METHOD TO FABRI CATE ALI GNED DUAL DAMASCENE OPENI NGS FI ELD OF THE | NVENTI ON
The present invention relates generally to fabrication of sem conductor
devi ces, and nore specifically to nethods of dual damascene openings. 1
BACKGROUND OF THE | NVENTION I n sone dual damascene patterning schenes,

after via patterning a via-fill step is used to protect the via bottom
fromearly breakthrough during the subsequent dual damascene trench etch
Organic or inorganic materials, such as bottomanti-reflective coatings
(BARC), are commonly used to fill the via. However, with the continuously
shrinkage in feature size, this via- first scheme will face difficulty in
finding a suitable via-fill material to achieve bubble-free filling and to
effectively renove the via-fill material after etching. Additionally, with
the inplenmentation of borderless via structures, masking will also face
greater challenges in achieving an aligned dual damascene structure. U S
Patent No. 6,380,096 131 to Hung et al. describes a via-first process

METHOD TO FABRICATE ALIGNED DUAL DAMASCENE OPENINGS

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of dual damascene

openings.



using an anti-reflective coating (ARC) layer. U S. Patent No. 6,350,675 B
to Chooi et al. describes a process for simultaneously etching a via and a
trench using silylated photoresist. U S. Patent No. 6,133,144 to Tsai et

al, describes a self-aligned dual damascene process. 2 U. S. Patent No.

6, 087,252 to Lu describes a process of formng a via plug and an

i nterconnect simultaneously. SUMMARY OF THE | NVENTI ON Accordingly, it is an
obj ect of the present invention to provide an inproved nethod of
fabricating dual damascene openings. O her objects will appear hereinafter.
It has now been discovered that the above and other objects of the present
i nvention may be acconpli ghekaGroung) HeltiomMNgEranoer . Specifical ly,
structure having a netal structure fornmed thereover 1s provided. A |ayer
stack is forned over the netal structure. The |layer stack conprises, in
ascending order: a bottometch stop layer; a lower dielectric materi al

layer; a mddle etch,sion Layefimtcene patterning schemes, after via patterning a

via-fill step is used to protect the via bottom from early breakthrough during the
subsequent dual damascene trench etch. Organic or inorganic materials, such as

bottom anti-reflective coatings (BARC), are commonly used to fill the via.

However, with the continuously shrinkage in feature size, this via-
first scheme will face difficulty in finding a suitable via-fill material to achieve
bubble-free filling and to effectively remove the via-fill material after etching.
Additionally, with the implementation of borderless via structures, masking will

also face greater challenges in achieving an aligned dual damascene structure.

U.S. Patent No. 6,380,096 Bl to Hung et al. describes a via-first process

using an anti-reflective coating (ARC) layer.

U.S. Patent No, 6,350,675 Bl to Chooi et al. describes a process for

simultaneously etching a via and a trench using silylated photoresist.

U.S. Patent No. 6,133,144 to Tsai et al. describes a self-aligned dual

damascene process.




m ddle dielectric material |ayer; and an upper dielectric |layer. The upper
dielectric layer is patterned to form an openi ng exposing a portion of the
underlying mddle dielectric material |ayer. The opening having a width. A
patterned mask layer is fornmed over the patterned upper dielectric |ayer

| eavi ng exposed opposing portions of the patterned upper dielectric |ayer.
The mddle dielectric material layer is patterned to form an opening
therein using the patterned nmask |ayer and the 3 exposed portions of the
upper dielectric layer as masks. The middle dielectric material |ayer
openi ng exposing a portion of the mddle etch stop layer. The mddle etch
stop layer is renoved at its exposed portion to forma patterned mddle
etch stop |ayer having an opening exposing a portion of the | ower
dielectric materi al erni atterned mddl e
dielectric material Pa%/ F‘tenﬁg méo ﬁ%ﬁj tsl‘(%ii% ‘ifp"’bgf&aise‘ir}ef@g?‘in& 3 %er as a
mask to form an inchoate up trench opening; and the |lower dielectric
mat eri al |m@egaaénﬁgmﬁwemﬁﬁfeewﬁegxwa ¥k | ayer and the patterned middle
etch stop layer as nmasks to fornian inchoate | ower via opening aligned
with the inchoate upper trefdNMA&N NYENBHE2ANe | ower via opening
exposi ng a portion of the underlying bottonietch stop layer. The

Accordingly, it is an object of the present invention to provide an

improved method of fabricating dual damascene openings.

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,
structure having a metal structure formed thereover is provided. A layer stack is
formed over the metal structure. The layer stack comprises, in ascending order: a
bottom etch stop layer; a lower dielectric material layer; a middle etch stop layer; a
middle dielectric material layer; and an upper dielectric layer. The upper dielectric
layer is patterned to form an opening exposing a portion of the underlying middle
dielectric material layer. The opening having a width. A patterned mask layer is
formed over the patterned upper dielectric layer leaving exposed opposing
portions of the patterned upper dielectric layer. The middle dielectric material layer

is patterned to form an opening therein using the patterned mask layer and the




patterned mask | ayer is renoved. The patterned upper dielectric material

| ayer, the exposed portions of the patterned mddle etch stop | ayer and

t he exposed portion of the bottometch stop | ayer are renoved to convert:
the inchoate upper trench opening into a final upper trench opening; and
the inchoate | ower via opening into a final |lower via opening to formthe
dual danmascene openi ng. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS The features
and advant ages of the present invention will be nore clearly understood
fromthe follow ng description taken in conjunction with the acconpanying
drawings in which Iike reference nunerals designate simlar or

Ceherat | cal TR Betent &' b bper Pt Gb b rentstet b T SEedPerfient s on
5 DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI NENTS Injtial Strycture -
Fig. 1 Fig. mategiahlareitdpeaing pXpesiisst Paties Oé"}?tf’i“ég{zelﬁté‘ SoP RAGH hge Tinefal
structure etch stop layer is removed at its exposed portion to form a patterned middle etch

stop layer having an opening exposing a portion of the lower dielectric material

layer. Simultaneously patterning: the patterned middle dielectric material layer

using the patterned upper dielectric layer as a mask to form an inchoate upper

trench opening; and the lower dielectric material layer using the patterned mask

layer and the patterned middle etch stop layer as masks to form an inchoate lower

via opening aligned with the inchoate upper trench opening. The inchoate lower

via opening exposing a portion of the underlying bottom etch stop layer. The

patterned mask layer is removed. The patterned upper dielectric material layer, the

exposed portions of the patterned middle etch stop layer and the exposed portion

of the bottom etch stop layer are removed to convert: the inchoate upper trench

opening into a final upper trench opening; and the inchoate lower via opening into

a final lower via opening to form the dual damascene opening.




