TRIM PROCESS FOR CRITICAL DIMENSION CONTROL FOR
INTEGRATED CIRCUITS BACKGROUND OF THE INVENTION Field of

WaRSGTHedIdNn [0001]The present invention relates to the field BERIERRENS639
circuit fabrication, particularly to a trim process for critical dimension
control for integrated circuits. Description of the Related Art [0002]In the
semiconductor industries, integrated circuit (IC) devices have become
faster, smaller, and more efficient. This trend has continued with the
development of fabrication technology to increase circuit densities on
chips. 10003]Reducing critical dimension is one of the important ways to
increase circuit densities. The critical dimension (CD) is the dimension of
the smallest geometrical features (width of interconnect line, contacts,
trenchesTRIV WRIOCESSIRC® ORI THCTIAY, SHMM@I@N@%NW?Ll
manufacturing. Critical dj i ee,ija% t%fl in order to facilitate
the formation of smalle%%éoﬁgﬁg%n %15 eﬁ%ﬁi@ efficient circuits.
[0004] One way of reducing the CD is using a photolithography employing
light of a short wavelen%tg However, as the waveleri&th of light

decreases, photoresl?s% %Q%Qc@ﬁ\g%%% Qaéque to the light.

FieldTbtiefdneetitiecurrent photolithographic technology has a limit in reducing

the[&Bl] The present invention relates to the field of integrated circuit fabrication,
particularly to a trim process for critical dimension control for integrated circuits.

Description of the Related Art

[0002] In the semiconductor industries, integrated circuit (IC) devices have
become faster, smaller, and more efficient. This trend has continued with the development of
fabrication technology to increase circuit densities on chips.

[0003] Reducing critical dimension is one of the important ways to increase
circuit densities. The critical dimension (CD) is the dimension of the smallest geometrical
features (width of interconnect line, contacts, trenches, etc.) which can be formed during
semiconductor device manufacturing. Critical dimensions need to be reduced in order to
facilitate the formation of smaller components and faster, more efficient circuits.

[0004] One way of reducipg the CD is using a photolithography employing light
of a short wavelength. However, as the wavelength of light decreases, photoresist materials
become increasingly opaque to the light. Therefore, the current photolithographic technology
has a limit in reducing the CD.

[0005) Another way of reducing the CD is trimming or shrinking a photoresist
pattern by an etch process after forming the pattern by a photolithographic process. A trim
process is typically employed for reducing feature edge roughness, reducing size of features,
and/or increasing spaces between features. However, etching into underlying layers or
structures with small CDs can be troublesome when only using such a photoresist. When
A etching deep into a substrate to define small features, the photoresist pattern is altered by the
etch process by the time the etch process is complete. This causes the substrate to be etched

outside of the desired pattern. Poor etching can cause defects in the performance of the
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[0005]Another way of reducing the CD is trimming or shrinking a
photoresist pattern by an etch process after forming the pattern by a
WQRMGRKaHraphic process. A trim process is typically employ®§ 1¥S2007/005639
reducing feature edge roughness, reducing size of features, and/or
increasing spaces between features. However, etching into underlying
layers or structures with small CDs can be troublesome when only using
such a photoresist. When etching deep into a substrate to define small
features, the photoresist pattern is altered by the etch process by the time
the etch process is complete. This causes the substrate to be etched
.outside of the desired pattern. Poor etching can cause defects in the
dewife?fachﬁ?aﬂeewaﬁﬁe 0o e AhisIasIseT A sTE RS s RTsvidEshlp transfer a
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pattep@ﬂﬁmai Q&"Bs"i’rﬂb Sftfé’\;?edélo ‘Hﬂé{‘?ﬁeﬂ?&% %%}HP%'&&@ %(%%‘Béﬂ% .While shrinking
problems. While shrlnkl[g% the pattern width of a hard mask, the thickness

the patare Width b abarh mrsk.Hegdbiskags pSiisdiant Nasle@prBg7be reduced. U.S.

PateilUSi5alea 20OragsdiawbighRdiatd BlaskiRsaleriNeniaeessedle089hecessed
hot resist.,HowLﬁ]ver, whil%ﬁgrin ing.the hard mask, the substrate or
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interpstishétdyarg throbghltheagipeninbe aiibesdhng Maskaikhessipretolemis through the
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Furthermore, the process is limited to use of particular mat%%l s that wi

redugps theit et e SURBCARRI VNS tPrecesh ekimtited devistiatsprointies watgriads that will
permFRRBSIANS aRUMMARY QFf rERR INYENHON FO00Kd eansiaspratRhie

invention, a method of etching for an integrated circuit is disclosed_ The
method comprises providing a first hard mask layer over a target layer;
providing a second hafd/MasR RYyeDB UG ENNMENT@NNask layer;

pr%i%'?? a pﬂm"!&%@%é%%@%‘%ﬁl?é’ %{\ftpnqggcg ndeﬁl%r(gorpgtsclﬁllﬁa ot faonn?gl régrgted circuit
pattern in the photoresist layer; trans err’lngntlhe pattern intd’the secon

is disegathaskhiayesthasdoempniig tresduund Hast rnukkkgkelayitharer a target layer;
provRiiptosesistiaves-ahionahiee second haw masklave hf&%%&'ﬁhﬁhg a photoresist
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above method, the target layer may comprise a material selected )
layer over the second hard mask layer; forming a pattern in the photoresist layer; transferring

the pattern into the second hard mask layer; and trimming the second hard mask layer with
the photoresist layer on top of the second hard mask layer.

[0008] In the above method, the target layer may comprise a material selected
from the group consisting of insulator, semiconductor, and metal. The first hard mask layer
may comprise an amorphous carbon layer. The first hard mask layer may comprise an
organic underlayer. The first hard mask layer may have a thickness ranging from about 2004
to about 20,000A. The first hard mask layer may have an aspect ratio of less than about 20:1.

[0009] In the method described above, the second hard mask layer may comprise
an inorganic layer. The inorganic layer may comprise a dielectric anti-reflective coating
(DARC). The inorganic layer may comprise a material selected from the group consisting of
silicon oxynitride, silicon oxide, or silicon nitride. The second hard mask layer may

comprise a silicon-containing organic layer. The second hard mask layer may have a



from the group consisting of insulator, semiconductor, and metal. The first
hard mask layer may comprise an amorphous carbon layer. The first hard
W48k 183448 may comprise an organic underlayer. The first haRE MESKOMAI5639
may have a thickness ranging from about 200A to about 20,000A. The
first hard mask layer may have an aspect ratio of less than about 20:1.
[0009] In the method described above, the second hard mask layer may
comprise an inorganic layer. The inorganic layer may comprise a dielectric
anti-reflective coating (DARC). The inorganic layer may comprise a
material selected from the group consisting of silicon oxynitride, silicon
. _.oxide, or silicon nitride. The second hard mask layer may comprise a .
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comprsh fiehipsthectitsrd sk mask dayssedihiaspiesadd urplammednay comprise a
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resulting from trimming the second hard mask layer into the first ha
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rate of the second hard mask layer. Transferring the pattern resulting from trimming the
. second hard mask layer into the first hard mask layer may comprise etching the first hard

mask layer using a sulfur and oxygen-based plasma. Transferring the pattern resulting from



trimming the second hard mask layer into the first hard mask layer may
comprise flowing between 10 sccm and 75 seem of sulfur dioxide into a
WQR8eEEsiddp chamber. Transferring the pattern resulting from tROHIRPERO05639
second hard mask layer into the first hard rnask layer may comprise
flowing between 20 sccm and 60 sccm of sulfur dioxide into a processing
chamber. Transferring the pattern resulting from trimming the second hard
mask layer into the first hard mask layer may further comprise flowing
between 10 sccm and 100 sccm of oxygen into the processing chamber.
Transferring the pattern resulting from trimming the second hard mask
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[0015] In the method, the integrated circuit device may comprise a memory. The
integrated circuit device may comprise a microprocessor. The resist layer may comprise a
material selected from the group consisting of a photoresist and an imprint lithography resist.

foo1e6] In another aspect of the invention, a trim process for critical dimension
control for integrated circuit device is disclosed. The trim process comprises protecting a
substrate during a trim process by providing a first hard mask over the substrate with the first
hard mask underlying a second hard mask having a pattern; and protecting a top surface of
the second hard mask during the trim process by providing a resist on top of the second hard
mask.

[0017] In yet another aspect of the invention, a masking structure for an integrated

circuit is disclosed. The masking structure comprises a first hard mask layer formed over a

target layer; and a second hard mask layer formed over the first hard mask layer, the second



WO 2007/103343PCT/US2007/005639 hard mask layer comprising a
pattern with masking portions configured to cover the first hard mask
W87/ B3HA resist layer formed over the second hard mask IREF/HHz007/005639
resist layer comprising a pattern with masking portions corresponding to
the masking portions of the second hard mask layer. In the masking
structure, each of exposed side surfaces of the masking portions of the
second hard mask layer may have an average roughness of less than
about 50 A rms. Each of exposed side surfaces of the masking portions of
the second hard mask layer may have an average roughness of between
about WA rins and about 50A rms. 100181 In the masking structure
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[0019] In yet another aspect of the invention, a method of manufacturing an
integrated circuit is disclosed. The method comprises using the masking structure described
above for a process selected from the group consisting of doping, oxidation, nitridation, and

selective deposition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figures 1A — 1F are schematic cross-sections illustrating a process of
etching for an integrated circuit in accordance with an embodiment of the invention.

