey\m . F?%J?& S0 and 5B

i g carrie

1l]ustr§@nthb REHIAS fenddnisteh AtddNGrolRt200i aer r@ﬁk&hngaﬂleajaleeuvdﬁ deﬁnablc
e.g.. silicon oxide, particularly a material that is
lwwriﬁlectively etchable with respect to the material of

t i S o e i
of0dther “reto fEeRears ST Tae & TR R gl 58 deposied
on th@lpa% 173 NFigRt& 6 A An® BB 10GstFR theqiib@MilyMBARE] integrated circuit 200
depositing step 30 includes unlforn1y deposi ting

whilesyepcHy oftiger il Bl is b80g onrriet eupi THeapacet pateaalcantaclude an lnsulatmg
such bl anke

bstrate 100. b
L
etcha[)lg%al rebp@tcte AR ORe PRV 118dndashe RAEGE RIS aExamples

I's deposited on the
of other spacer materials include silicon nitride, ALO;, TiN, etc. In one or more
embodiments, depositing step 30 includes uniformly depositing spacer material 130 on the
pillars 122 and the substrate 100, such as by blanket depositing the spacer material 130 by
chemical vapor deposition.
10042} Figures 6A and 6B show that as spacer material 130 is deposited on the
pillars 122, the spacer material 130 fills a space between neighboring pillars 122 when the

spacer material 130 forms a layer having a thickness /. In one or more embodiments, the

thickness F'is substantially equal to



pillars 122, the spacer material 130 fills a space

bet ween nei ghboring pillars 122 when the spacer
woreoeorb9 130 forns a | ayer having a thi cknessPEI/US1008/081474

one or nore enbodi nents, the thickness Fis

substantially equal to[0043] Preferably, spacer

material 130 continues to be deposited beyond filling

t he space between the easfgt fei ghboring pillars 122,

such that the spacer teri al’/130 surroundlng t he

RS e SpstinBery I, EhRaPS TR fyBha fiing te
space %‘t’\%ﬁlagﬁol&@iré’et KHighHofing OfiN&% S1422Vdubl that’ Heakpaé@l Ynaterial 130

hi gher surface area for interacting with precursors,
surrountlingabe bemest npightiotitmpilletsel Ratomvere dep deint voids atitht fubstantially

corners forned t he convergence | reat er .than.at
g ikt DAL REHT D P r sy b ghE Sialgiypla bigher surface
v NEBE R ARG, SPALEOPLARE 8 01 B L b com
formet vg t]ixacdnvaigieycef e rglﬂmhrlthmmroal’ﬁw ghants betwvietn BQCiddrs 622, causing the

depositing step 30 has .been_carried out. As shown in
cornerlsuc’émeé&)elmpa&ﬁ&etmenmﬁllleﬁ d7¢ tasbesemr romndedi al 130 has

b f(f:ﬂgcif ep (ﬁ ﬁrgsd 7‘5%0?'{(:18 ?]@ illﬁéet&h . ?h‘ekgpéﬁ%n' foridl qh@g}a’teﬂl it 200

ar C osssec occur 1 n

after @pbtiEh® steheB0 h Weh gagitdwhith Adishopat ineFiguet 7hend 7B sufficient
pillars 122, as described above, and the densit

spacelt meterial B9 has bgeredenssitechiarforndolsidp tyitho thﬁ@nbﬁlrﬂ Gcglar cross-
sectzop n ?F ga Egle% Q: P%cglﬁltn}r 3 }3%1’83 g'] at isoarl]xggéd M}E (t)i?egge{t]ﬂeﬂll (nythé Sﬁlgﬁq 22, as

describ@UABIRE, 81108 des a6t dfane holks ish@edied ®an It 0enkity mat)he lpétlars 122 in
necessary to deposit so much spacer material 130 that

the illpdtestesi pirhorod! thiparbislleHrmad mt@rétﬁﬁmrerﬂ t han t he width C
illars.. In ste ep 32 ure | B
e 3F o 13:sB0 4 BeEF Bl eiior For B pERFAEP, iy mav be
necesﬁh@m BEhok® s¥MinfcAr sphokr SP@nNd 150 fhantel hﬂ(ﬁf‘l oﬂf}ﬁ L B40 is smaller
Figures 8A and 8B illustrate the partially forned

