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Technical Field The present invention relates ”’mmmm“
generally to photoresist schenmes for sem conductor . o5
device fabrication, and nore particularly, to a

multiple |ayer resist schene using etch recipes

particular to each layer. Related Art In the n
sem conductor industry, achieving critical dlnensmmmumumlmmwm
on structure is a continuing challenge as devices

becone smaller. One particular area that presents
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| ayer resist schenmes do not prOV|de t he nechani sns
necessary to achieve the required critical dinensions.
For exanple, current tec re t ar get
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140 nmfor the netal I (M) level and the Mk+l |evels
(x=1 tbechpicalkBidgectively. Furthernore, current

technol ogy has desirable feature profiles such as 90
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device fabrication, and more particularly, to a multiple layer resist scheme using etch

recipes particular to cach 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 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 do not provide the mechanisms
nccessary to achieve the required critical dimensions. For example, current 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 Jevels (x=1 to 5), respectively. Furthermore, current
technology has desirable feature profiles such as 90° sidewalls, negligible 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 1 resist schenes.
The conbination of utilizing a relatively thin | ayer
of photoresist (300 nm and etching a relatively
robust carbon containing film(e.g,, SiCOH) for the
nmetal levels, i.e., M and M+l levels (x=I to 5),-
renders a particularly narrow resist budget for

achi eving the aforenenti oned objectives. Miltiple

| ayer resist schenmes (bi-layer for exanple) have been
applied to dual damascene processing, where they are

requi raatbt Sdhembs)tTheabMbinator fdiibiying b e1ARely G ldy & brhotdresist (300 nm)
single etch recipe. In view of the foregoing, there is

a neegnd &chif€a ?Jl&tiVEB'rrom_t J:Wnlcb\bﬁﬂilﬁlﬁ'sﬁlﬁit (e 26 gm&@r El}g metal levels,

achieve the requisite critical di merisions,
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form ng a net ine and/or’via critica
(CD) in.a.sikhgle or dual danmasce rocess on ,
Sem o SR elpdterpRte FRTRTE S BRdic B Sedi shemes (rtayer for
i npl enent ed., The nethod inclydes fornming a mul'tiple X
| oy ST s e ABPI%H 2 (A e PERCEfinrWbars g are requined fo but
| ayer of a first type material over the substrate, a
seconaredingted by thecappligasion of a gingleetshéecipgpe mat eri al over
the planarizing |ayer, and a.third photoresist |ayer
of a t hi r dintyipee ofithe eregring there it h eeddliie trecttrfocan impeived resist scheme to
The types of materi al

achieve the requisite critical dimensijons.

SUMMARY OF THE INVENTION |
The invention includes methods of forming a metal linc and/or via critical
dimension (CD) in a single or dual damascene process on a semiconductor substrate, and
the resist scheme implemented. The method includes forming a multiple layer resist
scheme including a first planarizing layer of a first type material over the sﬁbstrate, a
sccond dielectric layer of a second type material over the planarizing layer, and a third
- photoresist layer of a third type material over the die]ectric; layer. The types of material
alternate between organic and inorganic materjal, Next, the third layer is patterned for the
metal line and/or via critical dimension. Sequentia] 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 is



al ternate between organic and inorganic material.

Next, the third layer is patterned for the netal |ine
and/or via critical dinmension, Sequential etching to
formthe netal line and/or via critical dinension

using a tailored etch recipe particular to each of the

first photoresist |ayer, the second dielectric |ayer

and the third planarizing |layer as each layer is

exposed is 2 then used. The invention provides

accurate CD formati on and adequate resist budget. A

first aspect of the invention is directed to a nethod

of fordiemgsed. Mae alvehtioneproviddsiacalrate @Dnfermsation andadequate resist budget.
si ngl e damascene process on a sem conductor substrate,

the nethod A gestRdpestion thelif\@nSdrEiP8irddted 9k Méihdd BLFofniBg a metal line critical
sem conduct or substrate including at l'east one net al

