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Specification
1. Title of the Invention

Multi-Layer Wiring Structure for a Semi-
Floating Device
2. Scope of the Patent Claims

(1) A multilayer wiring structure for a
semiconductor device, characterized in that:

the lower layer wiring and the upper layer wiring
are superimposed via an interlayer insulating film;

the lower layer wiring is formed by multiple layers
of unit wiring conductive layers;

the side end faces of said unit wiring conductive
layers form a stepped configuration with steps
corresponding to the thickness of said unit wiring
conductive layers.

(2) A multilayer wiring structure for a
semiconductor device according to Claim 1,
characterized in that the width of the lower unit
wiring conductor layer is narrower than the width of
the upper unit wiring conductor layer.

(3) A multilayer wiring structure for a
semiconductor device according to Claim 1,
characterized in that the lower and upper unit wiring
conductor layers, having substantially the same
width, are stacked with a lateral offset relative to
each other.

(4) A multilayer wiring structure for a
semiconductor device as described in Claim 1,
characterized in that the width of the lower layer
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unit wiring conductor layer is wider than the width
of the upper layer unit wiring conductor layer.

(5) A multilayer wiring structure for a
semiconductor device as described in any one of
claims 1 to 4, characterized in that at least a portion
of the thickness direction of the lower layer's unit
wiring conductor layer is embedded within the
lower layer's total thickness. 3. Detailed Description
of the Invention

This invention relates to a multilayer
wiring structure for semiconductor integrated
circuit devices (ICs), etc.

Multi-layer wiring is generally used to
increase the integration density of ICs and the like.
Figure 1 is a simplified plan view showing a two-
layer wiring example. Solid lines indicate first-layer
wiring, and dashed lines indicate second-layer
wiring. The first-layer wiring is used as lead-out
lines for individual transistors, diodes, resistors,
capacitors, etc., as well as for signal lines, power
lines, ground lines, etc. In the figure, (1) is the first-
layer power line, (2) is the first-layer signal line, and
(3) is the second-layer signal line. The terminals of
the first-layer signal line (2) are connected to the
second-layer signal line (3) by passing through the
interlayer insulating film (not shown) via through-
holes, as depicted in the figure.
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By alternately connecting the first and second layer
wiring, each element within the device is
interconnected with power lines, electrode lead pads,
etc., to form the desired circuit.

Figure 2 is a partial perspective view showing
the structure of the two-layer wiring, depicting the first-
layer power line (1) and second-layer signal line (3)
provided on an insulating film (5), represented by an
oxide layer covering the semiconductor substrate (4).
The first-layer wiring (1) and second-layer wiring (3)
are mutually separated by an interlayer insulating film
(4) that blocks direct current between them. Generally,
both types of wiring utilize metals such as Al, Al-81,
Al-Si-Cu, primarily composed of aluminum, or even
Au, which has lower wiring resistance. The width and
thickness of the first-layer wiring (1) vary depending on
the type of metal used. Particularly in devices like Bip
LSI, which shorten propagation delay time by carrying
high currents, minimizing voltage drop from the power
supply—by considering the thickness, width, and
distance from the power pad of the power line—is
essential for proper device operation. For example, in
gate arrays, a power line for approximately 2000 gates
is about 9mm wide. To ensure smooth routing over the
second layer without breaking the trace, a thickness of
approximately 7000A for the first layer trace (1) is most
desirable. To reduce the electrical resistance of the first

Furthermore, buffer power lines are arranged around
the periphery, encircling the internal gate. Therefore,
the width required for other lines in the X direction is
3600 um: 600 pm x 2 lines for the main power lines and
600 um x 2 lines x 2 rows for the buffer power lines.
Meanwhile, the Y-direction requires 40 branch power
lines at 40 pm each and buffer power lines at 600 um x
2 lines x 2 rows, totaling 1600 + 2400 = 4000 pm of
power line width. Comparing this value to the chip area
clearly reveals how extensive the wasted space is.
Under a 2.54mm design rule, the configured LSI
requires approximately 9.6mm? of area, with 38% in the
X-direction and 42% in the Y-direction occupied solely
by power supply wiring strips. As described above, in
the conventional structure, the proportion of the chip
area occupied by power supply wiring reaches 58%.
To address this issue, doubling the thickness
of the first layer wiring while halving the wiring width
is expected to yield significant improvement. Figure 3
shows a partial perspective view of the two-layer wiring
structure in this case, and Figure 4 shows a partial cross-
sectional view along line IVIN. As shown in Figure 4,
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layer trace (1), a trace width of about 600um is required
in the example above. Increasing this trace width
introduces two significant drawbacks. One is the large
capacitance between the trace and the substrate (4), and
the capacitance between the first layer wiring (1) and
the second layer wiring (3) increases. Particularly when
the second layer wiring (3) is a signal line, the cross-
sectional area between the first layer wiring (1) and the
second layer wiring (3) becomes larger, causing signal
delay due to increased wiring capacitance. For high-
speed devices, this hinders performance improvements
achieved through miniaturization of constituent
elements. The second drawback is the increased chip
area. Even as device integration advances and active
regions, signal lines, etc., are miniaturized, higher
integration density leads to greater power consumption
and necessitates wider wiring widths. To illustrate with
a concrete example, in the case of the aforementioned
2000-gate bipolar LSI, the main power supply lines
feeding the internal gates are configured with two thick
lines running in the X-direction through the center of
the chip: one for the power supply and one for ground.
Branching off from these are approximately 20 rows of
branch power supply lines, each containing two lines
running in the Y-direction, sufficient to supply power
to about 100 gates.