than uhntvégﬂnaCeQ:f b pellars. 206tepf e pf Sicepe 3B, o Sﬁagﬁlrreatplﬂﬁlh]éi@ can be

d Fi 8
g cRieRgio( BB PrCHEH G oY ey e gty e holes 140
Flgurésoéﬁ@ §hd BB IRt Ele tllg’garhgﬁy Arinba Ghég‘%%d Grafthoongich %ﬁ%Z of Figure

have been expanded to form hol es 141 having a
1B haanbdtrhcaﬂned nuto s sifovmnmélgmbcﬁﬁ afert m1y ddengiodpdpad dwdholes 140,

the thickness G.ar oth stanti al 0 he
the laygr ff fhesrgperypacrizl) I%Qﬁe ié@c f&&%%@dh%h@%%@ %ve ey expanded
fo formﬁhaeg N49fhabpbes widd 2nq, Rink Ioanﬁmé?e%qsaﬁnﬁa@sst@@wuﬁhly and the
t same size. Steps 30 and 32 of Figure |IB can

thickiesp €asre thotls satessintieldy kquadrtdene sadthdhioévie Mﬁheslmmdta‘ntageously
provuglrrlg a%%ts’ul:rrﬁeoq' hope%pl%? and pillars 122 of substantially the same size. Steps 30 and
32 of Figure 1B can be repeated as desired in order to achieve holes 141 of the desired shapes
and sizes.

[6046] In step 34 of Figure 1B, spacer material 130 (Figures 9A, 9B) is
anisotropically etched to expose the upper surfaces of the pillars 122 and the substrate 100.

Figures 9A and 9B illustrate the partially formed integrated circuit 200 after step 34 of Figure



and sizes. [0046] In step 34 of Figure |IB, spacer

material 130 (Figures 9A 9B) is anisotropically
WeL@hAaTtIsD expose the upper surfaces of the piPCHUS2009081474

and the substrate 100. Figures 9A and 9B illustrate

the partially forned integrated circuit 200 after step

34 of Figurematerial 130 between the holes 141 and the

materiBl | 3@bstwkeR the ABles 13ubsl ané pdlary 12D ecfaRsudSaeflorie same as
step 34. In sonme enbodi ments, the order of steps 32

beforezstap B4 1o apmp embed/xm@dthe@m of htaps 3%@%@9@rberfa‘f€é$€lda$mh that

the sp%c%g n%a%eg%? I]i@ﬁs{ 2 ?0 %lgi }? te{t::H (gB r e bel n{%?é lg)y,he& ol YSO'[I‘OplC
etch. hﬁgﬁbnem%&f&h@nﬁolwmv mrehﬁwfd@{srmg» be[ 84dd. 1 n step
of Figure I'B, the pillars 122 (Figures 9A, 9B) are

eﬁ@ﬂ%h émshpdﬁ(ﬁﬁhgﬂbéBtﬂmqhymeﬂéh(hgumhéAfQBiamhaﬂmd such

a5 by PO i i The s s otk Syt T ks db 1eEE p B 20 to
rf:me:)vicir gﬁ‘eo@ﬂﬁfs' ]@bl ¥i %u?{] g?%béﬂli R RSt € kHeCﬁéhﬁan%C}QnﬁJd iafe ?dtt&pmrcun

Figure | een-carried out. At "this stage,
200 aﬂ&ﬂtst@rthi) dfFipok dB g bebrasarbekoutactti thisesthgt hapatteas ofiholes 141 has

been {ROASIY Y HorSY B ehiry gk OFGRlr G shot! 1o HEe densiy of the
featur%s 7 fﬁﬁ%e%efoﬁngflﬁﬁr ﬂ%b%e?ecklééﬁ eI]igzgjlef‘ ?152 %@r M(f P(?Vel}mlifginoles 141

ave a snma Sl ze ars

have f ishBillefl fanmeed sy photid ipithegnaphisi foribe b@‘ﬁbl&ﬂd&lltkt@r@‘phy in the
definabl e |l ayer 120, and the holes 141 occur in a
selectiyalyt definalylp éﬁyer $2G1ang kahelps ik pecup it @ dRferafthyiis phigngd with the