[0021] Figures 2A — 2C illustrate a partial process of forming a hard mask using
an etchant with a high selectivity in accordance with an embodiment of the invention.

[0022] Figures 3A and 3B illustrate a partial process of forming a hard mask
using a BARC layer in accordance with an embodiment of the invention.

[0023) Figure 4 is a partial perspective view of the partially formed integrated
circuit of FIG. 1D.

[0024] Figure 5 is a graph illustrating a trim rate for a hard mask layer in

accordance with an embodiment of the invention,
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using a BARC layer in accordance with an embodiment of the invention.
[0023]Figure 4 is a partial perspective view of the partially formed
WOoReYaédtEircuit of FIG. ID. [0024]Figure 5 is a graph illustra®ed /& $2#H7/005639
rate for a hard mask layer in accordance with an embodiment of the
invention. WO 2007/103343PCT/US2007/005639 10025]Figures 6A - 6C
are micrographs, taken with a scanning electron microscope, of top views
of hard mask patterns trimmed at the trim rate shown in Figure 5.
[0026]Figure 7 is an enlarged view of Figure 6C. 100271Figure 8 is a
micrograph, taken with a scanning electron microscope, of a

10025] Figures 6A — 6C are micrographs, taken with a scanning electron
microscope, of top views of hard mask patterns trimmed at the trim rate shown in Figure 5.

[0026] Figure 7 is an enlarged view of Figure 6C.

[0027] Figure 8 is a micrograph, taken with a scanning electron microscope, of a
side cross section of the trimmed hard mask pattern of Figure 7.

10028} Figure 9 is a graph illustrating a trim rate for another hard mask layer in
accordance with an embodiment of the invention.

[0029] Figures 10A — 10C are micrographs, taken with a scanning electron

microscope, of top views of hard mask patterns trimmed at the trim rate shown in Figure 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Definitions

[0030] In the context of this document, the term *“semiconductor substrate” is
defined to mean any construction comprising semiconductor materials, including, but not
limited to, bulk semiconductor materials such as a semiconductor wafer (either alone or in
integrated assemblies comprising other materials thereon), and semiconductor material layers
(either alone or in integrated assemblies comprising other materials). The term “substrate”
refers to any supporting substrate, including, but not limited to, the semiconductor substrates
described above. Also in the context of this document, the term *“layer” encompasses both
the singular and the plural unless otherwise indicated. As used herein, the term “organic”
refers to carbon and carbon-containing materials, thus including amorphous carbon as well as
photoresists. Also note that “sulfur oxide,” as used herein, means any compound consisting
essentially of a combination of sulfur and oxygen, such as sulfur dioxide.

[0031] The term “target layer,” as used herein, refers to a layer in which
semiconductor devices, components, or parts are formed or processed according to a pattern
formed in an overlying hard mask. The target layer may be part of the semiconductor
substrate described above. The target layer may be formed of metal, semiconductor, and/or
insulator. In the target layer, portions of integrated circuit devices such as memories or
microprocessors may be formed. While “processing” through hard masks is described for the

preferred embodiments as etching to transfer the hard mask pattern into a target layer, the



side cross section of the trimmed hard mask pattern of Figure 7.
100281Figure 9 is a graph illustrating a trim rate for another hard mask
WORAs7 iBdéordance with an embodiment of the invention. 10X Fg0&805639
10A - 100 are micrographs, taken with a scanning electron microscope, of
top views of hard mask patterns trimmed at the trim rate shown in Figure
9. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS Definitions [0030]In the context of this document, the
term "semiconductor substrate" is defined to mean any construction
comprising semiconductor materials, including, but not limited to, bulk
... semiconductor materials such as a semiconductor wafer (either alone or .
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cowggaing Qij]]er tmateclg'tals . Trpe,,term "s sgtaﬁtr(la" r%f%sttooc n srlljggglrltiﬁgess of a
supstrate, in I&%ineéfnbu THotliftitedto" the semitonductor substrates &
layer derscrithetir@bevésatilso itk cdntelii-this adetarsddjwtioerm Tayeirm may be
inter%ﬁﬁ%@é%ﬁﬁ?éd%ﬁ tf;ﬁﬂ&%@f and the plural unless otherwise indicated.
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may be part of the semiconductor substrate described above. The targe
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same initial “pattern.”

Overall Etching Process

[0034] Figures 1A-1F illustrate a method of etching for an integrated circuit
according to an embodiment of the invention. Referring to Figure 1A, a target layer 120 is
provided over a substrate 110. Then, a first hard mask layer 130 is provided over the target
layer 120. A second hard mask layer 140 is provided over the first hard mask layer 130. The
second hard mask layer 140 is preferably thinner than the first hard mask layer 130. In
addition, the second hard mask layer 140 is formed of a material different from that of the
first hard mask layer 130. Finally, a photoresist layer 150 is provided over the second hard
mask layer 140.

[0035] Referring to Figure 1B, a pattern is formed in the photoresist layer 150,
using lithography, such as a conventional photolithographic technology. Then, the pattemn is
transferred into the second hard mask layer 140 by an etch process as shown in Figure 1C.
The second hard mask layer 140 is then trimmed or shrunk by an isotropic etch process while

the photoresist layer 150 is on top of the second hard mask layer 140 as shown in Figure 1D.



WO 2007/103343PCT/US2007/005639 skilled artisan will appreciate that
processing in other embodiments can comprise, e.g., oxidation, nitridation,
W@ an8éthé3deposition, doping, etc. through the hard mask.  P{OUB0¥HR0S5639
term "trimming," as used herein, refers to cleaning roughness of a layer or
reducing a feature width of a layer in a lateral direction. The term may be

interchangeably used with "shrinking." (0033]It will also be appreciated
that transferring a pattern from a first level to a second level involves
forming features in the second level that generally correspond to features
on the first level. For example, the path of lines in the second level will
gener follow the path of lines on the fll’it level and the location of other
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hard mask layer 130. The second hard mask layer 140 is preferably
thinner than the first hard mask layer 130. In addition, the second hard
Hard Mask \Layer{ats3ti9Brmed of a material different from that of the first hard
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Figure 1C. The second hard mask layer 140 is then trimmed or shrunk
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an[&%’tﬁiplc et dery Wéstﬂefb%ﬂif@'s'ig? rstratsol (0o Thsgaseghdayer 120 is
a layS£GRNGHAGHA, ARk IRYRbA( R &) PasiNfiD WiRdfures are to be formed through IC

fabrication processes. Examples of the components, parts, and structures include transistors,
capacitors, resistors, diodes, conductive lines, electrodes, spacers, trenches, etc. The kind of
target layer material depends on the type of device to be formed in the target layer 120.
Examples of the target layer materials include, but are not limited to, insulator,
semiconductor, and metal.

[0039] A first hard mask layer 130 is formed over the target layer 120. The first
hard mask layer 130 overlies the structure to be processed (e.g., etched). The first hard mask
layer 130 provides a pattern to be transferred into the target layer 120. The first hard mask
layer 130 may be formed of an organic material. In the illustrated embodiment, the first hard
mask layer 130 is formed of amorphous carbon. A preferred type of amorphous carbon is a
colorless, transparent carbon that facilitates photo alignment to underlying layers. Because
the first hard mask layer 130 is preferably thick, an opaque film could hinder photo

alignment.



WO 2007/103343PCT/US2007/005639 10036]Next, the pattern in the
second hard mask layer 140 is transferred into the first hard mask layer
WQ 20EE08kBWwN in Figure 1E. In one embodiment, an S02-bas&®¥ BIHSE7 @639
develop etch (DDE) can be used to transfer the pattern into the first hard
mask layer 130. Using the dry develop etch process, the first hard mask
layer 130 is etched to form a hard mask to etch the target layer 120. The
target layer 120 is then processed, in the illustrated embodiment, using
the first hard mask layer 130 as shown in Figure 1F. The second hard
mask layer etched 140 can be left in place, as shown, or removed prior to
processing the target layer 120 through the hard mask. Each of the steps
U Thil nolh B e TR SRS/ TN PRI Tl A0 EYELBpormed of a
polyrh 663 Afiguid hilcisttate ba plestiasedOfs of PhondeeriateahdisaditeflC)Reefagably, the
ol fae?{icr"%‘}aet‘énaaﬁfco'i%i“& 10008 %E“%?%H’ N Substate %190‘%{20%‘969% ventional
POYIhe Botiom of the portion T80T the itustfated embodimen , he Substrate
photaregist asikaepleubs tkaaolym s maibddimrendssaesasuinsiate 4890y, which is
inco Srﬁ?é@ﬁéreifn%b%%%%é?f ﬁP&H@QBQPﬁ%Q&pM%ﬁH&%amriaﬁQ% I8 JkO&kies anti-

ayer 120 is formed over the substrate 100. The target layer 120 is a layer

’eﬂe‘?ﬂ?WﬁiEWﬁHii@litatYBHﬁ%ﬁgﬁ{g,%’é?@?’a@ﬂi’&?&é’td)%’é‘ﬁ?éoﬂd%e“f’o’?med
thrmoegh |IC fabritetitiyvptheersetard xamplpsaf 186 coqupeniiYs ipartfrabdmprove

structures include,transistors,, capacijtors, resistors ﬁdes co ctive , .
P e AL e R IR, N GRY dpicnes of
betweepehdst Gtk de26iWdAcenord ericfiarblyibthecsrr gbolay002@nd 10,000A. A

ickEXADRIES Of D& tatgst Ipwpramaterials daglyde, bt atengt lmileshihe hard mask.

