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15 Embodiments of the present invention relate generally to the fabrication of

semiconductor devices and, more specifically, to methods for reducing the critical
dimension (CD) of semiconductor devices and to partially fabricated semiconductor

devices having reduced critical dimensions.:

20 BACKGROUND
Integrated circuit (“IC”) designers desire to increase the level of integration, or

density, of features within an IC by reducing the size of the individual features and by
reducing the separation distance between neighboring features on a semiconductor
substrate. The continual reduction in feature sizes places ever-greater demands on

25  techniques used to form the features, such as photolithography. These features are
typically defined by openings in, and spaced from each other by, a material, such as an
insulator or conductor. The distance between identical points in neighboring features is
referred to in the industry as “pitch.” For instance, the pitch is typically measured as the
center-to-center distance between the features. As a result, pitch is about equal to the sum

30  ofthe width of a feature and of the width of the space separating that feature from a
neighboring feature. The width of the feature is also referred to as the CD or minimum
feature size (“F”) of the line. The CD is typically the smallest geometrical feature, such as
the width of an interconnect ling, contact, or trench, that is formed during IC

manufacturing using a given technology, such as photolithography. Because the width of



nei ghboring feature. The width of the feature is also referred to as
the CD or mninmum feature size ("F') of the line. The CDis typically
t he snal | eWO 2§&H¢E28i cal feature, such as the wi dth of F&A7US2007/085371

i nterconnect line, contact, or trench, that is foinmed during IC

manuf acturing using a given technol ogy, such as photolithography.
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portions of the semiconductor material layer are etched forming structures in the
semiconductor material layer, The photoresist structures are removed. A blanket layer 1s
deposited over the semiconductor material layer structurcs. The blanket layer is etched to

25  form spacers on the sidewalls of the semiconductor material layer structures. A second
blanket laver is deposited over the semiconductor material layer structures, the spacers,
and the spaces, forming a second set of structures in the spaces. The second blanket layer
is a material similar to, or the same as, the material from which the semiconductor
material layer structurcs are made. The semiconductor material layer structures, the

30  spacers, and the second set of structures are planarized. The spacers are removed. The
semiconductor material layer structures and the sccond sct of structures and the spaces

therebetween have a dimension of % x.
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20di stinctly (gh af Men@retdtiibinphRehnmphotegsisded as the present
i nvention, the enbodinments of this invention can be nore readily
ascertained fromthe follow ng description of the invention when read

in conjunction wth the accogpamhrgCdbahaF HAWINGS: FIG 1
illustrates an enbodi nent of an internedi ate | ayer,

anti-reflective | A8l thespgeification pencludgs/with ‘Fléiﬂﬁé’élﬂié\ﬂésg ROt anday er
on a par t2i0a| l(’X stil;lagfrc!la%%n%qhét WFE ?Fa%&id&i LGHd }greéﬁﬁﬁ%n?isﬁ, the embodiments of
this invention can be more readily ascertained from the following description of the
invention when read in conjunction with the accompanying drawings in which:
FIG. 1 illustrates an cmbodiment of an intermediate layér,_ an anti-reflective layer,
and a resist layer formed over a target layer on a partially fabricated integrated circuit
25 device;
FIG. 2 illustrates an embodiment of the resist layer of FIG. 1 patterned with a
desired CD;

FIG. 3 illustrates an embodiment of a first spacer layer formed over the features of

FIG. 2;

30 F1G., 4 illustrates an embodiment of first spacers formed from the first spacer layer

of F1G. 3;
FIG. 5 illustrates an embodiment of the partially fabricated integrated circuit

device of FIG. 4 after the features of FIG. 2 have been removed,



FIG 2 illustrates an enbodi nent of the resist layer of FIG 1
patterned with a desired CD;, FIG 3 illustrates an enbodi nent of a
first spac®O 208867228 or ned over the features of FIG 2; FSJAISII7ASSITI
illustrates an enbodi nent of first spacers forned fromthe first
spacer |ayer of FIG 3; FIG 5 illustrates an enbodi ment of the
partially fabricated integrated circuit dfévi ce of FIG 4 after t he

features of FIG %Iaaé/ﬁlup[ﬁf’ afl%@%rﬁent of t parhal]vfab a&:dltcgmt@ : gUﬁ‘{:Lfnat es

an enbodi nent of theé partiall |cate i'ntegated clrcu evi ce of
FIG 5 after ¢eoictbORKS. dfaﬁemamqms ef tire dhitarmedihtayayer aud dha dné-reflective layer have
anti-reflective | ayer have been renoved; FIG 7 illustrates an

