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HAVI NG | SOLATED ARRAY FEATURES PRI ORI TY CLAI M This application clainms the
benefit of the filing date of United States Patent Application Serial
Nunmber 11/756, 218, fil ed Ivay 31, 2007. TECHN CAL FI ELD Enbodi ment s of t he

| nventi on reivgﬁfﬂaﬁisebﬁ AriNg ARRAKS A RRIBHEEADO
structures an ﬁgﬁ &B ’f‘ﬂnﬁfsr@ res
and to sem con VI ce E‘;%H%Q ﬁ‘%ﬂﬁ ures

| nt egr at ed CII‘CUIt ("IC) des ethe | evel of
integration, or density, of features within an I C by reducing the size of
the features and by reducing the separation distance between nei ghboring

features on a substrate. The di stance between identical points in
nei ghboring features is referred t PRIORINY Clotildtry as "pitch" and is
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and a w dth applratpaseistaibat i 954,08, fif-aaiay ®1,200m t he nei ghboring
feature. Wth the pressure to reduce feature sizes and pitch, pitch

reducti on processes have been devel oped. A conventi onal pitch reduction
process, which is also sonetines i @'kﬁf%@qh ﬁﬁ1 "pitch multiplication”
process is illustrated in FIGS. 1A- tA multiplication is used to
form at | east twoEmbaditreas of meamtreangletelzimgﬁrerealy,to gieathbracaitian sfideaticaidactof or
each feature, forned in a nmask H,c as a resist. material, overlying the

target mat erdeyice SEUCtTes gad.mgre SCH! Cah@meﬁodaﬂft igelptng wrayfeatutes pidhiour es 10
is formed '”sehﬁ@ox{dﬁétbﬁ&ev'i@ts% @}efsﬂmﬁ%y%aﬁ%éﬂ%starget material 20. The

first features 10 are typi cal or me aving a mninum feature size
("F"). First features 10 are separated fromeach other by first spaces 12.

First features 10 and first spaces irst pitch, which is
| abeled in FIG | Aas "X " A spacer&‘gﬁggiﬁ? 30 is formed over first

features 10 and tIﬁfe%ﬁtecf@ltcﬁft'(‘ﬂb”)?&bm@&s'dta&l%stbriﬁ’ér@cge tHe lgde@of thBgrallag, gtpacer

material 30 reduces the width of first spaces 12, formng first spaces
12' . Spacer deasisy,iokfeaBues withinis & by pedaink jhe zenfdle featurasrami Sy acshicing the

si deval I's 36sepa?r%tlon distance between neighboring features on a substrate. The distance between

identical points in neighboring features is referred to in the industry as “pitch” and is
conventionally measured as the center-to-center distance between the features. The pitch
is about equal to the sum of a width of the feature and a width of a space separating the
feature from the neighboring feature. With the pressure to reduce feature sizes and pitch,
pitch reduction processes have been developed.

A conventional pitch reduction process, which is also sometimes implemented as a
“pitch multiplication” process is illustrated in FIGS. 1A-1F. Pitch multiplication is used
to form at least two features in a target material, such as a substrate, for each feature
formed in a mask, such as a resist material, overlying the target material. As illustrated in
FIG. 1A, an array of first features 10 is formed in the resist material overlying the target
material 20. The first features 10 are typically formed having a minimum feature size
(“F”). First features 10 are separated from each other by first spaces 12. First features 10
and first spaces 12 have a first pitch, which is labeled in FIG. 1A as “X.” A spacer
material 30 is formed over first features 10 and target material 20, as illustrated in
FIG. 1B. The spacer material 30 reduces the width of first spaces 12, forming first