insulator, semiconductor, and metal. 100391A first hard mask layer 130 is

Howgyshddothir Restapddbtayest ot magkriaier dermdsiomii asnsdvatifes The aspect

ratiotd€ SegitseHarbenpracesadi(3dis ieitedbly hesirsidiarbsnesiolaysir lid@chanical
StalbiH{ovides a pattern to be transferred into the target layer 120. The first hard
mask layer 130 may be formed of an organic material. In the illustrated
enB8dXhent, shesfiosidhiza meesk [kryer 130 is finmmed of-emtbepfictishard mask layer

130. O%H%O&cénarﬁ&% %gaglipﬁ)%fr %E{t%?@%‘d%scé‘%’ﬁ{%}ﬁ ?0%%@1%%&@9%93@@ first hard

carbon that facilitates photo alignment to underlying layers. Because the

maskslayratPhaskisyescent RapteradblAYRIcR4anRspiEstid riprcydiag pipgdem with a
narrd¥etEhaligimenhn MR 3008/ JASIAIRERASPER7/005639

[0043] The second hard mask layer 140 may be formed of an inorganic material
or a silicon-containing organic layer. In the illustrated embodiment, the second hard mask
layer 140 is formed of a dielectric anti-reflective coating (DARC), for example, silicon-rich
silicon oxynitride (SiO4Ny). The DARC layer may contain silicon in an amount from about
30 wt% to about 80 wt% with reference to the total weight of the layer. Preferably, the
DARC layer may contain silicon in an amount from 35 wt% to about 70 wt% with reference
to the total weight of the layer. In another embodiment, the second hard mask layer 140 may
be formed of silicon, silicon oxide (SiO,) or silicon nitride (Si3Ny).

[0044] In another embodiment, the second hard mask layer 140 may be formed of
a silicon-containing organic material. The silicon-containing organic material is different
from a material of which the first hard mask layer 130 can be formed. The silicon-containing
organic layer may contain silicon in an amount from about 10 wt% to about 35 with reference

to the total weight of the layer. An exemplary silicon-containing organic material is SHB-



10040]In other embodiments, the first hard mask layer 130 may be formed

of a polymeric material which can be also used as a photoresist
WQRHEI4y&43 Preferably, the polymeric material is an organic nR&IEARROM895639

has more carbon content than a conventional photoresist. Examples of the

polymeric material are disclosed in U.S. 6,890,448, which is incorporated

herein by reference. In addition, the polymeric material may be AR series

antireflectants commercially available from Shipley Company,

Marlborough, MA. 100411Preferably, the first hard mask layer 130 is quite

thick in order to improve processing of the target layer 120. The first hard

k layer 130 preferably has a thickness of between apout 200A and
629 R Hore [ eHES B, RGBT At LOR RRTD OB RERTg between
abouth30'd mrakk, (P, I3trstpretisahyietterto grosessinly shdotaithe hard
mask. However, the thickness of the first hard mask layer depends on the
aspect ratio. The aspect ratio of the first hard mask layer 130 is preferably
PhotosesistHanyeitforgapon afeg Restemzinial stability. [00421A second hard mask

1286440 is TREReavBIdbediLhATd MASkRYS1301TR8 $86QBYNAIE: over the

mask layer 140 provides a pattern to be transferred into the first hard
second hapd askilayerriidsdadha N RpRpdineae). HhebaitiFpiiines k0 may be
formPABEEN priskoeesist ransitiNaawichih ham Winteidm PbPIgRSISh AYeEd dDlithography,
. 00431 The second h mask layer 140 e formed qf an inorganic
e Al A g Aoy L1 T A0 T BB U 150 s
thickaeap odihetwee azasorRPAarddriaeR0dy enauopisforhbtbstwegie bt 1,000A and

2,00001-T&flegHve CPRUINGL AR LA ﬁa?éFnli’é%) flicRACH SHCADORRLNAS, suitable
(SiO"Ny). The DARC layer may contain silicon in an amount from about
Photosgsistorras 55t 'SeHA9H%Nith reference to the total weight of the layer.

Prejesahly, the BYAER Griayssi maysCey aiisil a9 Brin SNmadp B s tdFeet 33 Wikist used

tg about 70 wit% with reference to the total weight of the layer. In. another .
for Qb TIRRRe L SECBRIP LT PRGN BPRER by BE AL oF SHEBIS ©f such

lithogitipbn mcikd!dt(Sp(DZ)am siicbmitedide (BidNd)e (04 hithogtiydry, extreme ultraviolet
EUPHRRIIMEAL He aﬁﬁ%%%gg% %%l%@ﬁ{ &%Qaqu&%ggé@?d ofa

silicon-containing drganic erial. The silicon-contai rganic material

is #f47dnt frfefermnaiBisraishathettar aiidefaekvapentiny Bt layer 360

may Eﬁfﬁ@)ﬁgilg he %%ﬁ@?‘%%%ﬂ[\ﬁ@é@@{ﬂ@smtﬁgrm?y @@?ﬁjaﬁ]ﬁiﬁ@%?[ﬁ@mresist layer
amou rom ou wi% to ahou Wi reference 1o e (ola Welg .
350, I S s RIS SR S ES IS P i g etections of

the ultraviolet (UV) radiation that activates the photoresist. BARCs are widely available, and
are usually selected based upon the selection of the resist material and the UV wavelength.
BARCs, which are typically polymer based, are usually removed along with the
accompanying photoresist. The optional BARC layer 360 preferably has a thickness of
between about 200A and 500A, more preferably between about 300A and 400A.

Pattern Transfer into the Second Hard mask

[0048] The pattern formed in the photoresist 150 is preferably transferred into the
second hard mask 140 using a plasma etch process, most preferably a high density plasma
etch process. Preferably, the plasma etch process is an anisotropic etch process.

[0049] In Figure 1C, the pattern from the photoresist layer 150 has been

transferred into the second hard mask layer 140. The transfer is preferably accomplished

-10-



WO 2007/103343PCT/US2007/005639 A629 (Shin Etsu). The second
hard mask layer 140 preferably has a thickness of between about 50A and
WQ 000M384ére preferably between about 100A and 700A. PhAt6i&ER2007/005639
Layer Creation and Patterning [00451Referring back to Figure 1A, a
photoresist layer 150 is formed over the second hard mask layer 140. In
the illustrated embodiment, the photoresist layer 150 may be formed of a
photoresist sensitive to common wavelengths of light employed in
lithography, including 248 nm, 193 nm, 157 nm, and 13.5nm. Preferably,
the photoresist layer 150 has a thickness of between about 500A and
. 3,000A, more preferably between about 1,000A and 2,000A. In Figure 1B,
usingng HI‘PBfBFéE‘?&Wd@)@?’TBG‘HésEEéeWp%tPéPﬁE%f‘&&rfd‘%lﬁ??uitéhlé"y etch, preferably
emplphiigresighpieesssingsieeehgur 1446 fratdermbatipentte e 688iBhrd mask
layer.150 may be formed of a resist used for other types of lithography for
tayer W) in hnter Tl o e cmsions ot iesia B indlneo By 1o vels and
flowardenovillnitay bossiirapiviet selwgthithpyegshipgesitaarher ul R aafioted(Bldaipers include
Lam“ibé&@&byﬁlaﬁ{.aé’ ﬁ@&@ﬁb%ﬁ@?@%&%%&@%@% etch chambers and

{0047 Referring to Figure 3A, a bottom anti-reflective coating (BARC) )
App Mm%&wﬁ RBCIGI S Dlisérraly eeBatambea niadladystisans will
appréd@:anathehphoipsesistiay o BlBARLC s ovbisks arpityhisally Qsganis,transfer the

th lution b enting reflectigns of the ultraviolet (UV)
PSR A R ACHTATLLHAS pTABIRATR B AN B 5 Mlble, and

ard¥xilly s@etteabhasbd bmtr_mlae aeiﬂoyeah af thehrelsistenandribh@nohask 140 is
usedtﬁ?tHxl}{ X‘Ps‘fﬁlﬁfé%*%sﬁ&ﬁg ﬁaé’éim%ﬂﬁy%(pi%'% %?éyr@ftr!% e%@gﬁhe second hard

usually removed algqré% with the accompanying photoresist."The optional
masiglayer 140 drasbochreteiehlhrshenthrein ousestsbingn i opepangbe ionizing
pow&0RAefNGHaHY effiably, Beivee Biabpuh3P M and AOBA. PRieIAHANSI8 for etching

into the S cong ardm ské004 he pattern formed in the photoresist
the S AT Ve LA RS e Shamber

Second Hard Mask Trim

[0051] Referring to Figures 1D and 4, the second hard mask layer 140 is shrunk
or trimmed while the photoresist layer 150 is on top of the second hard mask layer 140. The
trim step causes etching in a lateral direction that reduces the critical dimension. The trim
step also reduces feature edge roughness. Preferably, the edges of the second hard mask layer
have an average roughness (R,) of between about 10A rms and about 100A rms. Preferably,
this trim step is conducted using an isotropic etch process.

