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(57) ABSTRACT 
Automatic routing device Which automatically conducts 
placement and routing of integrated circuits on an integrated 
circuit chip, including a Wire capacitance calculating unit, a 
degree of Wire congestion calculating unit and a routing 
checking unit for determining Whether routing of a desired 
net is possible or not based on degree of Wire congestion at 
each global routing cell boundary formed by the division of 
a logic circuit chip to be processed into global routing cells, 
and a number of grids calculating unit, a grid use rate 
calculating unit and a grid use rate checking unit for deter 
mining Whether routing of a desired net is possible or not 
based on a state of the use of a routing track grid in each 
global routing cell formed on the logic circuit chip. 
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AUTOMATIC GLOBAL ROUTING DEVICE FOR 
EFFICIENTLY DETERMINING OPTIMUM 

WIRING ROUTE ON INTEGRATED CIRCUIT AND 
GLOBAL ROUTING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an automatic glo 
bal routing device, in a CAD system Which designs and 
develops a large-scale integrated circuit (LSI) and a logic 
circuit by means of a computer, for automatically placement 
and routing component cells on LSI chips or printed boards 
so as to minimiZe the entire siZe or minimiZe a routing length 
and a global routing method therefor. 

[0003] 2. Description of the Related Art 

[0004] Automatic placement and routing processing of 
this kind for placement and routing integrated circuit chips 
by an automatic routing device using a CAD system is 
eXecuted in four steps, ?oor plan processing, placement 
processing, global routing processing and detailed routing 
processing. 
[0005] In the folloWing, conventional automatic place 
ment and routing methods Will be described With reference 
to FIGS. 7 and 8. First, at the ?oor plan processing, place 
macro cells on an integrated circuit to be processed, as Well 
as determining a region in Which basic cells are to be placed 
as shoWn in FIG. 8(A) (Step 701). This ?oor plan processing 
is conducted semi-automatically. Next, determination is 
made Whether routing processing is possible for the inte 
grated circuit subjected to the ?oor plan processing (Step 
702). When the determination is made that routing is impos 
sible, the routine returns to Step 701 to eXecute the ?oor plan 
processing over again. 

[0006] When the determination is made at Step 702 that 
routing is possible, place desired basic cells at the basic cell 
placement region as shoWn in FIG. 8(B) (Step 703). Then, 
determination is made Whether routing processing is pos 
sible for the integrated circuit subjected to the basic cell 
placement processing (Step 704). When the determination is 
made that routing is impossible, the routine returns to Step 
703 to conduct the placement processing over again. When 
the determination is still made at Step 704 that routing is 
impossible even after further trials of the placement pro 
cessing preset times, the routine returns to Step 701 to start 
over With the ?oor plan processing. 

[0007] When the determination is made at Step 704 that 
routing is possible, divide the integrated circuit chip to be 
processed into rectangles (global routing cells) and deter 
mine a routing route of each net on a divisional unit basis as 
shoWn in FIG. 8(C) (Step 705). “Net” here represents a 
route from an output terminal of an arbitrary gate circuit to 
an input terminal of other gate circuit. For each net, net 
information indicating Which terminals are to be connected 
is de?ned. Global routing processing at Step 705 is con 
ducted based only on a Wire capacitance of a global routing 
cell boundary (degree of Wire congestion) as Will be 
described later. Next, determination is made Whether routing 
processing is possible for the integrated circuit subjected to 
the global routing processing (Step 706). When the deter 
mination is made that routing is impossible, the routine 
returns to Step 705 to conduct the global routing processing 
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over again. When the determination is still made at Step 706 
that routing is impossible even after further trials of the 
global routing processing preset times, the routine returns to 
Step 703 to conduct the placement processing over again. 
Furthermore, When the determination is still made at Step 
706 that routing is impossible even after further trial of the 
placement processing preset times, the routine returns to 
Step 701 to start over With the ?oor plan processing. 