spaces 12'. Spacer material 30 is anisotropically removed to form spacer sidewalls 36, as
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illustrated in FIG 1 C, which is a 4op view of the illustration in FIG
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12', while spacer sidewalls 36 serve as a mask to pattern target materi al
20, as ill usnrocaqssdvmtﬂiXm‘&lnCi@es swcmsmoad fratioend2| anﬂhwgtmmams@ée%mtﬁsthmg
mask 40 is us&&j1 té)ctblll ?nht vvg)?n 1 y % (g a;tlter dtar rrﬁterlal
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second spaces forned between eatures w thout using a second masking
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st ages of processing accor t0 a conventiona ch'reductron pr océss
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Islelmuit);lghgs Os:pggéﬁ:zgéecéf?{i ls'}??trc]:gsr EB and splaceEr s?c{-g\jzvalls 36" f/Iagl?EO ggwes\ﬁrsei‘\ggacgg 1£'he
while spacer sidewalls 36 serve as a mask to pattern target material 20, as illustrated in
FIG. 1G. Since a second lithography process using mask 40 is used to block etch when
forming the patterned target material 20, two masking levels are used in the pitch doubling
process illustrated in FIGs. 1A-1G.
A need exists in the art for methods of isolating the second spaces formed between

features without using a second masking level.

BRIEF DESCRIPTION OF DRAWINGS
F1Gs. 1A,1B, 1D, and 1G are cross-sectional views of a semiconductor device
structure during various stages of processing according to a conventional pitch reduction
process, FIG. 1C is a top-down view of the semiconductor device structure illustrated in
FIG. 1D, and FIGs. 1E and 1F are top-down views of the semiconductor device structure

during various stages of processing according to a conventional pitch reduction process;



during various stages of processing according to a conventional pitch
reduct i GfopHRGESES: WO 2008/ 150722 PCT/ US2008/ 064521 3p&t/s82008406452B, and
2D are top-down views of a sem condugtor device structure during various
stages of processing according to an enbodi nent of the present invention
and FIGS. 2C and 2E are cross-sectional views of a sem conductor device
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structure during processing according to an enbodi nent of the present
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ends of adjaacedingfieai embslimbst ofticdpresepeioesntioat ween adj acent features are
i sol ated by the spacer sidewalls. In one enbodinment, the pitch reduction
process is a pitch doubling process. The nethods and sem conduct or device

structures described hegeims@9roRt CARRVIRG GOTPHEE ENPEREGSS f 1 ow for

processi ng sem conductor deviCe structures. The renmai nder of the process
flow is known t o Hrhlgslemeidts of wethadsofshké presanninviugticarfor isdlating atiraygloy feaamésy t he
met hods and sem condu

rethos and S ASEL O JE Co el iusunes Repessary Lo undcrstand,
l'ayers descrshiedrdRicksed MBUriREthe pRENRAubIonthrodtsd, alkp£ocf BRRSL & ABpdsRENHH que
including, but not limted to, spin coating, blanket coating, chem cal
vapor deposith¢ atuges@ubeicheditodpine spaggrsidaaplesiThe atutesmay be forpedfom a
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sidewalls may be of a sufficient thickness to substantially fill a distance between ends of
adjacent features. As such, spaces between adjacent features are isolated by the spacer
sidewalls. In one embodiment, the pitch reduction process is a pitch doubling process.

The methods and semiconductor device structures described herein do not form a
complete process flow for processing semiconductor device structures. The remainder of
the process flow is known to those of ordinary skill in the art. Accordingly, only the
methods and semiconductor device structures necessary to understand embodiments of the
present invention are described herein. The material layers described herein may be
formed by a suitable deposition 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.



to be used, the deposition technique may be selected by a person of
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will now be made to the draw ngs, whgre like nunerals refer to like parts
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sufficient to substantial I%t fill ends 122 of the fourth spaces 120. The
wi dt h of ni gatbedinegyt.sRds Fyofghe thiid featpres b presubgantially adiacaag togeandthehe
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embodi ment, eg(&%in\éma 91;[ getz}lli\Fbe%w, the spacer material may be deposited at a thickness sufficient to
substantially fill ends 122 of the fourth spaces 120.

