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(57) ABSTRACT 

In placement of 6-bit interconnection lines in parallel, for 
example, interconnection lines for three loWer-order bits 
having a high signal change frequency and interconnection 
lines for three higher-order bits having a low signal change 
frequency are placed alternately, so that each interconnec 
tion line for a loWer-order bit is sandwiched by intercon 
nection lines for higher-order bits. With this layout, the 
interconnection lines for higher-order bits serve like shield 
lines for the interconnection lines for loWer-order bits. This 
effectively suppresses increase in delay in signal propaga 
tion due to change of a signal propagating through an 
interconnection line for a loWer-order bit and a signal 
propagating through an interconnection line for a higher 
order bit to opposite phases, Without increasing the area. 
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WIRING METHOD IN LAYOUT DESIGN OF 
SEMICONDUCTOR INTEGRATED CIRCUIT, 

SEMICONDUCTOR INTEGRATED CIRCUIT AND 
FUNCTIONAL MACRO 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a Wiring method in 
layout design of a semiconductor integrated circuit, a semi 
conductor integrated circuit having a plurality of intercon 
nection lines, and a functional macro. 

[0002] FIG. 17 schematically illustrates a portion of inter 
connection lines of a semiconductor integrated circuit placed 
by a conventional general Wiring method. Referring to FIG. 
17, the reference numeral 10(0) denotes a loWer-order bit 
interconnection line for the 0-th bit as the least signi?cant 
bit, 10(1) a loWer-order bit interconnection line for the ?rst 
bit, 10(2) a loWer-order bit interconnection line for the 
second bit, 20(k) a higher-order bit interconnection line for 
the k-th bit as the most signi?cant bit, 20(k-1) a higher-order 
bit interconnection line for the (k—1)th bit, and 20(k-2) a 
higher-order bit interconnection line for the (k—2)th bit. 
These interconnection lines are placed in the ascending 
order from the least signi?cant 0-th bit or the descending 
order from the most signi?cant bit. The spacing betWeen the 
adjacent interconnection lines is set constant. In this place 
ment, the loWer-order bits run side by side While the higher 
order bits run side by side. 

[0003] FIG. 19 illustrates a con?guration of a functional 
macro 40 such as a memory to Which the k+1 bit intercon 
nection lines 20(k) to 10(0) described above are connected. 
The functional macro 40 has k+1 terminals 40t(k) to 40t(0) 
connected to the k+1 bit interconnection lines 20(k) to 10(0) 
placed in the ascending order from the 0-th bit as the least 
signi?cant bit (or the descending order from the k-th bit as 
the most signi?cant bit). Therefore, the terminals 40t(k) to 
40t(0) are also placed in the ascending order from the 0-th 
bit as the least signi?cant bit (or the descending order from 
the k-th bit as the most signi?cant bit). The k+1 terminals 
40t(k) to 40t(0) as a Whole transmit or receive information 
as one unit of data or one address. 

[0004] FIG. 18 is a diagrammatic illustration of a capaci 
tance betWeen interconnection lines. When tWo interconnec 
tion lines 1 and 2 running in parallel With each other are 
assumed, a parasitic capacitance is inevitably generated 
betWeen the tWo interconnection lines, Which is herein 
called a Wiring capacitance 3. When a digital signal on one 
of tWo interconnection lines changes from 0 to 1 While a 
digital signal on the other interconnection line changes in 
reverse, that is, from 1 to 0, it is called that these signals 
change to opposite phases. In the parallel interconnection 
lines 1 and 2 located close to each other, if the signals on 
these interconnection lines change to opposite phases, they 
both draW a charge eXisting in the parasitic capacitance 
(Wiring capacitance 3) formed therebetWeen. This increases 
delay in signal propagation. 

[0005] Semiconductor micro-fabrication technology has 
advanced at rapid paces. In the level of ?ne technology 
before attainment of 0.5 pm, the spacing betWeen intercon 
nection lines Was large enough to only generate a small 
value of parasitic capacitance, and thus there Was no occur 
rence of the problem of increase in signal delay described 
above. HoWever, at attainment of the level as ?ne as about 
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0.35 pm and then about 0.25 pm, this problem began to arise 
locally in interconnections for high-speed propagation. After 
attainment of the level of 0.18 pm, this problem has become 
more signi?cant every time the process is updated. In 
addition, since it is dif?cult to correctly grasp What operation 
the Wiring capacitance causes, there has even occurred an 
unexpected design problem in some cases. 

