A 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. 1 BACKGROUND OF THE INVENTION In some dual
damascene 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 B1 to Hung of
at. describes a via-first process
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using an anti-reflective coating (ARC) layer. U.S. Patent No. 6,350,675 B1 to Chooi of at. describes a
process for simultaneously etching a via and a trench using silylated photoresist. U.S. Patent No.
6,133,144 to Tsai of at. describes a self-aligned dual damascene process. 2 U.S. Patent No. 6,087,252 to
Lu describes a process of forming a via plug and an interconnect simultaneously. SUMMARY OF THE
INVENTION Accordingly, it is an object of the present invention to provide an improved method of

fabricating dual damascene openi SCI&FH?E) ' t§) ilfﬁqzo Vﬁ{]eﬁg r. It has now been discovered
that the above and other objects i hed 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 _ ) _
In some dual damascene 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 B1 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.



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 3 exposed portions of the upper
dielectric layer as masks. The middle dielectric material layer opening exposing a portion of the middle
etch stop layer. The middle etch stop layer is removed at its exposed portion to form a patterned middle

etch stop layer having an opemn eXRQsi artion of the lower dielectric material layer.
Simultaneously patterningUtiie pa&in %‘ nﬁ?&%ﬁz%?gléﬁtﬂr@rﬁ%ﬁé%fepr%ﬁﬁ B&ﬁgﬂﬁc’ea Yiper

dielectric layer as a mask to form an inchoate upper trench opening; and the lower dielectric material
layer using tﬁ@ﬁa@f@ﬂrféﬁ%’fﬁé@%%ﬁ ﬁﬁﬂ‘%ﬁél‘pﬁm@lﬁed middle etch stop layer as masks to form an
inchoate lower via opening aligned with the mchoate upper trench openmg The inchoate lower via
opening exposing a portion of the unvlerKHN HESkON M E

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 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. 4 BRIEF DESCRIPTION
OF THE DRAWINGS The features and advantages of the present invention will be more clearly

understood from the, folloying description taken.in conjunction with the, accompanyi awings in which
i st o i e Ra s o SR G AT PR

Figs. 1 to 6 schematically illustrate a preferred embodiment of the present invention. 5 DETAJLED
DESCRlPTIéﬁté”ltair E%R@Eﬁwﬁ%@mrémg?thﬁiméﬁfifcﬁnf@ﬁrﬂB.IiYﬁ@.Tﬂﬂeeﬂé#’AEﬁcany

illustrates a structure 10 having a metal 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 least partially thercover to a thickness of preferably from about 1000 to 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 I nafer. t re 12 is preferably
comprised of copper (Cu), a|urmﬁf§%{§§%ﬁ¥%ﬁfu i uﬁ%ﬁm (AICu) or an aluminum
silica copper alloy (AISiCu) and is more preferably copper (Cu) as will be used for illustrative purposes
hereafter. 6 A dielectric layer 14, known hereinafter as bottom etch stop layer (BESL) 14 for ease of
illustration, is formed over the Cu structure 12 to a thickness of preferably from about 250 to 1000A and
more preferably from aboUdtt06eESEE6 AN B Bty ARG Bl r bty RESHRIHSEY BRH UtekillribsriRial such
as SiN, SiC, SiCO,

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 6 schematically illustrate a preferred embodiment of the

present invention.



SIiCN, a combination of SiC(O) and SiC(N) or BLOK and is more preferably a combination of SiC(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 dj ' ( If ) 18 for case of
illustration, is forme%ﬁlf&tf d? é‘?{@ﬂ%ﬁﬁiﬁiﬁﬁa E m I g1OOOA 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. 7

Another dielectric layer 20, known hereinafter as an intermetal dielectric (IMD) layer 20 for case of
illustration, iéﬂ&lﬁi&%@ﬁé&gﬂr 18to 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

to 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
(Al), 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.



