;e3eDp Dm 4 66T Rz3a S| LI CON-RI CH OXI DE FOR COPPER DAMASCENE | NTERCONNECT

| NCORPORATI NG LOW DI ELECTRI C CONSTANT DI ELECTRI CS The present invention

rel ates-generally to fabrication of sem conductor devices, and nore
specifically to etch stop layers used in fabrication i processes of

sem conduct or devi ces. 1 BACKGROUND OF THE | NVENTI ON Currently,
silicon nitride (SIN) or silicon oxyrutride (SIiON) liners are chosen as the
etch stop layer and as hard masks for fluorine (F)-doped and carbon
(C)-doped lowk dielectrics |like FSG CORALTM BLACK DI AMONDTM Si LKTM ,
etc. in copper (Cu) singlel/dual damascene interconnect processes. However,
it has been reported that using either SiN (having a dielectric constant of
about 7.0) or SiON (having a dielectric constant of about 5.5) causes
maski ng footing and via poisoning issues due to the interaction of
photoresist with am ne species. Further, the high dielectric constant (k)
fromSi N or SiON conpensates the effect of introducing lowk material into
sem conductor manufacturing and results in a high effective dielectric
constant of internmetal dielectric (iVD) layers. U S. Patent No. 6,207,556
Bl to Hsu describes an silicon-rich oxide (SRO |ayer 204 and |l owk | ayers.
U S. Patent No. 6,174,797 Bl to Bao et al. describes an SRO barrier |ayer
16. U S. Patent No. 6,228,756 Bl to Lee describes a silicon-rich layer 114
for lowk |ayer 106. U. S. Patent Nos 6, 166,427 to Huang et al., 6,133,143
to-Lin et al. and 5,976,984 to Chen et al. describe SRO |ayers in

i nt erconnect processes. 2 SUMMARY OF THE | NVENTI ON Accordingly, it is an
object of one or nore enbodi ments of the present invention to provide an

i nproved neghpeGN-RIBH SRIDEFOR CRIPSER 19A A SEENEINPEREINEEr nedi at e

SRO etch stOp rayer and/or an uppernost SRO hard nask I ayer.
INCORPORATING LOW DIELECTRIC CONSTANT DIELECTRICS

The present invention relates generally to fabrication of
’ semiconductor devices, and more specifically to etch stop layers used in fabrication

processes of semiconductor devices.
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O her objects will appear hereinafter. It has now been di scovered that the
above and ot her objects of the present invention nay be acconplished in the
foll owi ng manner. Specifically, a structure having at | east one exposed
conductive structure is provided. A dielectric barrier |ayer over the
structure and the at | east one exposed conductive structure. A |lower |owk
dielectric layer is forned over the dielectric barrier |ayer. An upper

| ow-k dielectric layer is formed over the lower |owk dielectric |ayer. An
SRO etch stop layer is formed between the |ower Iowk dielectric |ayer and
t he upper lowk dielectr] ask | ayer is forned
over the upper lowk die jan '):per and | ower | owk
dielectric layers are patterned to formthe at | east one damascene openi ng
exposing at least a portion of the at |east one conductive structure,

wherein the at |ea yer . : | .Ohy: ef C Cl jayd lve to
the | ower . and upper%lfrg%}v-‘r:tb’?gQ goglcrﬁrllég@?séygp s gstﬂé&tn %ﬁ?ﬁk%&@g%{\%ﬂn% THE
DRAW NGS chbbén heatdlERR sedisl A4y aRtagasr@imbde BF 838Rhel(ALEHHELAnMhIbde MOr e
clearly understood fromthe follow ng description taken in conjunction with

t he accongEyridped 1dwalidigectiits Wké BHG) COR ATE™e BEAGK MIARMONDMESI] §(Ta) étc.
simlar or corresponding elenents, regions and portions and in which: Figs.
1 to 3 scihewppecllw)single(idualatanasgene oderconneitgnatessep Heserveat it bas been
preferred enbodi nent of the present invention. 4 | DETAILED DESCRI PTI ON
OF THE PREPEHREShaE/BeRsMENFET SNt (having: 2 éelaetaicmogstant jof aheut 0k or $ION

Cross-secti onal jew of a structure havi ng exposed .conduct.i ve, structures
12 1 or med Kl fie EHERRs R bt %—3%@%8 ﬁwﬁﬁg 0eHEE ApALEE PEIsONIntes, |
for e.)(amlss?uesa Lge fay.d {]nccle a%ﬁor eo%p%(;jfl }/eesisrtrevzrl ) fa?r?iw Iserecilegyﬁ{r%el?' él?es hi} r}\OWH I'n
the figurés. nducti ve structures are pre erabl conprlsed c&bper

(Cu), al ua@'egemc( Ankstarkt (RPRLEDSIEN b 9{0&%5&3%%&% éﬁf@ctmxﬂn@&&e‘iﬁg Ry

conprised of copper. Structure 10 I's pre y a silicon substrate and is
under st 00 @tRRS Sinkd YoehEdMHR 1S IRIMGBADGEO AnWRERUIET inS UDRIdIAlfrectied | Ve
and passive devices formed within the wafer, conductive |ayers and

di el ect ri dieleatréx Sonsearg of intatrastapdidfeciric M) Bkrs.i nternmetal di el ectric
(IMD), etc.) forned over the wafer surface. The term "sem conduct or
structure” is meant to include devices formed within a sem conductor wafer
and the layers overlying the wafer. A dielectric barrier layer 11 is_forned
over the structurelié- REETE VU EZOVeo8 thluta ffsesdaseripgs ant filicunesh qdde
preferabl¥%%§qn1a t 200 tp,700A and nore preferably from about 300 to
500A. Di efPRCOrAES FpéroPagéﬁmii is preferably conprised of SiN, SiON or
SIC. Alower dielectric layer 16 is forned over dielectric barrier |ayer 11
to a thickness of preferably from about 1500 to 6000A and nore preferably

from about 5 U.S. Patent No. 6,174,797 Bl to Bao et al. describes an SRO barrier

LV

layer 16.

U.S. Patent No. 6,228,756 B1 to Lee describes a silicon-rich layer 114

for low-k layer 106.

U.S. Patent Nos. 6,166,427 to Huang et al., 6,133,143 to Lin et al. and

5,976,984 to Chen et al. describe SRO layers in interconnect processes.



2500 to 5000A. Lower dielectric layer 16 is generally an internetal
dielectric (IMD) layer. Lower dielectric layer 16 is preferably conprised
of alowk dielectric material such as: inorganic lowk dielectrics such as
hydrogen sil sesqui oxane; fluorine (F)-doped or carbon (C)-doped | ow k
dielectric materials such as FSG CORALTMranuf actured by NVLS BLACK

DI AMONDTM manuf act ured by AMAT; or Si LKTMranufactured by Dow Chem cal, or
other organic lowk materials, for exanple. Formation of SRO Etch Stop La,
a Asilicon-rich (SRO etch stop layer 18 is forned over the | ower
dielectric layer 16 to a thickness of oreferabl from about 200 to 1000A
and nore preferably from addMMaAdRY BEANYENTION stop |ayer 18 will be
used as an etch stop for the trench openlng in a dual damascene

i nterconnect (and not for the via opening etching). SRO etch stop Iayer 18

I's preferably for "‘?}dcﬁbxgijﬂglffplggn opg%t 8%‘6’1%({18%’&@% aéc bhAgh ntg%}ﬂ?ey 16t

reaction of TEGCS Sma enhance ent car vapor ep03|t|on

(PE CVD) ihO@htidH @8 prbhgdlel 94 i \erGQecFthH%SfabI%g%sdﬁ&QWenQrs"ﬁf&é
from about 50 to 2000 nmgm and nore preferably fromTabout 100 t 0 ngn1

