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1
SEMICONDUCTOR INTEGRATED CIRCUIT

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

10

Notice: More than one reissue application has been filed
for the veissue of US. Pat. No. 8,357,955. The reissue
applications are the present application, Ser. No. 16/891,
779, Ser. No. 15/882,412, and Ser. No. 15/078,990. The 15
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1. Field of the Invention

The present invention relates to a semiconductor inte-
grated circuit having a desired circuit formed by combining
and laying out a plurality of standard cells each having
transistors and gate electrodes and connecting the cells
together.

2. Description of the Related Art

In a common standard cell, at least one of the sizes thereof
in the directions orthogonal to each other (so-called vertical
and horizontal directions) 1s standardized to a few types or,
for example, to three types. The so-called vertical size is
referred to as the height of the standard cell. This height 1s
standardized to three types or so. Here, in order to avoid
confusion between this cell size (height) and 1ts structural
height perpendicular to the semiconductor substrate, the cell
s1ze will not be called the “height.” Instead, this size will be
referred to as the “standard cell length” for the sake of
convenience.

Even when a few standard lengths of the standard cell
may be used i an LSI (Large Scale Integration) as a whole,
the same standard length 1s used when viewed locally as in
the same circuit block to ensure eflicient layout of cells.

Theretfore, various types of standard cells with the same
standard cell length are made available and registered 1n a
library. In general, standard cell patterns such as internal
wiring patterns are limited 1n layout space along the standard
cell length.
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In contrast, the standard cell size in the direction orthogo-
nal to the common cell length (so-called horizontal direc-

tion) 1s available 1n a variety of lengths according to the
scale of the gate circuit. The cell size 1n the direction
orthogonal to the common cell length will be hereinafter
referred to as the “arbitrary cell length” for the sake of
convenience.

The inverter 1s normally the most basic building block of
logic circuits achieved by the standard cell system. The
inverter 1s formed by connecting NMOS and PMOS tran-
sistors 1n series between VDD and VSS lines so that the
gates are shared. In the most basic standard cell used for
logic circuits, the distance between the center of the VDD
line and that of the VSS line 1s the standard cell length, and
the direction along the VDD and VSS lines 1s the arbitrary
cell length direction when the VDD and VSS lines are
arranged alternately and parallel to each other. This most
basic standard cell 1s designed by increasing or reducing the
s1ze of the arbitrary cell length as appropriate according to
the scale of the standard cell circuit. Such a basic standard
cell has a standard cell length of a CMOS pair that 1s
appropriate to the sum of the lengths of NMOS and PMOS
gates. Such a standard cell has a height appropnate to that
of a single CMOS pair. Therefore, this cell will be herein-
alter referred to as a “single height cell.”

The layout of standard cells each having a standard cell

length of a CMOS pair 1s described, for example, in Japa-
nese Patent Laid-Open No. He1 10-173053.

SUMMARY OF THE INVENTION

There would be no problems 11 the circuit to be achieved
with a standard cell was a basic logic gate circuit such as an
inverter or a NAND circuit. However, there are cases 1n
which the single height configuration is not suitable depend-
ing on the circuit scale.

We assume, for example, that there 1s a standard cell
configured 1n such a manner that the gates of a number of
CMOS pairs must be driven 1n phase.

In this standard cell, the PMOS and NMOS transistor
gates 1n each CMOS pair are connected by a gate line made,
for example, of polysilicon. However, several gate lines
must be further shorted together. Therefore, the gate lines are
connected together by upper layer wirings (normally, metal
wirings in the first layer). However, a number of other
internal wirings are also required in the standard cell to
connect transistor gates to the sources or drains of other
transistors. As a result, it may be impossible to secure a
space to connect the gates together with the upper layer
wirings.

Even 1f a space 1s secured, it may be necessary to design
wirings that are bent 1n a complex manner, thus resulting in
reduced workability for design and mask preparation and
leading to higher cost.

If a space cannot be secured, there 1s no alternative but to
increase the standard cell length i the standard cell speci-
fication to provide more leeway or use the wirings i a
higher layer.

However, increasing the standard cell length leads to
waste 1n areas other than the CMOS pairs of the cell and
small-scale basic circuitry such as inverters. Moreover,
using the wirings i a higher layer (e.g., wirings 1n the
second metal wiring layer) clutters the space where other
wirings are supposed to be formed in the second metal
wiring layer.

It 1s desirable to provide a semiconductor integrated
circuit having a cell layout unlikely to produce wasted space
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and advantageous in terms of cost when the semiconductor
integrated circuit contains standard cells for achieving a
circuit adapted to drive a plurality of complementary tran-
sistor pairs (e.g., CMOS pairs) 1n phase.

In a semiconductor integrated circuit according to an
embodiment of the present mvention, a desired circuit 1s
formed by combining and laying out a plurality of standard
cells and connecting the cells together. The cell length, 1.e.,
the gap between a pair of opposed sides, of the standard cells
1s standardized. These standard cells include a complemen-
tary in-phase driven standard cell. Each of the complemen-
tary in-phase driven standard cell includes a plurality of

complementary transistor pairs that are complementary 1n
conductivity type to each other and have their gate elec-
trodes connected together. N (=2) pairs of all the comple-
mentary transistor pairs are driven in phase. Further, the size
of the standardized cell length of a complementary in-phase
driven standard cell 1s defined as an M-fold cell length which
1s M (N=N=z=2) times the basic cell length which 1s appro-
priate to the single complementary transistor pair. In a
complementary in-phase driven standard cell, the common
gate electrodes of at least M pairs of the N complementary
transistor pairs to be driven 1n phase are arranged linearly 1n
the direction of the M-fold cell length.

In the embodiment of the present invention, single height
cells or standard cells having the basic cell length and
multi-height cells or the complementary in-phase driven
standard cells having the M-fold cell length, are preferably
arranged adjacent to each other to form the desired circuait.
Further, when arranged adjacent to the single height cells,
the multi-height cells preferably have a power line arrange-
ment structure that allows for power lines to be shared.

In the above configuration of the semiconductor inte-
grated circuit according to the embodiment of the present
invention, if electrical shorting 1s required :for in-phase
driving, the gate electrodes of a plurality of complementary
transistor pairs to be driven i1n phase are formed integrally
with a common gate line itself. This provides a reduced
number of internal wirings required to short the gate lines,
thus eliminating wasted space. Further, this eliminates the
need to form internal wirings in complex shapes.

The above preferable configuration does not impede the
advantages of the standard cell layout system because the
multi-height cells preferably have a power line sharing
structure with the adjacent single height cells. At this time,
the single height cells need only have a required minimum
basic cell length suitable for a small-scale circuit. The
standard cell length of the multi-height cell 1s a plurality of
times the basic cell length thereot. This makes 1t possible to
secure a power line sharing structure with other surrounding
cells even 11 the standard cell length of the multi-height cell
1s increased. Further, in this case, the single height cell has
a rewired mimimum basic cell length suitable for a small-
scale circuit, thus eliminating wasted space.

