
INTERCONNECTS WITH IMPROVED TDDH BACKGROUND [0001]The fabrication of
integrated circuits (ICs) involves the formation of atures on a substrate
that make up circuit components, such as transistorsresistors and
capacitors. The devices are interconnected, enabling the IC to perform the
desired functions. Interconnections are formed by forming contacts and
conductive lines in a dielectric layer using, for example, damascene
techniques. A damascene structure, for example, includes a via. or contact
hole in a lower portion and a trench which is generally wider than the
contact hole in an upper portion. The via serves as a contact to a device
while the trench contains the conductive tine for connecting the device to,
for examplu, other devices. [0002]As critical dimensions (CD) continue to
shrink, the spacing between two metal lines reduces as well. Moreover, as
the CD shrinks, it also provides challenges for liner deposition. Poor
liner coverage will lead to the diffusion of the liner material, for
example copper, to diffuse into the dielectric layer adjacent thereto.
Therefore, time dependent dielectric breakdown (TDDB) has become an
important reliability issue. For example, the destruction of the dielectric
layer can cause interconnects to short, rendering the IC defective,
10003]From the foregoing discussion., it is desirable to improve TODB to
increase IC reliabil y. SUMMARY 



[0004]A method for forming a semiconductor device is disclosed. The method
includes providing a substrate prepared with a dielectric layer formed
thereon. A first upper etch stop layer is formed on the dielectric layer.
The first upper etch stop layer includes a first dielectric material. The
dielectric layer and first upper etch stop layer are patterned to form, an
interconnect opening. The interconnect opening is tilled with conductive
material to form art interconnect:, The interconnect and first upper etch
stop layer have coplanar top surfaces. The  method further includes forming
a second upper etch stop layer over the coplanar top surfaces. The second
upper etch stop layer includes a second material having sufficient adhesion
with th.c first material to reduce diffusion of lhe conductive material,
[0005]In one embodiment, a semiconductor device disclosed, the
semiconductor device includes a substrate and a dielectric layer on the
substrate with an interconnect. A first etch stop layer that includes a
first material is disposed on the surface of the dielectric layer. The top
surfaces of the interconnect and first etch stop layer are coplanar. The
semiconductor device further includes a second etch stop layer disposed on
top surfaces of the interconnect and first etch stop layer. The second etch
stop layer comprises a second material having sufficient adhesion with the
first material to reduce diffusion of conductive material of the
interconnect. [0006]These and other objects, along with advantages and
features of the present invention herein disclosed will become apparent
through reference to the fiiillowing description and the accompanying
drawings. Furthermore, it is to be understood that the features of the
various embodiments described herein are not mutually exclusive and can
exist in various combinations and permutations, BRIEF DESCRIPTION OF THE
DRAWINGS 



[9007]In the drawings, like reference characters generally refer to the
same parts throughout the different views. Also, the drawings are not
necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the invention, in the following description,
various embodiments of the present invention are described with reference
to the following drawings, in which: [0008]Fig. I shows a cross- ectional
view of an embodiment of a portion of an IC; and [0009]Figs. 2a-e; show a
process for forming an embodiment of a portion of an IC  DETAILED
DESCRIPTION I90101Embodiments generally relate to semiconductor devices or
ICs. More particularly, embodiments relate to interconnections and
processes used, for example, 1Cs. The ICs can be any type of IC, fOr
example dynamic or static random access :memories, signal processors, or
system-on-chip devices. The ICs can be incorporated into, for example,
consumer electronic products, such as computers, cell phones, and personal
digital assistants (MAO. Other types of devices or products are also
useful. 100111Fig. 1 shows a cross-sectional view of a portion of an
integrated circuit (IC) 100 in accordance with one embodiment. As shown,
the portion includes a substrate 105. The substrate, for example, comprises
a silicon substrate. Other types of substrates, such as silicon germanium
or silicon-on-insulator 501), are also usethl. The substrate may include
circuit components (not shown) such as transistors, capacitors, resistors
formed thereon. Other types of circuit components are also useful. 