12 formed at |east partially thereover to a thickness of preferably from
about 1000 to 5000A and nore preferably from about 2000 to 3000A.
Structure 10 is preferably a silicon substrate and is understood to

possi bly include a sem conductor wafer or substrate, active and passive
devices forned within the wafer, conductive |ayers and dielectric |ayers
(e.g., inter-poly oxide (IPO, internetal dielectric (IMD), etc.) forned
over the wafer surface. The term "sem conductor structure"” is nmeant to

i ncl ude devices formed within a sem conductor wafer and the | ayers
overlying the wafer. Metal structure 12 is preferably conprised of copper
(Cu), alumnum (A), g ] ap oy (Al Cu) or an

al um num silica copper i (il % %NW% ’g‘g{mﬁ%l‘ erably copper (Cu)
as wll be used for illustrative purposes hereafter. 6 A dielectric |ayer
14, known hereinafter as bottometch stop |ayer (BESL) 14 for ease of
illustration, is forned over the Cu structure 12 to a thickness of
preferably from aboutheBetures 48Dedvantegeast éhep pefsertaipigntianowilhbe weer400 to
600A. BESL 14 is preferably conprised of a dielectric material such as
SiN, SiC Siély 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 6 schematically illustrate a preferred embodiment of the

present invention.




SICN, a conmbination of SIC(O and SiC(N) or BLOK and is nore preferably a
conbination of SIC(O and SiC(N). Another dielectric |ayer 16, known

herei nafter as an interlevel dielectric (ILD) layer 16 for ease of
illustration, is fornmed over BESL 14 to a thickness of preferably from
about 2000 to 6000A and nore preferably fromabout 3000 to 5000A. ILD

| ayer 16 is preferably conprised of a dielectric material such as FTECS or
other lowk dielectric materials and is nore preferably FTECS or ot her
low-k dielectric materials. Another dielectric layer 18, known hereinafter

as nmddle etch stop layer (MESL) 18for ease of illustration, is forned
over the ILD | ayer JI 250 to 1000A
and nore preferﬁ@zﬁg@m : 6 ' abl

conprised of a dielectric material such as S| S|C(O) S|C(N) a

conbi nation of SiC(O and SiC(N) or BLXK and |s nore preferably SIN 7
Anot her dielectric layer 20, known hereinafter as an internetal dielectric
(1 MD) Iayer_ﬂmue&sé_@ﬂlllustratlon is formed over MESL 18 to a

Fig. 1 schematically illustrates a structure 10 having a metal structure
12 formed at least partially thereover to a thickness of preferably from about 1000

t0 5000A and more preferably from about 2000 to 3000A.

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.

Metal structure 12 is preferably comprised of copper (Cu), aluminum
(AD, gold (Au), an aluminum copper alloy (AlCu) or an aluminum silica copper
alloy (AlSiCu} and is more preferably copper (Cu) as will be used for illustrative

purposes hereafter.




t hi ckness of preferably from about 2000 to 6000A and nore preferably from
about 3000 to 5000A. IMD |layer 20 is preferably conprised of a dielectric
material such as FTECS or other lowk dielectric materials and is nore
preferably FTECS or other lowk dielectric materials. It is noted that ILD
| ayer 16 and IMD | ayer 20 can be conprised of the sane or different
materials. A patterned upper dielectric layer 22' is fornmed over the IM

|l ayer 20 to a thickness of preferably from about 250 to 1000A and nore
preferably from about 400 to 600A. Patterned upper dielectric |ayer 22

i ncludes a rectangul ar shaped opening 31 with | ength-w se ends 90 havi ng

a: length of preferaply framabout 0.06 to 0.24m and.nore preferably from
about 0.10 to O. 19m£a‘ﬁ‘61e%¥“9vilﬂfeﬁl{3f 9?)?%1? g}gﬁ%ﬁ‘%tef ra(%g])oé Of)nufetcg. Sg(gip tla?%f). 25m and
nore preferably from about 0.11 to 0.20m where the width is greater than

t he Iength(Bﬁﬁ%ﬁﬁﬁPhﬁmSPfﬂEEFéE@&ﬁbﬁV%?-§H§b‘a(ﬁbﬁanﬁﬁlatﬂﬁﬁgF "6f error
for any possible nisalignnent between the via and trench mask. It. is noted
t hat the fiofigkdfgrably from about 250 to 1000A and more preferably from about 400 to 600A.

BESL 14 is preferably comprised of a dielectric material such as SiN, SiC, SiCO,
SiCN, a combination of SiC(O) and SiC(N) or BLOK and is more preferably a

combination of S5iC(O) and SiC(N).

Another dielectric layer 16, known hereinafter as an interlevel
dielectric (ILD) layer 16 for ease of illustration, is formed over BESL 14 to a
thickness of preferably from about 2000 to 6000A and more preferably from about
3000 to 5000A. ILD layer 16 is preferably comprised of a dielectric material such as
FTEOS or other low-k dielectric materials and is more preferably FTEOS or other

low-k dielectric materials.

Another dielectric layer 18, known hereinafter as middle etch stop
layer (MESL) 18 for ease of illustration, is formed over the ILD layer 16 to a
thickness of preferably from about 250 to 1000A and more preferably from about
400 to 600A. MESL 18 is preferably comprised of a dielectric material such as SiN,
SiC(0), SiC(N), a combination of SiC(O) and SiC(N) or BLOK and is more

preferably SIN.




etched via 44 is generally square-shaped. Opening 31 exposes a rectangul ar
portion 34 of the underlying ILD |ayer 20 which defines a portion of the
subsequent trench opening 102" of the dual damascene openi ng 50. Patterned
upper dielectric layer 22' is preferably conprised of a dielectric |ayer
such as SIN, SiC(O, SiC(N),, a conbination of SiIC(O and Si C(N) or BLXK
and is nore preferably SiN. It is noted that upper dielectric |ayer 22' my
serve as an upper anti-reflective coating. It is noted that BESL 14, MESL
18 and upper dielectric |ayer 22' are preferably conprised of the sane
material. Formation of Patterned Mask Layer 30 - Fig. 2 A mask layer 30 is

then be forned over {he, patterned upper, dielectrigc yer .22 ...
| engt h-wi se ends 90 éﬂ%hgr 5165‘%%% lﬁgé?t%oé é%(oﬁ“onsehgr%lzfl f{e%[?esl géelflteiggg% that a
roughly square shaped portion 34" of | | ayer, 20 i s, now ¢ sed as well as
9 portions Ggegfic dﬁ%?&ﬁﬁ’é’-ﬂ Hpisercazh 8 Q@F?qufé?é?m?@? 9"%&?@ 3Zéh‘éf’p«z-}d
portion 34" is preferably fromabout 0.06 to 0.24mon a side and nore
preferably &kgmsa@émef@iag% from about 2000 to 6000A and more preferably from about

3000 to 5000A. IMD layer 20 is preferably comprised of a dielectric material such as

FTEOS or other low-k dielectric materials and is more preferably FTEOS or other

low-k dielectric materials.

