WO 2006/100795 A1 |0 000 000 0 00 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

525 | 00O O

(10) International Publication Number

WO 2006/100795 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 September 2006 (28.09.2006)

(51) International Patent Classification: (74) Agents: SUZUYE, Takehiko et al.; c/o SUZUYE
GOGF 17/50 (2006.01) HOIL 27/02 (2006.01) & SUZUYE, 1-12-9, Toranomon, Minato-ku, Tokyo
HOIL 27/118 (2006.01) HOIL 21/66 (2006.01) 105-0001 (JP).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/IP2005/017425 kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

(22) International Filing Date: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

15 September 2005 (15.09.2005) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,

(25) Filing Language: English KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, LY, MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,

(26) Publication Language: English OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

(30) Priority Data: SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
2005-086340 24 March 2005 (24.03.2005)  JP VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicant (for all designated States except US):
KABUSHIKI KAISHA TOSHIBA [JP/JP]; 1-1, Shibaura
1-chome, Minato-ku, Tokyo, 1058001 (JP).

(72) Inventors; and European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(75) Inventors/Applicants (for US only): ITAKA, Yasuhito FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
[JP/JP]. KINOSHITA, Koichi [JP/JP]. SUGAHARA, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
Takeshi [JP/JP]. GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE FORMED BY AUTOMATIC LAYOUT WIRING BY USE
OF STANDARD CELLS AND DESIGN METHOD OF FIXING ITS WELL POTENTIAL

(57) Abstract: Standard cells without a well potential fixing active region

Start
STEP1 (4T-11 to 4T-14, 4T-21 to 4T-24, 4T-31 to 4T-34, 4T-41 to 4T-44) are

Read standard cells without wel read from a library and a circuit is temporarily designed by automatic
potential fixing active region from I s . S 1 :
liorary and temporarlly design Gircuit by ayout wiring. Then, a change in the substrate potential is estimated from
autornatic layout Wi?”g at least one of the number of transistors to be switched at the same timing

) STEP2 in the temporarily designed circuit, the sizes of transistors, the transition
Evaluate number and size of transistors probability, and the appearance probability. It is determined whether the
to be switched simultangously in specific . . L1 s
area and estimate change in substrate estimated change in the substrate potential is within a reference value. If
potentia the estimated change in the substrate potential has exceeded the reference

value, standard cells with a well potential fixing active region (2T 11, 2T-21,
2T-31 and 2T-41) are read from the library and placed in a region where
the estimated change in the substrate potential exceeds the reference value.
STEP4 Thereafter, automatic layout wiring is done again, thereby forming a circuit.

YES

STEP3
Within
reference value
?

NO

Read standard cells with well potential
fixing active region from library and
place them in region where transistors
to be switched simultaneously or in
vicinity of large transistor

t STEPS

‘ Form circuit again by automatic layout I

wiring
STEP6
Timing
limit exceeded
?
NO

Automatic
layout wiring of all cell
columns completed

?



WO 2006/100795 A1 1IN0 A0KOH0 T 00000

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations" appearing at the begin-
—  before the expiration of the time limit for amending the ning of each regular issue of the PCT Gazette.

claims and to be republished in the event of receipt of

amendments



WO 2006/100795 PCT/JP2005/017425

10

15

20

25

DESCRIPTTION

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE FORMED BY
AUTOMATIC LAYOUT WIRING BY USE OF STANDARD CELLS
AND DESIGN METHOD OF FIXING ITS WELL POTENTIAL

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the
benefit of priority from prior Japanese Patent
Application No. 2005-086340, filed March 24, 2005, the
entire contents of which are incorporated herein
by reference.

Technical Field
This invention relates to a semiconductor

integrated circuit device and related design method,

and more particularly to the technique for fixing the

well potential in a semiconductor integrated circuit
device formed by automatic layout wiring by use of
standard cells.
Background Art

It is known that the element characteristics of
the transistors formed in a semiconductor integrated
circuit device, such as an IC and an LSI, are
influenced by fluctuations in the well potential. To
avoid such influence and stabilize the element
characteristics of the transistors, it is necessary to
stabilize (fix) the well potential.

In a semiconductor integrated circuit device

formed by automatic layout wiring by use of standard
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cells, each of the standard cells is provided with a
power supply voltage terminal and a ground potential
terminal. To fix the well potential, active regions
called a P-sub region and an N-sub region are formed in
the p-well region and n-well region, respectively. The
p-well region is connected via the P-sub region to the
ground potential terminal, thereby fixing the p-well
region to the ground potential GND. The n-well region
is connected via the N-sub region to the power supply
voltage terminal, thereby fixing the n-well region to
the power supply voltage VDD.

In the standard cells, a power line for the power
supply voltage VDD and a power line for the ground
potential GND are provided to two sides facing each
other and extending in the direction in which the cells
are arranged. In the semiconductor substrate under
these power lines, the p-well region and the n-well
region are formed. In these well regions,
semiconductor elements, including transistors, are
formed so as to configure various circuits. In the
p-well region and n-well region, the well potential
fixing P-sub region and N-sub region are formed,
respectively. The power line for the power supply
voltage is electrically connected via a contact hole to
the N-sub region and the power line for the ground
potential is electrically connected via a contact hole

to the P-sub region, thereby fixing the well potential.



WO 2006/100795 PCT/JP2005/017425

10

15

20

25

To make use of the substrate bias effect of a MOS
transistor positively, a standard cell may be used
which has four terminals for the power supply voltage,
ground potential, P-sub region, and N-sub region (for
example, refer to Japanese Patent Application KOKAI
Publication No. 2000-332118). The 4-terminal standard
cell applies via independent lines the power supply
voltage VDD, the ground potential GND, the potential
VBN for fixing the n-well potential, and the potential
VBP for fixing the p-well potential. In the 4-terminal
standard cell, a line for applying the potential VBP
for fixing the p-well potential and a line for applying
the potential VBN for fixing the n-well potential are
provided to two sides facing each other and extending
in the direction in which the cells are arranged. 1In
the semiconductor substrate under these lines, the
N-sub region and P-sub region are formed. The line for
fixing the potential in the p-well region is
electrically connected via a contact hole to the P-sub
region and the line for fixing thé potential in the
n-well region is electrically connected via a contact
hole to the N-sub region. Inside the lines, a power
line for the power supply voltage VDD and a power line
for the ground potential GND are arranged. The n-well
region and p-well region are formed in the
semiconductor substrate between the power lines. In

the n-well region and p-well region, semiconductor
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elements, including transistors, are formed so as to
configure various circuits.

