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(57) ABSTRACT 

A semiconductor design support device for designing a semi­

conductor integrated circuit includes a behavioral descrip­
tion, an RTL description, and a latency analyzer. The behav­
ioral description describes an algorithm of processing 
performed by hardware in a motion level. The RTL descrip­
tion is generated by reading the behavioral description and 
recognizes a concept including register and clock synchro­
nism peculiar to the hardware. The latency analyzer analyzes 
a result of a logic simulation performed on the RTL descrip­
tion to calculate a latency in each block representing an opera­
tion in a predetermined unit in the behavioral description. 

10 
.-, 

4 Claims, 3 Drawing Sheets 
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FIG. 2 
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SEMICONDUCTOR DESIGN SUPPORT 
DEVICE, SEMICONDUCTOR DESIGN 

SUPPORT METHOD, AND MANUFACTURING 
METHOD FOR SEMICONDUCTOR 

INTEGRATED CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is based on and claims priority 
from Japanese Patent Application No. 2007-038603 filed on 
Feb. 19, 2007 in the Japan Patent Office, the entire contents of 
which are hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Exemplary aspects of the present invention relate to a semi­

conductor design support device, a semiconductor design 
support method, and a manufacturing method, and more par­
ticularly, to a semiconductor design support device and a 
semiconductor design support method for designing a semi­
conductor integrated circuit and a method for manufacturing 
the semiconductor integrated circuit. 

2. Description of the Related Art 
Advances in semiconductor manufacturing technologies 

increase a degree of integration of a semiconductor at an 
increased speed. Accordingly, an LSI (large scale integration) 
circuit has come to have greater size and complexity. On the 
other hand, a life cycle of an electronic device including the 
LSI is becoming shorter. Therefore, a circuit design is 
requested to be completed in a shorter time period. However, 
known design methods may not design the LSI having the 
required greater size and complexity effectively. Thus, vari-
ous EDA ( electronic design automation) tools for describing 
a design at an increased abstract level are proposed. 

One example of the EDA tool is a behavioral synthesis tool. 

2 
cuit. In one aspect of the present invention, the novel semi­
conductor design support device includes a behavioral 
description, an RTL description, and a latency analyzer. The 
behavioral description is configured to describe an algorithm 

5 of processing performed by hardware in a motion level. The 
RTL description is generated by reading the behavioral 
description and is configured to recognize a concept includ­
ing register and clock synchronism peculiar to the hardware. 
The latency analyzer is configured to analyze a result of a 

10 
logic simulation performed on the RTL description to calcu­
late a latency in each block representing an operation in a 
predetermined unit in the behavioral description. 

This specification further describes a novel semiconductor 
design support method for designing a semiconductor inte­
grated circuit. In one aspect of the present invention, the novel 

15 semiconductor design support method includes describing an 
algorithm of processing performed by hardware in a motion 
level to generate a behavioral description, reading the behav­
ioral description to generate an RTL description for recogniz­
ing a concept including register and clock synchronism pecu-

20 liar to the hardware, and analyzing a result of a logic 
simulation performed on the RTL description to calculate a 
latency in each block representing an operation in a predeter­
mined unit in the behavioral description. 

This specification further describes a novel method for 
25 manufacturing a semiconductor integrated circuit. In one 

aspect of the present invention, the novel method includes 
describing an algorithm of processing performed by hard­
ware in a motion level to generate a behavioral description, 
reading the behavioral description to generate an RTL 

30 description for recognizing a concept including register and 
clock synchronism peculiar to the hardware, and analyzing a 
result of a logic simulation performed on the RTL description 
to calculate a latency in each block representing an operation 
in a predetermined unit in the behavioral description. The 

35 method further includes designing a circuit based on the 
calculated latency, creating a layout of the circuit, generating 
a photomask based on the layout of the circuit, and transfer­
ring a pattern of the photomask onto a semiconductor wafer. 