It is noted that ILD layer 16 and IMD layer 20 can be comprised of the

same or different materials.

A patterned upper dielectric layer 22’ is formed over the IMD layer 20
to a thickness of preferably from about 250 to 1000A and more preferably from
about 400 to 600A. Patterned upper dielectric layer 22 includes a rectangular
shaped opening 31 with length-wise ends 90 having a:

length of preferably from about 0.06 to 0.24um and more preferably from
about 0.10 to 0.19um; and a
width of preferably from about 0.07 to 0.25um and more preferably from

about 0.11 to 0.20um where the width is greater than the length.




to 0.19mon a side which defines the width of the subsequent via opening 44
of the dual damascene opening 50. Mask |ayer 30 has a thickness of
preferably from about 2000 to 10, 000A and nore preferably from about 3000
to 6000A. Second patterned mask |layer 30 is preferably conprised of
photoresi st or DARC and is nore preferably photoresist. Generally, the

t hi ckness of layer 30 wll be reduced during the via 44 and trench 102
patterning. The initial thickness of layer is selected to have only a
mnimal remaining |ayer 30 after the dual danmascene opening 49 is forned.
10 Patterning of ILD Layer 20 - Fig. 3 As shown in Fig. 3, ILD layer 20 is

patterned at its exp, ion 34' " 2Ner 20

havi ng an openi ng 1d§5§§%§§¥%6%33§é@?¥%%ngt%?@ﬁﬁéqﬁﬁﬁgéé+§?%g%ﬁﬁéﬁ 18.
Patterning of MESL, 18 - Fig. 4 shown.,in Fig. 4, MES | S the

patterned dto% iaﬁéﬁggﬁﬂﬁg??$%ﬂ h%%mﬁﬂdﬁﬁ?ﬁbgﬁ?%é?ﬁé@&ﬁégﬁi%@gnwg¥posing a
portion 38 of underlying ILD | ayer 16

etched via 44 is generally square-shaped.

Opening 31 exposes a rectangular portion 34 of the underlying ILD
layer 20 which defines a portion of the subsequent trench opening 102" of the dual

damascene opening 50.

Patterned upper dielectric layer 22 is preferably comprised of a
dielectric layer such as SiN, SiC(O), SiC(N), , a combination of SiC(O) and SiC(N) or
BLOK and is more preferably SiN. It is noted that upper dielectric layer 22" may

serve as an upper anti-reflective coating.

It is noted that BESL 14, MESL 18 and upper dielectric layer 22" are

preferably comprised of the same material.

Formation of Patterned Mask Laver 30 - Fig. 2

A mask layer 30 is then be formed over the patterned upper dielectric
layer 22, the length-wise ends 90 and a portion of the exposed 34 IMD layer 20 so

that a roughly square shaped portion 34" of IMD layer 20 is now exposed as well as




and formed extended opening 100'. At the sane tinme, portions 92 of |ayer

22' is also renove to expose underlying portions 192 of |ayer 20'.
Formati on of Dual Danascene Opening 50 and Renpval of Patterned Mask Layer
30 - Fig. 5 As shown in Fig. 5, using patterned mask | ayer 30 as a nask:

(1) layer 20" is patterned at its exposed portions 192 to expose the
underlying portions 46 of layer 18 ; and (2) ILD layer 16 is patterned at
exposed portion 38 to formpatterned |ILD |layer 16' to expose the
under|lying portion 48 of BESL 14; and formi ng inchoate 11 dual danmascene
openi ng 49. Dual damascene openi ng 49 includes inchoate via portion 100"
and inchoate tren ortion,102. not ed aboyve, 1he i . patterned
mask | ayer %ﬁ%P§S§238€@%mmﬁ%ﬁﬁﬁﬁlﬁ%%xgﬁbﬁggi%yv%1mﬁ%?$%%%ﬁ%%gsn§%dginchoate
trench portion 102' patterning so that only . a mninal_ partion of patterned
mask | ayer B@ﬁ¥@ﬂﬁﬁﬁ§¥ﬂ%@‘@ﬁégha”%mFPﬁ?Sﬁ?aﬁﬂéxF%Rﬁggﬁhﬁfﬁﬁ??@ﬂﬁ&&Bnask

| ayer 30 is renoved and the structure is cleaned as necessary. Renoval of
Patt er ned Up@deoudi @t esitle whidhadedinepthe wigfhgof the subsequent via opening 44 of the

dual damascene opening 50.

Mask layer 30 has a thickness of preferably from about 2000 to
I0,000A and more preferably from about 3000 to 6000A. Second patterned mask
layer 30 is preferably comprised of photoresist or DARC and is more preferably

photoresist.
Generally, the thickness of layer 30 will be reduced during the via 44

and trench 102" patterning. The initial thickness of layer is selected to have only a

minimal remaining layer 30 after the dual damascene opening 49 is formed.

10




As shown in Fig. 6, the patterned upper dielectric |ayer 22', the exposed
portions 46 of MESL 18" and the exposed portion 48 of BESL 14 are renoved
to formthe final aligned dual damascene opening 49" having: (1) final via
openi ng 100" exposing a portion 58 of nmetal structure 12; and (2) final
trench opening 102" centered over the final via opening 100" and exposing
portions 68 of ILD layer 16. It is noted that the final aligned dual
damascene via 100" and trench 102 are fabricated within 'one run' of etch
processes which avoids the necessity of 12 using a via-fill material and
then having to renove the via-fill material at post-etch. Also, the

el ongat ed pattetning Ed herein (i.e. the use of rectangul ar-shaped

openi ng 31ﬁﬁﬁﬁgﬁgﬁﬁ—giiw%%§§éﬁh§¥§rench 102 and via 100" msalignnment. 13
Further Processing Further processing may then proceed by the formation of
a planarized dual damascene structure within final dual damascene opening

50, for exanple. Any planarized dual damascene structure 52 is preferably
conpri sed of copper AsshowninFig. 3, [LD layer 20 is patterned at its exposed portion 34

to form patterned ILD layer 20" having an opening 100 exposing a portion 36 of the

underlying MESL 18.