[0012]A. dielectric layer 130 is disposed on the substrate. The dielectric
layer, for example, serves as an interconnect dielectric (ICD) laver in
which interconnects are formed, A lower etch stop layer 120 can be provided
beneath the ICD layer. The lower etch stop layer can comprise various types
of materials. In one embodiment, the lower etch stop layer comprises a
dielectric material. The lower etch stop layer, in one embodiment,
comprises nitrogen doped BLOK (NBLOK) or low k NBLOK. Other types of etch
stop materials such as silicon nitride can also be useful. The thickness of
the lower etch stop layer can be about 250- 500A. Other thicknesses are
also useful. [00131[none embodiment, the [CD includes lower and upper
portions. The lower portion serves as an interlevel dielectric (ILD) layer
while the upper portion serves as an intrametai dielectric (IMD) layer, The
dielectric layer can be a single layer or multi-layered stack. For example,
a single layer can be used to serve as both the ILD and EVID or separate
layers are used  for the ILD and MID. In some cases, an etch stop layer can
be disposed between the LLD and MD, The [CD comprises a predefined height
HE,. In embodiment, the ICD comprises the height II F prior to commencement
of forming the interconnects, 100141The dielectric layer can comprise, for
example, silicon oxide. Other types of dielectric materials are also
useful. For example, the dielectric layer can comprise doped silicon oxide
such as fluorinated silicon oxide (FSG), undoped or doped silicate glasses
such as boron phosphate silicate glass (BPSG) and phosphate silicate glass
(PSG), undoped or doped thermally grown silicon oxide ndoped or doped TEOS
deposited silicon oxide, and low--k or ultra low-k dielectric materials
such as argano-siticate glass (080) and porous low-k materials. Preferably,
at least the FAD layer comprises a low-k or ultra low-k dielectric
material. 100151An interconnect 150 is formed in the 1CD layer, The IC can
include numerous interconnects. in one embodiment, the interconnect
comprises a conductive line 156 in the upper portion or MD while a contact
154 is disposed in the lower portion or TED. The interconnect comprises a
conductive material, For example, the conductive material can be any metal
or alloy. In one embodiment, the interconnect can comprise copper,
aluminum, tungsten, their alloys, or a combination thereof It. is
understood that. the contacts and conductive line can comprise the same or
different materials. The contact connects the conductive line to contact
regions below. Depending on the [CD level, the contact region can he
another metal line or a device, such. as a diffusion region or a gate of a
transistor or a plate of a capacitor. 



100161A bather 158 can he provided to line the sidewalls and bottom of the
interconnect. The battier serves to protect the conductive line from
diffusing into dielectric layer. The barrier, for example, can comprise
titanium nitride (TiN). Other types of barrier materials, such as TaN, are
also useful. [00171In one embodiment, a first upper etch stop layer 140 is
disposed on the surface of the ICD layer. in one embodiment the top of the
first upper etch stop layer 145 is coplanar with a  top surface of the
conductive line and the barrier. As shown, the barrier separates the
conductive line from the first upper etch stop layer. The first upper etch
stop comprises a first material which enables the conductive line to be
polished selectively. In one embodiment, the first material comprises a
dielectric material. The first material, in one embodiment, comprises
NBLOK. Other types of etch stop materials, for example low-k NBLOK, are
also useful. The thickness of the etch stop laver is about 150- 350A. Other
thicknesses are also useful, [0018]A second upper etch stop layer 170 is
provided over the first upper etch stop layer and the interconnect. The
second upper etch stop layer comprises a second material, The second upper
etch stop layer comprises a material which has good adhesion with the etch
stop layer. In one embodiment, the adhesion between the second and first
upper etch stop layers is sufficient to prevent or reduce diffusion of
conductive material of the conductive line along the interface, The second
material, in one embodiment, comprises NBLOK. Other types of dielectric
capping materials are also useful. Preferably, the first and second
materials comprise the same or similar materials. Providing first and
second materials which are the same or similar esults in good adhesion
between the interface of the etch stop layers, which prevents or reduces
diffusion of conductive material of the conductive line. This improves
IDDB. 100191Figs. 2a-c show an embodiment of a process for forming a
portion 200 of an IC. 



