SPACER PROCESS FOR ON PI TCH CONTACTS AND RELATED
STRUCTURES BACKGROUND OF THE | NVENTI ON Fi el d of the
wo poogfasd7en JOOQL] Enbodi nents of the inventi onPEEIUS2088/081380
to sem conductor processing and, nore particularly, to
maski ng techni ques. Description of the Related Art
[0002] There is a constant demand to decrease the
sizes of integrated circuits. This decrease can be
facilitated by reducing the sizes and separation
di stances between the individual elenments or
el ectronic devices formng the integrated circuits.
This process of reducing the sizes of features and the
separ at i on SHAGERIROGEPHEOR PBeRI(dd GANTARSease t he
density of ci rcumN@BEbﬁffithTBiKHJBESstrate and is
typically referred to as "scaling.”" As a result of the
conti nui ng dema ircuits,
there is g constﬁg‘rgl&ﬁw%égpjfd 61}1{1{]:1‘10% ﬁgﬂgtructures
for scal ing. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0003]
ielthe epded drawi ngs are schematic, not necessarily

ra aIe and a neant. to IIustrate nd not to
nrﬁ%i; RS O fhe FROLRPIBlRie [eotoapondigr grocesng and,
mo@e mlgnafgmhgkﬁﬂéqgghg;dugg a process in accordance with
odinents of the invention. [0005] Figure 2
[ I | ustrates a cross-sectional side view of a partially
- NE sgriddedicircuit having a st ack of maski ng
| ay 852 O\I;tezJJh%r n?hecoﬁlgt\%:ztaiﬁeqﬁandlitngggz? ! EES?ZgS é)imtegrated circuits.
ThisldeUﬁhsfe&IaﬁS)ea"adlﬁﬁte\di‘t@We@tﬁcu@g parsideglahy sdparatiedl distances between the
_integrated circuit, having a pattern of mandrels in
in ‘e%ﬂ? &&H@étwrt ﬂe%rﬂewd@%ﬁ% dorgfing He nlpgeiad grruftoodhys process of
i)
re R P PP YR R Bt tporcase the
deralitp g cirhret &iantmo acabssl a mStseBe ahdwntypinal Ki @tﬁerr&d:mas fiscaling.” Asa
(ofo gr dance wit g} Bs of the invent J0O008
res té’ lﬂg GRUpYINg 1ingq r Al 1| egwteéifm{cwés F} qrrla Il%fi |c9nst t need for
o L ToXatag=Yol] gtﬁt:@ggsq&esqaly%cuit of Figure 3A after the
pattern of mandrels has been trimed in accordance
wi th enbodi nents of

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The appended drawings are schematic, not necessarily drawn to scale, and
are meant to 1llustrate and not to limit embodiments of the invention.

[0004] Figure 1 1s a flow chart illustrating a process in accordance with
embodiments of the invention.

[0005] Figure 2 illustrates a cross-sectional side view of a partially formed
mtegrated circuit having a stack of masking layers overlying a substrate in accordance with
embodiments of the invention.

[0006] Figure 3A illustrates a top view of a partially formed integrated circuit,

having a pattern of mandrels in accordance with embodiments of the invention.



the invention. [0009] Figure 4B illustrates a
cross-sectional side view of the partially forned

WO paoegssrsed circuit of Figure 4A al ong the seck¢DIE2008/081380
line 4B shown in Figure 4A in accordance wth
enbodi nents of the invention. [0010) Figure 5A
illustrates a top view of the partially forned
integrated circuit of Figure 4A during deposition of a
spagRp7yat g5l BE"‘;l]QétHé%re?' crols- ?e%ﬁ&{aﬁj%ﬂ‘éev&% totf' the partially formed
enbodi nents of the invention. [0011] Figure 5

intégdritad tunante:if RBgwee 38slaeche stibnad illde 3Bisbewin Elgm’e 3A in accordance

parti med integrated circuit of Figure 5A along
wi FFBl §g ‘%l“b'sncgth MY@Y8B " shown in Figure 5A in accordance

t lpoaspodiriBid $A 9fiusthes | !a AL, 8Pthe [1)91@1111’4 fdrngd! frﬁeg@ﬂed circuit of
|IIustratesatop view of the partiall or ned
Figong iafg phergbe patteourft mafdrds basrheerbiminafedein aemrﬁﬂmg with@mbodiments of
thel V ﬁ materl al in accordance with enbodi nents of the
Pfon. | 0013] Figure 6B illustrates a

cr omgpct iR 48l dast@v efosd-bRtipmi tsidal Vivw foFrth@ gartially formed
i nt ggr ated circuit of Figure 6A along the sectional

intpgrafed e uBhdiingyra 44 aensehs geciipnad dive ABghewn W Figure 4A m accordance
wiﬁ’l”b %I Irlr][tla\nis quh liwenm]qventl on. [0014] Figure 7A
i tes a opvewof the partially forned
i nt ggna; ed Fedur€ BAtILakrafel guwpevi®Aoaihe partallg firmgd imegited Sircuit of
_in accordance with enbodi nents of the invention.. )
Figugp441duppg derosingn jof p getceamatsial ey pias seagoeplanse witjgmbodiments
he partially forned integrated circuit of
Ofﬁkg}meg{l A along the sectional line 7B shown in Figure
7A j001ar corrdane e Bwillubtraeesbo dicsesdcdomdl sideeviewmudnhé @artially formed
[ 0016] Fltgu e 8A|IIustrates a ilgp vi&gw of the
mtfz‘%?tﬁj 51‘"?'19 tlorée r”‘rﬂ‘é@rtﬁ? gtiendl digs PBsROER gb?‘éu@&%ﬁ‘“tf’é@rda“ce
w1th=fn{H A SEGRNGBENMofBSK 1 n accordance with
enbodi nents of the invention. [0017] Figure 8B
il e2ht eFigure fAsBussech ﬂm;axhexmoﬁdle\paﬁwllpfortdaé integrated circuit of

] f.or dlnteratdC|rC|tof Fi e 8A

PG 5A Bl eacione T g ao fsordits 0 s b et p R e ention.
Wi t IPO(ﬁgPOd'F’@LﬁE $BOfilutiRfesl NVRRL-ERAcLDQIR] wg\b%riﬁe Bartially formed
illustrates a cross-sectional side view of the

intpgrpted alreujt ¢idriawrd Ol eryr the sxtional dink PBohown guFigugA/afrtageordance

. ttern transfer to an underlying layer in
Wl%cégrrgb?o %%nés\)mﬁﬁ MEFSSS ments of the invention. [ 0019]

Fi gyoa4l0 ififus UAan@sra@s G5 S O tHe@ARIalS fdtthel i@¥rabd circuit of
Fi gturr]tae 6 %{”tterl eat(|:l1|ir¥g rfngridq{?lg in accordance with embodiments of the invention.

[0015] 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 in accordance
with embodiments of the invention.

[0016] Figure 8A 1llustrates a top view of the partially formed integrated circuit of
Figure 8 A after forming a secondary mask in accordance with embodiments of the invention.

[0017] Figure 8B illustrates a cross-sectional side view of the partially formed

itegrated circuit of Figure 8A along the sectional line 8B shown in Figure 8A in accordance

with embodiments of the invention.



integrated circuit of Figure 9 after another pattern
transfer to a primary masking |ayer in accordance with
weetodsstent s of the invention. [0020] Figure 1BCT/US2008/081380
illustrates a cross-sectional side view of the
partially formed integrated circuit of Figure 10 after
a pattern transfer to the substrate in accordance with
enbodi ments of the invention. [0021] Figure 12
1 G g Hat €% ArL DOPRsPR&L b QRAL-s&idgalvdigWvRly bPehe artlally formed
partially formed integrated circuit of Figure 11 aft
inttgﬂ@d/ tmgllhm%ﬁgmg Jlaygiersa paten yam;@ert‘th en swigtying kygmin accordance

ceordanc odi ments of the invention. [0022]
WI@ P %0 ﬂ}f ?V%ﬁoﬂhart illustrating processes in

accgf once ik 10tiNeirarA oL ieRESoRS stdBe/idv\veRkd Phtially formed
[ 0023 Flgure 14A illustrates a top view of a

intwmcqi atri:lyt PO Fravie Prﬂﬁég padted mttemuiranskr ttea gronary mgasking layer in
achDa cewnlﬁ mga(ﬂl ) R, accor rdance w t h embodi nents of
T hVERt “f?)f)fﬁi FGUre 14B il lustrates a
Cr Of26ECt iIFdd 1$1ilestt8W Bbsd-Reridal kidal i fodtheartially formed
i nt gé;r ated circuit of Figure 14A along the sectional

integrved [9BSR ! Friagier @ Pauemn jtingfet by Bharrabstii fp accordance with
emgp@ h%n?\‘;e e invention. [0025] Figure 15A
| US r

es a op view of the partially forned

i nt gear ed Fdure U till@ftratds guc@sslebtiafat eidetviey patthepartialy formed
mandrel s has been tripmed in accor dance with
integrpediicHemt o diiewrnd 1i #irriemenne (owhep lpygecacridm the substrate in

acéok'(!lalﬂéé f'ﬁﬂ @?b@dl %%fﬁl%%\leﬂg&l side view of the

part orrre Integrated circuit of Figure 15A

al or(g)zzhe $ept¢ ohad alflove clibBillskieaning iprodessgsl i addbAlance with other
mlg ordan W|th enbodi nents of the invention. [0027J

P%WE‘SP ¢IpYREPR-at es a top view of the partially

f or E i
tophaa] o AL SAATIEGHIL «Hop FRALTP o Fafial fimed integrated circui

aftedoonidg aettenn bhmendroldimerostagde wikeerbodéneritoot t1OBRE}tion.

