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(54) [Title of Invention]
Semiconductor Integrated Circuit Device and Method for the Production Thereof

(57) ABSTRACT

OBJECTIVE: To prevent delamination of the pad sections and minimize damage to the interconnect in the lower layer
when etching via holes and a moisture-resistant ring trench.

MEANS FOR ACHIEVING THE OBJECTIVE: The semiconductor integrated circuit device comprises the
following elements:

A semiconductor substrate,

A first insulating layer formed on said semiconductor substrate, @ 12

A first conductive layer embedded in the first insulating layer, said first I 10
conductive layer comprising an interconnection layer, a pad layer, and a
moisture-resistant ring layer arranged so as to surround the outer side of said
interconnection layer and the pad layer,

A first conductive barrier layer extending from the respective upper surfaces
of the pad layer and the moisture-resistant ring layer onto the first insulating
layer,

A second insulating layer formed on the first insulating layer so as to cover the
first conductive barrier layer, 12

A second conductive layer that penetrates the second insulating layer, said DD
second conductive layer comprising an interconnection layer reaching the =t

interconnection layer in the lower layer, as well as a pad layer and a moisture- ‘:I D
resistant ring layer that reach the conductive barrier layer in the lower layer, | T
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A second conductive barrier layer extending from the respective upper surfaces of
the pad layer and the moisture-resistant ring layer onto the aforementioned second
insulating layer.
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WHAT IS CLAIMED IS:

CLAIM 1
A semiconductor integrated circuit device, comprising:

A semiconductor substrate comprising a plurality of semiconductor elements formed
thereon,

A first insulating layer formed on the aforementioned semiconductor substrate,

A first conductive layer embedded in the aforementioned first insulating layer, said
first conductive layer comprising a first interconnection layer, a first pad layer, and a
first moisture-resistant ring layer disposed so as to surround the outer side of said first
interconnection layer and the first pad layer,

A first upper conductive barrier layer extending from the respective upper surfaces of
the aforementioned first pad layer and the aforementioned first moisture-resistant ring
layer onto the aforementioned first insulating layer — of the aforementioned first
conductive layer,

A second insulating layer formed on the aforementioned first insulating layer so as to
cover the aforementioned first upper conductive barrier layer,

A second conductive layer embedded and thus formed in the aforementioned second
insulating layer, said second conductive layer comprising a second interconnection
layer reaching the aforementioned first interconnection layer as well as a second pad
layer and a second moisture-resistant ring layer reaching the aforementioned first
upper conductive barrier layer, and

A second upper conductive barrier layer extending from the respective upper surfaces
of the aforementioned second pad layer and the aforementioned second moisture-
resistant ring layer onto the aforementioned second insulating layer — of the
aforementioned second conductive layer.

CLAIM 2
The semiconductor integrated circuit device according to Claim 1, wherein:
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The aforementioned first and second conductive layers each have a laminate structure
composed of a lower conductive barrier layer and a main wiring layer;

The aforementioned first and second upper conductive barrier layers and the lower
conductive barrier layer each include a layer formed of titanium, a titanium compound,
tantalum, a tantalum compound, or a mixture thereof;

The aforementioned first upper conductive barrier layer has a planar shape that
encompasses the respective upper surfaces of the aforementioned first pad layer and
the aforementioned first moisture-resistant ring layer;

The aforementioned second upper conductive barrier layer has a planar shape that
encompasses the respective upper surfaces of the aforementioned second pad layer and
the aforementioned second moisture-resistant ring layer; and

The aforementioned first and second upper conductive barrier layers each include a
lower-side etching stopper layer and an interlayer insulating layer thereon.

CLAIM 3
A method for the production of semiconductor devices, said method comprising:

(a) A step for forming a first insulating layer on a semiconductor substrate comprising
a plurality of semiconductor elements formed thereon;

(b) A step for embedding a first conductive layer in said first insulating layer, said first
conductive layer including a first interconnection layer, a first pad layer, and a first
moisture-resistant ring layer surrounding the outer side of said first interconnection
layer and the first pad layer;

(c) A step for forming a first upper conductive barrier layer extending from the
respective upper surfaces of the aforementioned first pad layer and the
aforementioned first moisture-resistant ring layer onto the first insulating layer, in
the aforementioned first conductive layer;
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(d) A step for forming a second insulating layer on the aforementioned first insulating
layer so as to cover the aforementioned first upper conductive barrier layer;

(e) A step for etching via holes that penetrate the aforementioned second insulating
layer and reach the aforementioned first interconnection layer, and for etching
connection holes for pads and a moisture-resistant ring trench that reach the
aforementioned first upper conductive barrier layer; and

(F) A step for embedding a second conductive layer in the aforementioned second
insulating layer by using the aforementioned via holes, connection holes for the
pad and the moisture-resistant ring trench, said second conductive layer including
a second interconnection layer, a second pad layer, and a second moisture-resistant
ring layer surrounding the outer side of said second interconnection layer and the
second pad layer.

CLAIM 4

The method for the production of semiconductor devices according to Claim 3, said method
further comprising (g) a step for forming a second upper conductive barrier layer extending
from the upper surfaces of the aforementioned second pad layer and the aforementioned
second moisture-resistant ring layer onto the aforementioned second insulating layer, in the
aforementioned second conductive layer.

CLAIM 5
The method for the production of semiconductor devices according to Claim 4, wherein the

aforementioned steps (c) and (g) each include the following steps:

A step for stacking an upper conductive barrier layer and a hard mask layer on the
aforementioned first or second insulating layer;

A step for forming a resist pattern on the aforementioned hard mask layer;

A step for etching and patterning the hard mask layer using the aforementioned resist
pattern as a mask;

A step for removing the aforementioned resist pattern; and
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A step for etching and patterning the aforementioned upper conductive barrier layer
using the pattern of the aforementioned hard mask layer as a mask.

DETAILED DESCRIPTION OF THE INVENTION
[0001]
TECHNOLOGICAL FIELD OF THE INVENTION

The present invention pertains to a semiconductor device and a method for the production
thereof. Specifically, it pertains to a semiconductor integrated circuit device comprising a
multi-level interconnect and a method for the production thereof.

[0002]

PRIOR ART

A semiconductor integrated circuit device is made by forming a large number of elements in
a semiconductor chip and forming a multi-level interconnect on the semiconductor chip.
Bonding pads are also formed by stacking multi-level interconnection layers. In the following
description, the “interconnection layers” shall also include the pads, unless otherwise noted.
A multi-level interconnect is formed of multi-level interconnection layers and interlayer
insulating layers that insulate between the interconnection layers. Conventionally, the
electrical connections between different layers are formed by forming via holes that penetrate
through an interlayer insulating layer before an upper interconnection layer is formed on the
interlayer insulating layer. During the formation of the interconnect in the upper layer, the
via holes are also filled with the interconnection layer.

[0003] An interconnect pattern is formed by forming an interconnection layer on an interlayer
insulating layer, followed by the formation of a resist mask thereon, and then etching the
interconnection layer using said resist mask as an etching mask. Sediment, etc., on the side
walls of the interconnect pattern are removed with an alkaline chemical or the like.
Subsequently, plasma CVD, etc., is used to form an interlayer insulating layer formed of
silicon oxide, etc., in order to insulate between the interconnect patterns within the same layer
and between the interconnect patterns in the upper and lower layers.

[0004] Conventionally, etchable aluminum (Al) or tungsten (W) has been used as the
interconnect material. During the ashing process performed to remove the resist mask after
forming the interconnect pattern, an anti-oxidation layer, such as a TiN layer, is also formed
on the main Al or W interconnection layer to prevent oxidation of the interconnect pattern's
surface.

[0005] Interlayer insulating layers formed of silicon oxide, etc., have the property that allows
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for the permeation of atmospheric moisture. If moisture in the atmosphere reaches the
semiconductor device, it can damage the semiconductor device's properties. To prevent
moisture penetration from the atmosphere, a passivation film composed of SiN, etc., with a
moisture-shielding ability is formed on top of the uppermost insulating layer, and a moisture-
resistant ring, acting as a conductive body, is then formed along the periphery of the chip.
[0006] A moisture-resistant ring is formed by forming a ring trench that surrounds the circuit
region in a loop, doing so through an etching process performed at the same time as the
etching performed to form via holes in the interlayer insulating layer, and then by filling the
ring trench with an interconnection layer formed through a interconnect formation step for
patterning.

[0007] There is always a demand for improvement in the degree of integration in
semiconductor integrated circuit devices. To enhance the degree of integration,
semiconductor elements are miniaturized, allowing for the formation of more semiconductor
elements within a given unit area. As semiconductor elements are miniaturized, the density
of the interconnect formed thereon also increases. As the interconnect density increases, the
width of each interconnect line and the spacing between adjacent interconnect lines in the
same layer must decrease.