| evel H‘fénﬂ% n GRS 195‘&2}%"@@%& L& oSk ffcohduetor frate, the method
t hereover; form ngg ayer resist sc
i ncl udj
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the third |layer for_the netal |ine critical dinension
and s@&ﬁ@ﬁtﬁch’ldlfy‘% aé-t"&Hf’)f?g of HTIFsHYPE PAETiHove) the JuRgirate, a sécond layer of a
critical dinension using a different tailored etch

reci pesepend xpaomaterialiayer the ﬁs# layereansracthigh teyeniof p chitddynermaterial over the

A second aspect includes a nmethod of formng a netal

| i ne cseconddayerchattemiigche third layar for theamdtallivefrititahdimension; and

in a dual damascene process on a sem conductor

subst r @feentitietching to form the metal line critical dimension using a different tailored etch
recipe for each of the first, second and third layer.

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 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 differcnt tailored etch recipe for each of the first, second

and third layer.



met hod conprising the steps of: providing the

sem conduct or substrate including at | east one netal
| evel and at | east one dielectric |layer thereover,
formng a nultiple |ayer resist schene including a
first layer of a first type material over the
substrate, a second |layer of a second type materi al
over the first layer, and a third layer of a third
type material over the second |ayer; patterning the
third layer for the netal line critical dinmension and
the via critical dinension; and sequentially etching
to form thg (hied apedtioNehe eriviehtichartlacks BENRbiSIclfuntt fof fdAMitiza wiring
critical dinmension using a different tailored etch

reci p@ntf&f digRasoRn 4 ME1é ddridseend BRREY, h@subsdrdid fn@]uhﬁ%@fmetal level and
3 Athird aspect of the invention relates to a resist

sche M l%&[ oxieoé'ugltfbgc ﬁcl@étﬁ& ﬁ?ﬁ' etﬁéé'%cha’ep ‘?Ac r%ﬂ@élﬁ%lng Qox'anﬁna a first layer

si ngl e danmascene process, st’rate 1 nc

met aI bst
"ayer ot psbaBE Rt Roke SRSl AR By T oiarfééons%vcmwrm' over the
| ayer a fi over, the substr
s onfirs iy et & e YR AP Gk e e v/ B St eyery o
| ayer; and_a third Igger of athird type material over
t he secondTlPWé%'O'Wﬁ PiprfgBieg olthe inyeriop Wik he apnatenpfrom the
the invention will be apparent fromthe follow ng
nor e fllowingumene pddisular gaséription of embrsiinensefghaoinverition.
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS
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 elements, and wherein:
FIGS. 1-7 show a method according to one embodiment of the invention
implementing a multip]é layer 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 a
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 a semiconductor



The enbodi nents of this invention will be described in
detail, with reference to the follow ng figures,
wherein |ike designations denote |ike el enents, and
wherein: FIGS. 1-7 show a nethod according to one
enbodi mnent of the invention inplenenting a nmultiple

| ayer resist schenme. FIG 8 shows the result of a

nmet hod accordi ng to anot her enbodi nent of the
invention inplementing a nultiple |layer resist schene.
DETAI LED DESCRI PTI ON OF THE | NVENTION Wth reference
to the acconpanying drawing, FIG | shows an initial
step ahbswrareri®0had ilbsoaedisagiconduone sesstiad i1 08 Rtprévidedifcluding at least
invention. In this enbodinent, a nmetal line «critical

di menene efalleveli 192 fapd MEEhst 6he%u§dn‘ﬁ€é| o@elé’&ﬂ@ﬁ&&ﬁm %&6@&3 In one

on a seni conductor 4 substrate 100. As il strate

sem cQpiugieht, m A Gfe?ec%ﬂ:q g?h’ 104 lﬂfll'uggsqwbr]‘ cHQ%J\gj%xg,tgt a hydrogenated

| east one met al eve east on

diele n

subst FHebF b ARligersiebHTae r%@ﬁovemeﬁeaiegeﬁ%av sk layer 108, e.5.
i ncl ud| n dr ogenat ed ) -carbi de_(Si COH . )

| ayer © B%d%% as @faatiny] gvg?snﬁ§ s pfég'gggéﬁmf(,%g?_bme (Si0y), silune.
108, ., .of oxide such as tetraethyl orthosilicate,