[0008] When the determination is made at Step 706 that 
routing is possible, determine a detailed routing route Within 
each global routing cell as shoWn in FIG. 8(D) (Step 707). 
Then, see if there is a shorted net or an unrouted net (Step 
708). When there is a shorted net or an unrouted net, the 
routine returns to Step 707 to conduct the detailed routing 
processing over again. If a shorted net or an unrouted net is 
still detected at Step 708 even after further trials of the 
detailed routing processing preset times, the routine returns 
to Step 705 to conduct the global routing processing over 
again. Further, When a shorted place or a place yet to be 
Wired is still detected at Step 708 even after further eXecu 
tions of the global routing processing preset times, the 
routine returns to Step 703 to start over With the placement 
processing. Further, if a shorted place or a place yet to be 
Wired is still detected at Step 708 even after further eXecu 
tions of the placement processing preset times, the routine 
returns to Step 701 to start over With the ?oor plan process 
ing. Then, When there remains neither a shorted place nor a 
place yet to be Wired (yes at Step 708), the automatic 
placement and routing processing is completed. 

[0009] NeXt, With reference to FIG. 9, detailed description 
Will be made of the global routing processing (FIG. 7, Step 
705) and the folloWing routing possibility/impossibility 
determination processing (FIG. 7, Step 706) at the conven 
tional automatic placement and routing processing. Conven 
tional global routing processing of this kind is disclosed, for 
eXample, in Japanese Patent Laying-open (Kokai) No. 
Heisei 3-278446, entitled “Automatic Routing Method for 
Semiconductor Device”. 

[0010] First, as shoWn in FIG. 10(A), divide a chip into 
rectangles (global routing cells) (Step 901). In FIG. 10(A), 
a black square represents a terminal, While a region denoted 
by slant lines represents a global route for the connection of 
terminals. “Global routing cell” is also called a unit routing 
region. In the ?gure, a boundary betWeen adjacent global 
routing cells is called a “global routing cell boundary”. More 
speci?cally, each global routing cell has four global routing 
boundaries in the upper, loWer, right and left directions. 

[0011] NeXt, calculate a Wire capacitance Which indicates 
hoW many Wires can pass through each global routing cell 
boundary (Step 902). With reference to FIG. 11, a method 
of calculating a Wire capacitance Will be described. In FIG. 
11, one speci?c global routing cell is denoted by solid lines 
and a routing track is denoted by a dotted line. Here, 
“routing track” represents a passage on Which routing can be 
made. “Wire capacitance” is therefore equal to the number 
of routing tracks passing through a global routing cell 
boundary. In addition, a routing inhibited region is denoted 
as a block of slant lines. In practice, routing is made over a 
plurality of layers. In other Words, routing tracks and routing 
inhibited regions eXist individually on each layer in practice. 
In this eXample, description Will be made of one-layer 
routing for the purpose of simplicity. In the eXample illus 
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trated in FIG. 11, ?ve routing tracks exist in the right-and 
left direction and ?ve routing tracks also exist in the up-and 
doWn direction. In this case, if there exists no routing 
inhibited region Within the global routing cell and on the 
global routing cell boundaries, a Wire capacitance of each 
global routing cell boundary Will be 5. 

[0012] HoWever, since a routing inhibited region exists in 
practice as illustrated in FIG. 11, a Wire capacitance of each 
global routing cell boundary Will be less than 5 Which is a 
value derived from the number of routing tacks. In the 
example shoWn in FIG. 11, the symbol “0” on a global 
routing cell boundary denotes a passable track, and a Wire 
capacitance of the upper global routing cell boundary is 3, 
that of the loWer global routing cell boundary is 4, that of the 
left-side global routing cell boundary is 4 and that of the 
right-side global routing cell boundary is 3. Here, according 
to the above literature, a Wire capacitance is obtained as the 
number of routing tracks alloWing routing Which is esti 
mated based on a distribution of obstructions Within the 
global routing cell (routing inhibited region). In the global 
routing processing, therefore, a routing route is selected such 
that a Wire capacitance Will not exceed an estimated value at 
each global routing cell boundary. 

[0013] Next, based on a Wire capacitance of a global 
routing cell boundary and already determined global routes, 
calculate a degree of congestion of Wires Which indicates 
hoW many Wires can be actually passed through a global 
routing cell boundary (Step 903). With a global route set as 
shoWn in FIG. 10(A), a global routing cell boundary 
through Which a Wire passes is denoted by an arroW in FIG. 
10(B) and a global routing cell through Which a Wire passes 
is denoted as a block of heavy solid lines. This calculation 
of a degree of Wire congestion is made per one net yet to be 
Wired, using the folloWing expression: 

[degree of Wire congestion]=[the number of passing 
global routes]—[Wire capacitance]. 

