








































































US 2003/0005399 A1 

LAYOUT DESIGN SYSTEM, LAYOUT DESIGN 
METHOD AND LAYOUT DESIGN PROGRAM OF 
SEMICONDUCTOR INTEGRATED CIRCUIT, AND 
METHOD OF MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from prior Japanese Patent Application 
P2001-115780 filed on Apr. 13, 2001; the entire contents of 
which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a layout design 
System of Semiconductor integrated circuits facilitating an 
automatic Selection of a wiring pattern by use of CAD, and 
more particularly to a layout design System of Semiconduc 
tor integrated circuits for designing a terminal layout of an 
oblique wiring pattern, a layout design method, and a layout 
design program. The present invention further relates to a 
manufacturing method of Semiconductor integrated circuits 
using the layout design System, layout design method and 
layout design program. 

0004 2. Description of the Related Art 
0005 Progress of LSI technologies makes the circuit 
Scale larger, and this causes an increase in an amount of logic 
design computations for the circuit. Accordingly, as a logic 
design method capable of effectively utilizing computers, a 
logic design by use of Computer Aided Design (CAD) has 
been carried out. 

0006. In designing interconnection of basic horizontal 
and Vertical lines in the orthogonal coordinate System on 
CAD, horizontal and vertical lines often terminate at an 
intersection point of two or more orthogonal lines. When the 
horizontal lines and the vertical lines are formed in different 
levels in an actual Semiconductor device, a via hole must be 
formed at the terminal portions of the metal lines to connect 
the horizontal and vertical lines three-dimensionally. AS a 
matter of course, a connection pattern corresponding to the 
via hole must be defined at the terminal portions of the 
horizontal and vertical lines even in a layout by use of CAD. 
0007 Generally, if two basic orthogonal lines having an 
ordinary width W terminate at an intersection, wire termi 
nating proceSS is carried out to extend the ends of the 
orthogonal lines by W/2. 
0008 FIGS. 1A to 1E illustrate an example of the wire 
terminating process of the basic orthogonal lines of the 
minimum width. In FIG. 1A, a horizontal line 901 and a 
vertical line 903 intersect each other and terminate there. In 
a CAD System, only the interSection point at which the 
center lines 902 and 904 of the respective lines intersect each 
other is recognized as an intersection point 908. The CAD 
System does not recognize the Overlap of the two orthogonal 
lines at all. 

0009. When, in an actual semiconductor device, the hori 
Zontal line 901 is formed in a lower level and the vertical line 
902 is formed in an upper level, these two lines must be 
connected three-dimensionally by use of a via hole. AS a 
matter of course, the CAD layout requires a connection 
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pattern 905 for connecting the two lines. The connection 
pattern 905 has a bottom metal 901 a which is a part of the 
end portion of the line 901 in the lower level, a top metal 
903a, which is a part of the end portion of the line 903 in the 
upper level, and an opening pattern (hereinafter, referred to 
as a “cut pattern” or simply as a “cut”) 907 for connecting 
the top and bottom metals 903a and 901a. 
0010. In the example of FIGS. 1A to 1E, since the CAD 
recognizes that the two lines interSect each other, it is 
possible to define the connection pattern 905 at the inter 
section point 908 on the layout. However, since an over 
lapped area where the horizontal and vertical lines 901 and 
903 overlap is very small in the state of FIG. 1A, even when 
the via hole is formed based on the connection pattern 905 
in the actual Semiconductor integrated circuit, the connec 
tions of the upper and lower levels and the via hole cannot 
be achieved Successfully. 
0011 To overcome this problem, in the design system of 
the Semiconductor integrated circuits, the ends of the hori 
Zontal and vertical lines 901 and 903 are respectively 
extended by W/2, as shown in FIG. 1B, so that the two lines 
completely overlap at their end portions. Then, wire termi 
nating process is carried out So as to place the connection 
pattern 905 on the overlapped area, as shown in FIG. 1C. 

0012 FIG. 1D illustrates the shape of the connection 
pattern 905 at the end portion of the basic orthogonal lines 
at which they intersect each other, when viewed from above. 
Since the connection pattern 905 is placed on the intersec 
tion of the basic orthogonal lines, the connection pattern 905 
has a square shape when viewed from above. FIG. 1E is a 
side view of the shape of the connection pattern 905. The 
lower metal 901a and the upper metal 903a are connected by 
the cut 907. 

0013 FIG. 2 illustrates another example of wire termi 
nating process of two orthogonal lines having wide widths. 
In this case, the two wider orthogonal lines interSect and 
terminate at the interSection point. These wider lines are 
Special lines Such as a power Source line and a clock line, 
and Subjected to a wire terminating process Similarly to 
general Signal lines. A connection pattern 915 is placed on 
an overlapped area where a wider horizontal line 911 and a 
wider vertical line 913 intersect. At this time, since the 
overlapped area is made wider, a plurality of cuts 917 are 
provided in one connection pattern. Also in this case, both of 
the horizontal and vertical lines 911 and 913 are extended by 
W/2, and a metal pattern completely including the connec 
tion pattern 915 having the plurality of cuts 917 is placed in 
the overlapped area. 

0014. It is easy for the CAD system to carry out the wire 
terminating process to design interconnection consisting of 
only basic orthogonal lines in the horizontal and vertical 
directions, as in the examples shown in FIGS. 1 and 2. 
0015. However, as the configuration of semiconductor 
integrated circuits is made finer, higher precision is required 
in every respect including a manufacturing proceSS and 
components of a Semiconductor integrated circuit. Particu 
larly, a delay component caused by an interconnection (or a 
wiring) significantly affects the performance of the inte 
grated circuit as the integrated circuit is made finer. There 
fore, it is an important Subject how to reduce Such a delay 
in the integrated circuit. 
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0016. Most of the delay components of the interconnec 
tion are caused by a line resistance. The most effective way 
to reduce the line resistance is to reduce a line length. 
Accordingly, it has been proposed to use oblique lines, in 
addition to the basic orthogonal lines extending in the 
horizontal and vertical directions, to reduce the distance 
between two points in a Semiconductor circuit. There is also 
a proposal to design a circuit layout using oblique lines on 
CAD. In this case, as the lines including the oblique lines are 
made in the form of multi-level Structure composed of a 
larger number of levels, for example, the shape and the 
forming process of via holes connecting basic orthogonal 
lines in a lower level and oblique lines in an upper level must 
be contrived. 

0.017. The inventors of the present invention have pro 
posed in U.S patent application Ser. No. 09/338,593 a 
technique for greatly reducing a line resistance of oblique 
lines itself. This is achieved by setting the width and film 
thickness of the oblique line to 2/2 times as large as those of 
the basic orthogonal lines. In this gazette, a technology for 
fully Securing a cut area by contriving the shape of a via hole 
connecting metal lines of different levels is also proposed. In 
order to realize a high-speed operation of an integrated 
circuit, the inventors also proposed a tree-type clock Supply 
line path comprised of a combination of oblique lines and 
the basic orthogonal lines. FIG. 3 illustrates a line structure 
using the oblique lines. As shown in FIG. 3, considered is 
the line Structure having a horizontal first-level metal line 
921, a vertical second-level metal line 922, a horizontal 
third-level metal line 923, an oblique fourth-level metal line 
924, and a fifth-level metal line 925 perpendicular to the 
fourth-level metal line 924. When the first-level metal line 
921, the second-level metal line 922 and the third-level 
metal line 923 have a line width W, respectively, the 
fourth-level metal line 924 and the fifth-level metal line 925 
have a line width of 2/2W. 

0.018. The inventors of the present invention have pro 
posed a wire terminating proceSS method for lines on a 
layout in U.S. patent application Ser. No. 09/771,050 when 
oblique lines are used. FIGS. 4A to 4C illustrate the wire 
terminating process for an oblique line. AS Shown in FIG. 
4A, when a horizontal line 941 of a minimum line width 
extending in the horizontal direction is generated and an 
oblique line 943 having a line width 2 times as wide as that 
of the horizontal line 941 and extending at an oblique angle 
relative to the horizontal line 941 is generated, a cut 947 is 
provided. FIG. 4B is a drawing when the cut 947 is viewed 
from above, and FIG. 4C is a drawing when the cut 947 is 
viewed laterally. FIGS.5A, 5B and 5C illustrate an inter 
Section Structure of a line with a minimum line width in the 
oblique line. As shown in FIG. 5A, when a horizontal line 
941 is generated in a lower level and an oblique line 943 is 
generated in an upper level, a connection pattern (via) 945 
is provided. At this time, a wire terminating proceSS So as to 
delete a metal at a shaded area is carried out. FIG. 5B is a 
drawing when the connection pattern (via) 945 is viewed 
from above, and FIG. 5C is a drawing when the connection 
pattern (via) 945 is viewed laterally. At this time, the 
connection pattern 945 has an upper metal portion 943a 
having a parallelogram shape and a lower metal portion 
941a having a rectangular shape. 

0019. On the other hand, in the line layout system, there 
has been one basic VIA shape using the line for each 
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technology. Alternatively, a large VIA using one basic VIA 
shape (for example, a rectangular shape is typical) in plural 
has been defined or automatically generated. 
0020. However, in the line layout method using an 
oblique line, a wide line Space is consumed when a line is 
bent in the same line level, and hence there has been a 
problem that a degree of line integration is lowered and a 
data amount in a mask generation operation increases. 
0021 Moreover, in consideration for various line layout 
methods, the necessity to Selectively perform an optional 
VIA in accordance with a line pattern and to perform a wire 
terminating process Suitable for the respective VIA shapes 
has been arisen. 

SUMMARY OF THE INVENTION 

0022. A layout design system of a semiconductor inte 
grated circuit, comprising: a library information Storage unit 
configured to register a basic via shape list; a technology 
database Storage unit configured to register a list expressing 
an optimum wire terminating process for each via shape of 
Said basic via shape list registered in Said library information 
Storage unit; and a central processing control unit configured 
to refer to the lists respectively registered in Said library 
information Storage unit and Said technology database Stor 
age unit, Select an optimum line processing, and execute a 
line design. 
0023. A computer implemented layout design method, 
comprising: preparing a basic via shape list and registering 
the basic via Shape list in a library information Storage unit; 
referring to Said basic via shape list registered in Said library 
information Storage unit, preparing a list expressing an 
optimum wire terminating process for each via shape of Said 
basic via shape list, and registering the list in a technology 
database Storage unit, referring to the list registered in Said 
technology database Storage unit, and Selecting an optimum 
line processing to perform the Selected line processing, and 
Selecting an optimum via. 
0024. A line design program for allowing a computer to 
execute, comprising: preparing a basic Via Shape list, and 
registering the basic via shape list in a library information 
Storage unit, referring to Said basic via shape list registered 
in Said library information Storage unit, preparing a list 
expressing an optimum wire terminating process for each 
via shape of Said basic via shape list, and registering the list 
in a technology database Storage unit; referring to the list 
registered in Said technology database Storage unit, and 
Selecting an optimum line processing to perform the Selected 
line processing, and Selecting an optimum via. 
0025. A computer implemented layout design method, 
comprising: generating a first line having a first line width 
and extending in a predetermined direction; generating a 
Second line having a Second line width, extending in a 
direction different from Said first line, and having its termi 
nal end overlapping a terminal end of Said first line; Stretch 
ing Said first line in a longitudinal direction thereof; Stretch 
ing Said Second line in a longitudinal direction thereof by a 
length /2 times as long as the Second line width; deleting a 
projection from the terminal end of Said first line and the 
terminal end of Said Second line, the projection protruding 
from an overlapped area where the terminal end of Said first 
line and the terminal end of Said Second line overlap; and 
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Setting a connection pattern having a polygon connecting 
Said first and Second lines at an interSection point of a 
longitudinal center line of Said first line and a longitudinal 
center line of Said Second line. 