OZ gas flavg phaehetakbiaté SRO akdUitoplay@ ARDDrSREIPPEENERISRO MatE MKy from
about 100 to 1500 seem 6 He gas flow preferably from about 100 to 5000
seem and lapere preferably from about 500 to 3000 seem pressure: preferably
fromabout 2 to 15 Torr and nore preferably

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
structure having at least one exposed conductive structure is provided. A dielectric
barrier layer over the structure and the at least one exposed conductive structure. A
lower low-k dielectric layer is formed over the dielectric barrier layer. An upper
low-k dielectric layer is formed over the lower low-k dielectric layer. An SRO etch
stop layer is formed between the lower low-k dielectric layer and the upper low-k
dielectric layer and/or an SRO hard mask layer is formed over the upper low-k
dielectric layer. At least the upper and lower low-k dielectric layers are patterned to
form the at least one damascene opening exposing at least a portion of the at least
one conductive structure, wherein the at least one SRO layer has a high etch

selectivity relative to the lower and upper low-k dielectric layers.



fromabout 4 to 7 Torr; tenperature: preferably from about 300 to 450C and
nore preferably fromabout 350 to 400C, HF RF power; preferably from about
100 to 1200 Wand nore preferably fromabout 200 to 700 W and LF RF power;
preferably from about 50 to 1000 Wand nore preferably fromabout 70 to 500
W or (2) by the reaction of SiH4 with OZ using a high density plasna
chem cal vapor deposition (HDP CVvD) tool under the follow ng conditions:
Si H4gas flow. preferably from about 20 to 100 seem and nore preferably from
about 30 to 50 seem Oz gas flow. preferably fromabout 30 to 150 seem and
nor e preferablyfroma D58 preferably from
about 1 : 2 to X :iusgﬂuuu cE%uemﬂlg% Y guﬁlgli?%‘\?fhlespr essure:
preferably from about 2 to 7 nlorr and nore preferably fromabout 3 to 6
mrorr; tenperature: preferably from about 250 to 500C and nore prefer ably
from about 300 to 40QC e defr BrarRPWBVantRE &S BF @l qbrésream&@@uio#m HeOrmep90 W
and nore preferably from about 2500 to 4500 W "and

clearly understood from the following description taken in conjunction with the

accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 3 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



bi as RF power; preferably fromabout O to 2000 Wand nore preferably from
about 0 to 1000 W SRO etch stop layer 18 has a refractive index (R) of
preferably fromabout 1.52 to 1.75, a dielectric constant (k) of from about
4.0 to 4.2. The Si-rich properties of SRO etch stop |ayer 18 provide for a
much higher filmdensity and greater hardness than other |lowk materials
which results in a high etch selectivity between SRO etch stop | ayer 18 and
other lowk materials such as lower |owk dielectric |ayer 16 and upper

|l ow-k dielectric |ayer 20 (see below). An upper dielectric layer 20 is
formed over SRQ etch stop |layer 18 to a thickness of eferably from about
2000 to 8000A LALAEAD RIESERONION QF.T YEBREL] )1

dielectric layer 20 is generally also an internmetal dielectric (INMD) |ayer.
Upper dielectric layer 20 is preferably conprised of a |lowk dielectric
mat eri al ﬁgﬁgfﬁﬁ%$ﬁﬂprganic | ow-k dielectrics such as hydrogen

si | sesqui oxane; uorine (F)-doped or carbon (C)-doped |lowk dielectric
mat erial s such as FSG CORALTM nmanuf actured by NVLS; BLACK DI AMONDTM

manuf act ured by AMAT; Si LKTM manufactured by Dow Chem cal or organic | owk
materials, for exangge.l AbidtRitéOn efosSiEettidatall Waek okaa strubtsrel 16 dirviimg€h
(SRO hard mask | ayer 22 is forned over the upper dielectric layer 20 to a
t hi cknessexgospdebadattive ftroruedsol? fozG@dtthededClomhattiverstrystwiese A2 lmhay be om
about 300 to 700A. 8  SRO hard nmask |ayer 22 is preferably forned in an
ani ne- f r eBe&dh\plngn e Hnepyforexpraple, @nf map indude irespestiva pesalbatiieckayess ng a

| asma enhanced chemni cal . vapor _deposition (PE CVD) tool upder the followin
Eondi ti onlg. as Shown in the figur%s. Conductive struc(tures 1 glre preferagij comprisec? of d

i el N \ ava 2ol Y2 k) E

= & - AU by A -
o

copper (Cu), aluminum (Al), tungsten (W) or gold (Au) and are more preferably

comprised of copper.

Structure 10 is preferably a silicon substrate and is understood to
possibly include a semiconductor wafer or substrate, active and passive devices
formed within the wafer, conductive layers and dielectric layers (e.g., inter-poly
oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer surface. The
term “semiconductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

A dielectric barrier layer 11 is formed over the structure 10 and
conductive structures 12 to a thickness of preferably from about 200 to 700A and
more preferably from about 300 to 500A. Dielectric barrier layer 11 is preferably
comprised of SiN, SiON or SiC.

A lower dielectric layer 16 is formed over dielectric barrier layer 11 to

a thickness of preferably from about 1500 to 6000A and more preferably from about



TECS gas flow preferably fromabout 50 to 2000 ngm and nore preferably
fromabout 100 to 1500 ngm Oz gas flow preferably from about 50 to 2000
seem and nore preferably fromabout 100 to 1500 seem He gas flow
preferably from about 100 to 5000 seem and nore preferably from about 500
to 3000 seem pressure: preferably fromabout 2 to 15 Torr and nore
preferably fromabout 4 to 7 Torr; tenperature: preferably from about 300
to 450C and nore preferably from about 350 to 400C, HF RF power; preferably
from about 100 to 1200 Wand nore preferably from about 200 to 700 W and
LF RF power; preferably fromabout 50 to 1000 Wand nore preferably from
about IC7)0 ?BO%BDSQ&O%rLO(%r iglecriclay eoo bt Sesjerpllxap pniepmgts H@elactﬁicéﬁ\’[@énsi ty
a

pl asma chem cal vapor deposition (HDP CVD) tool under the follow ng

condi tions?Y*5i H4 gas flow preferably fromabout 20 to 100 seem and nore
preferably fromabout 30 to 50 seemp Oz gas flow preferably from about 30
to 150 seem and nore preferably fromabout 40 to 80 seem 9

Lower dielectric layer 16 is preferably comprised of a low-k dielectric
material such as: inorganic low-k dielectrics such as hydrogen silsesquioxane;
fluorine (F)-doped or carbon (C)-doped low-k dielectric materials such as FSG,
CORAL™manufactured by NVLS; BLACK DIAMOND™manufactured by AMAT;
or SiLK™manufactured by Dow Chemical, or other organic low-k materials, for

example.

Formation of SRO Etch Stop Layer 18

A silicon-rich (SRO) etch stop layer 18 is formed over the lower
dielectric layer 16 to a thickness of preferably from about 200 to 1000A and more
preferably from about 300 to 700A. SRO etch stop layer 18 will be used as an etch
stop for the trench opening in a dual damascene interconnect (and not for the via

opening etching).