The behavioral synthesis tool generates an RTL (register 
transfer level) description from a behavioral description for 
describing an operation of hardware. The RTL description is 
input to a logic synthesis tool. The behavioral description 40 

describes an algorithm of processing to be executed by the 
hardware directly in a motion level, and does not recognize a 
concept of clock cycles. On the other hand, the RTL descrip­
tion recognizes a concept peculiar to the hardware, such as 
register and clock synchronism. The behavioral synthesis tool 45 

automatically synthesizes the behavioral description into the 
RTL description to increase the abstract level of the design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and the 
many attendant advantages thereof will be readily obtained as 
the same becomes better understood by reference to the fol­
lowing detailed description when considered in connection 
with the accompanying drawings, wherein: 

FIG. 1 is a functional block diagram of a semiconductor 
design support device for designing a semiconductor inte­
grated circuit according to an exemplary embodiment of the 
present invention; 

FIG. 2 is an illustration of one example of a behavioral 
description included in the semiconductor design support 
device shown in FIG. 1; 

When the behavioral synthesis tool generates the RTL 
description, a latency in the RTL description needs to be 
checked. The latency denotes a total number of clock cycles 50 

needed to complete processing for total input data. The 
latency generally varies depending on type of the input data. 
Therefore, a logic simulation ( e.g., an RTL simulation) is 
performed on the RTL description to calculate the latency 
based on the simulation result. 

FIG. 3 is an illustration of one example of a correspon-
55 dence table included in the semiconductor design support 

device shown in FIG. 1; When the latency is calculated by performing the RTL 
simulation, a target function may not finish with a desired 
latency. In this case, the behavioral description is checked to 
determine which part of the behavioral description consumes 
a great number of clock cycles (e.g., which part of the behav- 60 

ioral description has a great latency). However, known meth-
ods may not check the behavioral description effectively. 

SUMMARY OF THE INVENTION 

This specification describes a novel semiconductor design 
support device for designing a semiconductor integrated cir-

65 

FIG. 4 is an illustration of one example of latency infor­
mation included in the semiconductor design support device 
shown in FIG. 1; and 

FIG. 5 is a flowchart illustrating operations of the semicon­
ductor design support device shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In describing preferred embodiments illustrated in the 
drawings, specific terminology is employed for the sake of 

Cadence Design Systems, Inc. - Ex. 1001, Page 00005
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clarity. However, the disclosure of this patent specification is 
4 

FIG. 3 illustrates an example of the correspondence table 5 
(depicted in FIG. 1). The correspondence table 5 contains 
three categories of information, that is, a block name, a start 
state, and a finish state. The block name shows each block in 

not intended to be limited to the specific terminology so 
selected, and it is to be understood that each specific element 
includes all technical equivalents that operate in a similar 
manner. 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts through-
out the several views, particularly to FIG. 1, a semiconductor 
design support device 10 for designing a semiconductor inte­
grated circuit according to an exemplary embodiment of the 
present invention is explained. 

5 the behavioral description 1 (depicted in FIG. 1). The block 
name includes a file name, a line number, and a block type 
indicated as "the file name_the line number_the block type", 
for example. "if' or "case" may be used to show the block 
type. However, other characters may be used. The start state 

10 shows a state in which an execution of a block starts. The start 

As illustrated in FIG. 1, the semiconductor design support 
device 10 includes a behavioral description 1, a behavioral 
synthesizer 2, an RTL (register transfer level) description 4, a 
correspondence table 5, a logic simulator 6, latency informa- 15 

tion 8, and a latency information display 9. The behavioral 
synthesizer 2 includes a correspondence table generator 3. 
The logic simulator 6 includes a latency analyzer 7. 

The behavioral synthesizer 2 reads the behavioral descrip­
tion 1 to generate the RTL description 4 and the correspon- 20 

dence table 5 by using a known algorithm for behavioral 
synthesization. The correspondence table 5 contains informa­
tion showing to which state in a state machine ( e.g., a state 
transition machine) in the RTL description 4 each block in the 
behavioral description 1 corresponds. The block represents 25 

motion in a predetermined unit. 
When the behavioral synthesizer 2 generates the RTL 

description 4, a latency in the RTL description 4 needs to be 
checked. The latency denotes a total number of clock cycles 
needed to complete processing for total input data. The 30 

latency generally varies depending on type of the input data. 
Therefore, a logic simulation ( e.g., an RTL simulation) is 
performed on the RTL description 4 to calculate the latency 
based on the simulation result. The latency may be calculated 
without the RTL simulation. However, in most cases, the RTL 35 

simulation is needed. 
Referring to FIG. 2, the following describes the latency 

calculated by performing the RTL simulation. FIG. 2 illus­
trates the behavioral description 1 as an example description 
in a motion level. The behavioral description 1 includes 40 

blocks 41 and 42. The blocks 41 and 42 include motion in a 
predetermined unit written in C language in braces { } . 

