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Field of the Invention [0001] Enbodi ments of the invention relate to
sem conduct or processing, and nore particularly to masking

techni ques. Description of the Related Art 100021There is a constant
dermand for faster and smaller integrated circuits, faster and snaller
Integrated circuits may be made by reducing the sizes and separation
di stances between the individual elenents or el ectronic devices
formng an integrated circuit. This process of increasing the density
of circuit elenents across a substrate is typically referred to as
"scaling." As a rdEITHONFORIQRNING HYHRENSIT YA B TSHR NS r
integrated circuits, there is a constant need for nethods of scaling
to formisolated feature ' ' densibEN F DESCRI PTI ON CF
THE DRAW NGS [ 0003] The a%&gn%égwgg\naﬁgs are S}Eﬁ?ﬁ%tic, not ,
necessalrfidly ofthamvettonscal e, and are nmeant to illustrate and not to
limt enbodi ?@%ts of the. i nvegﬁi on. [0004]Figure 1A is a flow chart

i |1 ustratingl®Obl oc&sebodiments ol Hheniduention Helgketoosermsrmdueian srcasEs At

the inventl Bficularly to masking techniques.

Description of the Related Art

[0002] There 1s a constant demand for faster and smaller integrated circuits, faster
and smaller integrated circuits may be made by reducing the sizes and separation distances
between the individual elements or electronic devices forming an integrated circuit. This
process of mcreasing the density of cirenit elements across a substrate is typically referred to
as “scaling.” As a result of the demand for faster and smaller integrated circuits, there is a

constant need for methods of scaling to form isolated features with a high density.

BRIEF DESCRIPTION OF THE DRAWINGS

{0003] The appended drawings are schematic, not necessarily drawn to scale, and
are meant to.illustrate and not to limit embodiments of the invention.

[0004] Figure 1A is a flow chart illustrating a pfoccss 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.

[0007] Figure 24 illustrates a top view of a partially formed integrated circunit in
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.



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

[0006] Figure 2 illustrates a cross-sectional side view of a partially
formed integrated circuit in accordance with one or nore enbodi nents
of the invention. 10007] Figure 2A illustrates a top view of a
partially formed integrated circuit in accordance with one or nore
enbodi nents of the invention. [0008]Figure 2B illustrates a -

cross-secti omahopi dejgnteys ﬂfusfra@s mbtvae'vz«} J)fythé piriRe, foﬂﬁ&ﬁﬁﬁ%l%@d%ir&ﬁ%ﬁ
of Figure 2A al ong the sectional line 2B shown in Figure 2A :

100091 FFiguree23 Afiet thespatatrest gillassphasi wan dfimpied ipaeedrddnicy Wit onedor more
|ntegrateﬁ équu g of. F| ure 2A after the pattern of pillars has been
t ri med “FPROGCERP S W%@“WP “one or nore enbodi ments of the invention.

[0010) Fi gur e[¢380 d]l | | gk BSIauGtcd $Scro@Ceb@ial sig G}m\/bﬁweoganﬁdmg formed
partially forne integrated circuit of Figure 3A along the sectiona
| i ne 3BimeEssied titcuRtiod 5@1633&\. along the sectional line 3B shown in Figure 3A.

[0013} Figure 4A illustrates a top view of the partially formed integrated circuit of
Figure 3A after transferring the pattern of pillars to underlying masking layers in accordance
with one or more embodiments of the invention.

[0012]  Figure 4B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 4A along the sectional line 4B shown in Figure 4A.

[0013]  Figure SA illustrates a top view of the partially formed integrated circuit of
Figure 4A after one of the masking layers has been removed in accordance with one or more
embodiments of the invention.

[0014] Fipure 5B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 5A along the sectional line 5B shown in Figure SA.

[0015]  Figure 6A illustrates a top view of the partially formed integrated circuit of
Figure 5A during deposition of a spacer matenial on pillars in accordance with one or more
embodiments of the invention. |

[p016] Figure 6B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 6A along the sectional ling 6B shown in Figure 6A.

[0017] Figure 7A illustrates a top view of the partially formed integraied circuit of
Figure 6A after deposition of the spacer material in accordance with one or more
embodiments of the imvention.

[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.

[0619] 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.

(00201 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.



100111 Figure 4Aillustrates a top view of the partially forned
integrated circuit of Figure 3A after transferring the pattern of
pillars to underlying nasking |ayers in accordance wth one or nore

enbodi ments of the invention. 10012]Figure 4B illustrates a
cross-sectional side view of the partially formed integrated circuit
of Figure 4A along the sectional line 4B shown in Figure 4A

[0013] Figure 5A illustrates a top view of the partially forned
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[0019] Figure 8A illustrates a top view of the partially formed
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invention.

[0026] Figure 11B illustrates a cross-sectional side view of the partially formed
mtegrated circuit of Figure 11A along the sectional line 11B shown in Figure 11A.

[0027] Figure 12A illustrates a top view of the partially formed integrated circuit
of Figure 11A after removing the spacer material in accordance with one or more
embodiments of the invention.