With the above configuration, however, the P-sub
region and N-sub region for fixing the well potential
and their interconnections lead to an increase in the
cell area. To prevent the cell area from increasing,
the sizes of semiconductor elements, including
transistors, formed in the cell have to be reduced,
resulting in a decrease in the driving capability.
Particularly when the sub-regions and their
interconnections are formed with the minimum line width
according to design rules, the minimum distance or the
like for the MOS transistors formed in the well region
is limited or the step coating property is degraded.
From these points of view, the cell area increases or
the sizes of transistors must be reduced. 1In addition,
contact with the densely arranged sub-regions is
difficult in manufacturing processes. If there are
many such patterns, manufacturing yield drops.

With the miniaturization of semiconductor
integrated circuit devices, the power supply voltage is
getting lower and therefore the substrate current is
getting smaller. Therefore, in a semiconductor
integrated circuit device with a reduced power supply
voltage, there is a possibility that the well potential
will be fixed efficiently by minimizing a decrease in

the driving capability due to an increase in the cell
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area or to a reduction in the transistor size. This is

because, when the .power supply voltage comes closer to
1 V, as much potential difference as allows a forward
current to flow through the p-n junction does not
abpear. Since not only the substrate current decreases
due to the reduced power supply voltage, but also the
source potential of the transistor is normally fixed,
when the power supply voltage is about 1 Vv, a
fluctuation in the well potential caused by the
coupling with the drain is less than 0.5 V, half the
power supply voltage. Therefore, there is almost no
possibility that a breakdown will take place due to
latch-up.

Of course, when the substrate potential fluctuates
at random, the driving capability of the transistor and
the leakage current fluctuate according to the
fluctuation of the potential. Therefore, to take
measures against the fluctuations, the well potential
has to be fixed.

Disclosure of Invention

According to an aspect of the present invention,
there is provided a semiconductor integrated circuit
device comprising a circuit section which is formed by
arranging cell columns, each having standard cells
arranged in a first direction, in a second direction
crossing the first direction, the cell columns

including, first standard cells each of which has a
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first and a second terminal to which a power supply
voltage and the ground potential are applied and a
first circuit which includes a transistor that operates
on the voltage applied between the first and second
terminals and has no well potential fixing active
region, and second standard cells which are arranged in
a region where transistors to be switched at the same
timing in the first standard cells are concentrated or
near a large transistor and each of which includes a
third and a fourth terminal to which the power supply
voltage and the ground potential are applied and a
second circuit which includes a first and a second
active region for fixing a well potential formed in an
empty region inside and electrically connected to the
third and fourth terminals respectively and a
transistor to which power is supplied from the third
and fourth terminals and a back gate bias is applied
from the first and second active regions, the well
potential of the first standard cells in the cell
columns being fixed by the second standard cells.
According to another aspect of the present
invention, there is provided a semiconductor integrated
circuit device comprising a circuit section which is
formed by arranging cell columns, each having standard
cells arranged in a first direction, in a second
direction crossing the first direction, the cell

columns including, first standard cells each of which
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has a first and a second terminal to which a power
supply voltage and the ground potential ére applied and
a first circuit which includes a switch element that
operates on the voltage applied between the first and
second terminals and has no well potential fixing
active region, and second standard cells which are
arranged in the vicinity of a region where the
transition probability is high in the first standard
cells and each of which includes a third and a fourth
terminal to which the power supply voltage and the
ground potential are applied and a second circuit which
includes a first and a second active region for fixing
a well potential formed in an empty region inside and
electrically connected to the third and fourth
terminals respectively and a transistor to which power
is supplied from the third and fourth terminals and a
back gate bias is applied from the first and second
active regions, the well potential of the firét
standard cells in the cell columns being fixed by the
second standard cells.

According to still another aspect of the present
invention, there is provided a semiconductor integrated
circuit device comprising a circuit section which is
formed by arranging cell columns, each having standard
cells arranged in a first direction, in a second
direction crossing the first direction, the cell

columns including, first standard cells each of which
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has a first and a second terminal to which a power
supply voltage and the ground potential are applied and
a first circuit which operates on the voltage applied
between the first and second terminals and has no well
potential fixing active region, and second standard
cells which are arranged in the vicinity of a region
where first standard cells with a high probability are
concentrated and each of which includes a third and a
fourth terminal to which the power supply voltage and
the ground potential are applied and a second circuit
which includes a first and a second active region for
fixing a well potential formed in an empty region
inside and electrically connected to the third and
fourth terminals respectively and a transistor to which
power is supplied from the third and fourth terminals
and a back gate bias is applied from the first and
second active regions, the well potential of the first
standard cells in the cell columns being fixed by the
second standard cells.

According to still another aspect of the present
invention, there is provided a semiconductor integrated
circuit device designing method comprising reading a
first group of standard cells without a well potential
fixing active region from a library and temporarily
designing a circuit by automatic layout wiring,
estimating a change in the substrate potential from at

least one of the number of transistors to be switched



WO 2006/100795 PCT/JP2005/017425

10

15

20

25

at the same timing in the temporarily designed circuit,
the sizes of transistors to be switched simultaneously,
the transition probability, and the appearance
probability, determining whether the estimated change
in the substrate potential is within a reference value,
and if the estimated change in the substrate potential
has exceeded the reference value, reading a second
group of standard cells with a well potential fixing
active region from the library, placing the second
group of standard cells in a region where the estimated
change in the substrate potential in the first group of
standard cells exceeds the reference value, and forming
a circuit by automatic layout wiring.

Brief Description of Drawings

FIG. 1 is a schematic plan view of a part of the
cell columns in a semiconductor integrated circuit
device according to a first embodiment of the present
invention which is formed by automatic layout wiring by
use of standard cells;

FIG. 2 is a plan view of a pattern layout of a
2-terminal standard cell in the semiconductor
integrated circuit device of FiG. 1;

FIG. 3 is a circuilt diagram of the standard cell
shown in FIG. 2, particularly a CMOS buffer;

FIG. 4 is a plan view of a pattern layout of a
4-terminal standard cell in the semiconductor

integrated circuit device of FIG. 1;
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FIG. 5 is a'circuit diagram of the standard cell
shown in FIG. 4, particularly a CMOS NAND gate;

FIG. 6 is a flowchart to help explain a method of
designing the semiconductor integrated circuit device
of FIG. 1 by automatic layout wiring by use of standard
cells shown in FIGS. 2 to 5;

FIG. 7 is a flowchart to help explain a method of
designing a semiconductor integrated circuit device
according to a second embodiment of the present
invention;

FIG. 8 is a circuit diagram of a typical example
of a cell with high transition probability,
particularly a flip-flop in a sequential circuit;

FIG. 9 is a flowchart to help explain a method of
designing a semiconductor integrated circuit device
according to a third embodiment of the present
invention;

FIG. 10 is a block diagram of an image drawing
processor system LSI to help explain an application of
the semiconductor integrated circuit device and its
design method according to the first to third
embodiments; and

FIG. 11 is a block diagram to help explain a
detailed configuration of the graphic processor in the

circuit of FIG. 10.
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Best Mode for Carrying Out the Invention

[First Embodiment]

FIGS. 1 to 5 are for explaining a semiconductor
integrated circuit device according to a first
embodiment of the present invention. FIG. 1
schematically shows a part of the cell columns in the
semiconductor integrated circuit device formed by
automatic layout wiring by use of standard cells.