Fi IIu at e Cross-secti.on sid i ew .0

Cne MGt iy IR e Tafe r S aoTopEU e ST ol @iy formed
mt@érﬁ’t@@ &gt %@@1%&8314/31 |al'b%g]4ﬁ5 SO life RUBULRWAGA F urc 14A in

accordance with enbodi nents of the invention. [0029]

acw@uﬁ%wﬂhmbpfﬂlu@mﬁ@té@lla\’eﬂb?ﬁ vi ew of the partl aI |y
For ﬁﬁﬂs nt %gn% ré ?9A 1 ]us%% s a f \Ellc f?h 1%t ! manl pcgln d circuit

t he*'spacer erval’ i n“acéordince w't
of tHFigure 15A after the pattern of mandrels has been trimmed in accordance with

embodiments of the invention.

[0020] Figure 15B illustrates a cross-sectional side view of the partially formed
integrated circuit of Figure 15A along the sectional line 15B shown in Figure 15A in
accordance with embodiments of the invention.

[0027] Figure 16A illustrates a top view of the partially formed integrated circuit
of Figure 15A after deposition of a spacer material on pillars in accordance with

embodiments of the invention.



invention. [0030] Figure 17B illustrates a
cross-sectional side view of the partially forned

WO paoegssrsed circuit of Figure 17A along the seRCT/oR2M08/081380
line 17B shown in Figure 17A in accordance with
enbodi nents of the invention. [0031] Figure 18A
illustrates a top view of the partially forned
integrated circuit of Figure 17A after etching the
pi | {oahg§) t OriRAY e iRRIhEE 7 HRE 'sé@ﬂngysﬂel"@e@%(%ﬁé partially formed
material inaccordance w th enbodi nents of

int¢gnatech tciromt 0[ 0@@2@ IBiAgaloeg 1B8 sedtiondt hiat ¢6B ahown in Figure 16A in

Crpss-s side,view of the partially forned

c
s RRG SPGB PRETE SR ERGUT- 184 Aong thy sect: onal

Iln POIBB S | A Rlugihes 484 + A

enbodlﬁ%ntsg%ﬁathe |nvent|§% 1?68%gnglgJ?éw%%ﬂlnngKﬂ(thH
of Figuis i p Atadisr glebmgsibie spader onmerialjid excedrdancefwitthembodiments of the
mvg Q}lally formed integrated circuit of Figure 18A

18 transferring the pattern defined by the spacer

mat poBe]l  t PiduRe 1 ERIMGIsHrAkS al FosBSERHoHANG®R: WelIbf the partially formed
~ enbodi nents of the invention. DETAILED DESCRI PTI ON
IntquEechEpERREEIEWBd@ﬁNWg [tbo 3atioppbbal AdBtshown mphigure 17A in
accor ﬁ@et\!vg}p?rgﬁf&lmgl%s gFtthhgnq/%nt? form ng patterns .Of

ate eatures, 'suc ol es or isol ated pillars,
havm@l]a hiFggrd €3ys iltugtraldely st A ge el Sleypartidlg (Beh&iSin@Erated circuit
i sol at ed Fillars can be used to form conductive

of Eghtcattss afty SJeltinsihs millys b &V B nefedgiclined by ithectaed material in
ac oﬂfan@é‘x@ﬂlpklﬁbo&ﬁ@x‘ité“af‘ﬁe %ﬂ)%m‘?&] made to conductive

I nterconnects having a close spacing, or snmall pitch,

e. g[0032] pi Fodurot SBbiOstra6d arcusss ectioasissideovieahduhe Bhttinlly formed

..or less. It will be apprecjated t ch. is defjned
““%%m?ﬁé“ﬁpépﬁﬁ%@ﬂﬁégﬁe ﬁ“&ﬁL?&@ﬁFW F”%é%ﬁtsPﬁmt%kfﬁmﬁflgA in
acc%ﬁia%@)\@ﬁlﬁ BbddHneRS BPREShIntihi ch are typical ly spaced
apart by a material, such as an insulator. As a
r es[l083] pi ﬁgmremit9 lb@tmteewedoassetmmlalsmdtozﬁew loé thwi plarhaldf formed
of the on, one si de

intGhrat ST Gl o Pl A P B e e b p R G 6R 0 RO Rt r Riyerial o

thef s@BdttfeSn [a@cQscﬁncé titkelbo@heats e 1RAVAEIAL ed t hat
interconnects with a small pitch present difficulties

for formng contacts. Interconnects with smali pitches

can bepfEpAMED DESORIENONUGE THH CREFIIORES YIMBODIMENT
described in U S. Patent No. 7,253,1 18, issued August

7, H984 edmibodeetnp Ot REMIOBD HJ’AVITTIERNSqulELQﬁfDMEHB'@aﬂemS of

isoF't_E':grf%'hl.lres SUC as%]e%%’?‘?gg 't:'% pl#lars heagltnlgr en31 P u/{cﬁfanta%t%ously, the
ich rs™i'ncor por ate ef’'ence her ecause

holes or isolated pillars can be used to form conductive contacts to various features in
integrated circuits. For example, contacts can be made to conductive interconnects having a
. close spacing, or small pitch, e.g., a pitch of about 60 nm or less, or about 30 nm or less. It
will be appreciated that pitch is defined as the distance between an identical point in two
neighboring interconnects, which are typically spaced apart by a material, such as an
msulator. As a result, pitch may be viewed as the sum of the width of a feature and of the
width of the space on one side of the feature separating that feature from a neighboring

feature.



the cl ose spaci ng between interconnects with small

pitches, relatively |large contacts can cause shorts
wWheanessT4hei ghbori ng i nterconnects. Moreover, PEBUS2008/081380

rel atively |l arge crosssectional areas of some contacts

make difficult the formation of "on pitch" contacts,

that is, contacts with the sane pitch as the

i nterconnects. Instead, contacts are typically forned

st agggsjed, It‘%vﬁha}%j@e FH}Q&E@@ EANhRRLANd R FHRG: Qﬂﬁl pRW present

and even nunbered contacts form ng another row of
difpontiacios forifies eorsdcry gbrachnoons authssmudlepispecean be formed by pitch

fficien oth ta e_an as a
B4R, Pt CHbGh LR S e PGP+ Ao M g eafibist®, 2007,
ent@ieli C Wi CH mm@cmatpmmds SRelANgvE[ G@BEPHOTOLITHOGRAPHY

Advant ageously, one or nore enbodi ments of the
FEARVEHS; dre @hreo«iwsctlmref ofr with oninodrpereied dytrsferdnag hereim. dipcause of
e a0 B SRR Ao RISt B g soppes en

caSPaBbrts Wv&@ﬂ&fmgtﬂabﬁn@ﬁima’@bﬂgeﬁus M/Orédﬁéi‘ | thei eRGvEl laipe cross-
contacts decrease the occurrence of electrical shorts

secheRakaErs REPYRD eIy Mikcedifisiidbe Prapdomel ghdichngontacts, that is,
conﬁrgcg%( %/gﬁésme [sg&@ Z&taﬁg F‘? \}gegﬂaﬁé%én%e%” IRS?eaBaE&ﬁ&J?? Qre“r?rbfaglffomed

rom spacers.
stagepai i wieh todd ofuniteeed ovgntd Gorming weE hcm} mﬁj B‘V@Nndﬁbleréd)rcontacts
i ncreasing the density of patterned features fy_a X
formiitg anpiher By olisotact- Tges&maﬁw gl comlackyse pragg Eretigigytly due to their
W %{a&ré San(iora'geg F@M{ n?re@erﬁ' c'rl]'P Stqa@S{Ot M:IJIZhe Tnl?egra‘{ed circuit
ndrel's can be, e.g., ee- st andi ng spacers for med
miniaturieatgn, andtsq::ihng oresi st layer. Additional mask

features are, defi ne betvveenthe drels f.orm
L oo lBE L et DRy e el PRl e TRt allow the
forfx@ﬁ&?gf Miblsandiate SERRAT tthoen ﬁﬁ@ﬁ%taﬁﬁtaﬁ{zérﬁé%e&ys%raﬁ: BBgned in a

mandrel s and then etching the spacer materi t'her eby
rov,cilloiving, fohe mopadéreisniatse vhepasé. delorapter e ateamtiresbesly Tl sizes of

d_th k
o B R BETR e NELE Nl P R BB ot
an®heifiModisg 0dntadout 1.5Z or nore. The contacts are

advant ageously transferred to a substrate to, e.
def iW&7kondietdoniack oiinales palteanas] vdng iacapsk é@‘f’ér@fie@ dgbed from

spa%érs' nﬁ]g{ognggé}ﬁ?&d?merﬁ oiMllle IHP%U%B L %’f’ét}ﬂ) %I%Q\?%le& H)? increasing the

ubstr ormvari ous e oni C
demsnglofobamgmedtfezgmate@ € inudtiplé D abolt AS oremorey dewive @$ sacrificial
i ncl udltng nonvol atile nenory such as fl ash

mangigser IRapet 8ndRe @i lrmean BS1% Zrndde vRRdHs rz?lgﬁf:aegg, ifge-standing
spaisGhmldake éwrﬁaﬁlﬁh&esﬁﬁﬁzﬁfﬂ t Raditiksfu RA f%aﬁ?gs%m%d between the