[0028] Figure 12B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 12A along the sectional line 12B shown in Figure 12A,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[6029] Embodiments described herein provide methods of forming patterns of
isolated features having a high density. In one or more embodiments, a method is provided
for forining 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




[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. [0021]Figure 9A illustrates a top view
of the partially formed integrated circuit of Figure 8A after further
etching the spacer material in accordance with one or nore

enbodi nents of the invention. 100221Figure 9B illustrates a
cross-sectional side view of the partially forned integrated circuit

of Fi guLefscBfe1fledb el hﬁfoﬁ%trhm ithld ﬂa&ex%%fq‘abramauuﬁg fa&gﬁ)eat%st about 2X.
10023] Figure 10A illustrates a top view of the partially formed

i nt egr alrednei mhﬂdtm@ﬂs FElvgacan §¢\f<ameé n dtectiag efielgsiin lizer magkp such as by
accordance
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of the pﬁg@#@kmﬁu}@ﬁned |ntegrated CIrCUIt of Figure 11A along the

sectional lTine 11B shown in Figure 11A

[0031] Figure 1A illustrates a general sequence of process steps according 1o
some embodiments of the invention. In step 1 of Figure 1A, a plurality of pillars are formed
on a substrate, such as by etching into a layer or stack of layers formed over the substrate or
by forming material over a substrate in a pattern that defines a plurality of pillars. For
example, the pillars can be formed by photolithography, by selectively exposing photoresist
to light and then developing the photoresist to leave a pattern of pillars formed by the
photoresist. As used herein, “forming” a structure includes performing steps to make the
structure or providing the structure already premade. In step 3, spacer material 15 formed on
and around the pillars to f1ll spaces between the pillars while leaving a patiern of openings
between the pillars. In step 5, the spacer material is eiched to form a pattern of holes
completely open to an underlying material, the holes having a density at least as great as the
density of the pattern of pillars. In step 7, the pillars are removed to form further holes, thus
providing a pattern of holes with a density at least twice as great as the pattern of pillars that
were previously formed on the substrate.

[0032]  Figures 1B-12B illustrate schematically a detailed sequence of process
steps according to some embodiments of the mvention. In step 10, a substrate 100 is
provided and a first hard mask layer 110 1s formed thereover. (Figure 2 illustrates a partially
formed integrated circuit 200 after step 12 has been carried out.) The substrate 100 may
include one or more of a variety of suitable workpieces for semiconductor 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.



100271 Figure 12A illustrates a top view of the partially fornmed
integrated circuit of Figure 11A after renoving the spacer materi al
in accordance with one or nore enbodi nents of the invention.
100281Figure 12B illustiates a cross-sectional side view of the
partially formed integrated circuit of Figure 12A along the sectiona
line 12B shown in Figure 12A. DETAI LED DESCRI PTI ON OF' THE PREFERRED
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Mei ssner, Thin Solid Filnms, 283 (1996) 196-203 and U.S. Patent
Application Publication No. 2006/0211260, published Septenber 21,
2006, entitled "Pl TCH REDUCED PATTERNS RELATI VE TO PHOTOLI THOGRAPHY
FEATURES, " the entire disclosures of which are hereby incorporated
herein by reference. In the illustrated enbodi nent, a second hard
mask | ayer 112 is also forned over the first hard mask |layer 110 to
protect the first hard mask |ayer 110 during etching in |ater steps
and/or 4e BRNANGFedill® s FHMAEYE uShg RN ThEPaiP e&iniguelY In otber embodiments,
phot ol i t hography. In one or nore enbodi nents, the second hard mask
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100371 Figure 3A shows that after the trimm ng step 14, the distance
bet ween nei ghboring pillars 121 of the selectively definable |ayer
120, such as between pillars 121a and 121b, is D. In one or nore
enbodi nents, the distance Dis substantially equal to (2 Y is used
herein as a nultiplier having a dinension of distance to clarify the
rel ati onshi p between various dinensions in the pattern of one or nore
enbodi nents. Although Cis substantially equal to in Figures 3A and
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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.



1004111 n step 30 of Figure 1B, spacer material 130 (Figures 6A, 6B)
is deposited on the pillars 122. Figures 6A and 6B illustrate the
partially fornmed integrated circuit 200 while step 30 of Figure 1B is
being carried out. The spacer material can include an insulating
material, such as an oxide, e.g., silicon oxide, particularly a
material that is selectively etchable with respect to the material of
the pillars 122 and other exposed surfaces. Exanples of other spacer
material s i nghysle sif kepnenbt Figes ]I%‘l Ae3patikhNof §likrs 1T @PEhOkelEGHEly
enbodi nents, depositing step 30 includes uniformy depositing spacer
naterlaﬁdhﬁﬂﬁohyﬁhé2®l$lewsﬁm@é @nthet kecopdiblwrd anesk180er didhsueh by by
bl anket de 051t t.he _.spacer, ter m_c

depos! t FUTTORS TR PR SCRC A e o e G B sERu AR REpstls o
i s depogjpged on the pillars 122, the spacer naterlal 130 fills a

space between nei ghboring plllars 122 when the spacer material 130
forms a | ayel0#dvi nljlg@quslﬁf’e Rk 48 Hustrate ggepagial P@@Wﬁ%ﬁh?@mttm

;B;ggp 2 ?fg}epgﬁs#%st g | nu eerei\%ual % ogteplgggepg,g %lelar(% I% g%ﬂrnﬁtd%@ ﬁ{eqﬂgty’

space bﬁ&rﬂﬁﬁiﬁkﬁbﬁ:rﬂ&&"@%mé@ﬁb@hﬁl@f ttolgnpithd Arss hﬂ;raanaﬁw@fbrtlh&tthﬁobgh the
spacer material 130 surroundlngﬁthe near est neighboring pillars 122
conver géﬁl%ffiﬁldelb’élﬁﬁliiﬂbéﬂ laxervi and s second ihard maskilayel ] By 4y DeundekisnsnéA

