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SEMICONDUCTOR INTEGRATED CIRCUIT,
D-A CONVERTER DEVICE, AND A-D
CONVERTER DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semiconductor
integrated circuit (LSI) as well as a D-A converter device and
anA-D converter device, and more particularly, to a technique
for increasing the relative accuracy between a plurality of
capacitances in an LSI chip.

[0002] Generally, when a plurality of capacitor cells are
formed in a semiconductor integrated circuit, the relative
accuracy is determined by the degree of uniformity of the
insulating layer between two electrodes that forms each
capacitor cell, and in addition, the degree of uniformity of
parasitic capacitances formed by the wirings by which the
electrodes are connected to another circuit element. In order
to avoid variations due to the shapes of devices, n unit capaci-
tor cells are connected in parallel when a capacitance that is n
times (n is an integer) that of a unit capacitance C is required.
[0003] In addition, when a desired capacitance is obtained
by combining unit capacitor cells in a capacitor array, the unit
capacitor cells are selected from the capacitor array in a
distributive manner, taking into variations between the unit
capacitor cells in the capacitor array. For example, assuming
that capacitors having a capacitance ratio of C1:C2:C3=1:1:2
are required, a unit capacitor cell 100A and a unit capacitor
cell 100B are respectively assigned for the capacitance C1
and the capacitance C2 and two unit capacitor cells 100C and
100D are assigned for the capacitance C3.

[0004] In this case, a lower electrode wiring 300 is con-
nected in common to all the lower electrodes 200 A to 200D of
the unit capacitor cells 100A to 100D, and is arranged along
the peripheral edge of the capacitor array. An upper electrode
wiring 500A connected to an upper electrode 400 A of the unit
capacitor cell 100A is arranged along the lower electrode
wiring 300, whereas an upper electrode wiring 500C for the
unit capacitor cells 100C and 100D is arranged to pass
through the vicinity of the unit capacitor cells 100A to 100D.
With this arrangement, parasitic capacitances 600 are apt to
be produced particularly by the upper electrode wirings 500A
and 500C. In order to avoid these, it is necessary to ensure
wide spaces between the capacitor cells 100A to 100D.
[0005] If the spaces between the capacitor cells 100A to
100D are widened, however, capacitance value variations
between the capacitor cells 100A to 100D increase in the
capacitor array, resulting in degradation in the relative accu-
racy of the capacitances between the capacitor cells 100A to
100D. Moreover, the area of the capacitor array as to a whole
increases, leading to an increase in chip cost.

[0006] The following discusses how much area is required
for a capacitor array in a case of a 10-bit charge distribution
type D-A converter that has a capacitor array composed of a
plurality of unit capacitor cells. It should be noted that in the
following discussion, the capacitor array is as follows. Four
unit capacitor cells are disposed in a 2x2 arrangement, and
each unit cell has a pair of electrodes formed by interposing
an insulating layer (relative dielectric constant: 4) between a
conductive layer (thickness: 1 pm) and a conductive layer
dedicated to a capacitor electrode, and is a square in which
each side is 14 um. The capacitance density is 1 fF/um? (unit
capacitance: 196 {F). The wirings have a wire width of 0.5 um
and are formed in the conductive layer.
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[0007] In this case, the parasitic capacitance that is gener-
ated when a wiring is disposed between unit capacitor cells at
a certain distance L (unit: pm) from each of the unit capacitor
cell is calculated using opposing area capacitance conversion
approximately as follows:

14x1x(1/L)x4x8.85E~18=0.5 fF/L.

[0008] Meanwhile, it is necessary in this case that the rela-
tive accuracy of the capacitance of the most significant bit is
less than 0.05% of the unit capacitance (196 {F).

[0009] Accordingly, in order to reduce the parasitic capaci-
tance to less than 0.05% of the unit capacitance, it is necessary
that the distance L. between the unit capacitor cell and the
wiring should be:

0.5 fF/L<196 fFx0.0005,
and thus,

L>5.1 pm.

In this case, the area required by this capacitor array needs to
be:

(14%2+5.1x2+0.5)>=38.7°=1497.69,

and thus, it is understood that this capacitor array requires
approximately twice the area of the case in which four unit
capacitor cells are merely arranged without providing spaces
therebetween (28x28=784).