The present invention provides a semiconductor inte-
grated circuit having a cell layout unlikely to produce
wasted space and advantageous 1n terms ol cost when the
semiconductor integrated circuit contains standard cells for
achieving a circuit adapted to drive a plurality of comple-
mentary transistor pairs (e.g., CMOS pairs) 1n phase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically illustrating a plan view
of an integrated circuit according to first to third embodi-
ments with a focus on the cell layout;
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FIGS. 2A to 2C are layout diagrams for describing the
inconveniences of a single height layout technique;

FIG. 3 1s an equivalent circuit diagram of a first applica-
tion example 1n the first embodiment;

FIG. 4 1s a first layout diagram of a first application
example 1n the first embodiment;

FIG. § 1s a layout diagram of comparison example 1 in the
first embodiment;

FIGS. 6A and 6B are equivalent circuit diagrams of a
second application example 1n the first embodiment;

FIG. 7 1s a first layout diagram of a second application
example 1n the first embodiment;

FIG. 8 1s a second layout diagram of the second applica-
tion example 1n the first embodiment;

FIG. 9 1s a layout diagram of comparative example 2 1n
the first embodiment;

FIG. 10 1s an equivalent circuit diagram of a third
application example 1n the first embodiment;

FIG. 11 1s a layout diagram of the third application
example 1n the first embodiment;

FIGS. 12A and 12B are equivalent circuit diagrams of a
fourth application example 1n the first embodiment;

FIG. 13 1s a layout diagram of the fourth application
example 1n the first embodiment;

FIG. 14 1s a layout diagram 1n a second embodiment;

FIG. 15 1s a layout diagram 1n a third embodiment;

FIG. 16 1s a first layout diagram of a modification
example; and

FIG. 17 1s a second layout diagram of the modification
example.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

A description will be given below of embodiments of the
present invention with reference to the accompanying draw-
ings by taking, as main examples, double height and triple
height circuit cells.

1. First embodiment: Embodiment in which the double
height cell to which the present invention 1s applied 1s shown
by four application examples (circuit examples). In the first
and second application examples, the eflect obtained by the
application of the present invention will be described by
using comparative examples 1 and 2.

2. Second embodiment: Embodiment of a triple height cell
to which the present mvention 1s applied.

3. Third embodiment: Embodiment of an L-shaped cell
(double height cell having the same functionality as a triple
height cell) to which the present invention 1s applied.

4. Modification examples: Two modification examples relat-
ing to a substrate contact will be described.

1. First Embodiment
1. Overall Layout

FIG. 1 1s a diagram schematically 1llustrating a plan view
of an integrated circuit according to embodiments with a
focus on the cell layout.

In FIG. 1, each of rectangular areas 1s called a cell. The
cells denoted by reference numeral SC are standard cells.
The standard cell SC 1s a predesigned and standardized
functional circuit cell registered 1 a library such as an
iverter or a NAND gate. Although being a collection of
data, the standard cell SC may refer to part of a device
manufactured based on the data. Although a detailed
description will be given later, standard cells registered 1n a
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library are combined and laid out in the design phase of a
semiconductor integrated circuit. As a result of the layout,
source voltage lines and reference voltage lines (e.g., GND
lines) are roughly connected together on data. Connecting
signal and other lines after the layout provides the desired
circuit. The layout of cells and disposition of wirings up to
this point 1s conducted on the data level using a design
support apparatus.

Although being a schematic plan view of the semicon-
ductor 1integrated circuit with a focus on the cell layout, FIG.
1 can also serve as a data-level cell layout diagram.

In a semiconductor integrated circuit 1 shown 1n FIG. 1,
the standard cells SC of a variety of sizes are combined and
laid out, thus achieving a desired circuit. Here, the desired
circuit can be achieved at will depending on what the
functional circuits of the standard cells SC are and how the
cells are combined so long as the desired circuit 15 a logic
circuit. FIG. 1 1s a generalized diagram, and 1t 1s arbitrary
what the desired circuit 1s.

The standard cell design system 1s used 1n the design
process of ASIC (Application Specific Integrated Circuit)
and ASSP (Application Specific Standard Product). ASIC 1s
an IC developed and manufactured to meet a specific
application requirement of each customer. ASSP 1s an IC
designed and developed as a general-purpose part for a
plurality of customers.

A description will be given below of the size of the
standard cell SC.

In the standard cell SC, the cell length i the direction
along one of two sides that are orthogonal to each other 1s
commonly standardized. This cell length direction will be
hereinafter referred to as the “standard cell length direction.”
There may not be only one, but a few sizes or, for example,
three sizes, 1n the standard cell length direction (standard
cell lengths) 1n an entire IC. It should be noted, however, that
there has been, up until today, one unified standard cell
length, when viewed locally, as 1 a single circuit block or
a circuit adapted to achieve a desired function. One of the
major characteristics of the embodiments of the present
invention 1s that there are a plurality of standard cell lengths
in a local circuit such as a single circuit block or a circuit
adapted to achieve a desired function.

In relation to this characteristic, common single height
standard cells SHSC and multi-height standard cells MHSC,
both serving as the standard cells SC, are mixed in the
example shown 1n FIG. 1. Here, two types of multi-height
standard cells MHSC are shown, a double height standard
cell WHSC having a standard cell length twice that of a
single height standard cell SHSC and a triple height standard
cell THSC having a standard cell length that 1s three times
that of a single height standard cell SHSC.

The cell size can be determined at will in the direction
orthogonal to the standard cell length direction. Although
the cell s1ze may be determined at will, 1t 1s common that
there are fixed discrete sizes that can be used (specified by
the grid number) for reasons of design efliciency or to meet
the demand for consistency. The direction orthogonal to the
standard cell length direction will be hereinatter referred to
as the “arbitrary cell length direction.”

In a circuit block as shown 1in FIG. 1, the VDD and VSS
lines extend in the arbitrary cell length direction and are
arranged alternately 1n the standard cell length direction. The
gap between the VDD and VSS lines 1s appropnate to the

height of the single height standard cell SHSC.

Further, the double height standard cell WHSC includes a
type denoted by reference numeral WHSC1. The double
height standard cell WHSC1 has the two VSS lines that are
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disposed, one along each of the two short sides, i the
standard cell length direction, with the VDD line passing
through the same cell WHSC1 at the center between the two

VSS lines. Further, the double height standard cell WHSC
includes a type denoted by reference numeral WHSC2. In

contrast to the double height standard cell WHSCI1, the
double height standard cell WHSC2 has the two VDD lines
that are disposed, one along each of the two short sides, with

the VSS line passing through the same cell WHSC2 at the
center between the two VDD lines. Although only one of
these two types may be used, the two types are mixed here
from the viewpoint of layout efliciency.
[Single Height Layout]

Next, the reason will be clarified why the single height
standard cells SHSC and multi-height standard cells MHSC

are mixed in the same circuit block by stating the disadvan-
tages of the major techniques adapted to design a semicon-
ductor imtegrated circuit with only single height cells.

FIGS. 2A to 2C 1illustrate three types of single height
standard cells designed by a single height layout technique
to form a CMOS logic circuit.

Each of these single height standard cells SHSC_1,
SHSC_2 and SHSC_3 has two doped regions, namely, a
P-type doped region 13P and an N-type doped region 13N,
arranged parallel to each other between the VDD and VSS
lines. The P-type doped region 13P serves as the sources or
drains of PMOS transistors. The N-type doped region 13N
serves as the sources or drains of NMOS transistors. The
reason for this is that the inverter 1s the basic building block
of CMOS logic circuits. Polysilicon gate electrodes 20A and
20B forming an inverter input are arranged linearly so as to
be orthogonal to a rectangular region including a P-type
doped region 13P (hereinafter denoted by the same reference
numeral as the P-type doped region 13P and referred to as
the “PMOS active region 13P”). The polysilicon gate elec-
trodes 20A and 20B are also arranged linearly so as to be
orthogonal to a rectangular region including an N-type
doped region 13N (heremaiter denoted by the same refer-
ence numeral as the N-type doped region 13N and referred
to as the “NMOS active region 13N”") (FIGS. 2A and 2C).
Therefore, the single height standard cells have a height
(standard cell length) appropriate to that of a complementary
transistor pair (NMOS and PMOS pair).

In such a standard cell configuration, vertically long
common gate e¢lectrodes of the complementary transistor
pair (heremnafter the CMOS gate lines) are arranged side by
side. This leads to an increased number of internal wirings
adapted to connect CMOS gate lines or a CMOS gate line
and other node (e.g., transistor source and drain). Moreover,
because such a number of internal wirings must be provided
in a limited space, the wiring pattern 1s inevitably complex.
This leads to many vertices and bends in the metal and
polysilicon layouts, thus resulting in a complex shape.