[0006] Conventionally, for solving the problem of increase 
in signal delay, the folloWing techniques, for eXample, are 
employed When high-speed operation is required: setting a 
rule to secure a large spacing betWeen adjacent interconnec 
tion lines; providing an additional shield line betWeen adja 
cent interconnection lines; and tWisting (intersecting) inter 
connection lines. HoWever, in any of the above techniques 
of securing a large spacing betWeen interconnection lines, 
providing a shield line, and tWisting interconnection lines, 
the problem is solved at the expense of increase in the area 
of the semiconductor integrated circuit. Moreover, When 
interconnection lines both on Which a signal frequently 
changes (that is, high in signal change frequency) are placed 
in parallel With each other, the probability that both signals 
change to opposite phases simultaneously is high. In the 
conventional Wiring method shoWn in FIG. 17, the loWer 
order bits tend to be higher in signal change frequency 
compared With the higher-order bits. Therefore, When inter 
connection lines for loWer-order bits are placed in parallel 
close to each other as in the con?guration shoWn in FIG. 17, 
there is signi?cantly high probability that delay in signal 
propagation may increase due to simultaneous change of 
signals to opposite phases and this may cause a problem in 
operation of the semiconductor integrated circuit. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is providing a 
Wiring method in layout design of a semiconductor inte 
grated circuit having a plurality of interconnection lines, 
capable of effectively suppressing delay in signal propaga 
tion due to signal interference betWeen the plurality of 
parallel interconnection lines While minimiZing increase in 
area, and a semiconductor integrated circuit and a functional 
macro capable of effectively suppressing interference 
betWeen signals described above. 

[0008] To attain the above object, according to the present 
invention, attention is paid to the fact that When a plurality 
of interconnection lines are provided, signals propagating 
through the interconnection lines are different in signal 
change frequency, in particular, in multi-bit interconnection 
lines, signal lines for higher-order bits are considerably loW 
in signal change frequency compared With signal lines for 
loWer-order bits. In vieW of this fact, these interconnection 
lines, as Well as a plurality of terminals of a functional macro 
connected to these interconnection lines, may be suitably 
placed based on the change frequency of the signals propa 
gating through these interconnection lines. By this place 
ment, interference betWeen the signals can be effectively 
suppressed. 

[0009] The Wiring method in layout design of a semicon 
ductor integrated circuit of the present invention is a method 
for placing interconnection lines for a plurality of bits in 
parallel tWo-dimensionally or three-dimensionally in layout 
design of a semiconductor integrated circuit, Wherein the 
interconnection lines for a plurality of bits are placed in an 
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ascending or descending order of the bits, interconnection 
lines for bits of ordinal numbers equal to or more than a 
predetermined ordinal number are placed adjacent to each 
other at a predetermined spacing, and interconnection lines 
for bits of ordinal nurnbers less than the predetermined 
ordinal number are placed adjacent to each other at a spacing 
exceeding the predetermined spacing. 

[0010] Alternatively, the Wiring method in layout design 
of a semiconductor integrated circuit of the present inven 
tion is a method for placing interconnection lines in parallel 
tWo-dirnensionally or three-dirnensionally in layout design 
of a semiconductor integrated circuit, Wherein a signal 
change frequency at Which a signal propagating through an 
interconnection line changes per unit time is determined for 
each of the plurality of interconnection lines by estirnation 
or simulation, and the plurality of interconnection lines are 
placed based on the signal change frequency so that inter 
connection lines having a high signal change frequency and 
interconnection lines having a loW signal change frequency 
are adjacent to each other. 

[0011] In the method described above, in the case of 
transmitting a signal of a plurality of bits via the plurality of 
interconnection lines, the plurality of interconnection lines 
may be placed based on the signal change frequency, irre 
spective of an ascending or descending order of the bits. 

[0012] In the method described above, the plurality of 
interconnection lines may be placed so that interconnection 
lines having a high signal change frequency are sandWiched 
by interconnection lines having a loW signal change fre 
quency. 

[0013] Alternatively, the Wiring method in layout design 
of a semiconductor integrated circuit of the present inven 
tion is a method for placing interconnection lines for a 
plurality of bits in parallel tWo-dirnensionally or three 
dirnensionally in layout design of a semiconductor inte 
grated circuit, Wherein in placement of the interconnection 
lines for a plurality of bits, one interconnection line for a bit 
of an ordinal nurnber equal to or more than a predetermined 
ordinal number and an interconnection line for a bit of an 
ordinal nurnber less than the predetermined ordinal number 
are placed adjacent to each other, and another interconnec 
tion line for a bit of an ordinal nurnber equal to or more than 
the predetermined ordinal number and another interconnec 
tion line for a bit of an ordinal nurnber less than the 
predetermined ordinal number are placed adjacent to each 
other, and this placement is repeated. 