[0052] In Figure 4, the photoresist layer 150 and the second hard mask layer 140
before the trim step are shown in dotted lines. The second hard mask layer 140 had an initial
linewidth L. After the trim step, the second hard mask layer 140 has a reduced linewidth L.
The linewidth of the second hard mask 140 is preferably reduced by at least about 10A. In
other words, the difference between the initial linewidth L and the reduced linewidth 1.’ is
preferably at least 10 A. In terms of the extent of etching, each of the exposed side surfaces
of the second hard mask layer 140 is etched away by at least about S5A in a lateral direction.
In one embodiment, the linewidth of a 75nm line was reduced to 64nm. In another

embodiment, the linewidth of a 77nm line was reduced to 67nm.
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second hard mask 140 using a plasma etch process, most preferably a

high density plasma etch process. Preferably, the plasma etch process is
WQR0AHMSHBpic etch process. 10049)In Figure IC, the patP&rF/ BeReP 11985639

photoresist layer 150 has been transferred into the second hard mask

layer 140. The transfer is preferably accomplished using a fluorocarbon

plasma dry etch in a processing chamber. A dry etch, preferably

employing a high density plasma, can be used to provide patterning of the

second hard mask layer 140 in a manner faithful to the dimensions of the

resist elements. The power levels and flow rates will vary based upon a

selected processing chamber. Preferred chambers include Lam Research
C&-@’—'E@%&M) TCP9400 and TCP2300 poly etch chambers and
Appbsg|Maternalsdeong. isatSaniakQigia, 20)iRRAZp VBN 6hsmb@ay be shrunk

Skilled artlsanswnla reciate that there eseveral ossible etc
using 1 AR DA D BARETEr T h A R ot g dpm step is

O oresis
prefetalylr dxﬁ@mtmtheseo@m d‘hehdlmmkdaslehamﬁnm@Ptéfémhﬂy ¢y minimally

etchu‘P%ﬁY@l}ﬁfsPH&P&%%QJ? jéph BIBEtﬁﬁg &&Qfﬁg’ﬂ?@&%‘s‘@a‘é uﬁﬁ%épcatfmlggodlments

rink the second hard mask layer 140 in the next step. After the second

the sqsqndl harekonasie layeo Hasraeheatiched ammatiisding pargatpelulfng d 30, but not

slowdramsiienestam: fhe ipRNGReWesis aireming @f@@yasmbmm%b&smyer 140 is
ower is turned off. The plas’ﬂgaused for etchlqgrt e second hard m

el 5L T R SOAIEEAR b THo L) GRE A ARG e o e st b

mask[08&F]|Raferringdgrefpumably | Beinekd, thewseZong! HAQ tivask fayter, 1404, preferably
betwi upk or %'%@?GQNHH% tpa%t@potore&st layer 150 is on top of the second

ar mas layer 1 e trim step causes etching in a lateral direction

thd®98dlices meryirazheiiimansighe Msewinbsrshransh levercés et the overlying
phot 68t 'AEPNSESHialelRr aRledNEsRI0ES ch%tsﬁﬁgﬂﬂthergr%s&l%’ﬁﬁty between

have an average roughness (Ra) of between about 10A rms and abou
those aIeTAlS: ﬂ?ﬁfreﬁ%eav% th?gd[ﬁm%ﬁégygrclo‘#%’d{}@eé&%grﬁbe&rﬂs%ﬁ%s.éu@ﬁéﬁma"y the
sameHO6€89el QN thinghectththetpbbtbeasistlidye phbbanithtiw sectid Referring to

Flgurealrg e pho%remétqayer 150 is etched at a rate as fast as that of the second hard mask
layer 140. In Figure 1D, the photoresist layer 150 has been etched as much as the second
hard mask layer 140 while line edge roughness of the second hard mask layer 140 is cleaned
up or while the second hard mask layer 140 is shrunk to have a desired feature width.

[0055] In other embodiments in which the photoresist layer has a thickness of less
than 1,000A, an etchant having a high selectivity for the second hard mask layer 140 relative
to the photoresist 150 is preferably used for the trim step. Figures 2A-2C illustrate a partial
process of forming a hard mask using an etchant with a high selectivity in accordance with an
embodiment of the invention. In Figures 2A-2C, similar parts are referenced by reference
numbers similar to those of Figures 1A-1F but incremented by 100. Referring to Figure 2A,
a target layer 220 is provided over a substrate 210. A first hard mask layer 230 is provided
over the target layer 220. A second hard mask layer 240 is provided over the first hard mask
layer 230. A photoresist layer 250 is provided over the second hard mask layer 240.
Photoresist patterning (not shown) is conducted in a manner similar or identical to that

described above with reference to Figure 1B.
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before the trim step are shown in dotted lines. The second hard mask

layer 140 had an initial linewidth L. After the trim step, the second hard
WOrA8K/ 1834488 140 has a reduced linewidth L'. The linewidth of tR€EAEEHE/005639

hard mask 140 is preferably reduced by at least about 10A. In other

words, the difference between the initial linewidth L and the reduced

lincwidth L' is preferably at least 10 A. In terms of the extent of etching,

each of the exposed side surfaces of the second hard mask layer 140 is

etched away by at least about 5A in a lateral direction. In one

embodiment, the linewidth of a 75nm line was reduced to 64nm. In

an mbadiment, the linewidth of a 77nm line was reduced to 67nm.

OUBEE 03B b HER G ERRCH P JoD S ransferred
intoshcgndohdrummatkybymmmclmdmgaﬁmmmf& I}slrmmyshe_ sinﬁukmsiagltical to
et A R g A o e e

step Is preferably chosen to selectively etch the second bard mask layer
140Gk onijmiiigreRBetbrinerand tierdhardimask 9@ hagbeenusiectively etched

relatV O @R HIRsEESITaIR: Iy 6eHANLNA R NS s N8 ReRBd MR BB erably at a

layer 140 may be etched as fast as the first hard mask layer 130, but not

rate QP e hea iitstMhi ARER T Rt s ap ibferitly 2RO SHcopRptIFsist layer 250,

morengsifdaydy bétriseatabest at amdate®tibaiyvestaboit ancAlPQBIEMES etchant, the
faster,t the etch rate of the first hard mask Jayer 130, morg, preferab

P e TAO T A LU0 S GL S D, BT AR dhd e amaR o mask

layepn 2401 00 diprasdamtevh[BO8H] Iseoral drmidontinsk g yttre 28conshharkl tndskve a desired

featl@ySHdd0 RS m%&@&g!&ﬁg{&éi&mga;?@omﬁy be etched using an

etchant with little or no selectivity between those materials. The second

hartP P&k layBr HEY5H A b REHEM difa thstes Ssstaptisliyoank Jarse adbhas been
tran€feaRGiawahthantheretehdateyef the ovedying-phetaissiskanahd 8@ond hard mask
rri Figure 10, the photoresist layer 150 is etched at a rate as fas .
e e B i e Rl LD e O o i
will by desB ¢rhintseén dhileditsrafach@soigseeci hard mask layer 140
whilglseq edgﬁéféﬂ%@%&%@&% 58Cang 9@[%&?&&%}!%%%5&%% ARC layer

up or while the second hard mask layer 140 is shrunk to have a desire

360 fg dryraegibetveen a photsesipt diver iR sodimesnend herdomark lavendfdsidn Figures

3A 4ﬁ¥@m%ﬁlﬁlm®ﬂﬂ@&& @H?}?&ﬁdhﬂ b%’k%fl %nfi‘rﬁlﬁil b'iﬁ' E‘i?r\’i'lﬁg t@hm%’le of Figures 1A-
selectivity for S n ma er relative to the otoresist

1F e et O P T RS e A4S BAE Mo A0 At o @ rate

almcgﬂfod@ssaofdmh@ ahti pheskassindager iEDanMidthaa kighaseleigliVityséfective for

etchﬁfé:ﬁ{g%@%W'MW@@@%%?%@%&YS%@&'l!ar}if%f %g%?:%ﬁfg%}kl{c layer 360

similar parts are referenced by reference numbers Simi those of _
are ‘P—ﬂb}(lF@g’iﬁlﬂﬁybﬁf’ﬁf&éﬁ‘ﬁéﬁtéﬂ%ﬁdﬁeﬁpm‘?ﬁ@ﬁéhFig‘Eﬁ@nﬂ,&zaﬁdta?géf layer 340 is
redueyor?Rflile fie e Duafdansshtpde 2 0isAHKsiIh ey danaskilayed 238hise width as

ravided over the target layer 220. A_second hard mask layer 240 is
S“ng%eiﬁ%%%g%hg) B eh%%%%% %9%*@%}3)&&%8@?&%9‘%&%5@@“ the second
hardpwielé&%ﬁép w@mgdﬁudndrﬂlﬁﬁmyeyimwflhdiersﬂtrisﬂpaitten;ﬁtagd@nott as fast
or eSBRVHNS apnfucied i %ﬂ@r%'g{aﬂ 'fll%pCﬂ!(}osm?ltag%;ctﬂgee%bodiment of

. above with reference to Figure 18. W
Figwsesord5343PCT/US2007/005639

[0060] The etch rate is preferably between about 2 and 20A/sec for both sides of a
line, that is, between about 1 and 10A/sec on each side of a line. A preferred etchant for the
trim step on the preferred second hard mask layer 140, 240, 340 is a fluorine-containing

plasma. The fluorine-containing plasma may include a NF; or SFg based plasma.
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[00561In Figure 2A, a pattern in the photoresist layer 250 has been
transferred into the second hard mask layer 240. The pattern transfer
WQREeEEe3sdSimilar or identical to that described above with ref@diige2687/005639
Figure IC. [0057]In Figure 2B, the second hard mask layer 240 has been
selectively etched relative to the photoresist layer 250. The second hard
mask layer 240 is etched preferably at a rate of between about 2 and
1000 times faster than the etch rate of the photoresist layer 250, more
preferably between about 2 and 100 times faster. With a highly selective
etchant, the photoresist 250 is only minimally etched while line edge
roughness of the second hard mask layer 240 is cleaned or while the .
séeﬂﬁﬂ hardRasRHFERS 40 AR o RV dé@ﬁ’edsfela?me%ﬁ?ﬂ{?h Corp.’s
TCPorBUiing ditlictessteg. oUsindahis tinghbsrshoufarrdd @b&iinsbigereLitcmde NF; and
attern in the second hard mask layer, 240 has heep transferted jato t
A B e R R S S s B R TS TR 2 £ gty
betweigtyebout(l thesahreafind SHset asklayrer2adiy htéwiealabosinifascamgand 30 scem.