Referring to Fig. 2a, a substrate 205 is provided. The substrate, in one
embodiment, comprises a p-type silicon substrate. Other types of
substrates, such as a germanium-based, gallium arsenide,
silicon-on-insulator (SOD, or sapphire substrate, are also useful. The
substrate can be prepared with circuit components (not shown). Circuit
components can include, for example transistors, capacitors and/or
resistors. Other types of circuit components are also useful. [0020]The
substrate is further prepared with an ICD layer 230. A lower etch stop
layer 220 can be provided beneath the 1.C11) layer. 'The lower etch stop
layer can comprise various types of materials. In. one embodiment, the
lower etch stop layer comprises a. dielectric material such as silicon
nitride. Other types of etch stop materials can also be useful For example,
the lower etch stop can comprise NBLOK or low k NBLOK. The thickness of the
lower etch stop layer can be about 250 - 500A. Other thicknesses are also
useful. 100211The ICD layer includes an upper or BvID portion and a lower
or lit portion. The LCD can be a single layer or multi--layered stack. For
example, a single layer can be used to serve as both. the LLD and IIVID or
p ate layers are used for the lin and DAD. In some cases, an etch stop
layer can be disposed between the ILD and MID. The ICD layer can comprise,
for example, silicon oxide. Other types of dielectric materials arc also
useful. For example, the dielectric layer can comprise doped silicon oxide
such as FSG, undoped or doped silicate glasses such as BPSG and PSG,
undoped or doped. thermally grown silicon oxide, undoped. or doped TROS
deposited silicon oxide, and low-k or ultra low-k dielectric materials such
as organosilicate glass (OSG) and porous low-k materials. Preferably, at
least the DAD layer comprises a low-k or ultra low-k dielectric material.
10022iThe ICD layer,embodiment, comprises an initial height HE when
deposited, The initial height: HT, for example, is about 2000 5000A
depending on design requirements and process ability. in one embodiment, H3
is about 2600 A Other values for Hi are also useful..  The LCD layer or
layers can be deposited u 



.11 arious types of deposition techniques. For  example, chemical vapor
deposition (CND) processes such as plasma enhanced (PECVD), high density
(IIDCVD), atmospheric pressure (APCVD) can be used. Other techniques such
as 13 on processes are also useful. The specific process, for example, can
depend on the type of material used and application. 10231Referring to Fie.
2b, the process continues. in one embodiment, the thickness of the LCD
layer is reduced to a height .FIF. For example, the ICD layer can be
recessed to Hi, of about 200 - 600A. in one embodiment, ElF is equal to
about 2300 A. Reducing the thickness of the LCD layer to other values of HF
is also usefill to obtain better planarization for subsequent  processing.
The ICD layer can be recessed by, for ample chemical mechanical polishing
(CNIP). Other techniques for reducing the thickness of the ICD layer can
also be used. Alternatively, the RD layer comprises a height equal to 14,
when deposited on the substrate. [0024]A first upper etch stop layer 240 is
deposited on the surface of the ICD layer. The first upper etch stop layer
is formed by, fin example CND or PECVD. Other techniques for forming the
first etch stop layer is also useful. The first etch stop layer comprises a
first material. The first material, for example, comprises a material of
which a conductive material used for interconnects can be selectively
polished. In one embodiment, the first material comprises a dielectric
material. The first material, in one embodiment, comprises NBLOK. Other
types of etch stop materials, for example, low-k NEILOK, are also useful.
The thickness of the first upper etch stop layer can be about 150 - 350k
The thickness can be about 200k Other thicknesses are also useful. 