[0010] Inaddition, when two wirings are disposed between
unit capacitor cells and the spaces for these wirings are also
need to be spaced apart in a similar manner, the spaces
between unit capacitor cells is 16.3 pum. Under this condition,
if the capacitor array has 36 unit capacitor cells that are
arrayed in a 6x6 arrangement, the area of the capacitor array
as a whole becomes approximately four times the area that is
effectively used as capacitors.

[0011] As described above, the prior art has at least the
drawbacks as follows. When parasitic capacitances due to
wiring are taken into consideration in order to avoid degra-
dation in relative accuracy of the capacitances of capacitor
cells, a large space between capacitor cells is necessitated,
which consequently degrades the relative accuracy of the
capacitances between the plurality of capacitor cells. More-
over, a larger device area is necessitated, which leads to an
increase in chip cost.

SUMMARY OF ME INVENTION

[0012] Accordingly, it is an object of the present invention
to reduce, in a semiconductor integrated circuit in which a
plurality of circuit elements such as capacitor cells on a semi-
conductor substrate are connected to wirings, parasitic
capacitances between the circuit elements, between the wir-
ings, and between the wirings and the elements without
increasing the spaces between the circuit elements, and
thereby increase relative accuracy of the capacitances
between the circuit elements without causing an increase in
chip cost due to an increase in the area.

[0013] In order to accomplish this and other objects, a
shield wiring is provided according to the present invention
between a wiring and another wiring, or between a wiring and
a circuit element, to suppress parasitic capacitance using the
shield wiring.

[0014] Specifically, the present invention provides a semi-
conductor integrated circuit comprising a first wiring and a
second wiring disposed adjacent to one another; and a shield
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wiring provided so as to suppress a capacitance coupling
between the first wiring and the second wiring.

[0015] Further, according to the present invention, the
above-described semiconductor integrated circuit further
may comprise a circuit element having a first electrode and a
second electrode; the semiconductor integrated circuit
wherein the first wiring is a first electrode wiring connected to
the first electrode of the circuit element; the second wiring is
a second electrode wiring connected to the second electrode
of'the circuit element; and the shield wiring is provided so as
to suppress a capacitance coupling between the first electrode
wiring and the second electrode and a capacitance coupling
between the second electrode wiring and the first electrode, in
addition to the capacitance coupling between the first elec-
trode wiring and the second electrode wiring.

[0016] Accordingly, in the present invention, the capacitive
coupling between the first wiring and the second wiring and
the capacitive coupling between the wiring and the electrodes
can be suppressed by the shield wiring. Therefore, the spaces
between two wirings and the spaces between the wirings and
the electrodes can be narrowed in comparison with the prior
art, and thus the relative accuracy of the capacitances in
circuit elements can be increased without increasing the size
of the circuit as a whole.

[0017] In addition, according to the present invention, the
above-described semiconductor integrated circuit may fur-
ther comprise a plurality of capacitor cells disposed adjacent
to one another, each of the capacitor cells having a first
electrode and a second electrode; and in the above-described
semiconductor integrated circuit: the first wiring may be a
first electrode wiring connected to the first electrode of each
of the capacitor cells; the second wiring may be a second
electrode wiring connected to the second electrode of each of
the capacitor cells; and the shield wiring may be provided so
as to suppress a capacitance coupling between the first elec-
trode wiring and the second electrode in addition to the
capacitance coupling between the first electrode wiring and
the second electrode wiring.

[0018] Accordingly, in the present invention, when in a
plurality of capacitor cells, each of the first electrodes is an
individual electrode to which an individual potential is sup-
plied for each capacitor cell, it is possible to suppress both the
capacitance coupling between the individual electrode wiring
in each capacitor cell and the common electrode in other
capacitor cells and the capacitance coupling between the
individual electrode wiring of each capacitor cell and the
common electrode wiring in other capacitor cells.

[0019] Further, in the semiconductor integrated circuit
according to the present invention, the shield wiring may be
provided so as to also suppress a capacitance coupling
between the second electrode wiring and the first electrode.
[0020] Accordingly, in the present invention, when the first
electrode and the second electrode are both individual elec-
trodes in each capacitance cell in a plurality of capacitance
cells, it is possible to suppress the capacitance coupling
between the first electrode wiring and the second electrode
wiring and the capacitance coupling between the first elec-
trode wiring and the second electrode. Moreover, the capaci-
tance coupling between the second electrode wiring and the
first electrode can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a plan view schematically showing the
configuration of a capacitor array according to Embodiment 1
of the present invention.
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[0022] FIG. 2 is a plan view schematically showing the
configuration of a unit capacitor cell according to Embodi-
ment 2 of the present invention.