The width of middle regions 54 of third features 50 is labeled W3 and the width of
middle regions 124 of fourth spaces 120 is labeled W4. The width W3 of the middle
regions 54 corresponds to the desired size of at least one feature ultimately to be formed
on the substrate 60. The width W3 of the middle regions 54 of third features 50 and the
width W4 of the middle regions 124 of fourth spaces 120 may be the same as, or different
from, each other, depending on the desired size of the features and lines to be formed in
substrate 60. The widths W3 and W4 may also be the same as, or different from, the
width W2 of the ends 122 of fourth spaces 120. In one embodiment, the width W2 of
ends 122 of fourth spaces 120 is less than or about equal to one-half the first pitch X of
third features 50. In another embodiment, the width W2 of ends 122 of fourth spaces 120
about equals the F possible with the lithography technique used to form the third
features 50.
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resists, are k in th art a therefore,..are not described.in
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positive and negative resists, are known in the art and, therefore, are not described in

detail herein. The third features 50 may also be formed from other sacrificial materials,

such as a carbon-containing material. As such, the pattern of the third features 50 may be

etched into substrate 60 prior to depositing the spacer material of spacer sidewalls 70. The

third features 50 may be printed on the substrate 60 at F or at a feature size greater than F.

By way of non-limiting example, the third features 50 may have a feature size of 100 nm

or a feature size of 75 nm. However, the feature size may be any size achievable by

conventional lithographic techniques.

The third features 50 with ends 52 and middle regions 54 of different widths and

the fourth spaces 120 with ends 122 and middle regions 124 of different widths may be

formed using a mask having corresponding regions of different widths. As known in the

art, a mask may be used to pattern the resist material, forming the third features 50 and

fourth spaces 120. Depending whether the resist material is a positive resist or a negative

resist, the mask may include a pattern substantially similar to the desired pattern of third



The third features 50 with ends 52 and m ddl e regions 54 of different

w dt hs ang 20dshephourth spaces 120 with ends 122 and m ggtrgsiegoeis 124 of
different widths may be fornmed using a mask having correspondi ng regions
of different widths. As known in the art, a nask maybe used to pattern
the resist material, formng the third features 50 and fourth spaces 120.
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processi ng %&qlaoha&ctérsaesﬁk %&dtﬁﬂ% Ipyoc%sﬂ“dgae@mha&ed éiéci{@el%r etchaﬁe rdfRhRhd fle Used
to formthe spacer sidewall As used herein erial 1Is
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sanme etch chemstry. The material of the substrate 60 may al so be etchable
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substrates, epitaxial materials of l'icon on a base sem conduct or
f oundat i on, sabsiratst heotherémillc nbsinase that mobtdmadeand:qndmto& maseriddi A eshiiorangy
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i nter medi at @ubdtafs) sillicoh@nIRPpIIMEFSOR®) substrates, epitaxial materials of silicon on a base

semiconductor foundation, and other semiconductor, optoelectronics, or biotechnology

materials, such as silicon-germanium, germanium, gallium arsenide, gallium nitride, or
indium phosphide.

Substrate 60 may also include at least one intermediate material formed over the
semiconductor substrate or bulk substrate. The intermediate material may include at least
one of an anti-reflective coating (“ARC”), a carbon-containing material, such as a
transparent carbon (“TC”) material, an amorphous carbon (“AC”) material, or other
material selectively etchable relative to the spacer material, such as tungsten, aluminum,
copper, or combinations thereof. ARC materials are known in the art and include, but are
not limited to, inorganic materials, such as silicon dioxide, silicon oxynitride, polysilicon,
or combinations thereof, which are dielectric antireflective coatings (“DARC”), or organic
materials, such as a silicon-containing, spin-on hard mask. By way of non-limiting

example, if the substrate 60 includes the intermediate material, the substrate 60 may
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Spacer sidewalls 70" may f or med %roma material tha conpatible with
the pitch dqugdmwes@afamhbmmhsmb@blﬁlmeantbméwm@Si)cts The

spacer mat erial rgipﬁf?r&ldfegg lg?(gg]ag gm}éd%trr?erl Irn%tenapt% at is cmeatlb(fé) vr&]f];tg the el 1y

deposited on the
pitch doubling process and with subsequent processing acts. The spacer material may be

formed from any material that may be conformally deposited on the third features 50,
such as an organic or an inorganic material. By way of non-limiting example, the spacer
material may be silicon nitride (“SizNy4”), a silicon oxide (“SiOy”), or polysilicon. The
spacer material may be substantially conformally deposited on the third features 50, such
as by ALD. However, other deposition techniques may be used as long as the spacer
material is substantially conformally deposited at the desired thickness. Spacer
sidewalls 70 may be formed by anisotropically removing material from the spacer
material. Depositing and anisotropically etching the spacer material is not illustrated.
However, the process of forming the spacer sidewalls 70 from the spacer material is
substantially the same as the process of forming the sidewalls 36 from spacer material 30,

which is illustrated in FIG. 1B-1D, except that spacer sidewalls 70 substantially fill
ends 122 of fourth spaces 120, as illustrated in FIG. 2B.