enbodi nent ofbeFﬂg%’é’W’l ally fabricated integrated circuit 5devi ce of

FIG 6 after the fFIGS'I IBPACRRE cabedinba i pafially Rbfitval 1htaglefed it
been renpved; FIG illustrates an enbodi nent _ of acer

| ayer forrfed Vieof F\J@ gafte the fispt Wﬁ?ﬁ‘%?ﬂ‘éﬂtﬂ%ﬂnf‘rﬁ%?‘éﬁﬁé %f‘? F reayEe
of FIG 7, FIG 9g4l yﬁﬁgﬂ&%zléﬁbmg&'%gécoﬁé sﬁa?& 128@1" fohdd Qver the partially

fabricated int egrated circuit devi ce of after renoving
portions of thbrictddrderapdcieuitidayies oifdGf Gr m second 10spacers;

FIG 10 illust rat g3 a&]lﬁgpa% E%%E)mg{ner;ﬁrb?ﬂ{%}aﬁi'a a%néa?é?irﬂ]t% &4 c¥01]titt1e

integrated circuit Gt TR portions o

i nt er medi at e deaicebf RV 8 afeeampenpadons of the sect%hdSspal:&r layek ustbrmasesndin
enmbodi nrent_ of the features of FIG 2 after the features have been
trimed;, Y5FIWA% || ustrates an embodinent of a first spacer |ayer
formed over the fagagur@EgudfatekbfemBddiment of the partially fabricated integrated circuit

device of FIG. 9 ﬁﬁer remaining portions of the intermediate layer have been removed;
FIG. 11 illustrates an embodiment of the features of FIG. 2 after the features have
been trirmmed;
15 FIG. 12 illustrates an embodiment of a first spacer layer formed over the features
of FIG. 11;
FIG. 13 illustrates an embodiment of first spacers formed from the first spacer
layer of FIG. 12;
FIG. 14 illustrates an embodiment of the partially fabricated integrated circuit
20  device of FIG. 13 after the features of FIG. 11 have been removed;
FIG. 15 illustrates an embodiment of the partially fabricated integrated circuit
device of FIG. 14 after portions of the intermediate layer and the anti-reflective layer have
been removed;

FIG. 16 illustrates an embodiment of the partially fabricated integrated circuit

25  device of FIG. 15 after the first spacers and the anti-reflective layer have been removed;
FIG. 17 illustrates an embodiment of a second spacer layer formed on the partially
fabricated integrated circuit device of FIG. 16;
FIG. 18 illustrates an embodiment of the partially fabricated integrated circuit
device FIG. 17 afier removing portions of the second spacer layer to form second spacers;
30 and

FIG. 19 itlustrates an embodiment of the partially fabricated integrated circuit
device of FIG. 18 after the remaining portions of the intermediate layer have been

removed.



FIG 13 illustrates an enbodi nent of first spacers formed fromthe
first spacer layer of FIG 12; FIG 14 illustrates an
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15 illustrates an enbodi nent of the partially fabricated integrated
circuit device of FIG 14 after portionsf the internediate |ayer
and the anti-reflective |ayer have been renoved; FIG 16 illustrates
an enbodi ment of the partially fabricated integrated circuit 25device
of FIG 15 after the firBOSEREERT/ARIYINEGOAUTITHE @fVENTION | ayer have
been renoved; FIG_ 17 illustrates an enbodi ne i of a second spacer
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exposed between the first spacers and internediate Lalyer v?rtigal
regi ons are Intermediate layer vertical regions are removed. The CD of the features formed on the

target layer is a function of the thickness of the first spacers and the second spacers.
The methods and partially fabricated integrated circuit devices described herein do
20 not form a complete process flow for manufacturing integrated circuits. The remainder of
the process flow is known to those of ordinary skill in the art. Accordingly, only the
methods and partially fabricated integrated circuit devices necessary 10 understand
embodiments of the present invention are described herein.
The material layers described herein may be formed by a suitable deposition
25  technique including, but not limited to, spin coating, blanket coating, chemical vapor
deposition (“CVD™), atomic layer deposition (“ALD™), plasma enhanced ALD, or
physical vapor deposition (“PVD”). Depending on the material to be used, the deposition
technique may be selected by a person of ordinary skill in the art,
Reference will now be made to the drawings, where like numerals refer to like
30 parts throughout. The drawings are not necessarily drawn to scale.
In one embodiment of the invention, features with a reduced CT} and, as a resuil, a
reduced pitch, may be formed on the target layer. The CD of the features may be a factor

of three less than the CD of an initial pattern formed on an overlying layer, such as the
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gal | i um ar senpde sagakich ghanrstoy ilérally.grch a material has an etch rate of at least about 10
times greater than that of another material exposed to the same etch chemistry. For the

sake of example only, the intermediate layer 120 may be formed from transparent carbon