patter&'?%%ﬂ IS llﬂ? éﬁ]le%glte&t}/\% }ydelq% Bl@?%{s;? yer 120. [0048] In

ure I'gures 1IA, HB) are
| Mnts 50)04)15‘151 111%11}3 gmrseqmrgu&sand\ H1B) are formed in the

| strate t he art|aII ormed integrated circuit 200
holes éﬁi erFIStr@Ep} 53] 1¢BgUwéraleBthqa@r’ttﬁélefrf0@"a¢dr ingqgraed cir@iy e after
ned of. ter as_ it
sep 59 p E7ils 26 puf b a2, PRIRIPP PP SRl s spmemigria =
the suﬁﬁ}a@@mw eTne %)ta@é?am@ndl gBatd MRsdiPothRecrBE &Y alchdud AlABe to the
the plugs 15 In one or nore enbodi nents, the plugs

matermm)ram@ therpheds kﬁD pi@lqnsldrmmn enybddimeatss ﬁwc}éug&rbitbatrﬁébnned of
orne

polysEL T PRSP PP o LB DTS ERURr G one er' ean b

carricd %910§1| dck Hake RS HED-khH\Gh H%&ﬁm‘%%’o&@ies' inBiutiBE HuPnot limited to
chem cal vapor deposition (CVvD), plasma enhanced

chemighlermpaadepesipon (@‘éb@sﬂamr@a&@d’w?mwﬁl spondgwattiondPECHD), or
spii %ggg%fﬂgggrbggg%gﬁlg%n %Bﬂgg ﬁ(i: lillg'eessll énda T?B)]'!;aB be fotmed by
epitaxial growth.

[0049] In step 60, the spacer material 130 (Figures 11A, 11B) is removed, such as
by selectively etching the spacer material 130. In processes using spin coating, CVD or
PECVD 1in step 50 to deposit the plugs 150, it may be necessary to first planarize the surface,
such as by a chemical mechanical polishing process, or perform a plug material etch back

process in order to expose the spacer material 130.

-10-



[0049] In step 60, the spacer material 130 (Figures
1IA, HB) is renoved such as by selectively etching the
wapaeersonat eri al 130. I n processes using spin BORUBI0G$/081474

CVvD or PECVD in step 50 to deposit the plugs 150, it
may be necessary to first planarize the surface such
as by a chem cal nechanical polishing process, or

after SRPr ORI e LaGicABUET AR attefnCHT AlagK] 10 REaRen (dinRddRItht Qubstrate
expose the spacer material 130.after step 60 has_been

100 withra flendity greaten thait ere¢qvabfo phhanyswirsOhd denshzer thopitess bat were

he substrate 1 i.th a Si reater tha r.equa
formef %, i R ey G Fintierdery 37 VeI 6 SR fE Pmater
featurd QZ8RhnORe HNEirs € L Gkt (6inYeddsT iheablegtivady QEfide®® layer 120, and the
Moreover, the plugs 150 have a snaller feature size
plugs tl BAecdunan pipaltemsthdis alignest witbtiepatsm vhpillews| Bdtinvbe yelectively
ag finaﬁgg | ayer 120, and the plugs 150 occur in a
definaglerlpsA2%hat "is aligned with the pattern of pillars
127bsi t ' A V&hvii2Q- -
RRELT PR EHLNEL LIRS LAYAEAE pt OB g i
densit@ferqzhatghannbit dqual testsiut ywige dat @&msith aftherfesqrealthdt ovab darmed on
twi.ce the density_of thefeatur?sthat were fornmed on .
the selepavedefieimaplpdpyer défi thamcliod ayasralsooly, reppdedyg iR patiern with
o dn$h 9 R RS0 Rl OAGEN 5 R S5 MLBAIIGREL e rigin

patterh OUhe bietiRe rhdlethee BS idpyated 1d fidicot iagianah vaa & density Bideatures that