such as an organic or an inorganic material. By way of non-limting
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The width W3 of the middle regions 144 of fifth spaces 140 may correspond to the
width of fourth features 62 (see FIG. 2E) ultimately formed in the substrate 60. In one
embodiment, the width W3 of the middle regions 144 of fifth spaces 140 is about equal to
F, enabling fourth features 62 having a width less than F to be formed in the substrate 60.
As previously described, F is the minimum feature size of third features 50 before the
pitch reduction process is conducted. Middle regions 144 of fifth spaces 140 and seventh
spaces 130 may be of about equal width (i.e., W3 and W5 may be substantially the same),
forming fourth features 62 and first lines 150 in substrate 60 having about the same width.
For fourth features 62 to have a width less than about F, the third features 50 may be
formed by a lithography technique capable of printing the desired F. However, if the
fourth features 62 and first lines 150 in substrate 60 are to have different widths, the
widths W3 of middle regions 144 of fifth spaces 140 and W5 of seventh spaces 130 (and,
thus, the widths of middle regions 54 of third features 50 and seventh spaces 170) may be

different from one another.



The width WB of the mddle regions 144 of fifth spaces 140 may correspond
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plasma etch, such as a CF4-containing plasma, a C,Fs-containing plasma, a C4Fs-

containing plasma, a CHF3-containing plasma, a CH,F,-containing plasma, or mixtures
thereof. If the substrate 60 includes at least one intermediate material over the bulk
substrate, the pattern may be transferred to the intermediate material using a first dry etch
process, followed by a second dry etch process to transfer the pattern to the semiconductor
substrate or the bulk substrate. By way of non-limiting example, if substrate 60 includes
the ARC over the semiconductor substrate or bulk substrate, a fluorocarbon plasma may
be used to etch the ARC. HB1/Cl, or a fluorocarbon plasma etch may be used to etch the
semiconductor substrate or bulk substrate. By way of non-limiting example, if

substrate 60 includes a carbon-containing material over the bulk substrate, an oxygen-
based plasma, such as an O,/Cl, plasma, an O,/HBr plasma, an O,/SO,/N, plasma, or a

N»/O»/HBr plasma may be used to etch the carbon-containing material. HBr/Cl, or a
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called ' %H@SO?Z 5f€%h1j{r ?ea Ood(} % %%a{l@ntttg 'eﬁcqil Jtﬁé%z%rlﬁﬁ n?%d ﬂl @sr 'ﬁ\di@t €
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come into substantial contact in ends 122 of fourth spaces 120.

The third features 50 formed in the resist or sacrificial material have a feature size
greater than about F (W3 is greater than about F) and the width W2 of ends 122 of fourth
spaces 120 about equals F. The width W4 of middle regions 124 of fourth spaces 120
may be greater than F and may also be about equal to the width W3 of middle regions 54
of third features 50. Intermediate regions 50a of third features 50 may have the same
width as ends 52, or may have a larger width or a smaller width than ends 52. The width
of intermediate regions 50a of third features 50 is labeled in FIG. 3A as W6 and the width
of ends 52 is labeled as W1. The width W6 of intermediate regions 50a of third
features 50 may be the same as or different than the width W3 of middle regions 54. By
way of non-limiting example, the width W6 may be larger than the width W3.
Intermediate regions 120a of fourth spaces 120 may have the same width as intermediate
regions 50a of third features 50. The width of intermediate regions 120a is labeled in
FI1G. 3A as W8.



as in the enbodinment illustrated in FIG. 2A-2E. As shown in FIG 3A a
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deposited on the third features 50.