[0023] FIG. 3 is a cross-sectional view taken along the line
of FIG. 2.
[0024] FIG. 4 is a plan view schematically showing the

configuration of a unit capacitor cell according to Embodi-
ment 3 of the present invention.

[0025] FIG. 5is a cross-sectional view taken along the line
V-1V of FIG. 4.

[0026] FIG. 6 is a plan view schematically showing the
configuration of a unit capacitor cell according to Embodi-
ment 4 of the present invention.

[0027] FIG. 7 is a diagram that corresponds to FIG. 6 and
schematically shows the configuration of a unit capacitor cell
in which a shield wiring is not provided.

[0028] FIG. 8 is a plan view schematically showing the
configuration of a capacitor array according to Embodiment 5
of the present invention.

[0029] FIG. 9 is a diagram that corresponds to FIG. 8 and
schematically shows the configuration of a unit capacitor cell
in which a shield wiring is not provided.

[0030] FIGS.10A and 10B are equivalent circuit diagrams,
in which FIG. 10A shows a case that a shield wiring is pro-
vided and FIG. 10B shows a case that a shield wiring is not
provided.

[0031] FIG. 11 is a plan view schematically showing the
configuration of a unit capacitor cell according to Embodi-
ment 6 of the present invention.

[0032] FIG.12is a diagram that corresponds to FIG. 11 and
schematically shows the configuration of a unit capacitor cell
in which a shield wiring is not provided.

[0033] FIG. 13 is a circuit diagram showing the configura-
tion of a 10-bit charge redistribution type A-D converter
according to Embodiment 7 of the present invention.

[0034] FIG. 14 shows the integral linearity characteristics
ot 10-bit charge redistribution type A-D converters, in which
an example of the present invention and a conventional
example are compared.

[0035] FIG. 15 is a plan view schematically showing the
configuration of a conventional capacitor array.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Preferred embodiments of the present invention are
detailed below with reference to the attached drawings.

Embodiment 1

[0037] FIG. 1 schematically shows the configuration of a
capacitor array according to Embodiment 1 of the present
invention. As will be described later, this capacitor array is
used in, for example, a charge redistribution type D-A con-
verter, serving as a local D-A converter of a charge redistri-
bution type A-D converter device.

[0038] The capacitor array of FIG. 1 is composed such that
four unit capacitor cells 1A to 1D are disposed in a 2x2
arrangement, and the following illustrates an example in
which, of these unit capacitor cells 1A to 1D, the unit capaci-
tor cells 1A and 1B are independently used whereas the
remaining unit capacitor cells 1C and 1D form one capacitor
cell. The capacitance ratio C1:C2:C3 of these capacitor cells
1A, 1B, and (1C and 1D) is C1:C2:C3=1:1:2.

[0039] The unit capacitor cells 1A to 1D each have a sub-
stantially square shape and have lower electrodes 2A to 2D
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and upper electrodes 3A to 3D, respectively. The lower elec-
trodes 2A to 2D are connected to a lower electrode wiring 4,
which is common to the unit capacitor cells 1A to 1D. The
lower electrode wiring 4 is disposed in the periphery of the
capacitor array so that it extends from the upward direction to
the downward direction of FIG. 1, is first connected to the
lower electrode 2C, and is then connected successively to the
remaining lower electrodes 2A, 2D, and 2B.

[0040] Meanwhile, the upper electrode 3A of the unit
capacitor cell 1A is connected to an upper electrode wiring
5A. The upper electrode wiring 5A extends from the upward
direction to the downward direction of FIG. 1 and is disposed
along the left side and the bottom side (in the figure) of the
capacitor array. The upper electrode 3B of the unit capacitor
cell 1B is connected to an upper electrode wiring 5B. The
upper electrode wiring 5B is disposed so that it extends from
the upward direction to the downward direction of the figure
and reaches the upper electrode 3B. The upper electrodes 3C
and 3D of the remaining unit capacitor cells 1C and 1D are
connected in common to an upper electrode wiring 5C. This
upper electrode wiring 5C is disposed so that it extends from
the upward direction to the downward direction of the figure
and pass through the center of the capacitor array.