Advant ageoys, the gt 5192 BT 98y b0Ya b Sibbitlaly hOU8he SLAGE he
area for 1ntera recursors, 1t een oun e rate
of depogpitter®in dte sdmemﬂy meﬁﬁabia)rayadlmy Tlmememvey gleficabld kygr B4t ean be

than at other parts hetween the pillars 12(1(25@ causiJIJG dge cor er of
the opefFRYY48 SUpRE %@éﬁrthﬁéwbmg|s§ivs?01é@embo e second hard mask

[ 0044] Fi e%l(r) £ 4fe's 91d %Erd%ésmg%@h% xhésebeq%ﬁwéa' ih ¥teh 05 ”&%@h asmﬁ%%g@m

circuit after eposi ting has been carrle out. "As Shown
in Figuae&tﬂﬁpaﬂd ZBpﬂsuémb@hmnﬂssbanﬁmnwﬂyéﬂhabhiaﬁrhakmbemm@dbyﬂw

e T

the pathﬁﬁﬂa@ﬁhéﬁﬁuﬂhlﬁﬂ&&j rﬂé@uﬁ@ﬁﬁﬂﬂh@@rﬂﬁﬁ%ﬁwtﬁ@gd&ﬂﬁdQQHﬁhﬂﬁ@
of the holes is great'er than the density of the plllars 122 i n the

i|lustréyediPBortion of the partially formed integrated circuit.
1004511 n ord ch iy
1004511 n o dy 42& {,%t%éggg)fﬁfg%%od@mgéf%g%ggggl 1387 foffes KRS BPL A8ndiich

wi dt-h ofontthe m@fseﬁﬂlfl}@gmﬁs snehl &R filhard he panﬂllh f&@nel 1hthgat&ﬂ|cir&1£1320(] n
step 32 of FI gure 1B, the spacer material 130 can .be tr]b#me such as
by i sot MIPrePIR) oEEBWNLE sPeingicrBieriopt. cisreret Matelipleen msfude pe splabee

140. Fi %ﬁﬂ 8N éﬁoggé Uféréﬁﬁoﬁ Qﬁld@agéﬂlgl.g e fa%ﬂ@ﬂa]'tﬂ&teﬂrs%}e%ﬁvely

circuit er step Figure 1B h carried out. shown
i n Fi gureehBide wathtrespeatry t}etmehem@ of the pppantl2t 4né cHel egpoteDsurfabes. [Eagmplesof
t he spacer gaterlal 130. kness %5 p thgngoles 40 have been
expanded! t Yh¢to FRACH predenip 1l MPHERE: 2Pk ghne or more

enbodi MeRl3 dinldd& ‘d@}ﬂ)tsﬁ'mg S%Bdmt ﬁ@luﬁ&' ﬁiﬁ%ﬁﬁ,’ (ﬁp@e{” ﬁn@%@er&ﬂﬁ%zﬁﬂ@[) akl tHe

equal to the wdth C pillars 122, advantageously provid ?
pattern pdiarm%sndlm sahﬂram 100aﬁ@hle@@yoblmé@béqpammemqﬁp@m n@éﬁml $§3% by

St eps 30, and 2 of . Fi ?qﬁre 1B can be repeated as desired in order to
achi eve °ﬁ8’Pl§§ Ry %elpo &-desired shapes and si zes.

0042}  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 10



[0046] 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 1B has been
carried out, The width H of the holes 141 and the thickness G of the
spacer material 130 between the holes 141 and the pillars 122 remain
substantially the sane as before step 34. In sone enbodi nents, the
order of steps 32 and 34 can be rev , such that the spacer
material 130 is anisotropically EEQZ;E}@J ore being trimed by, e.g.,
an isotropic etch. In such enbodijrent g, )hol es having different w dths
may be formed. [0047]In step 40 o igure 1B, the pillars 122
(Figures 9A [0983] BERralCRBsber BldkdHaR$3(0YorsRLECTI MeLispositedteshd MBng eSt
hard mask | ayer 110 rel'ative to the spacer matérial 130 to renpve the
pi | | ar s spRe beFiggor e r@rkshmdichoing| pilletsr 5% uple thetr the atpeser fontaeal 130
integrated ci,ycyit 200 af.ter step,40 Figure has .been, carri .
out - e oGt at ReBiont b Plely 12 som B o Sy S0 SRR s
a densi tifuigireabRliseétan Advastdgdoutlo, aROW cdrivdrs BaviRe a detRgvely hidhert fugface
features that were forned in the selectively definable |ayer 120.

Mbr eov e Brea fprdniqesicarg widh pisanzsors, ithas| beert fopad that & 5ate of dapanitigrad thei domgrss

121 fi f l. | i i i
Fayer 1 Smed R S BUGe LOSGE RN, dirtIf BEWBE Ik Ehterd P, BARNE
t he pat temersef theidpbsmicd Bedwedh thbgillaglien td vebie defidedbl e | ayer 120.