0026. A manufacturing method of a semiconductor inte 
grated circuit, comprising: forming a first line extending in 
a predetermined direction on a Semiconductor Substrate; 
forming a level interlayer insulating film on Said first line; 
forming a polygon via hole penetrating through Said level 
interlayer insulating film; forming a connection conductive 
portion filling Said polygon via hole and connecting with 
Said first line; and forming a Second line extending at an 
angle unperpendicularly relative to Said first line and having 
a terminal end connected to Said connection conductive 
portion. 

BRIEF DESCRIPTION OF DRAWINGS 

0027 FIGS. 1A to 1E are plan views showing a terminal 
layout of basic orthogonal lines of a minimum line width, 
which is produced by a layout design method. 

0028 FIG. 2 illustrates a terminal layout of basic 
orthogonal lines with a wide width produced by the layout 
design method. 

0029 FIG. 3 illustrates a line structure using oblique 
lines. 

0030 FIGS. 4A to 4C illustrate wire terminating pro 
ceSSS of the oblique lines. 

0031 FIGS.5A to 5C illustrate intersection structures of 
lines with a minimum line width in the oblique lines. 
0.032 FIG. 6 is a function block diagram of a layout 
design System of a Semiconductor integrated circuit accord 
ing to an embodiment of the present invention. 
0033 FIG. 7 is a function block diagram of a layout 
design System of a Semiconductor integrated circuit accord 
ing to the embodiment of the present invention, in which a 
plurality of central processing control units are provided. 

0034 FIG. 8 is an example of data of a library informa 
tion Storage unit in the layout design System of the Semi 
conductor integrated circuit according to the embodiment of 
the present invention. 

0035 FIG. 9 is an example of data of a technology 
database Storage unit in the layout design System of the 
Semiconductor integrated circuit according to the embodi 
ment of the present invention. 

0.036 FIG. 10 is a flowchart showing an external control 
Style in the layout design System of the Semiconductor 
integrated circuit according to the embodiment of the 
present invention. 

0037 FIG. 11 is a flowchart showing a layout design 
module in the layout design System of the Semiconductor 
integrated circuit according to the embodiment of the 
present invention. 

0.038 FIG. 12 is a flowchart showing a line processing 
module in the layout design System of the Semiconductor 
integrated circuit according to the embodiment of the 
present invention. 
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0039 FIG. 13 is a flowchart showing an optimized VIA 
Selection module in the layout design System of the Semi 
conductor integrated according to the embodiment of the 
present invention. 
0040 FIGS. 14A to 14G illustrate examples of line 
processing patterns and VIA Styles in the layout design 
System of the Semiconductor integrated circuit according to 
the embodiment of the present invention. FIGS. 15A to 15E 
are drawings for explaining a layout design method accord 
ing to a first embodiment of the present invention: FIG. 15A 
and FIG. 15B are plan views of oblique lines and horizontal 
lines; FIG. 15C illustrates shapes of the oblique line and the 
horizontal line after a wire terminating process, and FIG. 
15D and FIG. 15E are a top view and a sectional view 
showing a shape of a connection pattern. 
0041 FIGS. 16A to 16D show a line layout formed on 
CAD by a layout design method according to a Second 
embodiment of the present invention. 
0042 FIGS. 17A and 17B are drawings for explaining a 
layout design method according to a third embodiment of 
the present invention: FIG. 17A is a plan view of an oblique 
line and a horizontal line; and FIG. 17B illustrates shapes of 
the oblique line and the horizontal line after a wire termi 
nating process. 

0043 FIGS. 18A and 18B are drawings for explaining a 
layout design method according to a modification of the 
third embodiment of the present invention: FIG. 18A is a 
plan view of an oblique line and a horizontal line; and FIG. 
18B illustrates shapes of the oblique line and the horizontal 
line after a wire terminating process. 
0044 FIGS. 19A and 19B are drawings for explaining a 
layout design method according to a fourth embodiment of 
the present invention: FIG. 19A is a plan view of an oblique 
line and a horizontal line; and FIG. 19B illustrates shapes of 
the oblique line and the horizontal line after a wire termi 
nating process. 
004.5 FIGS. 20A and 20B are drawings for explaining a 
layout design method according to a modification of the 
fourth embodiment of the present invention: FIG. 20A is a 
plan view of an oblique line and a horizontal line; and FIG. 
20B illustrates shapes of the oblique line and the horizontal 
line after a wire terminating process. 
0046 FIGS. 21A to 21C are drawings for explaining a 
layout design method according to a fifth embodiment of the 
present invention: FIGS. 21A and 21B are plan views of an 
oblique line and a horizontal line; and FIG. 21C illustrates 
shapes of the oblique line and the horizontal line after a wire 
terminating process. 

0047 FIGS. 22A to 22D are drawings for explaining a 
layout design method according to a sixth embodiment of 
the present invention: FIG.22A is a plan view of an oblique 
line and a horizontal line; FIGS. 22B and 22C are a top 
View and a side view showing a shape of a connection 
pattern; and FIG.22D illustrates a shape of the oblique line 
and the horizontal line after a wire terminating process. 
0048 FIGS. 23A to 23D are drawings for explaining a 
layout design method according to a modification of the 
sixth embodiment of the present invention: FIG. 23A is a 
plan view of an oblique line and a horizontal line; FIGS. 
23B and 23C are a top view and a side view showing a 
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shape of a connection pattern; and FIG. 23D illustrates a 
shape of the oblique line and the horizontal line after a wire 
terminating process. 
0049 FIGS. 24A and 24B are drawings for explaining a 
layout design method according to a modification of a 
seventh embodiment of the present invention: FIG. 24A is 
a plan view of an oblique line and a horizontal line; and FIG. 
24B illustrates shapes of the oblique line and the horizontal 
line after a wire terminating process. 
0050 FIGS. 25A and 25B are drawings for explaining a 
layout design method according to a modification of an 
eighth embodiment of the present invention: FIG. 25A is a 
plan view of an oblique line and a horizontal line; and FIG. 
25B illustrates shapes of the oblique line and the horizontal 
line after a wire terminating process. 
0051 FIGS. 26A to 26D are drawings for explaining a 
layout design method according to a ninth embodiment of 
the present invention. 
0.052 FIG. 27 is a schematic plan view showing a part of 
a Semiconductor integrated circuit fabricated based on a 
terminal layout of an oblique line generated by the layout 
design method of the present invention. 
0053 FIGS. 28A to 28C illustrate an exposure mask set 
according to the embodiment of the present invention, which 
is fabricated based on a line pattern generated by the layout 
design method of the present invention. 
0.054 FIG. 29 is a sectional view schematically showing 
a part of a Semiconductor interacted circuit having an 
oblique line Structure. 
0055 FIGS. 30A to 30H are drawings showing forma 
tion steps of the oblique line structure shown in FIG. 29. 
0056 FIG. 31 is a plan view of a semiconductor inte 
grated circuit having a clock tree constituted by the oblique 
lines according to the embodiment of the present invention. 
0057 FIG. 32 is a plan view of a second semiconductor 
integrated circuit with a larger Scale according to the 
embodiment of the present invention, and shows an example 
using the clock tree of the oblique line shown in FIG. 31 for 
each block. 

0.058 FIG.33 is a plan view of another example of the 
second semiconductor integrated circuit shown in FIG. 32 
0059 FIG. 34 is a plan view of a third semiconductor 
integrated circuit having a clock mesh using the oblique line 
according to the embodiment of the present invention. 
0060 FIG. 35 is a plan view of a fourth semiconductor 
integrated circuit with a lager Scale according to the embodi 
ment of the present invention, and shows an example using 
the clock mesh of the oblique line shown in FIG. 34 for each 
block. 

0061 FIG. 36 is a plan view of a fifth semiconductor 
integrated circuit having a clock mesh using the oblique line 
Structure according to the embodiment of the present inven 
tion. 

0062 FIG. 37 is a plan view of a sixth semiconductor 
integrated circuit having a clock mesh using the oblique line 
Structure according to the embodiment of the present inven 
tion. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0063 Various embodiments of the present invention will 
be described with reference to the accompanying drawings. 
It is to be noted that the same or similar reference numerals 
are applied to the Same or similar parts and elements 
throughout the drawings, and the description of the same or 
Similar parts and elements will be omitted or simplified. 
0064 Generally and as it is in the representation of 
Semiconductor devices, it will be appreciated that the Vari 
ous drawings are not drawn to Scale from one figure to 
another nor inside a given figure, and in particular that the 
layer thicknesses are arbitrarily drawn for facilitating the 
reading of the drawings. 
0065. In the following descriptions, numerous specific 
details are Set fourth Such as Specific Signal values, etc. to 
provide a thorough understanding of the present invention. 
However, it will be obvious to those skilled in the art that the 
present invention may be practiced without Such specific 
details. In other instances, well-known circuits have been 
shown in block diagram form in order not to obscure the 
present invention in unnecessary detail. 

SYSTEM CONSTITUTION AND EMBODIMENT 
OF PROCESSING CONTENTS 

0066. The layout design system for the embodiment of 
the present invention includes an input unit 1, a display unit 
2, an output unit 3., a temporary Storage unit 4, a library 
information Storage unit 5, a technology database Storage 
unit 6, a Place and Route (P&R: layout) database storage 
unit 7, and a central processing control unit 8, as shown in 
F.G. 6. 

0067. In the library information storage unit 5, a basic 
VIA shape list is registered, which is obtained from a top 
View and a Sectional view of VIA and defines a size and a 
shape of the VIA. Specifically, data as shown in FIG. 8 is 
registered in the library information Storage unit 5. In the 
technology database Storage unit 6, a layout design method 
which shows a wire terminating process most Suitable for 
respective VIA shapes and uses these line widths and VIA 
sizes as parameters is registered in the form of a list. 
Specifically, data as shown in FIG. 9 is registered. In the P 
& R database Storage unit 7, coordinate data concerning a 
layout processing is registered. 
0068 The central processing control unit 8 executes 
processings for the layout design System of the Semicon 
ductor integrated circuit, and includes a layout design mod 
ule 8a, a line processing module 8b, and an optimum VIA 
selection module 8c. The layout design module 8a executes 
general processingS Such as a line processing and a layout 
processing which are executed on CAD, in accordance with 
information input via the input unit 1. The line processing 
module 8b is a processing module concerning particularly a 
line in the layout design module 8a. The line processing 
module 8b prepares a detailed line route and gives a decision 
of a design rule violation as to the selected VIA and the wire 
terminating process. The optimum VIA Selection module 8c 
is a processing module concerning Selections of the VIA and 
the wire terminating process, particularly, and Selects the 
VIA in accordance with line interSection conditions. 