Si ( OC?F‘%)" &“‘{ q"m oxide, jQehgy sHpsygae dislectigiayers sich agydlicon nitride (SizNa)
oxi de and thernal oxide. OQther substrate dielectric

| ayer 8r 8liean xynigide; (SKMNNIORmayalsp Se prevjded

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 124 of a second type material over planarizing layer 122, and a third photoresist laycr
126 of a third type material over dielectric Jayer 124. In one embodiment, the types of
materials alternate between organic and inorganic 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 Jayer 122 and photoresist Jayer 126, include orgaﬁic
materials, and the second type material, i.c., of diclectric layer 124, includes an inorganic
material. In this embodiment, planarizing layer 122 may include a
poly(hydroxystyrene)-based systemn comprising poly(4-hydroxystyrene),
9-anthracenylmethylated poly(hydroxystyrene),

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



or silicon oxynitride (SiON) 102 nmay al so be provided

FIG 2 shows a next step in which a nultiple | ayer

resi st schenme 120 is formed. In one enbodi ment,

mul tiple |ayer resist schene 120 includes a triple

| ayer scheme including a first planarizing |ayer 122

of a first type material over substrate 100, a second
dielectric |ayer 124 of a second type material over

pl anarizing layer 122, and a third photoresist |ayer

126 of a third type material over dielectric |ayer

124. 1 n one enbodi nent, the types of materials

al t er nadl p-niredbesayh tosylga njplﬁB’ﬁh Dielecrig yércl 2Awaginciuds ag (mor"amc material
as to provide different etching rates,. as will be

descr ishetashal edlicor diopide mawrikibe.g.,iaow tampernlu(rd bxigea (L T@hslicon
first and third type material, i.e., of planarizing

layer okydiégiRNYiaNOhemes sisitord éiﬁﬁiﬁc,ib?e@malcﬁﬁdn'dﬂaleﬂh@ﬁnh[%r deposited
mat er i af/ and t he second type material, i.e of

di el e%étg—ygg‘x S8 &Zﬁd? heiChred Iﬁﬁrl Sfthdsihekd gﬂt@cm}ﬁ (?'EO@B silicon dioxide),

In th anari z layer may 1 ncl ud
' I d
gol 5? &ﬁl(ﬁ?é P{%ﬁ@/ (?S );}%)ﬁ r%y P@?@q S’?@%@Rﬁ%@ﬁglfté{%ﬁl% may include a 193
ly(h
o it G PSR iserdhany My et e 80 128
0o &L ot s pesep e e et PBRALS e ne e
inorganic material such a s any silicon dioxide
mat er idiineqséong. , a | ow tenperature oxide (LTO, silicon

oxynitride (Si O\l), thermal silicon dioxide,
pl asma- enha¥ezt agslewinda FIG.ap6ra sdgpogalty@@hmg 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, dielectric layer 124 and planarizing layer 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 layer 122 (FIG. 6)
using a third etching recipe 144. First etching recipe 140 for photoresist Jayer 126 may
include any oxygen containing chemistry (including, e.g., oxygen Oy, carbon monoxide
(CO), carbon dioxide (COa) or combinations thereof), and/or a reducing type chemistry
(including, e.g., nitrogen (Na), hydrogen (Ha), or ammonia (NH3) or combinations thereof)
‘ coupled with some type of depositing gas (including, e.g., fluoro methane (CH;F), difluoro

methane (CH;E,), trifluoro methane (CHFs3) or combinations thereof). Second etch recipe