10025]In one embodiment, a mask layer 260 is follnLd over the first upper
etch stop layer. The mask layer comprises, for example, a hard mask layer.
The hard mask can comprise TEOS. Other types of hard mask materials are
also useful. The thickness of the hard mask can be about 150 - 850A. The
hard mask, in one embodiment, is about 500k Other mask thicknesses are also
u.seful. Various techniques, such as CVD, can be used to firm the hard
mask. Theta), first upper etch stop and mask layers comprises a total
height HT. In one embodiment, 111- can be about 2150 - 5850A. In one
embodiment. HT is about 3000k [09261In an alternative embodiment, the first
upper etch stop layer can also serve as a hard mask. For example, the first
upper etch stop layer can be thicker to function as a polish stop and hard
mask, in such ease, the first upper etch stop layer can be about 350- 750A
thick. [0027]As shown in fig. 2c, an interconnect opening 242 is finned in
the ICD layer. In one embodiment, the interconnect opening comprises a dual
damascene opening. The bottom of the xnterconnect penetrates the lower etch
stop layer to expose th.c contact region below. Various  techniques, such
as via first and trench first can be used to form the dual damascene
opening. Other techniques for fowiing the dual damascene opening are also
useful. An etch stop layer (not shown) may be tined at the interface of the
ILL) and IMO, in an alternative embodiment. the interconnect opening
comprises a damascene opening, such as a trench or a via. [0028]in one
embodiment, as shown in Fig. 2d, a barrier 25S is deposited on the
substrate which lines the surface of the LCD and interconnect opening. The
harrier, for example, can comprise titanium nitride (TiN). Other types of
barrier materials, such as TaN, are also useful. The barrier can be tbnned
by, for example, CVD. The bather, for example, is about 30 -150A thick. 



[00291A conductive trial al 250 is eposited on the substrate  covering and
filling the interconnect opening. The conductive material, for example,
comprises copper, aluminum, tungsten, alloys thereof or a combination
thuTeof. Other types of conductive materials, including metals and alloys,
are also useful. hi one embodiment, the conductive material comprises
copper. The conductive material can he deposited by elect -plating. Other
techniques, such as olectro-less plating, physical vapor deposition or
sputtering, are also useful. A seed layer may be provided. The seed
layer,for example, tines the bather layer to facilitate forming the
conductive material. I0030Excess material on the suriiiice of the 1CD layer
is removed by a planarizing process to to an interconnect having a top
surface which is planar with the top surface of the upper etch stop layer.
For example, excess conductive and barrier materials on the surface of the
1CD layer are removed by a polishing process, such as chemical mechanical
polishing. Other types of planarizing or polishing processes are also
useful. The polishing process may include multiple polishing steps to
remove the different materials. An over-polish can be performed to ensure
all bather material is rernoved. The over-polish removes some of the first
upper etch slop layer.  For example, about 100A of the first upper etch
stop layer is removed, leaving a first upper etch stop layer of about 100A
thick. Other thicknesses are also usefUl. [00311A second upper etch stop
layer 270 is deposited on the top surfaces of the first upper etch stop
layer and interconnect. The second upper etch stop layer comprises a second
material. The second material has good adhesion with the etch slop layer.
in one embodiment, the adhesion between the first and second upper etch
stop layers should be sufficient to prevent or reduce diffusion of
conductive material of the conductive line. For example, the adhesion
between the etch stop layers is ircater than about 4.9 jirri2. Other
adhesion values are also usefiii. The second material, in one embodiment,
comprises NB LOK. Other types of dielectric materials are also useful.
Preferably, the first and second materials are the same. The cap layer, for
example, is deposited by CVD. Other techniques can also be used. The
thickness of the cap layer can be about 200 -750A. Providing the second
upper etch stop layer with other thicknesses are also useful. 100321In.
embodiments where the LCD layer is reduced to a thickness Fir or the ICL)
layer comprises a height equal to HI when deposited on. th.e substrate, the
first upper etch stop layer enables the height of the LCD layer to be the
same as that prior to forming the interconnect. This means that there is no
reduction in LCD thickness after forming the interconnect. As a result, the
opening (e.g., damascene or dual damaseene in the ICD in which the
nterconnect is formed has a lower aspect ratio compared to that of the
thickness or the 1CD layer in conventional method. Providing a lower aspect
ratio opening facilitates improved barrier coverage and filling with
conductive materials. This improves TDDB and reduces problems caused by
electro-migatio.n. (EM). 