) met hod may then be repeated to achieve a pattern with )

is gregjeiibps Pt §Aust tofabapimely tinpestthe dengitp at e ofigiel paticarysad s gn until
about, ei-ght t]j t it pat.t ,

e aIEHOSRURY HRE, G SR Bl DO SpQeLELIkaPALLEGR 150 o

pillar£¥ARRA1e8 in ke stbbikatd €0BRRPIME Ghalaget 130FidshE) Db SOEPA} 0hask, can
pillars patterned in the substrate 100, using the

be us¢chgsethe DHterg F2Y i subsraugndrepem) obtheansrhed, Fenexapwle sdgr forming

as, th [ s 122 in _sub uent _.r t f.the o AT
these e L par BF st aflt oA ST b T RARLS Bl engieggcan be
formedOwhifte HBY RGuhRE 8L @fles thhuethddsAIFadse dAT@at Brie sepeaning

a density 2n can be forned, where n is the nunber of

t i[0f2] t heMmet wadatohs B gee epodimgnts Blesgibed gwsgiedre possible. For

005 n ariation f di ts d i hed .
cxemhROSFhe FRONEE T PP B! DR RIROC BN, oRE AR gscries
above@ROmB bd 8ESrabRan RBNE abPcaBiBAPoSioaR Holkstthe aie1abR4l or smaller than

descri bed above, it nmay be desirable in sone

the pitippl | Aabidngy tthe tlicknebobdhe tshater arateriabeayebe adjugedid aghieve the
desi than the pillars. Accordingly, the thickness of the
esiredd§38y material can be adjusted to achieve the desired

r Efﬁﬁ%?yﬁ © Additionally, while the method described above provides pillars and holes
with a generally circular cross section, other shapes are also possible. For example, the
piltars and holes can have a cross section that is generally in the shape of a square, a
rectangle, or an ellipse.

[0054] Further, while the method described above provides holes 140 in a pattern
that is aligned with the pattern of the pillars 122, it is also possible to place the holes in other

locations relative to the pillars by beginning with a pattern of pillars other than the one

-11-



[0053] Additionally, while the nethod descri bed above
provides pillars and holes with a generally circular
W@ e@eH7WeTt i on, ot her shapes are al so possi bl ePCFUB2008/081474
exanpl e, the pillars and hol es can have a cross
section that is generally in the shape of a square, a
rectangle, or an ellipse. [0054] Further, while the
of a s&@éx@o@rﬁee?(ﬁﬁipﬁegf aoehee pﬁﬁ@ﬁltﬂaﬁscahmee@e&@a ipArt@n RAUHRE Pillars,
that is aligned with the pattern of the pillars 122.
whichican bs usddgo fposs hble detveepthechree ipdlaol es i n ot her

olBEL 0" yoRp e e e RiBed HEOTC e R ArE] laletely

create ﬁ@ﬂg ‘%vxﬁf hi H&t &ﬁﬁlt)pﬁ‘lt %ﬁ{é}eéﬁﬁg of f2 191%gfé§e%dcxfc§1t%ut not in other
attern of hree pillars which can be used to forma

regiomsol I tegioneevhetche rehr déezhpr Hemsitg . paftODSs o Mer lbowed, , fedthes can be
nbodi nents descri bed abqve can to sel ectivel

spacoq pigat ¢ %tﬁ%ﬁ»erﬁg%mwﬁwgﬁébatd!e%gbwlifeﬁdbgd%m@%é Usf spacer

materfahe Hl Qéﬁ%sa\t’vﬁg'eca! hi Hértdeiﬂﬁgy B%fen‘) R %th(‘f‘ersué@%&ﬁl%s Clc‘jﬁ be spaced

ere a ne ensity patternlsto

apart ﬁtdbﬁ%d:at b distance so bﬁﬁllﬁéb}sﬂﬂ(sgaﬁbea pm[etnahhn(ﬂomeﬁcandg a protective
sufficiently small that it can be f|IIed by

mask (AR dlenessd 197 PreYREt dpsasier Oht RAticRn formg r@gﬂ@n@a&ﬁeméteaal to the
substrg{egﬂ%r 09%1 e%(r%t g(t)s%(ﬂ') thg(g%mgt%g&{ﬁ& foﬁ@@& pf/%? %ﬁgerblﬁatenal