[0014] In the method described above, preferably, inter 
connection lines for bits are placed in a descending order 
from the most signi?cant bit until a bit of the predetermined 
ordinal number in parallel tWo-dirnensionally at a spacing 
double a predetermined spacing, and interconnection lines 
for bits are placed in an ascending order from the least 
signi?cant bit in parallel tWo-dirnensionally betWeen the 
already-placed interconnection lines. 

[0015] In the Wiring method described above, the method 
may include the steps of: (1) placing an interconnection line 
for the least signi?cant bit at a predetermined position; (2) 
placing interconnection lines for the tWo highest-order bits 
on the right and left sides of the interconnection line for the 
least signi?cant bit; (3) placing interconnection lines for the 
remaining tWo loWest-order bits on the right and left sides of 
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the interconnection lines for the tWo highest-order bits 
placed in the step (2); (4) placing interconnection lines for 
the remaining tWo highest-order bits on the right and left 
sides of the interconnection lines for the tWo loWest-order 
bits placed in the step (3); and (5) repeating the steps (3) and 
(4) until the interconnection lines for all the bits are placed. 

[0016] Alternatively, the Wiring method in layout design 
of a semiconductor integrated circuit of the present inven 
tion is a method for placing interconnection lines for a 
plurality of bits in parallel three-dirnensionally in n Wiring 
layers (n22) in layout design of a semiconductor integrated 
circuit. The method includes the steps of: (1) placing an 
interconnection line for the least signi?cant bit in a prede 
terrnined Wiring layer; (2) placing interconnection lines for 
a plurality of highest-order bits in the same Wiring layer as 
the interconnection line for the least signi?cant bit and a 
different Wiring layer so as to surround the interconnection 
line for the least signi?cant bit placed in the step (1); (3) 
placing interconnection lines for a plurality of remaining 
loWest-order bits in the same Wiring layers as the intercon 
nection lines for a plurality of highest-order bits and a 
different Wiring layer so as to surround the interconnection 
lines for a plurality of highest-order bits placed in the step 
(2); and (4) repeating the steps (2) and (3) until the inter 
connection lines for all the bits are placed. 

[0017] In the method described above, preferably, the n 
Wiring layers are tWo Wiring layers, the interconnection line 
for the least signi?cant bit is placed at a predetermined 
position of the loWer Wiring layer in the step (1), intercon 
nection lines for the three highest-order bits are placed in the 
loWer and upper Wiring layers so as to be positioned on the 
right, left and upper sides of the interconnection line for the 
least signi?cant bit in the step (2); interconnection lines for 
the remaining four loWest-order bits are placed in the loWer 
and upper Wiring layers so as to be positioned on the right 
and left sides of the interconnection lines for the three 
highest-order bits in the step (3), and the steps (2) and (3) are 
repeated until the interconnection lines for all the bits are 
placed in the step 

[0018] In the method described above, preferably, the n 
Wiring layers are tWo Wiring layers, the interconnection line 
for the least signi?cant bit is placed at a predetermined 
position of the upper Wiring layer in the step (1), intercon 
nection lines for the three highest-order bits are placed in the 
upper and loWer Wiring layers so as to be positioned on the 
right, left and loWer sides of the interconnection line for the 
least signi?cant bit in the step (2); interconnection lines for 
the remaining four loWest-order bits are placed in the upper 
and loWer Wiring layers so as to be positioned on the right 
and left sides of the interconnection lines for the three 
highest-order bits in the step (3), and the steps (2) and (3) are 
repeated until the interconnection lines for all the bits are 
placed in the step 

[0019] In the method described above, preferably, the n 
Wiring layers are three Wiring layers, the interconnection line 
for the least signi?cant bit is placed at a predetermined 
position of the center Wiring layer in the step (1), intercon 
nection lines for the four highest-order bits are placed in the 
center, loWer and upper Wiring layers so as to be positioned 
on the right, left, upper and loWer sides of the interconnec 
tion line for the least signi?cant bit in the step (2); inter 
connection lines for the remaining siX loWest-order bits are 
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placed in the center, loWer and upper Wiring layers so as to 
be positioned on the right and left sides of the interconnec 
tion lines for the four highest-order bits in the step (3), 
interconnection lines for the remaining siX highest-order bits 
are placed in the center, loWer and upper Wiring layers so as 
to be positioned on the right and left sides of the intercon 
nection lines for the siX loWest-order bits in the step (4), and 
the steps (3) and (4) are repeated until the interconnection 
lines for all the bits are placed. 