10048]In steﬁ) 50 of Figure 1B,e7%l ugs 150 (F%%:ljres 11A, 11B) are,
formed in théMbl es Fignres B gud &8 iltpsirata the parpally foged antegratpd circuit 200
parti al | i d.Cl i 00 t f, Ri-GHur,

has beor! ZalpERtnd B e RegLERd oft hScRln By PRe0 78 arf B Bl
t he subspacat matk6fl. 1 3Thes bgackposigd ér foaln HbBE 146 vathosaibsthutiallg circular cross-

I ti | ) hahl | ati. to t materi al , i t 3 50.
'h one. Stexir dbentel earee e s agon wit Behelbar! BeliE 12ors
and the jspRGE] awmf&,%hghe d3it} 8f HRMORE iOhresiks ﬂ'r}]ﬁz’i’fhlelc&éhﬂﬁ'- of BEPARAL 108 in

step 50 can be carried out in accordance with well-known deposition
pr ocess ¢l illpstetadgiontpniad therpstidlly formed ivtogretsdnirewmt. vapor deposition

(CVD), plas anced chem cal vapor osition fPECV spin
Soating 1 AT oIS ardien b BURat  ERRGRED BT Re By TOhE b
formed Bycesfh) aXicpbsiOsOMubh sh84RktkRalSIBOALAQhe Whith 5PAR &bl BU@ S @hallks0
(Figures 11A, 11B) is renpved, such as by selectively etchi ?? t he

spacer Welh a11dth3f of the pillotse sWesen 37 vf Faqyws 1 Botei spacer avstish 1HECVDLS n
step 50.t pQsSi, t . . '

o oD RPHEPAE b bR SRynk TRy DEBSRIR Vi b 100
pr ocess FiguresB fra¥ 8B Aluptatg theghagtailg foraicd intbaatkd piraateXdd aftor wepdir oftfdgure
expose the spacer material 130. . {‘_,0050 Fi@gures 12A and 12% LlLLiStf%te
Lhe par (EaIPPorbraes i AgisiPea it FigBt 5. 25gF any eiching 10 expind the holes 14,

the layer of the spacer material 130 has a thickness G and the holes 140 have been expanded
to form holes 141 having a width A. In one or more embodiments, the width A and the
thickness G are both substantially equal to the width C of the pillars 122, advantageously
providing a patiern of holes 141 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.

[6040] 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



after step 60 has been carried out. A pattern of plugs 150 has been
formed on the substrate 100 with a density greater than or equal to
about twice the density of the pillars that were forned on the

sel ectively definable |ayer 120. Moreover, the plugs 150 have a

smal ler feature size than the pillars 121 first formed on the
selectively definable |layer 120, and the plugs 150 occur in a pattern
that is aligned wwth the pattern of pillars 121 in the selectively

def i nabkR Haayedn kdfed ROTHEWiitiher i ehd RGO 108RIGRE bfﬁamegog%ftﬂeéﬁspacer
provide a pattern of plugﬂﬁmnth a density greater than or equal to

about t wiatetiak WD briwsen ;he ashid 1t andt the edllarh 22 wanaen Sestastialbnthetseme as

sel ecti ef.i.n t he repe

pr oduceggllc’l}é ?epejﬁnﬁlr\}m cfnﬁe & edﬁng? st thoefor ea % d%4 an g‘? 83r'8 Ipeaa g’nt}'%r
equal t cheasb@def nfagiial 13078 Sinfstigopii@ls letc}ietﬁbéfbﬁ wnggmﬁaﬂledn@fg EQr ran IS-HTI@[)IC

met hod may then be repealed to achieve a pattern with a density of

f eat ur e8ichhhxsuplyerabediments, ﬂlﬁ@ﬁh@fln@aﬁaxent widtlisauay bsifgmmedt i nes t he

density of t rig i n
i s reached. I:@orﬂexah{@" ﬂ?yﬁﬁgﬁe I?é] rf’q%]ée}gllg?gdé?rhpfja’?ﬁ% ar?egmgf%
pi | | ar sapby seddcriedy Iet‘i:hinlg&héﬂbﬁ h#rdingasit Oer URD Regutivh e ’tIﬁ)&;@ﬁceﬂ.Bﬁte(uEl QEO 10
10A and 10B) as .a nask,_can be used as the ﬁ}el lars 122 in subsequent

r epeat sr%w@ﬁfae HTRod. Pareeiiivpre! Oiilugiate Bieprrglly Fremed Frearaled s
30- 60 t at yr [ ' )
can be n?%or %ge Sf%gﬁgrogﬁigu?g;@ ae§ %glﬁgéergg%;ﬁf ify[rr\eﬂ(s?§ tsﬁg&#g%ﬁ%g%gg aﬁlg )g%l.zhafA
and 1B beenr mheatcbmat has a den§iGO&r2jterMibay ovanuadttbmbsumfmtmmeecﬁdnmm nfrHes

describ d herein are 055|b For ex t he hoIe and
pillars Tepoes Hatov e o L%éel?%“’?iﬁéia ﬁﬁﬁ%&yafe@  Moepoxtyo s jfﬁs fﬂiy
be desi paRl £ sinﬁllé"rofé'ﬁm?eoﬁl&é Gk ﬁ@%llie@s fiof ’Hrﬂofo%ﬁed By"t hézfoﬁtﬂog{aﬁﬁf iPthe

smal l er than the pillars. Accordingly, the thlckness of the spacer
mat er i abelwﬁelbeiema}bd@kae@t X260, achtheheles hé! dessi med pattesuthiat is aligned with the

