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·2 8 JUN ZIDB 
SPECIFICATION 

Title of the Invention 

STANDARD CELL, STANDARD CELL ARRAY, AND 

SYSTEM AND METHOD FOR PLACING AND ROUTING 

STANDARD CELLS 

Background of the invention 

The p:resent invention relates to a standard cell formed on a .. 

semiconductor substrate, a standard cell array formed on a semiconductor 

substrate, and a_ system and a method for placing and routing standard 

cells. '· 
As a layout design technology for realizing a LSI (large scale 

integrated circuit) on a semiconductor substrate with a high integration 
. '·.. . 

density for a short period of time, a standard cell type LSI design 

technology is widely utilized, in which small unitary circuits such as an 

inverter and an NAND gate are previously prepared as standard cells, and 

-those standard cells are placed in the fonn of an array and interconnected 

to form an LSI. 

Referring to Fig. 18A, a layout diagram of a standard cell type LSI 

is illustrated. A plurality of cell arrays are placed, each of the cell mays 

being fonned of a plurality of function cells 106 having the same width 

(height in the drawing) and placed in the fonn of an array. A routing 

channel 1801 is reserved between each pair of adjacent cell arrays. In ·the 

routing channel 1801, there are located an inter-cell connection 1802 for 

interconnecting between cells included in the same cell array, and an 
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. inter-array connection 1803 for interconnecting between cells which are 

included in different cell ,arrays, respective! y. 

Referring to Fig. I SB, there is shown a pattern diagram of the 

inside of one typical prior art standard cell. The shown standard cell is a 

function cell 106a having an inverter function. In Fig. 18B. the reference 

number 111 designates an N-well, and the reference number 112 indicates 

a P-type diffused layer. The reference number 113 shows an N-type 

diffused layer, and the reference number 114 denotes a polysilicon. The 

reference number 115 designates a contact hole between the P-type or N­

type diffused layer and a first level metal. The reference number 116 

indicates a contact hole between the polysilicon and the first level metal. 

The reference number 117 shows the first level metal. The reference 

number 120 denotes a VDD power supply line formed of the first level 

metal. The reference number 121 designates a VSS power supply line 

formed of the first level metal. In the N-well 111, a P-channel MOS 

transistor having a source and a drain formed of the P-type diffused layer 

112 is formed. In a P-type substrate region at the outside of the N-well, 

an N-channel MOS transistor having a source and a drain formed of the 

N-type diffused layer 113 is fonned. 

In the prior art standard cell, all the cells have the same constant 

width (height in Fig. 18B), and the VDD power supply line 120 and the 

VSS power supply line 121 having the same fixed widtb are located at an 

upper end portion 8:Dd at a lower end portion of the cell, respectively, as 

shown in Fig. 18B. An area between the pair of power supply lines in the 
cell is used to form the transistors included in the cell and to. locate 

interconnections between tenninals (contaets) within the cell (called an 

· "in-cell wiring" in this specification). On the other hand, the routing 
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channel has to be used for the interconnection between cells. However, 

the width of the cell is determined to meet a function cell such as a 

flipflop which needs a number of transistors and a complicated in-cell 

wiring. Therefore, the following problem has been encountered in the 

prior art standard cell. In a relatively simple function cell such as an 

in~erter and a 2-input NANO gate which has a simple in-cell wiring, 

althoµgh there arise many empty areas for the first level metal, the empty 

areas could not be utilized for the inter-cell connection. In addition, the 

power supply lines extending through all the standard cells have the 

constant width, and it is not so easy to change the width of the power 

supply lines in accordance with the magnitude of a required power supply 

current. 

Under this situation, Japanese Patent Application Pre-examination 

Publication No. IP-A-06-169016 discloses a standard celJ having an empty 

area which is provided between a power supply line and an in-cell wiring 

area and which can be utilized for the inter-cell connection. Referring to 

Fig. 19A, there is shown a W:iring area diagram of a standard cell in 

accordance with this second prior art. An empty area 123 is provided 

between the VDD line 120 of the first level metal and an in-cell wiring 

area 122, and another empty are·a 124 is provided between the VSS line· 

121 of th~ first level inetaJ and the in-cell wiring area 122. These empty 

areas 123 and 124 can be utilized for the inter-cell connection so as to 

realize an elevated integration density. 