[0041] According to the present embodiment, a shield wir-
ing 6 is provided at both sides of the upper electrode wiring
5 A for the unit capacitor cell 1A in the capacitor array region.
The shield wiring 6 is provided such that it surrounds a large
portion of the common upper electrode wiring 5C for the unit
capacitor cells 1C and 1D on two sides. Thus, the lower
electrodes 2B and 2D of the unit capacitor cells 1B and 1D,
and the lower electrode wiring 4 are positioned at one side of
the shield wiring 6, whereas the upper electrode wiring 5A is
positioned at the other side thereof. Therefore, the capaci-
tance couplings are suppressed between the upper electrode
wiring 5A and the lower electrodes 2B and 2D of the unit
capacitor cells 1B and 1D and between the upper electrode
wiring 5A and the lower electrode wiring 4. Likewise, the
lower electrodes 2A to 2D of the unit capacitor cells 1A to 1D
are positioned at one side of the shield wiring 6, whereas the
upper electrode wiring 5C is positioned at the other side.
Therefore, the capacitance coupling is suppressed between
the upper electrode wiring 5C and the lower electrodes 2A to
2D of the unit capacitor cells 1A to 1D.

[0042] It should be noted that, although the provision of the
shield wiring 6 produces additional parasitic capacitances 8
between the shield wiring 6 and the upper electrode wirings
5A and 5C, these parasitic capacitances 8 are not so large as
to affect the relative accuracy of the capacitances between the
unit capacitor cells 1A to 1D.

[0043] Thus, according to the present embodiment, both
the capacitance coupling between the upper electrode wiring
5A and the lower electrode wiring 4, and the capacitance
coupling between the upper electrode wiring 5A and the
lower electrodes 2B and 2D can be effectively suppressed
without increasing the spaces between the unit capacitor cells
1A to 1D. In addition, the capacitance coupling between the
upper electrode wiring 5C and the lower electrodes 2A to 2D
can be effectively suppressed. Therefore, the relative accu-
racy between the unit capacitor cells 1A to 1D can be
increased without causing an increase in chip cost.

Embodiment 2

[0044] FIGS. 2 and 3 schematically show the configuration
of a unit capacitor cell according to Embodiment 2 of the
present invention.
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[0045] In the present embodiment, a first conductive layer
11, a second conductive layer 12 that is located above the first
conductive layer 11 shown in the figure, and the third con-
ductive layer 13 above the second conductive layer 12 are
provided on a substrate (not shown). A capacitor cell 1 has a
lower electrode 2 formed in the first conductive layer 11, and
anupper electrode 3 formed in the second conductive layer 12
s0 as to oppose the lower electrode 2 with an insulating layer
14 interposed therebetween. The lower electrode 2 is con-
nected to a lower electrode wiring 4, and the lower electrode
wiring 4 is formed in the first conductive layer 11. Mean-
while, the upper electrode 3 is connected to an upper elec-
trode wiring 5 via a conductive member 7, and the upper
electrode wiring 5 is formed in the third conductive layer 13.
[0046] According to the present embodiment, a shield wir-
ing 6 formed in the first and second conductive layers 11 and
12 is disposed at the circumference of a large part of the upper
electrode wiring 5. In the shield wiring 6, a portion formed
with the first conductive layer 11 and a portion formed with
the second conductive layer 12 are electrically connected to
each other via the conductive member 7.

[0047] Thus, the present embodiment can also achieve
similar advantageous effects to those obtained by Embodi-
ment 1. It should be noted here that, although the shield
wiring 6 is formed with the first and the second conductive
layers 11 and 12 in the present invention, it is of course
possible to form the shield wiring 6 only in the second con-
ductive layer 12.