[0039] Figure 1 illustrates a genera] sequence of
mapistdysosniepspamesat siderpitthe memdrels. The spacers can be formed by blanket

depositing spacer material over the mandrels and then etching the spacer material, thereby
forming the spacers at the sides of the mandrels. The mandrels are removed, thereby forming
a mask pattern using the spacers, the mask pattern having a density of holes of about 1.5Z or
more. The contacts are advantageously transferred to a substrate, to, e.g., define conductive

contacts to electrical features such as interconnects. It will be appreciated that the substrate



enbodi nents of the invention. In step 1 of Figure 1, a

substrate is provided. The substrate can conprise a
w@hkawwabs7ay of different materials, including PCT/US2008/081380

i nsul ati ng, sem conducting and conducting nmaterial s,

whi ch can be etched through an overlying mask. A

maski ng stack conprising a first selectively definable

| ayer is provided overlying the substrate. |0040] Wth
calpﬁi?ﬁl' Wieds EREIBNA&IR, ﬁ:}'cﬁl‘dfn? ikte fafbds&l%gltg’sucﬂ ég%érﬁ&rp devices,

Is formed in the first selec |ve y definable |ayer
inchuimey remold(i mrenwry suchlagflash mymody. mandrel s, such as

pi | are.in a rowin th sel ectiv
def &@ég‘ e |R§§aé?nce PR O Pg g t%&lﬁ%b%qusopm%éke numerals refer to
likepaisahicuagi aphy, by sel ectively exposing photoresi st

to light and then devel opi ng the photoresist to | eave
a pHiBer n digus lllﬂarsyafc@ aesed sefuenpreofiroteass sispssaccording to some

B T .

cardkbbRpE PHATENS. ofldiffsﬂeﬁtpnﬁtenhi@eﬁcﬁ@mgr Rsuleh@fd, RERGohd@ting and
pattern in the first selectively definable layer are

corsiyeting gratoyiaksy Wb deap deacteled thwyel jap @venlying megk.7 A masking stack
I
coB 885 B4 ALl AP BB b OB

rran ¢hoabp. IWitls t@pinfed tdﬁe&er&ﬁa@ﬂgufmt ahisep 3i 8 petighedfdnfed in the
attern of hol es conpletely open to. an
firgy rFSl@F‘P‘SFi? hgchngbler jaygr:  fnsape pmbadiments, waﬁléb'sofarﬁaldrels such as

pll%gs%, ian lé Mw e GRY 'Sélgctﬁ)(/egff h?a}% oaplért B | ﬁ&;dr k¥ be formed by

l'e layer, are Fenoved m furt oles
phothlihograpiwi, diyngelectivaltyt erptosmg }ﬁﬁ)hﬁ@lﬂl\n tbhlight deends they developmg the
%reater han t he naé$ S or| y formed in th
Phgtopesist &y lGaYE i3 BRUPTY &F | IABF éFO’P Of| %MOKEFF‘& eﬁs ged herein,

“fcﬁtm%pozn@nﬁ%@%&m&ésypéiﬁirﬂnn@b&t@psl Y Blaké ShPs@¥ndedhr JFBGiding the
second sel ectively definabl'e I'ayer can be forned over

strpdtere spaskyrserandy- th @tﬁppﬁaﬁheeﬁeﬁiews dr:fmmg the metelapp tlecfinst edectively

B hfadt PaRThEE kB T 8a ST Yook Bibist RARTE o formed

on @Rl Yircimi ON¢ Aindiels 8shifeaea Rl Dyattdie oS BP&ERIE Hebveen the mandrels. In
transferred to an underlying substrate. The second

steg s el Spagey mepsgriah ameechptay@ donng aypasigrny of Bplge leopatetedy gpen to an

un{]_% gﬂg(ﬁ{ateﬁgl ?{%tslte ot dnlé;@aljfl{irﬁir "II; &éﬁ' %R)?;glﬁgbt]ﬂgtﬁ%ﬁf:e : 81; r‘%he first

selbaivieht deé“t‘nﬂmd I1syee hart habowved |ty farns Iﬁmiﬁee holeyy thfis bmvlv&ﬁng a pattern of
defined be spacers is xposed for pattern transfer to
holgh gt %ﬂ%ﬁﬁ%gl@?ﬁ%ﬂ%ﬂﬂ §0BYIrsly CHEEghY fornsd lpe@%rfgﬁw}ectwely
defihbldgitre 1, in step 15, the pattern formed by the
conbi nati on of the spacer material and the second
sel ¢Qﬂ4i1}/el yn debildablsecdndyselectiiyt delmsblerinyed 14 proawled. The second

selﬁﬂafg 7 %fn gblgg%yg? |Cgllf bﬁ,&%ﬂ%@ll (Ie\ﬁgeheag}gggg Iag %gjent lg]a%temtcg It will be
appreciated that forming contacts typically entails forming a row of contact features. As a
result, in some embodiments, only a row of holes formed by the spacers is transferred to an
underlying substrate. The second selectively definable layer is used to block pattern transfer

of particular parts of the spacer pattem. For example, the second selectively definable layer



substrate, or, in sone enbodi nents, may be additiona

maski ng layers. |f additional masking |ayers are
WQer@9®O744 t he pattern nay be transferred to theRCT/US2008/081380

underlying substrate after transfer to the additiona

maski ng | ayers. | 0043] The sequence of Figure 1 will

now be described in greater detail with reference to

cross-sectional and top plan views, in accordance wth

cars R €ARE dh TBM i SnRf a {ill8e LW EMIQ YV %@ée‘?&r 8 @ﬁfos&@for pattern

Flgures 1 and 2, I'n step | a substrate O i's provided
traeiet ta undsslvinggnatradk, |nclud|ng | ayers 120-130 is

' 1 bstrate 100 th
Pt HEE, | oot S SR I R g Pon S s IO E RS Gea by the

coﬁﬁ%atWtﬁ@E;ﬁcérQ@atm ah(ﬂfh'e UeRn@REe@iveRRIeBnMle RiyMak tr@isferred to
of suitable workpieces for sem conductor processing.

an thﬂeréxmmlaéenat hdt subiser eppeecipe! duh thenohdeeying Diteriglomay be the
trate th te 100 can
subvs ?tleb%rslnl sgy e eénso f:hm ? e}nagl%g aé!lcp ﬁm}a?gla%kdng lﬁ"tgerrq ay) ea?g‘]lflg% gmskmg
layaRGhrd PBont, Ltﬁcygditteixgﬁﬁy Cb@'ﬂraﬁﬁer&’ecﬁtb&h@ﬁﬁdeﬂ?mglsﬁbs\MﬁteCdﬂer transfer to
contacts can be fornmed. The layer 100b can include a
*h%ﬂqﬁyoéﬂﬁﬁﬁbmgén@mor can include various other
h h iRl L
ot B0431,7 e aPE R BE e R B R S Ml B gt vt
refedepeito Icﬁﬁ‘s—k@(‘,tlﬁﬁuﬂaﬁ@ top 1180V, i acdsladte Widli €ome embodlmen‘ts of the
enbodi nents, the first hard mask | ayer 120, al
inveptiQsy r ¥ath Tesance fe Figurstal gndvkoR Stepybra qugtr%t%rlﬁ%bs gpvided and a

m Eeﬁe}%@ 919,3188?%19% layefs 920L ! en?ﬁ ﬁﬁ%sl‘é@\;eﬁ)oWhE%b&ﬁ#’]ﬁﬁ) and the

oun e exce selectivity wt
macking stackafoemi aapastiadly ﬂ)imedl 1hlegﬁ%1e|damedn ROt gt imgsubstrat@$ddl mgy include

st ack. t hods f.or rn1n hous carbon are.
ongy PP A S YK Oflﬁﬂé’lt DYk lﬁceﬁ\frﬁFé‘%‘Héﬁm duginy proegping. For example,

theFéde'@ate 2§(3c£nl%%ﬁlhe 198720 3vartih eAsenmgﬁﬁecﬂltﬁ&Lmyh@a o@tan include

which are hereby incorporated herein by reference. In
vaiigus laydroof rlamelmalenlbdddmﬁhe layesse Ehidarisald @Whradkydral@e can be a
ik Bt ShER b PulbTlapb ol Ry AP0 ARG Shett Beria, o
catehidagratibud her msﬁeﬁms 288 GéDired, GueN Rapied -flliE pREC thteE€nects, to
of formng patterns by photollthograp y. In one or
whihy coniafts ol ihgdaes 1 00aran sisetspdIiapdctask | ayer 122