[0008] If the thickness of the interconnection layer remains the same, the decrease in the
interconnect width entails an increase in resistance. Additionally, the decrease in spacing
between adjacent interconnect lines results in an increase in capacitance between the
interconnect lines. To reduce the increase in interconnect resistance, it is desirable to increase
the thickness of the interconnection layer. In order to maintain the cross-sectional area of the
interconnect constant, the reduction in the interconnect line width must be compensated by
increasing the thickness of the interconnect.

[0009] However, increasing the thickness of the interconnection layer increases the opposing
area between adjacent interconnect lines, thereby further increasing the capacitance between
the interconnect lines. Increasing interconnect resistance and inter-wire capacitance will
result in reduced speed of signal transmission. In memory devices, high integration and low
power consumption are the main objectives. This has led to the use of conventional
interconnect materials, such as Al.

[0010] In logic circuits, computation speed is the main objective; therefore, any decrease in
signal transmission speed must be prevented as much as possible. Accordingly, it is desirable
to reduce the resistance of the interconnect and the associated capacitance. As an option for
reducing the resistance of interconnects, it has been proposed to use metals with high melting
points, such as Cu, which have lower resistivity than Al, as interconnect materials. As an
option for reducing the associated capacitance of interconnects, it has been proposed to
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reduce the dielectric constant of the insulating layers placed between the interconnects for
insulation. For example, a silicon oxide (FSG) film containing fluorine is used as such an
insulating layer with a low dielectric constant.

[0011] It is difficult to etch interconnect patterns when Cu is used. Therefore, a damascene
process is employed to form a pattern on the Cu layer, where a trench (trench) is formed in
the insulating layer; the trench is filled again to form a Cu layer; and unnecessary part of the
Cu layer is removed from the insulating layer through chemical-mechanical polishing (CMP),
etc. There are two known types of damascene processes: Single-damascene processes and
dual-damascene processes.

[0012] In the single-damascene process, a photoresist pattern for via holes is formed on the
insulating layer in the lower level; via holes are formed by means of etching; the photoresist
pattern is removed; a Cu layer is formed after the removal of the photoresist pattern;
unnecessary part of the Cu layer is removed through CMP; further, the upper insulating layer
is formed; a photoresist pattern for interconnect-pattern trenches is formed on said upper
insulating layer; interconnect-pattern trenches are etched into the upper insulating layer; a Cu
layer is formed after the removal of the photoresist pattern; and unnecessary part of the Cu
layer is removed through CMP.

[0013] In the dual-damascene process, a photoresist pattern for via holes is formed on an
insulating layer; via holes are formed by means of etching; a photoresist pattern for
interconnect-pattern trenches is formed on the same insulating layer; and interconnect-pattern
trenches are formed by means of etching, after which the via holes and interconnect-pattern
trenches are filled again so as to form a Cu layer through the same process, followed by the
removal of unnecessary part of the Cu layer through CMP.

[0014] It should be noted that if the Cu interconnection layer in the lower level is exposed
once the photoresist pattern is removed by means of ashing after the formation of via holes,
the exposed Cu interconnect surface will be oxidized. In order to prevent oxidation of the
surface of the Cu interconnect, an antioxidant film is formed after the formation of the Cu
interconnect pattern in such a way that the antioxidant film covers the surface of the Cu
interconnect so as to act as an etching stopper. Such an antioxidant film acting as an etching
stopper is formed of, for example, a SiN layer.

[0015] In the case where an antioxidant film acting as an etching stopper is placed under the
insulating layer, via holes are etched so as to penetrate the insulating layer, thereby exposing
the antioxidant film acting as an etching stopper. At this stage, the photoresist pattern is
removed through ashing. The antioxidant film exposed at the bottom of the via holes is then
removed. For the sake of simplicity, such an antioxidant film acting as an etching stopper
will be referred to herein as an “etching stopper layer.”
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[0016] It should be noted that Cu, by nature, is diffused in the insulating layer formed of, for
example, silicon oxide, thereby degrading the dielectric properties and insulation
performance of the insulating layer. In order to prevent the diffusion of Cu, a barrier layer
formed of TiN, TaN, etc., is formed before the formation of a Cu interconnection layer, and
then a Cu interconnection layer is formed on the barrier layer. The etching stopper layer above
the Cu interconnect also acts to prevent diffusion.

[0017] Pads are formed in the same way as interconnection layers. A pad pattern is formed
at the same time as the interconnect pattern. Pad connection holes are formed at the same
time as the via holes. Conductive plugs for the pads are formed at the same time as the via
conductive body. Because the area size of a pad is large, a large number of via holes are
formed per pad, and a large number of conductive plugs are used to connect the upper and
lower pad patterns.

[0018] When Cu interconnect is used, the moisture-resistant ring is made by etching a loop-
form trench into the insulating layer along the chip’s periphery at the same time as the etching
for via holes and interconnect-pattern trenches, followed by the formation of a barrier layer
and a Cu interconnection layer in the trench for the moisture-resistant ring, which is
performed at the same time as the subsequent deposition of a barrier layer and the formation
of a Cu interconnection layer.

[0019] A micro-loading effect is known to occur during the etching of a miniaturized pattern,
where the etching rate of a small area is slower than that of a larger area. The diameter of the
via holes for interconnect is set to, for example, the minimum dimensions (rules) according
to the circuit design.

[0020] A number of connection holes of the same diameter as that of the via holes are formed
in the pad part. The moisture-resistant ring must be in the form of a continuous loop, forming
a ring trench. When the width of the moisture-resistant ring trench is wider than the diameter
of the via holes, the moisture-resistant ring trench will be over-etched due to the micro-
loading effect. Given this factor, the width of the moisture-resistant ring trench should be
designed to be the same dimension as the diameter of the via holes.

[0021] The following is an explanation of the state of the etching for via holes and moisture-
resistant ring trench, with reference to figures 10 (A) to (C). Where necessary, the constituent
elements in the circuit region are marked with the respective reference codes accompanied
by the letter “c,” while the constituent elements in the moisture-resistant ring area are marked
with the respective reference codes accompanied by the letter “r.”

[0022] As shown in Figure 10 (A), the interconnect pattern in the lower level forms lower-
level interconnect 121c in the circuit region and conductive ring 121r in the moisture-resistant
ring area. Etching stopper layer 122, formed of SiN, etc., is formed so as to cover the
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conductive pattern of the lower layer, and interlayer insulating layer 123 is formed on top of
etching stopper layer 122 thus formed.

[0023] Resist pattern PR with an opening VO for a via hole and an opening RO for a
moisture-resistant ring trench is formed on the interlayer insulating layer 123. The diameter
of the via hole opening VO and the width of the moisture-resistant ring opening RO are the
same dimensions. Such a photoresist pattern PR is used as an etching mask to etch the
interlayer insulating layer 123.

[0024] While the diameter of the via hole opening VO and the width of the moisture-resistant
ring trench RO are the same as shown in Figure 10 (A), the speed at which etching proceeds
is faster at the moisture-resistant ring trench RT than at the via hole VH, as shown in Figure
10 (B). This results in a height difference, d, between the bottom surface of the via hole, VH,
and the bottom surface of the moisture-resistant ring trench, RT.

[0025] On the interlayer insulating layer 123, etching for the moisture-resistant ring trench
RT is completed first, as shown in Figure 10 (C). The etching continues afterward, so as to
also complete the etching for via holes VH, during which the moisture-resistant ring trench
RT is over-etched.

[0026] From the completion of the etching for the moisture-resistant ring trench RT to the
completion of the etching of via holes VH, the etching stopper layer 122 exposed at the
bottom of the moisture-resistant ring trench RT is over-etched.

[0027] For example, the ratio of the etch rate of a silicon nitride film to the etch rate of a
silicon oxide film is relatively small, ranging from 1/10 to 1/15. However, it is necessary to
form a thick etching stopper layer 122 in order to ensure that the etching stopper layer 122
remains. The SiN film acting as the etching stopper layer has a high dielectric constant. A
thicker etching stopper layer 122 increases the associated capacitance between the
interconnect lines within the same layer.

[0028] Figures 11 (A) and (B) show schematic cross-sectional views that illustrate the
delamination issue of pads.