Embodiment 3

[0048] FIGS. 4 and 5 schematically show the configuration
of a unit capacitor cell according to Embodiment 3 of the
present invention. It should be noted that similar parts to those
of the foregoing embodiment 2 are designated by the same
reference characters and are not further elaborated on.
[0049] In the present embodiment, the capacitor cell 1 has
alower electrode 2 formed in the first conductive layer 11 and
anupper electrode 3 formed in the second conductive layer 12
s0 as to oppose the lower electrode 2 with an insulating layer
14 interposed therebetween, as in the case of Embodiment 2.
The lower electrode 2 is connected to an lower electrode
wiring 4 that is formed in the first conductive layer 11. The
upper electrode 3 is connected to an upper electrode wiring 5,
and the connecting portion of the upper electrode wiring 5
with the upper electrode 3 is formed using the third conduc-
tive layer 13. The present embodiment differs from the fore-
going embodiment 2 in that the upper electrode wiring 5 is
formed in the first conductive layer 11, not in the third con-
ductive layer 13. It should be noted that the upper electrode
wiring 5 is connected to the third conductive layer 13 via a
conductive member 7.

[0050] Inthe present embodiment, the upper electrode wir-
ing 5 is surrounded by a shield wiring 6 formed in the first
conductive layer 11, and with this configuration, both the
capacitance coupling between the upper electrode wiring 5
and the lower electrode wiring 4 and the capacitance coupling
between the upper electrode wiring 5 and the upper and lower
electrodes 2 and 3 are suppressed.

[0051] Hence, the present embodiment can also achieve
similar advantages and effects to those obtained by Embodi-
ment 2.

Embodiment 4

[0052] FIG. 6 schematically show the configuration of a
unit capacitor cell according to Embodiment 4 of the present
invention.
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[0053] In the present embodiment, the unit capacitor is
composed of a capacitance between a diffusion layer (bot-
tommost layer) 2 and a polysilicon layer 3, which is a layer
thereabove, and a unit capacitor cell 1 is formed including
various portions of wirings and the polysilicon layer 3, which
affects the accuracy of capacitance of the unit capacitor.
[0054] Specifically, the diffusion layer 2 forms a substan-
tially rectangular shape. A diffusion layer electrode wiring 4
for the diffusion layer 2 is composed of first portions 4a
extending between adjacent unit capacitor cells 1 along the
vertical direction and the lateral direction, second portions 45
extending from four first portions 4a that are adjacent to the
corresponding adjacent unit capacitor cells 1 toward the mid-
points of respective sides of the diffusion layer 2, and a
rectangular frame-shaped third portion 4¢ arranged so as to
overlap with the peripheral portion of the diffusion layer 2.
The first portions 4a of the diffusion layer electrode wiring 4
are formed in the first conductive layer, which is a layer above
the polysilicon layer 3, and the second portions 45 and the
third portions 4¢ are also formed in the first conductive layer.
[0055] On the other hand, the polysilicon layer 3 is dis-
posed inside the inner periphery of the third portion 4¢ of the
diffusion layer electrode wiring 4, and it is composed of a
substantially rectangular-shaped first portion 3a overlapping
the center portion of the diffusion layer 2, four second por-
tions 36 extending radially from the midpoints of respective
sides of the first portion 3a, and a substantially rectangular-
shaped third portion 3¢ disposed outside the outer periphery
of'the diffusion layer 2 so as to surround the diffusion layer 2.
This diffusion layer 3 forms the peripheral edge of the region
of the unit capacitor cell 1. A polysilicon layer electrode
wiring 5 is connected to the polysilicon layer 3 and is com-
posed of a first portion 5a disposed overlapping the vertical
one of the first portions 4a of the diffusion layer electrode
wiring 4, two second portions 56 extending in a lateral direc-
tion from the first portion 5a toward two corner portions of the
third portion 3¢ of the polysilicon layer 3, and a substantially
rectangular-shaped third portion 5¢ disposed overlapping the
third portion 3¢ of the polysilicon layer 3.

[0056] All the first to third portions 5a to 5c¢ of the polysili-
con layer electrode wiring 5 are formed in a third conductive
layer (topmost layer), and the third portion Sc¢ is connected to
the third portion 3¢ of the polysilicon layer 3 via the first
conductive layer and a second conductive layer, which is a
layer thereabove. It should be noted that the layers adjacent to
each other across the layer thickness are electrically insulated
by an insulating layer, which is not shown in the figure. It also
should be noted that white squares shown in FIG. 6 represent
conductive members (vias) interposed between correspond-
ing layers.