(PECVD) silicon dioxide and tetraethyl orthosilicate
(Si (OC2H5) 4AXTEOS) silicon dioxide), silicon nitride
(Si3N4) or any inorganic material. Photoresist |ayer
126 may include a 193 or 248 nm photoresist materi al
| ayer 130, and an anti-reflective coating (ARC) 128.
FIG 3 shows a step of patterning photoresist |ayer

130 for the nmetal line critical dinension. Next, as
shown in FIG 4-7, a sequentially etching is perforned
to formdie nmetal |ine critical dinension using a

different, tailored etch reci pe 140, 142, 144

par ti cbder didectri@Rgét 124 RIS b HaschZRemistry (including, e.g
dielectric layer 124 angmgl anar idz?né | ayer 1§§mggygg%lﬁdmg, ¢.g.,

| ayer telmorolrﬁgma&%@Fl)?*trﬁmx%%ﬁgl;/ag}'?ggg} .E:[I;}:i.r@g)’r(’?-&fb%tene (CaFy) or

renoves each of: phot oresi st ayer

128, : n,l . using.a fjrst etching
reci pcjec 3%2@‘?“%3?‘%%@? @Lﬁ%y‘f‘e&"#%% ’?%{Bc {Jgﬁ‘g{,maqﬂﬁupg%y ei5h22 is similar to
using a second etching recipe 142, and planarizing = )

| ayer l‘%ﬁﬂse(dl'—‘i’ &CE(%')C Phl‘,?%r‘h“&t !fe?’rﬁ“é&“é!t‘?ﬂ]ﬂq%g‘“)‘ gpigpRcamajning (including,
First etching recige 140 for photoresist |ayer 126 may

i ncl uGSYSONg EHOToMPRaNfe{§ O rarkos digxidei (RBRLaticombinations thereof)
e.g., oxygen 02, carbon nonoxide (CO), carbon dioxide

(CO ) 2pd/ocisauirgtyposiemisior@siidingang nitrogenr @6 bydrogeny(He), or ammonia
chem stry (including, e,-., nitrogen (N: 1), hydrogen

(H2) , (NHa)ameombimafddsizherans) coupled mddhisoms rypeef éspbyiting gas (including, e.g.,
coupled with sonme type of depositing gas (including,

e. g., flubtoanethanet(QHL®, {ifftbro)meustiné (OB{R), uifRiohPmethane (CHFs) or

(CH 7172), trifluoro nothane (CHFI) or conbi nations

t her eabhbin&iRsHe k&) Mt 1RGINR 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, each etching 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+1)
ctch 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



6 142 for dielectric layer 124 may include any
fluorine based chem stry (including, e,,-.,

tetrafl uoro nmethane (CF4), trifluoro nethane (CHFi),
perfl uoro-2-butene (C4178) or conbinations thereof)
process. Third etch recipe 144 for planarizing |ayer
122 is simlar to that used to etch the photoresist
| ayer and may include any oxygen contai ni ng

(i ncluding, e.g., oxygen Ca. carbon nonoxide (CO,
carbon di oxide (CO2) or conbinations thereof) and/or
reduci ng type chemstry (including e.g., nitrogen
(N2) indreagécosRemtiaH )adjusyTingromyh desietikidiet onlueytrimpioyinndifferent
thereof) coupled with sone type of depositing gas

(i nclybgi-89dndiGoss for edch BPthescPRodRasM 1€kl Fimther,Ghirfce Wedisoscheme 120
nmet hane (CH2F2), trifluoro nethane (CHFI) or

o PRIl i gaBgads hotins of o o
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In addition to different etch reci , €ach etchi oy

. CARROSY TRt SegLekSel [ Qs gg oot ayer 104 i this

pressure, tenperature. radio frequenc RF) ener gy € Aent 19
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etch recipe 144 as it opens substrate dielectric

| ay erfilmhon theifield Jresfe@oiarganicapholoneish KieTHZH Y nEsesully af the

108. In operation, the.nmultiple |ayer resist schenme .

120 aboveseailfed etcbinglproressie tebssuificient g gracess windev isprovided to