thickness of preferably 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. Pgttglr&ed Lpper dieLﬁftrignla%er 2includesar c%tng ular SlrﬂagQSd ?%Zning 31

with length-wise ends 90 having %Etfé%gﬁ¥ of préfera% yrfror%rgglc?u 0.6 18 aﬁac more%re erlélbly from

about 0.10 to Q.19ccm; and a width of preferably from about 0.07 ta 0.25am and more preferably from
about 0.11 t&FF2bédit vﬁﬁre?asmsfw}&eﬁ%gaaf&t& HRSHEHg e O et EE Fszrﬁb@aﬁ@ﬁ%?faﬁaped to

allow a margin of error for any possible misalignment between the via and trench mask. It is ngted that
the finally ~ of preferably 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 SiC(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(O), 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 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(0), 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 dielec, ricl er 2'1ar? referably fo rised cﬁthe sa]ime material.. Ftormat,@op of
Patterned Mask Laver 30 - fg);. A &K 5§er s then DeXored overthe p%sftearrr}eén u%]brgre(fielectric
layer 22', the length-wise ends 90 and a portion of the exposed 34 IMD layer 20 so that a roughly square

shaped portioif$8UgF IR ARy it dtespiidt ALWERES® dsriighue? ovsht¥tivel dBpkt dielectric

layer 22'. Square shaped portion 34' is preferably from about,0.06 to 0.24ccm on a side and more
preferably fréhickpssg ofipreferably 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 0.19ccm on a side which defines the width of the subsequent via opening 44 of the dual damascene

opening 50. Mask layer 30 has a thickness of preferably from about 2000 to 10,000A and more

preferably from about 3000 to 6000A. Second patterned mask layer 30 is preferably comprised of

photoresist or DARC and is more preferably photo resist. 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 remainin er.30 after the dual damascen ening 49 is formed. 10 Patterning of ILD
7 WS el

Layer 20 - Fig. 3 As shown eEll(_I:Jl.gS, LD fgyc/ear%llgrﬁs at soexfilorsnea %grt?onegﬁ)r to fotht patterned

ILD layer 20' having an opening 10Q exposing a portion 36 of the underlying MESL 18. Patterning of
MESL 18 - Fﬁ’gzsalﬁ?g RARSH R LD %Vﬂ%%&f@ﬂ?‘@a%ﬁg poRatPpdY ihset Bt

patterned MESL 18’ exposing a portion 38 of underlging ILD layer 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 Lavyer 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 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 ILD layer 16" to expose the underlying

portion 48 of BESL 14: and forming inchoate 1 ?u | damasc ening 49. Dual damascepe. opening
39 includes FETOERE V2 BortBR T o e S T T o SO RE DA SHEVE e ickneos of
patterned mask layer 3Q is reduced during the inchoate via portion 100" and inchoate trench portion 102’

patterning s® E{8F K LonARRbBAREPI pARY RE ARtk AN et BrsAH LS ERRVAP ER 18 the

remaining patterned mask layer 30 is removed and the structure is cleaned as necessary. Removal of
Patterned Upp&rlBiseoria selemdnchmgfiges the width of the subsequent via opening 44 of the

dual damascene opening 50.

Mask layer 30 has a thickness of preferably from about 2000 to
10,000A 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 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 100" and trench 102 are fabricated within ‘one run' of etch
processes which avoids essﬂ f 12 using a via-fill material and then having to remove the via-fill
material at p e "’* %)' \at erning used herein (i.c. the use of rectangular-shaped
opening 31) prevent any pOSS|bIe trench 102 and via 100" misalignment. 13 Further Processing Further
processing may then proceed by the formation of a planaxized dual damascene structure within final dual

damascene opening 50, for example. Any planaX|zed dual damascene structure 52 is preferably
comprised of copper As shown in Fig. 3, ILD 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 Laver

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

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

11



(Cu), aluminum (Al), gold (Au), an aluminum copper alloy (AlCu) or an aluminum silica copper alloy
(AISiCu) 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 particular. embodiments of the present in entl n have been illustrated and
Goscribed. 1AMt TSHSIo IR AN, BACupt SRS By T g ST 14 1 AIMS

We claim: 1. A method of formin an aligned dual damascene opening, comprising the sequential steps
of: portion 100” and in¢ oate trench portion 10

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 Layer 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 100" and trench

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

12



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 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 .leayjng exposed osi ortions of the patterne r dielectric layer;
ptorning RS BT RALAALGED B 0ahs S SRRt ovate LG oD LN sk layer
and the exposed portions of the upper dielectric layer as masks; the middle dielectric material layer
opening exp6sity AoERFA emﬁalr@%h%% ffa%ﬂlh?lr% ngStheifra RS paRer at its
exposed portion to form a patterned middle etch stop layer having an opening exposing a portion of the
lower dielecoif€Avage?hl Rigaent any possible trench 102 and via 100" misalignment.