FIG. 2 shows a pattern layout of a 2-terminal standard
cell in the semiconductor integrated circuit device of
FIG. 1. FIG. 3 is a circuit diagram of the standard
cell shown in FIG. 2, particularly a CMOS buffer.

FIG. 4 shows a pattern layout of a 4-terminal
standard cell in the semiconductor integrated circuit
device of FIG. 1. FIG. 5 is a circuit diagram of the
standard cell shown in FIG. 4, particularly a CMOS NAND
gate.

In FIG. 1, four stages of cell columns SC-1 to
SC-4 are arranged. The adjacent cell columns SC-1,
SC-2 share a power line PW2. The adjacent cell columns
SC-2, SC-3 share a power line PWl. The adjacent cell
columns SC-3, SC-4 share a power line PW2. The power
line PW1l is for, for example, the power supply voltage
VDD. The power line PW2 is for, for example, the
ground potential GND. Each of the power lines PW1l, PW2
has a branched interconnection section (terminal)

extending into the cell so as to face the corresponding
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branched interconnection section of the other as shown
in FIGS. 2 and 4. These interconnection sections are
connected via contact holes to the semiconductor
elements formed in each of the cells, such as the
sources or drains of the MOS transistors.

In the cell columns SCl-1 to SC-4, there are
provided standard cells 4T-11 to 4T-14, 4T-21 to 4T-24,
4T-31 to 4T-34, 4T-41 to 4T-44, each having no well
potential fixing active region, and standard cells
2T7-11, 2T-21, 2T-31, 2T-41, each having a well
potential fixing active region. Here, a standard cell
having no well potential fixing active region is a
4-terminal cell which has a first terminal for power
supply voltage VDD, a second terminal for ground (0 V)
GND, a third terminal for fixing the potential of the
n-well region, and a fourth terminal for fixing the
potential of the p-well region. However, between cells
of this type, a line for applying the p-well potential
fixing potential VBP, a line for applying the n-well
potential fixing potential VBN, active regions (N-sub
region and P-sub region), and the like are not
provided. The source or drain of each MOS transistor
formed in the 4-terminal cell is selectively connected
to the first and second terminals and its back gate is
selectively connected to the third and fourth
terminals.

On the other hand, a standard cell with a well
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potential fixing active region is a 2-terminal cell
which has a first terminal for power supply voltage

VDD, a second terminal for ground (0 V) GND, and active

‘regions (N-sub region and P-sub region) electrically

connected to the first and second terminals
respectively. The source or drain of each MOS
transistor formed in the 2-terminal cell is selectively
conneéted to the first and second terminals and the
well potential fixing active region applies a substrate
bias voltage to the back gate of the MOS transistor.

The 2-terminal cells 2T-11, 2T7-21, 2T-31, 2T-41
are provided in a region where transistors to be
switched simultaneously are concentrated or near a
large transistor in the 4-terminal cells 4T-11 to
4T-14, 4T-21 to 4T-24, 4T-31 to 4T-34, 4T-41 to 4T-44,
respectively.

These regions include, for example, the vicinity
of a flip-flop, the vicinity of such a buffer as a
clock buffer, and the vicinity of a circuit where a
large number of transistors are connected to a common
node.

Then, the 2-terminal cells 2T-11, 2T7-21, 2T7-31,
2T~41 apply the well potential fixing bias voltage (or
the back gate bias of the MOS transistor) to the
4-terminal cells 4T-11 to 4T-14, 4T-21 to 4T7-24, 4T-31
to 4T-34, 4T-41 to 4T-44 in the corresponding cell

columns respectively, thereby fixing the well
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potential. At this time, since the 2-terminal cells
2T-11, 2T-21, 2T-31, 2T-41 are provided in a region
where transistors to be switched simultaneously are
concentrated or near a large transistor, the well
potential of the 4-terminal cells is fixed effectively.

As shown in FIG. 2, for example, in the 2-terminal
standard cell 2T-11, the power line (metal layer) PW1
for power supply voltage VDD and the power line (metal
layer) PW2 for ground potential GND are provided at the
upper side and lower side of the cell in the direction
in which the cell column extends. In the semiconductor
substrate from under the power line PW1l into the cell,
an n-well region NWELL is formed, whereas in the
semiconductor substrate from under the power line PW2
into the cell, a p-well region PWELL is formed. 1In the
n-well region NWELL, the source-drain region PSD and
active region (or N-sub region) NSUB of p-channel MOS
transistors Ql, Q3, Q5, Q7 are formed. In the p-well
region PWELL, the source-drain region NSD and active
region (or P-sub region) PSUB of n-channel MOS
transistors Q2, Q4, Q6, Q8 are formed.

The power lines PW1l, PW2 have branched
interconnection sections (terminals) PWl-1, PWl1-2,
PW1-3, PW2-1, PW2-2, PW2-3 extending into the cell so
as to face the corresponding branched interconnection
section. The interconnection section PW1l-1 is

connected to the active region NSUB and the source of
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the MOS transistor Q1 via contact holes. The
interconnection section PW2-1 is connected to the
active region PSUB and the source of the MOS transistor
Q2 via contact holes. . The interconnection section PW1-
2 1is connected to the sources of the MOS transistors
Q3, Q5 via contact holes. The interconnection section
PW1-3 is connected to the source of the MOS transistor
Q7 via a contact hole. Similarly, the interconnection
section PW2-2 is connected to the sources of the MOS
transistors Q4, Q6 via contact holes. The
interconnection section PW2-3 is connected to the
source of the MOS transistor Q8 via a contact hole.