Spaced nce

130. ulh €his p@c} ezs h@t@hs@ paateeH &in setedrtiv¥e|pyovddd) ot ®etd négions of the
mask can be used to prevent transfer of a pattern

integrplgd wiseuibhultnebinspber material to the substrate 110, or

osition in the.sa enl f or med._ by. .
Qoo ARG, 4 b SRR g B Gt
photoRAlst, &NAREN o€ adehB6hd vabon B&PYé Q&tha@e&i%ﬁﬁbé g%méﬂ So @cilitate
the integrated circuit but not in others.

deposétthai ofi thespacer mitetialpd eampmetrﬁawmalﬂmsed der thenml Walmg degpsition

of theppgi A" Bl Sl 8 SR B & P Eh S BTRABY ifBag i used o

form 9RPARL PN Afhid N heSPAGS! rmefﬂa{aﬂsi MposiTQITPR @h&l @§bodiments where
typically used for chem cal vapor deposition of the

low tepporerraddposiliah pneogssgndegi plabliy layef daposiphox oc asédto, deposit the

spceh R RRES bR e P IS SR, PEGPH AR spacer
mater@ai%%éf&rﬂo§némﬁ{ﬁnM%&ﬁm%mtweﬁsﬁeposI tion processes

(e.g., atomic |ayer deposition) are used to deposit
tﬂQOﬁ@acehlﬂanmdmmw withehdARGaddnemo rqekoibsd calrdyon a method 1s

provifiGioShilot TS ek GG ni SoHBRobiH EGniGt SLostate and Torming a
first set of pillars on the subsirate. The method can further include depositing spacer material
on the first set of pillars to form a first pattern of holes, wherein at least one of the holes is
located between pillars of the first set and wherein, after depositing, spacer material fills a
space between a first pillar of the first set and a nearest neighboring pillar of the first set.
[0058] In other embodiments, a method is provided. The method can include

providing a substrate and forming a plurality of pillars on the substrate, the pillars having a

12-



[0057] In accordance with the enbodi nents descri bed
above, a nethod is provided. Such a nmethod m ght

WO p@bodes9 f or exanpl e, providing a substrate aPdI/US2008/081474
formng a first set of pillars on the substrate. The
met hod can further include depositing spacer materi al
on the first set of pillars to forma first pattern of

a pattdif loeﬁaleMeﬁ Rive] @itthé fillats, ORGRE hiliag Rekesy 4 Idagcat ed
between pillars of the first set and wherein, after

d&}ﬂégl t | dg otlsgyaaretrodimerds.i mimetliad) s pogidede Thet wetbad gan include

the fi et a

providjis §1ig g1y #gﬂns%mwg roef fepififs of e futh FRlsSBpereip e pifers have o
widthefhgdiiments, a nmethod is provided. The nmethod can

i nclude providing a substrate and formng a plurality

of pillars on the substr the pillars having aa

pattern of holes on a le ég? .the pillars, the holes

havi ng a density at Ieast [0059] I n other

enbodi pents, a is provided. The nethod

and wherein frshPilos Id|5?i§j=1f%le% {rBeta S&f@%maawlar%ﬁlﬁfgn% et Okbtr
pillars on the substra e in the pillars have a
wi dt h of about and mhe gst pillar is separated
froma second pillar b a dQS nte of about and
wherein the first pill separated froma third
and wﬂkllelr?t'he l?iYst 1I%E%ts%ﬂ&§tegffro%p9mlrd[pgﬁé% S AR T gan
turther 1nclude depositing material “on the set of
pillars. The method can fiyrgher include etching the
material to forma patte{ A—of|(thol es, wherein the
pattern conprises a hole bét ween the first pillar and
the third pillar. JO061] In other enbodinents, a
mi998 i s pravitahod TRR fﬁﬁbﬁoalcb’éﬁ qepesitipe PHERAl P ghe et of
pillar$ S TH8 mBhbd 3 19 (RURS ERhfiolAE RhLEATS BRI BF holes
wo Gr HOre Tows and fwo of nbre col unns. e nethod

wheret@thefpatiéd ebmiprisdsudeibbankeat thd epasilldr agd seakied pimat.eri al
on the set of pillars to forma pattern of holes