0069. The input unit 1 is constituted by a keyboard, a 
mouse, a Voice device and the like, and the display unit 2 is 

Page 40 of 51



US 2003/0005399 A1 

constituted by a liquid crystal display, a CRT display and the 
like. The output unit 3 is constituted by an ink-jet printer, a 
laser printer and the like. In the temporary Storage unit 4, a 
ROM and a RAM are incorporated. The ROM functions as 
a program memory or the like Storing a program executed by 
the central processing control unit 8, and the RAM stores 
data used when the program is executed in the central 
processing control unit 8 and functions as a data memory 
used as a work area. 

0070 Although there is no illustration in FIG. 6 for the 
following module, the central processing control unit 8 also 
includes a module for controlling the input/output of the 
input unit 1, the display unit 2, the output unit 3, the 
temporary Storage unit 4, the library information Storage unit 
5, the technology database storage unit 6, and the P&R 
database Storage unit 7. 
0071. As shown in FIG. 7, the central processing control 
unit 8 may be a multi-processor System including the 
plurality of central processing control units Such as a first 
central processing control unit 8k, a Second central proceSS 
ing control unit 81, a third central processing control unit 
8m, . . . In this case, the first to third central processing 
control units 8k to 8m may include the layout design module 
8a, the line processing module 8b, and the optimum VIA 
Selection module 8c, respectively. Alternatively, the respec 
tive central processing control units may execute a Specified 
processing module. The layout design system of FIG. 7 can 
reduce more loads for the central processing control unit 
than that of FIG. 6, and can execute Speedier processings. 
0.072 A flowchart showing a control style from the 
outside will be described with reference to FIG. 10. An 
execution order of respective processings is not limited to 
the following. 
0073 (a) First, in step S101, reading of the library 
information Storage unit 5 and preparation of the technology 
database Storage unit 6 are instructed via the input unit 1. 
Herein, the layout design System refers to the library infor 
mation Storage unit 5 and acquires a basic VIA shape list. 
0074 (b) Furthermore, in step S102, preparation of a 
pattern of the wire terminating process method prepared in 
step S101 is instructed via the input unit 1. 
0075 (c) Next, in step S103, instruction of a basic VIA 
library is performed based on the wire terminating proceSS 
pattern prepared in Step S102, and instruction of the wire 
terminating proceSS method is performed via the input unit 
1 in step S104. 
0076) (d) Finally, in step S105, referring to the technol 
ogy database Storage unit 6, a layout processing is executed 
based on the VIA library and the wire terminating process 
method decided in steps S103 and S104. At this time, data 
concerning the layout processing is recorded in the P&R 
database Storage unit 7. Moreover, layout pattern data as to 
the decided layout is output either to the display unit 2 or to 
the output unit 3. 
0077. A flowchart of the layout design module 8a will be 
described with reference to FIG. 11. An execution order of 
respective processings is not limited to the following. 

0078 (a) In step S201, reading of the library information 
storage unit 5 is performed so as to correspond to step S101 
of FIG. 10, and preparation of the technology database 
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Storage unit 6 is performed. Herein, library data having 
various VIA shapes is read, and a Suitable layout design 
method is prepared before execution of an actual line to form 
the layout design method in the form of a library. At this 
time, to compress an amount of the library data, the wire 
terminating process method using the line interSection con 
ditions, the line width, the shape and size of the VIA as 
parameters is patterned and Stored. 

0079 (b) Next, a wire terminating process pattern is 
prepared in step S202 corresponding to step S102. 

0080 (c) Next, in step S203, an arrangement processing 
of an element, a bock and a module is executed, and 
preparation of an outline line route is performed in Step 
S204. 

0081 (d) Further, preparation of a detailed line route and 
decisions of an optimum VIA and a wire terminating process 
are performed in step S205 in accordance with the outline 
route prepared in step S204. 

0082 (e) Finally, in step S205, layout pattern data is 
output as layout results. 

0083) In steps S202 to S206 of FIG. 11, the technology 
database storage unit 6 and the P&R database storage unit 7 
are updated at any time. 

0084. A flowchart of the line processing module 8b will 
be explained with reference to FIG. 12. The processing in 
the line processing module 8b corresponds to the detailed 
processing of step S205 of FIG. 11. An execution order of 
respective processings is not limited to the following. 

0085 (a) First, in step S221, a line area is decided with 
reference to the P&R database storage unit 7, and an outline 
line route is taken in. In accordance with this, in Step S222, 
preparation of a detailed line route is performed. 

0086) (b) Based on the detailed line route obtained in step 
S222, Selections of an optimum VIA and a wire terminating 
process are carried out in Step 223. 

0087 (c) Next, in step S224, calculation of a design cost 
is performed as to the optimum VIA and the wire terminat 
ing process that were decided in Step S223. 

0088 (d) Further, in step S225, a design rule is checked. 
When there is no violation of the design rule in all connec 
tions, a processing for the line area is completed, and a 
design result is stored in the P&R database storage unit 7 in 
Step S226. When a degree of an improvement in the design 
cost in the line area is in a conversion State in Spite that all 
of the design rule Violations cannot be removed, the pro 
cessing of the line area is completed, and a design result is 
stored in the P&R database storage unit 7 in step S226. In 
step S225, when there is a violation in the design rule and 
the degree of the improvement in the design cost is not 
converged, the preparation of the detailed line route is 
performed again in Step S222. 

0089. A flowchart of the optimum VIA selection module 
8c will be described with reference to FIG. 13. A processing 
of the optimum VIA selection module 8c corresponds to the 
detailed processing of step S223 of FIG. 12. An execution 
order of respective processings is not limited to the follow 
Ing. 
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0090 FIGS. 14A to 14C illustrate example of using 
octagonal VIA. FIGS. 14A to 14C are plan view of lower 
level lines 1001 and upper level lines 1002. FIGS. 14D to 
14G illustrate example of using no octagonal VIA. FIG. 
14D illustrates example of using rectangular via for each 
orthogonal line 1003 and 1004. FIG. 14E illustrates 
example for case where oblique line 1005 is used for upper 
level and orthogonal line 1006 is used for lower level. FIG. 
14F illustrates example for case where oblique lines 1007 
and 1008 is used for upper level. FIG. 14G illustrates 
example for case where upper level is orthogonal line 1009 
and lower level is oblique line 1010. 

0.091 (a) First, in step S241, it is decided via the input 
unit 1 whether a VIA applicable to all line directions used, 
which includes an octagonal VIA, a circular VIA and the 
like, can be employed. When the lines of 0°, 90°, 45° and 
135 series are used and the octagonal VIA can be used, the 
VIA pattern shown in FIGS. 14A to 14C is selected in step 
S242, and the procedure is completed. In step S241, when 
the octagonal VIS is not used, the procedure advances to Step 
S243. 

0092 (b) When it is decided that the lower level is an 
orthogonal line in step S243, and when it is decided that the 
upper level is an orthogonal line in step S245, a VIA pattern 
D of FIG. 14D is selected in step S246. 

0093 (c) When it is decided that the lower level is an 
orthogonal line in Step S243, and it is decided that the upper 
level is not an orthogonal line in step S245, a VIA pattern E 
of FIG. 14E is selected in step S247. 

0094) (d) When it is decided that the lower level is not an 
orthogonal line in Step S243, and it is decided that the upper 
level is not an orthogonal line in step S244, a VIA pattern F 
of FIG. 14F is selected in step S249. 

0.095 (e) When it is decided that the lower level is not an 
orthogonal line in Step S243, and it is decided that the upper 
level is an orthogonal line in step S244, a VIA pattern G of 
FIG. 14G is selected in step S248. 

0096. In this embodiment of the present invention, the 
line processing can be performed Smoothly by preparing the 
technology database Storage unit 6 before the line proceSS 
ing. 

0097. In addition, in this embodiment of the present 
invention, it is decided in the optimum VIA selection 
module 8c whether the octagonal VIA is used or not. It may 
be decided prior to the preparation of the line route whether 
the octagonal VIA is used or not. For example, when the 
technology database Storage unit 6 is prepared in Step S201 
of FIG. 11, it is possible to allow the technology database 
Storage unit 6 to decide whether the octagonal VIA is used 
or not. In this case, Since the number of the wire terminating 
proceSS patterns registered in the technology database Stor 
age unit 6 can be reduced, the line processing can be 
performed more Smoothly. 

0.098 As described above, it is possible to provide a 
layout design System and a layout design method of a 
Semiconductor integrated circuit capable of Selecting a line 
layout method using a VIA having an optional shape speed 
ily and effectively, in an actual line processing in which 
various line widths and line interSection conditions occur. 

Jan. 2, 2003 

0099) Detailed descriptions for the VIA patterns Ato G of 
FIGS. 14A to 14G will be described in first to ninth 
embodiments of layout design method. 

First Embodiment of Layout Design Method 

0100. In a first embodiment of a layout design method, an 
embodiment of a layout design method in a case where a 
rectangular VIA is used in lines formed in different levels 
will be described. 

0101 FIG. 15A is a plan view showing a line layout 
prepared on CAD by the layout design method according to 
the first embodiment. First, a horizontal line 11 with a 
minimum width, which extends horizontally, is generated in 
a lower level. Subsequently, an oblique line 13 with a line 
width 2/2 times as wide as that of the horizontal line 11, 
which extends at an oblique angle (an angle of 45 in the first 
embodiment) relative to the horizontal line 11, is generated 
in an upper level. As a matter of course, an oblique line 13 
extending obliquely at an angle Symmetrical to that of FIG. 
15A, that is, an angle of 1352 relative to the horizontal line 
1, may be generated. An interSection point 18 exists at an 
interSection of a longitudinal center line 12 of the horizontal 
line 11 and a longitudinal center line 14 of the oblique line 
13. An end portion of the horizontal line 11 terminates at a 
point apart from the intersection point 18 by a length 2'/2 
times as long as the line width of the horizontal line 11. An 
end portion of the oblique line 13 terminates at a point apart 
from the interSection point 18 by a length /2 times as long 
as the line width of the horizontal line 11. 