The gates Gl to G4 of the MOS transistors Q1 to Q4
are arranged in the same direction as the
interconnection sections PWl-1 to PW1-3, PW2-1 to PW2-3
and are commonly connected by a line (or a metal layer)
L1. The gates G5 to G8 of the MOS transistors Q5 to Q8
are arranged in the same direction as the
interconnection sections PWl-1 to PW1-3, PW2-1 to PW2-3
and are commonly connected by a line (or a metal layer)
L2 and further connected to the drains of the MOS
transistors Q1 to Q4. In addition, the drains of the
MOS transistors Q5 to Q8 are commonly connected by a
line (or a metal layer) L3. An output signal is
obtained from the line L3.

As described above, in a 2-terminal cell with the

above configuration, the power line PW1 is connected to



WO 2006/100795 PCT/JP2005/017425

10

15

20

25

16

the n-well region NWELL via the active region (or N-sub
region) NSUB and the power line PW2 is connected to the
p-well region PWELL via the active region (or P-sub
region) PSUB, thereby fixing the well potential. The
active regions PSUB, NSUB are formed in an empty region
of the transistor circuit, excluding the parts under
the power lines PW1, PW2.

Specifically, in a buffer configured as shown in
FIGS. 2 and 3, the MOS transistors Ql to Q4
constituting the front-stage inverter differ in size
from the MOS transistors Q5 to Q8 constituting the
back-stage inverter (normally with the ratio of 1:2 to
1:4). Since the size of the front-stage MOS
transistors Q1 to Q4 is smaller, an empty region
appears in the cell. 1In the empty region, the active
regions PSUB, NSUB are formed.

As shown in FIG. 4, in the 4-terminal standard
cell 4T-11, the power line (metal layer) PW1l for power
supply voltage VDD and the power line (metal layer) PW2
for ground potential GND are provided at the upper side
and lower side of the cell in the direction in which
the cell column extends. In the semiconductor
substrate under the power line PW1l, an n-well region
NWELL is formed, whereas in the semiconductor substrate
under the power line PW2, a p-well region PWELL is
formed. 1In the n-well region NWELL, the source-drain

region PSD of p-channel MOS transistors Q9, Q11, Q13,



WO 2006/100795 PCT/JP2005/017425

17

Ql5 are formed. 1In the p~well region PWELL, the
source-drain region NSD of n-channel MOS transistors
Q10, Q12, Ql14, Q16 are formed.
The power lines PWl, PW2 have branched
5 interconnection sections PWl-4, PW1-5, PWl-6, PW2-4,

PW2-5 extending into the cell so as to face the
corresponding branched interconnection section. The
interconnection section PW1-4 is connected to the
source of the MOS transistor Q9 via a contact hole.

10 The interconnection section PW2-4 is connected to the
source of the MOS transistor Q10 via a contact hole.
The interconnection section PW1-5 is connected to the
sources of the MOS transistors Ql1, Q13 via contact
holes. The interconnection section PW1-6 is connected

15 to the source of the MOS transistor Ql5 via a contact
hole. Similarly, the interconnection section PW2-5 is
connected to the source of the MOS transistor Q16 via a
contact hole. The gates G9, G10, Gl5, G16 of the MOS
transistors Q9, Q10, Q15, Q16 are arranged in the same

20 direction as the interconnection sections PWl-4 to
PW1l-6, PW2-4, PW2-5 and are commonly connected by a
line (or a metal layer) L4. The gates Gl11, G112, G13,
Gl4 of the MOS transistors Q1l1, Q12, Q13, Q14 are
arranged in the same direction as the interconnection

25 sections PW1-4 to PWl-6, PW2-4, PW2-5 and are commonly
connected by a line (or a metal layer) L5. 1In

addition, the drains of the MOS transistors Q9, Ql1,
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Q1l3, Q15 are commonly connected by a line (or a metal
layer) L6. An output signal is obtained from the
line Lé6.

The 4-terminal standard cell has neither a P-sub
region nor an N-sub region and is not connected to the
well potential fixing line. That is, in the cell, the
well regions PWELL, NWELL are connected to neither the
power supply voltage VDD nor the ground potential GND.
In the 4-terminal standard éell, the well regions
NWELL, PWELL are connected to the well regions of
adjacent 2-terminal cells (or 2-terminal standard cells
provided in the same cell column). Then, the well
potential fixing bias potential is applied to the well
regions NWELL, PWELL. Thus, tﬂere is no need to
provide an active region at the boundary between cell
columns. In addition, neither lines for applying the
well potential fixing potential to the active regions
nor contact holes are needed. As a result, the cell
size can be reduced.

FIG. 6 is a flowchart to help explain a method of
designing the semiconductor integrated circuit device
of FIG. 1 by automatic layout wiring by use of standard
cells shown in FIGS. 2 to 5.

A first group of standard cells composed of
various basic circuits without a well potential fixing
active region and a second group of standard cells

composed of various basic circuits with a well
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potential fixing active region have been registered in
a library.

First, standard cells without a well potential
fixing active region are read from the library and
automatic layout wiring is done, thereby temporarily
designing a circuit (STEP 1).

Next, the number and size of transistors to be
switched simultaneously in a specific area in the
temporarily designed circuit are evaluated, thereby
estimating a change in the substrate potential
(STEP 2).

It is determined whether the estimated change in
the substrate potential is within a reference value
(STEP 3).

When the estimated change in the substrate
potential has exceeded the reference value, standard
cells with a well potential fixing active region are
read from the library and placed in an area where
transistors to be switched simuitaneously are
concentrated or near a large transistor (STEP 4),
followed by the formation of a circuit by automatic
layout wiring (STEP 5).

Thereafter, the operation timing of the formed
circuit is judged. TIf the judgment has shown that the
operation timing has exceeded the timing limit, a
circuit is formed again by automatic layout wiring

(STEP 6).
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Then, the operations in STEP 2 to STEP 6 are
repeated until the automatic layout wiring of all the
cell columns has been completed (STEP 7).

With the semiconductor integrated circuit device
configured as described above and its design method,
the well potential fixing bias voltage is selectively
applied to a part where the substrate potential may
fluctuate because the number and size of transistors to
be switched simultaneously are large, which enables the
well potential to be fixed. As described above, in the
semiconductor integrated circuit device with the
lowered power supply voltage, there is almost no
possibility that a breakdown will take place due to
latch-up. Since the substrate potential has only to be
prevented from fluctuating at random, the greater part
of the circuit is composed of 4-terminal standard cells
and only the necessary part is composed of 2-terminal
standard cells. This arrangement enables the
2-terminal standard cells to fix the well potential of
the 4-terminal standard cells in the same cell column
sufficiently.