state includes each state in a state machine ( e.g., a finite state 
machine) in the RTL description 4 (depicted in FIG. 1), for 
example. However, the start state may be shown by using a file 
name and a line number in the RTL description 4 instead of 
the state machine. The finish state shows a state in which the 
execution of the block finishes. In the following description, 
a block name "filel_l02_if' in FIG. 3 corresponds to the 
block 41 in FIG. 2.A block name "file! 104_else" in FIG. 3 
corresponds to the block 42 in FIG. 2. 

As illustrated in FIG.1, the correspondence table generator 
3 generates the correspondence table 5, in which each block 
in the behavioral description 1 corresponds to the states in the 
RTL description 4, based on the behavioral description 1 and 
the RTL description 4 automatically converted from the 
behavioral description 1 by the behavioral synthesizer 2. For 
example, the correspondence table generator 3 divides the 
behavioral description 1 into blocks representing motion in a 
predetermined unit. The correspondence table generator 3 
refers to details about behavioral synthesis processes to iden­
tify which block in the behavioral description 1 corresponds 
to a state in the RTL description 4. The behavioral synthesis 
processes include CDFG (control data flow graph) conver­
sion, scheduling, allocation (e.g., data path allocation), and 
state machine generation. The correspondence table genera­
tor 3 specifies a start and a finish of a block as the start state 
and the finish state, respectively, to identify a range of a state 
corresponding to the block. 

The logic simulator 6 performs a logic simulation on the 
RTL description 4. The latency analyzer 7 refers to the logic 
simulation result and the correspondence table 5 to calculate 
a latency in each block in the behavioral description 1. The 
latency information display 9 displays the calculated latency. 

The latency analyzer 7 monitors a state transition based on 
When the behavioral description 1 is input into the behav­

ioral synthesizer 2 (depicted in FIG. 1) to generate the RTL 
description 4 ( depicted in FIG. 1), a total number of process­
ing cycles in the block 41 and a total number of processing 
cycles in the block 42 in the RTL description 4 are not known 
before the RTL simulation is performed, because the number 
of processing cycles in the blocks 41 and 42 may vary depend­
ing on input data to be processed. The blocks 41 and 42 
represent motion in a predetermined unit. 

45 the logic simulation result. Referring to FIG. 3, the following 
describes the monitoring performed by the latency analyzer 7 
(depicted in FIG. 1). In FIG. 3, states Sl0 and S21 are shown 
as start and finish states, respectively. When the logic simu­
lation reaches the state Sl 0, the latency analyzer 7 recognizes 

For example, two clock cycles are needed for processing in 
the block 41 and three clock cycles are needed for processing 
in the block 42. The behavioral synthesizer 2 generates the 
RTL description 4. A logic simulation is performed on the 
RTL description 4 by inputting data to be processed. One 
million cycles are performed in the block 41 and ten thousand 
cycles are performed in the block 42. In this case, a total 
latency in the block 41 is two million clock cycles which is 
obtained by multiplying two by one million, and a total 
latency in the block 42 is thirty thousand clock cycles which 
is obtained by multiplying three by ten thousand. Therefore, 
to reduce the total latency for the data, not the processing 
cycles of the block 42 but the processing cycles of the block 

50 that an execution of the block "filel_l02_if' (e.g., the block 
41 depicted in FIG. 2) starts. When the logic simulation 
proceeds and reaches the state S21, the latency analyzer 7 
recognizes that the execution of the block 41 finishes. The 
latency analyzer 7 calculates a difference between a time of 

55 the state S21 and a time of the state Sl0 by using a timer (not 
shown), and stores the difference as a latency of the block 41. 
When the block 41 is executed again, the latency analyzer 7 
calculates another latency in the similar method, and adds the 
calculated latency to the previously calculated latency. As 

60 illustrated in FIG. 3, states S12 and S30 are also specified as 
start and finish states, respectively. Thus, a block may have 
one or more start states. 

41 need to be reduced. When the RTL simulation is performed 65 

by using another input data, the total latency in the block 42 
may be greater than the total latency in the block 41. 