13



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; removing the patterned mask layer;
and removinputrh[% reégees%i%p er dielectric material layer, the exposed portions of the patterned middle
etch stop la 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. _ _ _
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 (AlSiCu) 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 particular embodiments of the present invention have been

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

by the following claims.

14



16 3. The method of claim 1, wherein the structure is comprised of silicon or germanium. 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, SiC, SiCO, SIiCN, 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(O), 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(0), SiC(N),, a combination of SiC(O) M@\l) 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(0) and ¥Ye®3itke 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

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;

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



is comprised of FTEOS or a low-k dielectric material; and the upper dielectric layer is comprised of SiN.
17 6. The method of claim 1, wherein the lower and middle dielectric layers are comprised of the same
material. 7. The method of claim 1, wherein the bottom etch stop layer, the middle etch stop layer and the
upper dielectric layer are comprised of the same material. 8. The method of claim 1, 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 1000Ai the tllglwer dc'{%l%::tritc}rlna erialllgzer hﬁs a thickness of fram about 2000 to
6000A; the middle (ra%ﬂos‘fonpglayeer RS thicknas oF fré) egb%utl%ﬁ)fgﬂ A);Otﬂclaor}nié)dleoa{gle%tric
material layer has a thickness of from about 2000 to 6000A; and the upper dielectric layer has a
thickness of RFASLIEYSE 5 LO0GH s RGPS SREFINE SIS BB RAEAS TES

thickness of from about 2000 to 3000A; the bottom etch stop layer has a thickness of from about 400 to
600A; the lohelegisiesnadariatdaseTayer 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
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;
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.

16



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. 18 10. The method of claim 1, further including the step of forming a
patterned dual damascene structure within the dual damascene opening. 11. The method of claim 1,
wherein the opening has a width of from about 0.07 to 0.25c,m 12. The method of claim 1, wherein the
opening has a width of from about 0.11 to 0.20can. 13. The method of claim 1, wherein the opening has a
width and a length and the width is greater than the length. 14. 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 %t\%(ék over the metal structure; the layer stack comprising, in ascending

order: a bottdm Etéh SieiRe e adbWar dieWrteHafialSiySEe nifRBRISSth Playe e nidtle

dielectric material layer; and an upper dielectric
germanium.

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, 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
materials; the middle etch stop layer is comprised of a dielectric material such as
SiN, SiC(O), 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(O) 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 SilN.
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layer; 19 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 partion to form a patterned middle etch stop layer having an
opening expésiﬁaea MWOP he'fdWer dighsesie ﬁ#a%ﬁ%mry&t}@nﬁu ot patter AN thEDatterned
middle dielectric material layer using the patterned

comprised of the same material.

7. The method of claim 1, wherein the bottom etch stop layer, the middle etch stop

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

8. The method of claim 1, 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 1000A; the
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.

9. 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 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 5000A; and the upper

dielectric layer has a thickness of from about 400 to 600A.
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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; 20 removing the patterned mask
layer; and removing the patterned upper dielectric material layer, the exposed portions of the patterned

middle etch sipRriayer and e expased parfion of he hotlometch, ston Jayen [o conyert. e facgoate
upper trench opening Into a finalupper trench opening; and the inthoate lowe? via opening into a final

lower via opening; to form the aligned du%léjlama%%gne opening. 15. The method of claim 14, wherein the
structure is & 8BMRSGRG RIS AR HBINrHIE Sua SEBRSERE LA SHHYFein the structure is comprised of

silicon or

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

0.25um.

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

0.20pum.

13. The method of claim 1, wherein the opening has a width and a length and the

width is greater than the length.