[0020] The semiconductor integrated circuit of the present 
invention is a semiconductor integrated circuit having inter 
connection lines for a plurality of bits placed in an ascending 
or descending order of the bits in parallel tWo-dirnensionally 
or three-dirnensionally, Wherein the spacing betWeen inter 
connection lines for bits of ordinal nurnbers less than a 
predetermined ordinal number is larger than the spacing 
betWeen interconnection lines for bits of ordinal nurnbers 
equal to or more than the predetermined ordinal number. 

[0021] Alternatively, the semiconductor integrated circuit 
of the present invention is a semiconductor integrated circuit 
having a plurality of interconnection lines placed in parallel 
tWo-dirnensionally or three-dirnensionally, Wherein the plu 
rality of interconnection lines are not arranged in an ascend 
ing or descending order of a signal change frequency at 
Which a signal propagating through an interconnection line 
changes. 
[0022] In the semiconductor integrated circuit described 
above, preferably, the plurality of interconnection lines are 
interconnection lines for a plurality of bits, and the inter 
connection lines for a plurality of bits are placed in an order 
irrespective of an ascending or descending order of the bits. 

[0023] In the semiconductor integrated circuit described 
above, an interconnection line having a high signal change 
frequency is preferably sandWiched by tWo interconnection 
lines having a loW signal change frequency. 

[0024] In the semiconductor integrated circuit described 
above, the Width of the plurality of interconnection lines is 
preferably 0.18 urn or less. 

[0025] In the semiconductor integrated circuit described 
above, the plurality of interconnection lines may be a 
plurality of address bus lines. 

[0026] In the semiconductor integrated circuit described 
above, signals propagating through the plurality of intercon 
nection lines may be digital signals of an image or voice. 

[0027] Alternatively, the semiconductor integrated circuit 
of the present invention is a semiconductor integrated circuit 
including: a plurality of interconnection lines; a processing 
circuit for performing predeterrnined processing and output 
ting signals of results of the predetermined processing to the 
plurality of interconnection lines; and switch means dis 
posed betWeen the plurality of interconnection lines and the 
processing circuit for changing the order of arrangement of 
the signals output from the processing circuit so that the 
signals are not arranged in an ascending or descending order 
of a signal change frequency and transmitting the signals in 
the changed order to the plurality of interconnection lines. 

[0028] The semiconductor integrated circuit described 
above may further include: a receiver circuit for receiving 
the signals transmitted through the plurality of interconnec 
tion lines; and second switch means disposed betWeen the 
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plurality of interconnection lines and the receiver circuit for 
changing the order of arrangement of the signals transmitted 
through the plurality of interconnection lines to the ascend 
ing or descending order of the signal change frequency and 
transmitting the signals in the changed order to the receiver 
circuit. 

[0029] The functional rnacro of the present invention is a 
functional rnacro having a plurality of terminals to Which 
interconnection lines for a plurality of bits are connected, 
Wherein the plurality of terminals are placed in an ascending 
or descending order of the bits, the spacing betWeen terrni 
nals for higher-order bits among the plurality of terminals is 
set at a predetermined spacing, and the spacing betWeen 
terminals for loWer-order bits among the plurality of terrni 
nals is set at a spacing larger than the predetermined spacing. 

[0030] Alternatively, the functional rnacro of the present 
invention is a functional rnacro having a plurality of terrni 
nals to Which interconnection lines for a plurality of bits are 
connected, Wherein the order of arrangement of the plurality 
of terminals does not depend on an ascending or descending 
order of the bits, but is set based on a change frequency of 
signals input into or output from the terminals. 

[0031] In the functional rnacro described above, prefer 
ably, the plurality of terminals are placed so that a terminal 
having a high signal change frequency is sandWiched by 
terrninals having a loW signal change frequency. 

[0032] In the functional rnacro described above, prefer 
ably, terrninals for higher-order bits of ordinal nurnbers 
equal to or more than a predetermined ordinal number are 
placed in a descending order from the most signi?cant bit at 
a spacing double a predetermined spacing, and terminals for 
loWer-order bits of ordinal nurnbers less than the predeter 
rnined ordinal number are placed in an ascending order from 
the least signi?cant bit betWeen the terminals for the higher 
order bits starting from the side of the terminal for the most 
signi?cant bit. 

[0033] In the functional rnacro described above, terminals 
for given tWo bits continuous from the least signi?cant 
position may be placed on the inner or outer sides of 
terminals for given tWo bits continuous from the most 
signi?cant position. 

