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FIG. 3 

module TOP ( . . . ) ; 
PGBLK pg blk( .... , .PG [pg cntlO) l; 
PGCTL pg-cntl( .. ,., .PGEN(pg cntlO) ); 

endmodule - -

module PGCTL ( .... , PGEN ) ; 
output _PGEN; 

always@( l begin 

end 

endmodule 

module PGBLK ( . . . , PG J ; 
input PG; 

PGXSW pgswO( .SW(PG) ) ; 

BLK blkO ( . . . ) ; 
endmodule 

module BLK ( . . . ) ; 

always@( ) begin 

end 

endmodule 

FIG. 4 

TOP 

302 
PGCTL 

ORDINARY 
CIRCUIT 

PGBLK 
BLK ,.../304 

MTCMOS CIRCUIT 

PGSW 
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TIME OF ST ART { 
OF SIMULA TlON 

DURING EXECUTION 
OF SIMULATION 

FIG. 5 

module PGSW( PGEN ); 
input PGEN; 

initial begin 
VERIFY HIERARCHICAL BLOCK EXISTING AT SAME LEVEL: 
LIST SIGNAL INTERCONNECTS IN ABOVE HIERARCHICAL BLOCK 

end 

always@( PGEN) 
if ( PGEN) begin 

FIX LOGICAL VALUES OF LISTED SIGNAL INTERCONNECTS 
TO·NONSPECIFIC VALUES : 

end 
else begin 

RELEASE FIX TO NONSPECIFIC VALUES 
end 

endrnodule 
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FIG. 6 

START 

GENERA TE RTL 
DESCRIPTION OF 

HIERARCHICAL BLOCK 

ST101 

NO 

ST103 

PREPARE RTL DESCRIPTION OF 
UPPER HIERARCHICAL BLOCK 
COMPRISED BY GENERA TED 
HIERARCHICAL BLOCK AND 

VIRTUAL POWER SWITCH CELL 

NO 

YES 

END 
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FIG. 7 

START 

ACQUIRE SIGNAL INTERCONNECT 
UST IN HIERARCHICAL BLOCK 
EXISTING AT SAME LEVEL AS 

VIRTUAL POWER SWITCH CELL 

US 7,370,293 B2 

ST201 

ST ART SIMULATION ST202 

ST204 ST205 

FIX SIGNAL 
INTERCONNECTS 

INCLUDED IN UST TO 
NONSPECIFIC VALUES 

RELEASE FIX OF SIGNAL 
INTERCONNECTS 

INCLUDED IN UST TO 
NONSPEClFIC VALUES 

COMPUTE SIGNAL INTERCONNECT 
VALUES IN CIRCUlT 

NO 

END 

ST206 
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FIG. 8 

START 

EXAM[NE HIERARCHICAL 

STRUCTURE OF RTL DATA 
ST301 

ST303 

COMBINE LOGICS BY 
USING MTCMOS 

CELL LIBRARY 

TUAL PO 
CELL INS 
PER LEV 

END 

ST304 

COMBINE LOGICS BY 
USING ORDINARY 

CELL LIBRARY 

Cadence Design Systems, Inc. - Ex. 1015, Page 00009



U.S. Patent May 6, 2008 Sheet 8 of 9 US 7,370,293 B2 

FIG. 9 

START 

RETRIEVE VIRTUAL 
POWER SWITCH 

CELL IN NET UST 

ST401 

ACQUIRE CELL INSTANCE NAME 
OF HIERARCHICAL BLOCK OF 

SAME LEVEL AS VIRTUAL 
POWER SWITCH CELL 

PREPARE CORRESPONDENCE 
TABLE BETWEEN VIRTUAL 

POWER SWITCH CELLS AND 
CELL INSTANCE NAMES 

END 

ST402 

ST403 
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INTEGRATED CIRCUIT DESIGN SYSTEM, 
INTEGRATED CIRCUIT DESIGN PROGRAM, 

AND INTEGRATED CIRCUIT DESIGN 
METHOD 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to an integrated circuit 
design system, an integrated circuit design program, and an 
integrated circuit design method. 

2. Description of the Related Art 

In order to deal with an increasing reduction in power 
consumption and miniaturization of processing dimensions, 
the power supply voltage of semiconductor integrated cir­
cuits has been reduced year by year. If the signal amplitude 
becomes small due to the reduction of the power supply 
voltage, the threshold voltages of the transistors will become 
relatively high with respect to the signal amplitude; there­
fore the ON currents of the transistors will decrease and the 
delays will increase. For this reason, the threshold voltages 
of the transistors must also be reduced along with the power 
supply voltage. However, if the threshold voltages of the 
transistors are lowered, the leakage current in the OFF state 
will increase, so the disadvantage will arise that the reduc­
tion of the power consumption will be obstructed. 

As technology for preventing an increase of such leakage 
current, the "multi-threshold complementary metal oxide 
semiconductor (MTCMOS)" circuit technology is known. In 
the MTCMOS technology, a transistor having a high thresh-
old voltage is inserted into the power supply line for each 
circuit block performing a specific function. When the 
circuit block becomes unused, this transistor switch is set 
OFF, so the leakage current flowing through the transistors 
in the circuit block is cut off. Due to this, the wasteful 
leakage current flowing in unused circuit blocks can be 
greatly reduced. 

2 
correctly turned on/off according to the specifications and 
whether any malfunctions due to the signal in the unstable 
state occur. 

In a general integrated circuit design system, however, at 
5 the stage of the logic design, the power supply of the circuit 

is treated as being always on, i.e., the situation of the cutoff 
of the power is not envisioned. For this reason, a circuit 
turned on/off in power during operation such as an MTC­
MOS circuit cannot be simulated at the stage of the logic 

10 design. 
Japanese Unexamined Patent Publication (Kokai) No. 

2003-233635 discloses a method of preparation of a logic 
model by a hardware description language of a digital circuit 
including an MTCMOS circuit. The method of Japanese 

15 Unexamined Patent Publication (Kokai) No. 2003-233635 
enables the simulation of a digital circuit, even when an 
MTCMOS circuit is included, by adding to a higher level of 
the circuit that turned off the power a description making the 
value of an input pin in the stand-by state a nonspecific 

20 value. 
However, the description of the circuit prepared by the 

method of Japanese Unexamined Patent Publication (Kokai) 
No. 2003-233635 does not include a description clearly 
indicating each circuit cell including a high threshold volt-

25 age transistor for a power switch (power switch cell) and 
also does not include a description clearly indicating which 
circuit cell is cut off from power by which power switch cell. 
For this reason, when designing the next stage, that is, 
designing the layout such as the interconnects and arrange-

30 ment of the circuit cells by using a net list of gate levels 
obtained as a result of the logic design, the information 
concerning the above power switch cells must be newly 
manually added. Accordingly, it suffers from the disadvan­
tage that the efficiency of the design is obstructed, for 

35 example, the load of the design work becomes large and 
human design error easily occurs. 