FIG. 3C illustrates spacer sidewalls 70 surrounding each of third features 50. The
spacer sidewalls 70 are formed by depositing the spacer material on the third features 50
and selectively etching the spacer material, as previously discussed. The thickness of
spacer sidewalls 70 is greater than or equal to about one-half the distance between
adjacent ends 52 of third features 50. In other words, the thickness of spacer sidewalls 70
is greater than or equal to about W11/2. The spacer sidewalls 70 come into substantial
contact in ends 122 of fourth spaces 120, forming and isolating seventh spaces 130. The
third features 50 are removed, as illustrated in FIG. 3D, forming fifth spaces 140. Both
fifth spaces 140 and seventh spaces 130 are isolated by spacer sidewalls 70. The spacer
sidewalls 70, fifth spaces 140, and seventh spaces 130 may be used as a mask to pattern
substrate 60, such as to form fourth features 62 and first lines 150 in the substrate 60.

By way of non-limiting example, if the pitch to be achieved by pitch doubling is
about 100 nm and F is about 72 nm (from about 69 nm to about 75 nm), the third
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about of one-half of the first pitch X.
By way of non-limiting example, if the pitch to be achieved by pitch doubling is

about 50 nm and F is about 35 nm, the width W3 of middle regions 54 of third features 50
and the width W4 of middle regions 124 of fourth spaces 120 may be about 50 nm, and
the width W2 of ends 122 of fourth spaces 120 may be about 35 nm. As such, the first
pitch X is 100 nm. The width W1 of ends 52 of third features 50 may be about 65 nm.
Third features 50 may be trimmed by about 15 nm such that the widths of ends 122 and
middle regions 124 of fourth spaces 120 increase to about 50 nm (W11) and about 65 nm
(W10), respectively. Spacer sidewalls 70 having a thickness equal to about 25 nm
(between about 20 nm and about 30 nm) may be deposited over the third features 50,
isolating the seventh spaces 130. The pattern transferred to the substrate 60 using the
spacer sidewalls 70, fifth spaces 140, and seventh spaces 130 as a mask may form features

of about 25 nm in the substrate 60. The pitch may be about 50 nm.
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about 100 nm and F is about 72 nm (from about 69 nm to about 75 nm), the third
features 50 may be formed by a lithography technique capable of achieving F. By
forming the third features 50 at F, etching or trimming the third features 50 is eliminated,
reducing capital costs and fabrication space. The width W3 of middle regions 54 of third
features 50 is about 72 nm, as is the width W2 of ends 122 of fourth spaces 120. The first
pitch X between third features 50 is about 200 nm. Spacer sidewalls 70 are formed over
the third features 50 at a thickness greater than or equal to one-half the width W2 of the
ends 122 of fourth spaces 120 such that spacer sidewalls 70 substantially contact each
other in ends 122 of fourth spaces 120. Since ends 122 of fourth spaces 120 have a width
of about 72 nm, spacer sidewalls 70 are deposited at a thickness of about 36 nm (between
about 31 nm and about 41 nm), substantially filling ends 122 of fourth spaces 120 and
1solating seventh spaces 130. Upon removal of third features 50, the spacer sidewalls 70,

fifth spaces 140, and seventh spaces 130 form a pattern that is used as a mask to etch the
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and sixth feature 90 come into substantial contact with one another in the ninth
spaces 170. The spacer sidewalls 95 substantially fill ninth spaces 170, isolating eighth
spaces 160. The materials and many of the process acts used to isolate the eighth
spaces 160 may be as previously described.

The fifth features 80, eighth spaces 160, and sixth feature 90 may be formed on
the substrate 60 by depositing a resist or other sacrificial material on the substrate 60. The
fifth features 80 and sixth feature 90 may be formed from the same material, such as one
of the materials previously described. The resist or sacrificial material may be patterned
using an appropriate mask, forming the fifth features 80, eighth spaces 160, and sixth
feature 90. The fifth features 80 may be printed on the substrate 60 at F or at a feature size
greater than F. By way of non-limiting example, the fifth features 80 may have a feature
size of 100 nm or a feature size of 75 nm. However, the feature size may be any size
achievable by conventional lithographic techniques. In one embodiment, the sixth

feature 90 may be substantially linear and may be oriented substantially perpendicular to