FIG. 4 illustrates an example table of a total latency in each 
block calculated by the latency analyzer 7 ( depicted in FIG. 1) 
displayed by the latency information display 9 ( depicted in 
FIG. 1). The example table includes the block name and the 
total latency. However, the example table may further include 
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a function. Namely, the latency information display 9 may 
display latency information 8 (depicted in FIG. 1) per func­
tion. 

FIG. 5 is a flowchart illustrating operations for calculating 
the total latency for each block in the behavioral description 1 5 

(depicted in FIG. 1). In step Sl0l, the semiconductor design 
support device 10 (depicted in FIG. 1) creates the behavioral 
description 1 for describing an algorithm for executing pro­
cessing directly in a motion level language. In step S102, the 
behavioral synthesizer 2 (depicted in FIG. 1) performs a 10 

behavioral synthesization. For example, the behavioral syn­
thesizer 2 automatically converts the behavioral description 1 
into the RTL description 4 (depicted in FIG. 1). As described 
above, the behavioral synthesis processes include CDFG con­
version, scheduling, allocation (e.g., data path allocation), 15 

and state machine generation. In step Sl 03, the RTL descrip­
tion 4 is obtained by the behavioral synthesis processes. In 
step Sl 04, the correspondence table generator 3 ( depicted in 
FIG. 1) refers to the behavioral description 1, the RTL 
description 4, and the behavioral synthesis processes to gen- 20 

erate the correspondence table 5 (depicted in FIG. 1). 
In step Sl 05, the correspondence table 5 is obtained. In step 

S106, the logic simulator 6 (depicted in FIG. 1) performs a 
logic simulation on the RTL description 4 to verify a logical 
function and a time of a designed logical circuit. In step S107, 25 

the simulation result is obtained. In step S108, the latency 
analyzer 7 ( depicted in FIG. 1) performs a latency analysis to 
calculate a total latency in each block in the behavioral 
description 1 based on a relationship between each block in 
the behavioral description 1 and states in the RTL description 30 

4 in the correspondence table 5 and the logic simulation 
result. In step S109, the total latency in each block is obtained 

6 
exemplary embodiment and various modifications and 
improvements are possible without departing from the spirit 
and scope of the invention. 

For example, the semiconductor design support device 10 
operates in accordance with processing executed by a com­
puter including a CPU ( central processing unit) according to 
a command of a program. The program sends commands to 
elements of the computer to cause the elements of the com-
puter to perform the above-described processing. Specifi­
cally, the CPU generates the correspondence table 5 in which 
the behavioral description 1 corresponds to the RTL descrip­
tion 4. The CPU refers to the logic simulation result and the 
correspondence table 5 to calculate the total latency in each 
block in the behavioral description 1. Thus, the program and 
the computer may form the semiconductor design support 
device 10 for performing the above-described processing. 

A computer-readable recording medium ( e.g., a storage 
media) stores a program code of software for providing the 
above-described functions. A computer including the semi­
conductor design support device 10 may read and execute the 
program code stored in the storage media to perform the 
above-described functions. The program code may be down­
loaded into the computer including the semiconductor design 
support device 10 via a communication line instead of the 
storage media, and the downloaded program code may be 
executed to perform the above-described functions. 

In this case, the program code read from the storage media 
or downloaded via the communication line is executed to 
perform the above-described processing and functions. 
Namely, the storage media storing the program code may 
provide the above-described processing and functions. The 
storage media storing the program code may include a floppy 
disk, a hard disk, an optical disk, a magneto-optical disk, a 

as latencyinformation8 (depictedinFIG.1). In step Sll0, the 
latency information display 9 (depicted in FIG. 1) displays 
the latency information 8. 35 CD-ROM (compact disc read-only memory), a CD-R (com­

pact disc recordable), a nonvolatile memory card, a ROM 
(read-only memory), and magnetic tape. 