0102) A terminal end of the oblique line 13 overlaps a 
terminal end of the horizontal line 11, and forms an over 
lapped area. In this overlapped area, a connection pattern 
(via) 15 for connecting the horizontal and oblique lines 11 
and 13 is set at the intersection point 18. This connection 
pattern is usually called a via (VIA), and corresponds to a via 
hole of an actual Semiconductor integrated circuit. 
0103) In the layout design method according to the first 
embodiment, a deletion of a redundancy portion shown in 
FIG. 15A is carried out. In other words, as shown in FIG. 
15B, the shaded area 19 is deleted in the terminal end of the 
oblique line 13. Thus, the shape after the wire terminating 
process can be obtained, as shown in FIG. 15C. 
0104 Shapes of an upper level metal 17a and a lower 
level metal 17b are not limited to the square shape shown in 
FIG. 15A, and the shapes thereof may be a rectangular 
shape. A shape in which apexes of the rectangular metal area 
are coincident with the edges in the longitudinal direction 
and in the width direction of the horizontal line 11 and the 
oblique line 13 may be adopted. Otherwise, the metal area 
may have a fringe wider than the line widths of the hori 
Zontal line 11 and the oblique line 13. As shown in FIG. 
15A, the upper level metal 17a of the connection pattern 15 
uses a Square area at the end portion of the oblique line 13, 
and the lower level metal 17b uses a Square area at the end 
portion of the horizontal line 11. A cut 17 is set at the 
overlapped area of the upper and lower level metals 17a and 
17b. 

0105 FIGS. 15D and 15E are a top view and a sectional 
view which define the shape of the connection pattern 15A 
with EDA (placement and routing tool). In FIG. 15D, the 
innermost Square with a croSS mark in the connection pattern 

Page 42 of 51



US 2003/0005399 A1 

15 is the cut pattern 17. One side of the connection pattern 
15 has a line width equal to that of the horizontal line 11, and 
a diagonal line thereof has a length 2 times as long as that 
of the horizontal line 11. The cut pattern expresses a cut of 
a via hole in which a high melting point metal Such as doped 
polysilicon, tungsten (W), molybdenum (Mo), titanium (TI), 
or a connection conductive metal Such as Silicide of the 
above materials (WSi, MoSi, TiSi) is buried to connect 
the horizontal line 11 and the oblique line 13 in an actual 
Semiconductor integrated circuit. Hereinafter, the cut pattern 
on the layout is simply referred to as a cut. Moreover, as 
shown in FIG. 15E, in the lower and upper levels, the 
connection pattern 15 has metals with a line width equal to 
that of the horizontal line 11, and the upper and lower level 
metals 17a and 17b are connected by the cut 17. The cut 17 
is completely blocked by the upper level metal 17a. With 
this constitution, it is possible to prevent the lower level 
metal 17b from melting during a high temperature proceSS 
ing in an actual processing. 
0106 A first feature of the layout design method of the 
pattern shown in FIGS. 15A to 15E is that the horizontal line 
11 and the oblique line 13 overlap fully at their terminal 
ends, and there is no projection protruding from a contour of 
each line. Since there is no portion protruding from the 
contour of each line, an increase in coupling capacitance 
between the lines adjacent to each other and an adverse 
influence on a Substrate capacitance hardly exist. Moreover, 
there is no waste of line resources in the oblique line at all. 
Particularly, as shown in FIG. 15C, a line can be generated 
close to the horizontal line 11 because of inexistence of the 
projection. 

0107 A second feature of the layout design method of the 
pattern shown in FIGS. 15A to 15E is that the connection 
pattern 15 can be formed to be rectangular mainly. Drawing 
using the orthogonal line on the same mask requires a very 
Small data amount compared to the case where combinations 
of oblique lines other than the orthogonal lines each inter 
Secting at a right angle, Such as a parallelogram and a 
lozenge, are used. 
0108 Furthermore, this layout design method can pre 
vent melting of the lower level metal in the Semiconductor 
integrated circuit to be manufactured. In addition, the 
oblique line 13 as the upper level and the horizontal line 11 
as the lower level are connected to each other Securely. Since 
the oblique line is used, a speed of a Signal arrival to a 
destination point (for example, a flip-flop) can be made 
faster. 

0109) This layout design method further enhances a 
degree of line integration compared to the wire terminating 
proceSS method for lines in which the oblique lines are 
included, and thus it is possible to provide the layout design 
method capable of reducing a chip size. 

Second Embodiment of Layout Design Method 

0110. In a second embodiment of the layout design 
method, an embodiment of the layout design method in 
which a rectangular VIA is used in lines of different levels 
and, particularly, an oblique line has a wider width will be 
described. 

0111. A line layout will be described with reference to 
FIGS. 16A to 16D. 
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0112 As shown in FIG.16A, a horizontal line 21 extend 
ing horizontally (in a third level) and a vertical line 26 
perpendicular to the horizontal line 21 are generated in a 
lower level (a second level). Next, an oblique line 23 with 
a wider width, which extends obliquely at an angle unper 
pendicularly relative to the horizontal and vertical lines 21 
and 26, is generated in an upper level (a forth level). 
Terminal ends of the horizontal, Vertical and oblique lines 
21, 26 and 23 are coincident with each other, and a connec 
tion pattern (via) 25 is set at this portion. In this case, the 
shaded area 27 of the terminal end of the oblique line 23 is 
deleted, and the connection pattern (via) 25 is set. 
0113. As shown in FIG. 16B, a horizontal line 31a and 
a horizontal line 31b extending horizontally (in a forth level) 
are generated in the lower level (a third level). Next, an 
oblique line 33 with a wider width, which extends obliquely 
at an angle unperpendicularly relative to the horizontal lines 
31a and 31b, is generated in the upper level. In this case, the 
shaded area 36 at the terminal end of the oblique line 33 is 
deleted, and a connection pattern (via) 35 is set. In FIG. 
16B, the connection patterns (via) 35a and 35b may be set 
at the portion where the terminal ends of the horizontal line 
31a and the oblique line 33 overlap, and the connection 
pattern (via)35c may be set at the portion where the terminal 
ends of the horizontal line 31b and the oblique line 33 
overlap. 
0114. As shown in FIG.16C, a horizontal line 41 extend 
ing horizontally is generated in the lower level. Next, an 
oblique line 43 with a wider width, which extends obliquely 
at an angle unperpendicularly relative to the horizontal line 
41, is generated in the upper level. The terminal ends of the 
horizontal line 41 and the oblique line 43 are coincident with 
each other, and a connection pattern (via) 45 is set at this 
portion. In this case, the shaded area 46 at the terminal end 
of the oblique line 43 is deleted, and the connection pattern 
(via) 45 is set. 
0115. As shown in FIG. 16D, a horizontal line 51a and 
a horizontal line 51b which extend horizontally (in a forth 
level) are generated in the lower level (a third level). Next, 
an oblique line 53 with a wider width, which obliquely 
extends at an angle unperpendicularly relative to the hori 
Zontal lines 51a and 51b, is generated in the upper level. In 
this case, the shaded area 56 at the terminal end of the 
oblique line 53 is deleted, and a connection pattern (via) 55 
is set. Connection patterns (via) 55a and 55c are set at the 
portion where the horizontal line 51a and the oblique line 53 
overlap, and connection patterns (via) 55d and 55fare set at 
the portion where the horizontal line 51b and the oblique line 
53 overlap. In addition, in accordance with the line width of 
the oblique line 53, connection patterns (via) 55b and 55e 
may be set at the portion that is a middle position between 
the connection patterns (via) 55a and 55c and at the position 
that is a middle position between the connection patterns 
(via) 55d and 55f, respectively. In the example of FIG. 16D, 
though one via is Set at the middle position, it is not always 
necessary to Set the via in accordance with the line width of 
the oblique line 53, and two or more vias may be set. 

Third Embodiment of Layout Design Method 
0116. In a third embodiment of the layout design method, 
an embodiment of the layout design method in which a 
rectangular VIA is used for lines formed of the same level, 
and, particularly, an oblique line has a wide width will be 
described. 
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0117 FIG. 17A is a plan view showing a line layout 
prepared on CAD by the layout design method according to 
the third embodiment. First, a horizontal line 61 extending 
horizontally is generated. Subsequently, an oblique line 63 
which has a wider line width than the horizontal line 61 and 
obliquely extends at an angle unperpendicularly relative to 
the horizontal line 61 is generated. An intersection point 68 
exists at an interSection of a longitudinal center line 62 of the 
horizontal line 61 and a longitudinal center line 64 of the 
oblique line 63. An end portion of the horizontal line 61 
terminates at a position apart from the interSection point 68 
by a length /2 times as long as the line width of the oblique 
line 63. An end portion of the oblique line 63 terminates at 
a position apart from the interSection point 68 by a length /2 
times as long as the line width of the horizontal line 61. A 
terminal end of the oblique line 63 overlaps a terminal end 
of the horizontal line 61, thus forming an overlapped area. 
In this overlapped area, a turn via 65 connecting the hori 
Zontal line 61 and the oblique line 63 is set at the intersection 
point 68. 
0118. In the layout design method according to the third 
embodiment, a deletion of a redundancy portion is per 
formed. Specifically, as shown in FIG. 17A, the shaded area 
69 is deleted in the terminal end of the oblique line 63. Thus, 
the shape after the wire terminating proceSS is obtained as 
shown in FIG. 17B. 

0119) A first feature of the layout design method of the 
pattern shown in FIGS. 17A and 17B is that the horizontal 
line 61 and the oblique line 63 fully overlap in their terminal 
ends, and there is no projection protruding from a contour of 
each line. Since there is no portion protruding from the 
contour of each line, an increase in coupling capacitance 
between the lines adjacent to each other and an adverse 
influence on a Substrate capacitance hardly exist. Moreover, 
there is no waste of line resources in the oblique line at all. 
Particularly, as shown in FIG. 17B, a line can be generated 
close to the horizontal line 61 because of inexistence of the 
projection. 

0120) A second feature of the layout design method of the 
pattern shown in FIGS. 17A and 17B is that the turn via 65 
can be formed to be rectangular mainly. Drawing using the 
orthogonal line on the same mask requires a very Small data 
amount compared to the case where combinations of oblique 
lines other than the orthogonal lines each interSecting at a 
right angle, Such as a parallelogram and a lozenge, are used. 

0121. As a modification of the third embodiment, an 
embodiment of the layout design method in which a rect 
angular VIA is used in lines of the same level and particu 
larly a horizontal line has a wider width will be described. 
0.122 FIG. 18A is a plan view showing a line layout 
prepared on CAD 6 by the layout design method according 
to the modification of the third embodiment. A horizontal 
line 71 having a wider line width, which extends horizon 
tally, is generated. Subsequently, an oblique line 73 with a 
narrower line width compared to the horizontal line 71, 
which extends obliquely at an angle unperpendicularly rela 
tive to the horizontal line 71, is generated. An interSection 
point 78 exists at an interSection of a longitudinal center line 
72 of the horizontal line 71 and a longitudinal center line 74 
of the oblique line 73. An end portion of the horizontal line 
71 terminates at a position apart from the interSection point 
78 by a length /2 times as long as the line width of the 
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oblique line 73. An end portion of the oblique line 73 
terminates at a position apart from the interSection point 78 
by a length /2 times as long as the line width of the 
horizontal line 71. A terminal end of the oblique line 73 
overlaps a terminal end of the horizontal line 71, and forms 
an overlapped area. In this overlapped area, a turn Via 75 
connecting the horizontal line 71 and the oblique line 73 is 
set at the intersection point 78. 
0123. In the modification of the third embodiment, a 
deletion of a redundancy portion is performed. Specifically, 
as shown in FIG. 18A, the shaded area 79 is deleted in the 
terminal end of the horizontal line 71 and the terminal end 
of the oblique line 73. Thus, the shape after the wire 
terminating process is obtained as shown in FIG. 18B. 