[0029] Figure 11 (A) shows the schematic structure of the circuit section C and the pad
section P. The first interconnection layer, wl, is embedded in the interlayer insulating layer
d1 with one layering surface. The etching stopper layer s2 with two layering surfaces is
formed on the interlayer insulating layer d1 so as to cover the first interconnection layer, and
the interlayer insulating layer d2 with two layering surfaces is further formed on top of the
etching stopper layer s2. The second interconnection layer w2 is formed, embedded within
the second interlayer insulating layer d2 of the second layer. The interconnection layers wl
and w2, in the pad part P, comprise conductive plugs used to connect the wide pad pattern
and the upper and lower pad patterns. Incidentally, the third etching stopper layer s3 is formed
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on the second interlayer insulating layer d2 so as to cover the second interconnection layer
w2,
[0030] The area size of the pad pattern is wider than the narrow cross-sectional area of the
conductive plugs. Accordingly, the volume of the pad pattern is greater than that of the
conductive plugs, resulting in a more intense tensile stress. Furthermore, pad patterns with a
large area are subjected to dishing and erosion during chemical mechanical polishing (CMP),
which is performed to isolate the conductive layer. Accordingly, the central part of the pat
pattern is recessed deeper than the peripheral part and the interconnect part. In this
configuration, the compressive stress acting on the pad pattern is directed upward at the center,
thereby overcoming the adhesion force at the bottom of the conductive plugs that facilitate
connection.
[0031] As shown in Figure 11 (B), when the stress acting on the pad pattern overcomes the
adhesion force of the conductive plug for connection, the upper and lower pad layers are
delaminated, creating a void V in the middle. Such delamination of the pads will only occur
in the pad area, but never at the interconnect patterns or the moisture-resistant ring.
[0032] Additionally, which layers and which pads are delaminated when a multi-level
interconnect is formed is a random phenomenon. In addition, such delamination is unlikely
to occur after the CMP is performed to isolate the interconnection layer; however, it is more
likely to occur after an annealing process. The delamination is unlikely to occur when only
one layer of interconnect is formed; however, the frequency of delamination increases when
two or three interconnection layers are stacked on top of each other.
[0033] A method proposed to resolve such problems involves forming an interconnection
layer by employing CMP to over-polish the surfaces of the interconnection layers more than
their surrounding insulating layer, followed by laminating a metallic layer, such as Ti, on the
over-polished surfaces, and then performing additional polishing with CMP. According to
this method, a Ti layer, etc., is formed on the upper surface of each interconnect pattern.
[0034] In order to use such an embedded Ti layer to sufficiently suppress the stress-induced
deformation, it would be necessary to make a sufficient dent in the surface of the
interconnection layer. If an embedded layer, such as Ti, is formed on the surface of all
interconnection layers, the volume of the low-resistance Cu layer decreases, thereby
increasing the resistance of the interconnect.
[0035]
OBJECTIVE TO BE ACHIEVED BY THE INVENTION

The purpose of the present invention is to provide a novel configuration of a
semiconductor integrated circuit device having a multi-level interconnect, as well as a
method for the production thereof.
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[0036] Another purpose of the present invention is to provide a structure of a semiconductor
integrated circuit device, as well as a method for the production of the semiconductor
integrated circuit device, which make it possible to minimize the effect of the difference in
etch rate between via holes and moisture-resistant ring trench during the etching in the
damascene process.

[0037] Yet another purpose of the present invention is to provide a novel configuration of a
semiconductor integrated circuit device that has a multi-level interconnect and is capable of
preventing delamination of the pad part, as well as a method for the production thereof.

[0038]
MEANS FOR ACHIEVING THE OBJECTIVE

One aspect of the present invention provides a semiconductor integrated circuit device,
comprising the following elements:

A semiconductor substrate comprising a plurality of semiconductor elements formed
thereon,

A first insulating layer formed on the aforementioned semiconductor substrate,

A first conductive layer embedded in the aforementioned first insulating layer, said
first conductive layer comprising a first interconnection layer, a first pad layer, and a
first moisture-resistant ring layer disposed so as to surround the outer side of said first
interconnection layer and the first pad layer,

A first upper conductive barrier layer extending from the respective upper surfaces of
the aforementioned first pad layer and the aforementioned first moisture-resistant ring
layer onto the aforementioned first insulating layer — of the aforementioned first
conductive layer,

A second insulating layer formed on the aforementioned first insulating layer so as to
cover the aforementioned first upper conductive barrier layer,

A second conductive layer embedded and thus formed in the aforementioned second
insulating layer, said second conductive layer comprising a second interconnection
layer reaching the aforementioned first interconnection layer as well as a second pad
layer and a second moisture-resistant ring layer reaching the aforementioned first
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upper conductive barrier layer, and

A second upper conductive barrier layer extending from the respective upper surfaces
of the aforementioned second pad layer and the aforementioned second moisture-
resistant ring layer onto the aforementioned second insulating layer — of the
aforementioned second conductive layer.

[0039] Another aspect of the present invention provides a method for the production of
semiconductor integrated circuit devices, said method comprising the following steps:

(a) A step for forming a first insulating layer and a first conductive layer, which is
embedded in said first insulating layer, on a semiconductor substrate on which a
plurality of semiconductor elements has been formed, said first conductive layer
comprising a first interconnection layer, a first pad layer, and a first moisture-
resistant ring layer that surrounds the outer sides of the first interconnection layer
and the first pad layer;

(b) A step for forming a first upper conductive barrier layer extending from the
respective upper surfaces of the aforementioned first pad layer and the
aforementioned first moisture-resistant ring layer onto the aforementioned first
insulating layer — of the aforementioned first conductive layer;

(c) A step for forming a second insulating layer on the aforementioned first insulating
layer so as to cover the aforementioned first upper conductive barrier layer;

(d) A step for etching via holes into the aforementioned second insulating layer in such
a way that the via holes reach the aforementioned first interconnection layer while
etching pad connection holes and a moisture-resistant ring trench in such a way
that they reach the aforementioned first upper conductive barrier layer;

(e) A step for etching pattern trenches into the aforementioned second insulating layer,
said pattern trenches being in continuation with the aforementioned via holes, pad-

connection holes, and moisture-resistant ring trench;

(F) A step for embedding the aforementioned via holes, the pad connection holes, the
moisture-resistant ring trench, and the pattern trenches to embed and thus form a
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second conductive layer in the second insulating layer, said second conductive
layer comprising a second interconnection layer, a second pad layer, and a second
moisture-resistant ring layer;

(9) A step for forming a second upper conductive barrier layer extending from the
respective upper surfaces of the aforementioned second pad layer and the
aforementioned second moisture-resistant ring layer onto the second insulating
layer — of the second conductive layer.

[0040] The moisture-resistant ring trench has a high aspect ratio in the width direction;
however, the aspect ratio is much lower in the longitudinal direction. In contrast, via holes
have a high aspect ratio in all directions within the plane.

[0041] Thus, due to the micro-loading effect, the etch rate of the via holes is lower than that
of the moisture-resistant ring trench of the same dimension. By disposing the upper
conductive barrier layer under the moisture-resistant ring trench, it becomes possible to
widen the etching margin and reduce damage to the interconnect in the lower layer.

[0042] The pattern of the pad is significantly larger than that of the interconnection layer.
Accordingly, it is also subjected to dishing and erosion during the CMP, resulting in recession
at the center. The pad pattern part is subjected to high stress. When stress is applied to the
pad pattern part and attempts to push it upward, the upper conductive barrier layer, extending
from the top of the pattern parts onto the insulating layer, prevents its deformation. This
prevents delamination of the pad part.

[0043]
EMBODIMENT OF THE INVENTION

The analysis of etching for via holes and moisture-resistant ring trenches shall be
presented below before the explanation of an embodiment of the present invention:

Figure 6 (A) shows a graph that illustrates the etching rates, as measured when the
diameter of the via holes and the width of the moisture-resistant ring trench are the same. The
horizontal axis shows the diameter of the via holes and the width of the moisture-resistant
ring trench in the unit of um, and the vertical axis shows the etching rate in the unit of A/min.
[0044] The curve line tv represents the etching rate of the via holes while the curve line tr
represents the etching rate of the moisture-resistant ring trench. The via-hole etching rate tv
always indicates a lower value than the etching rate tr of the moisture-resistant ring trench.
Furthermore, the absolute value of the ratio of the etching-rate difference to the etching rate
becomes greater as the via hole diameter and the width of the moisture-resistant ring trench
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decrease. Consequently, even when the etching of the moisture-resistant ring trench is done,
the etching of the via holes has not been done yet, thus requiring over-etching.

[0045] The following is an explanation of working examples of the present invention with
reference to drawings:

[0046] The following explanation uses a central processing unit (CPU) as an example;
however, this does not imply that the present invention is limited thereto.

[0047] Figure 1 (A) shows the top view of a wafer used to make a CPU. A number of chip
regions 11 are defined on the surface of wafer 10. Lines 12 surrounding each chip region are
scribe lines.

[0048] Figure 1 (B) shows the planar configuration on a single chip 11. A circuit region C
(on which a decoder, arithmetic circuit, SRAM, input/output circuit (1/O), etc., are arranged
in a prescribed manner) and a pad part P for extracting the interconnect from the circuit region
are defined in the middle of chip 11. Moisture-resistant ring 17 is defined so as to surround
the circuit region C and the pad part P.

