MULTIPLE LAYER RESIST SCHEME IMPLEMENTING ETCH RECIPE
PARTICULAR TO EACH LAYER BACKGROUND OF THE INVENTION
Technical Field The present invention relates generally to photoresist
schemes for semiconductor device fabrication, and more particularly, to a
multiple layer resist scheme using etch recipes particular to each layer.
Related Art In the semiconductor industry, achieving critical dimensions
on structure is a continuing challenge as devices become smaller. One
particular area that presents significant challenges relates to thin-wire line
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Technical Field
The present invention relates generally to photoresist schemes for semiconductor
device fabrication, and more particuiarly, to a multiple layer resist scheme using etch

recipes particular to each layer.

Related Art

In the semiconductor industry, achieving critical dimensions on structure 1s a
continuing challenge as devices become smaller. One particular area that presents
significant challenges rejates to thin-wire line level (single) damascene processing of
hydrogenated silicon oxy-carbide (SICOH) based films for 90 nm and beyond technologies.
More particularly, conventional single layer resist schemes de not provide the mechanisms
necessary to achieve the required critical dimensions. For example, cuirent technology
may require target final critical dimension (FCD) values of 115 nm and 140 nm for the
metal 1 (M) level and the Mx+1 levels (x=1 to 5), respectively. Furthermore, current
technology has desirable feature profiles such as 90° sidewalls, negligibie hardmask

faceting, and target line heights, which are difficult to achieve with current single layer



faceting, and target line heights, which are difficult to achieve with current
single layer | resist schemes. The combination of utilizing a relatively thin
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containing film (e.g., SICOH) for the metal levels, i.e., Ml and Mx+l levels
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the dielectric layer. The types of material alternate between

SUMMARY OF THE INVENTION

Embodimments of the invention relate to methods of forming a metal line and/or via
critical dimension (CD) in a single or dual damascene process on a semiconductor substrate,
and the resist scheme implemented. The method may include forming a multiple layer resist
scheme including a first planarizing layer of a first type material over the substrate, a second
dielectric iayer of a second type material over the planarizing layer, and a third photoresist
layer of a third type material over the dielectric fayer. The types of material alternate between
organic and inofganic matertal. Next, the third layer may be patterned for the metal line and/or
via critical dimension. Sequential etching to form the metal line and/or via critical dimension
using a tailored etch recipe particular to each of the first photoresist layer, the second

dielectric layer and the third planarizing layer as each layer is exposed may
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organic and inorganic material. Next, the third layer may be patterned for

the metal line and/or via critical dimension. Sequential etching to form the

theatht lisecahatbo dimonitical thinmersion: usinga talloreduetth ¢écfpemation and adequate
particular to each of the first photoresist layer, the second dielectric layer

rsHiet PRBSHd planarizing layer as each layer is exposed may then be used.
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process on a semiconductor substrate, the method comprising the steps
@fmprayigdingethesenticondugior sibséiateonslieding aisieastiaeRdngtal least one metal
level and at least one substrate dielectric layer thereover; forming a

inwaltiptel laydeagsiste sahetrmcinbhictngealdiyst |heeofea fasttype mateliglie layer resist
over the substrate, a second layer of a second type material over the first
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At Rreitioal dimansieninisadurhdaldaseans PIEBR:HPRI®ored etch recipe for each
semiconductor substrate, the method

of the first, second and third iayer.

A second aspect includes a method of forming a metal line critical dimension and a via
critical dimension in a dual damascene process on a semiconductor substrate, the method
comprising the steps of: providing the semiconductor substrate including at least one metal
level and at jeast one dielectric laver thereover, forming a multiple layer resist scheme
including a first layer of a first type material over the substrate, a second layer of a second
type material over the first layer, and a third layer of a third type maierial over the second
layer; patterning the third layer for the metal line critical dimension and the via critical
dimension: and sequentially etching to form the metal line critical dimension and the via
critical dimension using a different tailored etch recipe for each of the first, second and third

layer.