"resist" budget for the nmetal one |level (M and other

met algaildp R stch(ddkdilibns for each layer to deliver a final target CDs and target structural
profiles. It should be recognized that while specific layers have been used to enable 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 materials and thicknesses: 300 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 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 4 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 embodiment are substantially the same



etch processes. In addition, resist schene 120 all ows
for significant CD tunability via the application of
specific etch processes for etching each of the 3

| ayers, and enables target structural profiles. Since
there are potentially three distinct processes applied
in the creation of the Iine |evel structure for
etching each of these 3 layers, this facilitates 7

i ncreased potential to adjust line CDs to desired
target values by enploying different process
conditions for each of these processing steps.

Fur t hiaidescsibBe Bbdve sk &bt RF I ABiS3D of Pk HgaRkdayer 126 for both the metal
al ternates between organi c and inorganic type

mat er]ir@'c?itic&l%n@ﬁs%%g@ Eh%fvi@a‘ﬁic% Bfnenstdn, f11m (e.g.,

pl anari zing | ayer organi c I's usually very

sel ective 1 er |.vi y Lte" material ..

oxi do. har diBplep ok RS R AR RN osTrgbFh € virfg it

104 ip this , case).,In addition, the etching, is

co nne‘ﬁ%‘ﬁ‘?%?“e‘“\RAS{W&?%%@“%ES%RIWP% &t Y Suiaﬁe‘%@ ighidingdnetal level 102 and
filmip the field area (e.g., organic photoresist

| ayerdt %2@)0.“3 fihstrate diglecicdayer Hi therpeyee - ancdeseribed above, resist scheme 120
etching process is that a sufficient etch process

wi nddoglides gfisitilaker 12200f atfirbtitype materiad bedy selmtratie tl DGrasseéand layer 124 of
each layer to deliver a final target CDs and target

st r uctsaccnd tygerrodterdial overlthe Sisolaye 102; arthicdperae d tHiklaype material over
whi |l e specific |ayers have been used to enable this

| Nventdond layany24o agbd patibrnl (RIG. GREN €A din} tHrd 04 Ceably BRthe layers for the wiring
material stack can facilitate this unique feature. In

addi tciigBal dirhénsidal cknesses of nmaterial nay vary. One

exanpl e i npl enent ati on

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.



used the followi ng materials and thicknesses: 300 nm
of 193 nm wavel ength photoresist |ayer 128 (e.g., JSR
414 available fromJSR Inc.); 90 nm ARC | ayer 128; 80
nmLTO for dielectric layer 124; 450 nm
near-frictionless carbon (NFQ for planarizing |ayer
122; 60 nm TECS for hardnmask | ayer 108; and 490 nm
(for Mk+1) or 180 nm (for ML) of SiCOH |ayer 106. 1
Turning to FIG 8, the results of another enbodi nent

of the invention of a method of formng a netal |ine
160 critical dinension and a via 162 critical
di mension in a dual danmascene QLam@sSs is illustrated.

The steps of this enbodi nent are substantially the
sane 8yRs if@siaiped above except for the addition of
patterning third layer 126 for both the netal |I|ine

rvens s PAEES! ARp A 00, ] el il procss o
a wlin mcrlédc?arls lizsgrl' tg?tT]SI 2ol orfy x%'in%hgstdg g cene '
pr ocedSTMRREIB SIS THFSe FUuar ng hetR %' evel 102
d t | t. bstrate dieglectric,.l 104
ther eover . PRYIHIREDS FEe Rl ioen Siatinsl ding i essipsg metal level and atTeast

includes a first layer 122 of a first type materi al
over $upsybshpte digfpgtricjaysetsisgvarayer 124 of a second
type material over the first layer 122; a third |ayer .
of a t hi r dfarmirng amvkipledtycoresist schemedneluding @ first Byer of adirss type material
pattern (FIG 3) extending through each of the |layers
for t locivwhe subgtrate, 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 1, wherein the first layer includes a planarizing layer, the second

layer includes a dielectric Jayer 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 materijal.