Therefore, an increase in the pattern occupied
area 1is suppressed and the well potential can be fixed
without permitting the subétrate potential to
fluctuate. Moreover, the 2-terminal standard cells
have active regions located in the empty regidns in the

cells, not at the boundary between cell columns, which
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minimizes an increase in the pattern occupied area.

Furthermore, neither an N-sub region nor a P-sub
region is formed at the boundary between cell columns.
In addition, there is no need to form interconnections
for the active regions and make contact with them.
Accordingly, the cell width of the 2-terminal standard
cell can be narrowed, thereby reducing the pattern
occupied area. Moreover, the cell width of the
2-terminal standard cell and that of the 4-terminal
standard cell can be made equal to achieve consistency
with each other.

df course, since the sizes of the semiconductor
elements formed in the standard cells need not be
reduced, a drop in the driving capability can be
suppressed.

Therefore, in the semiconductor integrated circuit
device with the reduced power supply voltage, it is
possible to fix the well potential effectively, while
suppressing an increase in the pattern occupied area
and a drop in the driving capability of the
semiconductor elements formed in the standard cells.

[Second Embodiment]

In the first embodiment, a change in the substrate
current has been estimated and evaluated on the basis
of the number and size of the transistors to be
switched simultaneously in a specific area. 1In a

second embodiment of the present invention, however, an
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evaluation is made using a transition probability of
the circuit in a cell. Standard cells with an active
region are inserted in the vicinity of a standard cell
whose transition probability is high.

As shown in FIG. 7, first, standard cells without
a well potential fixing active region are read from a
library and automatic layout wiring is done, thereby
temporarily designing a circuit (STEP 1).

Next, the transition probability within a specific
area in the temporarily designed circuit is evaluated
and a change in the substrate potential is estimated
(STEP 2).

It is determined whether the estimated change in
the substrate potential is within a reference value
(STEP 3).

If the estimated change in the substrate potential
has exceeded the reference value, standard cells with a
well potential fixing active region are read from the
library and placed in a region where cells with the
highest transition probability are concentrated or in
the vicinity of the region (STEP 4), followed by the
formation of a circuit by automatic layout wiring
(STEP 5).

Thereafter, the operation timing of the formed
circuit is judged. If the judgment has shown that the
operation timing has exceeded the timing limit, a

circuit is formed again by automatic layout wiring
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(STEP 6).

Then, the operations in STEP 2 to STEP 6 are
repeated until the automatic layout wiring of all the
cell columns has been completed (STEP 7).

FIG. 8 is a circuit diagram of a typical example
of a standard cell whose transition probability is
high, particularly a flip-flop in a sequential circuit.
The flip-flop is composed of p-channel MOS transistors
Q21 to Q38 and n-channel MOS transistors Q39 to Q56.
The flip-flop has a'terminal to which a power supply
VDD is applied, a terminal to which the ground
potential GND is applied, a data input terminal T1, a
scan data input terminal T2, a clock input terminal T3,
a scan select signal input terminal T4, and an output
terminal T5.

An external clock signal EXCLK inputted to the
clock input terminal T3 is input to a CMOS inverter
INV1 composed of MOS transistors Q35 and Q53, thereby
generating an internal clock signal /CLK. The internal
clock éignal /CLK output from the CMOS inverter INV1 is
supplied to a CMOS inverter INV2 composed of MOS
transistors Q36 and Q54, which inverts the clock signal
to produce an internal clock signal CLK.

An external scan select signal EXSCSEL input to
the scan select signal input terminal T4 is input to a
CMOS inverter INV3 composed of MOS transistors Q37 and

Q55, thereby generating an internal scan select signal
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/SCSEL. The internal scan select signal /SCSEL
outputted from the CMOS inverter INV3 is supplied to a
CMOS inverter INV4 composed of MOS transistors Q38 and
Q56, which inverts the signal to produce an internal
scan select signal SCSEL.

The current paths of the MOS transistors Q21, Q22,
Q39, Q40 are connected in series between the power
supply VDD and the ground point GND. The gates of the
MOS transistors Q21, Q40 are connected to the input
terminal Tl to which data DA is supplied. The scan
select signal SCSEL output from the inverter INV4 is
supplied to the gate of the MOS transistor Q22. The
scan select signal /SCSEL output from the inverter INV3
is supplied to the gate of the MOS transistor Q39.

Similarly, the current paths of the MOS
transistors Q23, 024, Q41, Q42 are connected in series
between the power supply VDD and the ground point GND,
The gates of the MOS transistors 023, Q42 are connected
to the input terminal T2 to which scan data SCDA is
supplied. The scan select signal /SCSEL output from
the inverter INV3 is supplied to the gate of the MOS
transistor Q24. The scan select signal SCSEL output
from the inverter INV4 is supplied to the gate of the
MOS transistor Q41.

One end of a transfer gate TGE is connected to the
junction point of the MOS transistors Q22, Q39 and the

junction point of the MOS transistors Q24, Q41. The
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transfer gate TGE is composed of MOS transistors Q25,
Q43 whose current paths are connected in parallel. The
clock signal CLK output from the inverter INV2 is
supplied to the gate of the MOS transistor Q25. The
clock signal /CLK output from the inverter INV1 is
supplied to the gate of the MOS transistor Q43.

The input terminal of a CMOS inverter INV5
composed of MOS transisfors Q26 and Q44 and the
junction point of the current paths of MOS transistors
Q28, Q45 are connected to the other end of the transfer
gate TGE. The current paths of MOS transistors Q27,
Q28, Q45, Q46 are connected in series between the power
supply VDD and the ground point’GND. The output
terminal of the inverter INV5 is connected to the gates
of the MOS transistors Q27, Q46. The clock signal /CLK
output from the inverter INV1 is supplied to the gate
of the MOS transistor Q28. The clock signal CLK output
from the inverter INV2 is supplied to the gate of the
MOS transistor Q47.

Furthermore, the gates of the MOS transistors Q29,
Q48 are connected to the other end of the transfer gate
TGE. The current paths of MOS transistors Q29, Q30,
Q47, Q48 are connected in series between the power
supply VDD and the ground point GND. The clock signal
/CLK output from the inverter INV1 is supplied to the
gate of the MOS transistor Q30. The clock signal CLK

output from the inverter INV2 is supplied to the gate
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of the MOS transistor Q47.