[ S
N

(TC), amorphous carbon (AC), or a spin-on material. The intermediate layer 120 may be
formed by conventional techniques, such as by CVD or by spin-coating.
An anti-reflective layer 130 may be formed above the intennediate layer 120.
Anti-reflective materials are known in the art and may include, but are not limited to,
30  inorganic materials, such as silicon dioxide or silicon oxynitride, which is a dielectric
antireflective coating (DARC), or organic materials, such as a silicon-containing, spin-on

hard mask. The anti-reflective layer 130 may be formed by conventional techniques.
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deposition techniques may be used as long as the first spacer layer 150 is substantially

conformally deposited at the desired thickness. The first spacer layer 150 may be formed
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As illustrated in FIG. 5, the resist layer 140" may be selectively removed relative to

the first spacers 150, Stated another way. afier etching, the first spacers 150" may remain

on the surface of the anti-reflective layer 130. The resist layer 140’ may be removed from
30  between the first spacers 150, exposing underlying portions of the anti-reflective

layer 130. Voids created by removing the resist layer 140’ may have a width about equal

to x. The resist layer 140’ may be selectively etched using a dry eich process with an
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20 As illustrated in FIG. 7, the first spacers 150" and the anti-reflective layer 130" may
. be removed, leaving the intermediate layer 120" above target layer 110. The first
spacers 150" and the anti-reflective layer 130" may be removed by conventional etchants.
For example, the first spacers 150’ and the anti-reflective layer 130’ may be etched by a

wet ctch with buffered hydrofluoric acid. Alternatively, the first spacers 150" and the anti-

2
n

reflective layer 130" may be removed by the etch chemisiry used to etch the anti-reflective
layer 130"

As illustrated in F1G. &, a second spacer layer 160 may be formed on the
intermediate layer 120’. The spacer layer 160 may be formed from the same material as
used in the first spacer layer 150. Thus, second spacer layer 160 may be formed using the
30  same process equipment utilized in forming the spacer layer 150. In this way, the amount
of cquipment and the attendant maintenance may be reduced. In addition, by using the
same material, the costs of developing and depositing different materials are saved. The

second spacer layer 160 may be conformally deposited over the intermediate layer 120 at
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by convention ues, I'SC _
may be patterned, formmo features having a CD about 1/3 of the CD of the resist

layer 140". Target layer 110 may be patterned by conventional techniques, which are not
25  described in detail herein.

To further reduce the CD of the features formed on the target layer, additional
spacer etch processes may be used. For instance, a third (or additional) spacers may be
formed over the second spacers 160 after removing the intermediate layer 120°. The
additional spacers may have a thickness about equal to the CD of the features to be formed

30  on thetarget layer 110. The additional spacers may be deposited at a thickness that
corresponds to a fraction of x.
The target layer 110 may be utilized in semiconductor devices, such as dynamic

random access memories (DRAMs), static random access memories (SRAMs),



above with respect to renoving portions of the first spacer |ayer
150. As illustrated in FIG 10, the internedi ate |layer 120" may
be renovedWO\2083416828i vel y etching this layer relative tREWHEIESO8TIY
spacers 160" and the target |ayer 110. The internediate |ayer 120
may be etched by conventional techniques, such as by 15utilizing the
same etch chem stry used to etch the int-dinedi ate | ayer 120.
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shal | ow trend’ﬁpf §8 PPN OSASPEE feFr es i sol ating celI's of a NAND
flash device. Tar @gtutiligiye the hlbdermycribed method, a 248 nm photoresist material, in

combination with two or more spacer etch processes, may be used to form small features
20  on the target layer 110. The features may have a CD that is a fraction of the CD
conventionally achicvablc with the 248 nm photoresist. 248 nm photolithography may be
used to pattern the resist layer 140 at a resolution within the limits of this technique. As
this stage, the remaining portions of the resist layer 140’ may have larger CDs than the
CDs of the features to be formed in the target layer 110. By using the first and second
25  spacers as sacrificial masks, the spacer etch processes may be condueted to form features
having CDs one-third or one-fourth of the CDs of the portions of the resist layer 140". As
such, the CDs of the features may be smaller than those achievable using a more advanced
photolithography technique, such as 193 nm photolithography.
The above-described embodiments may be utilized to produce a reduced CD, or
30 pitch, of the features on the target layer 110 relative to the CD of etched portions of the
resist layer 140". For example, when resist laver 140", as illustrated in FIG. 2, is formed
using a 248 nm photoresist, X may be about 120 nm and B may be about 120 nm, for a