100331The process continues to foia thii. 1(1 For example, additional
processing can include forming more 1CD layers and interco ections, final
passivation, dicing, assembly and packaging. Other processes are also
useffil.  spirit or essential characteristics thereon The threg.,oing
embodiments, therefore, are to be considered in all respects illustrative
rather thanthe invention described herein. Sc PC of the invention is thus
indicated by the appended claims, rather than by the foregoing description,
and all changes that come within the meaning and range of equivalency of
the claims are intended to be embraced therein.  'What is claimed is:
CLAIMS A method For Forming a semiconductor device comprising: providing a
substrate prepared with - dielectric layer formed thereon; forming a first
upper etch stop layer on the dielectric layer, the first upper etch stop
layer 



comprising a first material;       patterning the dielectric layer and
first upper etch stop layer to form an interconnect opening;       filling
th.e interconnect opening with a conductive material to form an
interconnect, the interconnect and first upper etch stop layer having
coplanar top surfaces; and       finwing a second upper etch stop layer
over the coplanar top surfaces, wherein the second upper etch stop layer
comprises a second material having sufficient adhesion with the first
material to reduce diffusion of the conductive material. 2.The method of
claim 1 comprises a lower etch stop layer in between the substrate and the
dick ie layer, The method, of claim 1 comprises reducing an initial height
HJ ofdielectric layer to a thickness with a height EIF. 4.The method of
claim 1 wherein the first and second materials comprise dielectric 



materials.        The method of claim 4 wherein the dielectric materials
comprise NBLOK, low k NBLOK or a combination thereof.  combination thereof
The method of claim I comprises providing a mask layer over Inc first etch
stop layer to form the interconnect opening.  8. The method of claim 1
comprises providing a barrier layer lining surfaces of the dielectric layer
and the interconnect opening.  9. The method of claim 8 comprises
planarizing the conductive and barrier layers on the surface of the
dielectric layer to form coplanar top surfaces of the interconnect and
first upper etch stop layer.  10. A method for forming a semiconductor
device comprising:       providing a substrate prepared with a dielectric
layer and. a. first upper etch stop layer formed thereon;    forming an
interconnect opening in the dielectric and first upper etch stop layers;
tilling the interconnect opening with a conductive material to form an
interconnect the interconnect and first upper etch stop layer having
coplanar top surface and 



forming a second upper etch stop layer over the coplanar top surfaces,
wherein second upper etch stop layer has sufficient adhesion with the first
upper etch stop layer to reduce diffusion of the conductive material,  11.
The method of claim 10 comprises recessing an initial thickness HE of the
dielectric layer to a thickness BF prior to forming the first upper etch
stop layer thereon,  same material.  13. The method of claim 12 wherein the
first and. second upper etch stop layers comprise dielectric materials.
14. The method of claim 13 wherein the dielectric materials comprise NBLOK,
low k NBLOK or a combination thereof.  15. The method of claim 10 comprises
providing a barrier layer lining surfaces of the dielectric layer and the
interconnect opening.  16. The method of claim IS comprises planarizing the
conductive and barrier layus on the surface of the dielectric layer to form
coplanar top surfaces of thecomect and first upper 



etch stop layer.  17. A semiconductor device comprising; a substrate; and a
dielectric layer on thete with an interconnect;       a first etch stop
Layer comprising a first material disposed on the surface if the dielectric
layer, wherein top surfaces of the interconnect and first etch stop layer
are coplanar; and       a second etch stop layer disposed on top surfaces
of the interconnect and first etch stop layer, wherein the second etch stop
layer comprises a second material having sufficient adhesion With the first
material to reduce diffusion of conductive material of the interconnect.
same tnateriai.  19. The semiconductor device of chant I 8 wherein the
first and second materials comprise dielectric materials:  20. The
semiconductor device of claim 17 wherein the first material comprises
NBLOK, low k NBLOK or a combination thereof. 