Fourth Embodiment of Layout Design Method 

0.124. In a fourth embodiment of the layout design 
method, an embodiment of the layout design method in a 
case of lines in the same level. 

0.125 FIG. 19A is a plan view showing a line layout 
prepared on CAD by the layout design method according to 
the fourth embodiment. First, a first horizontal line 81a with 
a minimum line width, which extends horizontally, is gen 
erated. Subsequently, a first oblique line 83a with the same 
line width as that of the first horizontal line 81a, which 
extends obliquely at an angle unperpendicularly relative to 
the first horizontal line 81a, is generated. An interSection 
point 88a exists at an interSection of a longitudinal center 
line 82a of the first horizontal line 81a and a longitudinal 
center line 84a of the first oblique line 83a. An end portion 
of the first horizontal line 81a terminates at a position apart 
from the intersection point 88a by a length /2 times as long 
as the line width of the first oblique line 83a. An end portion 
of the first oblique line 83a terminates at a position apart 
from the intersection point 88a by a length /2 times as long 
as the line width of the first horizontal line 81a. A terminal 
end of the first oblique line 83a overlaps a terminal end of 
the first horizontal line 81a, and forms an overlapped area. 
In this overlapped area, a first turn via 85a connecting the 
first horizontal line 81a and the first oblique line 83a is set 
at the intersection point 88a. Moreover, the shaded area 89 
is deleted in the terminal end of the first horizontal line 81a 
and the terminal end of the first oblique line 83a. 
0.126 A second horizontal line 81b with a minimum line 
width, which extends horizontally, is generated. Subse 
quently, a second oblique line 83b with a line width 2% 
times as long as that of the second horizontal line 81b, which 
extends obliquely at an angle unperpendicularly relative to 
the Second horizontal line 81b, is generated. An interSection 
point 88 exists at an interSection of a longitudinal center line 
82b of the second horizontal line 81b and a longitudinal 
center line 84b of the second oblique line 83b. An end 
portion of the second horizontal line 81b terminates at a 
position apart from the intersection point 88b by a length /3 
times as long as the line width of the Second oblique line 
83b. An end portion of the second oblique line 83b termi 
nates at a position apart from the intersection point 88b by 
a length /2 times as long as the line width of the Second 
horizontal line 81b. A terminal end of the second oblique 
line 83.b overlaps a terminal end of the second horizontal line 
81b, and forms an overlapped area. In this overlapped area, 
a second turn via 85b connecting the second horizontal line 

Page 44 of 51



US 2003/0005399 A1 

81b and the second oblique line 83b is set at the intersection 
point 88b. Moreover, the shaded area is deleted in the 
terminal end of the second oblique line 83b. 
0127 Thus, the shape after the wire terminating process 
as shown in FIG. 19B is obtained. 

0128. A feature of the layout design method of the pattern 
shown in FIGS. 19A and 19B is that the horizontal lines 81a. 
and 81b and the oblique lines 83a and 83b fully overlap in 
their terminal ends, and there is no projection protruding 
from a contour of each line. Since there is no portion 
protruding from the contour of each line, an increase in 
coupling capacitance between the lines adjacent to each 
other and an adverse influence on a Substrate capacitance 
hardly exist. Moreover, there is no waste of line resources in 
the oblique line at all. 
0129. As a modification of the fourth embodiment, an 
embodiment of the layout design method in which a rect 
angular VIA is used in lines of the same level and particu 
larly a horizontal line has a wider width will be described. 
0130 FIG. 20A is a plan view showing a line layout 
prepared on CAD by the layout design method according to 
the modification of the fourth embodiment. A horizontal line 
91 having a wider line width, which extends horizontally, is 
generated. Subsequently, an oblique line 93 with a narrower 
line width compared to the horizontal line 91, which extends 
obliquely at an angle unperpendicularly relative to the 
horizontal line 91, is generated. An intersection point 98 
exists at an interSection of a longitudinal center line 92 of the 
horizontal line 91 and a longitudinal center line 94 of the 
oblique line 93. An end portion of the horizontal line 91 
terminates at a position apart from the interSection point 98 
by a length /2 times as long as the line width of the oblique 
line 93. An end portion of the oblique line 93 terminates at 
a position apart from the intersection point 98 by a length /2 
times as long as the line width of the horizontal line 91. A 
terminal end of the oblique line 93 overlaps a terminal end 
of the horizontal line 91, and forms an overlapped area. In 
this overlapped area, a turn via 95 connecting the horizontal 
line 91 and the oblique line 93 is set at the intersection point 
98. 

0131. In the modification of the fourth embodiment, a 
deletion of a redundancy portion is performed. Specifically, 
as shown in FIG. 20A, the shaded 99 area is deleted in the 
terminal end of the horizontal line 91 and the terminal end 
of the oblique line 93. Thus, the shape after the wire 
terminating process is obtained as shown in FIG. 20B. 

Fifth Embodiment of Layout Design Method 
0.132. In a fifth embodiment of the layout design method, 
an embodiment in which a rectangular VIA is used in lines 
of different levels, and a horizontal line and an oblique line 
have wider line widths particularly will be described. 
0133 FIG. 21A shows a line layout prepared on CAD by 
the layout design method according to the fifth embodiment. 
As shown in FIG. 16A, a horizontal line 101 with a wider 
line width, which extends horizontally, is generated in a 
lower level (a third level). Next, an oblique line 103 with a 
wider line width, which extends obliquely at an angle 
unperpendicularly relative to the horizontal line 101, is 
generated in an upper level (a forth level). The horizontal 
line 101 and the oblique line 103 may have the same line 
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width, or alternatively may have the different line widths. An 
interSection point 108 exists at an interSection of a longitu 
dinal center line 102 of the horizontal line 101 and a 
longitudinal center line 104 of the oblique line 103. An end 
portion of the horizontal line 101 terminates at a position 
apart from the intersection point 108 by a length /2 times as 
long as the line width of the oblique line 103. An end portion 
of the oblique line 103 terminates at a position apart from the 
intersection point 108 by a length 2 times as long as the line 
width of the horizontal line 101. 

0134). As shown in FIG. 21B, terminal ends of the 
horizontal and oblique lines 101 and 103 are coincident with 
each other, and an overlapped area is Set at this portion. In 
this case, the shaded area 106 of the terminal end of the 
oblique line 103 is deleted, and a plurality of connection 
patterns (via) 105 are set at the overlapped area. The number 
of the set connection patterns (via) 105 depends on a size of 
the overlapped area. Thus, the shape after the wire termi 
nating process as shown in FIG. 21C is obtained. 

Sixth Embodiment of Layout Design Method 

0135) In sixth to eighth embodiments of the layout design 
method, described are embodiments of the layout design 
method for a horizontal line and an oblique line, in which the 
most Suitable octagonal VIA is used when lines in directions 
of 0°, 90°, 45° and 135° are used. 

0.136 FIG.22A shows a line layout prepared on CAD by 
the layout design method according to the Sixth embodiment 
of the layout design method. First, a horizontal line 111 with 
a minimum line width, which extends horizontally, is gen 
erated in a lower level. Subsequently, an oblique line 113 
with the same line width as that of the horizontal line 111, 
which extends obliquely at an angle unperpendicularly rela 
tive to the horizontal line 111, is generated in an upper level. 
An interSection point 118 exists at an interSection of a 
longitudinal center line 112 of the horizontal line 111 and a 
longitudinal center line 114 of the oblique line 113. An end 
portion of the horizontal line 111 terminates at a position 
apart from the intersection point 118 by a length 112 times 
as long as the line width of the oblique line 113. An end 
portion of the oblique line 113 terminates at a position apart 
from the intersection point 118 by a length /2 times as long 
as the line width of the horizontal line 111. A terminal end 
of the oblique line 113 overlaps a terminal end of the 
horizontal line 111, and forms an overlapped area. In this 
overlapped area, a connection pattern (via) 115 connecting 
the horizontal line 111 and the oblique line 113 is set at the 
intersection point 118. Moreover, in the terminal ends of the 
horizontal and oblique lines 111 and 113, the shaded area 
119 is deleted. Thus, the connection pattern (via) 115 forms 
an octagon. As a result, the shape after the wire terminating 
process as shown in FIG. 22D is obtained. 

0137 FIGS. 22B and 22C are a top view and a sectional 
view which define the shape of the connection pattern (via) 
115 with EDA (placement and routing tool). In FIG. 22B, 
the innermost octagon of the connection pattern (via) 115 is 
a cut 117. In addition, as shown in FIG.22C, the connection 
pattern (via) 115 has metals with the same line widths as 
those of the horizontal line 111 and the oblique line 113 in 
lower and upper levels, and the upper level metal 117a and 
the lower level metal 117b are connected by the out 117. The 
cut 117 is blocked by the upper level metal 117a completely. 
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With this constitution, it is possible to prevent the lower 
level metal 117b from melting during a high temperature 
processing in an actual processing. 
0138 FIG. 23A shows a line layout prepared on CAD by 
a modification of the sixth embodiment. First, a horizontal 
line 121 with a minimum line width, which extends hori 
Zontally, is generated in a lower level. Subsequently, an 
oblique line 123 with a line width 2% times as wide as that 
of the horizontal line 121, which extends obliquely at an 
angle unperpendicularly relative to the horizontal line 121, 
is generated in an upper level. An interSection point 128 
exists at an interSection of a longitudinal center line 122 of 
the horizontal line 121 and a longitudinal center line 124 of 
the oblique line 123. An end portion of the horizontal line 
121 terminates at a position apart from the interSection point 
128 by a length /2 times as long as the line width of the 
oblique line 123. An end portion of the oblique line 123 
terminates at a position apart from the interSection point 128 
by a length /2 times as long as the line width of the 
horizontal line 121. A terminal end of the oblique line 123 
overlaps a terminal end of the horizontal line 121, and forms 
an overlapped area. In this overlapped area, a connection 
pattern (via) 125 connecting the horizontal line 121 and the 
oblique line 123 is set at the intersection point 128. More 
over, in the terminal end of the horizontal line 121 and the 
terminal end of the oblique line 123, the shaded area 129 is 
deleted. Thus, the connection pattern (via) 125 forms an 
octagon. As a result, the shape after the wire terminating 
process as shown in FIG. 23D is obtained. 
0139 FIGS. 23B and 23C are a top view and a side view 
which define the shape of the connection pattern (via) 125 
with EDA (placement and routing tool). In FIG. 23B, the 
innermost octagon of the connection pattern (via) 125 is a 
cut 127. In addition, as shown in FIG. 23C, the connection 
pattern (via) 125 has metals with the same line width as that 
of the horizontal line 121 in lower and upper levels, and the 
upper level metal 127a and the lower level metal 127b are 
connected by the cut 127. 
0140. A first feature of the layout design method of the 
pattern shown in FIGS. 22A to 22D and FIGS. 23A to 23D 
is that the horizontal lines 111 and 121 and the oblique lines 
113 and 123 fully overlap in their terminal ends, and there 
is no projection protruding from a contour of each line. 
Since there is no portion protruding from the contour of each 
line, an increase in coupling capacitance between the lines 
adjacent to each other and an adverse influence on a Sub 
Strate capacitance hardly exist. Moreover, there is no waste 
of line resources in the oblique line at all. Particularly, as 
shown in FIGS. 22D and 23D, a line can be generated close 
to the horizontal lines 111 and 121 because of inexistence of 
the projection. 