The RANGHRBPHAS Igi%?e%'ﬂlp%@l%%%ﬂbﬁ%!ﬁt%'&Qﬁi@h&”i@(ﬁ@éﬁﬁ%&& preferably
Figure 1E. [0059]Referring to Figures 3A and 33, in another embodiment

betwegrpaheet A eB0FetofhetF BetWRdheBrBRTeJRE IBYfEP 4SO RREFiEaPly between
aboutS£aINeHhatd DIBEKTIaNe 30 phit fEighig o3kvant Ay sl paHsdaré mTorr. The
. _._.referenced by reference numbers similar to those of Figures 1A-. IE byt

onia SR BN 200 TN SOLEOIEnt e B C TR RO S QP end
400Wa matealpnefstably Soeheeas titausf 1A \WhandrésioWayeFig5diag/ipvagr is preferably

betwe%&?@%g{lh y sﬁkgcu}é?eﬁo{eﬁﬁg%@ﬁssmlh?rgml%@i}ﬁﬂ@*’&‘%nd 20°C,

photoresist layer 350 and thoe BARC layer 360 are only minimally etche )
more, ATty BEER5TOgAPRYS B1Ghansed8nd- haftifthek M5 &rsdosiarabeicdsy Applied
MateRilW il hespsonbRasdimstatayer 340 is shrunk to have a desired

feature width as shownp in. Figure, 3B. On the other hand, with an etchant . ..

Wiﬁgﬂg%(])w S e(c:’ﬁ\e/’itflnfgf’ "él%ett(t)%%tﬁlg} tem%svl/(aifﬁ,n %ﬁlé: téﬁo?gr%s\?’s%%nﬁwludmg a
1600 tAerBaReEsial dryeoidBe shrihkoateonitadirgosizgasifabiysr @yenskested hard mask

layer,tgﬁl@ J%b@fghgr 442 qug'é'ﬁ gfyég}aa%"alﬁlgtr}?ﬁ(@ r%'ggﬂ %P;Qrthﬁl%ﬂm EE@%%\I& and

gsg}gres 1A-1F. [0060Q]The efch rate is preferably between about 2 and
aboutyifhyee R HHINBRIESBEA iHe theahanbetwddis shauberares ropfisdEcgrfo have a

pressBRCHISiNGaf FoliEoA Breferemichantutanthesoiwestep M ine pueferretider these

condi.?i%%csmd h_ardr measf_ I%¥e{ % &s%g ? g(%eist ar([,l%)r' e(&e?sgégéniplgdp Iassg]o%\'fn in Figure
11 AR RS PR RS At s drchide & o Ased prasma:

5. In other words, an etch rate of about 3 A /sec was obtained for each side of an exposed

portion of the second hard mask layer.

[0063] Figures 6A-6C are micrographs, taken with a scanning -electron
microscope, of top views of hard mask patterns trimmed by the trim step described above.
The linewidths in microns of the second hard mask patterns are shown on the top left corner
of the figures. Before the trim step, the second hard mask layer had an initial linewidth of
about 81nm. After the trim step, the linewidth was reduced to about 74nm, 70nm, and 69nm
as shown in Figures 6A, 6B, and 6C, respectively. It took about 12 seconds, 19 seconds, and
21 seconds for the linewidth to be reduced to about 74nm, 70nm, and 69nm, respectively.
Figure 7 is an enlarged view of Figure 6C. The second hard maék layer shown in Figure 7

has a trimmed pattern having a linewidth of about 69 nm.
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WO 2007/103343PCT/US2007/005639 [0061]One preferred chamber for

the trim step is Lam Research Corp.'s TCP9400 poly etch chamber. Using
WOoHIe0EAAsbEr, preferred precursor gases include NF3 and Ar.RQTAUS2007/005639

preferred embodiment with a single wafer, the flow rate for NF3 is

preferably between about 10 sccm and 50 sccm, more preferably between

about 15 sccm and 30 sccm. The flow rate for Ar is preferably between

about 15 scan and 150 sccm, more preferably between about 20 sccm

and 75 seem. In the chamber, the pressure is preferably between about 4

rnTorr and 20 mTorr, more preferably, between about 5 mTorr and 15

mTorr. The ignizing source power, preferably delivered in sjtu, is

ordfBbly nel e GBSO il ACOTORIERE prafeRabiy b eging elestron

micr@beplé 150¥VsardcpOiiWedthim bcba&}ppweﬁnsearﬂﬁeﬂahiyshqswn alrigir®\d/ shows a
he Wafe erature |s referably b tween a Ol.%I an d 20

° OSS|’osree écr’gbciyL & B3 C,‘?l Ahd 18T eﬂ’ngﬁegﬁre R & cham dcharé) riask layer
into tAp;ﬁreUHmdtmals ‘@mqu wm%mpmy@tdha@ham ldetm!OOBlZélﬂeewei hard mask layer

whicERROIDERL HRSHITL FeQ WasiCARCIEn AR AoNalGS BEldingR 1%@@%k layer.
photoresist layer, a 730 A silicon-containing Oégemc I%as a second

Figugf shAusicrariicrd e BB e et aiasrrapsrrauemrst hArg g, the edges

of thlﬁy&r@&&bmma%ﬁeﬂayef N3 andhabapt 36ugeeRO{A)) wemitawedibo@ 10 A rms
dai: er The cham er as configured to haveé%&f)ﬁsur hofa ou soArms
anc apom 'Ilorr ARTS: SSRGS DSVES SPUPEITS Rder these
mostquaititibhs am dvieragateoo bibeast (B sEbetfoeca mmewﬁdmmmmné@ A rms.
aS@B@!Y” in FiOLI6: e, Qrﬁﬂ?)%‘iéﬁ’é?{{j%hé‘ﬂq%ﬁcﬁlef;?@agfcﬂhé?ﬁ!&éd%ﬁﬁ%‘é’f%? including

obtained for each side of an exposed portion of the second hard mask

a 16Qgye pholossittiaess26 0B ¢ B RGdrgrapRSO AkRARitHaye@imisgond hard mask
1ayer9@qtm%oq&q&ﬁegﬁugafst@&$&wwf Qgﬁ@%ﬁﬁl&rﬂaﬁ@lﬂf&g@ mﬁ)id%YﬁlhBodlment a
t Ste escriped abqve Inewi S crons o I e Secon ar
BARG THeE S Hee8 oA, ST U AeSENED JP0VE R eaRste o gures 3A
and YBm Astep; GessecortNTRyr driabliapershad af mmmmmmmfoammamber The
cham%%mv@‘;t%gﬁl?%&% %ega‘;lge “Bl%\égg;lé' @P%bﬂ%ﬂ“ﬁﬁ%&?ba%t Z ‘})nQQ OQ{"QP 'of about

69tun as shown in Figures 6A, 6B, and 6C, respectively. It took about

200\’12 Q@é@hﬁ?sm%@ﬁ% aam@@e%amwdr FrisemEanirifisarise s tuag obtained
as shiSsaDRUEIEAFEID, 7%&@&8@&@59@%/@%&6@;65 Aisemenysietied for each
4 I#ew of Fi f{e 6C. TnF lilecond g I%[Flyer shown in Figure 7 has a
side g} 2 RO IR S RS #Tm. WO
200d6)3343PigiitsS208 71005689 hﬁ%dgﬂaphsidltm;lFrgute 8 iscanning electron
mlcrggcl:%fg rgp %p@'x‘&ﬂs"‘é%ﬂe? SSQQI ?zgt?ég%t r&%ﬂ%&é&ﬁpﬁa@%%%c{ﬁé §econd hard

section of the trimmed hard mask pattern. Figure 8 shows a cross-section

maskofayse g tee fattb hasdamesla whtférmﬂah%fé@smkﬁ%et%reﬁbﬁ%hr& kfatgeond hard

masKa¥@srgi tha ik Yehardi mask whirh e sescrbestlater tafletale TSt hard mask
i e;ﬁ%llfhard a§k layer vghl ] has bee triqlm as described above the top left
2Y¢Tte 8%’96%3 e Cfrsnt 2 PR SRS0PA\ R ETBEN S RLRTR STschsisn o the fop le

comnéidelityhantigeasondlsfotinehed gémostghn dss . sBeefdrdiakyl theskdipysrohéidean initial
lineWiREP'SE DRIG RSk vt haye W‘é?éﬁ‘]g&éqmﬁﬁ? SRROLRENMEENG mask layer

about 10 A nns and about 100 Arms, more preferably an average
was pgdupidets preytof Y883 th8nraband SGUNAS, KR preféigiiRs atPAvel@dgeand 10C,
respdQUANIE IS 1(RR) Dlobetivean ey t0sLc6nas, and 3PAESEUA fHiShe linewidth to be

reduced to about 75nm, 69nm, and 63nm, respectively.
[0067] Preferably, the chamber that was employed for the trim step is used to etch
the first hard mask layer 130. After the second hard mask layer 140 has been etched, the
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100651 In another embodiment, the trim step was conducted on a wafer
including a 1600 A photoresist layer, a 400 A BARC layer, a 260 A DARC
W87 /a8338econd hard mask layer, and a 2000 A amorphousPEISROMEYRH5639

as a first hard mask layer. In this embodiment, a BARC layer was used as

in the embodiment described above with reference to Figures 3A and 3B.