[0034] In the functional rnacro described above, prefer 
ably, tWo terminals for the tWo highest-order bits are placed 
on both ends, and tWo terminals for the tWo loWest-order bits 
are placed on the inner sides of the tWo terminals for the tWo 
highest-order bits. 

[0035] In the functional rnacro described above, a terminal 
for the least signi?cant bit is preferably placed on the center 
of the plurality of terminals placed. 

[0036] Alternatively, the semiconductor integrated circuit 
of the present invention is a semiconductor integrated circuit 
including: a functional rnacro having a plurality of terminals 
arranged in an ascending or descending order of bits, other 
terrninals identical in number to the plurality of terminals 
placed in correspondence With the plurality of terminals, the 
other terrninals being arranged in an order based on a signal 
change frequency; and a terminal sorting block for connect 
ing the plurality of terminals of the functional macro to the 
other terrninals. 



US 2004/0181766 A1 

[0037] In the semiconductor integrated circuit described 
above, the functional macro, the other terminals and the 
terminal sorting block may be formed integrally. 

[0038] In the functional macro described above, the func 
tional macro may be a memory, an operator or a CPU. 

[0039] Alternatively, the Wiring method of the present 
invention is a Wiring method in layout design of a semicon 
ductor integrated circuit, Wherein a plurality of interconnec 
tion lines are connected to the plurality of terminals of the 
functional macro described above, and an interconnection 
line on Which a signal changes frequently among the plu 
rality of interconnection lines is sandWiched by tWo inter 
connection lines on Which a signal changes less frequently. 

[0040] Alternatively, the semiconductor integrated circuit 
of the present invention is a semiconductor integrated circuit 
including, tWo or more functional macros described above; 
and a plurality of interconnection lines for connecting the 
plurality of terminals of the functional macros to each other, 
Wherein an interconnection line on Which a signal changes 
frequently among the plurality of interconnection lines is 
sandWiched by tWo interconnection lines on Which a signal 
changes less frequently. 

[0041] In the semiconductor integrated circuit described 
above, preferably, three or more functional macros are 
provided, and the plurality of interconnection lines are 
address bus lines for a plurality of bits. 

[0042] In the semiconductor integrated circuit described 
above, preferably, tWo functional macros are provided, one 
of the tWo functional macros being an A/D converter, and the 
plurality of interconnection lines are data signal intercon 
nection lines for transmitting a digital signal output from the 
A/D converter by converting an analog value to a digital 
value. 

[0043] Thus, according to the present invention, in place 
ment of interconnection lines for a plurality of bits in the 
ascending or descending order of the bits, the spacing 
betWeen interconnection lines for loWer-order bits of ordinal 
numbers less than a predetermined ordinal number having a 
high signal change frequency is set large so that the Wiring 
capacitance betWeen the interconnection lines is small. This 
effectively suppresses or eliminates a problem in operation 
of a semiconductor integrated circuit that may occur due to 
increase in delay caused by change of signals to opposite 
phases betWeen the interconnection lines. Moreover, the 
spacing betWeen interconnection lines for higher-order bits 
of ordinal numbers equal to or more than the predetermined 
ordinal number having a loW signal change frequency is set 
smaller than the above largely-set spacing. This effectively 
suppresses increase in the area of the semiconductor inte 
grated circuit compared With the case of setting the large 
spacing for all the interconnection lines. 

[0044] According to the present invention, in placement of 
a plurality of interconnection lines, interconnection lines 
having a high signal change frequency and interconnection 
lines having a loW signal change frequency are placed to be 
adjacent to each other. Therefore, the interconnection lines 
having a loW signal change frequency serve like shield lines 
for the interconnection lines having a high signal change 
frequency. This also minimiZes the probability that signals 
on tWo interconnection lines may change to opposite phases. 
As a result, it is possible to effectively suppress or eliminate 
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a problem in operation of a semiconductor integrated circuit 
that may occur due to change of signals to opposite phases 
betWeen interconnection lines having a high signal change 
frequency. Since only the order of arrangement of signals 
propagating through the plurality of interconnection lines is 
changed, undesired increase in the area of the semiconductor 
integrated circuit is prevented. 

[0045] According to the present invention, once an auto 
placing and routing tool grasps the order of arrangement of 
terminals of a functional macro, automatic layout of inter 
connection lines for loWer-order bits and interconnection 
lines for higher-order bits in the order of arrangement of the 
terminals is possible by normal automatic routing using the 
auto placing and routing tool. Therefore, the interconnection 
lines having a loW signal change frequency serve like shield 
lines for the interconnection lines having a high signal 
change frequency, and increase in delay in signal propaga 
tion due to signal interference can be effectively suppressed 
Without undesired increase in the area of the entire semi 
conductor integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 1 of the present invention. 