[0014] Therefore, the higher a value of the degree of Wire 
congestion is, that is, the closer to Zero the value is, the more 
Wires congest. Zero value of the degree of Wire congestion 
indicates that no more routing is possible on the global 
routing cell boundary. With reference to FIGS. 12 and 13 in 
addition to FIG. 11, a method of calculating a degree of Wire 
congestion Will be described. FIG. 12 shoWs already deter 
mined global routes. In this example, tWo global routes pass 
through the upper global routing cell boundary, one passes 
through the loWer global routing cell boundary, tWo pass 
through the left-side global routing cell boundary and three 
pass through the right-side global routing cell boundary. 
Calculation of a degree of Wire congestion based on the Wire 
capacitances shoWn in FIG. 11 and the global routes shoWn 
in FIG. 12 results in that the degree of Wire congestion on 
the upper global routing cell boundary Will be —1 (=2-3) as 
shoWn in FIG. 13 because the number of passing global 
routes is tWo and the Wire capacitance is 3. Similarly, the 
degree of Wire congestion on the loWer global routing cell 
boundary Will be —3 (=1-4), that of the left-side global 
routing cell boundary Will be —2 (=2-4) and that of the 
right-side global routing cell boundary Will be 0 (=3-3). 

[0015] Next, based on the cost of distance, the cost of a 
degree of Wire congestion on a global routing cell boundary, 
the cost of bend and other various kinds of costs, determine 
a routing route minimizing these costs (Step 904). Then, 
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Steps 903 and 904 Will be repeated until there remains no 
more unrouted net (Step 905). In other Words, determination 
of a route minimizing these costs is made through Steps 903, 
904 and 905 taking Wire capacitances into consideration 
until no unrouted net Wired is left. 

[0016] When there no more remains a net yet to be Wired 
(no at Step 905), determination is made Whether there exists 
a global routing cell boundary at Which the number of 
passing Wires exceeds its Wire capacitance (that is, a global 
routing cell boundary With a positive value of the degree of 
Wire congestion) (Step 906). Here, When there exists a 
global routing cell boundary at Which the number of passing 
Wires exceeds its Wire capacitance, rip up a net Which passes 
through the global routing cell boundary (Step 907) to return 
to Step 904. On the other hand, When there exists no global 
routing cell boundary at Which the number of passing Wires 
exceeds its Wire capacitance, the global routing processing 
is completed. 

[0017] The automatic placement and routing processing 
by a conventional automatic routing device, hoWever, has 
the folloWing draWback because global routing processing is 
conducted taking only a Wire capacitance of a global routing 
cell boundary into consideration, that is, based only on a 
degree of Wire congestion as mentioned above. 

[0018] Consideration Will be given of a global routing cell 
With three routing tracks existing in the right-and-left direc 
tion and three routing tracks also in the up-and-doWn 
direction as illustrated in FIG. 14(A). It is assumed that in 
this global routing cell, a region denoted by slant lines and 
including a point of intersection betWeen the central routing 
track in the right-and-left direction and the central routing 
track in the up-and-doWn direction (hereinafter referred to as 
a central point of intersection) is a routing inhibited region. 
In such a case, Wire capacitances of the respective global 
routing cell boundaries are all 3. 

[0019] With this global routing cell, to pass three Wires as 
a global route in the right-and-left direction as shoWn in 
FIG. 14(B) results in having such degrees of Wire conges 
tion on the global routing cell boundaries as shoWn in FIG. 
14(C), none of Which has a positive value. In other Words, 
the number of nets passing through the global routing cell 
boundary does not exceed a Wire capacitance. Determination 
is therefore made here that the routing in question is pos 
sible. HoWever, since routing that passes through the central 
point of intersection is actually impossible because of the 
existence of the routing inhibited region, even if determi 
nation is made at the global routing processing that routing 
is possible, routing error Will occur at the subsequent 
detailed routing processing as shoWn in FIG. 14(D). This is 
because tWo nets are shorted as illustrated in FIG. 14(D). As 
a result, the global routing processing or the preceding 
placement processing and ?oor plan processing should be 
conducted over again. 