may be about 35 run, the width Wi of m ddle regions 124 of fourth spaces

120 may g 2008Q8802 65 Nnm and the width W2 of ends 122 péraerosesspaces 120
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substantially filling ninth spaces 170 and self-isolating the eighth spaces 160 between fifth
features 80.
After eighth spaces 160 are isolated by spacer sidewalls 95, fifth features 80 may
be removed, as illustrated in FIG. 5C. The fifth features 80 may be removed or etched as
previously described. Removing fifth features 80 produces eleventh spaces 190 where
fifth features 80 were previously located. The eleventh spaces 190 are surrounded by
spacer sidewalls 95. Both tenth spaces 180 and eleventh spaces 190 are isolated by spacer
sidewalls 95 since the spacer sidewalls 95 come into substantial contact with one another
in ninth spaces 170 during the pitch doubling process. The tenth spaces 180, eleventh
spaces 190, and spacer sidewalls 95 may be used as a mask to pattern substrate 60,
forming features (not illustrated) and lines (not illustrated) in the substrate 60. The

transfer of the pattern into the substrate 60 may be conducted as previously described.

The width of the fifth features 80 may correspond to the width of the features to be formed
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oxide material. A conductive material may be deposited over the oxide material, filling
the trenches. The surface of the oxide material may then be planarized, forming
conductive lines in the oxide material. Damascene processes are known in the art, and,
therefore, are not discussed in detail herein.

The above-mentioned method may be used to form semiconductor device
structures that have a dense pattern of array features. The patterned substrate 60 may be
utilized in IC devices, such as in dynamic random access memories (DRAMs), static
random access memories (SRAM:s), ferroelectric memories (FE), NAND and NOR Flash
memories, microprocessors, such as with field-effect transistors (FETs), CMOS imagers,
and flat-panel displays. By way of non-limiting example, the patterned substrate 60 may
be used in forming a Flash device.

Any of the above-mentioned acts may be combined with other acts depending

upon the materials used and the processes used in forming and removing the materials.
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understood that the invention is not limited to the particular embodiments disclosed.
Rather, the invention encompasses all modifications, equivalents, and alternatives falling

within the spirit and scope of the invention as defined by the following appended claims



Any of the above-Mentioned acts nmay be conbined with other acts dependi ng
upon the materials used and the processes used in formng and renovi ng the
materials. WD 2008/ 150722 PCTI US2008/ 064521 17 Additionally, any of the
above-nentioned acts may utilize nmultiple processes to acconplish the
single act. After any act, further prpcessing, not described above, may
occur, such as cleaning, ion inplantation, diffusion doping, deposition of
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What is claimed is: | . A nethod of sem conductor fabrication, conprising:
formng a plurality of resist features on a substrate, each resist feature
of the plural 3ty offhe meshodtof tlaah Uy eberciarfmmisg agluaality dfltesist fegiucn ohavi ng a
first wwdth and at |east one en havi n A seFoqd m@dth' and

substrate comprises forming the at least one end of the plurality of resist features

substantially adjacent to one another and separated by a distance.

4. The method of claim 1, wherein forming a plurality of resist features on a
substrate comprises forming the at least one end of the plurality of resist features

staggered to one another and separated by a distance.

5. The method of claim 1, wherein forming a plurality of resist features on a
substrate comprises forming the plurality of resist features having a distance between the
at least one end of the plurality of resist features less than or about equal to one-half the

pitch between the plurality of resist features.

6. The method of claim 1, wherein forming a plurality of resist features on a
substrate comprises separating each of the plurality of resist features by a first space,
wherein a width of an end of the first space is less than a width of a middle region of the

first space.



form ng spacer sidewalls on each resist feature of the plurality of resist
features, the spacer sidewal |Is in substantial contact with one anot her
at the at |east one end of the plurality of resist features. 2. The

met hod of claiml, wherein formng a plurality of resist features on a
substrate conprises formng the mddl egregions of the plurality of resist
features having a wdth less than the width of the at | east one end of
the plurality of resist features. 3. The nethod of claim1l1l, wherein

form ng a pluralit Themetdicstlafreal wh@sindornging 8 phsilitpberesBnfRuiusR®nfaor m ng
the at |least one end of the plurality of resist features,  substantially
adj acent SHBSUGHECORREEIPMIRG eadpithy laaraﬁgy of refist fepties ata MPHRURLRHYE of
clainll,swgerein forming a plurality of resist features on a substrate
conprises formng the at | east one end of the plurality of resist features
staggered to one another and separated by a distance. 5. The nethod of