the interlayer film (6) handling the first layer wiring (1)
with a large step height, and the second layer wiring (3)
at the step edge, form a so-called negative slope. This
results in poor step coverage, causing the interlayer film
(6) and second-layer wiring (3) develop constrictions.
This not only reduces film thickness and lowers
insulation resistance but also increases wiring
resistance. Consequently, it not only has the
disadvantage of increasing device wiring delay (RXO)
time but also, as shown in Figure 3, as the film thickness
of the first-layer wiring (1) increases, the resist cannot
adequately follow the step edge of the second layer
wiring (3). This causes side etching on the second layer

wiring (3), resulting in extremely poor device reliability.

This invention was made to solve the
aforementioned problems. It achieves the desired
objective by forming the step into a multi-step staircase
configuration and reducing the width of the first layer
wiring compared to conventional methods while
maintaining the same wiring resistance. The invention
is described below with reference to the drawings.
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Figure 5 is a cross-sectional view showing a
first embodiment of the present invention. By applying
two-stage wiring to the first layer wiring (1) of a
semiconductor device, as shown by (la) and (1b), the
step height is achieved by dividing the step height of the
conventional wide-width wiring into two stages,
thereby achieving the same low step height as
conventionally. The second-layer wiring (3), which is
provided transversely across this first-layer wiring (1),
must cross over the two-step step height. However, the
conventional method shown in Figure 3, which simply
thickens the general wiring (1), results in a high step
height as described above, causing a break in the
second-layer wiring (3) would break. In contrast, this
embodiment requires crossing a step of only about
7000A, as indicated by the aforementioned data,
ensuring sufficient resist coverage. One might consider
thickening the resist to prevent breaks in the second-
layer wiring (3). However, besides forming the second-
layer source lines, narrow signal lines (line width ~2 pm,
spacing ~2 um) are required for the wiring pitch.
Increasing the resist thickness would make the fine
photolithography of these signal lines impossible.
Therefore, a thin resist film (film thickness 7000~9000
A) is required. In this example, compared to

Figures 6A to 6D are cross-sectional views
showing the configuration of the first layer wiring (1)
in the first to fourth embodiments of the present
invention, respectively. Figure 6A is for the first
embodiment described with reference to Figure 5,
wherein the second conductor (1b) extends on both
sides of the first conductor (1a). (1a) on both sides.
Figure 6B shows the second embodiment where the
first conductor (la) extends beyond the second
conductor (1b) on one side, while the second conductor
extends beyond the first on the other side. Figure 6C
shows the third embodiment where the first conductor
(18) extends beyond the second conductor (16) on both
sides. Figure 6D shows the first conductor (la)
embedded in the insulating film (5) and the second
conductor (16) extending widely on both sides over it.
In all cases, a small step difference can be maintained.
Applying  these  embodiments  enables  the
aforementioned gate array example to reduce its chip
size from 9.6 mm X 9.6 mm to 7.8 mm x 7.5 mm,
shrinking the chip area to 63.4%. It is well known that
LSI yield improves as chip area decreases, making the
ability to reduce the width of the power lines described
above extremely beneficial. Figure 7 is a cross-
sectional view showing the configuration of the first
layer wiring (1) in the fifth embodiment of the present
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conventional wide power lines, the first layer wiring (1)
is formed by sequentially stacking a first power line
(1a) that is slightly narrower than about half the width
and a second power line (16) that is slightly wider than
the first. This achieves wiring resistance and step height
nearly identical to conventional methods while halving
the wiring width. Specifically, where the conventional
method in Figure 2 required a first layer wiring (1) with
a width of 600 pm, this implementation method finishes
the first conductor (la) with a width of 294 ym and
places the second conductor (1b) on top of it with a
width of 306 pm. (16) to 306 um, and the second
conductor (1b) extends approximately 5 pm on each
side of the first conductor (1a). Although not directly
related to the present invention and therefore not
illustrated, when simultaneously forming fine wiring
connected via contact holes provided in the insulating
film (5) to diffusion regions on the semiconductor
substrate (4), it is preferable to form this fine wiring
simultaneously with the second conductor (1b) rather
than with the first conductor (1a). This is because if
formed simultaneously with the first conductor (1a), it
would be excessively affected by the etching during the
patterning of the second conductor (1b).