SRO etch stop layer 18 is preferably formed in an amine-free
environment either:
(1) by the reaction of TEOS with O2 using a plasma enhanced chemical vapor
deposition (PE CVD) tool under the following conditions:
TEOS gas flow: preferably from about 50 to 2000 mgm and more
preferably from about 100 to 1500 mgm;
O, gas flow: preferably from about 50 to 2000 sccm and more

preferably from about 100 to 1500 sccm;



SiH4: 02 ratio: preferably fromabout 1 : 2 to 1 : 1 and nore preferably
about 1 : 1.5; pressure: preferably fromabout 2 to 7 mlorr and nore
preferably fromabout 3 to 6 niforr; tenperature: preferably from about 250
to 400C and nore preferably from about 300 to 350C;, LF RF power; preferably
from about 2000 to 5000 W and nore preferably from about 2500 to 4500 W
and bias RF power; preferably fromabout 0 to 2000 W and nore preferably
fromabout 0 to 1200 W SRO hard mask | ayer 22 has a refractive index (Rl)
of preferably fromabout 1.52 to 1.75, a dielectric constant (k) of from
about 4.0 to 4.2. The Si-pich properties of .S r | ayer 22 provide
for a much higher fliqgnga&'eﬂgm' raeﬁe%a%lyegrtoé? at?grﬁgnlg@sg(f @ﬁgostcﬁ%lr a?%vxf-“%re

mat eri al s whi %@%Pgﬁﬁgﬂ%%u@ijg@tcﬁm Sggrlﬂgcti vity between SRO hard mask
er W Ia

| ayer 22 and o mat er s such as upper lowk dielectric |layer 20.
It is noted that unslesdrbepl&aedblydforif abdie DEESIBNTolMNED O pldfprablpt an
SRO etch stop layer 18 may be forned for dual damascene interconnect

f or mat i onfrofi?) abaigtd tary o) hard nask | ayer 22 may be forned; or (3) both an
SRO etch stop | ayer 18 and an SRO hard mask | ayer 22 nmay be fornmed for dual
damascene i nt er connteotperaumretpreferalslyshawabont 8o td £fliCeand n@re pRefetablni ng
of Upper and Lower Dielectric Layers 20, 16 As shown in Fig. 2, the upper
and | ower di el fé@ﬂ‘?‘?f)qté‘?@it%‘l%glG are patterned to formfor exanple, via

i 24, 25 h i I ti.akl in Figs. 2 d
3 “where via openi it BN BRECTRETEGHRETOR ePare HODni AL WoenfiRree
dual danascene Pe‘?&gbggﬁf)%gat{o%%meS’éHW;Bﬂa“ ally shown in Figs. 2 and 3).
0 ua

In the formatibn anascene openi’'ngs 28, SRO etch stop layer 18 is
used as an etch stonﬁlﬁve?o%k-y Setdby T REABLLEA A0 &HCNGID IRCRAATMAL AS
shown in Fig. 2, the uppet and fower dielectric |ayers 20, 16 may be
patterned usi n%rqjaﬁabgrﬁed\ witgoasbed Wayer, for exanple. Dielectric
barrier layer 11 is also patterned to expose at |east a portion of
conductiverstructures 12 as shown in Fig. 2. For exanple, central via
opening 25 is forned through the upper and |ower dielectric |ayers 20, 16.
If only via op&limgsheseagtira dfopirhawithHen usm@ ethigh dteppity g3lesma ghemidad be

omtted, hence, upper a 0 dielectric yers 20, 16 could be a single
di el ect ri ¥2PayEsP -WQﬁDE\@%Q/rq?gugﬂ@Hﬁaﬂﬁ%@gF%%Pow. Via openings 25
need not be forned tral o0 oth eni_ngs,, such.a | damasgene

openi ngs 28, and m§ﬁgeg?%eé°(¥r’11 yr%[p:% %gr?lglr r%%%‘,lt Pgsfo ggad?‘fﬁn ﬁgﬁagboéﬁe

openi ngs 28 neggefg%l}bgoﬁpgg@qﬁitg%glscgrg. any central via opening 25 and may
be the only openings Tornmed. 11 Formation of Planarized Dual Damascene

Structures 36 and Vg Sty Yl @sefdfably SbRWAbLOt F3(D to 315(Phetr aatSindrayer
30 is renoved as necessary, and: planarized netal dual damascene structures

36 are formed préfhrablylfrain deomsiOand0spanj ngs 28; and a pl anarized via
structure, or plug, 38 is formed within central via opening 25 by net hods
and processes knownSith:@heatigy prefBeably &rormebaiit 1 agded :3amdyndre prefesablior ned
within the dual K danascene openi ngs 28 and barrier netal |ayer 34 may be
first formed wePPh! the central via opening 25 as shown in Fig. 3.

Planarized metal st Luctil e 3Rrably A0S RS 301V nf PPt [SORRSy
from about 3 to 6 mTorr;
temperature: preferably from about 250 to 500°C and more preferably
from about 300 to 400°C;
LF RF power; preferably from about 2000 to 5000 W and more
preferably from about 2500 to 4500 W; and



(Cu), alumnum (Al), tungsten (W or gold (Au) and are nore preferably
conpri sed of copper. Advantages of the Invention The advantages of one or
nore enbodi nents of the present invention include: 1) fornmation of
dandscene structures w thout masking footing or via poisoning issues; 2)
reduction of the effective dielectric constant (k) of internetal dielectric
(IMD) layers; 3) the SRO |ayers 18, 22 bl ock the noisture absorption by FSG
or lowk dielectric filns such as IMD | ayers; 4) the SRO | ayers 18, 22

bl ock outgassing fromFSG or lowk dielectric films such as IMD layers; and

12 5) the SRO | ayers_ 18, 22 establish suf C|e tl

select?vity as toa%g PBWk HP@?E%?Yi§°?1I yQ&kﬂBVIQQE 0T | e

particul ar e”BRQéﬂ% ﬁog{aang q@@@_ jnvention have been illustrated and
I

described, it*Is no the invention, except as defined by
the followng clainms. 13

SRO etch stop layer 18 has a refractive index (RI) of preferably from
about 1.52 to 1.75, a dielectric constant (k) of from about 4.0 to 4.2. The Si-rich
properties of SRO etch stop layer 18 provide for a much higher film density and
greater hardness than other low-k materials which results in a high etch selectivity
between SRO etch stop layer 18 and other low-k materials such as lower low-k

dielectric layer 16 and upper low-k dielectric layer 20 (see below).

An upper dielectric layer 20 is formed over SRO etch stop layer 18 to a
thickness of preferably from about 2000 to 8000A and more preferably from about

3000 to 6000A. Upper dielectric layer 20 is generally also an intermetal dielectric
(IMD) layer.

Upper dielectric layer 20 is preferably comprised of a low-k dielectric
material such as: inorganic low-k dielectrics such as hydrogen silsesquioxane;
fluorine (F)-doped or carbon (C)-doped low-k dielectric materials such as FSG,
CORAL™manufactured by NVLS; BLACK DIAMOND™manufactured by AMAT;

SiLK™manufactured by Dow Chemical or organic low-k materials, for example.

Formation of SRO Hard Mask Layer 22

A silicon-rich (SRO) hard mask layer 22 is formed over the upper

dielectric layer 20 to a thickness of preferably from about 200 to 1000A and more
preferably from about 300 to 700A.