In addition, Japanese Patent Application Pre-examination 

Publication No. JP-A-03-062551 discloses a standard cell having a device 

formation area extending into an outside of the power supply line. 

Referring to Fig. 198, there is shown a wiring area diagram of a standard 
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· cell in accordance with this third prior art. An in-cell wiring area 122 is 

provided between the VDD line 120 and the VSS line 121, similarly to the 

first prior art ex.ample shown in Fig. 18B. However, a device foanation 

area 125 depicted by a chain line extends into an outside of each power 

supply line. Since this outside area can be utilized ac; a wiring area, the 

outside area can be utilized for the inter-cell connection. In addition~ 

even if the position of.the power supply lines is standardized for all the 

cells, it is possible to freely set a substantial cell width determined by the 

size of the device formation area. 

Furthermore, Japanese Patent Application Pre-examination 

Publication No. JP-A-05-055381 proposes a standard cell having no 

power supply line pattern. Referring to Fig. 19C, there is shown a 

wiring area diagram of a standard cell in accordance with this fourth 

prior art. The standard cell includes only an in-cell wiring area 122 

including transistors formed in the cell and a wiring pattern for 

connecting between terminals in the cell. After a required number of 

standard.cells are placed in the form of an array, a power supply line 

pattern which has a line width detennined on the basis of the length of the 

cell array and a power consumption, is generated to connect to each 

standard cells. Therefore, the power supply line can have an optimum 

line width. 

However, the standard cell of the second prior art are difficult to 

optimize the width of the power supply line, and are restricted to have a 

constant cell width. The standard cell of the third prior art is difficult to 

optimize the width of the power supply line. The standard cell of the 

. fourth prior art are restricted to Jia,ve a constant cell width. In addition, 

" 
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since the device fonnation area is not used for the inter-.cell connection, 

the wiring density is low . 

. Brief summary of the invention 

Accordingly, it is an obj~ct of the present invention to provide a 

standard cell, a standard cell array, and a system and a method for placing 

and routing standard cells. which have overcome the above mentioned 

problems of the prior art 

Another object of the present invention is to provide a standard 

cell, a standard cell array, and a system and a method for placing and 

routing standard cells, capable of forming an inter-cell connection in an 

area between a power supply line and an in-cell wiring area and also 

capable of ensuring the power supply line having an optimum line width, 

without a restriction requiring a constant cell width. 

According to a first aspect of the present invention, there is 

provided· a standard cell comprising a power supply tenninal of a diffused 

layer, an input terminal of a first level metal and an output terminal of 

the first level metal. 

More specifically, the standard cell in accordance with the present 

invention comprises a function circuit including at least one P-channel 

transistor and at least one N-channel transistor; a first power supply 

terminal for supplying a first power supply voltage to the at least one P­

channel. transistor, a second power supply terminal for supplying a second 

power supply voltage to the at least one N-channel transistor, and an input 

terminal and an output terminal for the function circuit. The first power 

supply terminal is provided at a P-type diffused layer of the at least one 

P-channel transistor supplied with the first power. supply voltage, and the 

• 
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second power supply terminal is provided at .an N-type diffused layer of 

the at least one N-channel transistor supplied with the second power 

supply voltage. The input tenninaJ of the first level me~ and the output 

terminal of the first level metal constitute the input terminal and the 

output tenninal for the function circuit, respectively. 

According to a second aspect of the present invention, there is 

provided a standard ce11 ·array including a plurality of standard cells in 

accordance with the first aspect of the present invention, said plurality of 

standard cells being fonned on a semiconductor substrate . and located in 

the fonn of an array. The plurality of standard cells are located in such a, 

manner that reRpective well boundary lines within the standard cells are 

aligned on one straight line, and a substrate contact cell for connecting a 

first power supply voltage and a second power supply voltage to the 

semiconductor substrate and a well formed in the semiconductor 

substrate, respectively, "is inserted into the standard ce11 array at 

predeterinined intervals, at least one for a predetermined number of 

standard cells. 