10



critical dinmension. Wiile this invention has been
described in conjunction with the specific

enbodi ments outlined above, it is evident that many
alternative,-,, nodifications and variations will be
apparent to those skilled in the art. Accordingly,
tile enbodinents of the invention as set forth above
are intended to be illustrative, not limting. Various
changes may be nade without departing fromthe spirit
and scope of the invention as defined in the

followwng clains. 9 CLAIMS What is clained is: 1. A
met hod, he methidt bPclainiTRtvilerdin the fiegtiahd ol typemetariab imcludesiorganic
si ngl e damascene process on a sem conductor

subst fatefials! 4 RO G RAeSAR1EdRE indkRRR rithterial.

provi di ng the sem condictor substrate i ncl udi ng at

| east one netal |evel and at | east one substrate
dielectric |ayer thereover; formng a nmultiple |ayer

rat or P 10 P PEQAE 5 dpReiishebrsl B nsRleafnpdfieolfts carvon avrey
PR S L R R

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) layer.

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

11



patterning the third layer for the netal line critica
di nensi on; and sequentially etching to formthe netal
line critical dinension using a different tailored
etch recipe for each of the first, second and third

| ayer. 2. The nethod of claim1, wherein the first

| ayer includes a planarizing |ayer, the second | ayer
includes a dielectric layer and the third | ayer

i ncludes a photoresist. 3. The nethod of claim1,
wherein the firs% second and third types of materials
al ternative between organic and inorganic material, 10

4. Theg, m?h{é%dgi' fcfrhﬂlﬂrﬁ r;letal\’m%rcﬁhaal Hhﬁengﬂoﬁ Shd abd ﬁhhb;ﬂ dimension in a

type material incl udes or ganic materials, and t

secon dduthﬁ:?na?@eBF gfo@'l:s,o; ot leé{‘ﬁﬁﬁndu@ﬁf' %%zﬁe,w rﬁéthé‘cl comprising the steps of:

The wher e rst lay

i ncludes a g Wmé {he g%rhlg d%grs?r ?uﬁgtfgawglygxg% Af e lnRE &1 e metal d%vel and at least

t he secondpfayer I'n (e)'q
mat eri al thod of claiml1, vvherelnthe at

| east oélﬁg'eg‘?fﬂﬁqf‘%ffng’eﬁqc’éfrect ric layer includes a

hardmask | ayer, over a_ hydrogenated silicon oxy-carbide
(Si COH) | ay@iminga myliplefayen iisbichemaingluding gfisstdaysr efzacfiyst type material
etching enpl oys different process conditions. 11 8. A
met hodVvef the ewbsiratg, asepentddhyer phasegerid typeaatdiiatomeri thefihidyer, and a third
aviacritical dinmension in a
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.

9. The method of claim 8, wherein the first Jayer includes a planarizing layer, the second

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

10. The method of claim 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 type material include organic

‘materials, and the second type material includes inorganic material.

12



dual danmascene process on a sem conductor substrate,
the nmet hod conprising the steps of: providing the
sem conduct or substrate including at | east one netal
| evel and at |east one dielectric |ayer thereover;
formng a nultiple |ayer resist schene including a
first layer of a first type material over the
substrate, a second |ayer of a second type nmateria
over the first layer, and a third layer of a third
type material over the second | ayer; patterning the

third layer for the netal |ine critical dinension and
the via critical dinmension; and sequentially etching
to formthe nmetal line critical dinmension and the via

critixafhe éth&Rne diimUg| whersindhd firet leydr itchidens aehr-$tictionless carbon
reci pe for each of the first, second and third | ayer.