comprising the steps of. providing the semiconductor substrate including
at least one metal level and at least one dielectric layer thereover;
forming a multiple layer resist scheme including a first layer of a first type
material over the substrate, a second layer of a second type material over
the first layer, and a third layer of a third type material over the second
layer; patterning the third layer for the metal line critical dimension and the
via critical dimension; and sequentially etching to form the metal line
critical dimension and the via critical dimension using a different tailored
etch recipe for each of the first, second and third layer. 3 A third aspect of
the |nvent|oﬁ*r‘£‘té‘i‘cea§%"é‘tfe§t% %ﬁ&%t&‘%mﬁﬁsg SRR dAnEss hing a viring
dimension ng a srngoe damasietge rocess the su str te inclu
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DESCRIP ON OF THED

The foregoing and other features of the invention will be apparent from the

following more particular description of embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The embodiments of this invention will be described in detail, with reference to the
following figures, wherein like designations denote like clements. and wherejn:
FIGS. 1-7 show 2 method according to one embodiment ef the invention
implementing a mu}tiplé iayer resist scheme.
FIG. 8 shows the result of a method according to another embodiment of the

invention implementing a multiple layer resist scheme.

DETAILED DESCRIPTION OF THE INVENTION
With reference to the accompanying drawings, FIG. 1 shows an initial step of &
method according to one embodiment of the invention. In this embodiment, a metal Jine

critical dimension (CD) is formed in a single damascene process on & semiconductor



The embodiments of this invention will be described in detail, with

reference to the following figures, wherein like designations denote like

elements, and wherein: FIGS. 1-7 show a method according to one

embodiment of the invention implementing a multiple layer resist scheme.

FIG. S shows the result of a method according to another embodiment of

the invention implementing a multiple layer resist scheme. DETAILED
DESCRIPTION OF THE INVENTION With reference to the accompanying
drawings, FIG. | shows an initial step of a method according to one

embodigwent ftt;]e iny nti‘on‘ééln this embodiment, a metal line critical
dimer?&.ér?‘“(i":%? s for MBS ST AL CERE 6 d08< opf oy ided including at least
semicoc;]rédﬂl{ggqu 4V§lu*:@tr,at _1(?0_..As illustrated, semiconductor substrate

100 is provided includint At 1658t BRETRETARAIRIFLDS LT dPfehetegter. In ane
substr ielectric Jayer 104 thereover, In one embodiment, substrate
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oxide and thermal oxide. Other substrate dielectric lavers such as siticon nitride {(SiaMN4)
or silicon oxynitride (SiON} 102 rﬁay also be provided

FIG. 2 shows a next step in which a multipie layer resist scheme 120 is formed. In

one embodiment, muitiple layer resist scheme 120 includes a triple layer scheme including
a first planarizing layer 122 of a first type material over substrate 100, 2 second dielectric
layer 124 of a second type material .over planarizing layer 122, and a third photoresist layer
126 of a third type material over dielectric layer 124, In one embodiment, the types of
materials alternate between organic and inorganie materials so as to provide different
etching rates, as will be described below. In particular, in one embodiment, the first and
third type material, i.e., of planarizing layer 122 and photoresist layer 126, inciude organic
materials, a_md the second type material, i.c., of dielectric layer 124, includes an inorganic
material. In this embodiment, planarizing layer 122 may include 2
poly(hydroxystyrene)-based system comprising poly(4-hydrox ystyrene),
9-anthracenyimethylated poly(hydroxystyrene),

tetrahydre-1,3,4,6-tetrakis(methoxymethyl)-imidazo[4,5-d] imidazole-2,5-( 1,3 H}-dione,



or silicon oxynitride (SiON) 102 may also be provided FIG. 2 shows a next

step in which a multiple layer resist scheme 120 is formed. In one

embodiment, multiple layer resist scheme 120 includes a triple layer

scheme including a first planarizing layer 122 of a first type material over

substrate 100, a second dielectric layer 3 24 of a second type material

over planarizing layer 122, and a third photoresist layer 126 of a third type

material over dielectric layer 124. In one embodiment, the types of

materials alternate between organic and inorganic materials so as to

provide different etchin ates s will be described elow In particular, i
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Dielectric layer 124 may include an Thorganic material such as any silicon

d|OX|d%{%§eﬁlﬁl;gﬁog:lre@l@%é%mQQE?gﬂ I’g@,xiﬂg 4 Bk Hlicanc coating (ARC) 128.