RSP 0o LI RSO RR ATl 13 g s o

as [eept@ndry myasknges 15 éﬁhﬂeﬂ gifi tanfo@fHoﬁS: tarbors .o O 0kbilspatit tarbon, which
continued reference to Fjg a.sel ectively

hay ST ABME 10 aRpNE exsglens by %?Eamah’ P QB GRECHA @ s Rllustrated
1m5§]¥§ r%klng@acﬁel ﬁﬁmoﬁ?lféfr fé)%@l d@aﬂ&phﬁ%e&rﬂ@% € &cRRed in A.

formed usi ng a p hot oresi st I n accordance wt
He\}mbcbld,kBO\M‘ﬁlﬁnm ddge Sofid Filprsp R B Hi Pord 8k 03, nthe entire disclosures of

i Toire REehE Pobmheise R BRevBPEs oF RoMpstilp) gmbodiment, a second
hard mask layer 122 1s also formed over the first hard mask layer 120 to protect the first hard
mask layer 120 during etching in later steps and/or to enhance the accuracy of forming
patterns by photolithography. In one or more embodiments, the second hard mask layer 122
includes an anti-reflective coating (ARC), such as DARC or BARC/DARC, which can aid
photolithography by preventing undesired light reflections.



with 157 nm 193 nm 248 nmor 365 nm wavel engt h
systens, 193 nm wavel ength i nmersi on systens, extrene

W@ kiwasd7ed et systens (including 13.7 nm wavel ePQ/hS2008/081380
systens) or electron beamlithographic systens. In
addi ti on, maskl ess |ithography, or maskless
phot ol i t hography, can be used to define the
sel ectively definable layer 120. Exanpl es of preferred
phojpresi SWl@WE&ﬁﬁ]ﬁé@féfé?&lééqg F?gug@@ { LyQuih de d@f%z@e layer 130 is
sensitive photoresist, i.e., photoresist suitable forf

forusé oni thh saeondr liard ingsk lmurl@é "Biredsckacyiptlp niefihabde ilz’d/er 130 can be

sensi tive, photoresi st hot or esi
forkes gk & BBl st P o it ke Bl gy R providing masks in
seroHRERS rrRaiine RirekenpR! thehBRridst BaPHOhS) %K&&Qéfﬁ%ﬁlpaﬁble
systens utilizing relatlvely short wavel ength |ight

with, &7 nm19319r3rranr2F*8 plfmt@T 363 as vevelepgtle fsystabb.y 1 Uk ot wavelength
iml\gglt 52)2?'899/%[ él\l%’g}ﬁ;g 1 VlO&) hg'%tgllle’l%lg(gg gq§ 5t qu’lbngslﬁl Systems) or

e@t%rﬁ%hmehﬂlogﬁf)hlﬂa@s&rﬂsayﬁﬁ ad%m;@ndnmyeswhs&gimt or maskless
resist |ayers can be forned of a resist that can be

rhejalithegraely, lson ﬁar\‘é‘?%?r flefine| the pelegtarphiydefigalje laysy 14 dgamples of
e\?@'h% gﬁ?t%&*&aﬂ{a?e?ﬂa ﬂ{cﬁl%et%%&gafgx%ég (R?@; ?C‘rlsr:tfvle b4 8st, e,

erence to Fi gur es
phét@feﬁi@ﬂsdﬂfﬂblegfbﬂh&dwﬂh mﬁuMF 12000 sowcé, Idnd&ld@?;a«b]eﬁuaﬁdee(ﬂ(ﬂ:) sensitive
step. 3 Flgure 1) has been carried

ph‘F‘P‘@ﬁlﬁ‘eées Anerssbsuehls IgppEcrith el 1§/er%$111 r?%‘]c% |Aa§éahotfgfélsts are
prf{fir?/kg?tﬁs&f W ﬁ%t(ﬁ?f?(%?ﬁ)h?asrygtémg utlf SEG Uéi’ Q?(IS vﬂ?élgngth light,

122. The pat n"the se ec ively Ye
e.gl,dg@mml 30 plotardess aremrstfmab]ytlyecbwnhwngme#mvel@gth fhot@ithography

and secon | ocks 132, 133 ej.t her
SYSEH A sas%é‘? ”‘%W&‘eg‘écrl? P%'H %}Pbﬁd@B?’HF é@e %‘ZF“""HY 58%‘%33& layer 130
anwaf?h s@gRCRNt REEH NGerk @bl NBrmiddr $ita AR BRE QA bOPRAGdSed by nano-
132, 133'to the mandrels 131 . Thus, as illustrated,

impiive 1itngehndl o4 31 wing ¥ walduwr ewchmicahfoscedp ipgtited therresisns

22 S 493 %E] | o (}ighe i % EI?C%%% %léﬁlﬁt t% %‘f‘ﬁ?ﬁ \éve ea%t&e%lﬂﬁfoglia%cf i‘gaet%paged circuit

200id Mubthed ffeststepl OTHgutS82) ARYbBE caBiBs bder &6l siidvif BIrff@es 3A and
first row of the checkerboard pattern, the features
3Bg the selecleesit ddmaietver fe0 Seraymed [oBKo1sBaresf thsecond hard mask

layr%g {/ﬁb o 391 x% elEl gféﬁ!‘r%e"iaec? %ﬂgﬁ{aﬁ ?e? g \%vé 2‘? L[%Q 9 Ii)ﬁJ]’éﬁlt} 3t mandrels

13t ek andeanad paicken b2, (30047 kitkheideedfebt invakdseldes i, mablsecrificial
| ayer_ 130 can be p terned sin hot ol it ho

fea[tlgesl 1} PRoPBRSWER a]f’é/ ﬁ’ftéuaqm% ]inctg? ?‘ﬁt/ §fl$9 ﬁ%?(m‘? EIO\V\FSI 132 é% to the

maAABRILE 1at Bgl st RaliGORUEN thORAhdPRABY | h hogiaP M £ aﬂé%thrbjﬁ’&ism rows

can have difficulties formng free-standi ng mandre
and 8%mi mcheslodriagard patteAdbetweagide Bisdt ynd Fevosd hbclam?@d I 7 ntls, features

8 el PRCaR RS Pl 158 P HERGRY o Tl TR0 o e
ch@RBBHAUSpatBin, the features 134 in contact with the second block 133 may be
considered to form a second row, and the mandrels 131 may be considered to form a third
row of the checkerboard pattern.

[0047] The selectively definable layer 130 can be patterned using
photolithography. Due to limitations of typical optical systems, it will be appreciated that



(0048) In sonme enbodi nents, the sizes of the mandrels
131 are substantially equal to the m ninum feature

W@ 2@e/088Te4abl e usi ng the |ithographic techni qUBCTIES2008/081380
pattern the |layer 130. hi sonme other enbodinents, the
mandrel s 131 can be forned |arger than the m ni mum
feature size formed by photolithography, in order to
enhance the accuracy of the patterns forned by

corRr@f?ﬁchlal ]Sﬂl')@cgft]?ti% Wohid thethbds cal Ba@PRFRGItRE 8l ee-standing mandrels
phot ol i thographic techniques typically can nore easﬁ

13 hndisaletor. atavyntégeoml ¥, eatsome Snipadinreg tss iheelrsa ol gecoikblocks 132,

f. the, techni gu 4 th '
13 St e Ja AT SR B el B g 130
di f foeagnt fif Qe RalbodRsdnisethe LD PRAR 1%|a§drél§1] 3&“2@'6 substantially
optionally trimed. The trimreduces the sizes of the

eqwhh:dihe Insininjuan &dtlire sien farmablg i e tithegrepnp tachnighc wied to pattern

nd S ur nd 4B |IIus rate. the rtiall
therﬁ?% gb r]ﬂ %Oé'l?ea(jt)tg '%0 ?mSZ(S]Ef: a]a]% lsé? ] tarChd f L& Harr%er_{han the
miMgRnD 8ANIrE aké ERehe@ lbiy phbm]ﬁiogfapﬁy ih |'d>ﬁie$@d) eﬂialnklee{h)é accuracy of the
definable layer 130 is trimmed, such as by subjecting

patfeﬁr@ forneschy n}v@re}ﬂlwfaphabﬁéwl &g @poregued ghat R}@rtolahog(rmhmtechmques
S0 b T PR TR LS AL by b RS g e

wmhmqﬁarn1tr|nned features 134a and also trins the
blocks 132, 133 to formtrimed bl ocks 132a,
Thul04¢he Wheisihecizss éﬁdfsr %ﬁ%@%%@@lﬁsw aﬁff @Wea@r gifferent

froinetﬂﬁtudf' @ire?f ﬁ% ntlzﬂﬁ}:elé B 1I &8 ?Il)t%(ﬁgg} g—%ﬁmgﬂ ”tHEl{H}nfl%é%Id& g 31zes of the

size formabl e using the I ¢ techni que use
mapdietseimaddiienge Iremdmgethy caetis ndithcembralyas. E@Ores K mmln@ 111ustrate

enbodj nent s e ndrels 131 t d.t [ .
SRR O (et i R0 S0P Sobp o 48 Ded Gred out.
steﬁ) F')' W&%C%l)aﬁghﬁ@e gt 30did trirhAte rsuQ? af By Biﬁﬁlectlhg tl‘ieh&lectwely