claiml, wherein fQqrmn lural ity of resist features on a, substrate
conpri ses for%ing 3%8“ﬁﬂﬁﬁé$?gyndfw %EWgP"Waéfﬁ?8§“%3Vﬁﬁ§“ﬁwHVE?gnce
bet ween tf’eﬁure%tftﬂemhli@mﬁr&mféatur&mnmrigésadegwﬁﬂgmé@ cet sil@aliynes | ess

than or about equal to one-half the pitch between the plurality of resist
f eat ur es.thigkneFhgreatet theel oofquel @iahput onpdielf @idistdnge h@twgeraerpgl@rf afljpeapt of resi st
featureslpqﬁqbﬂﬁuystrate conpri ses separating each of the plurality of
resist featureas By a first space, wherein a width of an end of the first
space is less than a width of a mddle region of the first space. 19 7.
The nmethod of claiml, wherein formng a plurality of resist features on a
substrate conpri sedhesretiodpfelin lowherpis fpimingpiptusalyy of esissteaugstoires at a

m ni mum fsﬁggtllé[eeco .ri%gs: foﬁnin%@gcmtné)&u%ﬁ?&ﬁgmtjfeat%?ét%i faatL%rser.feggea?&acer

si dewal I s on each 'resi st eature o plurality of resist at ures
conpr i seshaepagiimumdgesdthe siggacer sidewalls at a thickness greater than or
equal to about one-half a distance between ends of adjacent resist
features. 9. The nethod of claiml1l, wherein formng a plurality of resist

features on a |gsubgh ﬁ{eﬁwo‘a%‘léfaiirﬁ@,Sfufrt‘%mo'ﬂﬂ)ri%‘_ﬁq%_rétdmngté&@h Bf e %]uirélbfy gf resist
features at a feature size greater than a mninumTeature size.” 10. The

met hod ofresstdéatares tofaminarmdestpeisgeng et chi ng each of the plurality of

11. The method of claim I, further comprising removing the plurality of resist

features to form a pattern comprising second spaces and the spacer sidewalls.

12. The method of claim 11, further comprising transferring the pattern

comprising the second spaces and the spacer sidewalls to the substrate.

13. A semiconductor device structure, comprising:

a plurality of resist features on a substrate, wherein ends of the plurality of resist features
are wider than middle regions of the plurality of resist features;

spaces between the plurality of resist features, wherein ends of the spaces are narrower
than middle regions of the spaces; and

spacer sidewalls surrounding each of the plurality of resist features, wherein the spacer
sidewalls are in substantial contact with one another in the ends of the spaces

between each of the plurality of resist features.



resist features to a mninumfeature size. 11. The nethod of claiml,
further conprising renmoving the plurality of resist features to forma
pattern conprising second spaces and the spacer sidewalls. 12. The net hod
of claiml | , further conprising transferring the pattern conprising the
second spaces and the spacer sidewalls to the substrate. 13. A
sem conduct or device structure, conprising: a plurality of resist features
on a substrate, wherein ends of the plurality of resist features are
wi der than m gl e fpoid %%n%fuct'i)p vﬁ’ée%r@éthIeYOfoalﬁmq%' whe Eﬁ\at? Eﬂ%?dht}s&aces
bet ween the plurality resi st tures, wherein’ ends o he spaces are
narr ower resﬁslnﬁaatmmm niieguom feaofre mlzke spaces; and spacer sidewalls
surroundi ng each of the plurality of resist features, wherein the spacer
sidewal I s are in substantial contact with one another in the ends of the
spaces -between eaghe Qm1E$H?iu@tbl¢'ﬂ@vlldetslfru@ttjrercﬁ$la$ﬁ1 BeRhéteRShe BRralibftof The
sem conductor device structure of claim13, wherein the plurality of
resi st f ewistfeagir¢sams a fentyre mzemgfester thae agninenunt faturhisizeeni conduct or devi ce
structure of claim 13, wherein the plurality of resist features has a
feature size greater than a mninmum feature size. 16. The sem conduct or
device structuyse Ofh&iemiBantdctoni@ii® strutllfe cTRAGAS 3hauereid thebgacertavé gat ure
size. 17. The semiconductor device structure of claim 13, wherein adj acent
spacer $hinEwe festirsyrat e t he spaces between the plurality of resist
features. 18. The sem conductor device structure of claim 13, wherein the
ends of the plurality of resist features conprise a T shape or an L
shape. 19. A net hoﬁfh@ienﬁemﬁdoanddmﬁ@rstmaﬂnfeidfalaiimris whepni aljdegnt shaem ng a
plurality. of resist featur% q rate a_first resist feature of the
pl ur al i t yidgwallyiglpigithe paess é%weGP%?rﬂ wal Pl Besisk {54 t 0 ends of remmi ni ng
resist features of the plurality of resist features; and form ng spacer
sidewal I s on each resist feature of the plurality of resist features, the
spacer si dewvallfs i fihssdstemiuital doortstottum aftelamd 3anbeharthaendsié ttends  of