adﬂ%ébnt I@h@h@ ¢rplgdimenythea mﬁtlmdwc@rﬁvnie@t Hléw maiked gen include
provu#lﬁé a se 1l?r¥ oﬁtecﬁgb%\gatft: I}ﬁ%s acer agg Il ur?l c?re rg&? cemddetwo or

can hér i nc

more A6luERE. r tme gRilod ©hahiting 1&@@:169@@9&[ dépRlsBInk 3bade® nRXRPRB BN the set
the pillars. [0062] It will be appreci ated by those
of piligks K éafmi Wh@nmfthq]deJWﬂﬁ thgspl m‘ﬁerTlmwms@péwgn further include

isourofREN E@RE 1AL SRt s Bl o B e S By gl The method can

furthed §RAkdel G ofrb MR NACISR fh% sﬁﬁc& RRtdrAY BNkhOR thé\plilaguch
changes are 1 nteénded within the scope of the

i h63] i onlt wdl @efanpeaﬂ:lawd tblylethapspehdled @l Hiensrt ithatAvarious other
omissrir(%:'\nts,h z?d%n?o%gpe{nd r{lg(gﬁcations may be made to the methods and structures described
above without departing from the scope of the invention. All such changes are intended to

fall \;\fithin the scope of the invention, as defined by the appended claims.



providing a substrate; formng a first set of pillars
on the substrate; and depositing spacer material on

WO b@ofr198? set of pillars to forma first pattRCTUSL008/081474
hol es, wherein at | east one of the holes is |ocated
between pillars of the first set, and wherein, after
depositing, spacer material fills a space between a

first pithétdsd 8dmphgend:i rst set and a nearest
nei ghboring pillar of the first set. 2. The nethod of

d ai m providiieg @bybstrpie; first set of pillars conprises at

| east pne.col n t |least qne row,, the at | east

one cO?W%%ﬁﬁgSeglofgﬁlfﬂésoor’tatﬁ%ﬁ%g?tgem}do the at | east

one rowepRARE Phock Meatd@ial lbgand inNQeCa pMrsan oD@ fiRdt pattern of
| east one row conprising a plurality of pillars. 3.

Thelesevlroein of le@tainm of thesheeeisdocates batwean pHams of theofirst set, and
hol es. conprises .at |east thr col ums and at. | egst

¢ PR G SepoSiiRe PRFGE HOLFBI TS APACE PoWRER BRI ERET of the first
f §&1Shd a%karlt n@i%h’o@ﬁr?g GBS BeArsPidi] ars having a

generally circular cross section. 5. The nethod of

Clai m The wiethicel of Claim fli wherepatht dirst sef ofpllas comppsdssedeast one
hol es having a generally circul af .cross section.

6 .
columprad A {58Onsrroe) oAt 1eas R REng FHERF] HARYFIsg o the at least
one r%eéraglﬁ #“ ] d N9eARbLAL hé"illlmn?an]d-lzﬁg b Qe qgwgoﬁ'ip?i’aﬂag a plurality of

e spacer material 1s a sem conductin
pillargrat eri al or a conducting material. 8. The nethod of
Caim1l, wherein formng a first _set of pillars

cdnpr i 468 Metpchphglaimel, pderaim iy Gk Raticsy 6F helge pompses at least
three ?ﬁﬁgl&g %cﬁ;ﬂ lga%{mr&g[ﬁ@lssel ectively definable |ayer over
e Tirs

hard nmask Tayer, the selectively definable

| gyer qoEphétBod@faClaah tlerwheddin pht [fAasiSset tafi pitthm Gcobipeises pillars
_pillars of the selectively definable |ayer, and
havingeegheigllx plecufdrcaass peefignmask | ayer through the

23 UL T g ALy 1P AL o
having a generally circular cross section.
6. The method of Claim 1, wherein the spacer material is an insulating material.
7. The method of Claim 1, wherein the spacer material is a semiconducting
material or a conducting material.
8. 'The method of Claim 1, wherein forming a first set of pillars comprises:
forming a first hard mask layer over the substrate;
- forming a selectively definable layer over the first hard mask layer, the
selectively definable layer comprising a pattern of pillars;
trimming the pillars of the selectively definable layer; and
etching the first hard mask layer through the selectively definable layer to
transfer the pattern of trimmed pillars to the first hard mask layer.