Further, the description added by the method of Japanese 
Unexamined Patent Publication (Kokai) No. 2003-233635 is 
only used for the verification of the circuits and is unnec-

40 essary in the layout design, so must be deleted. Accordingly, 
the trouble of such work occurs and becomes a cause 

FIG. 10 is a view of an example of a circuit using 
MTCMOS technology. Circuit cells 1 and 2 are connected 
between a power supply line VDD and a ground line VSS 
and constantly supplied with power. Contrary to this, circuit 
cells 3 and 4 are connected between the power supply line 
VDD and a virtual ground line VSSA. These are supplied 

45 
with power only when the virtual ground line VSSA and the 
ground line VSS are connected by a high threshold voltage 
transistor 5. 

obstructing the efficiency of design. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
integrated circuit design system, an integrated circuit design 
program, and an integrated circuit design method able to 
generate circuit data capable of enabling a clear grasp of 
power switch cells and circuit cells cut off in power by the 
same without obstructing the efficiency of design. 

The high threshold voltage transistor 5 is controlled to be 
turned on/off in response to a control signal Sc from a not 50 
illustrated circuit block. When the circuit cells 3 and 4 

According to a first aspect of the invention, there is 
provided an integrated circuit design system for designing 
an integrated circuit based on circuit data describing a logic 

become unused, this control signal Sc is set to the low level, 
so the high threshold voltage transistor 5 becomes OFF. Due 
to this, the virtual ground line VSSA and the ground line 
VSS are cut off, and the leakage current of the circuit cells 
3 and 4 is cut off. 

55 circuit by a hierarchical structure including a lower hierar­
chical block in an upper hierarchical block, provided with a 
circuit data generating means for acquiring circuit data 
describing a circuit to which an application of power should 
be cut off in response to a control signal as a first hierarchical 

The circuit cut off from power by the high threshold 
voltage transistor (hereinafter referred to as an "MTCMOS 
circuit") becomes unstable in the signal level of the internal 
interconnect at the time of shutting off the power. For this 
reason, in order to prevent the signal in this unstable state 
from causing a malfunction or otherwise exerting an adverse 
influence upon the other circuit blocks in operation, pro­
cessing such as conversion of the unstable state signal to a 
fixed value is applied. Accordingly, in the design of a 65 

semiconductor integrated circuit using MTCMOS technol­
ogy, it is necessary to correctly verify if the power is 

60 block and generating circuit data describing a second hier­
archical block with a lower level comprised by the first 
hierarchical block and a predetermined power switch cell to 
which the control signal is input based on the acquired 
circuit data. 

According to the first aspect of the invention, in the 
description of the circuit data generated by the circuit data 
generating means, a second hierarchical block with a lower 

Cadence Design Systems, Inc. - Ex. 1015, Page 00012
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level comprised by a first hierarchical block corresponding 
to a circuit whose power should be cut off in response to a 
control signal and a predetermined power switch cell to 
which the control signal is input is prepared. 

For this reason, from the relationship between predeter­
mined power switch cells and hierarchical blocks of the 
same level in the description of the circuit data generated by 
the circuit data generating means, the relationship between 
the power switch cells and the circuits for cutoff of the 
power supply in a real circuit is clearly grasped. Further, the 
power switch cells in the description of the circuit data 
correspond to the power switch cells in the real circuit, so it 
is not necessary to delete the description of the power switch 
cells in the design of the layout stage. 

Preferably, the first aspect of the invention is further 
provided with a simulating means for simulating operation 
of a circuit according to a description of the circuit data 
generated at the generating means, wherein when the circuit 
data includes a description of a power switch cell, the 
simulating means acquires a list of signal interconnects 
included in a hierarchical block of the same level as the 
power switch cell when starting a simulation, fixes the 
logical values of signal interconnects included in the 
acquired list to nonspecific values and continues the simu­
lation when a control signal instructing cutoff of power is 
input to the power switch cell in the process of the simula­
tion operation, and releases the fix of the logical values of 
the signal interconnects included in the acquired list to 
nonspecific values and continues the simulation when a 
control signal instructing supply of power is input to the 
power switch cell in the process of the simulation operation. 

According to the above configuration, when the descrip­
tion of a power switch cell is included in the description of 
the circuit data generated by the circuit data generating 
means, the simulating means acquires a list of the signal 
interconnects included in the hierarchical block of the same 
level as the power switch cell when starting the simulation. 
Further, when a control signal instructing cutoff of the power 
is input to a power switch cell in the process of the 
simulation, the logical values of the signal interconnects 
included in the acquired list are fixed to nonspecific values 
and the simulation is continued. Further, when a control 
signal instructing supply of power is input to a power switch 
cell in the process of the simulation, the fix of the logical 
values of the signal interconnects included in the acquired 
list to the nonspecific values is released and the simulation 
is continued. 

Alternatively, preferably the circuit data generating means 

4 
hierarchical block in which there is no power switch cell at 
the same level or an upper level. 

According to the above configuration, the second circuit 
data generating means examines whether or not there is a 

5 power switch cell at the same level or an upper level for each 
hierarchical block of the circuit data generated by the first 
circuit data generating means. Logic combining processing 
is carried out by using the information of the circuit cells 
previously prepared for a circuit to be cut off in power for 

10 a hierarchical block in which there is a power switch cell at 
the same level or an upper level as a result of this exami­
nation, and logic combining processing is carried out by 
using the information of circuit cells previously prepared for 
a circuit not to be cut off in power for a hierarchical block 

15 in which there is no power switch cell at the same level or 
an upper level. 

Due to this, hierarchical blocks whose power should be 
cut off by the power switch cells and hierarchical blocks 
whose power is not to be cut off are logically combined by 

20 using previously prepared circuit cells. 
Alternatively, preferably the circuit data generating means 

includes a first circuit data generating means for generating 
circuit data describing the second hierarchical block based 
on circuit data describing the first hierarchical block and a 

25 second circuit data generating means for generating circuit 
data describing by the hierarchical structure a logic circuit 
comprised by combining predetermined circuit cells by logic 
combining processing on circuit data generated at the first 
circuit data generating means and has a table preparing 

30 means for retrieving a power switch cell from the circuit data 
generated at the second circuit data generating means and 
preparing a table linking information instructing the power 
switch cell found by the retrieval and information individu­
ally instructing all circuit cells in the hierarchical block 

35 belonging to the same level as the power switch cell. 
According to the above configuration, the second circuit 

data generating means performs logic combining processing 
on circuit data generated by the first circuit data generating 
means and by this generates circuit data describing a logic 

40 circuit comprised by combining predetermined circuit cells 
by a hierarchical structure. Then, the table preparing means 
performs processing for retrieving a power switch cell from 
the circuit data generated by the second circuit data gener­
ating means and prepares a table linking information 

45 instructing the power switch cell found by the retrieval and 
information individually instructing all circuit cells in the 
hierarchical block belonging to the same level as the power 
switch cell. 

has a first circuit data generating means for generating 50 

circuit data describing the second hierarchical block based 

Due to this, a table is obtained representing the corre­
spondence between the power switch cells and the circuit 
cells for cutoff of power. 