[ustrated enbodi ments, the trim|eaves the mandrels
deﬂ@bhe hyerH 38 te Dp/6ld errOH B plagrow tt doval trmgbmalackels défp. It will be

fro e. t.on.do je u vant epusl
b e IR R Vat Felledh L O Pur A RDER REGHS, Yag pnd o
trildO Metbl@Rs M3, 083 kE®SM 1@MMRBGWCkS032aM 3Wa. ITRSS thathRihg step 5 can

spaced by about 60 nmor |ess, or about 30 nmor |ess,
adyapsequshy pRvide Peicaitesizotpt gurssthanthergingpum fatggeszeyformable
t
o 5 S AL 0 RS LaBNEY) Apl s BUEPIE) i ome
emb&&&mnanﬂwﬁnmﬂhﬁﬁnﬂ aeanmmuhhoakﬁmkaﬁamn&ﬁg&qwﬂhetmaﬁzeofﬂw

terjal | et ch t .
ol H RS AP 6) DR AT BY S ava | bHeed epppsagns. the

iR UELRE 8% mbRISRNB 18WR0dk TRANLS. ch!&%e&Rﬁ%PEHE?E efsl &kn itdm the top
an oxl de such as silicon oxide of ‘ot her

dowpacey inEigeriddl. sAdveoiagemiski In wor em‘ttorhmts Ajc pmdrets N3la have a
w1§lbg)é 8&&“’3{} gﬂoérl I[C%)Sr &r esbrcr)gto 9(5 rl;rr%n()tr ?éss Al %1% stplage% b(})rfabgut 60 nm or less,
or about 30 nm or less.

[0050} With reference to Figures SA and 5B, in step 7 of Figure 1, a layer 140 of
spacer material is blanket deposited on the mandrels 131a, sacrificial features 134a, and first
and second blocks 132a, 133a. The spacer material is selectively etchable with respect to the

material of the mandrels 131a and other exposed surfaces. In some embodiments, the spacer



acconpl i shed by chem cal vapor deposition. In other
enbodi nents, particularly where selectively definable
WO 20001058730 i s formed of photoresist or other nBCEUB208/081380
sensitive to high tenperature, the spacer materi al
| ayer 140 is deposited by atom c | ayer deposition,
whi ch can be perforned at relatively | ow tenperatures.

It will be appreciated that photoresi st can be damaged
maBliafRLATIRA sBh SRR roﬁldEoEQé]QE'l& @mﬁér%bwexe&aéﬂgls include silicon
atom c | ayer deposition can be perforned

nittiégypery, dnldsetcompand bit mows etmquhntrm ebptmt;lon[ @0b4 $pager material is

di the pattern int ctivel )
oGRS B (BB, M oC ARPBRT a8 ST Tl alrigiagy where
selé@?ﬂz@ly' RGbIE INRf $30ef edep Qﬁd)tb}e@lgt bh@hbayekr #14lngfive to high

spacer material. For exanple, in enbodi nents where
tengpepvergr he apﬂgexr]@gtpgalém@e 14 lsfﬁegqyﬁlip@hp@ﬁomm}aggr degosmon which can
be Ipefcflorme% aQ rel%twehy\l\?ow ?emrpa{amres w1 l l{eo%)ﬁ%egleattl at‘\rllat a]%l}otoresmt can be

equires a ur e depos

damBgddhe &edreed by %k]yosd&ftbﬂﬂ@i @nipaairesla zﬁ@ﬁlcb@yer deposition can be
transferred to a nore high tenperature resistant

peﬁ@t@fi.awew&aﬁ%ﬂ wapresble Mot hptofesest| ayer 140. For
exam i al ung@%%ﬁ{bﬁdﬁfkﬁlts% O}Fa?tgﬁ)f ﬁf{hsdsel%ﬁ BV definable Jayer 130

add rIylng ayer I Cl'ent
calt Bapais&inted@o bes bishartundet g Rlers ﬂ)@[@EQdepWﬁﬂﬂg the Niyien LIlof spacer
reference to Flgures 5A and 5B, it will he appreciated
malqiig- Ffecpaply Mo qdémﬁvwé%wyown@érrﬁ%ﬂ%cﬁo higd jpraReratures

is ?% g(g cﬁf F $her€ %rﬂ&éﬁal Qbr 0 Z’c\)}éln AR deyhing A d}ﬂgxf) ﬂ‘%%ratu-w Heposition),

i ons 147 are formed betwee
thd @SB3} ihnthst gghecBvdy deifigatrle layert h® Icayeble taBfeokd sppagenore high

material .is etched, preferabl I sotrop |y etched,
B g B B MERLoB T CHo AP ol o PATA gt patrn
ca]g %@ $R6RALI harsl MRslonhRYRlcril R, 153§ ShQWicibfyF{caipeRBurb Aesistant

Thus, spacers 145 are fornmed at the sides of
lnmgnﬁrels 131a. The spacers 145 define hol es 150, which

XD b ESESDIE] S B4l i BT B

thes BvECIAVRI preRiablY ai@fdrhal sl eghinvelne faﬂal’l ablteurk @y @ie underlying
130 (Figure 6A and 6B) relative to t acers 145 as
topobisnn Tihgs, Fﬂpcymaégnww;frfdfomed berhgiecn iy é‘és B2 are fopned

131 483) °F R8P SR L AP ESUPLE kP GBI Scf grereably

anbm&mn&m@m&ﬂajh@emmkéﬁbemﬁﬁmnﬂﬁmabéﬂehhamekﬁe1ﬂaﬁﬂmebamndhmﬂ
131a, fornmed in row, had a_|linear densjty of Z.

magh daygr 22 At EINER 6 ardG T &%@ﬁa%%}?éeqr%@émdrmee sides of
mdcngfe]seyﬁr y Tth‘é\@%)z[@l@qﬁg |48 fide3 Aes l%Othn%h 1:?}%3& %Te%@(ﬁﬁ haﬁﬁm@sk layer

result, the near density of the holes is preferably
12at least 1.5Z It will be
[0054] In step 11 of Figure 1, the mandrels 131a are removed by selectively
etching the selectively definable layer 130 (Figure 6A and 6B) relative to the spacers 145 as
shown in Figures 7A and 7B. Thus, holes 152 are formed at the locations formerly occupied
by the mandrels 131a. At this stage, a pattern of holes 150, 152 have been formed. h will be

appreciated that the mandrels 131a, formed in a row, had a linear density of Z. The spacers

145 define holes 150 between themselves. Thus, for every two mandrels 131a, a hole 150 is
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appreciated that the nultiplier 1.5 increases as the
nunmber of mandrels 13la increase. For exanple, six
worenvdioss7g4 131a will result in at |east five hoP@wUIBH0$/081380
such that the nultiplier approaches or is about two as
the Z increases. [0055] In step 13 of Figure 1, a
second sel ectively definable |ayer 160 is fornmed over
and around the spacers 145. The second sel ectively
forfigh i nabl ?eshﬁyﬁe 1&:@9 de%sﬁ}hsmthe%te%w%ferm SO 1 92 1t will be
Figures 8A and 8B. In sone enbodi nents, Ke second
app;@:llﬁcd thaefhg njeltlphcabll B ircagpess a6he nmb@rqfemandfels 131a increase. For

toresis The se ond el ect definabl e, |l aye _—
S 5 P}?P%irrgbs Efl a W rg;.jl i ’Sl}(g gilfvgrpé)fe r]:g§1 gucgstﬁ%/thtée multiplier
apﬁrbarcﬁ&s &8l asdut wed % tHeriinahke. | ayer 130, including the
sane photoresist. In other enbodi nents, a materi al

di f f086%Int fin @tﬁpﬂﬁa’f Fegfurg hea $Q§9@r Seie&@\fﬂweﬁ;@btﬁsléﬁer 160 is formed
ov 5?51%6 rglgrl?d %hoe acers ﬂtsmi‘ r)Ithe: secon se?echlvglg ?efr ngbVYe qf ho 6%815 then

o0 formon

patte@Sdd| bis slidvh ﬁﬁEfgﬁfés sal acl kRelly Sdlﬁfeleﬁﬁ)bﬂl(mdn&yﬁfe sl;ﬁ&d §elect1vely
atterned to allow transfer of only the row of ho
defygble lagy 168 v fawed ¢f Aoy JThezgeqnd ﬁ@kﬁcv‘éﬁlﬁééeﬁrtah@ layer can be

for%%&osel%e%nleal Js Gk SRy § thtet}ﬁ‘ (fgg%we#hg%fgﬁb%ggyer %5@, including

ttern trans
themhﬁq:lhﬂtodﬁfslt.n & ofhyr élhlﬁadsmemg raSméIéﬁal atiffiertdtefr@e dandf the layer 130
sel ectively definable |ayer 160 is transferred to
mayRg&F9dyi ng  materials, e.g., using anisotropic et ches

sel g@?ﬂ;e flﬁgorhp%m‘gﬁﬁiﬁ{eh | of19TNG S%‘v Hf‘ﬁ& B 158Y€Hesired to

rel to other exposed materia erence to
forl gupiechontatte. patatresult, the steomr sélertively debnttie lageciifids patterned to

hard sk | er 122. [ 005 h reference to Fi e
g\ taplE o Ekiihe FE7 of BRI dahe) 2t uGEpE ey ohd Hffrated. the
patirhdBEYer 18@cdvdmBKohAN 1t 390, 143 A6l iR PO En trhfer,

primary hard mask |ayer 120 is preferably fornmed of
amoif¥Bdlis darson 1 5withce pathias deéined dwl te sdvant lgesnd mhe second

et sel ecti vi r aI ve to vari ous
sl iRl ey Ry 1ol ERbL FiBus ¥ Wiy ansovopic
etcR&y béladtivy foﬁﬁﬁ@dnzit&ia@gf)ﬂﬁlﬁg e ﬁﬁ(!blrlﬁngszer Thetier tomathér exposed
masKki | ayer 120 provides a robust mask for etchin
mafdgilsy ﬁﬁéh referapeedn bauFe?. dheyprttersy ig traosferigdtp tlreéﬁecrnéﬁ@@g mgsk layer
{pFigure 11, the pattern originally defined by the
Sspacers 145 and the second sel ectively definable |ayer
1600058} r angitie refedndeao IFagiee 1800a phtier ethsiu bahsfatedd td0k: first, or
Dependi.ng upon the etch used and the identi

Pnf?&fyeP?ng%ﬁSktlé}ygr Ltk St st dooe: dbe Riweyy hard 1nasL¥ayer 120 is preferably

formed of amorphous carbon, which has particular advantages in offering high etch
selectivity relative to various silicon-containing materials, such as those of the partially
formed integrated circuit 200. The primary masking layer 120 provides a robust mask for
etching the underlying substrate 100.