total pitch of about 240 nin, After patterning the resist layer 140 and conducting the
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sacrificial mﬁéemﬁohﬁné@%we R\tiﬁ@pr@{fxgﬁseéﬁl%%nﬁ@i{ hee &%@Ihﬁ@énemugt%tédqﬁm
features having CDs one-th or one-fourth of

portions of tHi@SHésl%dIffblaVr@m thﬂmbowe@ﬂhﬁtfafﬁch@@?x bfo tUH@‘ éfhé’altﬂl]heéﬂie
may be sl | &f lﬂ&%%ﬂle 1108 £ BonaN ARl APl Foadvang cnt pigns of the

phot ol i t hop- ar niqu ogr a
above- descri beﬂst myhokih()hﬁnnd;dxmyﬂ*iaehluknc‘sscz ef:the dﬁppmtmdlsp@malaytesjdiﬂed CD,

or 30 pitch, of f eat ures 10 relative to.the
CD of et ched port&g(ggldﬁ“#ﬁt@s P §tf“§ P’i{ﬁ?esgmﬂfﬁ%ﬁgg% Qi AsPaated figqut

resist layer dkée 10BSusdttatedst FiE. @dexcopt laGtheZemditing pomiosk afshavgsid [R48140'
tun photoresist, x may be about 120 nm and B be about ]]20 nm for
a total pitcHawsa xisuel Dav %a“ﬂf]lee?a%%ﬁa\fe@?’?ﬁ“ggg’%’ép?@g?sﬁf thef62¥ 140

and condugt i ng} hhm isabd Sx/4S ARE ?észs‘?ﬁa?é} 180 %@%é samsf&éa%wg@ltémafas §ﬁkﬁﬂ{lﬁl
spacers 160', "as illustrated in FIG be "about 40 tun and

di stance bet waerl, teprgduss thingpagiag ol ﬂsepﬁab@@fsexmgle ofriyy thg resist layerd 0 amj b@
40 run, for %f A%}‘x@d suglll 1%%0%011@9 % égt rHQ%Yﬁéa\vgc?l‘??f’gbgﬁtrlb&gttﬁeg%acmg

resi st |ayer narane rom abo
tun to about blaﬁfbenndgaﬁummdmaf ﬂmeesasﬁlahra\mﬁgs dacmi st Bhegforfone nf hbcastst 10

tun to about 50 dlnthe

adj usting t hd®kf 3‘!&1“’8? b¢ ﬁ’é{hf'ecé St of Ié'%wedt[ﬂé at‘i"@'i "5&%?‘128""6&“%%
adj acent ggor t]hé?éh%esQﬁc traeing 6&iveén ddmcet p&;ﬁﬁ:ns oﬁﬁ&e&:bﬁaﬁeﬁﬂﬁkf@ﬂﬁuﬁﬂtt he
deposi ted spacer I[.F}/ers addi tional reductions_in or pitch may: be
achi eved. Enbodi mEHe-sl2aHustraies thaiianfirsbpagr &yen b Odngy 8%1§dé)vﬁ‘btb?1’€?a‘%f

reducing the (. 9y dﬂ'l'thJm ﬁﬂ&ﬁﬂre e F0eahb B Phcd 1R m%f béconﬁ%lally

enbodi ment of “a quadrup pitc uctl on net hod accordin
present i nvenlepasited & aj thickrsty eftabebt k. F1sEB; viquplyidgscrbad dhathic S$ 9fthe first

| | J
e Tl S LRCSR R ARV SRR LB PRSI
Fl ?S lll_-31)9 _da;fef ﬁg‘f T{lfﬁgmltgjs@gﬂﬁj&g?ﬂ:mgy bé ﬁdpg?teﬂ&y@?ﬂ'n Fl GSS 1- 10,
inter alia, in > 15w i i ,
different, as is tHé Sgherags {15'8'E%@’ﬂn&fd‘;ea@é??@’a‘i%i/aﬁ?roﬁg%ﬁf“ Pheantgly s¢

horizontal surfaces of the resist layer 140’ and the anti-reflective layer 130, such as by an

anisotropic etch. The first spacer material 150 may remain on substantially vertical