CLAIM5S W claim 1. A nethod of fabricating at | east one damascene opening,
conprising the steps of: providing a structure having at |east one exposed
conducti've structure; formng a dielectric barrier |ayer over the structure
and the at |east one exposed conductive structure; 5 formng a |ower |owk
dielectric layer over the dielectric barrier layer; form ng an upper |ow k
dielectric layer over the lower lowk dielectric layer; formng at |east:
an SRO etch stop |ayer between the |lower lowk dielectric |ayer and the
upper lowk dielectric layer; or 10 an SRO hard nmask | ayer over the upper

|l ow-k dielectric |layer; and patterning at |east the upper and | ower |owk
dielectric layers and the dielectric barrier layer to formthe at | east one

darmascene opening e st a,portio the at .l east one

conductive struct ur%ﬁg\/\/ﬁgg‘% fﬁa%za)é%f ?gagt pf)ei?%ra%}'\yo}}f’tof%?l ‘i‘SaHagmén%frﬁﬁ etch
sel ecti vi EM 1rrgll1 th%’%%ﬁh&he | ower and upper lowk dielectric layers. 2. The
met hod of c erein the structure is a sem conductor substrate; the

at |east one cgr)clu@trbx&ms{ HUTEOSEwitH (90mhgsaeﬁléatnaaeﬂeé&bdsc%ﬁﬁ&aqc{zafﬁo?m the
group consisting of: Cu; Al; Wand Au; and the | ower and upper

di el ectri depasitios BEéI\fD)rmseduﬁeﬂexahﬁrﬂbHaaswa{g agldidoed fromthe gr oup
consisting of: inorganic lowk materials; F-doped |lowk materials; C doped
| ow-k materials andTBQ@agiii&: flowi prefraalelyi fom abdut 50 tOTMDOrrmgmdamﬂf ngirai m 1,
wherein the structure s a sem conductor silicon substrate; the at |east
one conduct i vePEeiadly frem abewrdPita da0bmegmy; and the |ower and upper |ow k

Consi Sting of | F- dopedBPoNar aISPFRRe 3P Phuta. THR P ePansFgan ¢
lowk material 5 preferably from about 100 to 1500 sccm;
He gas flow: preferably from about 100 to 5000 sccm and more
preferably from about 500 to 3000 sccm;
pressure: preferably from about 2 to 15 Torr and more preferably
from about4 to7 Torr;
temperature: preferably from about 300 to 450°C and more preferably
from about 350 to 400°C;
HF RF power; preferably from about 100 to 1200 W and more
preferably from about 200 to 700 W; and
LF RF power; preferably from about 50 to 1000 W and more
preferably from about 70 to 500 W;
or
(2) the reaction of SiH, with O, using a high density plasma chemical vapor
deposition (HDP CVD) tool under the following conditions:
SiH, gas flow: preferably from about 20 to 100 sccm and more
preferably from about 30 to 50 sccm;
O, gas flow: preferably from about 30 to 150 sccm and more

preferably from about 40 to 80 sccm;



4. The nmethod of claim1l, wherein the dielectric barrier layer is from
about 200 to 700A thick, the lower lowk dielectric |ayer is from about
1500 to '6000A thick, the upper lowk dielectric layer is fromabout 2000 to
80001 thick, any SRO etch stop layer fornmed is from about 200 to 1000A
thick and any SRO hard mask | ayer forned is from about 200 to 1000A t hi ck.
5. The nmethod of claim 1, wherein the dielectric barrier layer is from
about 300 to 500A thick, the lower lowk dielectric layer is from about
2500 to 5000A thick, the upper lowk dielectric layer is fromabout 3000 to
6000b thick, any Sk tch stop layer fornmed is fromabout 300 to 700A thick
and any SRO hard rgg%??za%v Prsierably @om ahrublout t%éo%t%@@wpﬁ?few%%. The
met hod of clainhé,_qggrein: either: any SRO etch stop |layer and any SRO
hard mask Iafﬁ%’ Qe ach formed by a) the reaction of TECS with Oz using a

PE CVD tool; or b) e i fe . Si i t i . 7.
The net hod of cIaﬂ#%%ﬁughg%gkﬁm%ﬁ§ﬂéhéﬁg¥%ﬁﬁgfgﬁHﬁgﬁgPﬂgﬁgggﬁgygﬁ%gﬁ%rd
mask | ayer argogaibdioraedngpder the follow ng conditions using a PE CVD
tool: 15 TEOS gas flow. from about 50 to 2000 ngm OZ gas flow from

about 50 to 2000 n@mpdrietugasprefaaublyffiom dioul 250 €940 CADnRRe Preferaddgur e:
fromabout 2 to 15 Torr; tenperature: fromabout 300 to 450C, HF RF power:
preferably froamaddsutt 30000 B50°C200 W and LF RF power: from about 50 to 1000
W 8. The nethod of claim1l1l, wherein any SRO etch stop _|ayer and any SRO
hard nask | ayer fokﬁe&Fan@N@racprequah%(deeab%@qoel#Ooﬁmﬁg/ Womad: MR8 usi ng

a PE CVD tool: TE s fl.ow m /100 to 1500 ngm OZ gas flow from
about 100 to E%%@%ﬁbﬁﬁomuﬂggg2%@@&25§ﬁﬂ%4aB ut 500 to 3000 seem pressure:
fromabout 4 to 7 Jarretenperature: . fro bout o) 0¢:;,. HE {RE wer :
preferably from ab%%? ggop%e'?OBy?f\?raglin E%‘%Rﬁgﬁ%ae%?:téf%@% gﬂoﬁf‘%fpo&g 500

W 9. The netEggmggbphghp?;nﬁwh%nggV@ny SRO etch stop |ayer and any SRO

hard mask | ay are "eac ormed under the follow ng conditions using a HDP
CVWD tool: SiH4~ gas flow fromabout 20 to 100 seem Oz gas flow from
about 30 to 150 seem SiH4: Oz ratio: fromabout 1 : 2 to 1 : 1; pressure:
fromabout 2 to 7 8ROrhgrdtrangielayetP?haé navfrattout indlef (RH d@aeterdily REorpower ;
from about 2000 to 5000 W and 16 bi as RF power; fromabout 0 to 2000 W
about 1.52 to 1.75, a dielectric constant (k) of from about 4.0 to 4.2. The Si-rich
properties of SRO hard mask layer 22 provide for a much higher film density and
greater hardness than other low-k materials which results in a high etch selectivity
between SRO hard mask layer 22 and other low-k materials such as upper low-k

dielectric layer 20.

It is noted that under the teachings of the present invention, (1) just an
SRO etch stop layer 18 may be formed for dual damascene interconnect formation,
(2) just an SRO hard mask layer 22 may be formed; or (3) both an SRO etch stop
layer 18 and an SRO hard mask layer 22 may be formed for dual damascene

interconnect formation as shown in the figures.
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10. The method of claim 1, wherein any SRO etch stop | ayer and any SRO hard
mask | ayer formed are each forned under the followi ng conditions using a
HDP CVvD tool: SiH4 gas flow from about 30 to 50 seem QZ gas flow. from
about 40 to 80 seem SiH4:02 ratio: about 1 : 1.5; pressure: from about 3
to 6 mlforr; tenperature: fromabout 300 to 400C, LF RF power; from about
2500 to 4500 W and bias RF power; fromabout 0 to 1000 W 11. The net hod
of claim1, wherein the dielectric barrier layer is conprised of a nateri al
selected fromthe group consisting of SiN, SION and SiC. 12. The net hod of

claim1, wherein SRO et.ch stqp Igye and2 SRO hard mask | ayer forned
each hav%&é@&%&é@&—@a e i L 'gé‘ﬁ%—é%éﬁ;i—%er . o 1.75. 13. The nethod of
claim1l1, wherein: only an SRO etch stop layer is fornmed between the | ower

|l ow-k dielectric |ayer and the upper lowk dielectric layer; and the at

| east one damascene LRERAG IFg & dhaly RRvAPERIREic bfers98 1ERER0d Of
claim1, wherein only an SRO h%rd mask 'l ayer is formed over the upper |owk