[0049] Figure 1 (C) shows a schematic, enlarged top view of the configuration of a single
chip with a given interconnection layer formed thereon. Pad pattern 13, interconnect pattern
16, and moisture-resistant ring 17 are embedded and thus formed in insulating layer 14.
[0050] Figure 1 (D) schematically shows the arrangement of an upper conductive barrier
layer formed on the plane shown in Figure 1 (C). Upper conductive barrier layer 18 is formed
so as to extend from the upper surfaces of the pads and the moisture-resistant ring onto
insulating layer 14, preferably in a pattern that encompasses the upper surfaces of the pads
and the moisture-resistant ring. However, no upper conductive barrier layer 18 is formed on
interconnect 16. Upper conductive barrier layer 18 acts to suppress the deformation of the
pads and increase the etching margin for the etching of the moisture-resistant ring trench.
[0051] A pad and moisture-resistant ring are disposed along the periphery of each chip, and
there are usually no other structures around them. Therefore, a low positional accuracy is
required for the upper conductive barrier layer, which covers the pad and the moisture-
resistant ring. Even when a lithographic technology that uses excimer laser light is required
for the patterning of the interconnection layer, I-line lithography is sufficient for patterning
the upper conductive barrier layer 18, which covers the pad and the moisture-resistant ring.
This helps reduce the time and cost required, although the number of masks in the masking
process increases by one.

[0052] Figures 2 (A), (B), and (C) show top views that illustrate the pad layer configuration.
[0053] Pad-pattern trench PT for embedding a pad layer in insulating layer 14 and connection
holes PV, which extend downward from the bottom surface of the pad-pattern trench and
reach the pad pattern in the lower layer, are formed as shown in Figure 2 (A).
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[0054] As shown in Figure 2 (B), an interconnection layer is deposited, and the unnecessary
part of the interconnection layer is removed from insulating layer 14 through CMP, to thereby
obtain pad layer 13 embedded in the trench and holes shown in Figure 2 (A)

[0055] As shown in Figure 2 (C), upper conductive barrier layer 18 is formed so as to further
extend from the upper surface of pad layer 13 onto the surrounding insulating layer 14.
Preferably, upper conductive barrier layer 18 covers the entire surface of pad layer 13 and
has a portion that further extends around it, as shown in the figure. However, upper
conductive barrier layer 18 does not necessarily have to cover the entire surface of pad layer
13 as mentioned above; it should be effective in restricting deformation of pad layer 13
insofar as it has a portion that extends from the upper surface of pad layer 13 onto the
surrounding insulating layer 14.

[0056] Figures 2 (E), (F) and (G) show top views that illustrate the configuration of the
moisture-resistant ring.

[0057] As shown in Figure 2 (E), trench RT for the moisture-resistant ring is formed first in
insulating layer 14.

[0058] As shown in Figure 2 (F), moisture-resistant ring 17 embedded in the ring trench RT
is obtained by depositing an interconnection layer and removing the unnecessary portion
from insulating layer 14 through CMP, etc.

[0059] As shown in Figure 2 (G), upper conductive barrier layer 18 is formed so as to further
extend from the upper surface of pad layer 17 onto insulating layer 14 around it. Said upper
conductive barrier layer 18 acts as an etching stopper layer when a trench for the moisture-
resistant ring is etched into the upper layer. Accordingly, it preferably covers the entire upper
surface of moisture-resistant ring 17.

[0060] By providing an upper conductive barrier layer on the pad layer in such a way that it
extends from the upper surface of the pad layer onto the surrounding insulating layer, it
becomes possible to restrict deformation of the pad layer and prevent delamination of the pad
layer. The upper and lower pad layers are electrically connected via the upper conductive
barrier layer.

[0061] When an easily oxidizable, conductive material such as copper or tungsten is used as
the interconnection layer and resist patterns are removed by means of ashing, it is preferable
to form the insulating layer by stacking the etching stopper layer and the interlayer insulating
layer. It is preferable to use a silicon-based insulating layer, such as silicon nitride, silicon
carbide (SiC), or silicon oxynitride, as the etching stopper layer.

[0062] Figures 3 (A) to (F) show cross-sectional views that schematically illustrate the
process of creating a multi-level interconnect structure using the upper conductive barrier
layer. Figure 3 (A) shows an example configuration of circuit section C on the left, an
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example configuration of pad section P in the center, and an example configuration of
moisture-resistant ring R on the right.

[0063] The first interconnect structure wl is embedded and thus formed in the first interlayer
insulating layer d1. The first interconnect structure w1l in the circuit section C constitutes the
interconnect for the circuit, and the first interconnect structure wl in the pad section P
constitutes the pad layer. The first interconnect structure wl in the moisture-resistant ring R
constitutes part of the moisture-resistant ring. Each interconnect structure is formed of, for
example, a lower conductive barrier layer of TaN, etc., and a main interconnection layer of
Cu, etc.

[0064] The first upper conductive barrier layer bl is formed on the first interlayer insulating
layer d1 so as to cover the pad pattern and moisture-resistant ring pattern of the first
interconnect structure wl. The second etching stopper layer s2 is formed on top of the first
interlayer insulating layer d1 so as to cover the first upper conductive barrier b1. The second
interlayer insulating layer d2 is formed on the second etching stopper layer s2.

[0065] Resist pattern PR2A is formed on the second interlayer insulating layer d2, and the
second interlayer insulating layer d2 is subjected to etching. Here, the shape of the moisture-
resistant ring is a continuous loop form. Each via hole VH2 in the pad part P and the circuit
part C has a cylindrical structure. Even if the diameter of the via holes VH and the width of
the ring trench RT2 are the same dimensions, the etching rate of the ring trench RT2 is faster
than that of the via holes VH2 due to the difference in aspect ratio.

[0066] Figure 3 (B) shows the via holes VH2 and the ring trench RT after the etching is
completed. The dimensions of the via holes VH2 are the same, allowing the etching to be
completed almost concurrently. However, since etching progresses rapidly in the ring trench
RT, the second etching stopper layer s2 experiences considerable film depletion due to over-
etching.

[0067] Because the first upper conductive barrier layer bl is provided under the second
etching stopper layer s2, the surface of the first interconnection layer W1 will be adequately
protected by the first upper conductive barrier layer b1 even if the first etching stopper layer
s2 undergoes significant etching.

[0068] As shown in Figure 3 (C), a new resist pattern, PR2B, is formed after the part is shaped
resist pattern PR2A (which is used to form via holes and the ring trench) is removed. Then,
the new resist pattern, PR2B, is used to etch interconnect trench WT2, pad-pattern trench
PT2, and ring trench RT2. Incidentally, in order to protect the bottom parts of the previously
formed via holes and ring trench RT, it is preferable to perform etching after filling them with
an organic substance.
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[0069] It should be noted that the etching for the trench part may be formed first, followed
by the etching for the via holes. In either case, the etching for the ring trench in the moisture-
resistant ring section is completed earlier than the etching for the via holes; however, the first
conductive barrier layer b2 under the etching stopper layer s2 acts as a protective layer for
the first interconnection layer wl in the lower layer, thus preventing damage and oxidation.
Subsequently, the resist pattern PR2B is removed by means of ashing. After the resist pattern
iIs removed, the etching stopper layer s2, which has been exposed at the bottom of the
openings, is removed.

[0070] A metallic layer, M2, for the second interconnect is deposited on the second interlayer
insulating layer d2, which forms the interconnect trench, via holes, etc., as shown in Figure
4 (D). The second metallic layer M2 is typically provided by forming a barrier layer of TaN,
etc., by means of sputtering, then forming a seed layer of Cu, etc., on top of said barrier layer
by means of sputtering, and further forming a thick main interconnection layer of Cu, etc.,
by means of plating.

[0071] Once the second interconnection layer M2 is deposited, the unnecessary metallic layer
deposited on the upper surface of the second interlayer insulating layer d2 is removed through
CMP.

[0072] As shown in Figure 4 (E), the second upper conductive barrier layer b2 is deposited
on the second interlayer insulating layer d2 so as to cover the second interconnection layer
w2 isolated through the CMP. A resist pattern, PR2C, is formed on top of the second upper
conductive barrier layer d2. The resist pattern PR2C is patterned in a shape that covers the
pad pattern of pad part C and the moisture-resistant ring pattern of moisture-resistant ring
part R. The second upper conductive barrier layer, b2, is etched using the resist pattern PR2C
as a mask. Subsequently, the resist pattern PR2C is removed.

[0073] As shown in Figure 4 (F), the third etching stopper layer s3 is deposited on top of the
second interlayer insulating layer d2 so as to cover the second upper conductive barrier layer
b2 that has been patterned.

[0074] Next, the process proceeds to the step for depositing the third interlayer insulating
layer and forming via holes and a ring trench. In other words, a multi-level interconnect
structure can be formed by repeating the steps illustrated in figures 3 (A) to 4 (F).

[0075] During the etching for the moisture-resistant ring trench, the interconnection layer
underneath is safely protected even if the etching stopper layer is over-etched, because the
upper conductive barrier layer is placed below the etching stopper layer. Additionally, the
upper conductive barrier layer b2 restricts deformation of the pat pattern in the pad part,
preventing delamination of the pat part.
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[0076] Incidentally, in the etching step for the via holes and ring trench in Figure 3 (A), an
upper conductive barrier layer b1 is also disposed on the upper surface of the pad. Therefore,
over-etching can also be absorbed in the pad area.