on circuit data describing the first hierarchical block and a 
second circuit data generating means for generating circuit 
data of a logic circuit comprised by combining predeter­
mined circuit cells by logic combining processing on the 55 

circuit data generated at the first circuit data generating 
means, and the second circuit data generating means exam­
ines whether or not there is a power switch cell at the same 
level or an upper level for each hierarchical block of the 
circuit data generated at the first circuit data generating 60 

means, performs the logic combining processing by using 
the information of circuit cells previously prepared for a 
circuit cut off in power for a hierarchical block in which 
there is a power switch cell at the same level or an upper 
level as a result of the examination, and performs the logic 65 

combining processing by using information of circuit cells 
previously prepared for circuits not cut off in power for a 

Alternatively, preferably the circuit data generating means 
generates circuit data describing a logic circuit by the 
hierarchical structure by operation combining processing on 
operation description data describing a logic circuit by 
operations and prepares a description describing a circuit as 
the first hierarchical block and a description of the second 
hierarchical block with a lower level comprised by the first 
hierarchical block and the power switch cell according to 
previously given information for designating a circuit whose 
power should be cut off in response to a control signal at the 
time of generation. 

According to the above configuration, the circuit data 
generating means performs operation combining processing 
on operation description data in which the logic circuit is 
described by operations and by this generates circuit data 
describing a logic circuit by the hierarchical structure. Then, 

Cadence Design Systems, Inc. - Ex. 1015, Page 00013
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at the time of this generation, according to the previously 
given information designating the circuit whose power 
should be cut off in response to a control signal, a description 
describing this circuit as a first hierarchical block and a 
description of a second hierarchical block with a lower level 5 

comprised by the first hierarchical block and a power switch 
cell are prepared. 

According to a second aspect of the invention, there is 
provided an integrated circuit design program for making a 
computer design an integrated circuit based on circuit data 10 

describing a logic circuit by a hierarchical structure where a 
lower hierarchical block is included in an upper hierarchical 
block, including a first step of acquiring circuit data describ-

6 
FIG. 9 is a flowchart of an example of the flow of the 

processing in a table preparation unit; and 
FIG. 10 is a view of an example of a circuit using 

MTCMOS technology. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Below, an explanation will be given of a design system of 
a semiconductor integrated circuit using MTCMOS tech­
nology according to an embodiment of the present invention 
by referring to the drawings. 

FIG. 1 is a view of an example of a hardware configu­
ration of an integrated circuit design system according to an 
embodiment of the present invention. 

The integrated circuit design system shown in FIG. 1 has 
a computer 10, a program memory unit 20, a data memory 
unit 30, a display device 40, and an interface unit 50. 

ing a circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and a second step 15 

of generating circuit data describing a second hierarchical 
block with a lower level comprised by the first hierarchical 
block and a predetermined power switch cell to which the 
control signal is input based on the circuit data acquired at The computer 10 reads out and executes an integrated 

20 circuit design program stored in the program memory unit 
20 and executes the processing explained later concerned 
with the design of the integrated circuit. 

the first step. 
According to a third aspect of the invention, there is 

provided an integrated circuit design method for designing 
an integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure where a lower hierarchical 
block is included in an upper hierarchical block, including a 25 

first step of acquiring circuit data describing a circuit to 
which an application of power should be cut off in response 

The program memory unit 20 stores the integrated circuit 
design program to be executed in the computer 10. 

The data memory unit 30 stores the data used in the 
process of execution of the processing in the computer 10 
and the data as the result of the execution. For example, it 
stores the circuit data of the operation level or the RTL to a control signal as a first hierarchical block and a second 

step of generating circuit data describing a second hierar­
chical block with a lower level comprised by the first 30 

hierarchical block and a predetermined power switch cell to 
which the control signal is input based on the circuit data 
acquired at the first step. 

(register transfer level) data, net list of the gate level, or 
other circuit data to be processed by the integrated circuit 
design program. 

The display unit 40 displays an image under the control of 
the computer 10. For example, along with the execution of 
the integrated circuit design program, it displays an image 
prompting the input of a command from the user, an image 
of the result of execution of the simulation, etc. 

According to the present invention, a circuit data enabling 

The interface unit 50 includes for example a keyboard, a 
mouse, or another device for a user to input information to 

a clear grasp of the power switch cells and the circuit cells 35 

whose power should be cut off by this can be generated 
without causing work obstructing the efficiency of the 
design, for example, the deletion of descriptions in the 
layout design stage. 

40 
the computer 10. Further, it includes for example an optical 
disc device, a network interface device, or other device for 
inputting or outputting the circuit data processed in the 
integrated circuit design system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become clearer from the following descrip­
tion of the preferred embodiments given with reference to 
the attached drawings, wherein: 

FIG. 1 is a view of an example of the hardware configu­
ration of an integrated circuit design system according to an 
embodiment of the present invention; 

FIG. 2 is a view of an example of the functional configu­
ration of an integrated circuit design system according to an 
embodiment of the present invention; 

FIG. 3 is a view of an example of the description of RTL 

FIG. 2 is a view of an example of the functional configu-

45 ration of the integrated circuit design system according to an 
embodiment of the present invention and illustrates the 
functional configuration realized by an integrated circuit 
design program. 

The integrated circuit design system shown in FIG. 2 has 

50 an RTL data generation unit 110, simulation units 120 and 
140, a net list generation unit 130, a table preparation unit 
150, an RTL data memory unit 210, an MTCMOS cell 
library 220, an ordinary cell library 230, a net list memory 

data generated by an RTL data generation unit; 
55 

FIG. 4 is a view illustrating a hierarchical structure of the 
RTL data shown in FIG. 3; 

unit 240, and a table memory unit 250. 
Note that the RTL data generation unit 110 is an embodi-

FIG. 5 is a view of an example of the description of a 
simulation use operation model of a virtual power switch 
cell; 

FIG. 6 is a flowchart of an example of the flow of the 
processing in the RTL data generation unit; 

FIG. 7 is a flowchart of an example of the flow of the 
processing in the simulation unit when there is a description 
of a virtual power switch cell in the RTL data; 

FIG. 8 is a flowchart of an example of the flow of the 
processing in a net list generation unit; 

ment of the first circuit data generating means of the present 
invention, the net list generation unit 130 is an embodiment 
of the second circuit data generating means of the present 
invention, the simulation units 120 and 140 are an embodi-

60 ment of the simulating means of the present invention, and 
the table preparation unit 150 is an embodiment of the table 
preparing means of the present invention. 

The RTL data generation unit 110 generates RTL data 
including a description corresponding to a power switch 

65 cell. The RTL data is circuit data describing a logic circuit 
by a hierarchical structure by using for example VHDL, 
verilog-HDL, or other hardware description language. 

Cadence Design Systems, Inc. - Ex. 1015, Page 00014



US 7,370,293 B2 
7 

Note that the "hierarchical structure" referred to here 
means a structure, when expressing a certain set of circuits 
as a first hierarchical block and a smaller set of circuits 
included inside these circuits as a second hierarchical block, 
defining the relationship among hierarchical blocks desig­
nating the second hierarchical block as belonging to a lower 
level than the first hierarchical block. In other words, this 
means a structure defining the relationship among the hier­
archical blocks assuming that a lower hierarchical block is 
included in an upper hierarchical block. 