[0053]Ad t|o a d scr ed above provides pillars
and hol 8 ga%&?uwal“f Vﬁefﬁ}'%efi%onakngggyfr ction, other shapes are
al so_possi bl ﬁmﬂor EXaePLe of FherPI B,| i ﬁnqm@ﬁ@amamﬂﬂ)aﬁ@r@n@a%&e
section that is _generally in the shape of a square, a rectangle

an el | i palés 1ibo§1@pm§ritlﬁe¢nd W 111@8tt%thmaﬁ@élyée@mdu ln@ara@@wréu@ﬁawﬁ@rs
holes 1 t g

o 25 2485 50 oRpRALd ff B 0B odBp @bl Mickesb ol BERRES BF Mefunt Biberiat u

| ocat i okig sbdtiate M©. fI@letszelpmhﬂeﬁﬁlSI 3bys ieginwibegeladtivialyaetghable eglntiwfto the
pillars otheLfthan he, one__descri bed above, for exanple_a pattern |n

whi ch t Retgishfosmmedhe pgs h90-| by e apgre smbpdimentsy the piiesfl 59 ategionped of
One exa ee
1T 1 ar o D0 Bl AR e h A adl 308 foriRl PERLAPEAS PefdBhELen 3 pir¥e
100551 Momrgiod evt, in eherésmbo dithwyeti dndws dppdsﬁnbnainmaesamlmﬁngjbﬂmot tmited 10

selectively. create patter t.h h| SII msrrereg

The | nt Sgied SRer s VI PR thhareef S vepu PROT SO RASE: &
new, hi ghgrcofleRsi hnysoRat &e¥ddih&nd, eniRe 1501 (FBdresf1gat M{deﬁﬁ?%n e repacer
apart at a distance sufficiently small that it can be filled by thée

t hi cknesBitasial gipevlspacer material . In reglons where a higher density
pattern is n glures ca r t. too Jgneat, a
di stance to @ﬁuﬁel I g’agﬁ%g‘f F a‘éeéénra erlflaa erl[zscguresﬁﬁg‘rr”s F SuCh s
pr ot ect iby ackaslelycawhibg this qﬁcérmme@aaem t mapsé@tesQfsing mi E@mgf QTVMEdr
by the sggcer material to_the substrate 110, or to:Prevent deposi tion

in the $ERYLbPetPRfslomdspestdaRlughld0simey be pagcasaralo frsiplanarize tie susfaep,
a high dapsid L PRLLAL Ig@aﬂmhsaz%%iigﬁﬁg]glgge@spap&ﬂﬁﬂ a Plug QERfaf U RgcrOf

the integrated circurt but not “in ot
process in order to expose the spacer material 130.
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[0056] In addition, it will be appreciated the use of an inmaging stack
i ncl udi ng photoresist, an ARC, and anor phous carbon can be

advant ageously be applied to facilitate deposition of the spacer
material. Tenperatures typically used for chem cal vapor deposition
of the spacer material .nmay undesirably deform photoresist, thus,

anor phous carbon is used to formthe pillars upon which the spacer
material is deposited. In other enbodi nents where | ow tenperature
deposi tion ppoes@ssesigufsd2A SHATRCILAME the QRASIY FRkd AfteorS@ dirdudt 200
deposit the spacer material, the ARC and anorphous carbon |ayers may
be omi t eléet stapddOt hve bsga@emedmtterA patteompf RagsdEddwe beeh Hrmpd P esubstiaieed
of phot t 0 ccordan th t he

above ?6& Oddl gl O%t/tiel(‘jean Oéuglf]'la?% i (Elho ce tﬁe{_{?en(glﬁ%mﬁpda% ﬁars I;hapw Te
exanpl efor@ﬁe@\dndﬂhegemmgs HéfataBleangert oM mre@véﬂ, st pisigd 166 havd hapsllien
the substrate. The nethod can further include depositing spacer

nat er i afeabye sl ﬂfap rfbft pidlets 1gf {ppY forped envthegelerively definapladevsy M%fand the

e o PABE k2 ThyM0PL. IS ES Bk SBIN TP

a spacedﬁﬁhﬂﬁamwﬁJIOrst pillar of the flrst set and a near est
nei ghbori ng Plllar of the first set, [ 0058].I n ot her

embodi ment s, (085Kt hdpilesthe msthodedescribied ahedersn REQAds A @Rk of PP éﬁﬂﬁg‘ a
substray the,

Ut 20 25 Skl L W6 e (O EHBS! Bkepiee
deposi tt htg;e}mtﬁ&ﬁy @dfinalsie ldyer 190, tha ms:thoal mwmod)epapdamﬂno pfodbc:d apattom vaith

| evel of ¢the plllars t he holeﬁ havin a densit | east

10059] PACRYH S fafpedharenereaters MBI g abgub vy oS e domty b the gl
i ncl ude PQ&&P{' hdGeRod HJ%§ ttﬁeff&tb% r8fkcheli 06 MG e @ paftm Qfith den&E Jsofqearaﬂegmat
substra wherein the pillars have a w dth of about wherein a
first pidgreater thasepanpattedbdut mghaurs&nbn dexplt}' bthe bygmalchastt:mnw sofonaiptilit
EMZ'_ |1;|), 1 a@edsg\égﬁérﬁség 1%?6%8%615{ S]t’mp examp g, 1t wﬁﬁgg ral%rggat]; ?he Blugs 150 or

pillars patterned in the substrate 100, using the layer 130 (Figs. 10A and 10B) as a mask, can

be used as the pillars 122 in subsequent repeats of the method. For example, afier forming
these pillars steps 30-60 may be repeated. Thus, isolated features having a density 2" can be
formed, where n is the number of times the method of Figs. 1A and 1B is repeated.