The input terminal of a CMOS inverter INV6
composed of MOS transistors Q31 and Q49 and the
junction point of the current paths of MOS transistors
Q33, Q50 are connected to the junction point of the
current paths of the MOS transistors Q30, Q47. The
current paths of MOS transistors Q32, Q33, 050, Q51 are
connected in series between the power supply VDD and
the ground point GND. The output terminal of the
inverter INV6 1is connected to the gates of the MOS
transistors Q32, Q51. The inverter INV2Z supplies the
clock signal CLK to the gate of the MOS transistor Q33.
The inverter INV1 supplies the clock signal /CLK to the
gate of the MOS transistor Q50.

Furthermore, the input terminal of a CMOS inverter
INV7 composed of MOS transistors Q34 and Q52 is
connected to the output terminal of the inverter INV6.
The output of the inverter INV7 is connected to an
output terminal T5.

Since a standard cell with such a flip-flop has a
high circuit transition probability and therefore
becomes a noise source, a standard cell as shown in,
for example, FIGS. 2 and 3 is provided next to the
standard cell, thereby not only stabilizing the circuit
operation by fixing the well potential but also
reducing noise.

Therefore, according to the above configuration
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and the manufacturing method, in the semiconductor
integrated circuit device with the lowered power supply
voltage, it is possible to fix the well potential
effectively, while suppressing an increase in the
pattern occupied area and a drop in the driving
capability of the semiconductor elements formed in the
standard cells.

[Third Embodiment]

In the second embodiment, evaluation has been méde
using a circuit transition probability and a standard
cell with an active region has been inserted in the
vicinity of a standard cell whose transition
probability is high. In a third embodiment of the
present invention, however, evaluation is made using a
cell appearance probability and a standard cell with an
active region is inserted in the vicinity of a standard
cell whose appearance probability is high.

Specifically, as shown in FIG. 9, first, standard
cells without a well potential fixing active region are
read from a library and automatic layout wiring is
done, thereby temporarily designing a circuit (STEP 1).

Next, the appearance probability within a specific
area in the temporarily designed circuit is evaluated
and a change in the substrate potential is estimated
(STEP 2).

It is determined whether the estimated change in

the substrate potential is within a reference value
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(STEP 3).

If the estimated change in the substrate potential
has exceeded the reference value, standard cells with a
well potential fixing active region are read from the
library and placed in a region where cells with the
highest appearance probability are concentrated or in
the vicinity of the region (STEP 4), followed by the
formation of a circuit by automatic layout wiring
(STEP 5).

Thereafter, the operation timing of the formed
circuit is judged. If the judgment has shown that the
operation timing has exceeded the timing limit, a
circuit is formed again by automatic layout wiring
(STEP 6) .

Then, the operations in STEP 2 to STEP 6 are
repeated until the automatic layout wiring of all the
cell columns has been completed (STEP 7).

As described above, a standard cell with a well
potential fixing active region is provided in the
vicinity of a standard cell whose appearance
probability is high, thereby fixing the well potential,
which enables the main circuit section to operate
stably.

[Modification 1]

In the first to third embodiments, standard cells
without a well potential fixing active region have been

first read from the library and a circuit has been
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temporarily designed by automatic layout wiring.
However, as for a standard cell whose well potential
has to be fixed, such as a large-sized clock buffer,
the cell may be registered in a library in advance and,
at the first temporary design stage, it may be read
from the library to temporarily design a circuit.

[Modification 2]

In the first to third embodiments and the first
modification, a well potential fixing standard cell has
been inserted next to a region where the well potential
had to be fixed. However, the standard cell whose well
potential has been assumed to have to be fixed may be
replaced with a standard cell with a well potential
fixing active region. Specifically, for example, in a
flip-flop with the configuration as shown in FIG. 8, it
is common practice that the transistors in the part
called a holder, composed of an inverter INV5 and MOS
transistors Q27, Q28, Q45, Q46 and MOS transistors Q32,
Q33, Q50, 051, are designed to be smaller than those in
the other parts. Accordingly, a region for transistors
smaller in size than those in the other parts appears.
Forming active regions NSUB, PSUB in the empty region
caused by the smaller transistors enables the active
regions NSUB, PSUB to be formed in the cell without
increasing the pattern occupied area.

The sequential circuit is often provided with a

test scan circuit composed of MOS transistors Q23, Q24,
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Q41, Q42. The test scan circuit may be composed of
smaller transistors than those in the other parts.
Therefore, in the empty region adjacent to these
transistors, active regions NSUB, PSUB may be formed.

As described above, when active regions NSUB, PSUB
are formed in the sequential circuit, active regions
NSUB, PSUB are formed in the empty region and are
selectively provided near the necessary region, which
minimizes an increase in the pattern occupied area.

Since standard cells with a well potential fixing
active area might be limited in transistor size, the
cells with less severe timing restriction should be
replaced with cells with a well potential fixing active
region after temporary arrangement.

[Application]

Next, a drawing apparatus will be explained as an
application of the semiconductor integrated circuit
device according to the first and third embodiments and
its design method.

FIG. 10 is a block diagram of an image drawing
processor system LSI. The image drawing processor
system LSI 10 includes a host processor 20, an I/0
processor 30, a main memory 40, and a graphic processor
50. The host processor 20 and the graphic processor 50
are connected to each other by a processor bus BUS in
such a manner that they can communicated with each

other.
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The host processor 20 includes a main processor
21, I/0 sections 22 to 24, and a plurality of signal
processing sections comprising digital signal
processors (DSPs) 25. These circuit blocks are
connected to one another via a local network LN1 in
such a manner that they can communicate with one
another. The main processor 21 controls each circuit
block in the host processor 20. The I/0O section 22
exchanges data with a circuit outside the host
processor 20 via the I/O processor 30. The I/Q section
23 exchanges data with the main memory 40. The I/0
section 24 exchanges data with the graphic processor 50
via the processor bus BUS. The signal processing
section 25 processes signals on the basis of the data
read from the main memory 40 or from the outside world.

The I/0 processor 30 connects the host processor
20 to, for example, a general-purpose bus, peripheral
devices, including a HDD and a digital versatile disk
(DVD) drive, and a network. At this time, the
peripheral device may be mounted on the LSI 10 or
provided outside the LSI 10.

The main memory 40 holds a program necessary for
the host processor 20 to operate. The program is read
from, for example, an HDD (not shown) or the like and
is stored in the main memory 40.