The RTL data generation unit 110 receives as input circuit 
data (operation description data) DI described at the opera­
tion level by for example the C language or other higher 
language and performs operation combining processing on 
this to thereby generate the RTL data. 

The RTL generation unit 110 describes MTCMOS circuits 
whose power should be cut off in response to a control signal 
as one or more independent hierarchical blocks at the time 

8 
mation of the circuit cells used when generating the net list 
of the ordinary circuits not MTCMOS circuits. 

The net list generation unit 130 performs logic combining 
processing for the RTL data generated at the RTL data 

5 generation unit 110 to thereby generate a net list of the gate 
level comprised by combining the basic circuit cells such as 
the NAND gates and NOT gates. The net list of the gate level 
is circuit data described by the hierarchical structure in the 

10 

same way as the RTL data. 
Further, the net list generation unit 130 decides on a 

library of the circuit cells used for the logic combining 
processing in accordance with whether or not the hierarchi­
cal blocks for combination are MTCMOS circuits. 

Namely, the net list generation unit 130 examines whether 
15 or not there is a virtual power switch cell at the same level 

or an upper level for each hierarchical block of the RTL data 
generated at the RTL data generation unit 110. Then, logic 
combining processing is carried out using the information of 

of generation of this RTL data. Which circuit block is an 
MTCMOS circuit is designated by for example information 20 

described in the operation description data or information 
stored in a file different from the operation description data. 

the circuit cells of the MTCMOS cell library 220 for the 
hierarchical blocks in which there are virtual power switch 
cells at the same level or an upper level as a result of this 
examination, while logic combining processing is carried 
out using the information of the circuit cells of the ordinary 
cell library 230 for the hierarchical blocks in which there are 
no power switch cells at the same level or an upper level. 

Further, the RTL data generation unit 110 prepares a 
description of an upper hierarchical block with a lower level 
comprised of a hierarchical block of an MTCMOS circuit 25 

whose power should be cut off and a virtual power switch 
cell defined in the description of the RTL data (hereinafter 
described as a "virtual power switch cell"). The virtual 
power switch cell receives as input the control signal used 

The net list memory unit 240 is one of the memory 
regions allocated to the data memory unit 30 and stores the 
net list generated at the net list generation unit 130. 

The simulation unit 120 reads out the RTL data from the 
for cutoff of the power supply of the MTCMOS circuit. 

By preparing such a description, a hierarchical block 
included at the same level as a virtual power switch cell is 
clearly expressed as a hierarchical block whose power 
should be cut off. 

FIG. 3 is a view of an example of the description of the 
RTL data generated at the RTL data generation unit 110, 
while FIG. 4 is a view illustrating the hierarchical structure 
thereof. 

In FIG. 3 and FIG. 4, a TOP block 301, a PGCTL block 
302, a PGBLK block 303, and a BLK block 304 express 
hierarchical blocks, and a PGSW cell 305 expresses a power 
switch cell. 

30 RTL data memory unit 210 and simulates the operation of 
circuits according to the description thereof. 

For example, the simulation unit 120 reads out an opera­
tion model for simulation corresponding to the description 
of the RTL data from a not illustrated dedicated library and 

35 executes the operation in accordance with this. 
This library includes also an operation model for simu­

lation corresponding to the description of the virtual power 
switch cell mentioned above. If the description of a virtual 
power switch cell is included in the RTL data, the simulation 

40 unit 120 executes the following operation according to this 
operation model. 

The lower level of the TOP block 301 includes the 
PGCTL block 302 and the PGBLK block 303. The lower 
level of the PGBLK block 303 includes the BLK block 304 

45 

and the PGSW cell 305. 

FIG. 5 is a view of an example of the description of a 
simulation use operation model of a virtual power switch 
cell. 

This operation model description includes instructions for 
acquiring a list of signal interconnects included in the 
hierarchical block of the same level as a virtual power switch 
cell when starting the simulation. Among these hierarchical blocks, the PGCTL block 302 

and the BLK block 304 describe the substantial operation. 
In the example of FIG. 3 and FIG. 4, the hierarchical 

block at the same level as the PGSW cell 305 is the BLK 
block 304. Accordingly, the BLK block 304 is recognized as 
the hierarchical block of an MTCMOS circuit whose power 
should be cut off by the power switch cell. On the other 
hand, the PGCTL block 302 does not include a virtual power 
switch cell at the same level and the upper level, so is 
recognized as a hierarchical block of an ordinary circuit 
whose power is not to be cut off. 

Further, when a control signal instructing a cutoff of the 
50 power is input to the virtual power switch cell in the process 

of simulation, an instruction for fixing the logic value of the 
signal interconnects included in the list to nonspecific values 
and continuing the simulation is included. 

Further, when a control signal instructing the supply of 
55 power is input to a virtual power switch cell in the process 

of simulation, an instruction for releasing the fix of the logic 
value of the signal interconnects included in the above list to 
nonspecific values and continuing the simulation is 

The RTL data memory unit 210 is one of the memory 
regions allocated to the data memory unit 30 and stores the 60 
RTL data generated at the RTL data generation unit 110. 

included. 
The simulation unit 120 executes simulation according to 

the description of such an operation model. 
The MTCMOS cell library 220 is one of the memory 

regions allocated to the data memory unit 30 and stores the 
information of the circuit cells used when generating the net 
list of the MTCMOS circuits. 

The ordinary cell library 230 is one of the memory regions 
allocated to the data memory unit 30 and stores the infor-

65 

The simulation unit 140 reads out a net list from the net 
list memory unit 240 and simulates the operation of the 
circuits according to the description thereof. 

The simulation unit 140 also reads out a simulation use 
operation model corresponding to the description of the net 
list from a not illustrated library in the same way as the 
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simulation unit 120 and executes the operation in accor­
dance with this. The simulation use operation model of a 
virtual power switch cell describes instructions the same as 
those of FIG. 5, therefore, when the description of a virtual 
power switch cell is included in the net list, the simulation 
unit 140 executes the same operation as that of the simula­
tion unit 120. 

The table preparation unit 150 retrieves virtual power 
switch cells from the net list stored in the net list memory 
unit 240 and prepares a table linking instance names of the 
virtual power switch cells found by the retrieval and instance 
names of all circuit cells in the hierarchical blocks belonging 

10 
When the operation for combining all hierarchical blocks 
has ended, the RTL generation processing is terminated. 

FIG. 7 is a flowchart of an example of the flow of the 
processing in the simulation unit 120 when there is a 

5 description of a virtual power switch cell in the RTL data. 
First, the simulation unit 120 reads out the RTL data 

stored in the RTL data memory unit 210 and acquires a list 
of the signal interconnects included in the hierarchical 
blocks of the same levels as the power switch cells (step 

10 ST201). The list includes for example the instance names of 
all signal interconnects included in the hierarchical blocks of 
the same levels as the power switch cells. 

to the same levels as the virtual power switch cells. Here, the 
"instance name" of a circuit cell means information indi­
cating an individual circuit cell. The same is also true for the 15 

instance name of a virtual power switch cell. 