[0077] Figure 2 (D) shows another example configuration of the pad section. In this
configuration, the connecting holes V formed under the pad pattern is not a cylindrical pattern
like via holes, but they have a long, elongated shape. In other words, the connecting holes of
the pad part are shaped similar to the ring trench for the moisture-resistant ring. Since an
upper conductive barrier layer is formed between the pad pattern in the lower layer and the
etching stopper layer, the upper conductive barrier layer protects the pad pattern in the lower
layer in the same way as the moisture-resistant ring, even in the event of over-etching into
the etching stopper layer of the pad part.

[0078] In the configuration described above, the interlayer insulating layers, d, can be formed
from various materials. For example, a silicon oxide layer, a silicon oxide (PSG) layer
containing phosphorus, a silicon oxide (BPSG) layer containing boron and phosphorus, and
an organic insulating layer, etc., can be used herein. A fluorine-containing silicon oxide
(fluorosilicate glass, FSG) layer, hydrogen silsesquioxane (HSQ), tetraethoxysilane (TEOS),
foamed (porous) silicon oxide, etc., can be used to form interlayer insulating layers with a
low dielectric constant.

[0079] Gold, silver, platinum, copper, aluminum, tungsten, tungsten alloys, titanium,
titanium compounds, tantalum, tantalum compounds, etc., can be used for the interconnection
layers. When using a laminate comprising a lower barrier layer and a main interconnection
layer, the barrier layer may be made of titanium, a titanium compound, tantalum, a tantalum
compound, or the like. In terms of process control, it is desirable to form an upper barrier
layer with the same material as the lower barrier layer, although it is not particularly limited.
[0080] The following is an explanation of a more specific working examples with reference
to figures 5 (A) to (F):

[0081] In Figure 5 (A), the first interconnection layer wl is formed with a Cu layer acting as
the main interconnection layer. On the first interconnection layer w1, the first upper barrier
layer b1 is formed of TaN. The first barrier layer b1 has a shape that covers the entire surface
of the first interconnection layer wl and extends onto the surrounding insulating layer.
[0082] A hard mask layer, hl, of the same shape is formed on the first barrier layer bl. The
hard mask layer hl is, for example, a plasma silicon oxide film formed by means of plasma
CVD.

[0083] The second etching stopper layer s2 is formed of, for example, a 50 nm-thick SiN
layer, which covers the hard mask layer hl and the first barrier layer bl. On the second
etching stopper layer s2, the second interlayer insulating layer d2 is formed of a laminate
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comprising a plasma silicon oxide layer with a thickness of about 1200 nm and a SiN layer
with a thickness of about 50 nm, said SiN layer also serving as an anti-reflective coating. A
pad-pattern trench is formed from the surface of the interlayer insulating layer d2, and
connection holes are formed so as to extend downward from the bottom surface of the pad-
pattern trench. The connection holes reach the surface of the first barrier layer b1l.

[0084] The second interconnection layer w2 is formed so as to fill the trenches and holes.
The second interconnection layer w2 is formed, for example, by forming a lower metallic
barrier layer made of TaN with a thickness of about 25 nm and a Cu seed layer with a
thickness of about 100 nm by means of sputtering and further forming a Cu layer with a
thickness of about 300 nm by means of plating, followed by a flattening step that uses CMP.
[0085] As shown in Figure 5 (B), a second metallic barrier layer b2 formed of a TaN layer
having a thickness of about 50 nm and a hard mask layer h2 formed of a plasma silicon oxide
layer having a thickness of about 50 nm are formed on the surface of the second interlayer
insulating layer d2, in which the second interconnection layer w2 is embedded. A resist
pattern PR2 that encompasses a pad pattern w2 is formed on the hard mask layer h2.

[0086] As shown in Figure 5 (C), the resist pattern PR2 is used as the etching mask for the
etching of the hard mask layer h2. Once the etching is completed, the resist pattern is removed
by means of ashing. In this ashing step, the surface of the second interconnection layer w2 is
covered with the second metallic barrier layer b2 and thus prevented from oxidation.

[0087] As shown in Figure 5 (D), the resist pattern PR2 is removed through ashing while the
hard mask h2 remains on the second metallic barrier layer b2.

[0088] As shown in Figure 5(E), the hard mask layer h2 is used as the mask for etching the
second metallic barrier layer b2. In this way, a laminate pattern of the second barrier metallic
layer b2 and the hard mask layer h2 is formed, covering the pad pattern. For example, if the
pad pattern is 10 pm x 10 um, the second metallic barrier layer b2 and the hard mask layer
h2 are preferably patterned to dimensions of 11 um x 11 um so as to cover the entire surface
of the pad pattern and extend onto the surrounding interlayer insulating layer.

[0089] As shown in Figure 5 (F), the third etching stopper layer s3, the third interlayer
insulating layer d3, and the third interconnect w3 can be formed by repeating the process
described above.

[0090] It should be noted that the formation of a metallic barrier layer on the pad pattern
enables the prevention of delamination issues at the pad part even after the annealing step
following the formation of the interconnection layer.

[0091] Figure 6 (A) shows the etching rates relative to the diameter of the via hole and the
width of the moisture-resistant ring trench, as described above. The etching rate of the via
hole is lower than that of the ring trench.
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[0092] Figures 6 (B) and (C) show how the etching for the moisture-resistant ring is
performed in the configuration shown in Figure 5. The first metallic barrier layer b1 and the
first hard mask layer h1 are formed on the moisture-resistant ring of the first interconnection
layer wl. The pattern of the first interconnection layer w1l shown on the left side of the figure
Is the interconnect pattern of the circuit region. The first metallic barrier layer b1 and the first
hard mask layer hl are not formed on the interconnect pattern. The etching rate of the via
hole VH is slower than that of the ring trench RT, resulting in the difference x in the etching
depth.

[0093] Figure 6 (C) shows the state in which the etching for the via hole VH has been
completed. The etching for the ring trench RT is completed before the completion of the
etching for the via hole VH. Consequently, the etching stopper layer, s2, is also etched
gradually due to over-etching (e.g., 40 nm out of a thickness of about 50 nm is etched).
However, the hard mask layer h1 and the metallic barrier layer b1 are placed under the etching
stopper layer s2, covering the surface of the ring pattern on the interconnection layer wl in
the lower level. This prevents damage to and oxidation of the surface of the ring pattern w1l.
[0094] Figure 7 shows a partial cross-sectional view of the circuit region and the moisture-
resistant ring region of the semiconductor integrated circuit shown in figures 5 and 6.
Trenches for isolating elements are formed on the surface of the silicon substrate 40.
Insulating regions consisting of silicon oxide, etc., which fill the trenches form STIs (Shallow
Trench Isolations) 41c, thus defining active regions. In the moisture-resistant ring part, a ring-
shaped insulating region 41r is formed at the same time the STIs, so as to enclose the circuit
region in a loop form.

[0095] In the circuit region, p-well WP and n-well WN are formed in each active region, and
gate insulating layer 43c made of thermal silicon oxide, etc., is also formed on the active
region. Gate electrodes 44c made of polycrystalline silicon, polycide, etc., are formed on gate
insulating layers 43c, thus forming isolated gate electrodes. Silicon oxide, etc., is used to
form sidewall spacers 45c on the side walls of the isolated gate electrodes.

[0096] After the isolated gate electrodes are formed, the p-well Wp and the n-well Wn each
undergo separate ion implantation steps to form an n-type source/drain region 42n in p-well
Wp and a p-type source/drain region 42p in n-well Wn.

[0097] The moisture-resistant ring part also undergoes the same steps, except for ion
implantation, to form a ring-shaped conductive region 44r and sidewall spacers 45r on the
insulating region 41r.

[0098] Etching stopper layer 46 made of silicon nitride, etc., is formed on the silicon substrate
S0 as to cover isolated gate electrodes 44c and conductive area 44r.
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[0099] A low dielectric insulation material, such as fluorine-containing silicon oxide (FSG),
is used to form the first interlayer insulating layer 47 on the etching stopper layer 46. In the
circuit region, via holes for contact, having a diameter of, for example, about 0.25 um, is
formed from the surface of the first interlayer insulating layer 47. In the moisture-resistant
ring area, a loop-shaped moisture-resistant ring trench with the same width as the via holes
is formed on the conductive area 44r.

[0100] The via holes for contact and the moisture-resistant ring trench are formed through an
etching step whereby etching proceeds and then temporarily stops at the surface of etching
stopper layer 46 to remove the resist mask, after which the portions of etching stopper layer
46 exposed at the bottom of the via holes for contact and the moisture-resistant ring trench
are removed.

[0101] After the formation of the via holes for contact and the moisture-resistant ring trench,
a glue/barrier layer 50 made of, for example, TiN or the like, and a conductive layer 51 for
conductive fences and conductive plugs made of, for example, tungsten or the like, are
deposited. Subsequently, the glue/barrier layer and the conductive layer are removed from
the surface of the first interlayer insulating layer 47 through CMP. The glue/barrier layer can
be formed of a single layer made of TiN, TaN, etc., or formed of a laminate comprising a Ti
layer for glue and a TiN layer for barrier. Conductive plugs that contact the semiconductor
surface and conductive fences that contact conductive region 44r on insulating region 41r are
formed as described above.