[0020] In brief, automatic routing and placement process 
ing by a conventional automatic routing device has a dis 
advantage in taking much time because even When deter 
mination is made at global routing processing that routing is 
possible, it is highly probable that determination Will be 
made at detailed routing processing that routing is impos 
sible. 
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SUMMARY OF THE INVENTION 

[0021] An object of the present invention is to provide an 
automatic routing device enabling reduction in time required 
for automatic placement and routing processing by lessening 
a probability that routing determined to be possible at global 
routing processing Will be determined to be impossible at 
detailed routing processing. 

[0022] According to the ?rst aspect of the invention, 
automatic routing device for automatically conducting 
placement and routing of integrated circuits on an integrated 
circuit chip to be processed, comprises 

[0023] ?rst determination means for determining Whether 
routing of a desired net is possible or not based on a Wire 
capacitance at each global routing cell boundary formed by 
the division of the logic circuit chip into global routing cells, 
and 

[0024] second determination means for determining 
Whether routing of a desired net is possible or not based on 
a state of the use of a routing track grid in each global 
routing cell formed on the logic circuit chip. 

[0025] In the preferred construction, the second determi 
nation means determines Whether routing of the desired net 
is possible or not based on, out of grids as points of 
intersection betWeen the routing tracks, the number of grids 
usable for routing. 

[0026] In the preferred construction, the second determi 
nation means comprises number of usable grids calculating 
means for calculating, out of grids as points of intersection 
betWeen the routing tracks, the number of grids usable for 
routing, number of grids to be used calculating means for 
calculating, based on a passing route of Wires passing in the 
global routing cell, the number of grids to be used by the 
Wires out of the grids, and routing possibility/impossibility 
determining means for determining Whether routing of the 
desired net is possible or not based on a ratio of the number 
of grids usable for routing to the number of grids to be used 
by the Wires. 

[0027] In the preferred construction, the second determi 
nation means comprises number of usable grids calculating 
means for calculating, out of grids as points of intersection 
betWeen the routing tracks, the number of grids usable for 
routing, number of grids to be used calculating means for 
calculating, based on a passing route of Wires passing in the 
global routing cell, the number of grids to be used by the 
Wires out of the grids, and determination means for com 
paring the number of grids usable for routing and the number 
of grids to be used by Wires to determine that the routing is 
impossible When the number of grids to be used by Wires is 
larger. 
[0028] According to the second aspect of the invention, an 
automatic routing device for automatically conducting 
placement and routing of integrated circuits on an integrated 
circuit chip to be processed, comprises 

[0029] ?oor plan determining means for conducting ?oor 
plan processing, 
[0030] basic cell placement means for conducting basic 
cell placement processing, 

[0031] global routing route determining means for con 
ducting global routing processing, and 
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[0032] detailed routing route determining means for con 
ducting detailed routing processing, 

[0033] 
prising 

the global routing route determining means com 

[0034] ?rst determination means for determining Whether 
routing of a desired net is possible or not based on a Wire 
capacitance at each global routing cell boundary formed by 
the division of the logic circuit chip into global routing cells, 
and 

[0035] second determination means for determining 
Whether routing of a desired net is possible or not based on 
a state of the use of a routing grid track in each global 
routing cell formed on the logic circuit chip. 

[0036] In the preferred construction, the second determi 
nation means determines Whether routing of the desired net 
is possible or not based on, out of grids as points of 
intersection betWeen the routing tracks, the number of grids 
usable for routing. 

[0037] In the preferred construction, the second determi 
nation means comprises number of usable grids calculating 
means for calculating, out of grids as points of intersection 
betWeen the routing tracks, the number of grids usable for 
routing, number of grids to be used calculating means for 
calculating, based on a passing route of Wires passing in the 
global routing cell, the number of grids to be used by the 
Wires out of the grids, and routing possibility/impossibility 
determining means for determining Whether routing of the 
desired net is possible or not based on a ratio of the number 
of grids usable for routing to the number of grids to be used 
by the Wires. 

[0038] In another preferred construction, the second deter 
mination means comprises number of usable grids calculat 
ing means for calculating, out of grids as points of intersec 
tion betWeen the routing tracks, the number of grids usable 
for routing, number of grids to be used calculating means for 
calculating, based on a passing route of Wires passing in the 
global routing cell, the number of grids to be used by the 
Wires out of the grids, and determination means for com 
paring the number of grids usable for routing and the number 
of grids to be used by Wires to determine that the routing is 
impossible When the number of grids to be used by Wires is 
larger. 