The graphic processor 50 includes a controller 51,

I/0 sections 52, 53, and a computing section 54. The
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controller 51 communicates with the host processor 20
and controls the computing section 54. The I/0 section
52 supervises the input and output to and from the host
processor 20 via the processor bus BUS. The I/O
section 53 supervises the input and output to and from
various general-purpose buses, including a PCI bus,
video and audio equipment, and an external memory or
the like. The computing section 54 does image
processing calculations.

The computing section 54 includes a rasterizer 55
and a plurality of signal processing sections 56-0 to
56-31. Although the number of signal processing
sections 56 is 32, it is illustrative and not
restrictive and may be 8, 16, or 64.

A detailed configuration of the graphic processor
50 in the circuit of FIG. 10 will be explained by
reference to FIG. 11. The computing section 54
includes the rasterizer 55 and 32 signal processing
sections 56-0 to 56-31. The rasterizer 55 generates
pixels according to the input image information. A
pixel is the smallest unit area handled in drawing a
specific figure. A figure is represented by a set of
pixels. The generated pixels are determined by the
shape of a figure (the positions occupied by a figure).
That is, when a certain position is drawn, a pixel
corresponding to the position is generated. When

another position is drawn, another pixel corresponding
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to the position is generated. The signal processing
sections 56-0 to 56-31 include pixel processing
sections PPUO to PPU31 and local memories LMO to LM31,
respectively. The local memories LMO to LM31 are
provided for the pixel processing sections PPUO to
PPU31 in a one-to-one correspondence.

Each of the pixel processing sections PPUQ to
PPU31 has four realization pipes RP. Four realization
pipes RP constitute one RP cluster RPC (realization
pipe cluster). Each of the PR clusters PRC performs a
single instruction multiple data (SIMD) operation,
thereby processing four pixels at the same time. The
pixels corresponding to the respective positions of the
figure are allocated to the pixel processing sections
PPUO to PPU31. According to the positions occupied by
the figure, the corresponding pixel processing sections
PPUO to PPU31 process the pixels.

The local memories LMO to LM31 store the pixel
data generated by the pixel processing sections PPUO to
PPU31, respectively. The local memories LMO to MM31
constitute a realization memory as a whole.. The
realization memory is, for example, a DRAM. In the
DRAM, the individual memory areas having a specific
data width correspond to the local memories LMO
to LM31.

In the image drawing processor system LSI

configured as described above, when the method of
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designing a semiconductor integrated circuit device
according to the first to third embodiments is applied
to the analog circuits, SRAM, and logic circuit,
excluding the memories, such as the main processor 21,
controller 51, or rasterizer 55, the pattern occupied
area of these circuit sections can be reduced, which
realizes higher integration.

Therefore, according to the first to third
embodiments, instead of applying the well potential
fixing potential to all of the standard cells (or each
of the standard cells), the well potentials near or of
the necessary cells are fixed. Accordingly, the area
of the standard cells can be reduced or the transistors
in a standard cell can be made larger to increase the
driving capability, which enables higher integration or
higher performance of the semiconductor integrated
circuit device.

As described above, a semiconductor integrated
circuit device with the reduced power supplied voltage
and related design method are realized which are
capable of fixing the well potential effectively, while
suppressing an increase in the pattern occupied area
and a drop in the driving capability of the
semiconductor elements formed inside.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to
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the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

5 defined by the appended claims and their equivalents.
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CLAIMS

1. A semiconductor integrated circuit device
comprising:

a circuit section which is formed by arranging
cell columns, each having standard cells arranged in a
first direction, in a second direction crossing the
first direction,

the cell columns including

first standard cells each of which has a
first and a second terminal to which a power supply
voltage and the ground potential are applied and a
first circuit which includes a transistor that operates
on the voltage applied between the first and second
terminals and has no well potential fixing active
region, and
second standard cells which are arranged in a

region where transistors to be switched at the same
timing in the first standard cells are concentrated or
near a large transistor and each of which includes a
third and a fourth terminal to which the power supply
voltage and the ground potential are applied and a
second circuit which includes a first and a second

active region for fixing a well potential formed in an

"empty region inside and electrically connected to the

third and fourth terminals respectively and a
transistor to which power is supplied from the third

and fourth terminals and a back gate bias is applied
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from the first and second active regions,

wherein the well potential of the first
standard cells in the cell columns being fixed by the
second standard cells.

2. The semiconductor integrated circuit device
according to claim 1, wherein the second circuit
operates in response to a clock signal.

3. The semiconductor integrated circuit device
according to claim 2, wherein the second circuit is a
flip-flop or buffer, and

the first and second active regions are formed in
an empty region in the second standard cell adjacent to
a small transistor in the flip-flop or buffer.

4. The semiconductor integrated circuit device
according to claim 1, wherein each of the first
standard cells includes a first and a second power line
acting as the first and second terminals which are
provided at two sides facing each other and extending
in the first direction, a first well region of a first
conductivity type formed in a semiconductor substrate,
and a second well region of a second conductivity type
formed next to the first well region in the
semiconductor substrate,

each of the second standard cells includes a third
and a fourth power line acting as the third and fourth
terminals which are provided at two sides facing each

other and extending in the first direction, a third
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well region of the first conductivity type formed in
the semiconductor substrate, and a fourth well region
of the second conductivity type formed next to the
third well region in the semiconductor substrate,

the first active region is formed in the third
well region and contacts a fifth terminal formed by
branching the third power line in the second direction,
and

the second active region is formed in the fourth
well region and contacts a sixth terminal formed by
branching the fourth power line in the second
direction.

5. The semiconductor integrated circuit device
according to claim 4, wherein the first and third power
lines in the cell columns are commonly connected, the
second and fourth power lines in the cell columns are
commonly connected, the first and third well regions in
the cell columns are commonly connected, and the second
and fourth well regions in the cell columns are
commonly connected,

the first and second standard cells in the cell
columns share the first and second power lines, and

adjacent ones of the cell columns share either the
first and third power lines commonly connected or the
second and fourth power lines commonly connected.

6. A semiconductor integrated circuit device

comprising:
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a circuit section which is formed by arranging
cell columns, each having standard cells arranged in a
first direction, in a second direction crossing the
first direction,
the cell columns including,

first standard cells each of which has a
first and a second terminal to which a power supply
voifage and the ground potential are applied and a
first circuit which includes a switch element that
operates on the voltage applied between the first and
second terminals and has no well potential fixing
active region, and

second standard cells which are arranged in
the vicinity of a region where the transition
probability is high in the first standard cells and
each of which includes a third and a fourth terminal to
which the power supply voltage and the ground potential
are applied and a second circuit which includes a first
and a second active region for fixing a well potential
formed in an empty region inside and electrically
connected to the third and fourth terminals
respectively and a transistor to which power is
supplied from the third and fourth terminals and a back
gate bias is applied from the first and second active
regions,

wherein the well potential of the first

standard cells in the cell columns being fixed by the
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second standard cells.