FIG. 3 shows a step of patterning photoresist layer 130 for the metal line critical
dimension.

Next, as shown in FIG. 4-7, a sequentially et¢hing is performed to form the metal
line critical dimension using a different, tailored etch recipe 140, 142, 144 particular for
eacia of photoresist layer 126, dielectric layer 124 and planarizing iayer 122 as each layer
122, 124, 126 is exposed. The etching step removes each of: photoresist layer 126 (i.e.,
layers 128, 130 as shown in FIG. 4) using a first etching recipe 140, dielectric layer 124 (as
shown in FIG. 5) using a second ctching recipe 142, and planarizing Jayer 122 {(FIG. 6)
using a third etching recipe 144. First ewching recipe 140 for photoresist Jayer 126 may
include any oxygen containing chemistry (including, e.g., oxygen O,, carbon monoxide
(CO), carbon dioxide (COy) or cornbinations thereof), and/or a reducing type chemistry
(including, ¢.g., nitrogen (N»), hydrogen (Ha}, or ammonia (INHa) or combinations thereof)
coupled with some type of depositing gas (including, e.g., flusro methane (CH;F), diffuoro

methane (CH;F;), rifluore methane (CHF3) or combinations thereof). Second etch recipe



oxynitride (SiON), thermal silicon dioxide, plasma-enhance chemical

vapor deposited (PECVD) silicon dioxide and tetraethyl orthosilicam
(Si(OC2H5)4)(TEOS) silicon dioxide), silicon nitride (Si3N4) or any

inorganic material. Photoresist layer 126 may include a 193 or 248 nm

photoresist material layer 130, and an anti-reflective coating (ARC) 128.

FIG. 3 shows a step of patterning photoresist layer 130 for the metal line

critical dimension. Next, as shown in FIG. 4-7, a sequentially etching is

performed to form the metal line critical dimension using a different,

tailored etch recipe 140, 142, 144 particular for each of photoresist layer

126, didtelanrloerie v emiP himasinminsisayer lepiestaschdayeisty2including, ¢.g.,
124,126 is_exposed. The etching step removes each of: photoresist layer

126 (i.E T HREPMSB 6 B SHEWRT Rrasieang) (GElRy pordeechiby aeifie:Fs) or

140, dielecnric layer 124 (as shown in FIG. 5) using a second etching
recipecfgﬁl%%@ DEFOhEFAsGeT 1DV BFipRiG Eormienatetnadesstibis is similar o
144, Fé{,%% etcgitngetr cti e 140 for photoresist layer 126 may include any ‘
oxygen containmy CHermSrPIRTELIGNTR ARG UG R Om CarBSH sriitikige (including,

(CO), carbon dioxide (CO,) or combinations thereof), and/or a reducing
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émglﬁéa%%%%%g};n%g?%%% réirlncr:igtr(c e e?dié/vﬁi‘tdngg H?Sc%’é’ne(%zf?@g%g&g (ggi or wammonia
(NH;) or combinations thereof) coupled with some type of depositing gas (including, e.g.,
fluoro methane (CH;F), difiuoro methans (CHyFy), trifluoro methane (CHF3) or
combinations thereof). It should be recognized that the etch recipe would vary depending
on the type of material used, e.g., the etch recipes would vary if the order of organic and
inorganic material varied. In addition to different etch recipes, sach etchin £ may employ
different process conditions, e.g., pressure, temperature, radio frequency (RF) energy, etc,
FIG. 7 illustrates the continuation of third etch recipe 144 as it opens substrate dielectric
layer 104, i.e., SICOH layer 106 and hardmask layer 108.