[0052] Many variations of the embodiments described herein are possible. For
example, while the holes 141 and pillars 122 have the same size in the method described
above, it may be desirable in some applications to form holes that are larger or smaller than
the pillars. Accordingly, the thickness of the spacer material can be adjusted to achieve the
desired resull.

10053] Additionally, while the method described above provides pitlars and holes
with a generally circular cross section, other shapes are also possible. For example, the
pillars and holes can have a cross section that is generally in the shape of a square, a
rectangle, or an ¢llipse.

[0054) Further, while the method described above provides holes 140 in a pattem
that is aligned with the pattern of the pillars 122, it 1s 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-



3,5 Y 2 [00601The nethod can further include depositing material on
the set of pillars. The nethod can further include etching the
material to forma pattern of holes, wherein the pattern conprises a
hol e between the first pillar and the third pillar. 100611 In
ot her enbodi ments, a nethod is provided. The nethod can include
providing a set of pillars on a substrate, the pillars arranged in
two or nore rows and two or nore colums. The nethod can further

i ncl ude gblandgeibode rf&sextainpﬁ SPAGEIin m&&h@&nﬁ@s $ihBe §mtars<afcaﬁla{ heksmbQ
forma pattern of holes adjacent the pillars. The method can further

i ncl udeof s@qwaoqau @ableyaremlcr@fmgothﬂ@a§mdém qaatberised ist ppatisirapbreeimllars,

w dth of .t d,can further,include anisotropically
et chi ngwthf‘lcgl Cg'b Bsredrtr%{loé?“mj] Et‘geeBt EJ’{eﬁgllB’fﬁ | ars. 100621 It
will be apprpmsst ed MitedROSBe Sibbdifdnts MeidiBe@hbovcha@h Beakse@US s€lbdiBELy
om ssi ons, additions, and nodifications may be made to the methods

and st r geRgmatce sithi ligher dbnsite inanbrogioge ﬁl@llmﬁggmteémr@ua\bbtﬁ@@b@ cahcr

of tho. TRy 'preeial s IERRE pifE LRGP 4t B ol bR

| S: spacdd aphring taligsthree Bﬂiﬁtl&ht[}gsmamrtba&hddaﬂg)eaillﬁﬂ b$ U{eahiekneﬁﬂdifrﬁlﬁ g3aaer
first set of pillars on the substrate; and depaqgsiting spacer
mat er i amalgialhin agions véhere aiigher fensidy paterpismal desiveds Toaireseran ks spaced

hol es, mﬁ.ﬂ% £a56 ofthfa § gk L&% holdisa pfpﬁg,p%&f o Ocaggg&bveft} mg;trhtemwe

S|des, erein east one o oles s

pi | | ar s nokk tche beivsed 16 etevemnansfee rodianpatiafit formee ysthe ispgrer sp&eAl to the
material fills a space between a flrst pillar of the first set and a
near est s“}éefr@qqupq Wgtopﬁrﬂegy deposipip iy the same gpenings formed by the spacer material

130. In this way, a high density pattern can be selectively provided in some regions of the
integrated circuit but not in others.

0056} In addition, it will be appreciated the use of an imaging stack including
photoresist, an ARC, and amorphous carbon can be advantageously be applied to facilitate
deposition of the spacer material. Temperatures typically used for chernical vapor deposition
of the spacer material may undesirably deform photoresist, thus, amorphous carbon is used to
form the pillars upon which the spacer material is deposited. In other embodiments where
low temperature deposition processes {e.g., atornic layer deposition) are used to deposit the
spacer material, the ARC and amorphous carbon layers may be omitted and the spacer
material can be deposited on pitlars formed of photoresist.

[0057] In accordance with the embodiments described above, a method 1s
provided. Such a method might include, for example, providing a substrate and forming a
first set of pillars on the substrate. 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
Jocated between pillars of the first set and wherein, afier 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-



2. The nethod of Claiml, wherein the first set of pillars conprises
at | east one colum and at | east one row, the at |east one colum
being oriented transverse to the at | east one row, each of the at

| east one colum and the at | east one row conprising a plurality of
pillars. 3. The method of Claim2, wherein the first pattern of
hol es conprises at | east three colums and at |east three rows.

4. The nmethod of Caiml, wherein the first set of pillars conprises
pi | | ar s dhau cY Y 'ﬂuegﬁaﬁds&édmfuﬁhérqﬁm@de mm&sde@sgailﬁg)ﬁater.al on th@pilikR&o form
met hod of aim1l, wherein the first pattern of holes conprises holes
havi ng apg@i@ﬂéhqlgsmarl@tﬁlaf the piisss, Yediolashaving a densgy atigest et hod of

Claim1l, whe th ac terjal n. i nsul er,al .
7. The net hoBﬁ] 15?1] gl ijr ewgg’i&ﬂm’t ?‘léne?b@clérpr%g%' iﬁ ln%erﬂé?d can’ include
sem congrsidinga BRs@htk ahd QrmenoCORE YEHillREG IMBLE kibBlrate, wherein She pill@s ABfchod

of Caim1l, further conprisi ng, after depositing t he spacer material,
i sot r opMedihpfakemthi ng t he spacer material to increase a width of the

hol es. 9. The nethod of d ai wherein, after isotropically
etching, the width of the holes is |pet\wen about 50% and about 150%
of a wdth of the pillars. 10. 2The net hod of Caim 1, further

conprising, after depositing the spacer material, anisotropically
et chi ng ahdrehapiacirsrfllLlii fharhed &opos e cbhbpiid byay distafce ofigbduit r st set .
11. The method of Caim 10, further conprising, after exposing the
pillars of the first set, sel ectlvel Jet h| ng the first set of
pillars to forma second pattern f—hbz‘l' Y. the second pattern of
hol es conprising the holes of th attern of hol es and the

B R Sﬁﬁh{ﬂve'%ﬁfﬁﬁ%ﬂ%ﬁe e ol ek ePwaliong set

of pillars by depositing pillars |r[13\,r—1]he second pattern of hol es.
— Y.