After acquiring the list, the simulation unit 120 starts the 
simulation. 

The simulation unit 120 monitors whether or not the value 
of the control signal instructing the cutoff of the power 
changed in the process of the simulation (step ST203). The table memory unit 250 is one of the memory regions 

allocated to the data memory unit 30 and stores the table 
prepared in the table preparation unit 150. 

Next, an explanation will be given of the operation of the 20 

integrated circuit design system having the above configu-
ration. 

First of all, the flow of the entire operation will be 
explained. 

As a result of this monitoring, when a control signal of a 
value instructing the cutoff of the power is input to a virtual 
power switch cell, the simulation unit 120 fixes the logical 
values of the signal interconnects included in the list 
acquired at step ST201 to nonspecific values (step ST204). 
Conversely, when a control signal of a value instructing the 
supply of power is input to a virtual power switch cell, the 

First, the RTL data generation unit 110 performs operation 
combining processing on the operation description data DI 

25 fix of the values of the signal interconnects to nonspecific 
values carried out in step ST204 is released (step ST205). 

After the processing of steps ST201 and ST204, the 
simulation unit 120 computes the values of the signal 
interconnects in the circuit again (step ST206). Then, if the 

of the circuits described by the C language etc. to generate 
RTL data including a description expressing the MTCMOS 
circuits. The net list generation unit 130 performs logic 
combining processing on this RTL data to generate a net list 
DOl of the gate levels. Further, the table preparation unit 
150 prepares a table indicating the correspondence between 
the virtual power switch cells and the circuit cells based on 
this generated net list DOl. 

30 end condition of the simulation has not been reached, the 
routine returns to step ST203 again, where the change of the 
control signal of the virtual power switch cell is monitored, 
while if the end condition of the simulation is reached, the 

In the flow of generation of such circuit data, for verifying 35 

the circuit operation, the simulation unit 120 simulates the 
RTL data, and the simulation unit 140 simulates the net list. 

simulation is terminated (step ST207). 
As already explained, the operation of the simulation unit 

120 is described in the simulation use operation model of the 
virtual power switch cell and previously recorded in a not 
illustrated library. When there is a description of a virtual 
power switch cell in the RTL data, the above operation is 

Below, a detailed explanation will be given of the opera­
tions of the RTL data generation unit 110, the simulation 
units 120 and 140, the net list generation unit 130, and the 
table preparation unit 150 in this sequence. 

40 automatically executed at the time of simulation. 

FIG. 6 is a flowchart of an example of the flow of the 
processing in the RTL data generation unit 110. 

The operation of the simulation unit 140 in the case where 
there is a description of a virtual power switch cell in the net 
list is the same as the operation shown in the flowchart of 
FIG. 7 explained above. 

FIG. 8 is a flowchart of an example of the flow of the 
processing in the net list generation unit 130. 

The RTL data generation unit 110 performs operation 
45 

combining processing on each hierarchical block when 
receiving the operation description data DI to generate an 
RTL description (step ST101). 

First, the net list generation unit 130 reads out the RTL 
data stored in the RTL data memory unit 210 and examines 
whether or not there is a virtual power switch cell at the same 

50 level or an upper level (step ST301). 

Then, the RTL data generation unit 110 judges whether or 
not the hierarchical block generating the RTL description is 
an MTCMOS circuit based on the information included in 
the operation description data DI, the information stored in 
a file different from the operation description data DI, etc. 
(step ST102). 

The net list generation unit 130 judges a hierarchical 
block for which there is a virtual power switch cell at the 
same level or upper level as an MTCMOS circuit and a 
hierarchical block for which there is no virtual power switch 

When the hierarchical block is an MTCMOS circuit, the 
RTL data generation unit 110 prepares an RTL description of 
an upper level with a lower level comprised by this hierar­
chical block and the virtual power switch cell (step ST103). 

55 cell as an ordinary circuit based on the examination results 
of step ST301 (step ST302). 

When the hierarchical block is not an MTCMOS circuit, 
the RTL data generation unit 110 skips the processing of step 60 

ST103. 
After the processing of steps ST102 and ST103, the RTL 

data generation unit 110 judges whether or not the operation 
for combining all hierarchical blocks in the operation 
description data DI has ended. When there is a hierarchical 65 

block which has not yet been combined, the routine returns 
to step ST101, where the above processing is repeated. 

Then, logic combining processing is carried out on a 
hierarchical block judged as a MTCMOS circuit by using 
the MTCMOS cell library (step ST303), and logic combin­
ing processing is carried out on a hierarchical block judged 
as an ordinary circuit by using the ordinary cell library 230 
(step ST304). 

FIG. 9 is a flowchart of an example of the flow of the 
processing in the table preparation unit 150. 

First, the table preparation unit 250 reads out the net list 
stored in the net list memory unit 240 and retrieves virtual 
power switch cells from the description (step ST401). When 
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a virtual power switch cell is found, the instance names of 
all circuit cells included in the hierarchical block at the same 
level as the virtual power switch cell are investigated 
thoroughly (step ST402). 

12 
For this reason, an improvement of the design efficiency can 
be achieved in comparison with the case where such work is 
manually carried out. 

Further, in order to perform the layout design of a 
Then, the table preparation unit 250 prepares a table 

linking the instance name of the virtual power switch cell 
found in step ST401 and the instance names of the circuit 
cells acquired at step ST402. When there are a plurality of 
virtual power switch cells, a table linking the instance names 

5 semiconductor integrated circuit including MTCMOS cir­
cuits, in addition to the information of the input/output 
relationship of the signals, the information of the power 
supply indicating to which ground lines and power lines 

of the virtual power switch cells and the instance names of 10 

the circuit cells for cutoff of the power supply is prepared. 

which circuit cells are connected is necessary. 
According to the present embodiment, it becomes pos-

sible to automatically prepare a correspondence table 
between the virtual power switch cells included in the net list 
and the circuit cells whose power should be cut off by 
utilizing the hierarchical structure of the net list. For this 

As explained above, according to the present embodi­
ment, in the description of the RTL data generated at the 
RTL data generation unit 110, a hierarchical block of an 
upper level with a lower level comprised of a hierarchical 
block corresponding to a circuit whose power should be cut 
off in response to a control signal and a predetermined 
virtual power switch cell to which this control signal is input 

15 reason, in comparison with the case where such work is 
manually carried out, an improvement of the design effi­
ciency can be achieved. 

is prepared. 
For this reason, by obtaining a grasp of the relationship 20 

between a virtual power switch cell in the description of the 
RTL data and a hierarchical block of the same level as the 
virtual power switch cell, the relationship between the 
power switch cell and the circuit for cutoff of the power in 
a real circuit can be clearly grasped. In other words, by 25 

examining the hierarchical block belonging to the same level 

Note that the present invention is not limited to the above 
embodiment and includes various modifications. 