In leading-edge processes, the more complex the pattern
shape 1s, the more design rule restrictions are imposed.
Further, a complex pattern shape leads to a long time
required to perform optical proximity correction (OPC) 1n
the mask preparation or 1s disadvantageous from the view-
point of design for manufacturing (DFM). Here, the term
“DFM (design for manufacturing)” refers to a technique
adapted to resolve the LSI manufacturing problems at the
design stage. In the cell layout, a simple shape provides a
device less susceptible to variations at the time of manufac-
ture. Theretfore, this aspect 1s important.

Further, difliculty 1n performing OPC, for example, may
lead to a reduced yield of physical device.
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The viewpoints described above constitute the first dis-
advantage of designing a logic circuit with only the single
height standard cells SHSC.

A high likelihood of producing wasted space 1s the second
disadvantage.

Standard cells used, for example, for a clock tree may be
laid out with a changed size ratio between the MVOS and
NMOS to ensure that the clock delay 1s the same. For
example, a standard cell (SHSC_2:FIG. 2B) may be used
that has a larger-than-normal PMOS (SHSC_1: FIG. 2A).
Alternatively, a standard cell (SHSC_3: FIG. 2C) may be
used that has a smaller-than-normal NMOS.

In this case, enlarging the PMOS active region 13P
horizontally leads to a vacancy in the NMOS transistor
forming region as shown in FIG. 2B. Conversely, reducing
the NMOS active region 13N vertically does not increase the
area of the standard cell SC 1tself but leads to a reduced area
usage efliciency. These constitute wasted spaces 1n exchange
for necessary functions, which 1s one of the reasons why
high density packaging cannot be achieved.

The embodiments of the present immvention propose a
complementary transistor pair (e.g., CMOS pair) standard
cell configuration that resolves the above two disadvantages.
The present invention 1s applied to a complementary 1in-
phase driven standard cell of all the types of complementary
transistor pair standard cells.

Three layout configuration examples of the complemen-
tary in-phase driven double height standard cells WHSC to
which the present invention 1s applied will be shown below
together with circuit examples.

First Application Example

FI1G. 3 1s an equivalent circuit diagram of a half adder cell
as a circuit example of the standard cell SC to which the
present invention 1s applied. The half adder shown 1n FIG.
3 1s broadly divided into a carry-out section (CO section)
and a single-bit addition section (Sum section). The half
adder 1s a circuit designed to receive first and second 1nput
bits (Al and A2) and output a half addition bit (S) and a
carry-out bit (heremaftter the CO bit). The half addition bit
represents the result of half addition 1n the first digit. The CO
bit represents a carry.

It should be noted that the gates of the CMOS pairs that
are supplied, for example, with the same 1nput 1n FIG. 3 are
indicated by bi-directional arrows.

The carry-out (CO) section 1mcludes a NAND circuit and
an mverter. The NAND circuit includes two PMOS transis-
tors P1 and P2 and two NMOS transistors N1 and N2. The
iverter includes a PMOS ftransistor P3 and an NMOS
transistor N3. The NAND circuit and inverter are connected
by a wiring denoted by reference numeral 31 (internal
wiring 31) where an mverted carry-out hit (NCQO) appears.
The P1-N1 CMOS pair 1s supplied with the first input bit Al.
The P2-N2 CMOS pair 1s supplied with the second input bit
A2.

The single-bit addition (Sum) section includes {four
PMOS transistors P4 to P7 and four NMOS transistors N4
to N7 and has the mverted carry-out bit (INCO) and the first
and second mput bits (Al and A2) as 1ts mputs. Although
performing a single bit addition, the same section produces
a single bit output. Therefore, the same section performs a
half addition operation adapted to produce a “0” output with
the help of the inverted carry-out bit (NCO) that 1s “0 (e.g.,
low level)” when both the first and second put bits A1 and
A2 are “1 (e.g., high level).”
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In such a configuration, when the two mput bits (Al and
A2) are both low, the PMOS transistors P1 and P2 are ON.

Theretore, the NCO 1s high, and the CO 1s low. As a result,
no carry 1s generated. On the other hand, both the PMOS
transistors PS5 and P6 are ON. This pulls an nverted half
addition bit (NS) up to high level. The NS 1s the potential of
an internal connection line 33 forming the input node of the
inverter at the final stage. As a result, an internal connection
line 34 outputs a low level as the halt addition bit (S).

When the two mput bits (Al and A2) are high and low,
respectively, the PMOS transistor P1 1s OFF but the PMOS
transistor P2 1s ON. Similarly, therefore, the NCO 1s high,
and the CO 1s low. As a result, no carry 1s generated. On the
other hand, both the NMOS transistors N4 and N5 are ON.
This pulls the mverted halt addition bit (NS) down to low
level. Theretore, a high level 1s output as the half addition bat
(5).

When the two input bits (Al and A2) are low and high,
respectively, the PMOS transistor P2 1s OFF but the PMOS
transistor P1 1s ON. Similarly, therefore, the NCO 1s high,
and the CO 1s low. As a result, no carry 1s generated. On the
other hand, both the NMOS transistors N4 and N6 are ON.
This pulls the mverted half addition bit (NS) down to low
level. Therefore, a high level 1s output as the half addition bat
(S).

When the two mput bits (Al and A2) are both high, the
NMOS transistors N1 and N2 are ON, which stands in
contrast to the above three cases. Therefore, the NCO 1s low,

and the CO 1s high. As a result, a carry 1s generated. On the
other hand, because the NCO 1s low, the PMOS transistor P4

1s ON although the PMOS transistors P5 and P6, provided
in parallel with the PMOS transistor P4, are OFF. This pulls
the inverted half addition bit (INS) up to high level. There-
fore, a low level 1s output as the half addition bit (S).

FIG. 4 1s a layout diagram of the circuit shown 1n FIG. 3
designed by applying an embodiment of the present inven-
tion.

The standard cell illustrated 1n FIG. 4 1s an example of the
double height standard cell WHSC1 (FIG. 1) having the
VDD line disposed at the center.

In this double height standard cell WHSC1, a VDD line
30D extends 1n the arbitrary cell length direction (horizontal
direction) at the center of the standard cell length direction
(vertical direction). Further, two VSS lines, 1.e., VSS lines
3051 and 3052, are disposed. The VSS line 3081 1s arranged
along the center of the width of one of the short sides of the
horizontal outer frame of the cell. The VSS line 30S2 1s
arranged along the center of the width of the other of the
short sides thereof. The VSS lines 3051 and 30S2 are
arranged parallel to each other, and also parallel to the VDD
line 30D. The VDD line 30D and VSS lines 3051 and 3052
are Tormed by patterming the first wiring layer (1M).

The circuit (CO section) adapted to generate the carry-out
bit (CO bait) 1s provided on the lower half of the cell 1n such
a manner as to have the VSS line 3051 and share the VDD
line 30D. On the other hand, the circuit (Sum section)
adapted to generate the half addition bit (S) 1s provided on
the upper half of the cell in such a manner as to have the VSS
fine 30S2 and share the VDD line 30D.

Two active regions of the same conductivity type, 1.e.,
PMOS active regions 11P and 12P, are arranged line-sym-
metrically with respect to the center line of the power line
(VDD line 30D) passing through the cell. Further, an NMOS
active region 11N 1s arranged between the PMOS active
region 11P and VSS line 3081, and an NMOS active region
12N between the PMOS active region 12P and VSS line
30S2.
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Surrounded by an element isolation insulating layer 10,
these four active regions are i1solated from one another and
arranged to be horizontally long 1n shape and parallel to the
power line.

It should be noted that the CO section has six transistors
whereas the Sum section has eight. Therefore, the PMOS
and NMOS active regions 12P and 12N are longer 1n shape
than the NMOS and PMOS active regions 11N and 11P.

Three common gate electrodes 21 to 23 are arranged
linearly 1n such a manner as to penetrate the four active
regions vertically (in the slumlord cell length direction).