[0047] FIG. 2 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 2 of the present invention. 

[0048] FIG. 3 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 3 of the present invention. 

[0049] FIG. 4 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 4 of the present invention. 

[0050] FIG. 5 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 5 of the present invention. 

[0051] FIG. 6 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 6 of the present invention. 

[0052] FIG. 7 is a diagrammatic illustration of a Wiring 
method and a semiconductor integrated circuit of Embodi 
ment 7 of the present invention. 

[0053] FIG. 8 is a block diagram of a semiconductor 
integrated circuit of Embodiment 8 of the present invention. 

[0054] FIG. 9 is a block diagram of a functional macro of 
Embodiment 9 of the present invention. 

[0055] FIG. 10 is a block diagram of a functional macro 
of Embodiment 10 of the present invention. 

[0056] FIG. 11 is a block diagram of a functional macro 
of Embodiment 11 of the present invention. 

[0057] FIG. 12 is a block diagram of a functional macro 
of Embodiment 12 of the present invention. 

[0058] FIG. 13A is a block diagram of a functional macro 
of Embodiment 13 of the present invention, and FIG. 13B 
is an enlarged vieW shoWing in detail part of a terminal 
sorting block disposed neXt to the functional macro. 
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[0059] FIG. 14 is a block diagram of a functional macro 
of Embodiment 14 of the present invention. 

[0060] FIG. 15 is a block diagram of a semiconductor 
integrated circuit of Embodiment 15 of the present inven 
tion. 

[0061] FIG. 16 is a block diagram of a semiconductor 
integrated circuit of Embodiment 16 of the present inven 
tion. 

[0062] FIG. 17 is a diagrammatic illustration of a con 
ventional Wiring method. 

[0063] FIG. 18 is a diagrammatic illustration of a capaci 
tance betWeen interconnection lines. 

[0064] FIG. 19 is a block diagram of a conventional 
functional macro. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0065] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. 

Embodiment 1 

[0066] First, a difference in behavior betWeen a signal of 
a higher-order bit and a signal of a loWer-order bit Will be 
described for some types of signals. 

[0067] As bus signals, typical types are: (a) completely 
random control bus signals; (b) address bus signals for 
controlling sequential processing of a program and access to 
data by a computer, (c) analog/digital converted information 
of an image, music and the like, and (d) digital-coded data 
of the transition state and the like in a sequential machine. 
Among these, types (b) and (c) make up a major proportion. 
The bus signals of types (b) and (c) clearly have a difference 
in signal change frequency betWeen bits. As for address bus 
signals in type (b), When processing of a program by a 
computer is taken as an example, about 80 to 90% of 
instruction codes are related to sequential accessing to 
continuous addresses. An exception is branching instruction. 
HoWever, since the range of addresses Within Which a 
program is stored is limited, there Will be no access beyond 
this range even in this instruction. An address bus is repre 
sented by a binary number. Therefore, in the case of con 
tinuous address change or address change Within a limited 
range, loWer-order bits have a higher probability of signal 
change. This can be proved mathematically. 

[0068] As for information on an image (composed of 
brightness, tint and the like) and voice (composed of fre 
quency, volume, and the like) in type (c), information 
Watched or listened on a TV set or a stereo is loW in 

probability that an abrupt change in analog value may occur 
in a short time period (for example, for one clock time). A 
change in a short time period is not recogniZed by the human 
senses, but merely considered as noise. Therefore, in the 
case of type (c), as in the case of type (b), the change in value 
is Within a considerably limited range. Thus, in this case, 
also, loWer-order bits have a higher probability of signal 
change As for types (a) and (d) above, the signal change 
frequency is roughly the same for all bits, and therefore the 
present invention is not applicable to these types of signals. 
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[0069] In vieW of the above, in Embodiments 1 to 8 to be 
discussed hereinafter, the plurality of interconnection lines 
are preferably a plurality of address bus lines, and the signals 
propagating through these interconnection lines are prefer 
ably digital signals of an image or voice. The Width of the 
plurality of interconnection lines is not speci?cally limited. 
A large Width can be adopted to implement the present 
invention. HoWever, When the Width of the interconnection 
lines is 0.18 pm or less, the effect of the present invention is 
exhibited so signi?cantly that occurrence of an unexpected 
design problem can be effectively suppressed. 