di el ect rigatlegye®! to Idrm f3b exdipleIRidogefings(2a] 05 hndWheddi SperigSRO (6hlgh St op
| ayer is fornmed between the | ower |owk gi el ectric layer and %he upper

| ow k di gleetdblly showayen; Figad2 and SRWrtkae diamepkningy &4 drsl fhermwspeaivertrérivh upper
low-k dielectric layer. 16. A nethod of fabricating at |east one damascene
openi ng, apsAPIEssinepmptss dupkdamnasqene wipghingsasagaict anky pritiaHy shewrneiist one
exposed conduyctive structure; formng a dielectric barrjer |ayer qver the
struct ur é1&hd ‘%I%??)a{nF H@H@wféwagé@@a&%‘amnws r 9RO ,StPBﬁﬁY‘r‘fg a

| oner |owk dielectrigc,layer over.the.di.electric.barrier lLa : formng an
SRO et ch BB FEr o TRAvRS Rbl PR SLL S PR ng an pper
|l ow-k dielectric | ayer over the SRO etch stop |ayer; form ng an SRO hard
mask | ayer over the upper lowk dielectric layer; 10 and patterning at

| east the upper andd %n'iﬁ\ﬂ‘i%. Hitgk &Pgel Gnliay®ies diQeétBicMhydis 281 14 Gast one
darmascene openi ng exposing at Teast a portion of the at | €ast one

conduct i e sdttarnéd uginghateehed phetovBistdhgdr, fdragxahgpler and the SRO hard mask
each have a high etch selectivity relative to the | ower and upper
dielectric layers. 17. The nethod of claim 16, wherein the structure is a
sem conductor substrate; the at |east one conductive structure is conprised

of a metal sel ect edietashi¢ harrigr dayerddis plspinagtesned muexpayse afeasip REFtichd t he
| ower and u r lLowk dielegtric |ayer e fornmed of a material selected
fromthe ‘bfr(}égguﬁfdﬁ%?%‘?tﬁéeso]f .asﬁi‘BP@gﬁ 1%gl w-k materials; F-doped | owk
materials; C-doped |lowk materials and organic lowk materials. 18 18.
The met hod of claim 16, wherein the structure is a sem conductor silicon
substrate; the at '}Qﬁséxai%{}ﬁ_e,c&ﬁ%%ia%péﬁﬁg%%Forhﬁadct@%’&gﬁ%'QIB Shinand
the I ower and upper |owk ‘dielectric l'ayers are fornmed of " a mate[?| al

sel ect ed Hom@n diblec@icOlapesar(5i16! Ifnghlpivia bpdeipgs 2bamere foRined) tes, SKO degted
lowk materials and organic lowk materials. 19. The nethod of claim 16,
wher ei n tstep dayrdtooudd beomiithed) hsrene vippef morhlawven ticd@tric taye@020, flhicokld t he

| ower |owk dielectric layer is fromabout 1500 to 6000A thick, the upper

| ow k di epeesiigle diglegtric fayer syvittapo overdpog RO dood maskileyer 22h¥iagmesningh st op

| ayer isoirom bo&g 00 to 1000A thick and the ?\RO ard. mask layer is from
about 20023 Beehnpiabg fpraped central to other openings, such as dual damascene openings

28, and may be the only opening formed, just as dual damascene openings 28 need
not be formed distal to any central via opening 25 and may be the only openings

formed.
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20. The nethod of claim 16, wherein the dielectric barrier layer is from
about 300 to 500A thick, the lower lowk dielectric |ayer is from about
2500 to '5000A thick, the upper lowk dielectric layer is fromabout 3000 to
6000A thick, the SRO etch stop layer is fromabout 300 to 700A thick and
the SRO hard mask layer is fromabout 300 to 700A thick. 21. The nethod of
claim 16, wherein the SRO etch stop | ayer and the SRO hard mask | ayer are
each forned by either: a) the reaction of TECS with Oz using a PE CVD tool;
or b) the reaction of SiHA with OZ using a HDP CVD tool. 22. The method of
claim 16, wherein and the SRQO hard mask Iayer are
each f or nEGUHAYR O HE@NABEEG UG AHI$reNE 520 aneeV iavatruciures BECS gas
flow. from about 50 to 2000 rrgm 19 OZ gas flow from about 50 to 2000
nmgm He gas flow from about 100 to 5000 seem pressure: from about 2 to 15

Torr; tenperature: #fKr t 4 . efer

about 100 to 1200 V\‘f‘ gﬁéa’ﬁf“ goé)\ﬁteh%to‘%rggtml QF rgﬁ iggHvebinndies

met hod of ;¢ @kiYed GneMhanS] di'ar}\Q&eggg)tﬁEﬁHe§§9Qré ﬁsf%tedammrhaum&%c%ngﬂsk

| ayer are each formed under the follow ng conditions using a PE CVD tool:
TECS gas bpemingk rzemrab@? ank@Rell &/id BOQcti®E or GLug BB i lfemhed HomMiakentirald@ to
1500 mgm He gas flow. from about 500 to 3000 seem pressure: from about 4
to 7 Torr 0peleim|ge'&5a:twmthddsmndaﬂmma63835Bnt)wmiﬁ@ma aHFBRFiqponenl lageef 32 mby y
from about 200 to 700 and LF RF power: from about 70 to 500 W 24. The
met hod of belfgpdoraedawithin the ﬁealsm@tcene opepings28ranghbanries naptal keed 3dask

| ayer are each d upder .t foll ow ng condi usi.ng. an HDP CVD tool :
Si H4 gas F‘i‘éﬁwe;‘ Wlé‘engtf ERFAL i P géatﬁ iR Big- 3hout 30 to 150
seem SiH4: 2 ratlo. from about 1 : 2to 1 : 1 pressure: fromabout 2 to 7
mrorr; tenperature: from about 250 to 500C, LF RF power; from about 2000 to

5000 W and 20 bi 98, 85,08 ¥Rétal ;t?@é&?&%& 38 até)p?qu%bw comprised of copper

(Cu), aluminum (Al), tungsten (W) or gold (Au) and are more preferably comprised

of copper.

Advantages of the Invention

The advantages of one or more embodiments of the present invention

include:

1) formation of damascene structures without masking footing or via
poisoning issues;

2) reduction of the effective dielectric constant (k) of intermetal dielectric
(IMD,) layers;

3) the SRO layers 18, 22 block the moisture absorption by FSG or low-k
dielectric films such as IMD layers;