The common gate electrode 21 serves as a common gate
of the transistors (P1, N1, P5 and NS) adapted to receive the
first input bit A1 shown 1n FIG. 3. The positions of the above
transistors are shown i FIG. 4 by the same reference
numerals.

The common gate electrode 22 serves as a common gate
of the transistors (P2, N2, P6 and N6) adapted to receive the
second input bit A2 shown in FIG. 3. Further, the common
gate electrode 23 serves as a common gate of the transistors
(P3, N3, P4 and N4) adapted to receive the inverted carry-
out hit shown 1n FIG. 3. The positions of the above transis-
tors are also shown i FIG. 4 by the same reference
numerals.

On the other hand, a common gate electrode 24 for the
remaining two transistors (P7 and N7) 1s shorter than the
other three and penetrates the PMOS and NMOS activ
regions 12P and 12N because the two transistors must
receive the mnverted half addition bit (NS) in the Sum
section.

Internal wirings 31 to 35 shown 1n FIG. 3 are provided as
the wirings of the first wiring layer (1M) and shaped as
shown 1n FIG. 4 to connect the sources, drains and gates of
different transistors. The specific connection relationship 1s
obvious with reference to FIG. 3, and therefore 1s omitted.
| Characteristics of the Layout to Which the Present Inven-
tion 1s Applied]

A first characteristic of the layout 1s that the connection
rule with the single layout power line arrangement 1s main-
tained. That 1s, the relationship between the VSS line 3051
and VDD line 30D and that between the VSS line 3052 and
VDD line 30D are appropriate to the standard cell length of
the single height standard cell SHSC (FIG. 1). These rela-
tionships allow for power lines to be shared between a single
height cell and double height cell when they are arranged
adjacent to each other. For this reason, the double height
standard cell WHSC1 has a standard cell length which 1s a
plurality of or M (22, M=2 1n this case) times the basic cell
length which 1s the standard cell length of a single height
cell.

A second characteristic of the layout i1s that the gate
clectrodes of the plurality of or M (M=2 1n this case)
complementary transistor pairs to be driven in phase are
arranged linearly as common gate electrodes.

This commonization of gate electrodes contributes to a
reduced number of internal wirings, thus providing leeway
in the layout of other internal wirings. When there 1s leeway
in the layout of internal wirings, wirings may be laid out
without forming a complex shape, possibly contributing to
improved yield and ease of manufacturing. Further, there 1s
no need to connect the gates together using the upper layer
wirings, thus providing leeway in the layout of the upper
layer wirings. In the case of this circuit example 1n particu-
lar, there 1s no need to connect the gates together in the
higher second wiring layer, as 1n the comparative examples
which will be described layer, thus ensuring effective use of
multi-wiring resources and providing reduced cost.
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A third characteristic of the layout 1s that active regions of
the same conductivity type (11N and 12N) are arranged
line-symmetrically with respect to (M—1) power lines pass-
ing midway therebetween, or the one VDD line 30D because
M=2.

A Tourth characteristic of the layout 1s that all the gate
clectrodes overlapping the portion of the element 1solation
insulating layer 10 located within the width of separation
between the two active regions are the common gate elec-
trodes 21 to 23 of the complementary transistor pairs to be
drive 1n phase. In contrast, the common gate electrode 24 1s
not a common electrode of a plurality of complementary
transistor pairs, but 1s instead a common electrode of NMOS
and PMOS ftransistors 1n a single complementary transistor
pair. Such an electrode does not overlap any portion of the
clement 1solation insulating layer 10 located within the
width of separation between the two active regions (1nstead
overlaps the portion of the same layer 10 located outside the
width of separation).

The fourth characteristic 1s obvious when we consider the
case 1n which this characteristic 1s not present. That 1s, we
assume that two gate electrodes, one extending from up to
down and another extending from down to up into the width
of separation between the two active regions, are separated
within the same width. In this case, a space for separating the
clectrodes 1s required 1n addition to the alignment tolerance
required to reliably align the gate electrodes with the active
regions 1n consideration of the misalignment of the photo-
mask. As a result, there are limits to reducing the space
between the active regions.

In the case of the layout shown in FIG. 4 to which the
present invention 1s applied, on the other hand, the gate
clectrodes are not separated. Therefore, there 1s no need to
consider the tolerance 1n this portion, nor there 1s any need
to provide a separation space. All what 1s required 1s a
separation width for element separation. However, so long
as this width 1s secured, 1t 1s possible to bring the two active
regions close to each other to the extent possible, thus
providing leeway in the standard cell length direction.
Because the standard cell length 1s determined to be M times
the basic cell length which 1s the standard cell length of a
single height cell, the standard cell length can be changed
only by reviewing the basic cell length. This leeway pro-
vides a larger channel width (commonly also called the gate
length) 1n the determined standard cell length direction, thus
contributing to a larger transistor size or providing leeway 1n
the layout of other internal wirings. When there 1s leeway 1n
the arrangement of internal wirings, wirings may be laid out
without forming a complex shape, contributing to improved
yield and ease of manufacturing.

The above characteristics are also available when triple or
higher standard cells which will be described later are used.

A description will be given next of comparative examples

to which the present mvention i1s not applied to further
clanity the eflects of the above characteristics.

Comparative Example 1

FIG. 5 1s a layout diagram of comparison example 1 1n
which the same circuit (FIG. 3) as shown i FIG. 4 1s
achieved with horizontally long single height cells.

The circuits shown i FIGS. 4 and 5 are basically
extremely similar except for the commumzation of gate
clectrodes. Like components are denoted by like reference
numerals, and the description thereof 1s omuitted.
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In FIG. 5, the CO and Sum sections are arranged parallel
to each other between the VDD line 30D and a VSS line 30S
so that the CO and Sum sections can be supplied with power
from these lines.

Further, while the single common gate electrode 21 1s
linearly arranged i FIG. 4, two common gate electrodes
21A and 21B, each for a CMOS patr, are arranged one on the
left and the other on the nght 1n FIG. 5. Stmilarly, while the
single common gate electrode 22 1s provided in FIG. 4, two
common gate electrodes 22A and 22B are arranged one on
the left and the other on the nght 1 FIG. 5. Still similarly,
while the single common gate electrode 23 1s provided in
FIG. 4, two common gate e¢lectrodes 23A and 23B are
arranged one on the leit and the other on the right 1n FIG. 5.

Because the two common gate lines are arranged sepa-
rately, the pairs of gate electrodes shown by bi-directional
arrows 1n FIG. 5 must be electrically shorted together.

A first approach to making these connections would be to
achieve horizontal connections using the common gate
clectrodes themselves (gate polysilicon layer).

In order to short the common gate electrodes 21 A and 21B
together, 1t 1s necessary, for example, to expand the space
between the PMOS active region 11P or 12P and VDD line
30D 1n the standard cell length direction. Further, in order to
short the common gate electrodes 22A and 22B together, it
1s necessary, for example, to expand the space between the
NMOS active region 11N or 12N and VSS line 30S 1n the
standard cell length direction. Even 1n this case, the common
gate electrodes 23 A and 23B cannot be shorted together. As
a result, it 1s 1mevitable that this remaining pair of common
gate electrodes should be shorted together using the first
wiring layer (1M).

With the first approach, the cell length must be expanded
in the standard cell length direction so as to secure a space
for arranging two common gate electrodes. However, this
gives rise to significant wasted space in the standard cell
array as a whole, which makes this approach unacceptable.

For this reason, a second approach would be to use the
second wiring layer (2M).

If the branches for the active region contacts of the power
lines (30D and 30S) and internal wirings (31 to 33) are
moved backward i FIG. 5, 1t seems possible to secure a
space for arranging the first wiring layer (1M) adapted to
short out at least one common gate line. However, 1t 1s
impossible 1n terms of space to connect all three. Therefore,
at least one of them must use the higher second wiring layer
(2M).