According to a third aspect of the P!esent invention, there _is 

provided a standard cell placement and routing processing system 

comprising a library file which stores information of various standard 

cells in accordance with the first aspect of the present invention, a circuit 

connection information file which stores circuit connection infonnation 

of an LSI to be developed, a constraint inf~nnation file which stores 

constraint information concerning the placement and the routing, a 

parameter file which stores parameter information including a power · 

supply voltage and an operating frequency of the LSI to be developed and 

a sheet resistance of the diffused layer, a placement and routing system 
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for executing the placement and the routing of standard cells selected in 

accordance with the circuit connection information from the circuit 

connection information file. by utilizing information from the library 

file, the constraint information file and the parameter file, and an 

inputloutput and display apparatus for displaying a history and a result of 

the placement and the routing and for externally inputting a control 

command to control the placement and routing system. 

According to a fourth aspect of the present invention, there is 

provided a stan.dard ce11 placement and routing method for executing a 

placement and routing of standard cells by using the standard cell 

placement and routing processing system in accordance with the third 

aspect of the present invention, the method comprising: 

a first step of reading out the circuit connection infonnation from 

the circuit connection information file; 

a second step of reading out from the cell library file.- standard cells 

corresponding to the read-out circuit connection information, and 

locating the read-out standard cells into a plurality of standard cell arrays, 

each of the plurality of standard cell arrays including at least one 

substrate contact cell inserted for every a predetermined number of 

standards cells, and the standard cells included in each of the plurality of 

standard cell arrays being arranged in such a manner that respective well 

boundary lines within the standard cells in each standard cell array are 

aligned on one straight line in a plan view; 

a third step of l'Outing signal lines between the standai:d cells 

included in the· standard cell array, in accordance with the circuit 

connection infonnation; 
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a fourth step of extracting a contour of a wiring area of the signal 

lines within the standard cell array, and placing a power supply line at the 

out.~ide of the wiring area~ 

a fifth step of forming a contact hole at an overlapping portion 

between the power supply tine and the power supply tenninal of the 

diffused layer within the standard cell in the standard cell array, or 

alternatively, extending a power supply line of the diffused layer from the 

power supply terminal to the power supply line when ~e power supply 

terminal does not overlap the power supply line, and then, forming a 

contact hole al an overlapping portion between the power supply line and 

the power supply line of the diffused layer, 

a sixth step of discriminating whether or not the resistance of the 

power supply line of the diffused layer is not greater than a 

predetermined resistance value stored· in the constraint information file; 

a seventh step of re-routing the signal lines between the standard 

cells when it is discriminated in the sixth step that the resistance of the 

power supply line of the diffused layer is greater than the predetennined 

· ·. . . .. _ x_:esistance value, and then, returning to the fourth step; and 

. . ... --:~~--.. ~" . ..._all. eighth step of routing a not-connected interconnection in the 

standard cell array and signal lines between the standard cell arrays when 

it is discriminated in the sixth step that the resistance of the power supply 

line of the diffused layer is not greater than the predetermined resistance 

value. 

Specifically, the second step can include: 

a f~rst sub-step of reading out from the cell library file, the 

standard cells corresponding to · the read-out circuit ·Connection 

infonnation, and locating the read-out standard cells into a plurality of 

" 



9 

standard cell arrays in such a manner that respective well boundary lines 

within the standard cells in each standard cell array are aligned on one 

straight line in a plan view; 

a second sub-step of inserting the at least one substrate contact cell 

for every a predetennined number of standards cells in each standard ceJI 

array, to complete the plurality of standard cell arrays; 

a third sub-step of calculating a power supply line width on the 

basis of infonnation including the number of the standard cells and the 

kinds of the standard cells included the standard ce11 array, the power 

supply voltage, and the operating frequency; 

a fourth sub-step of calculating the width of a routing channel 

required from the power supply line width, the number of signal lines, 

and signal paths; and 

a fifth sub-step of discriminating whether or not the routing is 

possible, with reference to a chip size stored in the constraint information . 
file, and returning to the first sub-step when the routing is not possible, 

and on the other hand, completing the second step when the routing is 

possible. 