4) the SRO layers 18, 22 block outgassing from FSG or low-k dielectric films

such as IMD layers; and

12



25. The nmethod of claim 16, wherein the SRO etch stop |layer and the SRO
hard mask | ayer are each fornmed under the foll ow ng conditions using an HDP
CVD tool: SiH4 gas flow from about 30 to 50 seem QZ gas flow from about
40 to 80 seem SiH4:02 ratio: about 1 : 1.5; pressure: fromabout 3 to 6
mlrorr; tenperature: from about 300 to 400C, LF RF power; from about 2500 to
4500 W and bias RF power; fromabout 0 to 1000 W 26. The nethod of claim
16, wherein the SRO | ayers formed have an refractive index of from about
1.52 to 1.75. 27. A nethod of fabricating at | east one damascene opening,

conprising thegs : idi n em conduct or .sybst rate .havi

onot | one expola ool e B PehsR BRRIEND BlesHER MRS M PR e
over the g;ﬁﬁgkqﬁ@e@ggjﬂggug&h5@q&ﬁ)gﬁgm§xposed conductive structure,
formng a lower Towk dielectric layer over the dielectric barrier |ayer;

formng an SRO etch stop | ayer over the lower lowk dielectric |ayer;
formng an upper lowk dielectric |ayer over the SRO etch stop |ayer; 10
form ng an SRO har dWhikk phaticedarousibotireentspefr theoprésedt éheaitionc hhay éleen 21
and patterning at |east the upper and | ower lowk dielectric layers to form
the at | edbistrated andrdsseitedopeninnyindended tglimtt thedsvertiquexign asidefined at

| east one_  copper. structure, wherein the SRO etch stop | ayer and the SRO
hard maskPBd %ﬁﬂgvﬁngckgnﬁigh etch selectivity relative to the | ower and
upper dielectric layers. 28. The nmethod of claim27, wherein the | ower and
upper lowk dielectric layers are formed of a material selected fromthe
group consisting of: inorganic lowk materials; F-doped |owk materials;
C-doped lowk materials and organic lowk materials. 29. The method of
claim 27, wherein the dielectric barrier layer is fromabout 200 to 700A
thick, the lower lowk dielectric layer is fromabout 1500 to 6000A thi ck,
the upper lowk dielectric layer is fromabout 2000 to 8000A thick, the SRO
etch stop layer is fromabout 200 to 1000A thick and the SRO hard mask

| ayer is from about 200 to 1000A thick. 30. The nethod of claim 27, wherein
the dielectric barrier layer is fromabout 300 to 500A thick, the |ower

|l ow-k dielectric layer is fromabout 2500 to 5000A thick, the upper |owKk
dielectric layer is fromabout 3000 to 6000A thick, the SRO etch stop |ayer
is fromabout 300 to 700A thick and the SRO hard mask |ayer is from about
300 to 700A thick. 31. The nethod of claim 27, wherein the SRO etch stop

| ayer and the SRO hard mask | ayer are each fornmed by either:
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a) the reaction of TECS with Oz using a PE CVD tool; or 22 b) the
reaction of SiH4 with Oz using a HDP CVD tool. 32. The nethod of claim 27,
wherein 'the SRO etch stop | ayer and the SRO hard mask | ayer are each forned
under the follow ng conditions using a PE CVD tool: TEGCS gas flow. from
about 50 to 2000 mgm OZ gas flow from about 50 to 2000 ngm He gas fl ow
fromabout 100 to 5000 seem pressure: fromabout 2 to 15 Torr;
tenperature: from about 300 to 450C;, HF RF power: preferably from about 100
to 1200 W and LF RF power: from about 50 to 1000 W 33. The nethod of
claim 27, wherein the SRO etch stop Iiygﬁ gmd the SRO hard mask | ayer are
each forned under the foll owm ng cond/H using a PE CVD tool: TECS gas
flow. fromabout 100 to 1500 ngm OZ gas flow. from about 100 to 1500 ngm
He gas flow from about 500 to 3000 seem pressure: fromabout 4 to 7 Torr;
t enper at uigs %}Bﬁ&m about 350 to 400C, HF RF power: preferably from about 200
to 700 W and LF RF power: fromabout 70 to 500 W 34. The nethod of claim
27, wherein the SRO etch stop layer and the SRO hard nask | ayer are each
formed under the follow ng conditions using an HDP CVD tool: SiH- gas flow
from about. Rnéthod @ famtrmingddt leds¥ oga dlafmasvenefopenirg)) euinpdBirigothkSPemastm
SiH4: Oz ratio: fromabout 1 : 2 to 1 : 1; pressure: fromabout 2 to 7
mrorr; tenper aprrading astragone hasogtad |G0@ne ©FpdReEd gonductiver srachibeut 2000 to
5000 W and bias RF power; from about 0 to 2000 W 35. The method of claim
27, wherein théorsnegeft chicleetsis baryier laver erer SROSHustresswd theyab leask oagch
forrred under t W onditions using an HDP CVD tool: SiH4 gas flow

owi ng ¢
f r om abouf*B% &@gugfé‘é?r?g L@%{s flow from about 40 to 80 seem SiH ,:OZ

b f
Lbout 300 o abeinga BRREIALK ol QMERSHt odeBe ARG bab RONET &) ure: from
power; from ab%ﬁmﬁg Jﬂ&q 1W-BficldMfc [%rtepQQexﬂ%leqb@'em&g-’k (W@FeEfric’]a;r&e SRO

| ayers formed have refractive i ndex of “from about
forming at least:

an SRO etch stop layer between the lower low-k dielectric layer
and the upper low-k dielectric layer; or
10 an SRO hard mask layer over the upper low-k dielectric layer;
and
patterning at least the upper and lower low-k dielectric layers and the
dielectric barrier layer to form the at least one damascene opening exposing at least
a portion of the at least one conductive structure, wherein the at least one SRO layer

15  has a high etch selectivity relative to the lower and upper low-k dielectric layers.

2. The method of claim 1, wherein the structure is a semiconductor substrate; the at
least one conductive structure is comprised of a metal selected from the group
consisting of: Cu; Al; W and Au; and the lower and upper low-k dielectric layers
are formed of a material selected from the group consisting of: inorganic low-k
materials; F-doped low-k materials; C-doped low-k materials and organic low-k

materials.
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37. The nethod of claim 27, including the step of formng at |east one
pl anari zed netal danascene structure within the at | east one damascene
opening.” 38. The nmethod of claim 27, including the step of formng at |east
one pl anari zed copper danmascene structure within the at | east one damascene
openi ng. 24 39. The nethod of claim 27, wherein the at |east one
damascene opening is a dual damascene opening; and including the step of
form ng at | east one planarized netal dual danascene structure within the
at | east one dual damascene opening. 25 .A&3. A{ r.A9. A{. AU
L.A .AAs. As. A yr.Asr.As.A. . AU A .Aly .A s.AUr.A5. Ah. Ar. Al . A

.As_.A3r.A S7i!"#()EUe

L#rﬂ wr mhb\ ]Y«s] 'i‘ ? tﬂf&%l %ﬁal%ﬁhqakﬁ%léig]tﬁglyﬁlt%ﬂ ?s aazl,e(%m]cgra\ﬂl&o:ﬂl)? glll(éo ]sucl?‘gtraqlzca] ¢

aJcaJ ca] ca c:aJca

>B8?' dx9" . qfd Wt sl JhE LG Gdlveak ARt @Rl lg%bﬁgir%%h%]@@&ﬁi ar pAlGakephspdical

a]ca]ca]ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca caj

- UL #8#g#HHHH0 Bl bt Tyt Y hed forhiedl 624 fa@dt@@&ml&@dcmbﬁl 1LY /dﬁgﬂ &ﬁis@si\ ] ca

]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'$$0 4' W

" (B(} ( (dfyF-dpped A@G%&h‘mrﬁm’EX}ibpédlm}mhMiMﬂhbﬁgm@b]@Rhﬁa]eﬁalsc a] ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3 348555555@R
66667h77778F888888"9j 999: n: : : {vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca

el e el e el el ok bkl SBhe Ay e
ca) cal ol kgl ke thetlsal el salerlenl eoterlaahealen) b s koM hee el ool
| cal ca cal SHHEALGRUE PIRAELARN 18 KR SBLGE DR EPRORA BEE] £RL SROrali s ﬂ%claf?
:} g:} 2217:3?]1%%10%]63&1&3?5 g%]r&%@)ﬁl 20D 3] taofakkRk CAE %98@1@@] kACalLr]Gpcal
[ &P 09658 foymb&id/a0mA afout 200 IOWRIA Jhidd 0% & () -3MLO% & () - "#9& () EULb@tY
4" 10%00% () -2910%08 ()- :10%0& ()-L 10" 10" 10"f;

10% & ()-)10% & () - Ue} [ <1@ 100 s10%08! ()-!y1 "10%00% ()-!S,

"10960& () - ( 1096 ()-L&LO%OS () -!ps! "10%00& () -
. The method of claim 1, wherein the dielectric barrier layer is from about 300 to

500A thick, the lower low-k dielectric layer is from about 2500 to 5000A thick, the
upper low-k dielectric layer is from about 3000 to 6000A thick, any SRO etch stop
layer formed is from about 300 to 700A thick and any SRO hard mask layer formed
is from about 300 to 7004 thick.