About 20 seem of NF3 and about 30 sccm of Ar were flowed into the

chamber. The chamber was configured to have a pressure of about

10mTorr and a bias power of about 200W. Under these conditions, a trim

rate of about 7 A /sec for a feature width was obtained as shown in Figure

9. In other words, an etch rate of about 3.5 A/sec was obtained for each .
chambo i RSESL BURRELB HBRS T AR SR ot RARIHEICRITET. ROYBEEi(ilfedn 1 the
chambeA i Gharsidnissorap hemiekoffwilheyseanaifigreleriteirmisp st dpesaiond hard

kt? viei\% of Iineéap{ace aétt rns gf;er a pattern transfer from the second

maskng rmasl?lB%%‘ hto e TrStAard hask which will be described later in

de¥eilt Eivh evomdngard mask layer which has been trimmed as described

abﬁ\()%éfmalﬁeogeli:%@fhmg fr‘ﬁ%&ﬁqg épﬂ%lﬂegh}[,lﬂﬁ lﬁ@%'@‘b?s&ropic wet etch

microns of the second hard mask patterns are shown on the top left _
procesgrmby enetfabgdimsnbitorbighethinesen! redswash danard HR8KKeaed of Si0z, a
buffeh@flaidoitial linewidtikRbRYeat 8P tHB 1 AftRpIB ek B steR oees!IMENE B Rred oxide

the second hard mask layer was reduced to about. 75nm, 69nm, and, )
eteh fIHHPRCLMAN TP Figtids hMlebls, it G RIS TSR dbaigee i @
HF cddcsatatids of Bedeeonddoand. 3 vsckonds A0 mth &djnawittheti®iobl yduieredn about 2

wt. 408094 %ﬁ“&ﬂ’ ’?ﬁé‘g&bﬁﬁl%gi’%}g?e CRREGUVR I ARRPEIRIRIEr aBl 18- and g0°C,

chamber that was emp he trim step Is used to etch the first hard
morerpefRRRi¥beBeREPHEEEedRd A mask layer 140 has been etched,

thgol%) 200@}%?&%%9@?9%@&5@%_ai?hf@mbgbi?]tmﬂhgeﬁlfmﬂy@e% of HF,

o transition step. 0e 10NIZINg Source. POWer Is e tonint C er, put .
34% GNH A G san W Bl PBY B sdRiiprtion of
the ehdriggnaskdsy araldong pasgbdirdm theishbliteendietfBtchsEcimdagd mask layer

0681The ond hard. m layer nk usj i .
o Rt T O St SR P Louon
the sulgraiddemearaisioznd thaifirbdwradenctan heahpwcrbisrsy e fofepesd roughness

or felRQILARIAW S BICRRIREaSSd sk uligsed oxide etch solution contains HF,
N114F, and 1420, In one embodiment, the solution is used with a HP

cobTRlatioPyrHEkifiag Hionbets sttt B dePnré prifepad jpard mask
layerbetgeanraigote? titn Ystepd alD splgi¥ssiMeesstibiratestempetadusmitoyed to reduce

roug%%gar%%%@g%v&%g %’g %65 CS%rcl:gx %%Cdg@r%ggipéeé?cr}?b;!Yolggstgv%ngarli)&u;educe the
thickness of the second hard mask layer 140 because the top portion of the second hard mask
layer 140 is protected by the overlying photoresist layer [50. In addition, the first hard mask
layer 130 formed over the target layer 120 protects the target layer 120 from the aggressive
etch process. Therefore, a more aggressive or longer trim step can be conducted to reduce the
CD without undesired damage to the target layer 120. Such a more aggressive or longer trim
step is particularly advantageous for forming repeated patterns on arrays of high density, e.g.,

lines for memory array, conductors, capacitors, etc. or microprocessors, €.g., logic arrays.

Pattern Transfer into the First Hard mask
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[0069]By way of example, a buffered oxide etch solution containing 6.8%

of HF, 34% of NH4F, and 58.6% of H20 etches Si02 at a rate of about
WQRBHMI83H3. The duration of the etching process may vary baBed/BR2{ié/005639

desired linewidth of the second hard mask layer 140. Skilled practitioners

will appreciate that the concentration of the buffered etch solution, the

substrate temperature, and the etch duration can be chosen based on a

desired roughness or feature width of the second hard mask layer.

[0070]By providing the photoresist layer 150 on top of the second hard

mask layer 140 during the trim step, an aggressive etch process can be

emﬁlo ed to reduce roughness and to reduce the CD. Such an aggressive
etd Q?yrHcess%%fsgwgttPg'a'@eéeth@mﬂuﬂelés%f'm@%fé’ceﬁaeﬂmtrﬁa%f&weﬁom the
secorldlfhacande ietappattiomefike isadondskatd ¢nask laye FikdPe9 E, the pattern in

rotected.by the overlyi hotoresist layer 150. In addition, the first har
e T e L S E e L e G S RELR
first hR6dfroskhdagigyredsive pefephicdosnittd eréfere cagamiceragigredsineer preferably

amoljﬂm Fimstep %ng(fgn%d&ght F@g&%eighg %RM&U%&)UQQ%S?%E) process.

damage to the target layer 120. Such a more aggressive or’longer tri
Prefeggilvis hartehany Rpludragutius midarnyaerépdaie iRl snplpspe In the
illustpdtbipReiBosibieftga [H0EH IOl BREABOIY Y Ayase@NPlCERESIsCAPALIERranetEchant in a

Or microprpcessors ., logic arrays. Pattern Transfer intq the First Hard .
process KRS S0G/ FoS Drs SE 490 S5 ST 5 38 To0 A LCALRTHE B Bigtraises iner
gasei@,}aﬂsimmomﬂhmwmattem is transferred frgm the second hard mask

laygyod4p intorfhe firgthard maskayer 430, In ko ﬂ?e%%éftlg e&%%%'% B with a high

the second hard mask layer 140 has been transferréd into Irst har

selectigb 1aybe 10t Irird fireshdrdomadR rejaiveso isthraflansstysistmsthe aacond hard

maslOISRRM ¢4 eI Ble MERAGILIARY AP PhoUP My PIRferabharthe 8ikhayer 130
rof%ess is a dr%/ develop etch (DDE% process. Preferably, the etchant
a

is etyARfARS SHfUNTARE B JG8H: ANt Hrarsrabii™ Brasitih #ir AL M sfcang hard mask
layereroghione ptefestifubeiexiteab@2)tbasesiopiasedagersed as an etchant

in ess referred a DDE. carbon etch step. Preferaply, t 5
plamﬁroceg;gésgrse%ggtdgg%g? lt)grhg% sﬁuﬁ:pt}}orﬂhg%faé%aﬁ%b%ﬁagh Corp.’s
TCPRR prfvedishioimubinst bathirduioibyerthg@isseurrdscpeefeuatrhatisigteen 3 mTorr

and %lﬁﬁwy%@?w%mwm%&@ﬁ@§wgn@ piherlayersiUeh@hg source
the second hard mask layer 140 and the underlyinz{i{,get Iaéyer 120.

PO EFSSHD RS Y STHA T SR PIFEFARY RERKERRA Gt 2ratd SPEDEvE SrsoRReterably
betwbdinabea23zs Wiand3s@Wwh rHie bihthesecdin griatuidbhasét ey dbdlis ATOWE and 125

W, n%?é%rr%%}(ag%;\%ggpegrp %5&036'19 QQd“{BGWSﬁ{e electrode temperature is preferably
between about -5°C and 15°C, more preferably between about 0°C and 10°C. Using this
chamber, preferred etchant gases include SO,, O,, and Ar. In a preferred embodiment with a
single wafer, the flow rate for SO; is preferably between about 10 sccm and 75 sccm, more
preferably between about 20 sccm and 60 sccm. The flow rate for O, is preferably between
about 10 sccm and 100 sccm, more preferably between about 20 sccm and 80 scem. The
flow rate for Ar is preferably between about O sccm and 175 scem, more preferably between
about 0 sccm and 140 scem.

[0074] In another preferred chamber, Applied Materials Corp.’s IPS oxide etch
chamber, the pressure is preferably between 5 mTorr and 20 mTorr, more preferably between

about 7 mTorr and 16 mTorr. The in situ ionizing source power is preferably between 350 W
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1007310ne preferred chamber for such an etch is Lam Research Corp.'s
TCP9400 poly etch chamber. In this chamber, the pressure is preferably
Wo2H#ER333mTorr and 20 mTorr, more preferably between abBGTARITH05639

and 15 mTorr. The ionizing source power, preferably delivered in situ, is

preferably between 175 W and 400 W, more preferably between about

225 W and 350W. The bias power is preferably between about 25 W and

125 W, more preferably between about 30 W and 100 W. The electrode

temperature is preferably between about -5C and 15C, more preferably

between about OC and 10C. Using this chamber, preferred etchant gases

incl S02, 02, and Ay. In a preferred emhodiment with a 'ngbe wafer, .
wnd i R R PRl BT RSR, BRo ARt LURTD D1 ALt pover s
prefenable prefecabiydue Hc@haald ABO2Y seemn predetdbbebanwddicatfout (HtdVand 130 W.