[0039] According to the third aspect of the invention, an 
automatic routing method of automatically conducting 
placement and routing of integrated circuits on an integrated 
circuit chip to be processed, comprising the steps of: 

[0040] conducting ?oor plan processing, 

[0041] conducting basic cell placement processing, 

[0042] conducting global routing processing, and 

[0043] conducting detailed routing processing, 

[0044] the global routing processing step comprising the 
steps of 

[0045] dividing the logic circuit chip into global routing 
cells, 

[0046] calculating a Wire capacitance of each global rout 
ing cell boundary formed at the division step, 
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[0047] out of grids as points of intersection between 
routing tracks in each global routing cell formed at the 
division step, calculating the number of grids usable for 
routing, 
[0048] based on a passing route of Wires passing in the 
global routing cell, calculating the number of grids to be 
used by the Wires out of the grids, 

[0049] comparing the number of grids usable for routing 
calculated at the number of usable grids calculating step and 
the number of grids to be used by the Wires calculated at the 
number of grids to be used calculating step, 

[0050] determining a routing route of every net such that 
at least the cost of the degree of Wire congestion calculated 
at the Wire capacitance calculating step and the cost of grid 
use rate for routing calculated at the number of usable grids 
calculating step are minimum, 

[0051] determining Whether routing according to a routing 
route determined at the routing route determining step is 
possible or not based on the degree of Wire congestion 
calculated at the Wire capacitance calculating step, and 

[0052] determining Whether routing according to a routing 
route determined at the routing route determination step is 
possible or not based on a comparison result obtained at the 
number of grids comparing step. 

[0053] In the preferred construction, the step of determin 
ing Whether routing is possible or not based on a Wire 
capacitance comprises the steps of: 

[0054] determining Whether there exists the global routing 
cell boundary through Which a larger number of Wires pass 
than the Wire capacitance calculated at the Wire capacitance 
calculating step, and When determination is made at the 
determination step that there exists the global routing cell 
boundary through Which a larger number of Wires pass than 
the Wire capacitance, ripping up a net passing through the 
global routing cell boundary to return the processing to the 
route determination step. 

[0055] In the preferred construction, the step of determin 
ing Whether routing is possible or not based on a ratio of the 
number of grids usable for routing to the number of grids to 
be used for the Wires comprises the steps of: 

[0056] determining Whether there exists the global routing 
cell in Which the number of grids to be used for the Wires is 
larger than the number of grids usable for routing, and 

[0057] When determination is made at the determination 
step that there exists the global routing cell in Which the 
number of grids to be used for the Wires is larger than the 
number of grids usable for routing, ripping up a net passing 
through the global routing cell to return the processing to the 
route determination step. 

[0058] In another preferred construction, the step of deter 
mining Whether routing is possible or not based on a Wire 
capacitance comprises the steps of: 

[0059] determining Whether there exists the global routing 
cell boundary through Which a larger number of Wires pass 
than the Wire capacitance calculated at the Wire capacitance 
calculating step, and 

[0060] When determination is made at the determination 
step that there exists the global routing cell boundary 
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through Which a larger number of Wires pass than the Wire 
capacitance, ripping up a net passing through the global 
routing cell boundary to return the processing to the route 
determination step, and 

[0061] the step of determining Whether routing is possible 
or not based on a ratio of the number of grids usable for 
routing to the number of grids to be used for the Wires 
comprises the steps of: 

[0062] determining Whether there exists the global routing 
cell in Which the number of grids to be used for the Wires is 
larger than the number of grids usable for routing, and 

[0063] When determination is made at the determination 
step that there exists the global routing cell in Which the 
number of grids to be used for the Wires is larger than the 
number of grids usable for routing, ripping up a net passing 
through the global routing cell to return the processing to the 
route determination step. 