Patterning of MESL 18 - Fig. 4

As shown in Fig. 4, MESL 18 is then patterned at its exposed portion
36 to form patterned MESL 18' exposing a portion 38 of underlying ILD layer 16
and formed extended opening 100'. At the same time, portions 92 of layer 22 is also

remove to expose underlying portions 192 of layer 20

Formation of Dual Damascene Opening 50 and Removal of Patterned Mask Layer

30 - Fig. 5

As shown in Fig. 5, using patterned mask layer 30 as a mask: (1) layer
20 is patterned at its exposed portions 192 to expose the underlying portions 46 of
layer 18'; and (2) ILD layer 16 is patterned at exposed portion 38 to form patterned

JLD layer 16' to expose the underlying portion 48 of BESL 14; and forming inchoate

11




(CQu), aIunihun1(Al), gold (Au), an alum num copper alloy (A Cu) or an
al um num silica copper alloy (AlSiCu) and is nore preferably copper (Cu).
Advant ages of the Invention The advantages of one or nore enbodi nents of

the present invention include: 1) a via-fill in form ng a dual damascene
opening is avoided; 2) an alnost perfectly aligned dual danmascene openi ng
is achieved; and 3) the need for a bubble-free via-fill material and the
steps required to then renove the bubble-free via-fill material at
post-etch are elimnated. Wiile particul ar enbodi nents of the present

i nvention have been illustrated and described, it is not intended to limt

the i nvention, except as de 0 |OMA e
claim 1. AugbfRggs FQFWFWFnégaﬂkﬁr aﬁ@ﬂfaﬁgpaﬁgﬁggﬁgﬁgggbg%ﬁﬁ%%éigﬁpr|S|ng
the sequential steps of:

portion 100" and inchoate trench portion 102,

As noted above, the thickness of patterned mask layer 30 is reduced
during the inchoate via portion 100" and inchoate trench portion 102" patterning so

that only a minimal portion of patterned mask layer 30 remains.

As shown in Fig. 5, the remaining patterned mask layer 30 is removed

and the structure is cleaned as necessary.

Removal of Patterned Upper Dielectric Laver 22' - Fig. 6

As shown in Fig. 6, the patterned upper dielectric layer 22!, the
exposed portions 46 of MESL 18" and the exposed portion 48 of BESL 14 are
removed to form the final aligned dual damascene opening 49" having: (1) final via
opening 100" exposing a portion 58 of metal structure 12; and (2) final trench
opening 102’ centered over the final via opening 100” and exposing portions 68 of

ILD layer 16.

It is noted that the final aligned dual damascene via 1007 and trench

102 are fabricated within ‘one run’ of etch processes which avoids the necessity of

12




providing a structure having a netal structure fornmed thereover; formng a
| ayer stack over the netal structure; the |ayer stack conprising, in
ascending order: a bottometch stop |ayer; a |lower dielectric materi al

| ayer; a mddle etch stop layer; a mddle dielectric material |ayer; and
an upper dielectric layer; wherein: the lower and mddle dielectric |ayers
are conprised of the sane material; or the bottometch stop |ayer, the

m ddl e etch stop | ayer and the upper dielectric layer are conprised of the
sane material; patterning the upper dielectric |ayer to form an opening
exposing a portion of the underlying mddle dielectric material |ayer; the

opening having a width; form atterned sk |.ayer over the patterned
upper dieIé@?ﬁﬁ%V@égBWa@EQVFﬁ%Rg&E@g%%“5%55@? Vit ﬁ%ﬁgmﬂfﬂpﬂg%ﬁtherned
upper dielectric layer; patterning the mddle dielectric material |ayer to
form an opedbhgthenderegaied petterginehasqhbewsin s the kst £f dectangilphghe@sosed
portions of the upper dielectric |ayer as nmasks; the mddle dielectric

mat eri al | apeningBépregerhapy poseiplatrportt i08@andfvia 1M nrisadighwest.ch stop | ayer

13




15 renmoving the mddle etch stop layer at its exposed portion to forma
patterned m ddle etch stop | ayer having an openi ng exposing a portion of
the lower dielectric material layer; simultaneously patterning: the
patterned mddle dielectric material |ayer using the patterned upper
dielectric layer as a mask to form an inchoate upper trench opening; and
the lower dielectric material |ayer using the patterned nask | ayer and the
patterned mddl e etch stop | ayer as masks to forman inchoate | ower via
opening aligned with the inchoate upper trench opening; the inchoate | ower
vi a openi ng exposing a portion of the underlying bottometch stop |ayer;

r enovi ng tﬂe atterned mask |ayer; and renoving the patterned upper
dielectricwﬂﬂﬂﬁﬁhgﬁgﬁ§¥ér, the exposed portions of the patterned mddle
etch stop | ayer and the exposed portion of the bottometch stop |ayer to
convert: the inchoate upper trench opening into a final upper trench

openi ng;
Further processing may then proceed by the formation of a planarized

dual damascene structure within final dual damascene opening 50, for example.
Any planarized dual damascene structure 52 is preferably comprised of copper
(Cu), aluminum (Al), gold {Au), an aluminum copper alloy (AlCu) or an aluminum

silica copper alloy (AlISiCu) and is more preferably copper {Cu).