In the above embodiment, the example where the RTL 
data generation unit 110 generated the RTL data from the 
operation description data by operation combining process­
ing was shown, but the present invention is not limited to 
this. 

For example, it is also possible if RTL data the same as the 
case of the operation combining processing is generated by 
acquiring RTL data describing the circuits for cutoff of 
power as independent hierarchical blocks and adding to or 
changing the description expressing the MTCMOS circuits 

as a virtual power switch cell, an MTCMOS circuit which is 
connected to a common virtual power supply line and for 
which the power is commonly turned on/off can be clearly 
grasped. 30 to this RTL data. 

Further, the virtual power switch cell in the description of 
the circuit data corresponds to at least one of the power 
switch cells in the real circuit, so it is not necessary to delete 

In this case, for example, first, the hierarchical blocks of 
the circuits for cutoff of power are retrieved from the input 
RTL data. This retrieval is carried out according to infor­
mation designating the hierarchical blocks of the circuits for the description of the virtual power switch cell in the design 

of the layout stage. 
For this reason, the work of deleting an unnecessary 

description as in the prior art can be eliminated, and the 
design efficiency can be improved. 

35 cutoff of power in the same way as the case of for example 
the operation combining processing. Then, the upper hier­
archical blocks with lower levels comprised of hierarchical 
blocks found by the retrieval and the virtual power switch 

Further, in the description of the virtual power switch cell, 
the function for the simulation of fixing the signal intercon- 40 

nect values of the MTCMOS circuit whose power should be 
cut off to nonspecific values is installed. For example, when 
the operation model for the simulation describing this func­
tion is previously registered in the library, and there is the 
description of a virtual power switch cell in the circuit data, 45 

the above operation of fixing the signal interconnects to the 
nonspecific values is executed according to the operation 
model for the virtual power switch cell read out from this 
library. 

For this reason, it is not necessary to add a specific 50 

description used for only the simulation to the circuit data as 
shown in Japanese Unexamined Patent Publication (Kokai) 
No. 2003-233635 and the trouble of deleting such an unnec­
essary description in the layout design stage does not occur. 
In this point as well, an improvement of the design efficiency 55 

can be achieved. 
Further, generally, the conditions such as the ground 

potential and the power supply voltage drop differ between 
the constantly powered ordinary circuits and the MTCMOS 
circuits whose power should be cut off, so it is necessary to 60 

use circuit cells adapted to them. 
According to the present embodiment, it is possible to 

accurately judge the hierarchical blocks whose power should 
be cut off and the hierarchical blocks whose power should 
not be cut off by the virtual power switch cells by utilizing 65 

the hierarchical structure of the RTL data and combine 
logics for each by using the previously prepared cell library. 

cells are newly described in the RTL data. 
In this method of generation of the RTL data as well, the 

same effects as those of the above embodiment are obtained. 
In the above embodiment, the RTL data etc. were 

explained as the circuit data used for the design of an 
integrated circuit, but this is an example. The present inven­
tion can be applied to the circuit data of any other format 
describing a logic circuit by a hierarchical structure. 

In the above embodiment, the processing of the integrated 
circuit design system was realized by a computer and a 
program, but the invention is not limited to this; it is also 
possible to realize at least part by hardware. 

The integrated circuit which can be designed in the 
present invention is not limited to a CMOS semiconductor 
integrated circuit. The present invention can also be applied 
to other types of integrated circuits. 

While the invention has been described with reference to 
specific embodiments chosen for purpose of illustration, it 
should be apparent that numerous modifications could be 
made thereto by those skilled in the art without departing 
from the basic concept and scope of the invention. 

The invention claimed is: 
1. An integrated circuit design system for designing an 

integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure in which a lower hierar­
chical block is included in an upper hierarchical block, 
comprising: 

a circuit data generating means for acquiring first circuit 
data describing a first hierarchical block to which a 
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supply of power should be cut off in response to a 
control signal and generating second circuit data 
describing a second hierarchical block with a lower 
level comprised by said first hierarchical block and a 
virtual power switch cell to which said control signal is 5 

input so that said virtual power switch cell of said 
second circuit data corresponds to at least one power 
switch cell in a real circuit, 

wherein: 

14 
information of circuit cells previously prepared for a 
circuit not cut off in power for a hierarchical block in 
which there is no power switch cell at the same level or 
an upper level. 

4. An integrated circuit design system as set forth in claim 
1, wherein said circuit data generating means generates 
circuit data describing a logic circuit by said hierarchical 
structure by operation combining processing on operation 
description data describing a logic circuit by operations and 

said circuit data generating means includes 
a first circuit data generating means for generating circuit 

data describing said second hierarchical block based on 
circuit data describing said first hierarchical block and 

a second circuit data generating means for generating 
circuit data describing by said hierarchical structure a 
logic circuit comprised by combining predetermined 
circuit cells by logic combining processing on circuit 
data generated at said first circuit data generating 
means and has 

10 prepares a description describing a circuit as said first 
hierarchical block and a description of said second hierar­
chical block with a lower level comprised by said first 
hierarchical block and said virtual power switch cell accord­
ing to previously given information for designating a circuit 

15 whose power should be cut off in response to a control signal 
at the time of generation. 

a table preparing means for retrieving a power switch cell 
from the circuit data generated at said second circuit 
data generating means and preparing a table linking 
information instructing the power switch cell found by 

5. An integrated circuit design program stored in a com­
puter readable medium for enabling a machine for making a 
computer design an integrated circuit based on circuit data 

20 describing a logic circuit by a hierarchical structure in which 
a lower hierarchical block is included in an upper hierar­
chical block, comprising: 

the retrieval and information individually instructing 
all circuit cells in the hierarchical block belonging to 25 

the same level as the power switch cell. 
2. An integrated circuit design system as set forth in claim 

1, further comprising a simulating means for simulating 
operation of a circuit according to a description of the circuit 
data generated at said generating means, wherein when the 30 

circuit data includes a description of a power switch cell, 
the simulating means 
acquires a list of signal interconnects included in a 

hierarchical block of the same level as said power 
switch cell when starting a simulation, 

fixes the logical values of signal interconnects included in 
said acquired list to nonspecific values and continues 
the simulation when a control signal instructing cutoff 
of power is input to said power switch cell in the 
process of said simulation operation, and 