On the other hand, the connections between the first and
second mput bits Al and A2 and half addition bit (S) and the
unshown adjacent cell are not shown 1n FIG. 5. The second
wiring layer (2M) may be used to make connections with the
adjacent cell, which 1s, however, not necessary 1n the pattern
shown 1n FIG. 5. The mput and output lines of these three
bits can be achieved by changing the pattern of the first
wiring layer (1M).

Even 1n such a case, the layout shown i FIG. 5 which
requires the use of the second wiring layer (2M) merely for
connecting the common gate electrodes 1s disadvantageous
in that 1t may result in significantly increased cost due to
wastelul use of wiring resources.

As described above, both the first and second approaches
are disadvantageous 1n that they are highly likely to result 1n
significantly increased cost. The layout shown in FIG. 4 1s
superior to the comparative example shown 1n FIG. 5 1n that
it will not 1ncur such a disadvantage.

It should be noted that the CO section shown 1n FIG. 4 has
a vacant space which 1s not present 1n the CO section shown
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in FIG. 5. However, this vacant space exists in the arbitrary
cell length direction. As is clear from FIG. 1, there are

inherently many vacant spaces in the arbitrary cell length
direction. Therefore, even if the size in the arbitrary cell
length direction 1s increased as a result of the application of
an embodiment of the present invention, the increased size
will lead to no increase or an extremely slight, if any,
increase in cost, i1i anything, the advantage gained by the
application of the present invention, namely, the advantage
that there 1s no need to expand the standard cell length or use
the upper wirings more than oflsets the disadvantage that the
s1ze 1n the arbitrary cell length direction 1s larger. Therefore,
the application of the present invention 1s eflfective in
reducing cost.

Further, as a result of an embodiment of the application of
the present mvention, the wiring pattern layouts for the first
wiring layer (1M) and polysilicon are simpler in shape
thanks to fewer vertices and bends. The application of the
present invention 1s advantageous from the viewpoint of
design for manufacturing (DFM) in that 1t contributes to
reduced man-hours for mask preparation including the OPC
process and design, thus providing turther reduced manu-
facturing cost and improved yield.

Second Application Example

FIGS. 6A and 6B illustrate a circuit symbol and equiva-
lent circuit diagram of a clock bufler cell.

A clock bufler cell 1s a cell including an even number of
stages of cascaded inverters. This type of cell 1s designed so
that the clock output from the cell has the same duty ratio to
the extent possible. Therefore, a clock bufler 1s characterized
in including larger-than-normal PMOS ftransistors or
smaller-than-normal NMOS {transistors.

A specific clock bufler circuit includes two cascaded
inverters INV1 and INV2 shown 1n FIG. 6A. Each of the
inverters INV1 and INV2 includes two 1nverters connected
in parallel as shown 1 FIG. 6B. Thus, when each of the
iverters INV1 and INV2 of the clock butler at the first and
second stages includes two inverters connected 1n parallel,
the inverters offer sutlicient driving capability. In addition,
the present invention 1s more readily applicable to the clock
bufler.

FIG. 7 illustrates an example 1n which the circuit shown
in FIG. 6 1s laid out with a double height cell.

In this layout diagram, a VDD line 31D 1s arranged at the
center of the standard cell length and extends in the arbitrary
cell length direction. Two VSS lines 3151 and 3152 are
arranged parallel to the VDD line 31D and along the center
of the width of one of the short sides on both sides along the
standard cell length. These three power lines are formed by
using the second wiring layer (2M).

A specific description of the circuit configuration in the
cell and the connections 1s omitted because the circuit itself
1s simple. Here, the element 1solation insulating layer 10,
PMOS active regions 11P and 12P, and NMOS active
regions 11N and 12N are arranged 1n the same manner as in
the first application example as like components as those 1n
the first application example denoted by like reference
numerals. Contact with the active regions 1s achieved by
providing branches of the power lines in the first application
example. Here, however, contact with the active regions 1s
achieved by providing power connection lines 39D1, 39D2,
3951 and 3952 that are formed with the first wiring layer
(1M).

Internal wirings 36 and 37 are formed with the first wiring
layer (1M) to connect the inverters INV1 and INV2 together
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as shown 1n FIG. 6B. On the other hand, an internal wiring
38 15 formed with the first wiring layer (1M) to serve as an

output wiring of the iverter INV2. The same wiring 38
extends under the VDD line 31D 1n the standard cell length

direction.

Common gate electrodes 25 and 26 are arranged parallel
to each other and extend 1n the standard cell length direction
as with the common gate electrodes 21 to 23 (FIG. 4) 1n the
first application example. It should be noted that the CMOS
pairs formed by these common gate lines are shown in the

layout diagram of FIG. 7. These CMOS pairs are denoted by
like reference numerals as those 1n FIG. 6B.

In this layout, PMOS transistors can be formed as far as
in the region close to the VDD line which cannot be used 1n
an ordinary single height cell, as with the layout in FIG. 4.
Further, 1t 1s possible to design the layout with a simple
wiring layer pattern without increasing the size in the
standard cell length direction in the wiring layers up to the
first wiring layer (1M). This makes 1t possible to increase the
PMOS size without increasing the cell area or vacant spaces,
thus providing a low-cost semiconductor integrated circuit
with high yield.

FIG. 8 15 a layout diagram of a cell having a VSS line 315
that 1s arranged at the center of the standard cell length and
extends in the arbitrary cell length direction. This layout 1s

also possible 1n the first application example shown in FIG.
4

The cell shown in FIG. 8 differs from that shown 1n FIG.
7 1n that the VSS line 318 1s arranged at the center, and that
VDD lines 31D1 and 31D2 are arranged along the short
sides of the cell on both sides 1n the standard cell length
direction. As a result, the layout of the NMOS and PMOS
transistors the standard cell length direction 1s opposite to
that shown 1n FIG. 7. The cell shown 1n FIG. 8 1s similar to
that shown 1n FIG. 7 1n all other respects.

Comparative Example 2

FIG. 9 1s a layout diagram of a cell that serves as a
comparative example of those shown 1n FIGS. 7 and 8.

In the horizontal layout shown 1n FI1G. 9, 1t 1s impossible
to bring the PMOS active regions close to the VDD line as
can be done 1n the cell shown in FI1G. 7 and bring the NMOS
active regions close to the VSS line as can be done 1n the cell
shown 1n FIG. 8. The cell shown i FIG. 9 1s disadvanta-
geous 1n that the transistors are limited by the above two
aspects and cannot be increased 1n size. Further, each of the
common gate electrodes 25 and 26 1s H-shaped. As a result,
the same electrodes 25 and 26 are disadvantageous in that
they require a larger layout area in the arbitrary cell length
direction than the same electrodes 25 and 26 in linear shape
shown 1 FIGS. 7 and 8. Moreover, an internal wiring
denoted by reference numeral 36+37 that serves the purpose
of the mnternal wirings 36 and 37 shown 1n FIGS. 7 and 8 and
the internal wiring 38 are complex in shape. Because of
these reasons, this cell has a larger size 1n the arbitrary cell
length direction. Moreover, it 1s diflicult to perform the OPC
process when the cell 1s minmiaturized. As a result, 1t 1s highly
likely that the yield will decline.

In other words, the cell layouts shown in FIGS. 7 and 8
to which the present invention 1s applied resolve the disad-
vantages of the cell layout shown 1 FIG. 9.

Third Application Example

FI1G. 10 1llustrates an equivalent circuit diagram of a third
application example according to the modification of the
second application example.
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As compared to the clock buffer shown 1n FIG. 6B, that
shown 1n FIG. 10 has a large PMOS transistor P10a rather
than the two PMOS transistors P11 and P12 provided 1n the
inverter INV1 shown in FIG. 6B. The same holds true for the
inverter INV2. That 1s, the clock bufler shown 1n FIG. 10 has
a large PMOS transistor P10b rather than the two PMOS
transistors P13 and P14 shown in FIG. 6B.