[0057] In the present embodiment, a shield wiring 6 is
provided in the second conductive layer. The shield wiring 6
of the second conductive layer is positioned between the
diffusion layer electrode wiring 4 disposed in the first con-
ductive layer and the electrode wiring 5 disposed in the third
conductive layer to suppress the capacitive coupling between
these wirings 4 and 5. The shield wiring 6 is fixed at the
ground potential, though not shown in the figure.

[0058] Specifically, the shield wiring 6 has a first portion 6a
and a second portion 65. The first portion 6a covers the first
portions 4a of the diffusion layer electrode wiring 4 that
extend in the vertical and lateral directions, and is also posi-
tioned below the first portion 5a of the polysilicon layer
electrode wiring 5. The second portion 65 covers the second
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portion 4b of the diffusion layer electrode wiring 4. These first
and second portions 6a and 65 are formed in the second
conductive layer. The shield wiring 6 also has a rectangular
frame-shaped third portion 6¢ formed in an inner peripheral
edge portion thereof (i.e., in a portion positioned between the
four first portions 4a and the third portion 5¢ of the polysili-
con layer electrode wiring 5) that is in the third conductive
layer (partially in the first conductive layer), and is grounded
through the third portion 6c.

[0059] For comparison, FIG. 7 shows a conventional unit
capacitor cell in which parasitic capacitance coupling is sup-
pressed without providing a shield wiring. In the figure, the
conductive layers that form the diffusion layer electrode wir-
ing 4 and those portions of polysilicon layer electrode wiring
5 are slightly different from that of the present embodiment,
but the positional arrangement thereof is approximately the
same as the present embodiment. As is clearly understood
from the comparison between FIG. 6 and FIG. 7, by providing
a shield wiring 6, the present embodiment can achieve a
reduction in spaces between the unit capacitor cell and each
first portion 4a of the diffusion layer electrode wiring 4.
[0060] Thus, according to the present invention, though the
polysilicon layer 3 is aregion that affects the relative accuracy
of'the capacitance of the unit capacitor cell 1, the unit capaci-
tor cell 1 is formed including the third portion 3¢ of this
polysilicon layer 3 and the third portion 5¢ of the polysilicon
layer electrode wiring 5, and in a region outward of this unit
capacitor cell 1, the diffusion layer electrode wiring 4 is
disposed in the first conductive layer while the polysilicon
layer electrode wiring 5 is disposed in the third conductive
layer; the shield wiring 6 is then provided in the second
conductive layer so that it is overlapped with these wirings 4
and 5 with respect to the top-to-bottom direction. Therefore,
with this shield wiring 6, the capacitance coupling between
these wirings 4 and 5 can be reduced. As a result, the capaci-
tances of the unit capacitor cells 1 are ensured to be approxi-
mately the desired capacitances, so the relative accuracy
between adjacent unit capacitor cells 1 can be improved.
Furthermore, since it is unnecessary to make the space
between the diffusion layer 4 and the polysilicon layer elec-
trode wiring 5, an increase in the device area does not occur.

Embodiment 5

[0061] FIG. 8 schematically shows the configuration of a
capacitor array according to Embodiment 5 of the present
invention. It should be noted that similar parts to those of the
foregoing embodiment 1 are designated by the same refer-
ence characters.

[0062] This capacitor array has four unit capacitor cells 1A
to 1D disposed in a 2x2 arrangement. The unit capacitor cells
1A to 1D each have a substantially rectangle shape and have
lower electrodes 2A to 2D and upper electrodes 3A to 3D,
respectively. The lower electrodes 2A to 2D are formed in a
first conductive layer, whereas the upper electrodes 3A to 3D
are formed in a second conductive layer, which is a layer
above the first conductive layer. The lower electrode 2A to 2D
of the respective unit capacitor cells 1A to 1D are connected
to a lower electrode wiring 4, which is common to the unit
capacitor cells 1A to 1D. The lower electrode wiring 4 is
formed in the third conductive layer, which is a layer above
the second conductive layer. Meanwhile, the upper electrode
3A of the unit capacitor cell 1A is connected to an upper
electrode wiring 5A. The upper electrode wiring S A is formed
in the second conductive layer. The upper electrode 3A is
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connected to an upper electrode wiring 5B. The upper elec-
trode wiring 5B is formed in the second conductive layer, as
in the case of the upper electrode wiring SA.