In operation, the multiple layer resist scheme 120 and specific etch processes are
used to increase “resist” budget for the metal one level (MI) and other metal levels (Mx+D
eich processes. In addition, resist scheme 120 aliows for significant CD tunability via the
applicétion of specific etch processes for etching each of the 3 layers, and enables target
structural profiles. Since there are potentially three distinct processes applied in the

creation of the line level structure for etching each of these 3 layers, this facilitates



methane (CH2F2), trifluoro methane (CHF3) or combinations thereof).
Second etch recipe 6 142 for dielectric layer 124 may include any fluorine
based chemistry (including, e.g., tetrafiuoro methane (CF4), trifluoro
methane (CHF3), perfluoro-2-butene (CaF's) or combinations thereof)
process. Third etch recipe 144 for planarizing layer 122 is similar to that
used to etch the photoresist layer and may include any oxygen containing
(including, e, g., oxygen Os, carbon monoxide (CO), carbon dioxide
(CO2) or combinations thereof) and/or reducing type chemistry (including,

e.g., nitrogen (NC), hydrogen (H,),.ar ammonia (NH3) or combinations ... .
theréa?)reé%ﬁ%lgeoéc ftﬂ@oﬁ%@ég&oﬁz%éﬁ%‘s{?tslﬁéggté?gn\g?uu g &.¢ % OHig itferent
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ereof). ould be recognized that the etch recipe wou

vary Cependig an,ihe e of snaleal SRt £l (e FABIREHAS AN of one type

vary € order of organic and Ifiorganic material varied. In addition to

different gleh Feeigs: SAERGI R0 DA ATRION HHIRISYLRIACRRS0 the underlying and

conditions, €.§., ‘pressure, témperaturé, radio frequency’(RF) energy, etc.

FIG.. oBEﬁ“Q’tﬁa@ﬁa@?an%%H%r]ﬁfdtﬂggz%%rrﬁ%% gﬁtﬂx@ci%%@@dﬂﬁc layer 104 in this
substrate dielectric layei 104, i.e., SICOH layer 106 and hardmask layer

108. lpeperatignuthe Mutinie dayerresisiacheManl 20 sifdiReeHicoeiel “identical”

processes are
film in the field area (e.g., organic photoresist layer 126}. The results of the

above-described etching pro'cess is that a sufficient etch process window is provided to
tailor the etch conditions for each layer to deliver a final tﬁget CDs and target structural
profiles. It should be recognized that while specific layers have been used to enabie this
invention, any organic/ inorganic/ organic type material stack can facilitate this unique
feature. In addition, the thicknesses of material may vary. One example implementation
used the following marterials and thicknesses: 300 nm of 193 nm wavelength photoresist
layer 128 (e.g., JSR 414 available from ISR Inc.); 90 nm ARC layer 128; 80 nm LTO for
dielectric layer 124; 450 nm near-frictionless carbon (INFC) for planarizing layer 122; 60
nm TEOS for hardmask layer 108; and 490 nm (for Mx+1) or 180 nm (for M1) of SiCOH
layer 106.

Turning to FIG. 8, the results of another embodiment of the invention of a method
of forming a metal line 160 critical dimenston and a via 162 critical dimension in a dual

damascene process is illustrated. The steps of this embodiment are substantially the same



used to increase "resist" budget for the metal one level (MI) and other
metal levels (Mx+l) etch processes. In addition, resist scheme 120 allows
for significant CD tunability via the application of specific etch processes
for etching each of the 3 layers, and enables target structural profiles.
Since there are potentially three distinct processes applied in the creation
of the line level structure for etching each of these 3 layers, this facilitates
7 increased potential to adjust line CDs to desired target values by
employing different process conditions for each of these processing
steps. Further, since resist scheme 120 preferably alternates between
orgartit AT SEANE BypeP s diraaditiances ity oinmiitgdeveot! fifidqehgth the metal
plan arizing.) ayer 122 (organic)) is usually very selective to the underlying
and 3855 i’fg}' ﬁlﬂ?@ﬁgp(@.ﬁF}‘S)‘(i’é‘éﬁﬁ?&h%%ﬁ’}ﬁﬁér 108 of substrate
dielectric layer 104 in.this case). In addition, the etching is commensurate
with the corﬁlﬁﬁ‘b‘fﬁww 58 NGLHRE AR BT TS AR PR isyaMEing critical
phot%resist.lar}/er 126), The results of the above-described etching
SOTEHOR A LtifticRe T BERES IR S48 d s v ing gk feve! 102 and

process is tha
gdlyons fqgseach layer to dellv%{ a final target CDs and target

'etChCOlsonu ate dietectric ]2 ' ol :
struclural profilee: eh SR 188 gHisiemRaYnfts SHEERRE RRAY Hsie scheme 120