invention. The first layer wiring (1) is formed by
stacking a first conductor (1a), a second conductor (10),
and a third conductor (1c). This allows the wiring width
to be reduced to approximately one-third while
maintaining a small step height. Figure 8 is an isometric
view showing the configuration of the sixth
embodiment of the present invention. This embodiment
employs a three-layer wiring structure, wherein (7) is
an interlayer insulating film formed on the second layer
wiring (3), and (8) is the third layer wiring formed
thereon. Both the first-layer wiring (1) and the second-
layer wiring (3) are formed with the aforementioned
two-step low step height, and the wiring width is
approximately half that of conventional methods.
Therefore, the second-layer wiring (3) and third-layer
wiring (8) can be smoothly formed by traversing only
the low step height without crossing a large step height.
Since they are sufficiently covered by a thin resist film
during photolithography, the formation of fine patterns
is also possible simultaneously. The inter-line
capacitance between the first layer wiring (1) and the
second layer wiring (3) is reduced not only because the
wiring width is narrower (approximately 1/2 x 1/2 =
1/4), but also because the interlayer insulation film at
the step region does not become thinner, further
decreasing the inter-wiring capacitance.
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Although the third-layer wiring (8) was formed as a
single-layer configuration, adopting a two-step
structure here would also minimize the wiring clearance
with the second-layer wiring (3).

Furthermore, this invention can naturally be
applied to multilayer wiring structures with four or
more layers. Additionally, each layer's wiring can be
formed using a three-step structure equivalent to that
shown in Figure 7.

Moreover, the  multi-step  structure's
intermediate layers used in this invention can be applied
to pads such as input/output pads and power pads.
Generally, pad wiring with greater film thickness
reduces shock to the underlying insulating film during
bonding. Therefore, using the conductors of the above
multi-step  structure  eliminates the need to
unnecessarily thicken the underlying insulating film to
prevent leakage due to damage, allowing the underlying
insulating film thickness to be reduced.

As detailed above, in a configuration with
multiple wiring layers separated by interlayer insulation
films, the wiring thickness is increased and the pitch
width is reduced as a multi-layer structure while
maintaining a small pitch and without reducing the

effective cross-sectional area of the bottom layer wiring.

This reduces the chip area occupied by the wiring.
Furthermore, not only is the coverage of the interlayer
insulation film ensured, but the top layer wiring also
allows for easy microfabrication without creating

Attorney: Shinichi Katsuno (and one other)
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narrow sections or breakage points. and broken
filaments in the upper layer wiring, enabling easy
microfabrication. This results in a semiconductor
device with a small chip size, low cost, and high
reliability.
4. Brief Description of the Drawings

Figure 1 is a simplified plan view showing a
two-layer wiring structure. Figure 2 is an isometric
view showing an example of a conventional two-layer
wiring structure. Figure 3 is an isometric view showing
another example of a conventional two-layer wiring
structure. Figure 4 is a partial cross-sectional view
along line N-N. Figure 5 is a cross-sectional view
showing the first embodiment of the present invention.
Figures 6a, b, ¢, and d are cross-sectional views
showing the first, second, and fourth embodiments of
the present invention, Fig. 7 is a cross-sectional view
showing the configuration of the first layer wiring in the
fifth embodiment of the present invention, and Fig. 8 is
an isometric view showing the sixth embodiment of the
present invention.

In the figures: (1) is the first layer wiring, (In),
(Ib). (1c) is a unit wiring idle layer, (3) is the second
layer wiring, (4) is the semiconductor substrate, (5) is
the dielectric layer, (6) and (7) are interlayer insulating
films, and (8) is the third layer wiring.

Note that the same reference numerals indicate
the same or corresponding parts.

Figure 1
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Figure 2

Figure 4

N7

Figure 4

Figure 3

Figure 7

Figure 8
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