f eat ures of ..t he pl u%ﬁgka% of resist features. 20. A

h
b or conanLrHRY gk GRisCheal fS e hPRs LD et

19. A method of semiconductor fabrication, comprising:

forming a plurality of resist features on a substrate, a first resist feature of the plurality of
resist features oriented in proximity to ends of remaining resist features of the
plurality of resist features; and

forming spacer sidewalls on each resist feature of the plurality of resist features, the
spacer sidewalls in substantial contact with one another at the ends of the

remaining resist features of the plurality of resist features.

20. A semiconductor device structure, comprising:

a plurality of resist features on a substrate, a first resist feature of the plurality of resist
features oriented in proximity to ends of remaining resist features of the plurality
of resist features;

a space between the first resist feature and the remaining resist features of the plurality of
resist features; and

spacer sidewalls surrounding each of the plurality of resist features, the spacer sidewalls

in substantial contact with one another in the space between the first resist feature



a plurality of resist features on a substrate, a first resist feature of
the plurality of resist features oriented in proximty to ends of

remai ning resist features of the plurality of resist features; a space
between the first resist feature and the remaining resist features of the
plurality of resist features; and spacer sidewalls surroundi ng each of
the plurality of resist features, the spacer sidewalls in substantial
contact with one another in the space between the first resist feature 21
and the renai phfther@hhidingr@AtYERF O thOBluRIIy o redivt fedtufegsi st features.
21. A nmethod of sem conductor fabrication, conprising: formng a plurality
of features on a substrate, each feature of the plurality of features
conprising a middl Lon Vi n ! wi. dt nd at | east one end
havi ng a secghd m?b%g@°€ﬂ£§%P6¥§ ??iﬁéi&?§%f€9333?§rned froma

sacri fi cifatmingb @turdélty offedtukrom aabspas eichstaewalftie porataadf fEgaesure of the
plurality of features, the spacer sidewalls 1in substantial contact with
one anot her atoMAEsing a maddle regien haymacr lirsthwidpy andaat fepgt a9e end Bating &s. 22. A

seri conduct or eyl GRadt hUShiIRy oPRITs oAt forph WKLY nalerbeahyr es on a

substrate, wherein en plurality o eatures are w an

m ddl e r €ginging spaicert didewall lsipakadhyfeatirefod dteyrl @alitytdf éeapl rag, alld dpycedkidbwallsur es
formed froma sacrificial material; spaces between the plurality of
foatures, wherbhipSBRE CoRastiR et abthar it i gi ons of
t he spaces; anpgdispacer sidewal s surrounding each of the plurality of
features, the spacer sidewalls in substantial contact with one another in
the ends of the spaces between each of the plurality of features.

22. A semiconductor device structure, comprising:

a plurality of features on a substrate, wherein ends of the plurality of features are wider
than middle regions of the plurality of features, the plurality of features formed
from a sacrificial material,

spaces between the plurality of features, wherein ends of the spaces are narrower than
middle regions of the spaces; and

spacer sidewalls surrounding each of the plurality of features, the spacer sidewalls in
substantial contact with one another in the ends of the spaces between each of the

plurality of features.
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