Seventh Embodiment of Layout Design Method 
0.141. In a seventh embodiment of the layout design 
method, an embodiment of the layout design method of a 
horizontal line and an oblique line in a case where an 
octagonal VIA is used in the lines of the same level will be 
described. 

0142 FIG.24A shows a line layout prepared on CAD by 
the layout design method according to the Seventh embodi 
ment. First, a horizontal line 131 with a minimum line width, 
which extends horizontally, is generated. Subsequently, an 
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oblique line 133 with a different line width from that of the 
horizontal line 131, which extends obliquely at an angle 
unperpendicularly relative to the horizontal line 131, is 
generated. An interSection point 138 exists at an interSection 
of a longitudinal center line 132 of the horizontal line 131 
and a longitudinal center line 134 of the oblique line 133. An 
end portion of the horizontal line 131 terminates at a position 
apart from the intersection point 138 by a length /2 times as 
long as the line width of the oblique line 133. An end portion 
of the oblique line 133 terminates at a position apart from the 
interSection point 138 by a length /2 times as long as the line 
width of the horizontal line 131. A terminal end of the 
oblique line 133 overlaps a terminal end of the horizontal 
line 131, and forms an overlapped area. In this overlapped 
area, a turn via 135 connecting the horizontal line 131 and 
the oblique line 133 is set at the intersection point 138. 
Moreover, the shaded area 139 is deleted in the terminal end 
of the horizontal line 131 and the terminal end of the oblique 
line 133. Thus, the turn via 135 forms an octagon. As a 
result, the Shape after the wire terminating proceSS as shown 
in FIG. 24B is obtained. 

Eighth Embodiment of Layout Design Method 

0143. In an eighth embodiment of the layout design 
method, an embodiment of the layout design method of a 
horizontal line, a vertical line and an oblique line in a case 
where an octagonal VIA is used in branch lines in three or 
more levels will be described. 

014.4 FIG.25A shows a line layout prepared on CAD by 
the layout design method according to the eighth embodi 
ment. First, a vertical line 145 with a minimum line width, 
which extends vertically, is generated in a Second level. 
Subsequently, a horizontal line 141 with a minimum line 
width, which extends horizontally, is generated in a third 
level. Next, an oblique line 143 with a line width different 
from the minimum line width, which extends obliquely at an 
angle unperpendicularly relative to the horizontal line 141 
and the vertical line 145, is generated in a fourth level. An 
interSection point 148 exists at an interSection of a longitu 
dinal center line 142 of the horizontal line 141, a longitu 
dinal center line 146 of the vertical line 145 and a longitu 
dinal center line 144 of the oblique line 143. The horizontal 
line 141 and the vertical line 145 terminate at a position 
apart from the intersection point 148 by a length /2 times as 
long as the line width of the oblique line 143. The oblique 
line 143 terminates at a position apart from the interSection 
point 148 by a length 2 times as long as the line width of 
the horizontal line 141 and the vertical line 145. A terminal 
end of the oblique line 143 overlaps terminal ends of the 
horizontal line 141 and the vertical line 145, and forms an 
overlapped area. In this overlapped area, a connection 
pattern (via) 147 connecting the horizontal line 141, the 
vertical line 145 and the oblique line 143 is set at the 
intersection point 148. Moreover, in the terminal ends of the 
horizontal line 141, the vertical line 145 and the oblique line 
143, the shaded area 149 is deleted. Thus, the connection 
pattern (via) 147 forms an octagon. As a result, the shape 
after the wire terminating process as shown in FIG. 25B is 
obtained. 

0145 AS described in the seventh and eighth embodi 
ments, the octagonal via can be used in the lines of all of the 
patterns. In the octagonal Via, there is no waste of the line 
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recourses at all compared to the rectangular via, lozenge via 
and parallelogram Via, and the lines can be connected by a 
via having a minimum area. 

Ninth Embodiment of Layout Design Method 
0146 In a ninth embodiment of the layout design 
method, an embodiment of the layout design method of a 
horizontal line, a vertical line and an oblique line in a case 
where a VIA comprising an octagonal metal and a rectan 
gular cut is used in branch lines in two or more levels will 
be described. 

0147 FIG. 26A is a top view of a VIA used by the layout 
design method according to the ninth embodiment. AS 
shown in FIG. 26A, a rectangular cut 162 and a metal 161 
are provided. The metal 161 has a shape obtained by cutting 
off four corners of the cut 162, and forms an octagon having 
edges 163a to 163h. 
0148 FIGS. 26B to 26D show a line layout prepared on 
CAD by the layout design method according to the ninth 
embodiment. 

0149. As shown in FIG. 26B, first, a vertical line 152 
with a line width W, which extends vertically, is generated 
in an upper level, and a horizontal line 153 with the line 
width W, which extends horizontally, is generated in a lower 
level. Herein, the VIA shown in FIG. 26A is disposed on an 
intersection point 151 where a longitudinal center line 154 
of the vertical line 152 and a longitudinal center line 155 of 
the horizontal line 153 intersect. In FIG.26B, the edge 163a 
of the metal 161 and a terminal end of the vertical line 152 
are overlapped, and the edge 163g of the metal 161 and a 
terminal end of the horizontal line 153 are overlapped. 
0150. As shown in FIG. 26C, first, an oblique line 156 
with a line width W, which extends obliquely, is generated 
in the upper level, and a horizontal line 153 with the line 
width W, which extends horizontally, is generated in the 
lower level. Herein, the VIA shown in FIG. 26A is disposed 
on the interSection point 151 where a longitudinal center line 
157 of the oblique line 156 and the longitudinal center line 
155 of the horizontal line 153 intersect. In FIG. 26C, the 
edge 163b of the metal 161 and a terminal end of the oblique 
line 156 are overlapped, and the edge 163g of the metal 161 
and the terminal end of the horizontal line 153 are over 
lapped. 

0151. As shown in FIG. 26D, first, the oblique line 156 
with the line width W, which extends obliquely, is generated 
in the lower level, and an oblique line 158 with the line 
width W, which extends obliquely in a different direction 
from the oblique line 156, is generated in the upper level. 
Herein, the VIA shown in FIG. 26A is disposed on the 
intersection point 151 where the longitudinal center line 157 
of the oblique line 156 and a longitudinal center line 159 of 
the oblique line 158 intersect. In FIG. 26D, the edge 163b 
of the metal 161 and the terminal end of the oblique line 156 
are overlapped, and the edge 163h of the metal 161 and a 
terminal end of the oblique line 158 are overlapped. 
0152. In the ninth embodiment, the horizontal line, the 
Vertical line and the oblique line are connected to any of 
other lines among these horizontal, Vertical and oblique 
lines, a countermeasure can be taken by use of the octagonal 
via. Accordingly, Since the same Via can be used for all lines, 
a cost can be decreased. 
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Embodiment of Method of Manufacturing 
Semiconductor Integrated Circuit 

0153. An example in which an oblique line structure is 
formed on a Semiconductor Substrate and a Semiconductor 
integrated circuit is manufactured by use of a mask manu 
factured based on a layout by the above described automatic 
design method will be described below. 
0154 As shown in FIG. 27, an oblique line structure in 
which an oblique line 173 and a basic orthogonal line 
including a horizontal line 171 are intermingled on a tran 
Sistor area 172 of a cell (semiconductor integrated circuit) 
170 is schematically shown, and a detailed line structure and 
the like are omitted. 

O155 To prepare this oblique line structure, design data 
of a mask pattern generated by the automatic design method 
of the foregoing line pattern is input to a computer of a 
pattern generator Such as an optical exposure apparatus, an 
electron beam exposure apparatus and an X-ray exposure 
apparatus, and a predetermined exposure mask (reticle) may 
be drawn by use of the design data. The reticle is prepared 
by ten to Several tens or more in number according to 
manufacturing processes and contents of the Semiconductor 
integrated circuit. FIGS. 28A to 28C show an exposure 
mask set 175 which shows three reticles extracted from a 
part of Such a plurality of reticle Sets. For convenience of 
descriptions, a part of the mask pattern of each mask is 
illustrated. 

0156 The mask set 175 shown in FIGS. 28A to 28C 
includes a first mask 175A, a second mask 175B and a third 
mask 175C. In the first mask 175A, an opaque pattern (light 
Shielding area) 176A Serving as a horizontal line pattern 
(first level line) 176A extending horizontally is formed of a 
chromium (Cr) film or the like on a mask Substrate Such as 
quartz glass. In an opaque area, the Second mask 175B has 
an opening portion 176B Serving as a cut pattern of a via 
hole. The third mask 175C has an opaque pattern composed 
of an oblique line pattern 176C extending obliquely at an 
angle of 45 or 135 relative to the horizontal line pattern. 
The design data is constituted So that a terminal end of the 
oblique line pattern 176C, a position of the cut pattern 176B 
and a terminal end of the horizontal line pattern 176A 
overlap when the first to third masks are overlapped. 
O157. It is possible to realize the oblique line structure as 
shown in FIG.27 by use of a series of mask sets (reticle set) 
including the mask set 175 shown in FIGS. 28A to 28C. To 
form transistor portions and other line Structures, though 
other mask Sets are, as a matter of course, necessary, 
descriptions thereof are omitted. 
0158) As shown in FIG. 29, an oblique line structure 180 
includes: a basic orthogonal line 181 extending horizontally 
or vertically, which is disposed on a first level interlayer 
insulating film 191 son a Si Substrate 190; a second level 
interlayer insulating film 194 disposed on the basic orthogo 
nal line 181; an oblique line 183 disposed on the second 
level interlayer insulating film 194, which is composed of 
oblique lines extending obliquely at an angle of 45 or 135 
relative to the basic orthogonal line 181; a via hole 185 
formed So as to penetrate through an insulating film 182, 
which connects the basic orthogonal line 181 and the 
oblique line 183; and a connection conductive member 
buried in the via hole. A passivation film or a third level 
interlayer insulating film 199 is formed on the oblique line 
183. 
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0159. A connection conductive portion is formed by the 
via hole 185 and the connection conductive member. The 
connection conductive portion can be formed at one or more 
positions including at least an interSection point of a longi 
tudinal center line of the basic orthogonal line 181 and a 
longitudinal center line of the oblique line 183. 
0.160) Note that the technical terms “the first level inter 
layer insulating film' and “the Second level interlayer insu 
lating film' are adopted in consideration for convenience for 
explanations. Actually, it will do that another level interlayer 
insulating film and a metallic line film disposed under the 
first and Second level interlayer insulating films are 
included. 