6. The method of claim 1, wherein:

any SRO etch stop layer and any SRO hard mask layer are each formed by
either:

a) the reaction of TEOS with O, using a PE CVD tool; or

b) the reaction of SiH, with O, using an HDP CVD tool.

7. The method of claim 1, wherein any SRO etch stop layer and any SRO hard mask

layer are each formed under the following conditions using a PE CVD tool:
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gH= 100 10z:s10%& ()-!SG'10%z& ()-&10%& ()- !l 3"10%z& ()-310%& ()-
100 100 L#mV " Y10% u& ()-s10% u& ()-3"10% u& ()-3"10% u& ()-93

10% u& ()-S 10% u& ()- 10z 10znmbC Y10%r s10%0& ()- GLO%O& () - :10%0& ()-L
10-u 10-u 10-u9:s10% u& ()-&M0% u& ()- >BwXMB7 100 100 1009:s10%& ()-!3
109008 ()-!* "10%00& ()-s!~ "109%0& () -

TEOS gas flow: from about 50 to 2000 mgm,;

O, gas flow: from about 50 to 2000 mgm;

He gas flow: from about 100 to 5000 sccm;

pressure: from about 2 to 15 Torr;

temperature: from about 300 to 450°C;

HF RF power: preferably from about 100 to 1200 W; and
LF RF power: from about 50 to 1000 W.

8. The method of claim 1, wherein any SRO etch stop layer and any SRO hard mask
layer formed are each formed under the following conditions using a PE CVD tool:

TEOS gas flow: from about 100 to 1500 mgm;

O, gas flow: from about 100 to 1500 mgm;

He gas flow: from about 500 to 3000 sccm;

pressure: from about 4 to 7 Torr;

temperature: from about 350 to 400°C;

HF RF power: preferably from about 200 to 700 W; and

LF RF power: from about 70 to 500 W.

9. The method of claim 1, wherein any SRO etch stop layer and any SRO hard mask
layer are each formed under the following conditions using a HDP CVD tool:

SiH, gas flow: from about 20 to 100 sccm;

O, gas flow: from about 30 to 150 sccmy;

SiH,:O, ratio: from about1:2to1:1;

pressure: from about 2 to 7 mTorr;

temperature: from about 250 to 500°C;

LF RF power; from about 2000 to 5000 W; and
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| ~3" 10%008 ()- 8?dEMB7 100 110%0& ()- MLOY%E ()- 3" 10%0& () - S&10%0E () -
@O0%% ()- "10%% ()-3' dx9dEMB7 100 1110%0% () - 30f 10%0% () - 3. Z10Y%OK () -
3f, 10908 ()-*10%08& ()- L! "10%08 ()-9 xnbC 100 Ls10% u& ()- 100 100

100s: s109%0% ()- Y7 10%0& ()-y510%& () - 3Z10%0& () -. odEnbC 100 " f10% u& () -
10% u& ()-L10% u& ()-10% u& ()-L 10% u& ()- @ 10% u& () - F. dEnbC 100

bias RF power; from about 0 to 2000 W.

10. The method of claim 1, wherein any SRO etch stop layer and any SRO hard
mask layer formed are each formed under the following conditions using a HDP

CVD tool:
SiH, gas flow: from about 30 to 50 sccm;
O, gas flow: from about 40 to 80 sccm;
SiH,:O, ratio: about 1 : 1.5;
pressure: from about 3 to 6 mTorr;
temperature: from about 300 to 400°C;
LF RF power; from about 2500 to 4500 W; and
bias RF power; from about 0 to 1000 W.

11. The method of claim 1, wherein the dielectric barrier layer is comprised of a

material selected from the group consisting of SiN, SiON and SiC.

12. The method of claim 1, wherein any SRO etch stop layer and any SRO hard

mask layer formed each have a refractive index of from about 1.52 to 1.75.
13. The method of claim 1, wherein: only an SRO etch stop layer is formed between
the lower low-k dielectric layer and the upper low-k dielectric layer; and the at least

one damascene opening is a dual damascene opening.

14. The method of claim 1, wherein only an SRO hard mask layer is formed over the

upper low-k dielectric layer.
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| 10% u&' ()-F10% u& () -
10% u& ()--10% u& ()- 10% u& ()-Fnl0% u& ()-.j 7FdEnmbC 100
L*10% u& ()-(10% u& ()-&10% u& ()-s$10% u& ()-#10% u&' ()-s9!10% u& () - F8bdE
mbC 100 @S10% u& ()-s310% u& ()-1 10% u& ()-/10% u& ()--
10% u& ()-,10% u& ()- bdefg bC 100 s3"10%&' ()-S10%&' ()-&f -10%&' ()-10%& () -
10-u 10-u 10-u9l:10% u& ()- -!!111#dEbC 100 &3"10%& () - &$10%&' ()-L! 10%& () -
Y3"10%& () - y3"10%& ()- GLO%&' () - #&Hg#######JYNC 100 10 10

15. The method of claim 1, wherein: an SRO etch stop layer is formed between the

lower low-k dielectric layer and the upper low-k dielectric layer; and an SRO hard

mask layer is formed over the upper low-k dielectric layer.

16. A method of fabricating at least one damascene opening, comprising the steps
of:
providing a structure having at least one exposed conductive structure;
forming a dielectric barrier layer over the structure and the at least one
5 exposed conductive structure;
forming a lower low-k dielectric layer over the dielectric barrier layer;
forming an SRO etch stop layer over the lower low-k dielectric layer;
forming an upper low-k dielectric layer over the SRO etch stop layer;
forming an SRO hard mask layer over the upper low-k dielectric layer;
10 and
patterning at least the upper and lower low-k dielectric layers to form the at
least one damascene opening exposing at least a portion of the at least one
conductive structure, wherein the SRO etch stop layer and the SRO hard mask each

have a high etch selectivity relative to the lower and upper dielectric layers.

17. The method of claim 16, wherein the structure is a semiconductor substrate; the
at least one conductive structure is comprised of a metal selected from the group
consisting of: Cu; Al; W and Au; and the lower and upper low-k dielectric layers
are formed of a material selected from the group consisting of: inorganic low-k
materials; F-doped low-k materials; C-doped low-k materials and organic low-k

materials.
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10: t 109%&' ()-7,10%& ()- @ "10%& ()- 9310%& ()- /10%& ()- #$5%} $$$%EEYNC
100 Z10%& ()- sl0%& ()-f10%& ()-&MM0%& ()-Y MLO%& ()- yl0%& () -
W% YBBE<&IEYNC 100 10%h& ()-10%& ()-310%& () -
109%&' ()-L310%& ()-s10%& () - <&&&&&4' W dEYNC 100 s*-10%& () -
(10%& () - &L0% &' () -%40%& () - @ 10%& ()-s!10%& ()-WZ' "' (B(} (dEYNC 100
y510%&' ()-310%& ()- 110%& ()- /L10%& ()- . mO0%& ()-
, 10%& () -} ((CCCCC(X)) ~\e
18. The method of claim 16, wherein the structure is a semiconductor silicon
substrate; the at least one conductive structure is comprised of Cu; and the lower
and upper low-k dielectric layers are formed of a material selected from the group

consisting of: F-doped low-k materials; C-doped low-k materials and organic low-k

materials.