[0060] The method can further include depositing material on the set of
pillars. The method can further include etching the matenal to form a pattern of holes,
wherein the pattern comprises a hole belween the first pillar and the third pillar.

[0661]  In other embodiments, a method is provided. The method can inctude
providing a set of pillars on a substrate, the pillars arranged in two or more rows and two or
more columns. The method can further include blanket depositing spacer material on the set
of pillars to form a pattern of holes adjacent the pillars. The method can further include
isotropically etching the spacer material to enlarge the width of the holes. The method can
further include anisotropically etching the spacer material 10 expose the pillars.

[0062) It will be appreciated by those skilled in the art that 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 changes are intended to

fall within the scope of the invention, as defined by the appended claims.
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13. A method conprising: providing a substrate; formng a first
set of pillars on the substrate, the formng a first set of pillars
conprising: formng a first hard mask | ayer over the substrate;
formng a selectively definable | ayer over the first hard nmask | ayer,
the selectively definable |ayer conprising a pattern of pillars;
trimming thepillars of the selectively definable |ayer; and etchi ng
the first hghTEs&LAavEgD fdirough the selectively definable |ayer to
transfer the pattern of trinmmed pillars to the first hard nmask | ayer;
and depositing spacer material on the first set of pillars to
forma first patt r erein at |east one of the holes is

| ocat ed betvveen pﬁﬂgar FIL@E% #\hrst set, and wherein, after

deposi ting, spaceprotmhm’asﬂbslfmtbj S a space between a first pillar of
the first set and_a near bor i r of the first set.

14. The method of f@“&?ﬁﬁﬁ@ tﬁ ?l%tﬁ[]ﬂjﬁjl? in |lars of the

sel ectively defi na@@,th%)éﬁﬁceﬁﬁm&lﬁﬁﬁth WEikst @ét@ﬂpihlﬂrstth@mﬁ% fiext patebnyof holes,
definabl e | ayer. he met hod of Cl aim 13,

conprising: @ least ong o theghalesstalamaterallypopaded qna%}]eﬁld%@a'leq_eﬁlethﬁ at legst one of
hard mask | a¥l?e|rhcﬁ 01 Geal eg W&&tﬂ]ﬁ# oF Bfelfi:M&by aH¢ Wk, ‘%,ﬁlala&’e.%ﬁmtm SPacer
ivel'y de ay

wherein the se is formed over the sécon

hard mask | ayeteriahfitls a space betvedeil mgﬁrsmll@@f dedirptesetiandes keares) veighoringipilar

Itggef.el ectlvelf%echegtlsgfabl e layer before etching the first hard mask

2. The method of Claim 1, wherein the first set of pillars comprises at least one
column and &t least one row, the at least one column being otiented transverse to the at least one
row, each of the at least one column and the at least one row comprising a plurality of pillars.

3. The method of Claim 2, wherein the first pattern of holes comprises at least three
columns and at least three rows.

4, The method of Claim 1, wherein the first set of pillars comprises pillars having a
generally circular cross section.

3. The method of Claim 1, wherein the first pattern of holes comprises holes 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, further comprising, after depositing the spacer material,
isotropically etching the spacer material to increase a width of the holes.

5. The method of Claim 8, wherein, after isotropically etching, the width of the holes
is between about 50% and about 150% of a width of the piliars.

10.  The method of Clait 1, further comprising, after depositing the spacer material,
anisotropically etching the spacer material to expose the pillats of the first set.

11.  The method of Claim 10, further comprising, after exposing the pillars of the first

set, selectively etching the first set of pillars to form a second pattern of holes, the second pattern
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16. A method conprising: providing a substrate; formng a plurality
of pillars on the substrate, the pillars having a density X, and

bl anket depositing material on the pillars to forma pattern of holes
on a level of the pillars, at |east one of the holes being laterally
bounded on all sides, the holes having a density at |east X, wherein

X is a real nunber greater than zero. 17. The method of C aim
16, wherein formng the plurality of pillars conprises formng
pillars having a generally circular cross section. 18. The

met hod of Claim 16, wherein the plurality of pillars conprise

t ranspargent _.car bon. 9 al od | | )

t he pl u? Oﬁ?sy‘:%wn?lnfgltg? g“‘f‘%%ﬁ%@%@%@% %‘g‘f“{l??eﬁ& %E’rg‘P ge@*&gagegrbgf %@%
20. Thecteighd fiedt s€tlofipttlat®, wherein the mask is formed of a

phot or esi st . 21. The t ho f Claim1l6 erein _the hal es..of
the pattern Have Té”dﬁ??@?‘ngﬁWrﬂu?'ﬁfheﬁF%E“% qripipg a second ég_o?sﬂqgars by
met hod @,o&limd Plard nto kY dob6Ad BRI drblRg removing the plurality of
pillars to forma pattern of holes of density at |east 2X 23.