[0064] According to another aspect of the invention, a 
computer readable memory storing a control program for 
controlling an automatic routing device Which automatically 
places and Wires integrated circuits on an integrated circuit 
chip to be processed, 

[0065] 
[0066] 
[0067] 
[0068] 

[0069] 
[007 0] 
steps of 

the control program comprising the steps of: 

conducting ?oor plan processing, 

conducting basic cell placement processing, 

conducting global routing processing, and 

conducting detailed routing processing, 

the global routing processing step comprising the 

[0071] dividing the logic circuit chip into global routing 
cells, 
[0072] calculating a Wire capacitance of each global rout 
ing cell boundary formed at the division step, 

[0073] out of grids as points of intersection betWeen 
routing tracks in each global routing cell formed at the 
division step, calculating the number of grids usable for 
routing, 

[0074] based on a passing route of Wires passing in the 
global routing cell, calculating the number of grids to be 
used by the Wires out of the grids, 

[0075] comparing the number of grids usable for routing 
calculated at the number of usable grids calculating step and 
the number of grids to be used by the Wires calculated at the 
number of grids to be used calculating step, 

[0076] determining a routing route of every net such that 
at least the cost of the Wire capacitance calculated at the Wire 
capacitance calculating step and the cost of the number of 
grids usable for routing calculated at the number of usable 
grids calculating step are minimum, 

[0077] determining Whether routing according to a routing 
route determined at the routing route determining step is 
possible or not based on the Wire capacitance calculated at 
the Wire capacitance calculating step, and 

[0078] determining Whether routing according to a routing 
route determined at the routing route determination step is 
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possible or not based on a comparison result obtained at the 
number of grids comparing step. 

[0079] Other objects, features and advantages of the 
present invention Will become clear from the detailed 
description given herebeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0080] The present invention Will be understood more 
fully from the detailed description given herebeloW and 
from the accompanying draWings of the preferred embodi 
ment of the invention, Which, hoWever, should not be taken 
to be limitative to the invention, but are for explanation and 
understanding only. 

[0081] 
[0082] FIG. 1 is a block diagram shoWing structure of an 
automatic routing device according to one embodiment of 
the present invention. 

[0083] FIG. 2 is a How chart shoWing operation of global 
routing processing in the present embodiment. 

[0084] FIG. 3 is a diagram for use in explaining a method 
of calculating the number of usable grids. 

In the draWings: 

[0085] FIG. 4 is a diagram for use in explaining a method 
of calculating an estimated number of grids to be used in the 
present embodiment. 

[0086] FIG. 5 is a diagram shoWing calculation examples 
of an estimated number of grids to be used and a grid use 
rate. 

[0087] FIG. 6 is a diagram shoWing an example of appli 
cation of global routing processing according to the present 
embodiment. 

[0088] FIG. 7 is a How chart shoWing a How of integrated 
circuit automatic placement and routing processing in out 
line. 

[0089] FIG. 8 is a diagram for use in explaining each 
processing of four steps to be executed in the automatic 
placement and routing processing shoWn in FIG. 7. 

[0090] FIG. 9 is a How chart speci?cally shoWing the 
contents of global routing processing in conventional auto 
matic placement and routing processing. 

[0091] FIG. 10 is a global diagram shoWing a global 
route, global routing cell boundaries and global routing 
cells. 

[0092] FIG. 11 is a diagram for use in explaining a Wire 
capacitance calculation method. 

[0093] FIG. 12 is a diagram shoWing one example of a 
global route. 

[0094] FIG. 13 is a diagram shoWing one example of a 
degree of Wire congestion. 

[0095] FIG. 14 is a diagram shoWing an example of 
application of the global routing processing in the conven 
tional automatic placement and routing processing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0096] The preferred embodiment of the present invention 
Will be discussed hereinafter in detail With reference to the 
accompanying draWings. In the folloWing description, 
numerous speci?c details are set forth in order to provide a 
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thorough understanding of the present invention. It Will be 
obvious, hoWever, to those skilled in the art that the present 
invention may be practiced Without these speci?c details. In 
other instance, Well-knoWn structures are not shoWn in detail 
in order to unnecessary obscure the present invention. 