Furthennore, the fifth step can include: 

a first sub-step of extracting the power supply terminals of the 

standard cells included in the standard cell. array; 

a second sub-step of discriminating whether or not the extracted 

power supply terminal overlaps the power supply line; 

a third sub-step of extending the power supply line of the diffused 

layer from the extracted power supply terminal to the power supply line 

when the extracted power supply terminal does not overlap the power 
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supply line, so that the power supply line of the diffused layer overlaps 

the. power supply line; and 

a fourth sub-step of forming a contact hole at an overlapping 

portion between the extracted power supply terminal and the power 

supply line when it is discriminated in the second sub-step that the 

extracted power supply tenninal overlaps the power supply line, or 

alternatively at an overlapping portion between the power supply line and 

the power supply line of the diffused layer when it is discriminated in the 

second sub-step that the extracted power supply terminal does not overlap 

the power supply line. 

In addition, the seventh step can include: 

a first sub-step of detecting a signal line which becomes a hindrance 

in reducing the resistance of the power supply line fonned of the diffused 

layer to not greater than the predetermined resistance value; 

a second sub-step of removing the signal line which becomes the 

hindrance, and providing a through-hole for connecting between the first 

level metal and a second level metal at an end position to which the 

removed signal line was connected; and 

a third sub-step of discriminating whether or not the resistance of 

the power supply line fanned of the diffused layer shortened as the result 

of the removal of the signal line is no~ greater than the predetermined 

resistance value, and returning to the first sub-step when the resistance is 

greater than the predetermined resistance value, or alternatively 

completing the seventh step when the resistance is not greater than the 

predetennined resistance value. 

· According to a fifth aspect of the present invention, there is 

provided a standard cell placement and routing method for executing a 



' 1 

placement and routing of standard cells by using a standard cell placement 

and routing processing system in accordance with the third aspect of the 

present invention, the method comprising: 

a first step of reading out the circuit connection information from 

the circuit connection information file; 

. a second step of reading out from the cell library file, standard cells 

corresponding to the read-out circuit connection information, and 

provisionally locating the read-out standard cells into a plurality of 

provisional standard cell arrays; 

a third step of dividing the provisional standard cell array into a 

plurality of cell groups each including not greater than a predetermined 

number of standard cells which are located adjacent to one another; 

a fourth step of selecting one cell group to be processed, from the 

plurality of cell groups; 

a fifth step of routing signal lines between the standard cells within 

the one selected cell group, in accordance with the circuit connection 

information from the circuit connection information file; 

a six.th step of extracting a contour of a wiring area of the signal 

lines within the one selected cell group, to register a power supply line 

inhibit area in the constraint information file; 

a· seventh step of placing a power supply line along the outside of 

the power supply line inhibit area within the one selected cell group; 

an eighth step of fonning a contact hole at an overlapping portion 

between the power supply line and the power supply terminal of the 

diffused layer within the standard cell· in the one selec.ted cell group, or 

alternatively, extending a power supp~y line of the diffused layer from the 

power supply terminal to the power supply line when the power supply 
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terminal does not overlap the power supply line, and then, forming a 

contact hole at an overlapping portion between the power supply Jine and 

the power supply line of the diffused layer; 

a ninth step of discriminating whether or not the resistance of the 

power supply line of the diffused layer is not greater than a 

_predetermined resistance value stored in the constraint infonnation file; 

a tenth step of re-routing the signal lines between the standard cells 

when it is discriminated in the ninth step that the resistance of the power 

supply line of the diffused layer is greater than the predetermined 

resistance value, and then, returning to the fifth step; 

an eleventh step of discriminating whether or not the processing for. 

all the cell groups has been completed, when it is discriminated in the 

ninth step that the resistance of the power supply line of the diffused layer 

is not greater than the predetermined resistance value, and then, returning 

to the fourth step when the processing for all the cell groups has not yet 

been completed; 

a twelfth step of replacing the provisional standard cell array 

compos~d of the provisionally located standard cells, with. corresponding " 

cell groups processed above, when it is discriminated in the eleventh step 

that the processing for all the cell groups has been completed; 

a thirteenth. step of interconnecting respective power suppl~ lines of 

the cell groups processed above to form a power supply line for the 

standard cell array; and . 

a fourteenth step of routing a not-connected interconnection in the 

standard cell array and signal lines between the standard cell arrays. 