Advantages of the Invention

The advantages of one or more embodiments of the present invention
include:
1} a via-fill in forming a dual damascene opening is avoided;
2) an almost perfectly aligned dual damascene opening is achieved; and
3) the need for a bubble-free via-fill material and the steps required to then

remove the bubble-free via-fill material at post-etch are eliminated.
While particutar embodiments of the present invention have been

iltustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

14




and the inchoate |lower via opening into a final |ower via opening; to form
the aligned dual damascene opening. 2. The nethod of claim1l, wherein the
structure is a sem conductor wafer. 16 3. The nethod of claim1, wherein
the structure is conprised of silicon or germanium 4. The method of claim
1, wherein the netal structure is conprised of copper, alum num gold, an
al um num copper alloy or an alum numsilica copper alloy; the bottometch
stop layer is conprised of a dielectric material such as SiN, SiC, SiCQ
SIiCN, a conmbination of SIC(O and SiC(N) or BLOK; the lower dielectric
material layer is conprised of a dielectric material such as FTECS or
low-k dielectric nmaterials; the mddle etch stop |layer is conprised of a
dielectric material such as SiN, SIC(O, SIiC(N, , a conbination of SiC(O
and SiC(N) or BLOK; the mddle dielectric material layer is conprised of a
dielectric material such as FTECS oELUAIMSK dielectric materials; and the
upper dielectric layer is conprised of a dielectric |ayer such as SiN,

S (O, e a combination of SiC(O and SiC(N) or BLOK.

1. A method of forming an aligned dual damascene opening, comprising
the sequential steps of:
providing a structure having a metal structure formed thereover;
forming a layer stack over the metal structure; the layer stack comprising, in
ascending order: a bottom etch stop layer; a lower dielectric material layer; a
middle etch stop layer; a middle dielectric material layer; and an upper dielectric
layer; wherein:
the lower and middle dielectric layers are comprised of the same
material; or
the bottom etch stop layer, the middle etch stop layer and the upper
dielectric layer are comprised of the same material;
patterning the upper dielectric layer to form an opening exposing a portion
of the underlying middle dielectric material layer; the opening having a width;
forming a patterned mask layer over the patterned upper dielectric layer
leaving exposed opposing portions of the patterned upper dielectric layer;
patterning the middle dielectric material layer to form an opening therein
using the patterned mask layer and the exposed portions of the upper dielectric
layer as masks; the middle dielectric material layer opening exposing a portion of

the middle etch stop layer;

15




5. The method of claim1l1l, wherein the netal structure is conprised of
copper; the bottometch stop layer is conprised of a conbination of Si C(O
and SiC(N); the lower dielectric material |layer is conprised of FTECS or a
|l ow-k dielectric material; the mddle etch stop layer is conprised of SiN,
the mddle dielectric material layer is conprised of FTECS or a | owk
dielectric material; and the upper dielectric layer is conprised of SiN
17 it 6. The nethod of claim1l1l, wherein the netal structure has a

t hi ckness of from about 1000 to 5000A; the bottometch stop | ayer has a

thi ckness of E‘élﬁﬂ\fﬁ?otﬁe 250 d© etdOQRA 1478 Aover exPoseéCpdrtionned €oiral al ayer
has a thickness of from about 2000 to 000A; the mddle etch stop |ayer

has a t hipakeass! widdie emhadopiay2bOat mglO0GARing heposingldipertivebeitterlower
material |ayer has a thickness of from about 2000 to 6000A; and the upper
di el ect r idielpetyiematasalday e ckness of from about 250 to 1000A. 7. The net hod
of claim1, wherein the nmetal structure has a thickness of from about 2000
to 3000A; theshoukdgmossypatespingayer has a thickness of from about 400 to

600A; the |ower i elogtrl G MRLEL dled BT BRaP 14l CKASS 8 pdl2gbOU!

upper dielectric layer as a mask to form an inchoate upper trench opening;
and
the lower dielectric material layer using the patterned mask layer and
the patterned middle etch stop layer as masks to form an inchoate lower via
opening aligned with the inchoate upper trench opening; the inchoate lower
via opening exposing a portion of the underlying bottom etch stop layer;
removing the patterned mask layer; and
removing the patterned upper dielectric material layer, the exposed portions
of the patterned middle etch stop layer and the exposed portion of the bottom etch
stop layer to convert:
the inchoate upper trench opening into a final upper trench opening;
and
the inchoate lower via opening into a final lower via opening;

to form the aligned dual damascene opening.

2. The method of claim 1, wherein the structure is a semiconductor wafer.
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m ddl e etch stop | ayer has a thickness of from about 400 to 600A; the
mddle dielectric material |ayer has a thickness of from about 3000 to
5000A; and the upper dielectric |layer has a thickness of fromabout 400 to
600A. 8. The nethod of claim1, further including the step of form ng a
patterned dual damascene structure wthin the dual damascene opening. 9.
The nmethod of claim1l, wherein the opening has a wdth of from about 0.07
to 0.25m 10. The nethod of claim1, wherein the opening has a w dth of
fromabout 0.11 to 0.20m 18 11. The nethod of claim1, wherein the
opening has a width and a length and the wdth is greater than the |ength.
12. A nethod of formng an aligned dual danascene openi ng, conprising the
sequent i 8l Btepsctbbd f aldini Ag vehekiruchersrivaviends aomgtrsedsof sdiconeof or med
thereover; formng a |ayer stack over the netal structure; the |ayer stack
conpri si ggrmpniungscendi ng order: a bottometch stop |ayer; a | ower
dielectric material |ayer; a

4. The method of claim 1, wherein the metal structure is comprised of copper,
aluminum, gold, an aluminum copper alloy or an aluminum silica copper alloy; the
bottom etch stop layer is comprised of a dielectric material such as SiN, 5iC, SiCO,
SiCN, a combination of SiC(O) and SiC({N) or BLOK; the lower dielectric material
layer is comprised of a dielectric material such as FTEOS or low-k dielectric
materials; the middle etch stop layer is comprised of a dielectric material such as
SiN, SiC(0), SiC(N), , a combination of SiC(O) and SiC(N) or BLOK; the middle
dielectric material layer is comprised of a dielectric material such as FTEOS or low-
k dielectric materials; and the upper dielectric layer is comprised of a dielectric

layer such as SiN, SiC(O), SiC(N), , a combination of SiC(Q) and SiC(N}) or BLOK.