As illustrated in FIG. 1, according to this exemplary 
embodiment, the behavioral synthesizer 2 includes the corre­
spondence table generator 3 and the logic simulator 6 
includes the latency analyzer 7. However, the behavioral syn­
thesizer 2 may be separately provided from the correspon- 40 

dence table generator 3 and the logic simulator 6 may be 
separately provided from the latency analyzer 7. In this case, 
the automatic conversion function for automatically convert-
ing the behavioral description 1 into the RTL description 4 is 
separately provided from the generation function for gener- 45 

ating the correspondence table 5. Namely, the behavioral 
synthesizer 2 and the correspondence table generator 3 have 
the automatic conversion function and the generation func­
tion, respectively. The logic simulation function is separately 
provided from the latency analysis function. Namely, the 50 

logic simulator 6 and the latency analyzer 7 have the logic 
simulation function and the latency analysis function, respec­
tively. 

According to this exemplary embodiment, the correspon­
dence table generator 3 generates the correspondence table 5 55 

in which each block in the behavioral description 1 corre­
sponds to the states in the RTL description 4. The latency 
analyzer 7 refers to the correspondence table 5 and the simu­
lation result of the logic simulation performed on the RTL 
description 4 to easily calculate a latency in each block in the 60 

behavioral description 1. Thus, the semiconductor design 
support device 10 may easily determine which part of the 
behavioral description 1 is effectively corrected to reduce the 
latency. 

The above-described exemplary embodiment is one 65 

example of the present invention. Therefore, the present 
invention is not limited to the details of the above-described 

A circuit may be designed by using the above-described 
semiconductor design support method to create a layout. A 
photomask may be created based on the layout of the 
designed circuit. A pattern of the photomask may be trans-
ferred onto a semiconductor wafer to manufacture a semicon­
ductor integrated circuit to perform the above-described pro­
cessing and functions. 

According to the above-described exemplary embodiment, 
when designing a semiconductor integrated circuit, a logical 
function and a time of a designed logical circuit may be 
effectively verified by performing an RTL simulation. Fur­
ther, the design of the semiconductor integrated circuit may 
be corrected in an early stage of design processes based on the 
verification result. 

Although the present invention has been described above 
with reference to specific embodiments, the present invention 
is not limited to the details of the embodiments described 
above and various modifications and improvements are pos­
sible without departing from the spirit and scope of the inven­
tion. It is therefore to be understood that, within the scope of 
the appended claims, the present invention may be practiced 
otherwise than as specifically described herein. For example, 
elements and/or features of different illustrative embodi­
ments may be combined with each other and/or substituted 
for each other within the scope of the present invention and 
appended claims. 

What is claimed is: 
1. A semiconductor design support device for designing a 

semiconductor integrated circuit, the device comprising: 
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a behavioral description configured to describe an algo­
rithm of processing performed by hardware in a motion 
level; 

an RTL description generated by reading the behavioral 
description, the RTL description configured to recog- 5 

nize a concept including register and clock synchronism 
particular to the hardware; 

a latency analyzer configured to analyze a result of a logic 
simulation performed on the RTL description to calcu­
late a latency in each block representing an operation in 10 

a predetermined unit in the behavioral description; 
a correspondence table in which each block in the behav­

ioral description corresponds to a state in the RTL 
description; and 

a correspondence table generator configured to generate 
the correspondence table. 

2. The semiconductor design support device according to 
claim 1, 

15 

wherein the latency analyzer refers to the result of the logic 20 
simulation and the correspondence table generated by 
the correspondence table generator to calculate the 
latency in each block in the behavioral description. 

3. A manufacturing method for manufacturing a semicon­
ductor integrated circuit, the method comprising: 

8 
describing an algorithm of processing performed by hard­

ware in a motion level to generate a behavioral descrip­
tion; 

reading the behavioral description to generate an RTL 
description for recognizing a concept including register 
and clock synchronism particular to the hardware; 

analyzing a result of a logic simulation performed on the 
RTL description to calculate a latency in each block 
representing an operation in a predetermined unit in the 
behavioral description; 

designing a circuit based on the calculated latency; 
creating a layout of the circuit; 
generating a photomask based on the layout of the circuit; 
transferring a pattern of the photomask onto a semiconduc-

tor wafer; and 
generating a correspondence table in which each block in 

the behavioral description corresponds to a state in the 
RTL description. 

4. The manufacturing method according to claim 3, further 
comprising: 

referring to the result of the logic simulation and the cor­
respondence table to calculate the latency in each block 
in the behavioral description. 

* * * * * 

Cadence Design Systems, Inc. - Ex. 1001, Page 00008