[0070] FIG. 1 schematically illustrates a Wiring method 
and a semiconductor circuit of Embodiment 1 of the present 
invention. Referring to FIG. 1, the reference numeral 10(0) 
denotes a loWer-order bit interconnection line for the O-th bit 
as the least signi?cant bit, 10(1) a loWer-order bit intercon 
nection line for the ?rst bit, 10(2) a loWer-order bit inter 
connection line for the second bit, 20(k) a higher-order bit 
interconnection line for the k-th bit as the most signi?cant 
bit, 20(k-1) a higher-order bit interconnection line for the 
(k—1)th bit, and 20(k-2) a higher-order bit interconnection 
line for the (k—2)th bit. These interconnection lines are 
placed in the ascending order from the least signi?cant O-th 
bit or the descending order from the most signi?cant bit. 

[0071] The spacing of the plurality of (k+1) interconnec 
tion lines is set at a predetermined spacing Th for the 
interconnection lines for the higher-order bits 20(k), 20(i-1), 
. . . , and at a predetermined spacing T1, Which is larger than 

the spacing Th, for the interconnection lines for the loWer 
order bits 10(0), 10(1), . . . . 

[0072] The number of interconnection lines to be used for 
the loWer-order bits, or to state differently, the ordinal 
number of the interconnection line serving as the border 
betWeen the loWer-order bits and the higher-order bits is 
determined in the folloWing manner. That is, an intercon 
nection line for a bit of a certain ordinal number at Which the 
signal change frequency exceeds a predetermined value is 
selected as the border interconnection line, although this 
depends on an expected data (signal) distribution. The signal 
change frequency (rate of change of a signal on each 
interconnection line per unit time) can be estimated, by 
statistical analysis of a signal propagating through each 
interconnection line, from the distribution of values obtained 
and the distribution of the ranges Within Which the values 
change after one clock. It may also be determined by 
simulation. 

[0073] In this embodiment, the Wiring capacitance 
betWeen interconnection lines for loWer-order bits can be 
made small. Therefore, it is possible to reduce the probabil 
ity that a problem may occur in operation of the semicon 
ductor integrated circuit due to increase in delay caused by 
simultaneous change of signals to opposite phases. 

[0074] In the conventional con?guration Where the spac 
ing betWeen interconnection lines is large for all the inter 
connection lines, the degree of increase in the area for the 
interconnection lines is large. In this embodiment, hoWever, 
the spacing is large only for the interconnection lines for 
loWer-order bits having a high signal change frequency, and 
thus the increase in the area of the semiconductor integrated 
circuit can be minimiZed. 
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Embodiment 2 

[0075] FIG. 2 schematically illustrates a Wiring method 
and a semiconductor integrated circuit of Embodiment 2 of 
the present invention. In this embodiment, respective inter 
connection lines 10 for loWer-order bits having a high signal 
change frequency are sandWiched by interconnection lines 
20 for higher-order bits having a loW signal change fre 
quency. 

[0076] In this embodiment, therefore, the interconnection 
lines 20 for higher-order bits having a loW signal change 
frequency serve as shields for the interconnection lines 10 
for loWer-order bits having a high signal change frequency, 
and as a result, increase in delay in signal propagation can 
be minimiZed. 

Embodiment 3 

[0077] FIG. 3 schematically illustrates a Wiring method 
and a semiconductor integrated circuit of Embodiment 3 of 
the present invention. In this embodiment, interconnection 
lines 10(0), 10(1), 10(2), for the O-th bit as the least 
signi?cant bit, the ?rst bit, the second bit, . . . are placed in 
parallel in the ascending order at a spacing double a prede 
termined spacing tWo-dimensionally. After placement of an 
interconnection line for a loWer-order bit of a predetermined 
ordinal number is ?nished, interconnection lines 20(n), 
20(n-1), 20(n-2), . . . for the n-th bit as the most signi?cant 

bit, the (n—1)th bit, the (n—2)th bit, . . . are placed in parallel 
in the descending order at respective center positions 
betWeen the adjacent interconnection lines for the loWer 
order bits tWo-dimensionally. 

[0078] In this embodiment, the respective interconnection 
lines 10(0), 10(1), . . . for the loWer-order bits having a high 
signal change frequency are sandWiched by the intercon 
nection lines 20(n), 20(n-1), . . . for the higher-order bits 
having a loW signal change frequency. Therefore, the inter 
connection lines 20(n), 20(n-1), . . . serve as shields for the 

interconnection lines 10(0), 10(1), . . . , and as a result, 

increase in delay in signal propagation can be minimiZed. 