7. The semiconductor integrated circuit device
according to claim 6, wherein the second circuit
operates in response to a clock signal.

8. The semiconductor integrated circuit device
according to claim 7, wherein the second circuit is a
flip-flop or buffer, and

the first and second active regions are formed in
an empty region in the second standard cell adjacent to
a small transistor in the flip-flop or buffer.

9. The semiconductor integrated circuit device
according to claim 6, wherein each of the first
standard cells includes a first and a second power line
acting as the first and second terminals which are
provided at two sides facing each other and extending
in the first direction, a first well region of a first
conductivity type formed in a semiconductor substrate,
and a second well region of a second conductivity type
formed next to the first well region in the
semiconductor substrate,

each of the second standard cells includes a third
and a fourth power line acting as the third and fourth
terminals which are provided at two sides facing each
other and extending in the first direction, a third
well region of the first conductivity type formed in
the semiconductor substrate, and a fourth well region

of the second conductivity type formed next to the
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third well region in the semiconductor substrate,

the first active region is formed in the third
well region and contacts a fifth terminal formed by
branching the third power line in the second direction,
and

the second active region is formed in the fourth
well region and contacts a sixth terminal formed by

branching the fourth power line in the second

~direction.

10. The semiconductor integrated circuit device
according to claim 9, wherein the first and third power
lines in the cell columns are commonly connected, the
second and fourth power lines in the cell columns are
commonly connected, the first and third well regions in
the cell columns are commonly connected, and the second
and fourth well regions in the cell columns are
commonly connected,

the first and second standard cells in the cell
columns share the first and second power lines, and

adjacent ones of the cell columns share either the
first and third power lines commonly connected or the
second and fourth power lines commonly connected.

11. A semiconductor integrated circuit device
comprising:

a circuit section which is formed by arranging
cell columns, each having standard cells arranged in a

first direction, in a second direction crossing the
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first direction,
the cell columns including,
first standard‘cells each of whiéh has a
first and a second terminal to which a power supply

voltage and the ground potential are applied and a

first circuit which operates on the voltage applied

~ between the first and second terminals and has no well

potential fixing active region, and

second standard cells which are arranged in
the vicinity of a region where first standard cells
with a high probability are concentrated and each of
which includes a third and a fourth terminal to which
the power supply voltage and the ground potential are
applied and a second circuit which includes a first and
a second active region for fixing a well potential
formed in an empty region inside and electrically
connected to the third and fourth terminals
respectively and a transistor to which power is
supplied from the third and fourth terminals and a back
gate bias is applied from the first and second active
regions,

wherein the well potential of the first
standard cells in the cell columns being fixed by the
second standard cells.

12. The semiconductor integrated circuit device

according to claim 11, wherein the second circuit

operates in response to a clock signal.
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13. The semiconductor integrated circuit device
according to claim 12, wherein the second circuit is a
flip-flop or buffer, and

the first and second active regions are formed in
an empty region in the second standard cell adjacent to
a small transistor in the flip-flop or buffer.

14. The semiconductor integrated circuit device
according to claim 11, wherein each of the first
standard cells includes a.first and a second power line
acting as the first and second terminals which are
provided at two sides facing each other and extending
in the first direction, a first well region of a first
conductivity type formed in a semiconductor substrate,
and a second well region of a second conductivity type
formed next to the first well region in the
semiconductor substrate,

each of the second standard cells includes a third
and a fourth power line acting as the third and fourth
terminals which are provided at two sides facing each
other and extending in the first direction, a third
well region of the first conductivity type formed in
the semiconductor substrate, and a fourth well region
of the second conductivity type formed next to the
third well region in the semiconductor substrate,

the first active region is formed in the third
well region and contacts a fifth terminal formed by

branching the third power line in the second direction,
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and

the second active region is formed in the fourth
well region and contacts a sixth terminal formed by
branching the fourth power line in the second
direction.

15. The semiconductor integrated circuit device

according to claim 14, wherein the first and third

power lines in the cell columns are commonly connected,

the second and fourth power lines in the cell columns
are commonly connected, the first and third well
regions in the cell columns are commonly connected, and
the second and fourth well regions in the cell columns
are commonly connected,

the first and second standard cells in the cell
columns share the first and second power lines, and

adjacent ones of the cell columns shére either the
first and third power lines commonly connected or the
second and fourth power lines commonly connected.

16. A semiconductor integrated circuit device
designing method comprising:

reading a first group of standard cells without a
well potential fixing active region from a library and
temporarily designing a circuit by automatic layout
wiring;

estimating a change in the substrate potential
from at least one of the number of transistors to be

switched at the same timing in the temporarily designed
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circuit, the sizes of transistors to be switched
simultaneously, the transition probability, and the
appearance probability;

determining whether the estimated change in the
substrate potential is within a reference value; and

if the estimated change in the substrate potential
has exceeded the reference value, reading a second
group of standard cells with a well potential fixing
active region from the library, placing the second
group of standard cells in a region where the estimated
change in the substrate potential in the first group of
standard cells exceeds the reference value, and forming
a circuit by automatic layout wiring.

17. The semiconductor integrated circuit device
designing method according to claim 16, wherein the act
of temporarily designing a circuit by automatic layout
wiring further includes reading the second group of
standard cells with a well potential fixing active
region from the library.

18. The semiconductor integrated circuit device
designing method according to claim 17, wherein a
standard cell in the second group is a standard cell
with a large change in the substrate potential which is
registered in the library in advance.

19. The semiconductor integrated circuit device
designing method according to claim 16, wherein the act

of placing the second group of standard cells in a
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region where the estimated change in the substrate
potential in the first group of standard cells exceeds
the reference value and forming a circuit by automatic
layout wiring is replacing the standard cells in the
temporarily designed circuit using the first group of
standard cells with the second group of standard cells.
20. The semiconductor integrated circuit device
designing method according to claim 16, wherein the act
of placing the second group of standard cells in a
region where the estimated change in the substrate
potential in the first group of standard cells exceeds
the reference value and forming a circuit by automatic
layout wiring is inserting the second group of standard
cells into the cell columns where the standard cells in
the temporarily designed circuit using the first group

of standard cells are arranged.
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