[0063] Inthe presentembodiment, a shield wiring 6a thatis
formed in the first conductive layer, and a shield wiring 65
that is formed in the second conductive layer are provided.
These shield wirings 6a and 65 are formed in regions of the
first and the second conductive layers except the portions that
form the lower electrodes 2A to 2D and the upper electrodes
3A to 3D of the unit capacitor cells 1A to 1D, the upper
electrode wirings 5A and 5B, and the lower electrode wiring
4. Consequently, the shield wirings 6a and 65 serve the func-
tion of suppressing the capacitance coupling of the upper
electrode wiring 5A with the lower electrodes 2B to 2D and
the upper electrodes 3B to 3D of the unit capacitor cells 1B to
1D, which are not connected to the upper electrode wiring S A,
as well as the capacitance coupling between the upper elec-
trode wiring SA and the lower electrode wiring 4.

[0064] For comparison, FIG. 9 shows a semiconductor
integrated circuit in which the shield wiring is not provided.
In this semiconductor integrated circuit, as exemplified in
FIG. 10B, the capacitance of the unit capacitor cell 1A
increases by AC (C+AC) due to a parasitic capacitance 8
generated between the upper electrode wiring 5A of the unit
capacitor cell 1A and the lower electrode 2B of the unit
capacitor cell 1B, degrading the relative accuracy of the
charge holding capacitances. In contrast, according to the
present embodiment, as is understood from FIG. 10A, the
capacitance of the unit capacitor cell 1A does not vary, and
therefore, the relative accuracy can be maintained.

[0065] Thus, the present embodiment also achieves similar
advantages and effects to those attained by Embodiment 1.

Embodiment 6

[0066] FIG. 11 schematically shows the configuration of a
unit capacitor cell according to Embodiment 6 of the present
invention.

[0067] This unitcapacitor cell has a polysilicon layer, a first
conductive layer, which is a layer above the polysilicon layer,
a second conductive layer, which is a layer above the first
conductive layer, and a third conductive layer, which is a layer
above the second conductive layer. The polysilicon layer has
a first electrode 2 formed therein, and the third conductive
layer has a second electrode 3 formed therein.

[0068] A first electrode wiring 4 connected to the first elec-
trode 2 is composed of first portions 4a disposed so as to
extend between adjacent unit capacitor cells 1 in a vertical
direction, and four second portions 46 extending from four
respective corner portions of the first electrode 2 in lateral
directions. These first and second portions 4a and 45 are both
formed in the third conductive layer.

[0069] Meanwhile, a second electrode wiring 5 connected
to the second electrode 3 is composed of first portions 5a
disposed so as to extend between adjacent unit capacitor cells
1 in vertical and lateral directions, and four second portions
5b extending from four respective first portions 5a that are
adjacent to the corresponding unit capacitor cells 1 toward the
midpoints of respective sides of the second electrode 3. Each
of'the first portions 5a is formed in the first conductive layer.
A portion of each second portion 56 that is near the first
portion 5a is formed in the first conductive layer, whereas a
portion of each second portion 55 that is near the second
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electrode 3 is formed in the third conductive layer, and both
portions are connected to each other via the second conduc-
tive layer.

[0070] In the present embodiment, a shield wiring 6 is
provided in the second conductive layer that is between the
first conductive layer and the third conductive layer so as to
suppress the capacitance coupling between the second elec-
trode wiring 5 of the first conductive layer and the first elec-
trode wiring 4 of the third conductive layer as well as the
capacitance coupling between the second electrode wiring 5
of'the first conductive layer and the second electrode 3 of the
third conductive layer. The shield wiring 6 has a first portion
64 that is provided having a rectangular shape on the second
conductive layer so as to overlap with the first portions Sa of
the second electrode wiring 5 of the first conductive layer. The
shield wiring 6 also has a rectangular frame-shaped second
portion 65 in the periphery of an inner edge positioned inward
of the four first portions 5a of the second electrode wiring 5
and outward of the second electrode 3.

[0071] For comparison, FIG. 12 shows a conventional unit
capacitor cell in which parasitic capacitance coupling is sup-
pressed without providing a shield wiring. In the figure, the
conductive layers that form the portions of the first electrode
wiring 4 and second electrode wiring 5 are slightly different
from those of the present embodiment, but the arrangement
thereof is approximately the same as that of the present
embodiment. As is clearly understood from the comparison
between FIG. 11 and FIG. 12, by providing a shield wiring 6,
the present embodiment can achieve a reduction in spaces
between the unit capacitor cell and each first portion Sa of the
second electrode wiring 5.