0161 Referring to FIGS. 30A to 30H, processes for 
forming the oblique line structure 180 of FIG. 29 will be 
described. 

0162 (a) As shown in FIG. 30A, by sputtering or 
vacuum evaporation, a first-level metallic film 192 Such as 
Al alloy is first deposited on the Si Substrate 190 covered 
with the first level interlayer insulating film 191 Such as an 
oxide film (SiO2). The first-level metallic film 192 is depos 
ited by Sputtering and vacuum evaporation. Furthermore, a 
positive-type resist 193 is spin-coated to cover the first-level 
metallic film 192. 

0163) (b) Next, the Si substrate 190 is disposed on an 
exposure Stage of an exposure apparatus Such as a stepper, 
and the positive-type resist 193 is exposed and developed by 
use of the reticle (first mask) 175Ahaving the horizontal line 
pattern. As a result, the resist in a portion corresponding to 
the horizontal line pattern remains as shown in FIG. 30B. 
0164 (c) Using the photoresist pattern in this state as a 
mask, the first-level metallic film 192 is etched by reactive 
ion etching (RIE), and then the resist is removed. Thus, the 
horizontal line 182 is formed as shown in FIG. 30C. 

0165 (d) Next, the second level interlayer insulating film 
194 such as an oxide film, Phosphosilicate-glass (PSG) and 
Boro-phosphate-silicate-glass (BPSG) is deposited on the 
horizontal line 181 by CVD or the like. Then, as shown in 
FIG. 30D, the second level interlayer insulating film 194 is 
covered with a positive-type resist 195. When a negative 
type resist 195 is used in stead of the positive-type resist, it 
is natural that the Second mask 175B shown in FIG. 28B is 
a mask in which black and white turn over. 

0166 (e) The Si substrate 190 is introduced onto the 
exposure Stage of the exposure apparatus again, and a cut 
pattern is exposed and developed by use of the Second mask 
175B. As shown in FIG.30E, a photoresist pattern in which 
only a resist corresponding to an opening pattern of the cut 
is removed is completed. With this photoresist as a mask, a 
via hole 196 is formed in the second level interlayer insu 
lating film 194 by etching such as RIE. 
0167 (f) Thereafter, the positive-type resist 195 is 
removed, and the via hole 196 is filled with the connection 
conductive member such as tungsten (W) by use of a CVD 
method, a Sputtering method and a vacuum evaporation 
method as shown in FIG. 30F. Thereafter, the Surface of the 
resultant Structure is flattened by a chemical mechanical 
polishing (CMP) method or the like. 
0168 (g) As shown in FIG.30G, a second-level metallic 
film 197 Such as Al alloy is formed on the second level 

Jan. 2, 2003 

interlayer insulating film 194 and the connection conductive 
member by Sputtering and vacuum evaporation. Moreover, 
a positive-type resist 198 is spin-coated thereon. 
0169 (h) The oblique line pattern is exposed and devel 
oped by use of the third mask 175C in the stepper. As a 
result, a portion of the resist corresponding to the oblique 
line pattern remains. In this State, the Second-level metallic 
film 197 is etched by use of RIE, and the oblique line 
structure 183 is formed as shown in FIG. 30H. Thereafter, 
a passivation film or a third level interlayer insulating film 
such as an oxide film, PSG, BPSG, a nitride film (SiN.), a 
polyimide film or the like is deposited on the oblique line 
structure 183 by use of the CVD method. 
0170 The example in which the first and second-level 
metallic films 181 and 197 are connected by the connection 
conductive member was described in the above. It is natural 
that the second-level metallic film and the third-level metal 
lic film formed thereon may be connected, and the third 
level metallic film and another metallic film formed thereon 
Such as a fourth-level metallic film may be connected. 
Moreover, as described already, metallic films under the 
first-level metallic film 181 may exist, and it is natural that 
connections of these metallic films and the above metallic 
films are possible. 
0171 In addition, although the method of manufacturing 
a Semiconductor integrated circuit using the exposure mask 
set 175 was described, a method will do, in which a drawing 
apparatus is directly driven with the foregoing design data 
without using the exposure mask Set 175, and drawing is 
performed directly onto a Semiconductor wafer. 
0172 Furthermore, it is easily understood from the pur 
pose of the present invention that at least one of the first and 
second-level metallic films 181 and 197 may be a line other 
than Al alloy, Such as Damascus line of copper (Cu). 
0173 Concrete examples of the semiconductor integrated 
circuit using the layout design method of the present inven 
tion will be described below. 

Example of First Semiconductor Integrated Circuit 

0.174 As shown in FIG. 31, a first semiconductor inte 
grated circuit 200 comprises: a Phase Locked Loop (PLL) 
210 positioned at a corner of a Semiconductor chip; a main 
clock line 201 which extends obliquely from the PLL 210 to 
the-center of the chip at an angle of 45 relative to a basic 
orthogonal coordinate axis and terminates at the center of 
the chip; and a clock tree line which branches Symmetrically 
So as to extend from a terminal end C of the main clock line 
obliquely at angles of 45 and 135 relative to the basic 
orthogonal coordinate axis. In FIG. 31, reference numerals 
1 to 5 represented in bold face type indicate a branch class 
of the clock tree line. 

0.175 Specifically, an oblique line 202 of a second branch 
class symmetrically extends from the terminal end C of the 
main clock line 201 in a direction perpendicular to the main 
clock line 201. Oblique lines 203a and 203b of a third 
branch class extend from both ends of the oblique line 202 
symmetrically with the terminal end C of the main clock line 
201 in a direction perpendicular to the oblique line 202. 
Furthermore, oblique lines 204a to 204d of a fourth branch 
class extend from both ends of each of the oblique lines 203a 
and 203b symmetrically with the main clock line 201. 
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Branch lines extend Symmetrically with the main clock line 
every time when the branch class progresses. 
0176). As a result of adopting such a branch structure, 
trees which are constituted by oblique lines and Symmetrical 
with the center C of the Semiconductor chip are set up all 
over the chip. Although illustrations are not made, basic 
orthogonal lines directly connected to the cell are formed in 
a level under the clock trees using the oblique lines alone, 
and end portions of the oblique lines constituting the clock 
trees are connected to the basic orthogonal lines as the lower 
level through the via hole based on the automatic design 
method of the foregoing terminal layout. 
0177. In the clock tree using the oblique line, lines of the 
Same branch class belong to the same level as a rule. 
Accordingly, all of the four oblique lines 204a to 204d of the 
fourth branch class belong to the same level. Lines which are 
in different branch classes but extend in the same direction 
may belong to the same level or may belong to different 
levels. In the example of FIG. 31, the oblique lines 203a and 
203b of the third branch class and oblique lines 205a to 205h 
of a fifth branch class extending in the same direction as the 
oblique lines 203a and 203b can be formed in the same level 
or in different levels. 

0.178 The greatest effect achieved by using such oblique 
lines is that a calculation to keep balance in designing load 
capacitance and the like is facilitated. In addition, it is 
possible to hold down variations of clock delay accompa 
nied with proceSS change. Moreover, levels of the same 
branch class are disposed in the same level, and the lines are 
made to be Symmetrical. Thus, variations depending on the 
line level are eliminated, and delay of clocks between two 
points can be shortened while keeping balance for load 
capacitance for each branch. 
0179 Although illustrations are not made, it is possible to 
narrow a line width based on a line delay calculation formula 
of Elmor as the branch class progresses. 
0180. With such a constitution, it is possible to realize a 
Semiconductor integrated circuit with high performance 
which Suppresses the load capacitance, operates at a higher 
Speed, and shows fewer variations. 

Example of Second Semiconductor Integrated 
Circuit 

0181. As shown in FIG. 32, a second semiconductor 
integrated circuit 300 comprises: a main PLL310 positioned 
in an end of the circuit, which Supplies global clocks of 
comparatively low frequency (several hundreds MHz); a 
global clock line 312 extending from the main PLL310; and 
a plurality of random blocks 330A and 330B. Each random 
block 330 comprises: a clock driver cell (Delay-Locked 
Loop (DLL) in the eighth embodiment) 320 connected to the 
global clock line 312, and clock treSS constituted of oblique 
lines. 

0182. The main PPL310 regulates phases of clocks with 
integrated circuit devices other than a Semiconductor inte 
grated circuit loading the PPL 310. The global clocks that 
are basic clockS traversing the chip are Supplied from the 
PPL310 to a circuit block or a random block in the chip. The 
circuit block and the random block are an aggregate of 
partial circuits divisionally prepared by the designer, which 
are composed of a plurality of logic circuit modules. The 
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DLL 320 provided in each random block converts the global 
clocks of the comparatively low frequency to local clocks of 
a high frequency (several GHz), and Supplies the high 
frequency clocks to the inside of the random block through 
a related clock tree. 

0183 Although illustrations are not made, also in the 
Second Semiconductor integrated circuit, the clock tree of 
each block 330 is connected to the basic orthogonal line in 
the lower level through the via hole. Specifically, terminal 
ends of the oblique lines constituting the clock tree are 
Surely connected to terminal ends of the basic orthogonal 
lines based on a line layout generated by the foregoing 
automatic design method. 
0.184 As described above, as a LSI is fabricated to be 
more minute, resistivity and capacity of the line greatly 
affect a delay. In the collective Synchronizing design of the 
chip, that is, the Single clock design, to collectively Syn 
chronize the chip of 10 mm Square, a Speed of Several 
hundred MHZ is a limit. If a design more than several 
hundred MHz is desired, a thickness of the clock line must 
be set to several ten to several hundred times that of a 
Standard Signal line. This results in difficulty of manufac 
turing the Semiconductor integrated circuit in terms of 
processes, and in difficulty of handling on CAD. 
0185. Accordingly, by transmitting the global clocks with 
the comparatively low frequency and by Synchronizing each 
local block 330 with a high frequency to be operated like the 
Second Semiconductor integrated circuit, a higher speed 
operation can be realized with the chip size. In addition, 
Since the clock tree is constituted of only the Symmetrical 
oblique lines, there is less delay. 
0186 Since each random block 330 is disposed on both 
sides of the global clock line 312 in the constitution of FIG. 
32, the DLL of each random block 330 can be disposed at 
the end portion of the circuit, and hence a Voltage Supply is 
easy. 

0187. As shown in FIG. 33, in a semiconductor inte 
grated circuit 400, a PLL 410 is disposed at a corner of the 
circuit, and a global clock line 412 for Supplying global 
clocks lies obliquely. Usually, the global clock line 412 for 
Supplying the global clockS is apt to cause a delay. To 
remove the delay at this portion and to Supply the global 
clocks to each random block 430 quickly and approximately 
Simultaneously, the global clock line 412 is made to lie 
obliquely up to the center of the chip, and DLLs 420 of the 
respective random blocks are disposed collectively at the 
center portion. Power is supplied to the DLLS 420 from a 
dedicated area pad (not shown) which is provided on the 
upper Surface of the chip. 
0188 By providing the global clock line 412 obliquely, a 
frequency itself of the global clockS can be raised, and a 
higher speed operation is possible. 