The net hod of3. O & metted compripigg: conprising formng plugs in the
pattern of holes . [ least 2X 24. The net hod of

Cl aim 23, wherei ﬁ?%‘gr ng%‘gSh%‘Tt%Iéeé conprises epitaxially depositing

pl ugs on the subgbimitg & fist det ofhmllivsloasthe substrate, the forming a first set of pillars

comprising:

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 Jayer to
transfer the pattern of trimmed pillars to the first hard mask layer; and
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 pill.ar of the first set.
14,  The method of Claim 13, wherein trimming the pillars of the selectively definable -
layer comprises wet etching the selectively definable layer.
15.  The method of Claim 13, further comprising:
forming a second hard mask layer over the first hard mask layer before forming
the selectively definable layer, wherein the selectively definable layer is formed over the
second hard mask layer; and
etching the second har.d mask layer through the selectively definable layer before
etching the first hard mask layer.
16. A method comprising:
providing a substrate;
forming a plurality of pillars on the substrate, the pillars having a density X; and
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25. A nethod conprising: providing a substrate; formng a set of
pillars on the substrate; wherein the pillars have a width of about (
A Y, and wherein a first pillar is separated froma second pillar by
a distance of 2 about ( 2 - .5 - Y, and wherein the first pillar is
separated froma third pillar by a 2 (31 distance of aboutY ; and
depositing material on the set of pillars to forma pattern of hol es,
wherein the pattern conprises a hole between the first pillar and the
third pillar, wherein Y is a real nunber greater than zero. - 26.
The nethod of C aim 25, wherein fanning a set of pillars conprises

formng pillars %Mggd&m%ﬁﬂgmkééﬁl Sﬁ{}fé%ﬁd}s td PR = Z[?a&%frﬁ holes on a 1ével of

The nmet hod of C al epositing conpris a space
bet ween t he the pillarspit lbast o df ’ﬂlb(hobeb@ngi latardlfyalbounded on alizsidesr H‘é" heles having

of Gaim25, wheroln Lhe RRLLER SOMRILARE: PekstmiRdno @ generally

17.  The method of Claim 16, wherein forming the plurality of pillars comptises
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
etching the pillars using a mask.

20,  The method of Claim 19, wherein the mask is formed of a photoresist.

21.  The method of Claim 16, wherein the holes of the pattern have a generally
circular cross section.

22.  The method of Claim.16, further comprising removing the plurality of pillars to
form a pattern of holes of density at least 2X.

23.  The method of Claim 22, further comprising forming plugs in the pattern of heles
of density at least 2X,

24,  The method of Claim 23, wherein forming plugs comprises epitaxially depositing
plugs on the substrate inside the holes.

25. A method comprising:

providing a substrate;

forming a set of pillars on the substrate, wherein the pillars have a width of about

[fz—}? , and wherein a first pillar is separated from a second pillar by a distance of
2

about {2 - (_%_%T ¥, and wherein the first pillar is separated from a third pillar by a
J :

distance of about 7;and

3(]

\
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29. The nethod of C aim 28, wherein the holes have a dianeter of
about-i. Y. 30. A nethod conpri sing: providing a set of
pillars on a substrate, the pillars arranged in two or nore rows and
two or nore colums; bl anket depositing spacer material on the set of
pillars to forma pattern of holes adjacent the pillars, at |east one
of the holes being laterally bounded on all sides; isotropically
etching the spacer material to enlarge the wwdth of the holes; and
ani sotropically etching the spacer material to expose the pillars.

31. The nethod of C aim 30, wherein the set of pillars has a density

X and depositing 0, t f e
the spacer materldgf3 &?ﬁﬁe}r@{eﬁ% ﬁlll ]{1 E%f zla]{% tg ng pta?/EQngtgf%%t &ﬁ&eﬂﬁhe
wherein X i spattememinprisede holgrieaten thdnﬁmt pitlapand the thirdBgillai wehersit fosla odfal

G aim 31, fur%er co I‘ISI ng selectively renmoving the pillars to form
a pattern of® epgreatsy i density at |east 2X 33. The nethod

of d aim 30, Zﬁl\her'ﬁierknétlﬁﬁd Rifl Claks 25 2vAeradinORAAING! 4 Yet GIfY fillhrd cofip€Isd forming
secti on. 34. The method of O aim 30, wherein, after

|sotrOpplaaﬁlhyvléséﬁprwgaﬂm@ulﬁ@p@ésw&v@la general ly circular cross
section. 35qThe ﬁﬁtfﬁaﬂo@f @IQW%Q@&WH oemh Qb Hfééaﬁliu\{ ig&uer&men

t he spacer materl IS per orrred ore a sot opl 'y et g the
spacer tiatiestipilar and the second pillar.

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

circular cross section,

29.  The method of Claim 28, wherein the holes have a diameter of about {%]Y

30. A method comprising:
providing a set of pillars on a substrate, the pillars arranged in two or more rows
and twe Or more columns;
blanket depositing spacer material on the set of pillars to form a pattern of holes
adjacent the pillars, at least one of the holes being laterally bounded on all sides;
isotropically etching the spacer material to enlarge the width of the holes; and
anisotropically etching the spacer material to expose 'the pillars.
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 and wherein X is a real number greater than zero.
32.  The method of Claim 31, further comprising selectively removing the pillars to
form a pattern of holes having a deusity at least 2X.
33. The method of Claim 30, wherein the pillars have a generally circular cross
section. X
34,  The method of Claim 30, wherein, after isotropically etching, the holes have a

generally circular cross section.
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35.  The method of Claim 30, whersin isotropically etching the spacer matexial is

performed before anisotropically eiching the spacer material.
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