The above and other objects, features and advantages of the present 

invention will be apparent from the following description of preferred 
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embodiments of the invention with ref ere nee to the accompanying 

drawings. 

Brief description of the drawings 

Figs. IA and I B are pattern diagrams of an inverter eel~ which_ is 

one embodiment of the standard cell in accordance .with the present 

invention; 

Fig. 2A is a pattern diagram of a 2-input NOR cell which is one 

embodiment of the standard cell in accordance with the present invention; 

Fig. 2B is a pattern diagram of a 2-input NANO cell which is one 

embodiment of the standard cell in accordance with the present invention; 

Fig. 3A is a pattern diagram of a low power invener cell which is 

one embodiment of the . standard cell in accordance with the present 

invention; 

fig. 3B is a pattern diagram of a substrate contact cell which is one 

embodiment of the standard cell in accordance with the present invention; 

Fig. 4 is a constructional· diagram of a processing system in 

accordance with the present invention for placing and routing standard 

cells; 

Fig. 5 is a flow chart of one embodiment of the method in 

accordance with the present invention for placing and routing standard 

cells; 

Fig. 6 is a circuit diagram of a circuit used for iJlustration; 

Fig. 7 is a flow chart of the details of the processing in the step 502 

shown in Fig. 5; 

Fig. 8 is a p~ttern diagram when the processing of the step 502 is 

completed; 



14 

Fig. 9 is a pattern diagram when the processing of the step 503 is 

completed; 

Fig. 10 is a· flow chart of the details of the processing in the step 

SOS shown in Fig. 5; 

Fig. 11 is a pattern diagram when the processing of the step 505 is 

completed; 

Fig. 12 is a flow chart of the details of the processing in the step 

501 shown in Fig. 5; 

Figs. 13A. 13B. 13C and 130 are layout diagrams at various steps 

in the placement and routing process; 

Fig. 14 is a pattern diagram when the processing of .the step 508 is 

con:1pleted; 

Fig. 15 is a flow chart of another embodiment of tbe method in 

accordance with the present invention for placing and routing standard 

cells; 

Figs. 16A, 16B and 16C are layout diagrams of various cell groups; 

Fig. 160 is· a layout diagram of the standard cell array constituted 

of various cell groups; 

Fig. 17 is a pattern diagram when the processing of the step 1508 is 

completed; 

Fig. l SA is a layout diagram of a standard cell type LSI; 

Fig. I SB "is a pattern diagram of a first prior art standard cell 

example; and 

Figs. 19A, 19B and 19C are wiring area diagrams of second, third 

and fourth prior art standard cell examples. 

" 

, 
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Detailed description of the invention 

Referring to Figs. _IA and lB, there are shown pattern diagrams of 

an inverter cell which is one embodiment of the standard cell in 

accordance with the present invention. Fig. lA illustrates patterns of all 

levels within an inverter cell 101. 

In Fig. lA, the reference number 111 designates an N-well, and the 

reference number 112 in~icates a P-type diffused layer. The reference 

number 113 shows an N-type diffused layer, and the reference number 

114 denotes a polysilicon. The reference number 115 designates a contact 

" 

hole between the P-type or N-type diffused layer and a first level metal. • 

The reference number 116 indicates a contact hole between the 

polysilicon and the first level metal. The referenc~ number 117 shows 

the first level metal. The reference number 118 denotes a VDD tenninal 

on the P-type diffused layer. The reference.number 119 designates a VSS 

terminal on the N-type diffused layer. In the N-well 111, a P-channel 

MOS transistor having a source and a drain formed of the P-type diffused 

layer 112 is formed, and the VDD terminal 118 is formed on the P-type 

diffused layer 112 which constitutes the source of the P-channel MOS 

transistor. Similarly, in a P-type substrate region at the outside of the N-

well, an N-channel MOS transistor having a source and a drain formed of 

the N-type diffused layer 113 is fonned, and the VSS terminal 119 is 

fomied on the N-type diffused layer 113 which constitutes the source of 

the N-channel MOS transistor. The P-channel MOS transistor and the N­

channel MOS transistor are connected by the first level metal 1 ·17 and the 

contact hole 115, so as to constitute an inverter. 