Example of Third Semiconductor Integrated Circuit 

0189 As shown in FIG. 34, a third semiconductor inte 
grated circuit 500 comprises a PLL 510 disposed at a corner 
of a chip, and a clock mesh 520 which is constituted by use 
of oblique lines and Set up approximately all over the chip. 
0.190 Generally, a clock supply source of a mesh struc 
ture is resistant to process variations, and capable of reduc 
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ing variations owing to a delay on the whole. In the Structure 
shown in FIG. 27, since the clock mesh using the oblique 
lines is adopted, a delay shortening effect of the clock can be 
more achieved compared to a mesh using the horizontal and 
Vertical basic orthogonal lines. 
0191 Although illustrations are not made, in a lower 
level of the clock mesh constituted by the oblique lines, a 
basic orthogonal line level connected directly to the cell is 
provided. The oblique lines constituting the clock mesh and 
the basic orthogonal lines provided in the lower level are 
connected through a via hole based on a terminal layout 
generated by the foregoing automatic design method. 

Example of Fourth Semiconductor Integrated 
Circuit 

0192 As shown in FIG. 35, a fourth semiconductor 
integrated circuit 600 comprises: a main PLL 610 disposed 
at an end portion of the circuit, which Supplies global clockS 
of a comparatively low frequency (several hundred MHz); a 
global clock line 612 extending from the main PLL 610; and 
a plurality of random blocks 630A and 630B. Each random 
block 630 comprises a clock driver cell (the DLL in the 
fourth Semiconductor integrated circuit) 620 connected to 
the global clock line 612; and a clock mesh 640 constituted 
by oblique lines. Each DLL 620 converts the global clocks 
of a comparatively low frequency to local clocks of a high 
frequency (Several GHz), and Supplies high frequency 
clocks in the random block through the related clock mesh 
640. 

0193 Although illustrations are not made, in each ran 
dom block 630, a basic orthogonal lines connected to the cell 
are provided in a lower level of the clock mesh 640, the basic 
orthogonal lines are connected to the upper level through a 
via hole at a predetermined position based on a terminal 
layout generated by the foregoing automatic design method. 

0194 Each block 630 allows the global clocks sent from 
the DDL 620 to be synchronized at a high frequency, and 
Supplies a signal to each Site through the clock mesh of 
the-oblique lines which hardly show delay variations. 
Accordingly, a high Speed operation of the device can be 
achieved. 

0.195 The global clock supply line 612 which lies verti 
cally in FIG. 35 may be allowed to lie obliquely so as to 
cross the chip as shown in FIG. 33. In this case, the 
frequency itself of the global clock can be raised, and a 
higher speed operation is possible. 

Example of Fifth Semiconductor Integrated Circuit 

0196. As shown in FIG. 36, a fifth semiconductor inte 
grated circuit 700 has: a route driver 710 disposed at a corner 
of a chip, which shows a comparatively large driving force; 
a main clock Supply line 712 extending obliquely from the 
route driver 710 So as to cross the chip; a clock mesh 730 
which is set up all over the chip; and a plurality of Sub 
drivers 720 connected to the main clock supply line 712, 
which drive oblique lines constituting the clock mesh. 
0.197 According to the above-described structure, since 
the oblique lines are driven by the plurality of Sub-drivers, 
it is possible to achieve leSS delay, and to make a skew of the 
clock signal Small, which is the most Serious problem in 
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logic LSI. In addition, there are fewer variations in manu 
facturing the Semiconductor integrated circuit. 

Example of Sixth Semiconductor Integrated Circuit 
0198 As shown in FIG. 37, a sixth semiconductor inte 
grated circuit 800 has: a route driver 810 disposed at an end 
portion of a chip, which shows a comparatively large driving 
force; a main clock Supply line 812 extending from the route 
driver 810 along a periphery of the chip; a clock mesh 830 
which is set up all over the chip; and a plurality of Sub 
drivers 820 connected to the main clock supply line 812, 
which drive oblique lines constituting the clock mesh. 
0199 A feature of the sixth semiconductor integrated 
circuit 800 is that the sub-drivers 820 are disposed at the 
periphery of the chip. In the example of FIG. 36, the 
sub-drivers 620 that may be a noise source are disposed at 
the center of the chip. In the Sixth Semiconductor integrated 
circuit 800, since the noise source is disposed at the periph 
ery of the chip, an effect that a voltage drop hardly occurs is 
exhibited. When the voltage drop occurs, a difference in 
performance between the center portion of the chip and the 
periphery of the chip occurs. The constitution of FIG. 37 is 
excellent in that uniform performance can be achieved. 

OTHER EMBODIMENTS 

0200. The wire terminating process pattern of the layout 
design method used in the layout design System of the 
present invention was described with reference to the 
examples of the first to ninth embodiments. However, the 
ones other than the wire terminating proceSS pattern 
described herein may be adopted. The layout design System 
of the present invention can Select the most Suitable wire 
terminating process pattern from all of the wire terminating 
process patterns. 

0201 In the first to ninth embodiments, though the hori 
Zontal line is described as the lower level line and the 
oblique line is described as the upper level line, the effects 
of the present invention are unchangeable when these lines 
are generated inversely thereto. In addition, the principle is 
the same when the horizontal line is the vertical line. 
Furthermore, the number of the levels is not limited to two 
of the horizontal line level and the oblique line level, but the 
present invention is Suitable for an automatic design for 
three or more levels. 

0202) The line structure using various design data 
described in the first to ninth embodiments can be applied to 
line Structures of various Semiconductor integrated circuits. 
0203 Moreover, the arrangements of the random blocks 
in the Semiconductor integrated circuit and the positions of 
the DLLS therein can be set at optional positions as long as 
the positions are the ones that can be Subjected to frequency 
conversion. 

0204 Various modifications will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure without departing from the Scope thereof. 

What is claimed is: 
1. A layout design System of a Semiconductor integrated 

circuit, comprising: 
a library information Storage unit configured to register a 

basic via shape list; 
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a technology database Storage unit configured to register 
a list expressing an optimum wire terminating process 
for each via Shape of Said basic via shape list registered 
in Said library information Storage unit; and 

a central processing control unit configured to refer to the 
lists respectively registered in Said library information 
Storage unit and Said technology database Storage unit, 
Select an optimum line processing, and execute a line 
design. 

2. The layout design System of claim 1, wherein Said 
central processing control unit configured to be constituted 
by a plurality of processing control Sub-units. 

3. The layout design System of claim 1, wherein Said 
central processing control unit includes: 

a layout design module configured to prepare a list 
expressing Said optimum line processing by referring to 
the list registered in Said library information Storage 
unit, register the list in Said technology database Stor 
age unit, and execute a layout processing; 

a line processing module configured to refer to the list 
registered in the technology database Storage unit and 
perform the line processing, and 

an optimum via Selection module configured to Select an 
optimum via during processing by Said line processing 
module. 

4. A computer implemented layout design method, com 
prising: 

preparing a basic via Shape list and registering the basic 
via shape list in a library information storage unit; 

referring to Said basic via shape list registered in Said 
library information Storage unit, preparing a list 
expressing an optimum wire terminating proceSS for 
each via shape of Said basic via shape list, and regis 
tering the list in a technology database Storage unit; 

referring to the list registered in Said technology database 
Storage unit, and Selecting an optimum line processing 
to perform the Selected line processing, and 

Selecting an optimum via. 
5. The computer implemented layout design method of 

claim 4, wherein Said Selecting Said Via, includes: 
Selecting a via applicable to all of Said wire terminating 

processS, and 

Selecting a via most Suitable for each of Said wire termi 
nating processS when the via applicable to all of Said 
wire terminating proceSSS can not be Selected in Said 
Selecting Said Via. 

6. A line design program for allowing a computer to 
execute, comprising: 

preparing a basic via shape list, and registering the basic 
via shape list in a library information Storage unit; 

referring to Said basic via shape list registered in Said 
library information Storage unit, preparing a list 
expressing an optimum wire terminating proceSS for 
each via shape of Said basic via shape list, and regis 
tering the list in a technology database Storage unit; 

referring to the list registered in Said technology database 
Storage unit, and Selecting an optimum line processing 
to perform the Selected line processing, and 

Selecting an optimum via. 
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7. The line design program of claim 6, wherein the 
procedure for Selecting Said via, includes: 

Selecting a via applicable to all of Said wire terminating 
processS, and 

Selecting a via most Suitable for each of Said wire termi 
nating processS when the via applicable to all of Said 
wire terminating processS can not be Selected in Said 
Selecting Said Via. 

8. A computer implemented layout design method, com 
prising: 

generating a first line having a first line width and 
extending in a predetermined direction; 

generating a Second line having a Second line width, 
extending in a direction different from Said first line, 
and having its terminal end overlapping a terminal end 
of said first line; 

Stretching Said first line in a longitudinal direction thereof; 
Stretching Said Second line in a longitudinal direction 

thereof by a length /2 times as long as the Second line 
width; 

deleting a projection from the terminal end of Said first 
line and the terminal end of Said Second line, the 
projection protruding from an overlapped area where 
the terminal end of said first line and the terminal end 
of Said Second line overlap, and 

Setting a connection pattern having a polygon connecting 
Said first and Second lines at an interSection point of a 
longitudinal center line of Said first line and a longitu 
dinal center line of Said Second line. 

9. The layout design method of claim 8, wherein said first 
and Second lines are lines generated in different levels. 

10. The layout design method of claim 8, wherein said 
first and Second lines are lines generated in the same level. 

11. The layout design method of claim 8, wherein said 
polygon is octagonal. 

12. The layout design method of claim 11, wherein said 
first and Second lines are lines generated in different levels. 

13. The layout design method of claim 11, wherein said 
first and Second lines are lines generated in the same level. 

14. The layout design method of claim 8, wherein in said 
Stretching Said first line in the longitudinal direction thereof, 
Said first line is stretched by a length /2 times as long as the 
line width of Said second line. 

15. The layout design method of claim 8, wherein in said 
Stretching Said Second line in the longitudinal direction 
thereof, Said Second line is Stretched by a length /2 times as 
long as the line width of said first line. 

16. A manufacturing method of a Semiconductor inte 
grated circuit, comprising: 

forming a first line extending in a predetermined direction 
on a Semiconductor Substrate; 

forming a level interlayer insulating film on Said first line; 
forming a polygon via hole penetrating through Said level 

interlayer insulating film; 
forming a connection conductive portion filling Said poly 

gon via hole and connecting with Said first line; and 
forming a Second line extending at an angle unperpen 

dicularly relative to Said first line and having a terminal 
end connected to Said connection conductive portion. 
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