Embodiment 7

[0072] FIG. 13 shows the configuration of a 10-bit charge
redistribution type A-D converter device according to
Embodiment 7 of the present invention. This A-D converter
device incorporates a local D-A converter 10 that is a charge
distribution type D-A converter that uses the capacitor array
20 according to Embodiment 4 (see FIG. 6).

[0073] Thecapacitor array 20 has 10 capacitors, the capaci-
tance ratio of which is 16:8:4:2:1:1:1:1:1:1, and the D-A
converter 10 has a switch group 30 composed of ten switches
each provided for each of the capacitors. A comparator 40
compares an input analog signal Vin with the capacitance of
the most significant bit under a condition in which the switch
for the capacitor that corresponds to the most significant bit is
switched to the Vreth side while the switches for the rest of
the capacitors are switched to the Vrefl side. Based on the
result of the comparison performed by the comparator 40, a
successive approximation register 50 fixes the switch to the
Vreth side to determine the bit value to be “1” when the
capacitance of the most significant bit is larger, whereas the
switch is switched to the Vrefl side to determine the bit value
to be “0” when the capacitance of the most significant bit is
smaller. This operation is successively carried out for each
capacitor at each one clock to determine the bit value for each
bit. Thus, the analog signal Vin is converted into a digital
signal to be output.

[0074] The result of an experiment is discussed below
regarding the integral linearity characteristics of the A-D
converter device according to the present embodiment. In
addition, for comparison, the integral linearity characteristics
were also examined for a conventional example of an A-D
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converter apparatus that incorporates a D-A converter using
the capacitor array without a shield wiring (see FIG. 7). The
results are shown in FIG. 14.

[0075] It is understood from FIG. 14 that, whereas the
conventional example shows an error of about £1.7 LSB, the
present embodiment can suppress the error to +0.2 LSB or
less.

[0076] Thus, according to the present embodiment, in a
charge redistribution type A-D converter device which incor-
porates the charge distribution type D-A converter 10 as a
local D-A converter, the capacitor array 20 according to
Embodiment 4 is used for the charge distribution type D-A
converter. Therefore, the relative accuracy of the capacitances
of the unit capacitor cells in the capacitor array 20 can be
increased while preventing an increase in the area of the
capacitor array, and thus, the present embodiment contributes
to an improvement in the accuracy of the charge distribution
type D-A converter 10 and the charge redistribution type A-D
converter device.

[0077] Although the present embodiment describes an
example in which Embodiment 4 is applied to the capacitor
array 20 of the charge distribution type D-A converter 10, it is
possible to adopt Embodiments 1 to 3 and Embodiments 5
and 6.

[0078] The invention may be embodied in other forms
without departing from the spirit or essential characteristics
thereof. The embodiments disclosed in this application are to
be considered in all respects as illustrative and not limiting.
The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of equiva-
lency of the claims are intended to be embraced therein.
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1-12. (canceled)

13. A semiconductor integrated circuit, comprising:

a plurality of capacitor cells arranged in an NxM matrix
each having a first electrode formed in a first conductive
layer and a second electrode formed in a second conduc-
tive layer above the first conductive layer; and

a wiring formed in a layer of at least one of the first con-
ductive layer and the second conductive layer between at
least two capacitor cells of the plurality of capacitor
cells,

wherein the wiring surrounds at least one of said plurality
of capacitor cells.

14. The semiconductor integrated circuit according to

claim 13,

wherein the plurality of capacitor cells is arranged in a 2x2
matrix.

15. A semiconductor integrated circuit, comprising:

a plurality of capacitor cells arranged in an NxM matrix
each having a first electrode formed in a first conductive
layer and a second electrode formed in a second conduc-
tive layer above the first conductive layer; and

a wiring formed in a layer of at least one of the first con-
ductive layer and the second conducive layer between at
least two capacitor cells of the plurality of capacitor
cells, wherein the wiring is disposed between each of the
plurality of capacitor cells.

16. The semiconductor integrated circuit according to

claim 15,

wherein the plurality of capacitor cells is arranged in a 2x2

matrix.