35 

40 

releases the fix of the logical values of the signal inter­
connects included in said acquired list to nonspecific 
values and continues the simulation when a control 
signal instructing supply of power is input to said 
power switch cell in the process of said simulation 45 

operation. 
3. An integrated circuit design system as set forth in claim 

1, wherein: 
said circuit data generating means includes 
a first circuit data generating means for generating circuit 50 

data describing said second hierarchical block based on 
circuit data describing said first hierarchical block and 

a second circuit data generating means for generating 
circuit data of a logic circuit comprised by combining 
predetermined circuit cells by logic combining process- 55 

ing on the circuit data generated at said first circuit data 
generating means, and 

said second circuit data generating means examines 
whether or not there is a power switch cell at the same 
level or an upper level for each hierarchical block of the 60 

circuit data generated at said first circuit data generat-
ing means, performs said logic combining processing 
by using the information of circuit cells previously 
prepared for a circuit cut off in power for a hierarchical 
block in which there is a power switch cell at the same 65 

level or an upper level as a result of the examination, 
and performs said logic combining processing by using 

a first step of acquiring first circuit data describing a 
circuit whose power should be cut off in response to a 
control signal as a first hierarchical block, and 

a second step of generating second circuit data describing 
a second hierarchical block with a lower level com­
prised by said first hierarchical block and a virtual 
power switch cell to which said control signal is input 
based on the circuit data acquired at said first step, 

wherein said second step has 
a third step of generating second circuit data describing 

said second hierarchical block based on the first circuit 
data acquired at said first step, 

a fourth step of generating circuit data describing a logic 
circuit comprised by combining predetermined circuit 
cells by said hierarchical structure by logic combining 
processing for the circuit data generated at said second 
step, and 

a fifth step of retrieving a power switch cell from the 
circuit data generated at said fourth step and preparing 
a table linking information instructing the power switch 
cell found by the retrieval and information individually 
instructing all circuit cells in the hierarchical block 
belonging to the same level as the virtual power switch 
cell. 

6. An integrated circuit design program as set forth in 
claim 5, further comprising a sixth step of simulating the 
operation of a circuit according to the description of the 
circuit data generated at said second step, wherein when the 
circuit data includes a description of said virtual power 
switch cell, 

wherein said sixth step performs 
acquiring a list of signal interconnects included in a 

hierarchical block of the same level as said virtual 
power switch cell when starting said simulation, 

fixing the logical values of the signal interconnects 
included in said acquired list to nonspecific values and 
continues the simulation when a control signal instruct­
ing cutoff of the power is input to said virtual power 
switch cell in the process of said simulation operation, 
and 

releasing the fix of the logical values of the signal 
interconnects included in said acquired list to the 
nonspecific values and continues the simulation when a 
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control signal instructing supply of power is input to 
said virtual power switch cell in the process of said 
simulation operation. 

7. An integrated circuit design program as set forth in 
claim 5, wherein said second step includes 5 

a sixth step of generating circuit data describing said 
second hierarchical block based on the circuit data 
acquired at said first step, 

a seventh step of examining whether or not there is a 
virtual power switch cell at the same level or an upper 10 

level for each hierarchical block of the circuit data 
generated at said sixth step, and 

an eighth step of generating circuit data of a logic circuit 
comprised by combining predetermined circuit cells by 
logic combining processing on the circuit data gener- 15 

ated at said sixth step, and 
wherein said eighth step carries out said logic combining 

processing by using the information of circuit cells 
previously prepared for a circuit whose power is cut off 
for a hierarchical block in which there is a power switch 20 

cell at the same level or an upper level as a result of the 
examination at said fifth step and carries out said logic 
combining processing by using the information of 
circuit cells previously prepared for a circuit whose 
power is not cut off for a hierarchical block in which 25 

there is no power switch cell at the same level or an 
upper level. 

8. An integrated circuit design method for designing an 
integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure in which a lower hierar- 30 

chical block is included in an upper hierarchical block, 
comprising: 

16 
ing cutoff of power is input to said power switch cell in 
the process of said simulation operation, and 

releasing the fix of the logical values of the signal 
interconnects included in said acquired list to nonspe­
cific values and continues the simulation when a con­
trol signal instructing supply of power is input to said 
power switch cell in the process of said simulation 
operation. 

10. An integrated circuit design method as set forth in 
claim 8, wherein said second step includes 

a sixth step of generating circuit data describing said 
second hierarchical block based on circuit data 
acquired at said first step, 

a seventh step of examining whether or not there is a 
power switch cell at the same level or said upper level 
for each hierarchical block of the circuit data generated 
at said fourth process, and 

an eighth step of generating circuit data of the logic circuit 
comprised by combining predetermined circuit cells by 
logic combining processing on the circuit data gener­
ated at said sixth step, and 

wherein said eighth step performs said logic combining 
processing by using information of the circuit cells 
previously prepared for a circuit whose power should 
be cut off for a hierarchical block in which there is a 
power switch cell at the same level or an upper level as 
a result of the examination at said fifth step and 
performs said logic combining processing by using 
information of the circuit cells previously prepared for 
a circuit whose power is not cut off for a hierarchical 
block in which there is no power switch cell at the same 
level or an upper level. 

a first step of acquiring first circuit data describing a 
circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and 

a second step of generating second circuit data describing 

11. An integrated circuit design system designing an 
integrated circuit based on circuit data describing a logic 

35 circuit by a hierarchical structure in which a lower hierar­
chical block is included in an upper hierarchical block, 

a second hierarchical block with a lower level com­
prised by said first hierarchical block and a predeter­
mined power switch cell to which said control signal is 
input based on the circuit data acquired at said first step, 40 

wherein said second step has 
a third step of generating second circuit data describing 

said second hierarchical block based on circuit data 
acquired at said first step, 

an fourth step of generating circuit data describing a logic 45 

circuit comprised by combining predetermined circuit 
cells by said hierarchical structure by logic combining 
processing for the circuit data generated at said seventh 
step, and 

a fifth step of retrieving a power switch cell from the 50 

circuit data generated at said eighth step and preparing 
a table linking information instructing the power switch 
cell found by the retrieval and information individually 
instructing all circuit cells in the hierarchical block 
belonging to the same level as the power switch cell. 55 

9. An integrated circuit design method as set forth in claim 
8, further having a sixth step of simulating the operation of 
a circuit according to the description of the circuit data 
generated at said second step, wherein when the circuit data 
includes a description of said power switch cell, 

wherein said sixth step performs 
acquiring a list of signal interconnects included in a 

hierarchical block of the same level as said power 
switch cell when starting said simulation, 

60 

fixing the logical values of the signal interconnects 65 

included in said acquired list to nonspecific values and 
continues the simulation when a control signal instruct-

comprising: 
a circuit data generating means for acquiring first circuit 

data describing a first hierarchical block to which a 
supply of power should be cut off in response to a 
control signal as a first hierarchical block and gener­
ating second circuit data describing a second hierarchi­
cal block with a lower level comprised by said first 
hierarchical block and a virtual switch cell to which 
said control signal is input so that said virtual power 
switch cell of said second circuit data corresponds to at 
least one power switch cell in a real circuit, further 
comprising 

a simulating means for simulating operation of a circuit 
according to a description of the circuit data generated 
at said generating means, wherein when the circuit data 
includes a description of a power switch cell, the 
simulating means 

acquires a list of signal interconnects included in a 
hierarchical block of the same level as said power 
switch cell when starting a simulation, 

fixes the logical values of signal interconnects included in 
said acquired list to nonspecific values and continues 
the simulation when a control signal instructing cutoff 
of power is input to said power switch cell in the 
process of said simulation operation, and 

releases the fix of the logical values of the signal inter­
connects included in said acquired list to nonspecific 
values and continues the simulation when a control 
signal instructing supply of power is input to said 
power switch cell in the process of said simulation 
operation. 
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12. An integrated circuit design system for designing an 
integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure in which a lower hierar­
chical block is included in an upper hierarchical block, 
comprising: 5 