5. The method of claim 1, wherein the metal structure is comprised of copper; the
bottom etch stop layer is comprised of a combination of SiC(O) and SiC(N); the
lower dielectric material layer is comprised of FTEOS or a low-k dielectric material;
the middle etch stop layer is comprised of SiN; the middle dielectric material layer
is comprised of FTEOS or a low-k dielectric material; and the upper dielectric layer

is comprised of SiN.
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m ddl e etch stop layer; a mddle dielectric material |ayer; and an upper
dielectric layer; patterning the upper dielectric layer to forma

rect angul ar - shaped openi ng exposi ng opposi ng portions of the underlying
mddl e dielectric material |ayer; the rectangul ar-shaped opening having a
width and a length; formng a patterned mask | ayer over the patterned upper
dielectric layer, filling the opposing ends of the |ength of the

rect angul ar - shaped opening and |eaving exposed portions of the patterned
upper dielectric layer; patterning the mddle dielectric material |ayer to
form an @p&hkngethbardicihimusiwiertelie thpatkeidl sedcims khak aythickansk shzoexgiased
portions of the upper dielectric |ayer as masks; the mddle dielectric
mat er i al 108y ép BPOA; rige dxoplosi regela spgr tdyen hek a thicknesgdbfefrent abstio @50 dyer ;
removing the, mddle etch stop layer at its exposed portion to forma

pat t er nedOARAIdFRe dwer sicdbprtriayanterialilaipr dinsopehickgesxpbsiony ahopb0Périoof
the T oner o) oo BT LG 1) 8Y Rad R MSPHEY oRAL S50 ook e
middle dielectric material layer has a thickness of from about 2000 to 6000A; and the

upper dielectric layer has a thickness of from about 250 to 1000A.

7. The method of claim 1, wherein the metal structure has a thickness of from about
2000 to 3000A; the bottom etch stop layer has a thickness of from about 400 to 600A;
the lower dielectric material layer has a thickness of from about 3000 to 50004; the
middle etch stop layer has a thickness of from about 400 to 600A; the middle
dielectric material layer has a thickness of from about 3000 to 5000A; and the upper

dielectric layer has a thickness of from about 400 to 600A.

8. The method of claim 1, further including the step of forming a patterned dual

damascene structure within the dual damascene opening,.

9. The method of claim 1, wherein the opening has a width of from about 0.07 to

0.25um.

10. The method of claim 1, wherein the opening has a width of from about 0.11 to

0.20pm.
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the patterned mddle dielectric material |ayer using the patterned mask

| ayer and the patterned upper dielectric |ayer as masks to form an

i nchoat e upper trench opening; and the lower dielectric material |ayer
using the patterned mddle etch stop layer as a mask to forman inchoate

| ower via opening aligned with the inchoate upper trench opening; the

i nchoate | ower via opening exposing a portion of the underlying bottom
etch stop layer; renoving the patterned mask | ayer; and renoving the
patterned upper dielectric material |ayer, the exposed portions of the
patterned m ddl e etch stop | ayer and the exposed portion of the bottometch
stop layer to convert: the inchoate upper trench opening into a final upper
trench opénThegmethod of kinnk hela¢reirl Sweopariiag bperiwglth rhd aldnghabnd oer vi a
opening; to formthe aligned dual damascene opening. 13. The method of

cl ai m 12 wigheisegiraatehéhat thedengts. i s a sem conductor wafer. 14. The method of
claim12, wherein the structure is conprised of silicon or

12. A method of forming an aligned dual damascene opening, comprising the
sequential steps of:

providing a structure having a metal structure formed thereover;

forming a layer stack over the metal structure; the layer stack comprising, in
ascending order: a bottom etch stop layer; a lower dielectric material layer; a
middle etch stop layer; a middle dielectric material layer; and an upper dielectric
layer;

patterning the upper dielectric layer to form a rectangular-shaped opening
exposing opposing portions of the underlying middle dielectric material layer; the
rectangular-shaped opening having a width and a length;

forming a patterned mask layer over the patterned upper dielectric layer,
filling the opposing ends of the length of the rectangular-shaped opening and
leaving exposed portions of the patterned upper dielectric layer;

patterning the middle dielectric material layer to form an opening therein
using the patterned mask layer and the exposed portions of the upper dielectric
layer as masks; the middle dielectric material layer opening exposing a portion of
the middle etch stop layer;

removing the middle etch stop layer at its exposed portion to form a
patterned middle etch stop layer having an opening exposing a portion of the lower
dielectric material layer;

simultaneously patterning;:
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germanium 15. The nethod of claim 12, wherein the nmetal structure is
conpri sed of copper, alumnum gold, an alum num copper alloy or an
al um num silica copper alloy; the bottometch stop |layer is conprised of a
dielectric material such as SIN, SiC, SiCO SiCN, a conbination of SiC(O
and SiC(N) or BLOK; the lower dielectric material |ayer is conprised of a
dielectric material such as FTECS or lowk dielectric 20 materials; the
m ddl e etch stop layer is conprised of a dielectric material such as SiN,
SIC(O, SIiC(N),, a conmbination of SIC(O and SiC(N) or BLOK; the m ddle
diel ectric materi athel py@érried goMlei dRtbcafic andlbghlebiyer qisimgt ehé gatuedd as
FTECS or low k dielectric materials; and the upper dielectric |ayer is
conpri sed of madkdhpet and thé gypetersad nppsr Sidlect8t Gi@)r, asSn@Ek to farm an
conbi nation of SiC(O and SiC(N) or BLOK 16. The nethod of claim 12,
wher ei n t he nischpattipper dreachopepmgy Peeéd of copper; the bottom etch stop
ower

e 1, Comrised,of o conbl naL o0, o S AL 1S Sl e LS,
LEALHRLN XTI RE S  r
material; andix{cﬁgaé‘épﬁﬁﬁerdérgﬁ&cBﬁérﬁnk%r inchoate lower via opening exposing a
portion of the underlying bottom etch stop layer;
removing the patterned mask layer; and
removing the patterned upper dielectric material layer, the exposed portions
of the patterned middle etch stop layer and the exposed portion of the bottom etch
stop layer to convert:
the inchoate upper trench opening into a final upper trench opening;
and
the inchoate lower via opening into a final lower via opening;

to form the aligned dual damascene opening.
13, The method of claim 12, wherein the structure is a semiconductor wafer.

14. The method of claim 12, wherein the structure is comprised of silicon or

germanium.