14. 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;
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germanium. 17. The method of claim 14, 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 materials; the middle etch stop layer is comprised of a dielectric material such as SiN, SiC(O),

SiC(N), , a combinatign of SiC(Q) and SiC(N) or BLOK; the middle 21 dielectyic material layer.is
compilsed of a ciciBE K NRARY SRR A P ETko Eut 1 QTR SRS SR A ol Btectric
layer is comprised.of a dielectric layer such as SiN, SiC(O), SiC(N),,.a combination of SiC(O) and SiC(N)
or BLOK. 18%%%&ﬂB&%%le&mP&tA?%%#émetH@ﬁ%l&}%&&{dﬁﬁ%sde%rge@mb% a¥idBottom

etch stop layer is comprised of a combination of SiC(O) and SiC(N); the lower dielectric material layer is
comprised ofeciagslar-shenred gisdnchnsiaga; Wik iadie J—ﬁ@ﬁ“%’tbp 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 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:
the patterned middle dielectric material layer using the patterned
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;
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is comprised of SiN. 19. The method of claim 14, wherein the lower and middle dielectric layers are
comprised of the same material. 20. The method of claim 14, wherein the bottom etch stop layer, the
middle etch stop layer and the upper dielectric layer are comprised of the same material. 21. The method
of claim 14, 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 f[gm609r(1)A3cIt1ge n]&%%l{e Stchagi ala egrrllgs a thickness of from about 250 to 1000A; the
22 middle dielectric ma?grlaglayepﬁas a thicKess Bf frof'about 2000 to 6000A; and the upper dielectric

layer has a thickness of from about 250 to 1000A. 22. The method, of claim ]};1 wherein the metal
structure has a thickiiBSY BYarHR BBEETOH RS SheAtHAHBRBTHA Slo N8 e PSS B RAKIKNRSs of from
about 400 to 600A; the lower dielectric material layer has a thickness of from about 3000 to 5000A; the
middle etch fopfapattaeres miidkatessteh firk Mot a0d theoomosed nordor aidketetiametshiayer has

a thickness of from about 3000 to 5000A; and
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.
15. The method of claim 14, wherein the structure is a semiconductor wafer.

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

germanium.

17. The method of claim 14, 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
materials; the middle etch stop layer is comprised of a dielectric material such as

SiN, SiC(O), SiC(N), , a combination of SiC(O) and SiC(N) or BLOK; the middle
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the upper dielectric layer has a thickness of from about 400 to 600A. 23. The method of claim 14, further
including the step of forming a patterned dual damascene structure within the dual damascene opening.
24. The method of claim 14, wherein the rectangular-shaped opening has a width of from about 0.07 to
0.25 and a length of from about 0.06 to 0.24 . 25. The method of claim 14, wherein the
rectangular-shaped opening has a width of from about 0.11 to 0.20can and a length of from about 0.10 to

O, 2 el L g, & loned e dpascRne preaito, fomarisig (e sequpnial steps
of: 23 providing a St ENAVIAY A Mt RIu&tre Brimeds ereover, forming a layer stack over the
metal structyre; the layer stack comprising, in ascending order: a battom etch stop layer; a lower
dielectric mjfeﬁéﬁlr%%‘ﬁ Dt ets |H§?é}?ra%%%qgﬁié@ﬁﬁdme}wﬁ5&@ﬁfaﬁ ‘%%H&r
dielectric Ia)}lgg patterning the upper dielectric layer to form a rectangular-shaped opening exposing

opposing poliBAsSHIcthasupi rﬁiﬁp@higmlﬂﬁe@ﬁ%ﬁhmﬁﬁnﬁﬁqgé) and SiC(N) or BLOK.

18. The method of claim 14, 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 SilN.

19. The method of claim 14, wherein the lower and middle dielectric layers are

comprised of the same material.

20. The method of claim 14, wherein the bottom etch stop layer, the middle etch

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

21. The method of claim 14, 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 1000A; the
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rectangular-shaped opening having a width of from about 0.07 to 0.25ccm and a length of from about
0.06 to 0.24ccm; 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 Iayer and the exposed portions of the upper dielectric layer as masks; the

middle dlelectrl ater aver 0 enln a portion of t mlddl p la moving the
middle etch 5t6 CEyé% at s (gxrﬁlostgr por Vpn toat%rm alcpa (sésrn%d Nidafe’8 %Eq%% ay@%é%/mg (;fn
opening expaQsing a por of th lower d|e aterlal layer; simultaneous 92§épattern|ng 24 the

patterned mf@lﬂélﬁ}é%& eﬁ%’c‘é EAE) b%ﬂ%ﬁfé‘a‘ hauk teioatPRE patterned upper

dielectric layer as masks to form an mchoate upper trench opening; and

22. The method of claim 14, 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
SOOOA; 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.