FIG 11 illustrates substantially the same partially fabricated
integrated circuit device 100 illustrated in FIG 2, except that the
remai ni ng Yor208d2226f t he resi st |ayer 140' have a w dtRCTHHS28056083371
3x14 and the spaci ng between adjacent portions of the resist 20l ayer
140" is about 5x14. The resist |ayer 140 may be deposited and
patterned as known in the art, to produeé&this spacing. For the sake
of exanpl e onl I . I . . ‘el Such &6V o
portions of £ 'ﬁ%acﬁste&s}ﬁg 1%%%3%};& T%%'m%ﬁ@émgmﬁ%‘tmﬁ&%?%bgﬁet X éﬁ%@%g a
spaci ng bet waeve attljchosn tquabotabants/4oind tlvespacsg tetwieaypdiaceht portipns of tsuresist

X. The portions of the resist |gyer., 140 ~be further etched ar,
trimmed to he& HOWmaY he ‘3?“ 86({11%%?,{(?’%%'%Wri%“iuﬁﬁeééléaé ¢ és(%g] b?’arc]% g
bet ween adj aggfimdied 1éRNS (B fiklPade@sSl St od @Y 6f anti4Bllectioe RPEUB0.S5XAdspacing
FIG 12 illustrates that_ the first spacer Iay/er \I%(go y be forned

over the Pesbstvepmgdiscentfist spararsting’ Bt he-abe gy if -]ISQE\éﬁ“mf@@.at pRRons of
first spacer aht@yﬁfecé\%q?y@ﬁdjﬁdﬁﬁ%%ﬁ%}E}\ér fepas) bedmdledusidyitckmess of

about x/4. As previously described, the thickness of the first spacer
| ayer 150 maypxensié8ponhatlo AhwicioThaportidns of b euk-eaflegtyedeer bithanl B

the target 30l ayer. 110. fir SPAaC . r i

by ALD - gadd ey [T plchd oA Plees P P E PEAERIRL LR
| ayer 150 fr onGsuwtinbsates alat fie Aex ipaoart 830 snd thaaesrefiéctivh ayeielSi0smay by er
140 and the anti-reflectjve |layer 130, .spch. as [ ani.sot i

ot ch- ThaDf | FERoshaeBIaht BTl B0 St Rt SRBRRRF LTy fhe
vertical V\Duﬁém%fa’é:ﬁéf@ PEET HdP 2R ALOBHE hbout 1B and Sty diagiRs bahvedd@ljacent

resist layer 140', formng the first spacers 150'.:The first spacers
150' nmy hav@oriopheidhpateemedigialayerd 28pit boebavialy t he spaci ng bet ween

adj acent portionsgpt 1Hhe &Sl §ht hed8ndlpleer Y- 186 n{a?@H G5thell 8n 80@BAs of
hat th I 140" may b

3x/4. FIG 14 illustrates t e resist |ayer e renoved,
| eavi ng t he fhaistrsplaelager 130 Toasecop! whcetayer Hedfmaydeicpriomaglrdepaued,
The spacing Sbet wee Lﬁf’j cen T ggers 150° may be about 3x/4.
FIG 15 il ugi'(f%a%sl\@%ai ata?zb%%cﬁc?%sﬁg%)fﬁ%‘n%i -reflective layer 130 and
i nt er nedi at e | ayeFId.20 ilmyateethatesnbyetialishargotthlepoftians bf Spasendsph&d’ as
a mask. As s?ch, % he portions of t.hg iant i - ?"Ef Ise %‘i ve | aée{ellsoi @Q&i
the int er nedi'&fe! 44)® %’E’@O"@e?@aﬁﬂb‘_ﬁ’ﬁé"lﬁ“ &%° 8§ CEFEEREC REY He
protected dukbAgnd Hihe RENayd . The lembingigpatiRes bhiak sdcbd dpheedtayer 160
spacers 150" "and the anti-reflective |ayer 130 rra% be (Jj#r em)vcgd,
| eavi ng the imfvépmeticatend spess 160 TrnicHaeddls Pyed 2B rmaaegeroydyer
110. The,jnt ?lﬁt@ﬁgle@heﬂg?y_@rﬂ?e%@éonﬁ_@ﬁ/ac@@\{ 80'Fnairelida fodt@@l%&utﬁ‘tﬂmﬂﬂﬂag be
the di stance between adj acent portions of thé internediate |ayer 120'.
may be about s@ataed from adjacent second spacers 160" by a distance of about x/4. The spacing
between the adjacent second spacers 160’ may enable features having one-fourth the CD
of the resist layer 140’ to be formed on the farget layer 110. Using the second spacers 160’
as a mask, the target layer 110 may be patterned, forming features having the desired
25  quadruple reduction in pitch.
Using this embodiment of the quadruple reduction, when the resist layer 140" as
iltustrated in FIG. 11 has a width of about 90 nim (3x/4=90 nm) and a width B of about
150 nm (5x%/4=150 nm), such as formed with a 248 nm photoresist, the resulting width of
the second spacers 160 may be about 30 nm and the distance between adjacent second
30 spacers 160’ may also be equal about 30 nm. Thus, using embodiments of the quadiuple