FIG. 11 illustrates a plan view of a cell that achieves the
circuit shown 1n FIG. 10.

The comparison of the cells shown m FIGS. 7 and 11
reveals that the two separate PMOS active regions 12P and
11P i FIG. 7 are replaced by a single vertically long PMOS
active region 13P 1n FIG. 11. This eliminates the need for an
isolation region (part of the element isolation insulating
layer 10) between the active regions required 1in FIG. 7, thus
making it possible to increase the sizes of the PMOS
transistors. Alternatively, 11 the PMOS transistors are main-
tained 1n the same size, 1t 1s possible to increase the sizes of
the NMOS transistors.

It should be noted that the cell shown 1 FIG. 11 can be
modified 1n the same manner as the cell shown in FIG. 7 1s
modified to provide the cell shown i FIG. 8.

Fourth Application Example

FIGS. 12A and 12B 1llustrate a circuit symbol and equiva-
lent circuit diagram of a clock bufler cell capable of dividing
the output into a plurality of branches as another modifica-

tion example of the clock bufler cell shown 1n FIGS. 6A and
6B.

The circuit shown 1n FIGS. 12A and 12B differs from that
shown 1n FIGS. 6A and 6B 1n that the inverter INV2 at the
subsequent stage 1s divided nto inverters INV2A and
INV2B, each of which has an output node. In FIG. 12B, an
internal wiring 38A making up the output node of the
inverter INV2A and an internal wiring 38B making up the
output node of the inverter INV2B are provided separately
from each other. The circuit shown 1n FIGS. 12A and 12B
1s similar to that shown in FIGS. 6A and 6B 1n all other
respects.

FIG. 13 illustrates an example 1n which the circuit shown
in FIG. 12 1s laid out with a double height cell.

In the clock bufler with branched outputs, the output node
1s separated into the internal wirings 38A and 38B. As a
result, there 1s no need for the internal wiring of the output
node to 1mtersect the VDD line 31D at the center. This makes
it possible to form the VDD line 31D (and VSS lines 3151
and 3152) with the first wiring layer (1M) as 1llustrated 1n
FIG. 13. The connections between the power lines and active
regions are achieved by the branch power lines extending
from the main power lines. The circuit shown 1n FIG. 13 1s
similar to that shown 1n FIG. 7 1n all other respects.

2. Second Embodiment

The second embodiment 1s a modification of the circuits
shown 1 FIGS. 7 and 8 using a triple height cell that has a
standard cell length that 1s three times the basic cell length.

FIG. 14 illustrates a layout diagram according to the
second embodiment.

I, for example, the double height portion of the upper two
stages 1 FIG. 14 1s considered to be the same as the cell
shown 1n FIG. 8, the lowermost stage portion 1s added to the
cell shown i FIG. 8. Alternatively, 11 the double height
portion of the lower two stages in FIG. 14 1s considered to
be the same as the cell shown 1n FIG. 7, the uppermost stage
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portion 1s added to the cell shown 1n FIG. 7. In FIG. 14, the
additional portions are denoted by new reference numerals

from the former viewpoint.

It should be noted that the equivalent circuit achieved by
the layout diagram shown 1n FIG. 14 includes three parallel 5
inverters 1 place of each of the mverters INV1 and INV2
shown 1n FIG. 6B.

In the additional portion, reference numeral 10P denotes
a PMOS active region, and reference numeral 10N an
NMOS active region. Further, a VSS line denoted by refer- 10
ence numeral 31D0 1s added. The VDD lines 31D0 and
31D1 are provided respectively with the power connection
lines 39S2 and 39D2 that are formed with the first wiring
layer (1M). The same lines 3952 and 39D2 are branch lines
adapted to connect the NMOS active region 10N and PMOS 15
active region 10P respectively to the power lines.

It should be noted that the internal wiring 36+37 1s
disposed to extend as long as the length of three basic cells.
However, the internal wirings 36 and 37 can be similarly
connected together to extend as long as the length of two 20
standard cells in FIGS. 7 and 8. Therefore, this 1s nota
special characteristic of a triple height cell.

Other components of the cell shown 1n FIG. 14 can be
basically explained by analogy of the double height cells
shown 1n FIGS. 7 and 8. 25

It should be noted that the corrections made by changing
a double height cell to a triple height cell can be applied to
multi-height cells equal to or greater than triple height cell
using the same technique.

Still further, the advantages of a double height cell are 30
similarly inherited by multi-height cells equal to or greater
than triple height cell.

3. Third Embodiment
35

Multi-height cells equal to or greater than triple height
cell can be used to produce a non-rectangular cell that 1s bent
in the shape of L as a whole.

In a layout example according to the standard cell system
as shown 1n FIG. 1, 1n general, there are likely many gaps 40
in the arbitrary cell length direction. However, there 1s often
not much leeway 1n space 1 the standard cell length
direction. Therefore, 1t one wishes to increase the number of
CMOS pairs as a whole while restricting the height in the
standard cell length direction, this goal can be achieved by 45
accommodating some of the CMOS pairs in the L-shaped
bent portion i1n the arbitrary cell length direction. This
solution often produces no wasted layout area.

The third embodiment 1s designed to meet such a need.
The layout as shown in FIG. 15 can be, for example, used. 50
In FIG. 15, a cell having three CMOS pairs as that shown

in FI1G. 14 1s achuieved by combining the layout of the double
height cell shown 1 FIG. 7 and the layout the CMOS pairs
on the right side of the single height cell shown 1 FIG. 9.
It should be noted, however, that the two metal wiring layers 55
shown 1n FIG. 9 are used. On the other hand, a common gate
line denoted by reference numeral 27 has a shape 1n plan
view that 1s divided into branches under the VDD line 31D
for three CMOS pairs. These CMOS pairs make up three
parallel inverters in the first stage. Three parallel inverters in 60
the subsequent stage include three CMOS pairs formed by
connecting a common gate electrode 28 and the H-shaped
common gate electrode 26 (refer to FIG. 9) together with the
internal wiring 36+37 that 1s formed with the first wiring
layer (1M). In addition to the above, a power branch line 65
connected to the NMOS active region 12N 1s denoted by
reference numeral 3950, and a power branch line connected

16

to the PMOS active region 12P by reference numeral 39D0.
All other components were already described with reference

to FIGS. 7 and 9, and therefore the description thereof 1s
omitted.

In the present embodiment, the functions of a triple height
cell can be achieved with the standard cell height of a double
height cell. This allows a greater degree of freedom 1n the
layout, making it possible to choose between the layouts
shown 1 FIGS. 14 and 15 according to the conditions
surrounding the layout location when many triple height
cells are laid out. This 1s significantly advantageous 1n that
more eflicient layout 1s possible. It should be noted, how-
ever, that the common gate line 27 1s divided into branches
where 1t 1intersects the VDD line 31D 1n FIG. 15. Therefore,
the PMOS active regions 12P and 11P cannot be brought
very close to the VDD line 31D. However, the layout shown
in FIG. 15 has advantages that more than oflset the above
disadvantage, which makes this layout eflective.

It should be noted that, including this third embodiment,
the number of complementary transistor pairs to be driven in
phase or N need not necessarily agree with the number of
complementary transistor pairs or M that 1s appropriate to
the standard cell length of multi-height layout. That 1s, a
multi-height layout 1s possible that satisfies the relationship

Nz=Mz=2.

4. Modification Examples

Modification examples of substrate contacts will be
shown next.

In the first to third embodiments, substrate contacts are
not shown 1in the layout diagrams.

FIGS. 16 and 17 1llustrate two examples of how to arrange
substrate contacts. These figures illustrate 1 detail the
substrate contact portions of the cell shown 1n FIG. 4. The
same substrate contact layout technique 1s similarly appli-
cable to the other layout diagrams.