[0079] In this embodiment, the interconnection lines for 
the loWer-order bits Were ?rst placed and the interconnection 
lines for the higher-order bits Were interposed betWeen the 
above interconnection lines. Naturally, the placement may 
be in reverse order. That is, the interconnection lines for the 
higher-order bits may be ?rst placed and the interconnection 
lines for the loWer-order bits may be interposed betWeen the 
above interconnection lines. 

Embodiment 4 

[0080] FIG. 4 schematically illustrates a Wiring method 
and a semiconductor integrated circuit of Embodiment 4 of 
the present invention. In this embodiment, the interconnec 
tion line 10(0) for the O-th bit as the least signi?cant bit is 
?rst placed at a predetermined position such as the center 
position. Subsequently, the interconnection lines 20(n) and 
20(n-1) for the n-th bit as the most signi?cant bit and the 
(n—1)th bit are placed on the right and left sides of the 
interconnection line 10(0) for the O-th bit at a predetermined 
spacing. The interconnection lines 10(1) and 10(2) for the 
?rst and second bits as the remaining tWo loWest-order bits 
are placed on the left and right sides of the interconnection 
lines 20(n) and 20(n-1) for the higher-order bits at the 
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predetermined spacing. Subsequently, the interconnection 
lines 20(n-2) and 20(n-3) for the (n—2)th and (n—3)th bits 
as the remaining tWo highest-order bits are placed on the 
right and left sides of the interconnection lines 10(1) and 
10(2) for the loWer-order bits at the predetermined spacing. 
Likewise, the interconnection lines 10(3) and 10(4) for the 
third and fourth bits as the remaining tWo loWest-order bits 
are placed on the left and right sides of the interconnection 
lines 20(n-2) and 20(n-3) for the higher-order bits at the 
predetermined spacing. In this Way, the interconnection lines 
for the remaining tWo highest-order bits and the intercon 
nection lines for the remaining tWo loWest-order bits are 
repeatedly placed alternately until placement of the inter 
connection lines for all the bits is completed. 

[0081] In this embodiment, therefore, as in Embodiment 3, 
the respective interconnection lines for the loWer-order bits 
having a high signal change frequency are sandWiched by 
the interconnection lines for the higher-order bits having a 
loW signal change frequency. The interconnection lines for 
the higher-order bits therefore serve as shields for the 
interconnection lines for the loWer-order bits, and as a result, 
increase in delay in signal propagation can be minimiZed. 

Embodiment 5 

[0082] FIG. 5 schematically illustrates a Wiring method 
and a semiconductor integrated circuit of Embodiment 5 of 
the present invention. In this embodiment, interconnection 
lines are placed in parallel three-dimensionally in the form 
of tWo Wiring layers. 

[0083] Referring to FIG. 5, the interconnection line 10(0) 
for the least signi?cant bit is ?rst placed at a predetermined 
position such as the center position of a ?rst Wiring layer as 
the loWer layer. Subsequently, the interconnection lines 
20(n), 20(n-1) and 20(n-2) for the n-th bit, the (n—1)th bit 
and the (n—2)th bit as the three highest-order bits are placed 
at a position of an upper layer (second Wiring layer) right 
above the interconnection line 10(0) for the least signi?cant 
bit and positions on the left and right sides of the intercon 
nection line 10(0), respectively. The interconnection lines 
10(1) to 10(4) for the ?rst to fourth bits as the remaining four 
loWest-order bits are then placed on the left and right sides 
of the interconnection lines 20(n), 20(n-1) and 20(n-2) for 
the higher-order bits of the ?rst and second Wiring layers. 
Likewise, the interconnection lines 20(n-3) to 20(n-6) for 
the (n—3)th to (n—6)th bits as the remaining four highest 
order bits are placed on the left and right sides of the 
interconnection lines 10(1) to 10(4) for the loWer-order bits 
of the ?rst and second Wiring layers. In this Way, the 
interconnection lines for the remaining four highest-order 
bits and the interconnection lines for the remaining four 
loWest-order bits are repeatedly placed alternately until 
placement of the interconnection lines for all the bits is 
completed. 

[0084] In this embodiment, therefore, as in the previous 
embodiments, the interconnection lines for the higher-order 
bits serve as shields for the interconnection lines for the 
loWer-order bits, and as a result, increase in delay in signal 
propagation can be minimiZed. 

Embodiment 6 

[0085] FIG. 6 schematically illustrates a Wiring method 
and a semiconductor integrated circuit of Embodiment 6 of 
