reduction, features having a CD about one-fourth of the CD of the resist layer 140" may be

formed.



FIG 17 illustrates that the second spacer |ayer 160 may be formed on
portions of the internediate |layer 120'. The second spacer |ayer 160
may be conWér24e8/06§228eposi t ed, 15such as by ALD, at a thPEKBEE7/085371
about x/ 4. FIG 18 illustrates that substantially horizonta
portions of the second spacer |ayer 160 nay be renoved, exposing the
top surfaces of the intermediate |ayer 128- and portions of the
target layer 110. fhe eﬁﬁ)%&;ﬁh@%f@x‘ég%s&ﬁ%u@ﬁtncﬁahﬁ»y%%%@iﬂ%d&@%f‘cﬂhcé i@é/tﬁlrcs i
160 may formthe second spacers e internediate |la

be renpved, astamof layardd @ havieg 4 GDRbayt Om@thﬂ'ﬂ@é%fé@@ﬁhit@ﬁ%@g@e wabh o’ﬁfﬁy
have a mndth af. .abou 1 . eﬁgﬂ
spacers 160 15§m %ﬁl%ﬂgnéiﬂ%&fqg%egﬁﬂggﬁﬁéﬁaeggﬁggg%gg etween the in
adj acent secqhdwgpﬁmgag1m6®hmﬂnyméaa@ﬂemf@amuﬁmﬁCﬁammh@edmd}ﬁwmmﬁﬁm

the CD of the, resi to be farnmed on.the t 110
Usi gt he SocBiitres el Sns g Gy SR REo o st apaes Y Rbehest
patterned, fopr8tiRGaleRtdHIasaRAMIRY130)oTiasy bEstedRntamErdIMdey AUDGhE ODs
in pitch. Using this embodi nent of the quadr upl e reductlon

when the resigfithg fggtres forared ixthe farggleyeitlde may beprscisaly cppeoligd-wi dt h of
about 90 m (3x/ 45 }ﬂgm%{r;ﬂ %ﬁriﬁkeﬂ i BisBedd RberRBO W ilégreﬁﬁerfo Péﬁétﬂﬂl5o
tun), such as forne nm phot oresi st, the resulting width
of the seconcblmmdnm ﬂﬁ@ﬁvenm,n 1beotdmmt¢ﬂ 1@heserdesonded ﬁ‘ebqﬂﬂnmimdtﬁﬂler the
betmeen acent .sec rs.16 L t

om " Thus. T RGRE S PoBER 6 Sedtika s, R iR 1R A0 Mopoth
having a CD w@uhleﬁnﬁctﬁmnbrhcdsiestdﬁ:@m&)amﬂ sﬁthﬁs tesegrate aypendink4@themay
be fornmed. - us, enbog(ﬂents of the present invention
may be ut|I|ﬂ€HmH$”ﬁf88G8@“@€5F@F%? fh a target layer 110 having a CD
about one-third or one-fourth the CD of the wdth of the resist |ayer
140'. As such, features having a CD | ess than about 50 nm may be
formed in the target |ayer 110. There is no lower limt on the final
CD, and the final pitch, of the 5 features fonned using enbodi nents
of the invention. For exanple, since the thickness of the first and
second spacer |ayers 150, 160 may be precisely controlled by ALD, the
CDs of the features forned in the target |layer 110 nay be precisely
controll ed. Although this invention has been described with reference
to particular enbodinents, the inventionis not limted to these
descri bed enbodi nents. Rather, the 10invention is limted only by the
appended cl ai s, which include within their scope all equival ent

nmet hods, processes, devices, and systens that operate according to
the principles of the invention as descri bed.