The %é%ﬁg%;eﬁigé%%%{azp%v‘é‘é %t%t%%ﬁta%gu%?%ﬁ?”%&qgﬁcmo@%%fé’rr%% %%Xzeen about

sccm and 80 sccm e flow rate for Ar’is pre

-20°Gardeldll Qb blrtesibenskanabtr prderrehebreapt eraesiycbedneeh, 4bolt@nd Ar. In
a pref& el é&ﬂ@l&d‘i&é%tﬂ@%ﬂéﬂ@@&%ﬁ"ﬁ{emgfﬁwé ﬁ?@@%ip@@@ between about

Materials Corp.'s IPS oxide etch chamber, the pressure is preferably
10 sq5umABE T 8 HiTBrr BAEE REHRTON, RIOHEPraRIbA? et R b RoPm Tt flow rate
for (6 pe A ABIY. e dars Hboamniz Begrh el (DwWehis prate pablyrislinveaiveen about 0
350W ~and 1200 W, more. preferably betwe bout 400 W and 1000 W
L e R

moreppeféredbly Destiveen aboult 80¢¢mnnd 300/ sTie. elEber dtismanip dpatdieifspreferably

betwlEIWEER 3RUET2RE ALISE RES RIRIGIAD Y REEMESHAP YL :205n @780 scem.
10C. Using this chamber, preferred etchant gases include SO2, 02, N2

antPR#31n a fiersret 8Rmbifde iAo Bhdieshvdrd tesiovryste tap. which is
prefepdBR iarpeftiablyheiwean alohed TtEcamigindelecaoa renarecpieigrabond hard
betwe baut 20 scam and 60 . Lhe flow rate far 02 is preferabl
o e A0 Ot ABehy W 105 SLaP RIS BITERS BRI e ghent mask
for tiszprmting 90fsatames Phalftowargatdafer A2Gs preferably between about 0

d 17 : : :
:gilri‘nﬁ‘fiﬂ fhSé%ﬁ%AR,O{ﬁeHﬁ?JFBQPJVnPa%Wﬁ?Qr31%%0{3?8%%?{?‘@ﬁ%g:th a high

Cca e flow rate for N2 is preferably between about 0 scan’an
seleckprity refdieple iR bRIsE iR FEgsh iaxsisdeth diefembledhe. first fordgyask layer
130 ddnpen I02-basathplasiauteiiifesrasekmask tayaidnBeate/Bicthistarget layer 120,
referahly amorphaus carbaon, is etched wjth.a high selectivity relatiye to .
mor SR A R o) I TR el B DDA cobvioy dbove
100: prozeds: hetpmpdovibeuangesive kol masiedsr e privtnggisf fepturéSloovéndying the

secolfdl Qm%{gk]@%,lpw %H&@Q&Hl&f‘am‘;.ﬂm hard mask layer 130 is

preferably etched with a high selectivity relative to the underlying target
layer 120. Preferably, the first hard mask layer 130 is etched at a rate
TargabD¥eeAbRiHiRetimes faster than the etch rate of the target layer 120, more

O ApO-EO0AL SARUE dHarad Uy I QR b gbasdigmed. i canbe
usedpteotoresist (aysr 6l aberipingttheysedadnd herd masi layer 120 isaldee formed of
silic@ﬁ?Igﬁfi&W@;}’i'd-g?gg%anaXﬁfi@ngtgl or any other material that needs to be selectively
processed (e.g. etched) through a mask during the course of integrated circuit fabrication. In
a preferred embodiment, the target layer 120 is processed in the same chamber, but the wafer

could also be transported to a different chamber for subsequent processing. The target layer

120 is preferably etched using an etch chemistry appropriate for the selected target layer.
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[0077)Referring to Figure IF, once the first hard mask 130 is patterned, it
can be used to process (e.g. etch) the target layer 120. The target layer
WQ 20dy3é formed of silicon, silicon oxide, silicon nitride, met&MT¥RAY7/005639
other material that needs to be selectively processed (e.g. etched) through
a mask during the course of integrated circuit fabrication. In a preferred
embodiment, the target layer 120 is processed in the same chamber, but
the wafer could also be transported to a different chamber for subsequent
processing_ The target layer 120 is preferably etched using an etch
chemistry appropriate for the selected target layer. WO
2007/103343PCT/US2007/005639 100781An etch stq Iayegé? t
o RO carPBe et R 0B RS R RS RELP SE35 h et hard mask
layertt3@Qetndybe f2getThgeetthistCPheanchastmadendbesmildy ofasienidds toathosks to those
ed for the second hard mask layer 130..incliding-DARC and silico :
wsed B e AR A S SR, pepenaive
uponghrenmiesttameddecttataet tasget Ry el hooteuring Breidichmepst tdlfi derget layer
120 RRTELPASK NS 3BthSHAR ASAUHAG RARETRT ANRIeRIQIRE ISk 180 PARSr 1o the

layer 130 or durin%removal_of the first hard mask layer 130. This is__ o
first Bard sy Biportaft e R faRpEhglrhodistaittanaiiclipyeral 30-  This is
partiduRidizajordayerhbetat atglaed luytha DK ehasbiersaah eoriantndiedien layer.

hamber and down,processing. If.the target layer 120,includes an .
Mets ] D R et R e R procesing

If thechazgnblay forl Afrinehuidrscassipgswl esigb lorers Shegh ey, ietotwifrg)tdy inensported to a
metal VIR CIWELLS &Qfﬂmﬁlﬁ%@@é’s@{gﬁiﬁm@#‘ﬁf&é@ﬁﬁ t@?gt.eé{@hm@;]&qhe target layer

removed by known etch processes, such as a wet etch step. In'the

is cofgltietearerBainien 4 BaEbMRAIRIRY MAaXPriRR ALY BYdft oFtdficsrprocesses,

such Weafiist batd slepskidayieriloshdwidngrbediatgat tayeeasahingratepskBifier4o is left
embodiments, the second hard mask layer 140 could be remaoyed prior to

on oL Re TR el 0 I he o ATHe St B Lo e

emboifiiments theyetdaye rherchimgsstdpyde Jeitheaubd beeremiciidnptistelys maekssing the

tallizati I | ' ra Jeel] ication;
e AR et

describrd qeoyfadditicanah LeRfUTICHO WgiePstmmug i aisdingomplete integrated
circu@@ibodiments, the trim step may be used in conjunction with other types of
lithography such as imprint lithography. Imprint lithography is a technique
that uses a rigid mechanical template for transferring patterns onto a
il ¢hd ypysrafillithograplmy process, a light curable material is
PlagBdgver fie:re AR aais MARIANEE. HeR? HaAANSRA S Brinction with
(ggartz) emplate is brought from the above into contact with the light )
photelithageaphteaptherrRRAGIBICH I dis JrtreSEtRaYBE 1358 iyRPRLgian with other
typeddiEfidkissiy eddpy-frpppicatioprabiightapddhripagtaphiviile fdBnique that uses
a risg At molds, the cyred matetk én-l'i-henﬁéngrgsatto%m 'Sa”s%%ﬂe{ﬁ%?d 'O imprint
econd har maerIfayer. ubsequenﬂ%, € eccond hard mas ayeris
lithogtaphnkprduitesthel @htedirble rislttsishn sgpeot dey seiberddead haakdaldayer. Then,
a rigﬂf'@a}ﬁ%&f@ﬁ@%ﬁ%ﬁ%%ﬂqg%@%{% LIRS B ¥R Gontact with the light

semiconductor substrate. WO 2007/103343PCT/US2007/005639
curable material, imprinting or molding the soft resist. The light curable material is cured by

the application of light and the pattern while the template molds the cured material. Then,
the pattern is transferred into the second hard mask layer. Subsequently, the second hard
mask layer is shrunk while the cured material is on top of the second hard mask layer and the

underlying first hard mask layer protects the underlying semiconductor substrate.
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Masking Structures [00801Another aspect of the invention provides a
masking structure for an integrated circuit processing. The masking
WU é3dday be used for various processes such as doping P&XIAER007/005639
nitridation, and selective deposition. Referring to Figure ID, the masking
structure may include a first hard mask layer 130 formed over a target
layer 120, a second hard mask layer 140 formed over the first hard mask
layer 130, and a resist layer 150 formed over the second hard mask layer
. 140. It will be understood that in some embodiments the target layer 120
represents the silicon wafer itself where trenches are to be formed. The
second hard mask layer 140 includes a pattern with masking portions
configured to cover the first hard mask layer 130. The resist layer 150 is
Maskiign8gueastde have a. pattern Wlth masking portions corresponding to the

ﬁlﬁ of the S¢ co hard ma, kla er 140. Each of exp
Bﬂ‘ace}\’lﬁf of themas mgepbnr |ontss B Hhe'secorid i %m %?acq%rre for an
integr@tﬁol leéirsiepreesssingicaly et@ﬁedgmsmmb@mb@mfmemneatmr@fcmees such

as do?ﬁ?é’sgﬁxéﬁ%x%uﬁﬁﬁg&%th%@3&@&9\@3@%&%@9 peeand.pard maslke 1D, the
ayer

has been etched by at least 5A. Each of the exposed side surfaces

maskipg FEUHAERIRPHBIHYAS BriFE BachbAnHaleyfidSi0 iEyeret QY HaA &b deyer 120, a
second Bafi SHLK e {BM3) ﬂ@ugeaeﬁ&loﬁiémaarab@a&lﬁéeﬁ ns@n@A@basist layer 150