a circuit data generating means for acquiring first circuit 
data describing a first hierarchical block to which a 
supply of power should be cut off in response to a 
control signal as a first hierarchical block and gener­
ating second circuit data describing a second hierarchi- 10 

cal block with a lower level comprised by said first 
hierarchical block and a virtual switch cell to which 
said control signal is input so that said virtual power 
switch cell of said second circuit data corresponds to at 
least one power switch cell in a real circuit, wherein: 15 

said circuit data generating means includes 
a first circuit data generating means for generating circuit 

data describing said second hierarchical block based on 
circuit data describing said first hierarchical block and 

a second circuit data generating means for generating 20 

circuit data of a logic circuit comprised by combining 
predetermined circuit cells by logic combining process-
ing on the circuit data generated at said first circuit data 
generating means, and 

said second circuit data generating means examines 25 

whether or not there is a power switch cell at the same 
level or an upper level for each hierarchical block of the 
circuit data generated at said first circuit data generat-
ing means, performs said logic combining processing 
by using the information of circuit cells previously 30 

prepared for a circuit cut off in power for a hierarchical 
block in which there is a power switch cell at the same 
level or an upper level as a result of the examination, 
and performs said logic combining processing by using 
information of circuit cells previously prepared for a 35 

circuits not cut off in power for a hierarchical block in 
which there is no power switch cell at the same level or 
an upper level. 

13. An integrated circuit design program stored in a 
computer readable medium for enabling a machine for 40 

making a computer design an integrated circuit based on 
circuit data describing a logic circuit by a hierarchical 
structure in which a lower hierarchical block is included in 
an upper hierarchical block, comprising: 

a first step of acquiring first circuit data describing a 45 

circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and 

a second step of generating second circuit data describing 
a second hierarchical block with a lower level com­
prised by said first hierarchical block and a virtual 50 

power switch cell to which said control signal is input 
so that said virtual power switch cell of said second 
circuit data corresponds to at least one power switch 
cell in a real circuit, further comprising 

a third step of simulating the operation of a circuit 55 

according to the description of the circuit data gener­
ated at said second step, wherein when the circuit data 
includes a description of said power switch cell, 

wherein said third step performs 
acquiring a list of signal interconnects included in a 60 

hierarchical block of the same level as said power 
switch cell when starting said simulation, 

fixing the logical values of the signal interconnects 
included in said acquired list to nonspecific values and 
continues the simulation when a control signal instruct- 65 

ing cutoff of the power is input to said power switch 
cell in the process of said simulation operation, and 

18 
releasing the fix of the logical values of the signal 

interconnects included in said acquired list to the 
nonspecific values and continues the simulation when a 
control signal instructing supply of power is input to 
said power switch cell in the process of said simulation 
operation. 

14. An integrated circuit design program stored in a 
computer readable medium for enabling a machine for 
making a computer design an integrated circuit based on 
circuit data describing a logic circuit by a hierarchical 
structure in which a lower hierarchical block is included in 
an upper hierarchical block, comprising: 

a first step of acquiring first circuit data describing a 
circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and 

a second step of generating second circuit data describing 
a second hierarchical block with a lower level com­
prised by said first hierarchical block and a virtual 
power switch cell to which said control signal is input 
so that said virtual power switch cell of said second 
circuit data may correspond to at least one power 
switch cell in a real circuit, wherein said second step 
includes 

a third step of generating circuit data describing said 
second hierarchical block based on the circuit data 
acquired at said first step, 

a fourth step of examining whether or not there is a power 
switch cell at the same level or an upper level for each 
hierarchical block of the circuit data generated at said 
third step, and 

a seventh step of generating circuit data of a logic circuit 
comprised by combining predetermined circuit cells by 
logic combining processing on the circuit data gener­
ated at said third step, and 

wherein said seventh step carries out said logic combining 
processing by using the information of circuit cells 
previously prepared for a circuit whose power is cut off 
for a hierarchical block in which there is a power switch 
cell at the same level or an upper level as a result of the 
examination at said fifth step and carries out said logic 
combining processing by using the information of 
circuit cells previously prepared for a circuit whose 
power is not cut off for a hierarchical block in which 
there is no power switch cell at the same level or an 
upper level. 

15. An integrated circuit design method for designing an 
integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure in which a lower hierar­
chical block is included in an upper hierarchical block, 
comprising: 

a first step of acquiring first circuit data describing a 
circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and 

a second step of generating second circuit data describing 
a second hierarchical block with a lower level com­
prised by said first hierarchical block and a virtual 
power switch cell to which said control signal is input 
so that said virtual power switch cell of said second 
circuit data corresponds to at least one power switch 
cell in a real circuit, further having a third step of 
simulating the operation of a circuit according to the 
description of the circuit data generated at said second 
step, wherein when the circuit data includes a descrip­
tion of said power switch cell, 
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wherein said third step performs 
acquiring a list of signal interconnects included in a 

hierarchical block of the same level as said power 
switch cell when starting said simulation, 

fixing the logical values of the signal interconnects 5 

included in said acquired list to nonspecific values and 
continues the simulation when a control signal instruct­
ing cutoff of power is input to said power switch cell in 
the process of said simulation operation, and 

releasing the fix of the logical values of the signal 10 

interconnects included in said acquired list to nonspe­
cific values and continues the simulation when a con-
trol signal instructing supply of power is input to said 
power switch cell in the process of said simulation 
operation. 15 

16. An integrated circuit design method for designing an 
integrated circuit based on circuit data describing a logic 
circuit by a hierarchical structure in which a lower hierar­
chical block is included in an upper hierarchical block, 
comprising: 20 

a first step of acquiring first circuit data describing a 
circuit whose power should be cut off in response to a 
control signal as a first hierarchical block and 

a second step of generating second circuit data describing 
a second hierarchical block with a lower level com- 25 

prised by said first hierarchical block and a virtual 
power switch cell to which said control signal is input 

20 
so that said virtual power switch cell of said second 
circuit data corresponds to at least one power switch 
cell in a real, wherein said second step includes 

a third step of generating circuit data describing said 
second hierarchical block based on circuit data 
acquired at said first step, 

a fourth step of examining whether or not there is a power 
switch cell at the same level or said upper level for each 
hierarchical block of the circuit data generated at said 
fourth process, and 

a fifth step of generating circuit data of the logic circuit 
comprised by combining predetermined circuit cells by 
logic combining processing on the circuit data gener­
ated at said fourth step, and 

wherein said fifth step performs said logic combining 
processing by using information of the circuit cells 
previously prepared for a circuit whose power should 
be cut off for a hierarchical block in which there is a 
power switch cell at the same level or an upper level as 
a result of the examination at said fourth step and 
performs said logic combining processing by using 
information of the circuit cells previously prepared for 
a circuit whose power is not cut off for a hierarchical 
block in which there is no power switch cell at the same 
level or an upper level. 

* * * * * 
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