[0059] With reference to Figure 11, the pattern originally defined by the spacers
145 and the second selectively definable layer 160 is transferred to layer 100a in the substrate
100. Depending upon the etch used and the identity of materials, the anisotropic etch used in

some embodiments of the pattern transfer may remove some of the overlying materials, such
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sonme enbodi ments of the pattern transfer may renove
sone of the overlying materials, suchas the spacers
waadassisor the second hard mask | ayer 122. | nPEDE82008/081380
enbodi nments, the layer 100a is forned of a dielectric,
e.g., silicon oxide and transferring the holes 150,
152 to that layer 100a forms contacts vias. The hol es
150, 152 expose conductive interconnects in sone
as BRPLPENUSS1nd R h\RLERT Hapd madio fay8RY22D 8 fsbink @FhbWHib{nts, the layer
conducting or sem conducti ng rratyerl al to formcontacts
10@=0is thrned ori dub ¢lestac i ag. esibomneed ssardniomsShownihe hpeOE9], 152 to that

jonally, before e. pat ntransfer to.the | ayer, .
tay i Wi @RS Rl B BRE RV 152 RAISE RSk ereRes in some
embadimiests CTBANGEs 14¢ 192 hlay e fipPtaaicat@ltibDat schfi@nBb@ g material
used to transfer the pattern of holes 150, 152 to the
to Jorm garigcth brthe pensikcivgypiercopmectsdpotchos®e)- undesi r ed
resj or I rizati.on. A t Qrgami c, stri ch
Can 9085, o¢, SAPRYIRE bS8 padiet TR B e 1oy b hogk formea

by e prof@yihag b Residuds Qleafa@l VIteAll Batpcime® tHa€ the etch used to
before the pattern transfer to the underlying | ayer

transhgyghe payyengf hotesdispy 15gdo darararahed maskiaiet &ARse undesired
| Ay eql
¢ PSS GO PURPLAGERUT LY O ADRKLSOLE, TR e by
thermagee ! 2@ b g renAsingi the rslad ohgilaherizatibre pred ot afor€ths battgon transfer to
et ches include sol vent based chem stries. In other

thegipgeitiinelavsd 1% e strip etches or cleaning steps may

inc!dﬂgﬂ aCi](d\;\/ﬁI ?;}B?e%ia@edqnfkr@éto[}ésaﬁﬁr st R eA ?%?geously be

for the particular nmaterials present and desi
appledoy atmovasyakingmx posedt thateals, . sulO@6@ bl iaked mhteriglnc éstdiscussed

Fi re 12, the. overlying, maski ng stack .is repoved. For,.
hergyna thors 0/2nic STHpoRl s TR Ren frsoh o Dl g embodiments,
thd @¥8 EtcledQor FeahPb RYs alayapRn NS 6ABRANhNGRARE w%ﬁiate for

carbon can be stripped using a wet organic strip etch.
theTratigenlag materialsmnesoft aop dedired dorire@oeat eastkopeeh tha atthe

| ay . o Sone e di me material Jis .

sub 9l b BB IR POt T SRbTk Bloskiy stagk jsgpmpved. For
ex@inpfe,, inCOMBAGhéNE wheRt @6 tpimdrP @eSkinkiigrer @20 3s &tthell NE amorphous

ensuing figures illustrate another sequence of process
cargpip pic HEQUBRAISHbrs cabhesiBrPRsrusBIRFoHs! kAN $iP £tile Thus, a pattemn

[ ' ' [eci dt erial -1
of BERRE 30g &b Mot I, AERERE, FIGC B Sopld EnBBURLE, Shwerial is
sulltayentp phosiadd io1e thoopchings $ EQuehoe, c. 4. COGdjctivacatiaps. 2 1

of Fi %ure 13, a_substrate with an gverlyi ng maski ng

st allfoPk pragiredd andike ensyngiguges; idudyalg pngther sequggee of process

steps?&%} oABANG M b EERL BTG AvELBYU! & &ill bdaii&iated that the
| l'ustrated enbodi ment, the substrate 100 I ncludes a
mapiriatsaleichys afid bthgedstall0f ,thel s discussed above have application to this
sequence.

[0064] In step 21 of Figure 13, a substrate with an overlying masking stack is
provided. The substrate 1s similar to that described above with reference to Figure 2. In the
llustrated embodiment, the substrate 100 includes a plurality of layers 100a, 100b of

different matenials, including a dielectric layer 100a. The overlying masking stack includes a

plurality of layers to facilitate spacer formation and pattern transfer to the subsirate 100. As
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different materials, including a dielectric |ayer

100a. The overlying masking stack includes a plurality
woRohaysns to facilitate spacer formati on and PEr/U82008/081380

transfer to the substrate 100. Asillustrated, the

maski ng stack includes a first, or primary, hard mask

| ayer 120, a second hard mask |ayer 122 and a

sel ectively definable layer 130. [0065] In step 23
ilnsfrl étg&' ltBe thaskinstR&LL&LALsIaS rgtof)lrﬁ'gnéry Ha® bl Ber 120, a second hard

sel ectively definable layer, as illustrated in Figures
magitlayemid 2 bndBa s¢lecpivakyaleﬁn‘c3b1©ﬁay¢rﬂﬁﬂx els 13 Ib is forned

n row in the ect veI def i na | a
o By BabfE 2k FiRhe S SRR Y e R s as NS ivERetmable
]ay§10 H@ﬂl%@@aﬁéh M Ges T4€aBN, eA %Iul:ﬁﬂs oBmendreE M8 h B¥ormed in a row
photollthogr The mandrels 131b can include end
n @eé‘tr$tcsnl§cte®htf§)ﬂmvwbih layerel 30r10@esmsa@tarts/\pﬁ the s¢vend hardmagh dayer 122.
econd ocks n

In 354 % g(!l %?Ltb e em%]dr zs ]%F ﬁ:} e, rme%cb oho%eﬁi;?%“a The mandre]s

mandre r e en

13 faein intﬁlti@ ephedctbhd ho@r amthar@ai t@iak Rgthothe rmﬁdjhelsscond blocks
131b which allow the formati on of rounded nmask hol es

132003 ( Atgurd-seqtions ofdheamierdielo d 818 areoy e tham thst endrifegtions 131c; to
facﬁ}tﬁg n&o&@}gfho%@%)n %MEe%n%S&fbmﬁllldrgg\BPflgr%tch oeglogv‘ u fMWation of

ts wthout use a sec
rmﬁlébdéﬁtasklhd)lys et (Migbt @ 7hpy edyarsapebushg folweation o ron]y&Osmgle row of

gure 8A), to block the transfer of neighboring sk
fea?e%& b B allyvs, fRyaierion 9f anﬁ%“ero?é)lnsp” PorrsEIct Hit %pussn% a second

selég ng,r §efi gﬁ%ﬁyle dlta{{@na &Y fhef fa&é’fe%d '(Fl% e ?f ¥ §4 block the transfer of

ectlv e layer 1s opti y trimed, as
neughbmigmﬂsbdeﬂmeﬁngmd@@@%@mﬂs 15B. As noted above

the trimisg advantageo Yy lie t sizes

P T A 0 AR BRSPSy ot
layd i‘sfoeﬁemlyftﬁnmea hatidesidias F:%\&&Cl%At AR 1599, M BHESove, the trim

the sizes of the mandrels 131 in addition to

is a@ant@gmskmeplmrnhﬁre thsf sizay andren drapks of thenandraly HEibovedrger or
C |on 131 l.eavi r|nned ndr
dlfx"er%}lt ?r at dﬁﬁ 1Ir? L tsmg% e é[ré%lorﬁ(éflcgf élé:ksnsze gré:?s ﬂﬁ% in addition

to Pddnﬁinlgﬁﬂés/ esméb &f MNehedrsls. 1 I ht i r*eﬁhoad.% Y ahd sections 131c, leaving
cross-sectional shape, as seen fromthe tog down vi ew

t“mWeWT&E}ii@]Sll@Ad aphiorpedfietandeeend hiasks 6339 o hg gy leaves the
Hr(é:ls]'@?ﬂ vlfllﬁ1 aﬁ'gb(ﬁgl érzssog o 6&}]%@83‘,?&3 s3dhAGih ﬂ%pl()ﬁ ﬁb?é f}dew in Figure

ayer oSl on the man
15and on the first and second bl ocks 132d, 133d. In sone

ot her enbodinents, the pattern in the sel ectively
e UL B NI T -

mAAEe v e tayshig: B o‘gft&i g8 RRSbAdEIs RS laAY 8% R4 8rRfand second
spacer material. [0068] In the illustrated enbodi nent
blagks h3Zlph3idhue dome btheeerokodiments,ghe patetbi the selectively definable layer
130 can be transferred to one or more underlying layers before depositing the layer 140 of
spacer material.
[0068] In the illustrated embodiment, with continued reference to Figures 16A

and 16B, the layer 140 is conformal and assumes the general contours of the underlying

topology, thereby forming indentations 201 between mandrels 131a.