23. The method of claim 14, further including the step of forming a patterned dual

damascene structure within the dual damascene opening.

24. The method of claim 14, 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 0.24um.

25. The method of claim 14, 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.

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

sequential steps of:
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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 intoafinz&.u per trench opening; and the jnchpate lower yia o eninrq into a final lower via
.o rqm na s*r cture havin®g a meta #rﬁlﬁture r ea;t e eoyg .
opening; to form thga igneadual damascene opening. 27. The method of claim 26, wherein the structure

is a semiconductor wafer. 28. The method of claim 26, wherein the strycture is comprised of silicon or
germanium. 25 29. PREHRSRAJAYET SHRY fef,%ﬁ%?émefﬁf W&%lgﬁu@ﬁ%ysewrﬁm@mr&%aﬁew

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 0.24um;

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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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 materials; the middle etch stop layer is comprised of a dielectric material such as SiN, SiC(O),
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 F EOS \ggéd ctric. mate ials; nd the u ielec (&rlc ris
O

. . . e t rne er1a er u
comprised of a dielectric Iaye Sits C('fli]l\cl),, a com ation'0 ) or

BLOK. 30. The method of claim 26 Whereln the metal structure is co prlsed of copper the bottom etch
stop layer is compriS8dtof &Y B altisn RASELes) ARPSiCHICTHAC IRWEF dieIBRaE TR a8y is
comprised of FTEOS or a low-k dielectric material; the middle etch stop layer is comprised of SiN; the
middle dielectric mﬂ\@h&ﬁl@yépngrcem]@hsea%\mg@eé or a low-k dielectric material; and the upper
dielectric layer is comprised of SiN. 31. The method of claim 26, wherein the metal structure has a
thickness of from about 1880 lovaa0dic]teer sonutesich lsior lapenhdba taittknesd ahidsheattobt 260 to

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.
27. The method of claim 26, wherein the structure is a semiconductor wafer.

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

germanium.
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1000A; the lower dielectric material layer has a thickness of from about 2000 to 26 6000A; the middle
etch stop layer has a thickness of from about 250 to 1000A; the 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. 32. The method of claim 26, wherein the metal structure has a thickness of from about 2000 to
3000A; the bottom etch stop Iayer has a thickness of from about 400 to 600A,; the Iower dielectric material

layer has a't SS of t30 to OOOA he middle etc stop layer has a thickness of from
I e a0 0 % e J2

about 400 to tﬁ% m| dI ric 'ma eerlfngayer has 4 tﬁlcﬂnélsrse of oM AU OC(? 1 gBOOA and

the upper dielectric layer h athl kness of from abagut 400 to 600A. 33. The method of claim 26, further
including thégﬂéﬁlﬂﬁmrrﬁﬂfg &B& BB SPERSTREEROERUAH BN tHE A GaPRSMALeEN Spenlng

34. The method of claim 26, wherein the rectan ular sha ed opening has a width of from about 0.11 to
0.20can andb&)tg?@tﬁt@hfp@m) ApBei & ronyruisedsf od 1e ectric 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
materials; the middle etch stop layer is comprised of a dielectric material such as
SiN, SiC(O), 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(O) and SiC(N) or BLOK.

30. The method of claim 26, 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 SilN.

31. The method of claim 26, wherein the metal structure has a thickness of from
about 1000 to 5000A; the bottom etch stop layer has a thickness of from about 260 to

1000A; the lower dielectric material layer has a thickness of from about 2000 to
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6000A; the middle etch stop layer has a thickness of from about 250 to 1000A; the
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.

32. The method of claim 26, 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
SOOOA; 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.

33. The method of claim 26, further including the step of forming a patterned dual

damascene structure within the dual damascene opening.

34. The method of claim 26, 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.
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