Basically, in order to dispose gate polysilicon layer wir-
ings (common gate lines) i the presence ol substrate
contacts SCH, the same contacts SCH and doped regions are
removed, as appropriate only where the gate polysilicon
layers are disposed. Here, the substrate contacts SCH are
also referred to as taps. More specifically, an N-type doped
region 14N that 1s higher in concentration 1s formed on the
surface of the tap region where the PMOS active regions 12P
and 11P and the element 1solation isulating layer 10 are
connected together in the deep side of the substrate. The
substrate contacts SCH serve as connection plugs between
the N-type doped region 14N and first wiring layer (1M).
This allows for the channel forming regions of the PMOS
transistors formed 1n the PMOS active regions 11P and 12P
to be supplied with VDD voltage from the VDD line 30D.
Further, the source region of the PMOS transistors 1s sup-
plied with power by the branch from the VDD line 30D and
the contacts connected to the branch.

On the other hand, many substrate contacts SCH are
provided in the VSS lines 30S1 and 30S2 for the same
purpose as above. The substrate contacts SCH 1n these areas
are provided to connect the NMOS active region 11N or 12N
to the VSS voltage. Strictly speaking, the channel forming
region formed 1n the NMOS active region 11N or 12N or the
substrate 1s connected to the VSS voltage. That 1s, a P-type
doped region 14P that 1s higher in concentration i1s formed
on the surface of the tap region where the NMOS active
region 12N or 11N and the element 1solation 1insulating layer
10 are connected together 1n the deep side of the substrate.
The substrate contacts SCH serve as connection plugs
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between the P-type doped region 14P and first wiring layer
(1M). This allows for the channel funning regions of the
NMOS ftransistors formed in the NMOS active regions 11N
and 12N to be supplied with VSS voltage. Further, the
source region ol the NMOS ftransistors 1s supplied with

power by the branch from the VSS line 3051 or 3052 and the
contacts connected to the branch.

Alternatively, a tapless circuit cell having none of the
substrate contacts SCH (referred to as the taps) as shown 1n
FIG. 17 may be used. In order to provide the substrate
contacts SCH not provided by the tapless circuit cell, a tap
cell 2 1s also used.

The tap cell 2 1s laid out as appropriate 1n the gap formed
as appropriate in the arbitrary cell direction shown in FIG.
1. Therefore, caretul consideration 1s given to ensure that the
layout of the circuit cell 1s not atiected by the tap cell 2.

The first to third embodiments described above provide
the following advantages.

Firstly, the number of horizontal (arbitrary cell length
direction) metal wirings can be reduced, thus allowing for
cllective use of the metal wiring resources.

Secondly, increased wiring resources eliminate the need
to 1s use metal 1n the upper layers.

Thirdly, polysilicon gate wirings (common gate lines) are
disposed where they would not exist 11 the present invention
was not applied, thus eliminating the horizontal polysilicon
gate wirings and providing increased wiring resources.

Fourthly, the polysilicon gate wirings are simpler in
shape.

Fifthly, thanks to the polysilicon gate wirings that are
simpler 1n shape, there 1s more layout area 1n the diffusion
regions (active regions) or the layout 1s easier to do.

Sixthly, since the metal and polysilicon wirings and
diffusion regions are easier to lay out, the geometries are no
longer complex, which 1s eflective from the viewpoint of
design for manufacturing (DFM).

Seventhly, where a VDD line 1s shared 1n a multi-height
cell, the PMOS size can be increased, thus providing
improved transistor mounting area etfliciency.

Similarly, where a VSS line 1s shared in a multi-height
cell, the NMOS size can be increased, thus providing
improved transistor mounting area eiliciency also i1n this
respect.

The above advantages are achieved by elaborately taking
advantage of the fact that, in a CMOS circuit, a signal 1s
commonly connected to the gate terminals of the paired
PMOS and NMOS transistors. In the case of an inverter, for
example, a signal 1s connected to the gate terminals of the
CMOS pair. In the first to third embodiments, when the cell
input signals and the intracell signals are connected to the
gate terminals of a plurality of CMOS pairs, a multi-height
cell 1s intentionally used to lay out these CMOS pairs
vertically.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-198547 filed in the Japan Patent Office on Aug. 28,
2009, the entire content of which 1s hereby incorporated by
reference.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factor in so far as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

[1. A semiconductor integrated circuit, wherein

a desired circuit 1s formed by combining and laying out a

plurality of standard cells and connecting the cells
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together, of which the cell length, 1.e., the gap between
a pair of opposed sides, 1s standardized,

the plurality of standard cells forming the desired circuit
include complementary in-phase driven standard cells,
cach of which includes a plurality of complementary
transistor pairs that are complementary 1n conductivity
type to each other and have their gate electrodes
connected together, and N (=2) pairs of all the comple-
mentary transistor pairs are driven in phase, and

the size of the standardized cell length of the comple-
mentary in-phase driven standard cell 1s defined as an
M-1old cell length which 1s M (N=M=2) times the basic

cell length which 1s appropniate to the single comple-
mentary transistor pair, and the common gate elec-
trodes of at least M pairs of the N complementary
transistor pairs to be driven in phase are arranged
linearly in the direction of the M-fold cell length.]
[2. The semiconductor integrated circuit of claim 1,
wherein
single height cells or standard cells having the basic cell
length and multi-height cells or the complementary
in-phase driven standard cells having the M-fold cell
length are arranged adjacent to each other to share
power lines so as to form the desired circuit.]
[3. The semiconductor integrated circuit of claim 2,
wherein
the multi-height cell has a total of (M+1) power lines
which 1s the sum of (M-1) power wirings that are
arranged parallel to each other to extend 1n an arbitrary
cell length direction orthogonal to the M-fold cell
length with a separation pitch equal to the basic cell
length obtained by dividing the M-fold cell length into
M equal parts and two shared power wirings, each of
which 1s shared with an adjacent cell at the center of the
width of one of two cell boundaries, one on each side
along the M-fold cell length,
the (M+1) power lines include source voltage lines and
reference voltage lines that are alternately arranged,
and
the single height cell connected to a pair of the source
voltage line and reference voltage line arranged adja-
cent and parallel to each other 1s arranged adjacent to
the multi-height cell 1n the arbitrary cell length direc-
tion.]
[4. The semiconductor integrated circuit of claim 3,
wherein
two active regions of the same conductivity type where
transistors are respectively formed are arranged line-
symmetrically with respect to the center line of the
width of each of the (M-1) power wirings, and
the common gate electrodes are arranged linearly to
intersect each of one of the active regions, power
wirings and the other of the active regions.}
[5. The semiconductor integrated circuit of claim 4,
wherein
all the gate electrodes overlapping an element 1solation
region provided between the two active regions are the
common gate electrodes extending from one of the two
active regions to the other of the two active regions and
intersecting the element isolation region.]
[6. The semiconductor integrated circuit of claim 3,
wherein
the (M+1) power lines and all 1ntra cell connection lines
are formed with a first metal wiring layer, and
intercell signal lines are formed with a second metal
wiring layer.]
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[7. The semiconductor integrated circuit of claim 2,
wherein
the multi-height cell 1s a non-rectangular cell that sur-
rounds the single height cell in an L-shaped manner by
including first and second rectangular sections, the first
rectangular section having the M-fold cell length in
which M complementary transistor pairs of all the
complementary transistor pairs to be driven 1n phase
are arranged, and the second rectangular section
extending along one of two sides that are opposed to
cach other in the direction of the standardized cell
length of the first rectangular section.]
[8. The semiconductor integrated circuit of claim 1,
wherein
a plurality of standard cells forming the desired circuit
include at least one non-rectangular standard cell that 1s

L-shaped as a whole 1n plan view by comprising first

and second rectangular sections, the first rectangular

section having the M-fold cell length 1n which M

complementary transistor pairs of all the complemen-

tary transistor pairs to be driven in phase are arranged,
and the second rectangular section extending, along
one of two sides that are opposed to each other 1n the
direction of the standardized cell length of the first
rectangular section.]