13-



and 16B, the |layer 140 is conformal and assunes the

general contours of the underlying topol ogy, thereby
WO o0omiosgy44 ndent at i ons 203 bet ween mandrel s 131BCT/088938/081380

In step 29 of Figure 13, the layer 140 of spacer

material is etched, preferably anisotropically etched.

The upper surfaces of the mandrels 13 Id and the

second hard nask | ayer 122 are exposed, as shown in

Flg 17 t

G R B o g Re i o ctched
pre@dghly p@eateipidatly stebpd. 3The gppeﬂsgnjaces oBthetrvndnan dlF Jell and the second

nmoved b el ective et refere
ariaek B 2B St B iah Bt Tandi TR, SPhGSTR e formed
at tRE ﬁﬁ@i&ﬂﬁdnﬂ%émﬂ}]ﬁm&gpak&@ 136 hanlinegk yodef i nabl e | ayer
130 (Figure 17A and 1 relative to the spacers 146.
As HO7@kul in sthpB kel @ewedﬁethf: ovandrglsdt 1d s rerpeedibyrasselective etch.

wil ;5%@?%% R 124 g1 T OO el it ki removes he
selsmnenyejeﬁn&{ﬁe ﬂagﬂerasoz}?lghﬁa 7l @A By eIgive Yo O spmrsmqleesxs a result,
is at least 1.5Z. [0071] In step 33 of Figure 13, the
holsa2ptere @enehealthpyoerenssiosmeis ogagict dytthamendiclseldido It will be
Li f |
ap]%fggﬁgé ap ganlf ?I:Ig t%t rhg%az glxr{grl]% f i}ﬁecrgférgfg%i% 16%131 z{: OéJ %& 1 %Bdensny of the
hoﬁes@m&ahaﬁﬁ:nask | ayer 122 primary hard mask Iayer
120 and dielectric | ayer Oa.. The transfer can

acc OBl shéy st dé s Fiskee éﬁov’@ Ditte dsliprelc by tihe SSPé‘i’f"S 146 is
Sl B Ay Ty LT 518,19, LA s i

sudcesanshern dmictiheg satvat hatdemidOlayas1 AL $dnms}eblarh enmsk dayer 120 and

) th reference to ure ,, the overl .

g zgerskﬂg%k%% SR bR ltSﬁ%d %ﬁ?'gﬁdr% X High respect to

step %%lf-fzggré 3 fnogoﬁf%QnModMEss)Q%so@%l@@@lp ddEmANR RROWS clean the
carbon can be stripped using, e.g., a wet orgdganic

m@k b¢fpreéta®hfer fﬁhucssubatrqiaﬂ P endisfusegdéwiamys 112 are forned
10 S inments, the.openi ngs
1105 &2 Rt o Gieme R Ty s e P e e BT removed.
wm@dl@%h ﬁl@ﬂ(ﬁl@gcllh?ertlQO WdehiddMehdRpiRut tirbal, theahstbRsus carbon
[0073] Thus, it w be appreciated that, in
cam be G PRI BSIE-t -t AeVed B AP §'cle SERP e fatigs w6 openings 112 are
¢ r The
forq%td *lﬁ?ghef B%%rfl‘%g%s%{‘géggé %%&L%%? Sth@gp%n%%% 1‘%?éla¢§90mac'i“%las which
maydpdillad edtorardidicivd anmed t@ﬁn(&rhy’mg(}lee{ncﬁhﬁeaﬁreal The
row extends along a first axis. First and second

| at $1098] y Shaset bl ek @prsseiteth dieb| inrasreidinge widy the embodiments
deR4iBYd %@e %@th§@ﬂf’ sBhRBEIRRr Enﬁeﬂﬁ%qg ?110§1dea- hepd fn%tsht)d Compnses

and second bl ocks extend a he row, and t
prqsmhdg el mwaofe]achrspowdratwdtmmm fenfed redta a]addls]eman:dal T he row
exten(?s alﬁong aAﬁlrs?%%rs q:firsts gladcs%{:ond laterally spaced blocks of mandrel material are
provided on a same plane as the mandrels. The first and second blocks extend a length of the
row, and the mandrels are disposed between the first and second blocks. A layer of spacer
material is blanket deposited over the mandrels. The layer of spacer material is

anisotropically etched to form spacers on sides of the mandrels. The mandrels are selectively
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material is blanket deposited over the mandrels. The
| ayer of spacer material is anisotropically etched to
WO o0oaiosgiacer s on sides of the mandrels. The naPdF/E5208/081380
are selectivelyrenoved relative to the spacer nateri al
and the remai ning spacer material fornms a mask
pattern. The mask pattern to the substrate to forns a
row of contact vias in the substrate. [0074] In other
ren%m@qé]ﬁﬁﬂt B (1 s!ﬁ%é?qgat&%ﬂ dn@tiBe rr@}ﬁeﬁfﬁng'sb% tnaterial forms a mask
fabrication is provided. The nethod conprises
patpﬁm)vT]@h m@kepattgwt@fhepubslt]arestom alrevalf caijent @iag in the substrate.

m&%, | ﬂlbpghﬁp SO @ﬁ%%ﬁ%e%ar{l%h(gf ) Sd%%gj%t%% nguJ O@p%cfatlon is

prdwieas Thd hRtheBEkm ﬂgés@mvaﬁn%ﬁ eovlbSRN&edn @meﬁehﬁgo&aa@ubstrate The
| evel as the pillars. The hol es have a wi dth of about

pilBo have grlincasdensing Z| eTér@trO\yoﬁ@ﬂéws tsieplpesidexittap nagk Sposged row of
hol‘;llt %hl OC@% r?ld; }é?lgs darns s%éose(c‘i lfllp['hg g%n?é/ g%elpﬁskkqultl]ﬁ%g?hf%o?e% have a

widt@ Q)? 5’ﬂ>odt B0 @irher leﬁstmﬁdhiﬁe Eﬁ}ﬁe ofaihB ablch atel disposddrdt @db@tion formerly
integrated circuit is provided. The parti al

ocqumi atraldpri Eb@gﬁﬂs% kerying 7 gt desgipptt I%aétsabgubi 5%1516? fy of
pi | eXtIﬁ Emep 1 g}gt érert?rﬁ%r?falt) da{e‘ﬁtmtgglgte‘a%gre&gls é)rowded

| at ra y spaced oc e sane " nateria
Tht Ipertipily Fdrisatad mtqprasd deditestphsksngplatalityesgtillde tvietingon a first

first and a Iast of the &%@k S on {he first axL . Thq
ax1,51 IFirgh @dgeeerd; s sls grised qﬁ@eé Pt b sapg Matsgighep the pillars are
Kc.»}te %%ﬁ sﬁﬁ&w?éx?@%ﬁ an Bkdsshe llra%eopkﬂa &%Baxis. The
on sSi 1 rst an t he secon | ocks.

pllthﬂilspd:seWbbﬂwebleﬂmp‘pﬂemd atcoud blpckdh cEpacesrkarle Idegosed onlhsales of the
rt that.yvar ons, i ons, and

. t
pil Ogéﬁkﬁﬁt&ﬁz tﬁ% GQXWS%EHE ‘met hods and
str wm!; es jdesebi QF&eab@m vm&s!aosqttueqﬁﬁaﬁé b Ghdi VAL Emissions,
scope of the invention V such changes are intended
addigotisalahd qudlrﬁqatrmhsemer bpen@fe to ﬁhc metheds jaath stragturde flpssabled above
t he en clalns IM 1,,A nethod fo
il SEaRRRCRPT N eBulon Fe B g S BF KURR § dridpn o o
withiin ihats@fpalomesmaﬁ@t ad domnrdnelis dppeded caima mandr el
material, the row extending along a first axis;
providing first and second laterally spaced bl ocks of
mandrel material on a sanme plane as the nandrels, the
first and second bl ocks extending a |l ength of the row,
wherein the mandrel s are di sposed between the first
and second bl ocks; bl anket depositing a | ayer of
spacer material over the mandrels; anisotropically
etching the | ayer of spacer material to form spacers
on sides of the mandrels;
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sel ectively renoving the mandrels relative to the
spacer material, wherein remaining spacer materi al