Fig. lB illustrates only the P-type diffused layer, the N-type 

diffused layer and the.first level metal shown in Fig. lA. Fig. lB shows 

• 



·-

16 

the VDD terminal 118 of the ·diffused layer, the VSS terminal 119 of the 

diffused layer, an input terminal IN of the firsl level metal, and an output 

tenninal OUT of the first level metal. The standard cell in accordance 

with the present invention is characterized by having the VDD terminal 

118 of the diffused layer, the VSS tenninal 119 of the diffused layer, the 

input tenninal IN of the first level metal, and the output terminal OUT of 

the first level metal, without having a metal connection line for a power 

supply line. 

In the standard cell in accordance with the present invention, since 

the power supply terminal is constituted of the diffused layer, the 

standard cell is connected to a power supply metal line through a wiring 

conductor formed of the· diffused layer, with the result that it is in some 

cases that a parasite resistance is inserted between the power supply metal 

line and the transistor. However, with a recent advanced metal silicide 

fonning technology, a titanium silicide which is fonned by depositing a 

metal titanium (Ti) on a surface of a diffused region and converting the 

met.al titanium into titanium silicide, and a cobalt silicide which is fonned 

by depositing a metal cobalt (Co) on a surface of a diffused region and 

converting the metal cobalt into cobalt silicide, have been reduced into 

practice, with the result that a sheet resistance of the diffused layer has 

been drastically reduced. Therefore, it is possible to minimize the 

parasitic resistance to a value generating no practical hindrance. 

Referring to Fig. 2A, there is shown a pattern diagram of a 2-input 

NOR cell 102 which is one embodiment of the standard cell in accordance 

with the present invention. Fig. 2B is a pattern diagram of a 2-input 

NAND cell 103 which is one embodiment of the standard cell in . 

accordance with the present invention. These standard cells have a pair of • 
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input terminals INl and IN2. Also, referring to Fig. 3A, there is shown a 

pattern diagram of a low power inverter cell 104 which is one 

embodiment of the standard cell in accordance with the present invention. 

Fig. 3B is a pattern diagram of a substrate contact cell 105 which is one 

embodiment of the standard cell in accordance with the present invention. 

In these figures, elements corresponding to those shown in· Figs. lA and 

1 B at"e given the $ame reference numbers and explanation will be omitted 

for simplification of description since an averaged person skilled in the 

art can understand these features with no further explanation. 

Incidentally, the substrate contact cell 105 is for fixing the potential of the 

N-well 111 and the potential of the P-type substrate to the VDD potential 

and the VSS potential, respectively. 

As shown in Figs. lA, IB, 2A, 2B. 3A and 3B, the standard cells in 

accordance with the present invention can have not only different cell 

lengths but also different cell widths. 

Refening to Fig. 4, there is shown a constructional diagram of a 

standard cell placement and routing processing system in accordance with 

the present invention for performing the placement and routing by using 

the standard cells in accordance with the present invention so as to design 

an LSI. 

The design system comprises a placement and routing system 40 l 

for performing the placement of cells and the routing of the inter-cell 

connection$ and the po~er supply lines, a cell library file 402 including 

the standard cells shown in Figs. lA, lB, 2A, 2B, 3A and 3B, a circuit 

connection information file 403 for a circuit connection infonnation of 

the LSI to be developed, a constraint information file 404 storing various 

constraints concerning the placement and routing, an inputloutput and 
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display apparatus 405s and a parameter file 406 storing various 

information including an operating frequency, an operating temperature 

range, a sheet resistance of a P-type diffused layer, an N-type diffused 

layer and various interconnection metal layers. The input/output and 

display apparatus 405 can display the history and the result of the 

placement and routing, and various commands can be inputted through 

the input/output and display apparatus 405 to control the execution of the 

placement and routing. 

Now, the placement and routing method executed in the placement 

and routing system 401 will be described in detail. 

Fig. 5 is a flow chart of the placement and routing method in 

accordance with the present invention. 

In a step 501, a circuit connection information which represents a 

circuit of the LSI by small· circuits corresponding to cell functions and 

connection information between the small circuits, is picked up from the 

circuit connection infonnation file 403 and is inputted to the placement 

and routing system 401 

Fig. 6 is a circuit diagram of a circuit example represented by the 

circuit connection information inputted in the step SO 1. An input 

tenninal of a low power inverter 604 is connected to a terminal A, and an 

output terminal of the low power inverter 602 is connected through a 

connection line Al to one input tenninal of a 2-input NAND circuit 603. 