0A rms, more pref ra I hana t5 Atl S most re*er bl .
formegh vt AR HAP RS 108 SRR OB S RIS et in some

embohaskitygtpottiges lof thé 2& ceprgsentsl t&rmsh@yewﬁayﬂbelﬁmmmgwmre to be
formefMOrfie tQ&HH&MQ}H%ﬂQéI@9199&9?@9”9191%99%' Bgt&%t'%%omﬁ%ﬁg'sﬁomons

layer as shown in Figure ID. THis structure may be obtained by using an

configirethtt GoMSTBSBIEChYE MeekexsEdatd Fﬁaﬁdmgi@wéﬁauﬁﬁaqﬁ%% to have a.
patterst6pith 08813 Gbeias b@ﬂ%@@&t&;ﬁg adinawigiiikbthe masking Mherdensnd hard

s BRI IR Mk Y Ty RS A R A LU o

hard wistkihectbiA0ding teareisitampivatly atalgld. select|V|ty for the second hard
MagsAyer Il e WMuIaR.a5:Shaun H% lgUe At She %99:1%%9 of the masking

surfaces 241 of the second hard mask layer are recessed under the

portigsiionbibsisesaydmard m&@@@a’fﬁ\hﬁ%hﬁ?ﬂt?ﬁ@’ﬁﬂléﬁﬁéﬁeﬂﬁé&eﬁ%%ﬂﬁlfdexposed
side éaﬁwtﬁer@mgfgammmqﬁa&r pRoRivee SNk 8re root mean

squarﬁdgg\/fﬁt o Ose dlnar W) axrrtns and about 100A rms, more preferably

less than about 50 A rms, most preferably between about 10 A rms and about 50 A rms. The

linewidths of the masking portions of the second hard mask layer may be substantially the
same as the linewidths of the corresponding masking portions of the resist layer as shown in
Figure 1D. This structure may be obtained by using an etchant with no selectivity for the
second hard mask layer during the trim step.

[0082] In other embodiments, the linewidths of the masking portions of the
second hard mask layer may be narrower than the linewidths of the corresponding masking
portions of the resist layer. This structure may be obtained by using an etchant with a high
selectivity for the second hard mask layer for the trim step as shown in Figure 2B. The
exposed surfaces 241 of the second hard mask layer are recessed under the photoresist layer.

J0083] Although this invention has been described in terms of certain preferred

embodiments, other embodiments that are apparent to those of ordinary skill in the art,
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including embodiments that do not provide all of the features and
advantages set forth herein, are also within the scope of this invention.
WRHGHIBHY, the scope of the present invention is defined onB{k/US2007/005639
reference to the appended claims. WE CLAIM: 1. A method of etching for
an integrated circuit, the method comprising: providing a first hard mask
layer over a target layer; providing a second hard mask layer over the first
hard mask layer; providing a photoresist layer over the second hard mask
layer; forming a pattern in the photoresist layer; transferring the pattern
into the second hard mask layer; and trimming the second hard mask
layer while the photoresist layer protects a top surface of the second hard )
includisigsrpbpdimris that e ntasrBita Rl e Bpbres fdafvgureesag forth berein,
are aletwaaen thésabpeldr Aisenvatiid oreadinglgethé thremecdnd badskmaskention is
layer, Wgerein trimming the second hard mask layer comprises
deﬁn?ﬁé’ iRy TRETFRARICd ee%lg'nﬁ a%l?aclfrlﬁgék layer with an average edge
roughness between about 10 A rms and about 50 Arms. 2. The
method of Claim 1, wherein the photoresist layer has a thickness between
about 1,000 A and about 2,000 A.
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3. The method of Claim 1, wherein the first hard mask layer comprises an
amorphous carbon layer or an organic underlayer. 4. The method of
Claim 1, wherein the second hard mask layer comprises an inorganic
layer. 5. The method of Claim 4, wherein the inorganic layer
comprises a material selected from the group consisting of a dielectric
anti-reflective coating (DARC), silicon oxynitride, silicon oxide, and silicon
nitride, 6. The method of Claim 1, wherein the second hard mask

I ises a silicon-containing organic layer. 7. The method of
Claim 1, wherein the second hard mask layer has a thickness ranging

from abqut 50A bout.1.000A. . . 8. The method of.Claim 1, wherein
e and e Bt dn intedraltd ARSI TBliod EbAoHOREE
an anisph@pitretchfivsd besd. maskdaYéeravetiddrge€laym 1, wherein

rimmi ) ; . nq th
second ToMATEY pecBif R (K ERRRER R R RAIILPO e
trimmingrddieg enahesetesiaklaygyanvesitsrisecosdt Inpskla\sscond hard
mask '%ﬁ\‘fﬂ@é"p‘aﬁém% the %t'gl;@s@ﬁ%;of Claim 1, wherein

trimming the second hard mask layer comprises using a wet etching

procesdransfersingriaeRatei HieHmSELONM S e Radvet etching
processGRmiitp B sEEhAd HEedeM QMR PAERUMIRCESS - prestist layer protects a top

surface of the second hard mask layer, whereiselsend hard mask layer is trimmed at
a rate between 1 A and 10 A per second on eaclositie second hard mask layer,

wherein trimming the second hard mask layer coraprgroviding the trimmed
second hard mask layer with an average edge rosghmsween about 10 A rms and
about 50 A rms.

2. The method of Claim 1, wherein the photoresist ddy&s a thickness between
about 1,000 A and about 2,000 A.

3. The method of Claim 1, wherein the first hard mdalker comprises an
amorphous carbon layer or an organic underlayer.

4. The method of Claim 1, wherein the second hard magkr comprises an
inorganic layer.

5. The method of Claim 4, wherein the inorganic lay@mprises a material selected
from the group consisting of a dielectric anti-eetive coating (DARC), silicon oxynitride,
silicon oxide, and silicon nitride.

6. The method of Claim 1, wherein the second hard nfeagl comprises a silicon-

containing organic layer.

7. The method of Claim 1, wherein the second hard magé&r has a thickness
ranging from about 50A to about 1,000A.
8. The method of Claim 1, wherein transferring thetgrat into the second hard

mask layer comprises using an anisotropic etchgssoc
9. The method of Claim 1, wherein trimming the secbadd mask layer comprises

isotropically etching the second hard mask layer.
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13. The method of Claim 1, further comprising transferring a pattern
resulting from trimming the second hard mask layer into the first hard
mask layer using a high density plasma etch process. 14. The method
of Claim 13, wherein transferring the pattern resulting from trimming the
second hard mask layer into the first hard mask layer comprises etching
the first hard mask layer at a rate of above about 5 times faster than the
etch rat of the econ(\j;':gard mas r.. 15. %gof Cl |m 1,

fchther dtﬂdﬂg B%PJ MY & Y 8 'HrHHBﬂHE 2% laygy comprises
etchingvibietbecagebharbandskaaidaydth AGlasmeathod for manufacturlng an

integrated circ |td viee, comprisir rqviding a first har sko
srlgstraﬁt::‘ﬂ proﬁdrn(g an?:elcon hardgrrnezs% mgﬁqﬁéhrrs?%ara Mas anyer comprises
using prostigigheng pistdessing a pattern over the second hard mask;

e o e Ry e Lt e YRRt s usina o

bufferpebtxide &i@pRrIOAESS of the second hard mask, wherein the second hard
Mask istRatARIERY SEIaHAL R FIGE "AleREMGS T drarafd 1At REFesulting from

second on each side of the second hard mask layer, wherein
trimmiggHapisafpRAdmME Rasklaysd rﬁré@dmﬁa@ra@dmﬂswﬁrdrﬁmegam&h density plasma

etch pi¥eaed second hard mask layer with an average edge roughness
between about 10 A rms and about 50 Arms. 17. The method of

Ctdim 18nGMELRGA flaid et RaC HrisieLdnsctiean Mg dyTalrimming
the sedoth@bRud 2RER Mayer intS tHddretbed abglaitddHrisesgithting tesisitst hard mask

layer %ﬁq%e{r&(fgén éﬁﬁe?é‘ﬂ?@gg; allﬁ%% ted I fﬁgégcﬁtq'rotg%f’\ ﬁtresgsetg]o(%tgfhard mask layer.
15. The method of Claim 1, further comprising providiagbottom antireflective
coating (BARC) layer over the second hard maskrlaye
16. A method for manufacturing an integrated circuiide, comprising:
providing a first hard mask over a substrate;
providing a second hard mask over the first hardkna
providing a resist having a pattern over the sed¢wmrd mask;
anisotropically etching the second hard mask ufiegpattern of the resist; and
isotropically etching the second hard mask whike bsist protects a top surface
of the second hard mask, wherein the second has#t lmasotropically etched at an etch
rate between 1 A and 10 A per second on each $ithe second hard mask layer,
wherein isotropically etching the second hard maskiprises providing the
trimmed second hard mask layer with an average eolgghness between about 10 A
rms and about 50 A rms.
17. The method of Claim 16, wherein the resist layes &dhickness between about
1,000 A and about 2,000 A.
18. The method of Claim 16, wherein the resist layeanposes a material selected

from the group consisting of a photoresist andnaprint lithography resist.
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