19. The method of claim 16, wherein the dielectric barrier layer is from about 200 to
700A thick, the lower low-k dielectric layer is from about 1500 to 6000A thick, the
upper low-k dielectric layer is from about 2000 to 8000A thick, the SRO etch stop
layer is from about 200 to 1000A thick and the SRO hard mask layer is from about
200 to 1000A thick.

20. The method of claim 16, wherein the dielectric barrier layer is from about 300 to
500A thick, the lower low-k dielectric layer is from about 2500 to 5000A thick, the
upper low-k dielectric layer is from about 3000 to 6000A thick, the SRO etch stop
layer is from about 300 to 700A thick and the SRO hard mask layer is from about
300 to 700A thick.

21. The method of claim 16, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed by either:

a) the reaction of TEOS with O, using a PE CVD tool; or

b) the reaction of SiH, with O, using a HDP CVD tool.

22. The method of claim 16, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using a PE CVD tool:

TEOS gas flow: from about 50 to 2000 mgm;
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11 109%&' ()-!109%& ()-!10% ()- 10b 10b

10bL: 10%& () - F710%& ()-)*y*, |----- wXVMB7 10 10
10y: 10%&' ()-!*F"10%&' ()- @ SF"109%&' ()- ! 109%& ()-!10%& ()---/00222zX9. 7
10: 10%&' ()-!$G 109%& ()- ! "109& ()-! "109%& ()-!F 3" 10%& ()-

s109%& () - 2223 348555nN  10% u&' ()- "10% u& ()- @0% u& () - 93" 10% u& () - Ssl
10% u& ()- 10% u& ()- 10 105555@R66dEMN  10% uf , Z10% u& () -
*10% u&' ()-(Z10% u&' ()- &MLO% u& ()- Yd0% u& ()-s! 10% u& ()-6667h77777dE: /

O, gas flow: from about 50 to 2000 mgm;

He gas flow: from about 100 to 5000 sccm;

pressure: from about 2 to 15 Torr;

temperature: from about 300 to 450°C;

HF RF power: preferably from about 100 to 1200 W; and
LF RF power: from about 50 to 1000 W.

23. The method of claim 16, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using a PE CVD tool:

TEOS gas flow: from about 100 to 1500 mgm;

O, gas flow: from about 100 to 1500 mgm;

He gas flow: from about 500 to 3000 sccm;

pressure: from about 4 to 7 Torr;

temperature: from about 350 to 400°C;

HF RF power: preferably from about 200 to 700 W; and

LF RF power: from about 70 to 500 W.

24. The method of claim 16, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using an HDP CVD
tool:

SiH, gas flow: from about 20 to 100 sccm;

O, gas flow: from about 30 to 150 sccm;

SiH,:O, ratio: from about1:2to1:1;

pressure: from about 2 to 7 mTorr;

temperature: from about 250 to 500°C;

LF RF power; from about 2000 to 5000 W; and
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25. The method of claim 16, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using an HDP CVD
tool:

SiH, gas flow: from about 30 to 50 scem;

O, gas flow: from about 40 to 80 sccm;

SiH,:O, ratio: about 1 : 1.5;

pressure: from about 3 to 6 mTorr;

temperature: from about 300 to 400°C;

LF RF power; from about 2500 to 4500 W; and

bias RF power; from about 0 to 1000 W.

26. The method of claim 16, wherein the SRO layers formed have an refractive

index of from about 1.52 to 1.75.

27. A method of fabricating at least one damascene opening, comprising the steps

of:
providing a semiconductor substrate having at least one exposed copper
structure;
5 forming a dielectric barrier layer over the structure and the at least one

exposed conductive structure;
forming a lower low-k dielectric layer over the dielectric barrier layer;
forming an SRO etch stop layer over the lower low-k dielectric layer;
forming an upper low-k dielectric layer over the SRO etch stop layer;

10 forming an SRO hard mask layer over the upper low-k dielectric layer;
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and

patterning at least the upper and lower low-k dielectric layers to form the at
least one damascene opening exposing at least a portion of the at least one copper
structure, wherein the SRO etch stop layer and the SRO hard mask each have a

15  high etch selectivity relative to the lower and upper dielectric layers.

28. The method of claim 27, wherein the lower and upper low-k dielectric layers are
formed of a material selected from the group consisting of: inorganic low-k

materials; F-doped low-k materials; C-doped low-k materials and organic low-k

materials.

29. The method of claim 27, wherein the dielectric barrier layer is from about 200 to
700A thick, the lower low-k dielectric layer is from about 1500 to 6000A. thick, the
upper low-k dielectric layer is from about 2000 to 8000A thick, the SRO etch stop

layer is from about 200 to 1000A thick and the SRO hard mask layer is from about
200 to 1000A thick.

30. The method of claim 27, wherein the dielectric barrier layer is from about 300 to
500A thick, the lower low-k dielectric layer is from about 2500 to 5000A thick, the
upper low-k dielectric layer is from about 3000 to 6000A thick, the SRO etch stop

layer is from about 300 to 700A thick and the SRO hard mask layer is from about
300 to 700A thick.

31. The method of claim 27, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed by either:

a) the reaction of TEOS with O, using a PE CVD tool; or
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32. The method of claim 27, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using a PE CVD tool:

TEOS gas flow: from about 50 to 2000 mgm;

O, gas flow: from about 50 to 2000 mgm;

He gas flow: from about 100 to 5000 sccm;

pressure: from about 2 to 15 Torr;

temperature: from about 300 to 450°C;

HF RF power: preferably from about 100 to 1200 W; and

LF RF power: from about 50 to 1000 W.

33. The method of claim 27, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using a PE CVD tool:

TEOS gas flow: from about 100 to 1500 mgm;

O, gas flow: from about 100 to 1500 mgm;

He gas flow: from about 500 to 3000 sccm;

pressure: from about 4 to 7 Torr;

temperature: from about 350 to 400°C;

HF RF power: preferably from about 200 to 700 W; and

LF RF power: from about 70 to 500 W.

34. The method of claim 27, wherein the SRO etch stop layer and the SRO hard

mask layer are each formed under the following conditions using an HDP CVD

tool:

SiH, gas flow: from about 20 to 100 sccm;
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O, gas flow: from about 30 to 150 sccm;

SiH,:O, ratio: from about1:2to1:1;

pressure: from about 2 to 7 mTorr;

temperature: from about 250 to 500°C;

LF RF power; from about 2000 to 5000 W; and

bias RF power; from about 0 to 2000 W.

35. The method of claim 27, wherein the SRO etch stop layer and the SRO hard
mask layer are each formed under the following conditions using an HDP CVD
tool:

SiH, gas flow: from about 30 to 50 sccm;

O, gas flow: from about 40 to 80 sccmy;

SiH,:O, ratio: about 1 : 1.5;

pressure: from about 3 to 6 mTorr;

temperature: from about 300 to 400°C;

LF RF power; from about 2500 to 4500 W; and

bias RF power; from about 0 to 1000 W.

36. The method of claim 27, wherein the SRO layers formed have a refractive index

of from about 1.52 to 1.75.

37. The method of claim 27, including the step of forming at least one planarized

metal damascene structure within the at least one damascene opening.

38. The method of claim 27, including the step of forming at least one planarized

copper damascene structure within the at least one damascene opening.
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