WO or0a®s&I44rask pattern; and transferring the maBKI/US2008/081380
pattern to the substrate to forma row of contact vias
in the substrate. 2. The nethod of Claim1, wherein
the mandrel material is photoresist, wherein providing
the row of laterally separated mandrel s and provi di ng

wH crLatvand second | aterally spaced bl ocks of mandr el
mat eri al conprises photolithographically defining the
rowt-of | Amethad for seyennduder nregvasied. sompdsingie first and
second | ral ly sp | ocks. 3. _Th thod.of Clajm. .
1+ wher R ROEP PTG R Iyt RS B Rl e,
Subtht @l extending 4i6Msa fitst adgf erring the mask pattern to
a primary masking |l ayer; and etching the substrate )
t hr ough RTABLHE firal gndnissridhtargPesraedsl Rogts efiyaandiglmaterial on a
pat i_nt . : '
ey D PR I 26 S scd BRI SR ln Gl By e rov.
conphérsiaghd mamiéle arei digpotdicbetvacsk thxafikemd st@ndblocks;
anti-reflectiye coating before transferring the mask
pattern lr‘l@fﬁﬁﬂhéepaﬁir%? Yrrerd|8PgT alpepl ovst themandielshod of
O aim S, aiagb it B8R TR BRBKLAGh@kPlo HHMPICERDN sides of
anor phous carbon.” 6. e nethod of CAaim3, further
coneinsindglsper f ormi ng a carbon strip after
transferrin he mask patter 0 e primary maskjn .
| yor arS<BRYY SrBoars N eaadelisstps B0 1T etEpigg. wherein
of  fehidg3spaldtiidM@lal FRMB R infskPatie@h;@G81 vel y removing
the primary maski ng | ayer after etching the substrate.
8. The nwanstsaingf thehmiskpatierpirehigisnbsitate thifprst a agw of eqbasd vias in
bl ogks extend al ong a second axis substantially
transverse to the first axis. 9. The nethod of Caim
1, wher eThe hbBodBNAlagh S, 6GBicaChe hadfd rsteriand pheeRRt, wherein
bl ocks. 10. The nethod of Claim9, wherein _the

provighig Bregonyr & siesliyosaaried Anandegly ande prov ingafirse and gegend laterally

spoF Dl ol AR o il L RARKEC bt LUK SAAE e sow of
latavalhckephrstefl arami@lsciné diedirbicard deqoad 1aerally spaced blocks.

3. The method of Claim 1, wherein transferring the mask pattern to the substrate

comprises:
transferring the mask pattern to a pnmary masking layer; and
etching the substrate through the primary masking layer to etch the mask
pattern into the substrate.

4. The method of Claim 3, wherein transferring the mask pattern to the substrate
comprises transferring the mask pattern to an anti-reflective coating before transferring the
mask pattern to the primary masking layer.

5. The method of Claim 3, wherein the primary masking layer comprises
amorphous carbon.

6. The method of Claim 3, further comprising performing a carbon strip after

transferring the mask pattern to the primary masking layer and before etching the substrate.
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with sacrificial features in contact with the first

and second bl ocks. 12. The nethod of Caim 11, wherein
worenvdiost7e4 and t he sacrificial features are arrBEhES2008081380

three substantially parallel rows, wherein a first row

of sacrificial features contacts the first block, a

second row of sacrificial features contacts the second

bl ock and the mandrels formthe third row 13. The

met hod ofhlOninel bf CMigr Bt omBAGhE LStV rélo@¥@khe primary

cross-sectional shape, as observed froma top down
magkiaglayarptterpiehing thestbwfateC ai m 1, wherein transferring

t he,mask..patt er t.he, subst.raie.exposes ¢ uctive

e 8 con R o] o R SHREHEIhE AR AT SR GG DR WiEha atong o
sedondl 8¢k aletndallyatinbvdrah tieairkRis. conpri si ng: provi di ng

a rowof pillars on a | evel above a substrate, the

pi | Pars hbgmsHod afi Hamr 1 devhereinythe mandiels epnted ithy figshand second
bideRW of pillars with a mask having a row of holes, the

mask and hol es di sposed on the | evel, the hol es having

a wildt h Ohe abthatl 060lamMIpwhtreimshe Atndrelaste govigedwitli heénid-section

.hol es disposed at a_location forperly occupied by a
wiggr|thagends HidbeBpa e'l%é‘\‘/??’iléacéwﬁhr‘}@&ﬂg‘&é‘ﬁ§f’¢t°§?d {ocksast

aboyy 1.%ud h‘féﬁl%_d%f AiSim T,h%h&%inhﬂg n%d%@fo%?n@ché@@%ﬁ@dx@ pattern

the linear density of the holes Is about t1nmes

withAacrifieal detivedingbni@ttavith thé firsnhed econd teckpi | | ars are
forned o hot.or.esi st, wherei n. provjdi ng,the row o
oi | 12r's BERIREEY Chise oF bREGEBASEr A FoF efeil feaures are
arrf@RH U eGirdeNsubb@n PRt SIr8sd Shivs ARHELINMN MG ERE of sacrificial features
photoresi st featurés to formthe pillars. 18. The

copfecth fst blpcki asersnd whvepledapr i@yl feadimg canterty thovsesond block and the

ma%h}ellsaffnsm‘(ﬂettgiré Irﬁo%‘rrask having the row of holes .
conprises: deposi'ting spacer material on the pillars;

et chdng Thengpadast el dheded fhermandpRACRLE HNoail dRSs-sectional
of the pillars; and selectively renoving the pillars.
shapg, aspbpeyed oMy tom@ATLHEwd i ntegrated circuit,

??F'Fsl)%' 2 'X:f’ge m@thBl O &l dihYi , WheRid Jrﬁlrsfen% hly g‘la@lgngﬂ:n?to the substrate
exposes conductive interconnects in the substrate.
15. A method for integrated circuit fabrication, comprising:
providing a row of pillars on a level above a substrate, the pillars having a
linear density Z; and
replacing the row of pillars with a mask having a row of holes, the mask and
holes disposed on the level, the holes having a width of about 60 nm or less, at least
some of the holes disposed at a location formerly occupied by a pillar, the holes
having a linear density at least about 1.5 times Z.
16.  The method of Claim 15, wherein the linear density of the holes 1s about 2
times Z.
I7. The method of Claim 15, wheremn the pillars are formed of photoresist,

wherein providing the row of pillars comprises:

photolithographically forming features in the photoresist; and
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first and second | aterally spaced bl ocks fornmed of the

sane material as the pillars, the first and second
whb@ekss7ékt endi ng at | east between a first andP@EI/UaxN8/081380

of the pillars on the first axis, wherein the pillars

are di sposed between the first and second bl ocks; and

spacers di sposed on sides of the pillars and on sides

of the first and the second bl ocks. 20. The partially

fabri cat @ghrhiRf @@ phoRslestst Fattirés 10Ford @k mihf, wherein
onl Y%one row of pillars is disposed between the first

and!&ecoRie Bebetof Chm Ippahgein feplapipg lagbsove aff gillars with the mask

i: r ' [t..0f Claim219, wherein the pillars
ha\é%}qin@g%gﬁ@%@é@ﬁgg 22. The partially fabricated

I Nt egr at &ghositing spaterahatédabmizhilladierein the width is

about 30 nmor less. 23.. The partially fabricated

i nt egr at @ehibg hegpacepmaierialitmiorm spagray @ yides odthanilkee and

bet ween : : ides of the pillars is

about 5o§eﬂ%@§9fe§’§°§’.‘%ﬂw$ﬁ§' partially fabricated

I nt &yr at Agbadiailg tibricatd GtgrardlGycuft ronipeisingonpri si ng a

plurali t% of .confdu?t ive ipter canect.s_ bel ow t he

spacers ARYAReCtRdrsPEendipgeonyd 1INshidSiver ti cal | y

_al i gned pgst Qn@gecbﬁ@ﬁteﬁ%aegd Bﬂ)@kscmeﬂ:‘bkﬁfe same material as the
i nterconnects. 25. The partially fabricated integrated

ci r piiiats, tie f@taﬁnmSé_@)pd\bﬁwke extendieg gdedasi béthvgerf abrst ard adhst of the
:jgflg rgj%toendthg it %;{115, wher&nRfL E}il]]gllsla% Iliglcpors!eg gft:t\ewgenn&]g?{ryt and second
blocks; and
spacers disposed on sides of the pillars and on sides of the first and the second
blocks.
20.  The partially fabricated integrated circuit of Claim 19, wherein only one row
of pillars is disposed between the first and second blocks.

21.  The partially fabricated integrated circuit of Claim 19, wherein the pillars
comprise photoresist.

22, The partially fabricated integrated circuit of Claim 21, wherein the width is
about 30 nm or less.

23. The partially fabricated integrated circuit of Claim 21, wherein a distance
between the spacers at the sides of the pillars i1s about 50 nm or less.

24.  The partially fabricated integrated circuit of Claim 19, further comprnising a
plurality of conductive interconnects below the spacers and the pillars, the pillars vertically
aligned with at least some of the conductive interconnects.

25.  The partially fabricated integrated circuit of Claim 19, wherein the partially

fabricated integrated circuit is a partially fabricated memory device.
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