T
been used to qﬂapll,e thiﬁ,‘d'n\{er}ﬂqpé an&grggﬂic/ ino_r%ar_lic( o(gganic type
material stack can facilitate this Unigae - wrial over substrate 100, a second layer 124 of

a second type material over the first iﬁyer 1225 a third layer of a third type material over
second layer 124; and a patiern (FIG. 3) extending through each of the layers for the wiring
critical dimension,

While this invention has been described in conjunction with the specific
embodimcnts outlined above, it is evident that many alternatives, modiﬁcations and
variations will be apparent to those skilled in the art. Accordingly, the embodiments of the
invention as set forth above are intended to be illustrative, not limiting. Various chan ges
may be made without departing from the spirit and scope of the invention as defined in the

following claims.



feature. In addition, the thicknesses of material may vary, One example
implementation used the following materials and thicknesses: 306 nm of
193 nm wavelength photoresist layer 128 (e.g., JSR 414 available from
JSR Inc.); 90 nm ARC layer 128; 80 nm LTO for dielectric layer 124; 450
nm near-frictionless carbon (NFC) for planarizing layer 122; 60 nm T;0S
for hardmask layer 108; and 490 nm (for Mx+l) or 180 rim (for M1) of
SICOH layer 106. Turning to FIG. 9, the results of another embodiment of
the invention of a method of forming a metal line 160 critical dimension
and a via 162 critical dimension in a dual _damascene process is
illustrated. The steps of this embodimentg}éﬂ‘%stantially the same 8 as
descrigﬁd tal,)oye exdce_pt for the addition of patterning third layer 126 for
both thée fiétal fine critical dimension and the via critical dimension. The
inventilqn also lgglgp%s resist sc eme 120 fol:c{ormin a wirin cr%‘tical

. A ¢ i : A
dimension ?ﬁea single H‘Eéﬁféé’c“e’%é plrlf)ecgéts!? & Sibsratd 456 inec ﬁg’lﬁsﬁ%{)e process on

metal Jevel.1 ng ggletg%t ne su?st ate dielectric layer 194 thereover.
substrite, t SN 5 : .
As deggﬁ éc g%c?veﬁ resﬁsfiseé}wgrﬁnéz qfé CFn%Pund’éns’attﬁﬁr?[éPasfer 122 of a first

type materia}lpo\(ﬁéiﬁ Q?ér&@i}&%u@té_?&%}g r&(}ﬁ%&%ﬁ@q&& ARATEOLLIYRS e vel and at least

material over the first layer 122; a third laye type material over

one substrate dielectric layer thereover;

forming a multiple layer resist scheme including a first layer of a first type material
over the substrate, a second layer of a second type material over the first layer, and a third
layer of a third type material over the second layer;

patterning the third layer for the metal line critical dimension; and

sequentially etching to form the metal line critical dimension using a different

tailored etch recipe for each of the first, second and third layer.

2. The method of claim i, wherein the first layer includes a planarizing layer, the second

layer includes a dielectric layer and the third layer includes a photoresist,

3. The method of claim I, wherein the first, second and third types of materials alternative

between organic and inorganic material.

i0



second layer 124; and a pattern (FIG. 3) extending through each of the

layers for the wiring critical dimension. While this invention has been
described in conjunction with the specific embodiments outlined above, it

is evident that many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the embodiments of the
invention as set forth above are intended to be illustrative, not limiting.
Various changes may be made without departing from the spirit and

scope of the invention as defined in the following claims. 9 CLAIMS What

is claimed is; 1. A method of foymin etal line critical dimension jn a ,
g R AR S R Rb R LU R R BB g oraac
comprising the steps of; providing the. semiconductor substrate jincludin
et B A R R e St S e S
thereover; forming a multiple layer resist scheme including a first layer of a
first type material over the substrate, a second layer of a second type

matergl-ﬂys%ga?ogrgf é?‘é{ﬁ)r.%%ﬁe?em% first layer includes a near-frictionless carbon (NFC)

material, the second layer includes an inorganic silicon dioxide material.

6. The method of claim 1, wherein the at least one substrate dielectric layer includes a

hardmask layer over a hydrogenated silicon oxy-carbide (SiCOH) layver.