9. A semiconductor integrated civcuit comprising:

first voltage lines that extend in a first divection, the first
dirvection differs from a second direction;

second voltage lines that extend in the first divection, one
of the second voltage lines is between one of the first
voltage lines and a different one of the first voltage
lines; and

a multi-height standavd cell comprising:

a first vegion including a first active vegion of a first
conductivity type, the first conductivity type differs
from a second conductivity type,

a second vegion including a second active region of the
second conductivity type, the first region and the
second region are between the one of the first voltage
lines and the one of the second voltage lines,

a third region including a thivd active region of the first
conductivity tvpe,

a fourth vegion including a fourth active rvegion of the
second conductivity type, the thivd region and the
fourth region are between the one of the second
voltage lines and the different one of the first voltage
[ines,

an element isolation rvegion located between at least
any two regions selected from the first vegion, second
region, thivd region and the fourth region,

a first gate electrode configured to drive a first comple-
mentary transistor pair,

a second gate electrode configured to drive a second
complementary transistor pair, and

a third gate electrode that is shorter than the first gate
electrode in a gate layer,

wherein:

the first gate electrode and the second gate electrode
have a straight linear shape in the gate layer,

the first gate electrode and the second gate electrode
extends in the multi-height standavd cell along the
second divection while overlapping at least the first
region, the second vegion, the thivd vegion and the
fourth region, and

the thivd gate electrode extends in the multi-height
standavd cell along the second divection while over-
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lapping at least the fivst vegion and the second region
but not overlapping the third vegion and the fourth
region,

wherein a cell length of the multi-height standavd cell is:

a distance in the second divection from a center of the
one of the first voltage lines to a center of the
different one of the first voltage lines, and

M (Mz2) times a distance between the center of the one
of the first voltage lines and a center of the one of the
second voltage lines.

10. The semiconductor integrated circuit as set forth in
claim 9, further comprising:

a fourth gate electrode configured to drive a fourth

plurality of complementary transistor pairs,

wherein.

the fourth gate electrode extends in the multi-height
standard cell along the second divection while over-
lapping at least the first region, the second region,
the thivd region and the fourth region,

the fourth gate electrode has a straight linear shape in
the gate layer,

the first gate electrode configured to drive a first plurality

of complementary transistor pairs and,

the second gate electrode configured to drvive a second

plurality of complementary transistor pairs.

11. The semiconductor integrated circuit as set forth in
claim 9 wherein

the first gate electrode configured to drive a first plurality

of complementary transistor pairs and,

the second gate electrode comnfigured to drive a second

plurality of complementary transistor pairs.

12. The semiconductor integrated circuit as set forth in
claim 9, wherein

the second gate electrode is configured to rveceive a signal

from an outside of the multi-height standard cell.

13. The semiconductor integrated circuit as set forth in
claim 12, wherein

a third complementary tramnsistor pair comprising the

thivd gate electrode is configured to output a first output

signal.

14. The semiconductor integrated cirvcuit as set forth in
claim 13, further comprising:

a first internal wiring in a wiring layer,

wherein.

the first internal wiring is located in the multi-height
standard cell, and

the first internal wiring intersects the first gate elec-
trode.

15. The semiconductor integrated circuit as set forth in
claim 14, wherein

the first internal wiring intevsects the second gate elec-

trode.

16. The semiconductor integrated circuit as set forth in
claim 14, wherein the first internal wiving is configured to
deliver an intracell signal.

17. The semiconductor integrated circuit as set forth in
claim 16, further comprising:

a first transistor in the third region,

wherein the first transistor is configured to output the

intracell signal.

18. The semiconductor integrated circuit as set forth in
claim 17, further comprising:

a fourth gate electrode configured to receive the intracell

signal,

wherein.:

the second gate electrode is between the first gate
electrode and the fourth gate electrode, and
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the first internal wiring connects to the fourth gate
electrode.

19. The semiconductor integrated cirvcuit as set forth in
claim 18, wherein the fourth gate electrode is configured to
drive a fourth complementary transistor pair,

the fourth gate electrode extends in the multi-height

standard cell along the second direction while over-
lapping at least the first region, the second region, the
thivd vegion and the fourth vegion, and

the fourth gate electrode has a straight linear shape in the

gate layer.

20. The semiconductor integrated circuit as set forth in
claim 9 wherein

the thivd gate electrode is shorter than the fourth gate

electrode.

21. The semiconductor integrated circuit as set forth in
claim 20, wherein

the third gate electrode is positioned vight side from the

first gate electrode, the second gate electrode and the
Jourth gate electrode.

22. The semiconductor integrated circuit as set forth in
claim 13, further comprising:

a fourth gate electrode configured to drive a fourth

complementary transistor pair,

whevrein:

the fourth gate electrode extends in the multi-height
standard cell along the second divection while over-
lapping at least the first region, the second region,
the third rvegion and the fourth vegion, and

the fourth gate electrode has a straight linear shape in
the gate layer.

23. The semiconductor integrated circuit as set forth in
claim 22, wherein

the first gate electrode, the second gate electrode and the

Jourth gate electrode are positioned in ovder from left
to right.

24. The semiconductor integrated circuit as set forth in
claim 23, wherein

the third gate electrode is positioned vight side from the

first gate electrode, the second gate electrode and the
Jourth gate electrode.

25. The semiconductor integrated circuit as set forth in
claim 13, further comprising:

a second internal wirving in a wiring layer,

wherein the second internal wiring is configured to

deliver the first output signal to the outside of the
multi-height standard cell.

26. The semiconductor integrated circuit as set forth in
claim 25, further comprising:

a third internal wiring in the wiring layer,

whevrein:

the thivd internal wirving is configured to deliver a
second output signal to the outside of the multi-
height standard cell, and

the second output signal is configured to be different
from the first output signal.

27. The semiconductor integrated circuit as set forth in
claim 26, wherein

the second internal wirving extends in the multi-height

standard cell along the second direction while over-

lapping at least the first vegion and the second region,
and
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the third internal wiring extends in the multi-height stan-
dard cell along the second divection while overlapping
at least the third vegion and the fourth rvegion.

28. The semiconductor integrated circuit as set forth in

claim 9 wherein

the first region consists of the first active region of the first
conductivity type,

the second region consists of the second active region of
the second conductivity type,

the thivd region consists of the third active vegion of the
first conductivity type, and

the fourth vegion consists of the fourth active region of the
second conductivity type.

29. The semiconductor integrated circuit as set forth in

claim 28, wherein

the thivd active region continuously extends in the first
direction.

30. The semiconductor integrated civcuit as set forth in

claim 27, further comprising:

a single height standavd cell, a cell length of the single
height standard cell is a distance in the second divec-
tion from the one of the second voltage lines to the one
of the first volitage lines.

31. The semiconductor integrated circuit as set forth in

claim 30, wherein

the cell length of the multi-height standard cell is double
of the cell length of the single height standard cell.

32. The semiconductor integrated circuit as set forth in

claim 27, further comprising:

a branch line extending from the one of the second voltage
lines.

33. The semiconductor integrated circuit as set forth in

claim 32, wherein

the second internal wiring, the thivd internal wiring and
the branch line are located in a first metal layer of the
wiring layer.

34. The semiconductor integrated circuit as set forth in

claim 33, wherein

the first voltage lines and the second voltage lines are
located in the first metal layer of the wiring layer.

35. The semiconductor integrated circuit as set forth in

claim 27, wherein

the first gate electrode is configured to drive at least part
of a first logic circuit and at least part of a second logic
circuit,

36. The semiconductor integrated circuit as set forth in

claim 17, further comprising:

a second transistor in the fourth region,

wherein the first transistor and the second transistor are
configured to output the intracell signal.

37. The semiconductor integrated circuit as set forth in

claim 27, wherein

a length of the first gate electrode is same as a length of
the second gate electrode.
38. The semiconductor integrated circuit as set forth in
claim 27, wherein
the second gate electrode is adjacent to the first gate
electrode.
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