[0097] FIG. 1 is a block diagram shoWing structure of an 
integrated circuit automatic routing device according to one 
embodiment of the present invention. A How of automatic 
placement and routing processing according to the present 
embodiment, similar to that of the conventional processing 
described With reference to FIG. 7, is in outline executed in 
four steps, ?oor plan processing, placement processing, 
global routing processing and detailed routing processing. In 
addition, as a How of entire processing, When determination 
is made that routing is impossible or that there exists a 
shorted net or unrouted net after the execution of each step 
of the ?oor plan processing, the placement processing, the 
global routing processing and the detailed routing process 
ing, the immediately preceding processing is ?rst conducted 
over again and if the execution of the processing achieves no 
improvement, processing is sequentially conducted over 
again retroactively to the preceding processing, similarly to 
the conventional automatic placement and routing process 
ing shoWn in FIG. 7. 

[0098] With reference to FIG. 1, an automatic routing 
device of the present embodiment includes a ?oor plan 
determining unit 10 for executing ?oor plan processing, a 
basic cell placement unit 20 for executing basic cell place 
ment processing, a global routing route determining unit 30 
for executing global routing processing and a detailed rout 
ing route determining unit 40 for executing detailed routing 
processing. In FIG. 1, illustration is made only of a char 
acteristic part of the structure of the present embodiment and 
that of the remaining part is omitted. 

[0099] Each of the above-described components is imple 
mented by a processing device under control of a computer 
program at a computer system such as a Work station or a 
personal computer. The control program is provided as 
storage in a storage medium such as a magnetic disk or a 
semiconductor memory and is loaded into the processing 
device of the computer system to execute the function of 
each component. 

[0100] In the above-described structure, the ?oor plan 
determining unit 10 conducts the same ?oor plan processing 
as that of the conventional automatic placement and routing 
processing, the basic cell placement unit 20 conducts the 
same placement processing as that of the conventional 
automatic placement and routing processing and the detailed 
routing route determining unit 40 conducts the same detailed 
routing processing as that of the conventional automatic 
placement and routing processing. 

[0101] The global routing route determining unit 30, as 
shoWn in FIG. 1, includes a Wire capacitance calculating 
unit 31 for calculating a Wire capacitance of a global routing 
cell boundary, a number of grids calculating unit 32 for 
calculating the number of grids Which can be Wired in a 
global routing cell, a degree of Wire congestion calculating 
unit 33, a grid use rate calculating unit 34 and a minimum 
cost route determining unit 35 for the determination of a 
global route, and a routing checking unit 36 and a grid use 
rate checking unit 37 for the determination of routing 
possibility/impossibility. 

[0102] The Wire capacitance calculating unit 31 calculates 
a Wire capacitance at each global routing cell boundary 
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formed by the division of the chip into global routing cells. 
The Wire capacitance calculating method is the same as that 
in conventional global routing processing. 

[0103] The number of grids calculating unit 32 calculates 
the number of grids usable for routing in each global routing 
cell formed on the chip. Grid here represents a point of 
intersection betWeen routing tracks in a global routing cell. 
A total number of grids in each global routing cell is equal 
to [the number of routing tracks in the right-and-left direc 
tion]><[the number of routing tracks in the up-and-doWn 
direction] of the global routing cell. Since there is a case 
Where a routing inhibited region exists Within a global 
routing cell, the number of grids usable for routing is less 
than or equal to the total number of grids in a global routing 
cell in question, Which is obtained by the folloWing expres 
sion: 

[the total number of grids]—[the number of grids Which 
can not be used because of the existence of routing 
inhibited region]. 

[0104] The degree of Wire congestion calculating unit 33 
calculates a degree of Wire congestion based on a Wire 
capacitance of a global routing cell boundary and already 
determined global routes. The method of calculating a 
degree of Wire congestion is the same as that in the con 
ventional global routing processing and is obtained by the 
folloWing expression: 

[the number of passing global routes]—[Wire capaci 
tance]. 

[0105] The grid use rate calculating unit 34 calculates a 
grid use rate in each global routing cell based on the number 
of usable grids in the global routing cell calculated by the 
number of grids calculating unit 32 and an estimated number 
of grids to be used for already determined global routes. 
Estimated number of grids to be used represents the number 
of grids to be used by Wires in question Within a global 
routing cell in question calculated based on a route of the 
Wires passing through the global routing cell. Grid use rate 
represents a ratio of an estimated number of grids to be used 
in a global routing cell to the number of usable grids in the 
global routing cell, Which is de?ned by [the estimated 
number of grids to be used in global routing cell]/[the 
number of usable grids in global routing cell]. Routing to 
have a grid use rate higher than 1 is therefore impossible. 