9. The method of Claim 8, wherein trimming the pillars of the selectively

definable layer comprises wet etching the selectively definable layer.
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9. The method of G aim8, wherein trinmng the pillars

of the selectively definable |ayer conprises wet
wet@hiongyse he sel ectively definable |ayer.forn PGI/ES2008/081474

second hard mask | ayer over the first hard mask | ayer

before form ng the selectively definable |ayer,

wherein the selectively definable |layer is formed over

the segaAfheharsdcdmskari amedk 1386 0@&Ctenrst hards ae@kdayer before

hard mask Fayer t hrough the sel ectively definabl e )

| fmyemgb orekectvahidefinetle layarswhergind theagdledtiyglar defimable layer is

The thod of Caiml further conprising, after

d@ﬁ@g?m etsr?éo%‘%'ﬁ%if‘"‘aﬁ]ﬁ[aé’?lrﬁilif i sotropically etching

the spacghe TRE §4doftd Hafl nDISK 8RS tRroWi i flediRBlyn@BSble layer
12. The nethod of Claim11l, vherein, after

i safbre@pihied thy fiett bhidngasktlmerwi dt h of the holes is

bet bout 509 d t  150% of. . i dth.of th

e e g1 2P Oh 036 S S a Gl N e socer
materia? %Eﬂo?i’cﬂgy et?i{)ihg [he‘%ﬁ@(%? Ha{tﬁe@ﬁl INRcSRACEK dIRGEhE Bbles.

ani'sottopi'cally“etching the spacer material to expose

t e pi Thamstholl of f8aifn I 5twieedin, afr isthrepindiynochiog, tiet eidih of the

13, further cgnprising after exposing.the pillars of
holes tshstvrgepgbow S0 aned abert 130% oka wmtﬁaf’t}ﬁ@ﬂi%r ¥st set of
pih | ar n r o ale] 0
DLt o BB CRRRE REREPCOREfihe, B WORTREODE sy
materRtahBoRogéal Rakt@sngmd spdver maleis! 0reepdsedhdyilisslod diei fusd spt.
etchin%‘the first set of pillars. 15. The nethod of
cll4i m The nrethodredrClaighpd i Birther qosmishg. afldexpting Bic Riflars of the
illars Siti i 'S i ter
it ) SR (LB A Pl 1 0B, AEFAT AR s, e
second pR&drh AF Boled Odriipritingtthd hbtedbl thye It fattbinadfhols ahdiehe holes created
substrate thefplllars.having a density X; and bl anket
by seldepebi ai¢hieg tatlestisal ofgmllarhe pillars to forma pattern

gféﬁglo't S{%%F}g)glscff\é%inggl},tf n & ircrlélllnﬁ%%h%?oq i) OJ}n ge%gl’qc?yét V9 pfars by
Wersildrs (6 tengeddagalbmrAihbley. of pillars conprises

S
formng pillars having a generally circular cross
sd6t i orh method comprising:

depo

providing a substrate;
forming a plurality of pillars on the substrate, the pillars having a density X;
and
blanket depositing material on the piliars to form a pattern of holes on a level
of the pillars, the holes having a density at least X.
17.  The method of Claim 16, wherein forming the plurality of pillars comprises
forming pillars having a generally circular cross section.
18.  The method of Claim 16, wherein the plurality of pillars comprise transparent
carbon.
19.  The method of Claim 16, wherein forming the plurality of pillars comprises

ctching the pillars using a mask.
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18. The nmethod of Claim 16, wherein the plurality of

pillars conprise transparent carbon. 19. The nethod of
W@L@prT69 wherein formng the plurality of piPCHIUS2008/081474

conprises etching the pillars using a nask.2 1. The

met hod of Cl aim 16, wherein the holes of the pattern

have a generally circular cross section. 22. The

et hodTief mietiRidnaf1Glaivh UG R@EreGO R AEENG therpavemohdvBer generally
plurality of pillars to forma pattern of holes of
mrculad@msﬁqmlan | east | X. 23. The met hod of O aim 22,

t he I,Si s in the patt
hies obe Bamery Wt LEdPHsg o3t hes Rl AL oy g pilrs
to forR3p aveé}aro%meé @fa@ﬂaﬂyadlumzxonprl ses epitaxially
dep03|t|ng pl ugs on the substrate inside the holes.