[0102] In this way, conductive plugs formed of glue barrier layer 50c and conductive region
51c are formed in the circuit section while conductive fences formed of glue barrier layer 50r
and conductive region 51r are formed in the moisture-resistant ring area.

[0103] It should be noted that, in the circuit region, one of the source/drain regions in an n-
channel MOS transistor and one of the source/drain regions in a p-channel MOS transistor
are connected to each other through the interconnect in the first layer, thus forming a CMOS
inverter.

[0104] Subsequently, the second etching stopper layer 52 and the second interlayer insulating
layer 53 are deposited on the surface of the first interlayer insulating layer 47 so as to cover
the conductive plugs and the conductive fences. The etching stopper layer is formed, for
example, of SiN, and the interlayer insulating layer is formed, for example, of FSG. A resist
pattern is formed on the surface of the second interlayer insulating layer 53, defining the
openings for the interconnect pattern and the moisture-resistant ring of the first
interconnection layer. Both openings have the same width, for example.

[0105] Such a resist pattern is used as an etching mask to etch the second interlayer insulating
layer 53. The etching stops temporarily once the surface of the second etching stopper layer
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52 is exposed, and then the resist pattern is removed by means of ashing. Subsequently, the
exposed second etching stopper layer 52 is removed by means of etching, and lower barrier
layer 54 and interconnection layer 55 are deposited. Then, the unnecessary portions of the
lower barrier layer and the interconnection layer on the surface of the second interlayer
insulating layer 53 are removed through CMP.

[0106] In this manner, an interconnect pattern composed of a lower barrier layer 54c¢ and an
interconnection layer 55c¢ is formed in the circuit region, while conductive fences comprising
a barrier layer 54r and an interconnection layer 55r are formed in the moisture-resistant ring
area. In this manner, the structure of the first interconnection layer is formed so as to have a
single-damascene structure. In the single-damascene structure, the side and bottom surfaces
of both the via conductive body and the interconnect pattern are covered with a barrier layer.
[0107] In the moisture-resistant ring part R, a first upper metallic barrier layer b1 formed of,
for example, a TaN layer, and a first hard mask layer hl made of, for example, a plasma
silicon oxide film are formed so as to cover the upper surface of the moisture-resistant ring.
As mentioned above, such an upper metallic barrier layer and hard mask layer are preferably
formed so as to encompass the upper surface of the moisture-resistant ring pattern.

[0108] A third etching stopper layer 57, a third interlayer insulating layer 58, a fourth etching
stopper layer 59, and a fourth interlayer insulating layer 60 are deposited on the second
interlayer insulating layer 53 so as to cover the first hard mask layer h1 and the first upper
metallic barrier layer b1. The interconnect-pattern trenches and moisture-resistant ring trench
are formed so as to extend from the surface of the fourth interlayer insulating layer 60 and
reach the surface of the third interlayer insulating layer 58. Furthermore, the first-level
interconnect pattern is formed in the second interlayer insulating layer 53 so as to extend
from the bottom surface of the interconnect-pattern trench. Via holes and a moisture-resistant
ring trench are formed so as to reach the first metallic barrier layer of the moisture-resistant
ring part. The via hole diameter and the moisture-resistant ring trench’s width are, for
example, 0.3 um.

[0109] A lower barrier layer 62 and a conductive layer 63 made of Cu, etc., are deposited so
as to fill such via holes, interconnect-pattern trenches, and moisture-resistant ring trench. The
lower barrier layer and the conductive layer deposited on the fourth interlayer insulating layer
60 are removed through CMP, etc. In the moisture-resistant ring, the second upper metallic
barrier layer b2 and the second hard mask layer h2 are formed so as to cover the upper surface
of the moisture-resistant ring. The second-level interconnect structure and the fences for the
second-level moisture-resistant ring are formed as described above using the dual-damascene
structure. In the dual-damascene structure, the surface of the interconnect structure in each
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layer (except for the top surface) is covered with a lower barrier layer. The top surface is
covered with an upper metallic barrier layer.

[0110] Once the second layer interconnect structure is formed, a fifth etching stopper layer
65 is formed on the surface of the fourth interlayer insulating layer. A fifth interlayer
insulating layer 66, a sixth etching stopper layer 67, and a sixth interlayer insulating layer 68
are deposited on top of the fifth etching stopper layer 65. A dual-damascene conductive
structure composed of lower barrier layer 70 and interconnection layer 71 is formed through
a process similar to that described above. In the moisture-resistant ring, the surface of the
moisture-resistant ring is covered with the third upper metallic barrier layer b3 and the third
hard mask layer h3. The third-level interconnect structure and the third-level moisture-
resistant ring are formed as described above. The via hole diameter and the ring trench width
in the third interconnection layer are, for example, 0.45 um.

[0111] A seventh etching stopper layer 73, a seventh interlayer insulating layer 74, an eighth
etching stopper layer 75, and an eighth interlayer insulating layer 76 are deposited on the
sixth interlayer insulating layer so as to cover the third-level interconnect structure and the
hard mask layer h3 on the third-level moisture-resistant ring so as to form interconnect-
pattern trenches, via holes, and moisture-resistant ring trench, thus forming a fourth-level
interconnect structure composed of a lower barrier layer 78 and an interconnection layer 79
as well as a fourth-level moisture-resistant ring structure, which employ the dual-damascene
structure. In the moisture-resistant ring section, the surface of the moisture-resistant ring is
covered with the fourth upper metallic barrier layer b4 and the fourth hard mask layer h4.
[0112] The via hole diameter and the ring trench width in the fourth interconnection layer
are, for example, 0.9 um.

[0113] A passivation film 81 made of SiN or the like with moisture shielding ability is formed
on the surface of the eighth interlayer insulating layer 76 so as to cover the fourth
interconnection layer and the fourth hard mask layer of the fourth-level moisture-resistant
ring. In the moisture-resistant ring area, a loop-form conductive fence is laminated on the
substrate, and a passivation film is formed thereon, thereby forming a moisture-shielding
structure that seals the circuit region.

[0114] In the configuration shown in the figure, the first interconnect structure is formed of
a single-damascene structure, and the second to fourth interconnect structures are formed of
a dual-damascene structure. Whether to use single-damascene or dual-damascene can be
selected arbitrarily. While the above-mentioned description illustrates an example of using
etching stopper layers for etching interconnect trenches, the etching stopper layers for
interconnect trenches may be omitted here. In that case, controlled etching is used to control

TSMC EX1005 p. 24



the depth of the trenches. Whether or not to provide etching stopper layers for interconnect
trenches can be selected arbitrarily.

[0115] Figures 8 (A) to (G) show cross-sectional views that schematically illustrate the
process of forming a single-damascene interconnect. The figure illustrates the structure of
the interconnect section. Accordingly, the upper metallic barrier layer is not formed. As
shown in Figure 8 (A), lower barrier layer b1 and interconnection layer wl form the lower-
level interconnect. Etching stopper layer s2, interlayer insulating layer d2, and anti-reflective
film ar2 are formed so as to cover the surface of the lower-level interconnect. The etching
stopper layer s2 and the anti-reflective film ar2 are formed of SiN films with a thickness of
about 50 nm, respectively. The interlayer insulating layer d2 is formed of, for example, FSG
with a thickness of about 600 nm.

[0116] A resist pattern PR2 is formed to etch a via hole and a moisture-resistant ring trench
on the anti-reflective film ar2. The resist pattern PR2 is used as an etching mask for etching
the anti-reflective film ar2 and the interlayer insulating layer d2. Subsequently, the resist
pattern PR2 is removed. The figure shows only one opening because the via hole and the
moisture-resistant ring trench have a similar cross-sectional structure. The same applies
hereafter.

[0117] As shown in Figure 8 (B), the exposed anti-reflective film ar2 and etching stopper
layer s2 are removed, forming via hole VH2 and moisture-resistant ring trench RT2, thus
exposing the surface of the lower-level interconnect wl.

[0118] As shown in Figure 8 (C), barrier layer b2p formed of a TAN layer with a thickness
of about 25 nm and an interconnection layer w2p formed of a Cu layer with a thickness of
about 1500 nm, for example, are deposited so as to fill the via hole VH2 and moisture-
resistant ring trench RT2. After the barrier layer b2p is formed by means of sputtering, a Cu
seed layer with a thickness of about 200 nm is formed by means of sputtering, and a Cu layer
with a thickness of about 1300 nm is formed thereon by means of plating, etc., so as to form
an interconnection layer w2p.

[0119] As shown in Figure 8 (D), the barrier layer b2p and interconnection layer w2p on the
interlayer insulating layer d2 are removed through CMP, forming a copper plug (copper
fence).