7. The method of claim 1, wherein each etching employs different process conditions.

11



layer of a third type material over the second layer; patterning the third

layer for the metal line critical dimension; and sequentially etching to form

the metal line critical dimension using a different tailored etch recipe for

each of the first, second and third laver 2. The method of claim 1, wherein

the first layer includes a planarizing layer, the second layer includes a

dielectric layer and the third layer includes a photoresist. 3. The method of

claim 1, wherein the first, second and third types of materials alternative

between organic and inorganic material. 10 4. The method of claim 1,

wherein the first and third type material includes organic materials, and

the Segor?d"f‘?ﬂ@ﬁ’fgtg?@‘ﬁﬁzmé@iH@Fﬁﬁi@aﬁrﬁf@?iﬁﬁ.‘ﬂﬁ.@ﬁ@ metmogatimension in a
claim 3, wherein the first layer includes a near-frictionless carbon (N -C)

materiSf &R RCEAUEASHS R BB SRTIRSIGAAIE STRED hdibe dheareprading: the steps of:
The method of clajm 1, wherein the at least one substrate dielectric layer .
includes a hRIRIAHLK 15 S oRP N KB RRsratdRr iftemab lapss ansianetal Tevel and at least

(SICQH) layer. 7. The method of claim 1, wherein each etching employs
differe ep‘i%i LU BRSO VET

forming a multiple layer resist scheme including a first layer of a first type material
over the subsirate, a second layer of a second type marerial over the first iayer, and a third
layer of a third type material over the second layer;

patterning the third layer for the metal line critical dimension and the via critical
dimension; and

sequentially etching to form the metal line critical dimension and the via critical

dimension using a different tailored etch recipe for each of the first, second and third Tayer,

9. The method of ¢laim 8, wherein the first layer includes a planarizing laver, the second

layer includes a dielectric layer and the third layer includes a photoresist,

10. The method of claim &, wherein the first, second and third types of materials alternative

between organic and inorganic materia),

11. The method of claim 8, wherein the first and third type marerial include organic

materials, and the second type material includes inorganic materizl.

12



8. A method of forming a metal line critical dimension and a via critical
dimension in a dual damascene process on a semiconductor substrate,
the method comprising the steps of: providing the semiconductor
substrate including at least one metal level and at least one dielectric
layer thereover; forming a multiple layer resist scheme including a first
layer of a first type material over the substrate, a second layer of a
second type material over the first layer, and a third layer of a third type
material over the second layer; patterning the third layer for the metal line
critical dimension and the via critical dimension; and sequentially etching
to form the metal line critical dimension and the via critical dimension

USIn%a %&g}%ﬁﬁ& '!:9'8911%@? r\gﬁ’épgrﬁ% ﬁq ff:ﬁ(;gp?ng{ﬁb Eﬂdfﬂngomlerg carbon

layer. 9. The met od of claim 8, wherein t rst layer includes a
Planagizig.ayety the secand. Rvesdneludesiadislaetdndayarand the thid
layer includes a photoresist. 10. The method of €laim 8, wherein the first,
second and third types of materials alternative between organic and
inorganic material. 11. The method of claim 8, wherein the first and third

typematariahincheds OMEANC WRASHIR, ANhibensesenkyRRaiRMaler includes &
includes inorganic material.

hardmask layer over a hydrogenated silicon oxy-carbide (SiCOH) layer.
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12 12. The method of claim 11, wherein the first layer includes a

near-frictionless carbon (NFC) material, the second layer includes an

inorganic silicon dioxide material. 13. The method of claim S, wherein the

at least one substrate dielectric layer includes a hardmask layer over a
hydrogenated silicon oxy-carbide (SiCOH) layer. 13 14. A resist scheme

for forming a wiring critical dimension in a single damascene process, the
substrate including a metal level and at least one substrate dielectric layer
thereover, the resist scheme comprising: a first layer of a first type

material gver the substrate; a second layer of a second type material over

the first |£V§F}%ﬁﬂ’c§‘ﬁ4€?6 RS L AURS TR GHEERN QR EY 1R Sl mpscene process,
layer.,15. The scheme of claim 14, wherein the first layer ingludes a

pland o TS TP TEREC L AR S R P eGP E A PR e g fpreover, the
layer includeﬁs a photoresist. 16. The scheme of claim 14, wherein the first

and third [t3s/f)é: THhatehal Mefide organic materials, and the second type

material inc!luggainor%?rgi%rr&aterial.,17.a"'he s%bemg g]‘ cl;aim 16, wherein

. dyear mdgteriai over ihe subsirate
the first layer inclides a near-ftﬁlgﬁon‘fess carbon

a second layer of a second type material over the first layer; and

4 third layer of a third type material over the second layer.