- 15 - CLAIM5 What is clained is: 1. A nethod of formng
features on a target layer, conprising: formng an internedi ate | ayer
on a target layer; formng openings in a resist |layer |ocated above
the internediate |ayer; formng substantially vertical first spacers
on sidewalls of the resist |ayer; rerm\r{r:algg remai ni ng portions of the
resist layer and portions of the internedi"ate | ayer not nmasked by the
substantially vertical first spacers to expose portions of the target
| ayer; renoving the substantially vertqléd]‘/f) first spacers to expose a
top surface and sidewalls. of remaining portions of the internediate

| ayer; form ng substantially vertical second spacers on the sidewalls
of the remaini ng Wt isicbmgedit: t he i nternedi ate | ayer such that the
second spacers are separated from nei ghbori ng second spacers by a

di stance equal to the width of the second spacers, a portion of the
second spacers aile sepanaheibiffsaingfeaighben b ngss esondompasgf S by voids
and the renfirminpanieeindaite Ricrioha wWrpdiesyerdi ate | ayer, and the

remai ni Ng s &soi PRGBS & 236t FEBALSRAhLETORE HEd-HBMAHE AL, Second
spacers by i NBitHiAly ROfidal ARSsaberd S&?SIBéwa%HFﬂt 2Bt l.gyer on both
si des of theSIMRIBhAgingPeRIds SRAC RS 1a e?%’ﬁdqlgorlts ?thg%t llm%H%teq? %ﬁ(?t

i ntermedi ate layﬁ%ske@ﬁ e%{lll;gt %ﬁ‘!:a icers\?&ge Sgorli oﬁéhetalget

target |ayer. éﬁ{
features in S so targe er co |sesf

the featureS % ﬁgSt?m{aH%& Il%"‘{l ﬁgﬁgqagﬂ g‘f‘rﬁ‘P rat?l?l a[“ﬁ@"J qoei”n?é%‘rgf

di mensi on o B% lqnﬁo SH’II%’é’ie %3?‘7 3. The method of
claim1, wh Féil’ﬁ SPOSFAR figat s spacers.oadpe sidgwels pf e Fesmainigpariensiohg
t he openi ngs hav ﬁalteame lﬁftellfé’&T SUG]" Heh e secoed snaceawepmmw fran poightiooing
of the resist etndisRserd Y distamep eqal @ithewisitoe! thf segond spacers, 4 porlibieof
met hod of cl ai m ¢ sagpped Waeers ©e Aipatgteldmmmaghboringseposbupaqor tyi wids aod the
the target | ayerrcmaimngipogiont of the interineditta daysr, had/tha enaining $ccaal spacers are
di mensi on equal separabd{ronvakighboring secobd sideers b tHeaemaihing paitionslef thdrer ei n
f orm ng openi ngsniemalistelayatonlbasheides ofe rehsnifDEabphdies; openi ngs

havi ng a criemocial thdipsaivas oftheintdmnbdia@ndepaaduci ng portions of the
resi st | ayeforhiay fagré iﬁéiﬂob@fﬂorﬁﬂrﬁ%f‘ﬁ&%géﬂay@ﬁ(/ 4. -16-

2. The method of claim 1, wherein forming features in exposed portions of the
target layer comprises forming the features having a critical dimension smaller than the
critical dimension of the openings in the resist layer.

3. The method of claim 1, wherein forming openings in a resist layer comprises
forming the openings having a critical dimension of x and producing portions of the resist

layer having a critical dimension of x.

4. The method of claim 3, wherein forming features in exposed portions of

the target layer comprises forming features having a critical dimension equal to about x/3.

5. The method of claim 1, whetein forming openings in a resist layer
comprises forming the openings having a critical dimension of 5x/4 and producing portions

of the resist layer having a critical dimension of 3x/4.



6. The nethod of claim1l1l, wherein formng features in exposed
portions of the target |ayer conprises formng features having a
critical dinension equal to about x/4. 7. The nethod of claim
1, wherein formng substantially vertical first spacers conprises
depositing a spacer material at a thickness about equal to a critical
di mensi on of features to be formed on théStarget |ayer. 8. The
nmet hod of claim1, wherein formng substantially vertical first
spacers or fornm ny subSeamthad df glave( twiesdin Savingdeagpede esposahpriiee sf the
form ng the substantiall ertical first spacers. or .the substantially
vertical sechimi Bpacunerisss Sintle T ayingd oAl finiepun Fp P qactt e