[0106] The minimum cost route determining unit 35 deter 
mines, based on the cost of distance, the cost of a degree of 
Wire congestion on a global routing cell boundary, the cost 
of a grid use rate, the cost of bend and other various kinds 
of costs, a routing route minimiZing these costs. The method 
of determining such route is the same as the minimum cost 
route determining method in the conventional automatic 
placement and routing processing With the only difference 
being that the cost of a grid use rate is taken into consider 
ation. 

[0107] The routing checking unit 36, after routing is 
conducted With respect to all the nets through the processing 
by the degree of Wire congestion calculating unit 33, the grid 
use rate calculating unit 34 and the minimum cost route 
determining unit 35, sees if the number of Wires passing 
through each global routing cell boundary exceeds a Wire 
capacitance of the global routing cell boundary. Then, When 
there is a global routing cell boundary at Which the number 
of passing Wires exceeds its Wire capacitance, a net passing 
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through the global routing cell boundary is tore aWay to 
again cause the degree of Wire congestion calculating unit 
33, the grid use rate calculating unit 34 and the minimum 
cost route determining 35 to conduct their processing. 

[0108] The grid use rate checking unit 37, after routing is 
conducted With respect to all the nets through the processing 
by the degree of Wire congestion calculating unit 33, the grid 
use rate calculating unit 34 and the minimum cost route 
determining unit 35, sees if a grid use rate at each global 
routing cell is higher than 1. Then, if there is a global routing 
cell Whose grid use rate is higher than 1, a net passing 
through the global routing cell is tore aWay to again cause 
the degree of Wire congestion calculating unit 33, the grid 
use rate calculating unit 34 and the minimum cost route 
determining unit 35 to conduct their processing. 

[0109] Next, global routing processing according to the 
present embodiment Will be described With reference to the 
How chart of FIG. 2 and FIGS. 3 to 5. In the global routing 
route determining unit 30, ?rst, the Wire capacitance calcu 
lating unit 31 divides a chip to be processed into global 
routing cells (Step 201) to calculate a Wire capacitance at 
each global routing cell boundary (Step 202). Next, the 
number of grids calculating unit 32 calculates the number of 
grids usable for routing at each global routing cell (Step 
203). With reference to FIG. 3, a method of calculating the 
number of grids usable for routing Will be speci?cally 
described. 

[0110] FIG. 3 is a diagram shoWing grids usable for 
routing at a global routing cell having the same structure as 
that shoWn in FIG. 11. In FIG. 3, a region surrounded by 
solid lines corresponds to one global routing cell. A routing 
track is denoted by a dotted line and a routing inhibited 
region is denoted by slant lines. In the global routing cell 
illustrated in FIG. 3, ?ve routing tracks exist in the right 
and-left direction and ?ve routing tracks exist in the up-and 
doWn direction. The total number of grids is therefore 25 
(=5><5) (in an actual global routing cell, approximately 20 
routing tracks exist both in the right-and-left direction and in 
the up-and-doWn direction and the total number of grids is 
approximately 400 (=20><20)). HoWever, since a routing 
inhibited region exists, the number of grids usable for 
routing Will be less than the above described total number of 
grids, 25. In FIG. 3, usable grids Within the global routing 
cell are indicted by White rounds. The actual number of 
usable grids Will be 18 (=25-7), Which is a value obtained 
by subtracting 7, the number of grids included in the routing 
inhibited region, from 25, the above-described total number 
of grids. 

[0111] Next, the degree of Wire congestion calculating unit 
33 calculates a degree of Wire congestion at each global 
routing cell boundary (Step 204). Then, the grid use rate 
calculating unit 34 calculates a grid use rate at each global 
routing cell (Step 205). With reference to FIGS. 4 and 5, a 
method of calculating an estimated number of grids to be 
used and a grid use rate Will be speci?cally described. 

[0112] In FIG. 4(A) to (D), at a global routing cell denoted 
by solid lines, a number x of routing tracks exist in the 
right-and-left direction and a number y of routing tracks 
exist in the up-and-doWn direction (see FIG. 4(A)). In this 
state, possible patterns of Wires passing through the global 
routing cell are three, a passing pattern on Which one Wire 
is provided in the right-and-left direction (FIG. 4(B), here 