15. The method of claim 12, wherein the metal structure is comprised of copper,
aluminum, gold, an aluminum copper alloy or an aluminum silica copper alloy; the
bottom etch stop layer is comprised of a dielectric material such as SiN, SiC, SiCO,
SiCN, a combination of SiC(O) and SiC(N) or BLOK; the lower dielectric material

layer is comprised of a dielectric material such as FTEOS or low-k dielectric
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is conprised of SiN. 17. The nethod of claim 12, wherein the | ower and

m ddl e dielectric |ayers are conprised of the sanme material. 18. The

nmet hod of claim 12, wherein the bottometch stop |ayer, the m ddle etch
stop layer and the upper dielectric |ayer are conprised of the sane
material. 19. The nethod of claim 12, wherein the netal structure has a

t hi ckness of from about 1000 to 5000A; the bottometch stop | ayer has a

t hi ckness of from about 250 to 1000A; the lower dielectric material |ayer
has a thickness of from about 2000 to 6000A; the mddle etch stop |ayer

has a t higgkegss; ffe fniddlealianbtopbRytOislQRAGed b a ielatitid! Rathral 6aEH he
material |ayer has a thickness of fromabout 2000 to 6000A; and the upper
di el ect riSEN) SigeO), (S (Md), t hicombessicof offSIGHOMebaliti (2B ot BLOK)0Ke n@AdleThe net hod
of claim 12, wherein the netal structure has a thickness of from about
2000 to 3ddedrictrhatetiat g stiompissp A aydelatic matdiiat kudsas BFE@Pomlavout 400

to 600A;, the lower dielectric material. | ayer has a thickness aqf .frqom about
3000 o M5EMERIS FeAthtiokl enaitbR WiRsp cﬁslféﬁr%h%gea s ReRreed B AirtEbout

gggu% 038 %O)ypé’tréhglgéﬁg:@dfgéﬁg%, %}f(f\}),r ,I aCconn’%lgi%ralcigh olf %}@(b) Ql%% S?CEI{H grklg'féi of from
16. The method of claim 12, wherein the metal structure is comprised of copper; the
bottom etch stop layer is comprised of a combination of SiC(O} and SiC(N); the
lower dielectric material layer is comprised of FTEOS or a low-k dielectric material;
the middle etch stop layer is comprised of SiN; the middle dielectric material layer
is comprised of FTEOS or a low-k dielectric material; and the upper dielectric layer

is comprised of SiN.

17. The method of claim 12, wherein the lower and middle dielectric layers are

comprised of the same material.

18. The method of claim 12, wherein the bottom etch stop layer, the middle etch

stop layer and the upper dielectric layer are comprised of the same material.

19. The method of claim 12, wherein the metal structure has a thickness of from
about 1000 to 5000A; the bottom etch stop layer has a thickness of from about 250 to
1000A: the lower dielectric material layer has a thickness of from about 2000 to

6000A; the middle etch stop layer has a thickness of from about 250 to 10004; the
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t he upper dielectric |ayer has a thickness of from about 400 to 600A. 21.
The nmethod of claim 12, further including the step of formng a patterned
dual damascene structure within the dual damascene opening. 22. The net hod
of claim 12, wherein the rectangul ar-shaped opening has a width of from
about 0.07 to 0.25m and a length of fromabout 0.06 to 0.24m 23. The

nmet hod of claim 12, wherein the rectangul ar-shaped opening has a w dth of
fromabout 0.11 to 0.20m and a length of fromabout 0.10 to 0.19m 24. A
met hod of formng an aligned dual damascene opening, conprising the
sequential steps of: 22 providing a structure having a netal structure
formed thereover; formng a | ayer stack over the netal structure; the |ayer
stack conprising, in ascending order: a bottometch stop layer; a | ower
dielectric material layer; a mddle etch stop layer; a mddle dielectric
material |ayer; and an upper dielectric Iayer patterning the upper

por 11 ons PG e ARG nedtH oo e Rt e wabar ey APERS PHRRPERE! O

the upper dielectric layer has a thickness of from about 250 to 1000A.

20. The method of claim 12, wherein the metal structure has a thickness of from
about 2000 to 30004; the bottom etch stop layer has a thickness of from about 400 to
600A; the lower dielectric material layer has a thickness of from about 3000 to
50004A; the middle etch stop layer has a thickness of from about 400 to 600A; the
middle dielectric material layer has a thickness of from about 3000 to 5000A; and

the upper dielectric layer has a thickness of from about 400 to 600A.

21. The method of claim 12, further including the step of forming a patterned dual

damascene structure within the dual damascene opening,.

22. The method of claim 12, wherein the rectangular-shaped opening has a width of

from about 0.07 to 0.25um and a length of from about 0.06 to 0.24pum.

23. The method of claim 12, wherein the rectangular-shaped opening has a width of

from about 0.11 to 0.20um and a length of from about 0.10 to 0.19um.

24. A method of forming an aligned dual damascene opening, comprising the

sequential steps of:
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rect angul ar - shaped opening having a width of fromabout 0.07 to 0.25m and a
| ength of fromabout 0.06 to 0.24m formng a patterned mask | ayer over the
patterned upper dielectric layer, filling the opposing ends of the length
of the rectangul ar-shaped opening and | eaving exposed portions of the
patterned upper dielectric |ayer; patterning the mddle dielectric materi al
| ayer to form an opening therein wusing the patterned nask | ayer and the
exposed portions of the upper dielectric |ayer as masks; the mddle
dielectric material |ayer opening exposing a portion of the mddle etch
stop layer; renoving the mddle etch stop layer at its exposed portion to
forma patterned mddle etch stop | ayer having an openi ng exposing a
portion of the lower dielectric material |ayer; sinultaneously patterning:
23 the patterned mddle gielectric material |ayer using the patterned mask
| ayer an®@ PHEihi sEHAsEe hppss adreladstiriers aeddherRoyRE to form an

I nchoate upperfortn[d%rg]cahlaggresqgcqgé)ve%‘nt%e metal structure; the layer stack comprising, in

ascending order: a bottom etch stop layer; a lower dielectric material layer; a
middle etch stop layer; a middle dielectric material layer; and an upper dielectric
layer;

patterning the upper dielectric layer to form a rectangular-shaped opening

exposing opposing portions of the underlying middle dielectric material layer; the

rectangular-shaped opening having a width of from about 0.07 to 0.25um and a

length of from about 0.06 to 0.24pm;

forming a patterned mask layer over the patterned upper dielectric layer,
filling the opposing ends of the length of the rectangular-shaped opening and
leaving exposed portions of the patterned upper dielectric layer;

patterning the middle dielectric material layer to form an opening therein
using the patterned mask layer and the exposed portions of the upper dielectric
layer as masks; the middle dielectric material layer opening exposing a portion of
the middle etch stop layer;

removing the middle etch stop layer at its exposed portion to form a
patterned middle etch stop layer having an opening exposing a portion of the lower
dielectric material layer;

simultaneously patterning:
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the lower dielectric material |ayer using the patterned mddle etch stop
| ayer as a mask to forman inchoate | ower via opening aligned with the

i nchoat e upper trench opening; the inchoate | ower via opening exposing a
portion of the underlying bottometch stop |ayer; renoving the patterned
mask | ayer; and renoving the patterned upper dielectric material |ayer, the
exposed portions of the patterned m ddle etch stop | ayer and the exposed
portion of the bottometch stop |layer to convert: the inchoate upper
trench opening into a final upper trench opening; and the inchoate |ower
via opening into a final Iower via opening; to formthe aligned dual
damascene openi ng. 25. The nethod of claim 24, wherein the structure is a
sem conductor wafer. 26. The nethod of claim 24, wherein the structure is
conprised of silicqn or germanium 24 27 The.ﬂeihod of, clﬁin124, erein