9. Th&dYERLAG5h Qhe febsidafer lﬂlﬂ.‘ﬂﬁfeehlﬂmb@ﬁmﬁ sf1i8én didxiGE material.
|ncludes a planar|2|ng ayer, the second | ayer

includes a dielectric layer and the third I ayer

i ncl udes a photoresist. 10. The nethod of claim8,

wher F.i ﬁel'}ﬁctﬁ&{ g‘ttcialﬁl%c %glleﬂﬂge %théz{sgor{engﬁs% a%fdla&ttﬁ{ f:a%rsincludes a

altern I norgani ¢ mat er

typeT"t’ri‘l’gﬁ?‘t‘gX%gPﬁ%l“E‘d@°§‘F"g*‘£1°|‘i’m‘e°re 4 “t"‘r’]’fe? Sichefet ™ 1

second typeé nmaterial includes inorganic material. 12

13



12. The nethod of claim 11, wherein the first |ayer

i ncludes a near-frictionless carbon (NFC) material,
the second | ayer includes an inorganic silicon dioxide
material. 13. The nethod of claim8, wherein the at

| east one substrate dielectric |ayer includes a
hardmask | ayer over a hydrogenated silicon oxy-carbide
(SiCOR) layer. 13 14. A resist schenme for formng a
wiring critical dinmension in a single damascene
process, the substrate including a netal |evel and at
| east one substrate dielectric |ayer thereover, the
resi 94, soesismsclenngfor formipy aavifing qitichladiensivn imatinglstdamascene process,
type material over the substrate; a second |ayer of a

secongk fupitfatd MERAINE b nRved levEIRd bi 164t orle@NBratc@ectt layer thereover, the
third layer of a third type naterial over the second

| ayelecict Schetd&ofphA§AE Of claim 14, wherein the first
I ayerrcsl’nc? Sg.,e%soagpﬁa‘ﬁari zing | ayer, the second | ayer

 ncl udes '3 ol ol 6oL il ANEhaAN oliSnd b aver

i ncl udes a-p or esi st. e schene cl aim 14,
wherein the first and third type material_ include

or gani ¢ mAcePaFAYer ol dseand O batendl gy il and

i ncludes inorganic material. 17. The schene of claim
16, wher ei"ﬁh'ffﬁ'éyqf iof & third fype,matprigl querdhesecond layer.
near-frictionless carbon (NFC) naterial, the second

| ayer includes an inorganic silicon dioxide material.

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

layer includes a dijelectric layer and the third layer includes a' photoresist‘.

16. The scheme of claim 14, wherein the first and third type material 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) materﬁal, 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



18. The schene of claim 14, wherein the first, second
and third types of materials alternative between
organic and inorganic material. 14 19, The schene of
claim 14, wherein the at | east one substrate
dielectric layer includes a hardmask |ayer including
one of: tetraethyl orthosilicate (S (0C H5)4) silicon
di oxi de, silane oxide and thermal oxide, the hardmask
| ayer provided over a hydrogenated silicon

oxy-carbide (Si COH) l|ayer. 20. The schene of claim 14,
wherein the dielectric |ayer includes one of: a | ow

t enpet@t Thesschamg efelajinTd) whereihitloon leaxtyonk subistate @Ridbe, layer includes a
silicon nitride (SiaN), thermal silicon dioxide,

pl asnmeerémbskiaer teRidingne ¢E Rafac HFISRHokBEhtd JH;s).) silicon dioxide,
silicon dioxide and tetraethyl orthosilicate

(Si (CahSbAiié dfdFernal bidQ et MhAR Tayddbrovided over a hydrogenated silicon

oxy-carbide (SiCOH) layer.

20. The scheme of claim 14, wherein the dielectric layer includes one of; a low temperature
oxide (LTO), silicon oxynitride (SION), silicon nitride (SiaNa), thermal silicon dioxide,
plasma-enhance chemical vapor deposited (PECVD) silicon dioxide and tetraethyl

orthosilicate (Si(OC2Hs)4)(TEOS) silicon dioxide.
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