9. The nethod of claim1, wherein form ng substantially vertical

first spacers con})ri se%ﬁconformal |y depositing a sPac_:er mat eri al over
remai ni ng portions of HR&Ehegofelapy.apherein forming gepstanially ysrtiseldirgspacers

claim 1, whelpi i CRpyiig 2ISBHERL PR aIRPA HﬁéRHe%sﬁ’JouE-&ﬁaft@%‘cﬁﬁeah BARD BNk
portions of the internediate |ayer not masked by the substanti a Ty
vertical fir&etuspiederiomed caipoisegeidayeri ons of the target |ayer
conprises etching remai ning portions of the resist |ayer between the
substantially vertical first spacers and etching underlying portions

of the intermedi & e | akemethod of clainid 1,.whtfegn foRhing eutefand]igiveitital AMICHRER
renoving the substantial|ly vertical first spacers tqQ expose a.top .
surface and JieravRg yusstartially Nertical sesopdipppaheomprisesHanting e mehiiantialyVagies!

conprises I efihRGrsiod eheSURSIAR Rrfichl ¥85d sp¥erst HoS il RBZRE Sr silicon nitride.
12. The nmethod of claim1l, furt’her conprising formng an

anti-reflective | ayer between the resist |layer and the internedi ate

| ayer. 13., The d laiml. .wherein.formng .
substantial 1y verti cathf rogpd Sl MrrsinBBLEE ok AR a0 Jeryie v snersy
vertical spaoapsisgroifbenalydepmiting a@hace ekl Bgerpatidihiofn fortbnstdfherresdt St
| ayer. -17- 14. The method of claim 1, further conprising
removi ng t hd®&mai ni ng portions of the resist |ayer before exposing

the portions of the target |ayer.

10. The method of claim 1, wherein removing remaining portions of
the resist layer and portions of the intermediate layer not masked by the substantially
verlical first spacers to expose portions of the target layer comprises etching remaining
portions of the resist layer between the substantially vertical first spacers and etching

underlying portions of the intermediate layer.

11, The method of claim 1, wherein removing the substantially vertical first
spacers to expose a top surface and sidewalls of remaining portions of the intermediate layer

comprises removing the substantially vertical first spacers.

12, The method of claim 1, further comprising forming an anti-reflective layer

between the resist layer and the intermediate layer.

13.  The method of claim 1, wherein forming substantially vertical
first spacers comprises forming substantially vertical spacers on the sidewalls of remaining

portions of the resist layer.



15. The method of claim 1, further conprising renoving the
substantially vertical first spacers before exposing portions of the
i nternedi ate | ayer. 16. The nmethod of claim 1, wherein formng
substantially vertical second spacers conprises formng the
substantially vertical second spacers fromthe sane material as the
substantially vertical first spacers. -17- 17. The method of claim
1, wherein formng features in exposed portions of the target |ayer
conpri ses form ng-t hdheawthod f claiay { rgrther eernnprisinglrenae vieg /b svnasbiogt
equal to a [ . : 3 ticgal.. fL.h spacers.

18. A partﬂ%pF%§P§@§F§%%%ggpﬁggé%ggé%f%%ﬁgﬁﬁkc%g%ﬁ%é#j%%ﬁprising: a
target |ayer; substantially vertical sections of an internediate

| | d and formed : | ... and f or med
the tar oot | ayens: t nd e etes 6FFabf T3 Siet e af NanRBR T R o6 Y nor

one-third okrtengibiepidels befor@expbiihg patiodioMRshtemediatedayeat tern in the
internedi ate | ayer, the spacers separated from nei ghbori ng spacers by
a distance equal to the width of the spacers, a portion of the

spacers separat gd fr o ReILGNBLLLRD, SPRCE! Brilie ¥pkdRiAapd the
substantially vertical sections of ‘the internedi ate |ayer, the

remai ni ng pdisesecond ppacers eempiissiioingtibotubsigtislharatien! frponthe
subst ant i alyl e NIkl 8o RLERSs B s LARA dlqplaner on both
sides of the remalning spacers.
17.  The method of claim 1, wherein forming features in exposed portions of the
target layer comprises forming the features having a critical dimension about equal to a

thickness of the substantially vertical first spacers.

18. A partially fabricated integrated circuit device, comprising;

a target layer;

substantially vertical sections of an intermediate layer located and formed on the target
layer; and

spacers formed on the target layer, the spacers having a critical dimension of either
one-third or one-fourth of a critical dimension of a pattern in the
intermediate layer, the spacers separated from neighboring spacers by a distance
equal to the width of the spacers, a portion of the spacers separated from
neighboring spacers by voids and the substantially vertical sections of the
intermediate layer, the remaining spacers separated from neighboring spacers by
the substantially vertical sections of the intermediate layer on both sides of the

remaining spacers.