253, A Tt hmdmdmﬁﬁlasm 39: fupthew tafhpraping Euimeng plugs in the pattern of

b J ﬂ of pillars on the substrate, wherein the
Oksﬁf‘?§9§“ X width of about (- 7 , and wherein a

fhyst phd |1ﬁ€thbc§ otepanat 931 whefara ﬁﬁ]%ﬁﬁd IRk |c@ﬁupﬁ¥esaepltax1ally
di stance of about 2 -, d wherein the first pil

dqmmnmg$ﬁn@mauhﬂmﬂmwMBamkhﬁhdh@eéIar by a di stance of
about depti%élng material on the set of pillars to
&t-m a’gas FOTOPTIH-es, wherein the pattern conprises

a h0|eﬁRV£M§fQ$hﬂ§?éjrSt pillar and the third pillar,

wher ei a real hunber greater than zero. 26. The
met hodf@hifd aisen d5pilinkenaha shiptmien gvharesre theodillis [Haee 8 width of
conprises formng pillars having a generally circular

Cross d&tlon 27, The tho of d ai wher e
dapssi t ; Yootidr VRSN § [T ingy ar gspaf'cpér%?éf ?&@E’natsﬁ%o i piller by a

pillar an t he second p|IIar 28. The nethod of C aim

25, wherein the p Jl n conpri ses holes having a

ggﬁ_gapal | % b?l { El %i};s amt W}Jérem tﬁe first pﬁl“é f& s%parated from a third
c s :

pillar by a distance of about [%J Y;and

depositing matérial on the set of pillars to form a pattern of holes, wherein the

pattern comprises a hole between the first pillar and the third pillar, wherein Y is a

real number greater than zero.

26.  The method of Claim 25, wheremn forming a set of pillars comprises forming
pillars having a generally circular cross section.

27.  The method of Claim 25, wherein depositing comprises filling a space
between the first pillar and the second pillar.

28.  The method of Claim 25, wherein the pattern comprises holes having a

generally circular cross section.
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providing a set of pillars on a substrate, the pillars
arranged in two or nore rows and two or nore col umms;
whb@nkesdepositing spacer material on the setP@f/US2008/081474
pillars to forma pattern of hol es adjacent the
pillars; isotropically etching the spacer material to
enlarge the wdth of the holes; and anisotropically
(ﬁEtchi ng the spacer material to expose the pillars. 3

——~1¥. The nethod of Claim 30, wherein the set of pillars

2 has a density X and depositing spacer material fornms a

pattern of holes defined by the spacer material,
whier ei A méthochalngmisingre a density at |east X. 32. The

net hod of. Claim3 rther i n el ecti vel
oot R ARE bk ol Pt mitatRs: BEAIET eHonesd SHivory more

m}]@@ﬁuw@mo@@@glu@ﬁg 33. The nethod of d ai m 30,

erein the pillars have a generally circular cross

sect i ohlani@4 .defideitinpesuoct whteGhlaomii®@0set wifignilddrm to &friren pattern of
otro |cal1g % ching, the holes have a generally
?E%P feept Be 1St j on. 35. The nethod of O ai m 30,

wher e Ro g&@ t&ﬂ]lag% %e%éa&'@f Rie flaﬁo%ia%?%rmm&wo@ heltles; and

per forme sottopi ca y etc t he spacer
mat er i adnsotroplcally etching the spacer material to expose the piilars.

31.  The method of Claim 30, wherein the set of pillars has a density X and
depositing spacer material forms a pattern of holes defined by the spacer material, wherein
the holes have a density at least X.

32, The method of Claim 31, further comprising selectively removing the pillars
to form a pattern of holes having a density at least 2X.

33.  The method of Claim 30, wherein the pillars have a generally circular cross
section.

34, The method of Claim 30, wherein, after isotropically etching, the holes have a
generally circular cross section. |

35.  The method of Claim 30, wherein isotropically etching the spacer material 1s

performed before anisotropically etching the spacer matenal.
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