[0120] As shown in Figure 8 (E), etching stopper layer s3 formed of a SiN layer with a
thickness of about 50 nm, interlayer insulating layer d3 formed of an FSG layer with a
thickness of about 500 nm, and anti-reflective layer ar3 formed of a SiN layer with a thickness
of about 50 nm, are formed on the interlayer insulating layer d2 so as to cover the copper
plug (copper fence). Resist pattern PR3 having openings to form interconnect-pattern
trenches and a moisture-resistant ring trench is formed on top of the anti-reflective film ar3.
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The width of the interconnect-pattern trenches and the width of the moisture-resistant ring
trench are, for example, the same.

[0121] The resist pattern PR3 is used as an etching mask to etch the anti-reflective film ar3
and the interlayer insulating layer d3. Subsequently, the resist pattern PR3 is removed, and
the exposed anti-reflective film ar3 and etching stopper layer s3 are removed by means of
etching.

[0122] As shown in Figure 8 (F), barrier layer b3p formed of a TaN layer with a thickness of
about 20 nm and interconnection layer w3p formed of Cu with a thickness of about 1200 nm
are formed through the same process as in Figure 8 (C). Incidentally, the interconnection
layer w3p is formed by first forming a Cu layer with a thickness of about 200 nm through
sputtering, and then by forming a Cu layer with a thickness of about 1000 nm through plating,
etc.

[0123] As shown in Figure 8 (G), unnecessary portions of the barrier layer and
interconnection layer on the interlayer insulating layer d3 are removed through CMP so as to
create an interconnect pattern composed of barrier layer b3 and interconnection layer w3.
Subsequently, the upper metallic barrier layer and the hard mask layer are formed; however,
they are all removed in the circuit region. Each level of the interconnect structure can be
created through the process described above. By repeating the same process, multiple levels
of interconnection layers can be formed using a single-damascene structure. The following
is an explanation of the creation of a dual-damascene structure:

[0124] Figures 9 (A) to (F) are cross-sectional views that illustrate another method for
creating a dual-damascene interconnect structure. As shown in Figure 9 (A), etching stopper
layer s2 formed of a SiN layer with a thickness of about 50 nm, interlayer insulating layer d2
formed of an FSG layer with a thickness of about 600 nm, etching stopper layer s3 formed
of a SIN layer with a thickness of about 50 nm, interlayer insulating layer d3 formed of an
FSG layer with a thickness of about 500 nm, and anti-reflective film ar3 formed of a SiN
layer with a thickness of about 50 nm are stacked on a lower-level interconnect comprising
barrier layer b1 and interconnection layer w1l.

[0125] A resist pattern PR2 with an opening, which corresponds to a via hole or moisture-
resistant ring trench, is formed on the anti-reflective film ar3. The resist pattern PR2 is used
as a mask to etch the anti-reflective film ar3 and interlayer insulating layer d3, after which
the etching stops at the surface of etching stopper layer s3.

[0126] The resist pattern PR2 is removed, as shown in Figure 9 (B).

[0127] As shown in Figure 9 (C), a resist pattern PR3 with an opening, which corresponds to
an interconnect pattern or moisture-resistant ring trench, is formed on the anti-reflective film
ar3. The width of the moisture-resistant ring trench is identical to the width of the
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interconnect-pattern trench, for example. The resist pattern PR3 is used as an etching mask
for etching the anti-reflective film ar3 and the interlayer insulating layer d3. In this event, the
etching stopper layer s3, which is exposed at the bottom of the previously formed via hole
(moisture-resistant ring trench), and the interlayer insulating layer d2 are etched together so
that a via hole extends downward. For the etching of these, the etching conditions are set to
stop at the surfaces of etching stopper layer s3 and etching stopper layer s2, respectively.
[0128] Resist pattern PR3 is removed by means of ashing as shown in Figure 9 (D). Next,
anti-reflective coating ar3 exposed on the surface, etching stopper layer s3 exposed at the
bottom of the interconnect-pattern trench, and etching stopper layer s2 exposed at the bottom
of the via hole (moisture-resistant ring trench) are removed by means of etching.
Interconnect-pattern trench WT and via hole VH (moisture-resistant ring trench RT) are
formed.

[0129] Barrier layer b3p and interconnection layer w3p are deposited as shown in Figure 9
(E). First, a TaN layer with a thickness of about 20 nm is deposited by means of sputtering,
and then a Cu layer with a thickness of about 200 nm is deposited by means of sputtering.
Next, a Cu layer with a thickness of about 1300 nm is deposited by means of plating.

[0130] As shown in Figure 9 (F), unnecessary portions of barrier layer b3p and
interconnection layer w3p on the interlayer insulating layer d3 are removed through CMP, so
as to create a dual-damascene interconnect structure comprising barrier layer b3 and
interconnection layer w3. Subsequently, an upper metallic barrier layer and a hard mask layer
are formed; however, they are all removed in the circuit region.

[0131] The use of the aforementioned damascene process makes it possible to create a multi-
level interconnect structure shown in Figure 7 while concurrently forming a moisture-
resistant ring structure, which comprises a conductive (metallic) ring formed of the same
material as that of the interconnect and an upper metallic barrier layer covering said ring, is
formed in the moisture-resistant ring region.

[0132] In the above example, the function of the upper metallic barrier layer at the pad part
and the function at the moisture-resistant ring are separate. The upper metallic barrier layer
may be provided only on either the pad part or the moisture-resistant ring part.

[0133] The present invention is described with reference to the working examples above.
However, the present invention is not limited to these examples. For example, if the resist
pattern is removed through a method that does not use oxygen, it is possible to omit the
etching stopper layer and the hard mask layer. In this case, the lower-level interconnect
structure is used as an etch stopper for the etching of via holes and ring trenches. The upper
metallic barrier layer is etched through the use of a resist mask. The resist mask is removed
afterward.
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[0134] The material used to form the upper conductive barrier layer is not particularly limited
but may be any of the following: titanium, a titanium compound, tantalum, a tantalum
compound, and the mixture thereof. The hard mask layer can be formed of any of the
following: plasma SiO; layer, PSG layer, FSG layer, HSQ layer, TEOS layer, silicon nitride
layer, silicon carbide layer, silicon oxynitride layer, and the laminate thereof.
[0135] While TaN and Cu are used as the interconnect material in the foregoing, the
conductive layer can be formed of any of the following: gold, silver, platinum, copper,
aluminum, aluminum alloys, tungsten, tungsten compounds, molybdenum, molybdenum
compounds, titanium, titanium compounds, tantalum, tantalum compounds, and the
combination thereof Any of the following formation method can be used herein: Sputtering,
CVD, plating, or the combination thereof.
[0136] The main interconnection layer can be formed of any of the following: gold, silver,
platinum, copper, aluminum, an aluminum alloy, tungsten, a tungsten compound, and the
combination thereof. The lower barrier layer can be formed of any of the following:
molybdenum, molybdenum compounds, titanium, titanium compounds, tantalum, a tantalum
compound, and the combination thereof.
[0137] Various materials may be used to form the insulating layers. FSG, hydrogen
silsesquioxane (HSQ), tetraethoxysilane (TEOS), foamed (porous) silicon oxide, or the like
can be used for insulating layers having a low dielectric constant. Silicon oxide,
phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), etc., may also be used if it
IS not necessary to lower the dielectric constant.
[0138] The etching stopper layer can be formed of any of the following: silicon nitride layer,
silicon carbide layer, silicon oxynitride layer, and the laminate thereof. The interlayer
insulating layer can be formed of any of the following: a plasma SiO; layer, PSG layer, FSG
layer, HSQ layer, TEOS layer, and the laminate thereof.
[0139] It should be understood by those skilled in the art that other various changes,
modifications, and combinations can be made.
[0140] The following appendices describe the features of the present invention:
[0141] (Appendix 1)

A semiconductor integrated circuit device, comprising the following elements:

A semiconductor substrate comprising a plurality of semiconductor elements formed
thereon,

A first insulating layer formed on the aforementioned semiconductor substrate,
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A first conductive layer embedded in the aforementioned first insulating layer, said
first conductive layer comprising a first interconnection layer, a first pad layer, and
a first moisture-resistant ring layer arranged so as to surround the outer side of said
first interconnection layer and the first pad layer,

A first upper conductive barrier layer extending from the respective upper surfaces
of the aforementioned first pad layer and the aforementioned first moisture-resistant
ring layer onto the aforementioned first insulating layer, in the aforementioned first
conductive layer,

A second insulating layer formed on the aforementioned first insulating layer so as
to cover the aforementioned first upper conductive barrier layer, and

A second conductive layer formed through the aforementioned second insulating
layer, said second conductive layer comprising a second interconnection layer
reaching the aforementioned first interconnection layer, and a second pad layer and
a second moisture-resistant ring layer reaching the aforementioned first upper
conductive barrier layer.