15. The scheme of claim 14, wherein the first layer includes a planarizing layer, the second

layer includes a dielectric layer and the third layer includes a'photoresisti

16. The scheme of claim 14, wherein the first and third type marterial include organic

materials, and the second type material includes inorganic material.

17. The scheme of claim 16, wherein the first layer includes a near-frictionless carbon

(NFC) material, the second layer includes an inorganic silicon dioxide material,

18. The scheme of claim 14, wherein the first, second and third types of materials

alternative beiween organic and inorganic material.

14



(NFC) material, the second layer includes an inorganic silicon dioxide
material. 18. The scheme of claim 14, wherein the first, second and third
types of materials alternative between organic and inorganic material. 14
19, The scheme of claim 14, wherein the at least one substrate dielectric
layer includes a hardmask layer including one of: tetraethyl orthosilicate
(Si(OC;HS)4) silicon dioxide, silane oxide and thermal oxide, the
hardmask layer provided over a hydrogenated silicon oxy-carbide
(SiCOH) layer. 20. The scheme of claim 14, wherein the dielectric layer

|nC|u SS ?H ée mng) ?Rat\b‘ gre?%( Lif;? I%S%I%(‘%g %éﬁ.l‘lé &q(é?ﬁilé’g% includes a

silicon™nitri e ermal SI Iéon

PECV | d d t th
el a%&%gﬁ‘é%@) s.@aié“%ﬁéﬁﬁs%%%% prniic e sgia%ﬁﬁm dioxide,
Impleﬁrin %‘%&t]‘xﬁdrﬁa% Pg{ 5: lﬁgir Sl(a%%r AbStc? %tol\\//leez‘t P 5 8§gTated silicon

forming a metal line and/or via critica dlmens ) In‘a single

damqﬁgegdeb%gggmgb g,5emiconductor substrate and the resist scheme

implemented,

20. The scherne of claim 14, wherein the dieleciric layer includes one of: a low temperature
oxide (LTO), silicon oxynitride (SiON), silicon nitride (Si3Ny), thermal silicon dioxide,
plasma-enhance chemical vapor deposited (PECVD) silicor dioxide and tetraethyl

orthosilicate (S1(OC:Hz)4(TEOS) silicon dioxide.
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are disclosed. The method includes forming a multiple layer resist scheme
including a first planarizing layer (122) of a first type material over the
substrate (100), a second dielectric layer (124) of a second type material
over the planarizing layer (122), and a third photoresist layer (126) of a

thipg ypie materialQverdhe ﬂigj%txréﬁé@gea&ﬁ%@ifl ehmes of matedal,
n .

alternate between organic and inorganic material. The third layer (126) is
patterned for the metal line and/of yia-P. Sequential etching to form the
metal line and/or via critical dimension using a tailored etch recipe

MaasicWardansach.at theifiestnatorgsistlaydinibeRecnd) dielegiis aye .

and the third planarizing layer as each layer is exposed is then used.
danA RS TCES O AN AL R BEY saRs TSIt L idg st dre sshewaampisg I ed.

arel@is AL B1RIB0ERMAAGIRS forming a multiple layer resist scheme mcluding a

first planarizing layer (122) of a first type material over the substrate (100}, a second
dielectric layer (124) of a second type material over the planarizing layer (122), and a
third photoresist layer (126) of a third type material over the dielectric layer (124).
The types of material alternate between organic and inorganic material. The third
layer (126) 1s patterned for the metal line and/or via CD. Sequeniial etching to form
the metal line and/or via critical dimension using a tailored etch recipe particular to
each of the first photoresist tayer, the second dielectric layer and the third planarizing
layer as each layer is exposed is then used. Accurate CD formation and adequate

resist budget are provided.

Fig. 4.
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