0 ] :
the metal structur &9 RS | eudelsy dielgshide material layer usingthe patterne

mask layer and the patterned upper dielectric layer as masks to form an
inchoate upper trench opening; and
the lower dielectric material layer using the patterned middle etch
stop layer as a mask to form an inchoate lower via opening aligned with the
inchoate upper trench opening; the inchoate lower via opening exposing a
portion of the underlying bottom etch stop layer;
removing the patterned mask layer; and
removing the patterned upper dielectric material layer, the exposed portions
of the patterned middle etch stop layer and the exposed portion of the bottom etch
stop layer to convert:
the inchoate upper trench opening into a final upper trench opening;
and
the inchoate lower via opening into a final lower via opening;

to form the aligned dual damascene opening.
25. The method of claim 24, wherein the structure is a semiconductor wafer.

26. The method of claim 24, wherein the structure is comprised of silicon or

germanium.
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al um num gold, an al um num copper alloy or an alum numsilica copper
alloy; the bottometch stop layer is conprised of a dielectric nateri al
such as SIN, SiC, SiICO SiCN, a conmbination of SiC(O and SiC(N) or BLCK;
the lower dielectric material layer is conprised of a dielectric materi al
such as FTECS or lowk dielectric materials; the mddle etch stop layer is
conprised of a dielectric material such as SIiN, SiC(O, SIC(N, , a
conbination of SiC(O and SiC(N) or BLOK; the mddle dielectric material

| ayer is conprised of a dielectric material such as FTECS or |ow Kk
dielectric materials; and the upper dielectric layer is conprised of a
dielectric layer such as SIN, SiC(O, SIC(N,, a conmbination of SiC(O and
SiC(N) or BLOK. 28. The nethod of claim 24, wherein the netal structure is
conprised of copper; the bottometch stop |ayer is conprised of a

conbi nation of SiC(O and SiCXhD t he Iomer dielectric material |ayer is

conpri Sec&?“l"h@h%e%ogrofa d%{ﬁn\l\: h%lj‘%ﬁt H i ta g{lhg’cu’re is c ?1%9(!1 & ec%ﬁge stop

| ayer is ¢conprised of S Fre hateri a

conpri Seq:llt(?lfmr{: -l;ﬁ%:}gr ?ﬁ‘ % lﬂi’l‘fdﬁn@ k%llzf&tglfo cff%%lhﬁhmuﬁ%@h&% Pgﬁoﬂ' ghectric

| ayer is conpris od of claim?2 el n the netal
Struct ur da@den architGk nass @Eortn gEed 8beicl2Q60 rﬁ&keﬁ@p&ﬁh atsmﬂ\bgt@mmei, ch

stop layer has a thickriess of from about 260 to
SiCN, a combination of SiC(O) and SiC(N)} or BLOK; the lower dielectric material
layer is comprised of a dielectric material such as FTEOS or low-k dielectric
materials; the middle etch stop layer is comprised of a dielectric material such as
SiN, SiC(0), SiC(N), , a combination of SiC(O) and SiC(N) or BLOK; the middle
dielectric material layer is comprised of a dielectric material such as FTEOS or low-

k dielectric materials; and the upper dielectric layer is comprised of a dielectric

layer such as SiN, 5iC(O), SiC{N), , a combination of 5iC(O) and SiC(N) or BLOK.

28. The method of claim 24, wherein the metal structure is comprised of copper; the
bottom etch stop layer is comprised of a combination of SiC(O) and SiC(N); the
lower dielectric material layer is comprised of FTEOS or a low-k dielectric material;
the middle etch stop layer is comprised of SiN; the middle dielectric material layer
is comprised of FTEOS or a low-k dielectric material; and the upper dielectric layer

is comprised of SiN.
29. The method of claim 24, wherein the metal structure has a thickness of from

about 1000 to 50004, the bottom etch stop layer has a thickness of from about 260 to

10004, the lower dielectric material layer has a thickness of from about 2000 to
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1000A; the lower dielectric material |ayer has a thickness of from about
2000 to 25 6000A; the mddle etch stop | ayer has a thickness of from about
250 to 1000A ; the mddle dielectric material |ayer has a thickness of
from about 2000 to 6000A; and the upper dielectric |ayer has a thickness
of from about 250 to 1000A. 30. The nethod of claim 24, wherein the netal
structure has a thickness of from about 2000 to 3000A; the bottom etch
stop layer has a thickness of fromabout 400 to 600A; the lower dielectric
material |ayer has a thickness of from about 3000 to 5000A; the mddle
etch st op00Gyethehraisidie ehihcstnp dayarthasraothicinsss of6®n ebewoZi0 tonEI00A; dit e
dielectric material |ayer has a thickness of from about 3000 to 5000AS; and

t he uppemidiitq deledtisc pagfeialiagehahp éh%’lég%%d?f fromnabad 000 6o PP B0 31.
The method of cl furth | udi f.fan tt d
dual e teng el e tafotmest e toiing %33, PThe ot hod

of claim 24, wherein the rectangul ar-shaped opening has a wwdth of from
about 0.11 to 0.20m and a length of fromabout 0.10 to 0.19m 26

30. The method of claim 24, wherein the metal structure has a thickness of from
about 2000 to 30004; the bottom etch stop layer has a thickness of from about 400 to
600A; the lower dielectric material layer has a thickness of from about 3000 to
5000A; the middle etch stop layer has a thickness of from about 400 to 600A; the
middle dielectric material layer has a thickness of from about 3000 to 50004; and

the upper dielectric layer has a thickness of from about 400 to 600A.

31. The method of claim 24, further including the step of forming a patterned dual

damascene structure within the dual damascene opening.

32. The method of claim 24, wherein the rectangular-shaped opening has a width of

from about 0.11 to 0.20pm and a length of from about .10 to 0.19um.
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