[0142] (Appendix 2)

The semiconductor integrated circuit device described in Appendix 1, further comprising
a second upper conductive barrier layer extending from the upper surfaces of the
aforementioned second pad layer and the aforementioned second moisture-resistant ring
layer onto the second insulating layer, in the second conductive layer.
[0143] (Appendix 3)

The semiconductor integrated circuit device described in Appendix 2, further comprising
a hard mask layer formed on the aforementioned first and second upper conductive barrier
layers and patterned into the same shape as the aforementioned first and second upper
conductive barrier layers.

[0144] (Appendix 4)

The semiconductor integrated circuit device described in any one of appendices 2 and 3,
wherein the aforementioned first and second insulating layers include a laminate of an
etching stopper layer and an interlayer insulating layer formed thereon.

[0145] (Appendix 5)
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The semiconductor integrated circuit device described in Appendix 2, wherein the
aforementioned first and second upper conductive barrier layers each have a planar shape
that encompasses the upper surfaces of the aforementioned pad layer and moisture-resistant
ring layer thereunder.

[0146] (Appendix 6)

The semiconductor integrated circuit device described in any one of appendices 2 to 5,
wherein the aforementioned first and second conductive layers each have a laminated
structure of a lower conductive barrier layer and a main wiring layer; and the aforementioned
upper conductive barrier layer and the aforementioned lower conductive barrier layer are
formed of the same material.

[0147] (Appendix 7)
The semiconductor integrated circuit device as described in Appendix 1, wherein:

The aforementioned first and second conductive layers each have a laminated
structure of a lower conductive barrier layer and a main wiring layer;

The aforementioned first upper conductive barrier layer and the lower conductive
barrier layer each include a layer formed of titanium, a titanium compound,
tantalum, a tantalum compound, or a mixture thereof;

The aforementioned first upper conductive barrier layer has a planar shape that
encompasses the upper surfaces of the aforementioned first pad layer and the
aforementioned moisture-resistant ring layer; and

The aforementioned second insulating layer includes a lower etching stopper layer
and an interlayer insulating layer thereon.

[0148] (Appendix 8)

The semiconductor integrated circuit device described in Appendix 7, wherein the
aforementioned pad layer and the moisture-resistant ring layer are each surrounded on their
upper surfaces by an upper barrier layer and on the other surfaces by a lower barrier layer.
[0149] (Appendix 9)

A method for the production of semiconductor devices, said method comprising the
following steps:
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(@)A step for forming a first insulating layer on a semiconductor substrate
comprising a plurality of semiconductor elements formed thereon;

(b) A step for embedding a first conductive layer in said first insulating layer, said
first conductive layer including a first interconnection layer, a first pad layer,
and a first moisture-resistant ring layer surrounding the outer side of said first
interconnection layer and the first pad layer;

(c) A step for forming a first upper conductive barrier layer extending from the
respective upper surfaces of the aforementioned first pad layer and the
aforementioned first moisture-resistant ring layer onto the first insulating layer,
in the aforementioned first conductive layer;

(d) A step for forming a second insulating layer on the aforementioned first
insulating layer so as to cover the aforementioned first upper conductive barrier
layer;

(e) A step for etching via holes that penetrate the aforementioned second insulating
layer and reach the aforementioned first interconnection layer, and etching
connection holes for pads and a moisture-resistant ring trench that reach the
aforementioned first upper conductive barrier layer; and

(f) A step for embedding a second conductive layer in the aforementioned second
insulating layer by using the aforementioned via holes, connection holes for
the pad and the moisture-resistant ring trench, said second conductive layer
including a second interconnection layer, a second pad layer, and a second
moisture-resistant ring layer surrounding the outer side of said second
interconnection layer and the second pad layer.

[0150] (Appendix 10)

The method for the production of semiconductor devices described in Appendix 9, said
method further comprising (g) a step for forming a second upper conductive barrier layer
extending from the upper surfaces of the aforementioned second pad layer and the
aforementioned second moisture-resistant ring layer onto the aforementioned second
insulating layer, in the aforementioned second conductive layer.
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[0151] (Appendix 11)
The method for the production of semiconductor devices described in Appendix 10,
wherein the aforementioned steps (c) and (g) each include the following steps:

A step for stacking an upper conductive barrier layer and a hard mask layer on the
aforementioned first or second insulating layer;

A step for forming a resist pattern on the aforementioned hard mask layer;

A step for etching and patterning the hard mask layer using the aforementioned
resist pattern as a mask;

A step for removing the aforementioned resist pattern; and

A step for etching and patterning the aforementioned upper conductive barrier
layer using the pattern of the aforementioned hard mask layer as a mask.

[0152] (Appendix 12)

The method for the production of semiconductor devices described in Appendix 10 or
Appendix 11, wherein the aforementioned steps (c) and (g) are performed to pattern the
aforementioned upper conductive barrier layer so as to encompass the respective upper
surfaces of the aforementioned pad layer and the aforementioned moisture-resistant ring layer,
respectively.

[0153] (Appendix 13)

The method for the production of semiconductor devices described in appendices 10 to

12, wherein:

A laminate composed of an etching stopper layer and an interlayer insulating layer is
deposited in the aforementioned step (d); and

The aforementioned etching stopper layer, the aforementioned hard mask layer, and
the aforementioned conductive barrier layer are used as etching margin layers to etch
moisture-resistant ring trenches and pad connection holes into the aforementioned

interlayer insulating layer in the aforementioned step (e).

[0154]
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EFFECTS OF THE INVENTION

As described above, the present invention allows for the creation of a semiconductor
integrated circuit device having a moisture-resistant ring, such a semiconductor integrated
circuit device providing the desired performance without causing the oxidation of the surface
of the interconnect material layer constituting the moisture-resistant ring.
[0155] Pad delamination can be prevented in a semiconductor integrated circuit device
having a multi-level interconnect.

BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 shows a planar view that schematically illustrates a method for the production of a
semiconductor integrated circuit device according to an embodiment of the present invention.

Figure 2 shows a planar view that illustrates the configurations of the pad part and the
moisture-resistant ring part in the configuration shown in Figure 1.

Figure 3 shows a cross-sectional view that illustrates the production of a semiconductor
integrated circuit device according to a working example of the present invention.

Figure 4 shows a cross-sectional view that illustrates the production of a semiconductor
integrated circuit device according to a working example of the present invention.

Figure 5 shows a cross-sectional view that schematically illustrates the process of producing
a pad part according to a working example of the present invention.

Figure 6 shows a graph and a perspective view that schematically illustrate the process of
producing a moisture-resistant ring according to a working example of the present invention.

Figure 7 shows a cross-sectional view that schematically illustrates the configuration of a
semiconductor integrated circuit device having a multi-level interconnect structure according

to a working example of the present invention.

Figure 8 shows a cross-sectional view that illustrates an example of the single-damascene
process.
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Figure 9 shows a cross-sectional view that illustrates an example of the dual-damascene

process.

Figure 10 shows a schematic view that illustrates the etching process for a moisture-resistant

ring according to conventional technology.

Figure 11 shows a schematic cross-sectional view that illustrates the delamination of a pad

part according to conventional technology.

EXPLANATION OF REFERENCE CODING
10 Wafer

11 Chip

12 Scribe line

17 Moisture-resistant ring

C Circuit section

P Pad section

13 Pad pattern (with interconnection layer)
14 Insulating layer

16 interconnect

18 Upper conductive barrier layer

21 Lower-level interconnect pattern

22 Etching stopper layer

23 Interlayer insulating layer

25 Via hole (moisture-resistant ring trench)
40 Semiconductor substrate

41 STI

42 Source/drain region

43 Gate insulating layer

44 Gate electrode

45 Side spacer

46, 52, 57, 59, 65, 67, 73, 75 Etching stopper layer

47, 53, 58, 60, 66, 68, 74, 76 Interlayer insulating layer

50, 54, 62, 70, 78 Barrier layer

51, 55, 63, 71, 79 Interconnection layer
PP Pad-pattern trench

PV Pad connection hole
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PR Photoresist pattern

VO Opening for via holes

RO Opening for moisture-resistant ring trench
RT Moisture-resistant ring trench
WT Interconnect-pattern trench

VH Via hole

b1, b2, b3 Barrier layer

w1, w2, w3 Interconnection layer
s1, s2, s3 Etching stopper layer

di, d2, d3 Interlayer insulating layer
h1, h2, h3 Hard mask layer
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I, Yukie Hirose, hereby declare as follows:

1. I, Yukie Hirose, hereby certify that I am a professional translator fluent in both
Japanese and English and I am competent to translate from Japanese into English.

2. I am a translator at Nelles Translations, which is located at 3 Grant Square, #336,
Hinsdale, IL 60521.

3. Ipossess advanced knowledge of the Japanese and English languages.

4. The attached translation is, to the best of my knowledge and belief, a true and
accurate translation from the Japanese patent JP20020289689A to English.

5. Tdeclare under penalty of perjury that all statements made herein of my own
knowledge are true and all statements made on information and belief are believed to
be true, and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment or
both, under Section 1001 of Title 18 of the United States Code.

Dated: 5/14/25 e

oy A T

Ms. Yukie Hirose

US.107080211.01
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