The other input terminal of the 2-input NANO circuit 603 is connected to 

a tenninal B, and an output terminal of the 2-input NAND circuit 603 is 

connected through a connection line A2 to one input terminal· of a 2-input 

NOR circuit 602. The other input terminal of the 2-input NOR circuit 

602 is connected to a terminal C, and an output terminal of the 2-input 
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NOR circuit 602 is connected through a connection line A3 to an input 

terminal of an inverter 601. An output terminal of the ·inverter is 

connected to a- terminal D. Here, the inverter 60 l, the 2-input NOR 

circuit 602, the 2-input NAND circuit 603 and the low power inverter 

604 are one small circuit, respectively, and correspo~d to the inverter cell 

101, the 2-fnput NOR cell 102, the 2-input NANO cell 103 and the low 

power inverter cell l 04, respectively. 

In a step 502, standard.cells corresponding to the circuit connection 

information is read out from the cell library file 402, and the read-out 

standard c.ells are assorted for each cell array. In each cell anay, the 

standard cells are placed in such a manner that a boundary line of the N­

well 111 in the respective standard cells are aligned on one straight line in 

a plan view_. 

Fig. 7 is a flow chart showing the details of the processing in the 

step 502 shown in Fig. 5. In a step 70 l, a provisional placement order of 

the small circuits included in the circuit connection information is 

detennined on the basis of the number of interconnection lines between 

the smali circuits and a proximity placement constraint from the 

constraint infonnation file 404. Then, the standard cells corresponding to ~ 

the small circuits are read out from the cell library file 402, and the small 

circuits are replaced by the_ read-out standard cells, respectively. 

Furthennore, the length of the cell array and the number of cells included 

in the cell array are adjusted, and the positions of the read-out standard 

ceJls are determined in such a manner that a boundary line of the N-well 

111 in the respective standard cells are aligned on one straight line in a 

plan view. Thus, a provisional cell array is completed. 



20 

In a next step 702, in order to stably fix the potential of the N-well 

in each standard cell to the VDD potential and also to stably fix the 

potential of the P-type substrate to the VSS potential. at least one substrate 

contact cell 105 is inserted for every a predetermined number of cells in 

the provisional cell array, so that a standard cell array is fonned. 

In a step 703 succeeding to the step 702, an optimum power supply 

line width for each standard cell array is calculated by considering a heat 

generation caused by an electric power consumption and an 

electromigration resistance, which are obtained on the basis of the 

number of cells and the kinds of cells included in the stanctard cell may, 

as well as various information read out from the parameter file 406, 

including the sheet resistance of the first level meta]. the power supply 

voltage, the operating frequency, and the operating temperature. 

Then, in a step 704, a routing channel required between each pair 

of adjacent standard cell arrays is calculated from the optimum power 

supply line obtained in the preceding step 703, the number of signal lines 

between cells, rough signal paths, and the width of wiring enabling areas 

within the standard cell may. 

Thereafter, in a step 705, the chip size of the LSI is estimated from 

the standard cell ·arrays and the routing channels thus obtained, and is 

compared with a vertical size and a horizontal size of the chip stored in 

the constraint information file 404. If the estimated chip size does not 

meet with the vertical size ·and the horizontal size of the chip, the 

processing returns to the step 701 so that a command is inputted through 

the input/output and display apparatus 405 to increase or decrease the 

number of cell arrays for relocation. If the estimated chip size meets . 

t 
l 
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with the vertical size and the horizontal size of the chip, the step 502 is 

completed, and the processing goes to a step 503 

Fig. 8 is a pattern diagram of a portion of the standard cell array 
when the processing of the step 502 is completed. The inverter cell 101, 

the 2-input NOR cell 102, the 2-input NAND cell 103 and the low power 

inverter cell 104, which correspond to the inverter 601, the 2-input NOR 
circuit 602, the 2-input NAND circuit 603 and the low power invener 

604 shown in Fig. 6, respectively, are closely placed in such a manner 

that die boundary line of the N-well 111 in the respective standard cells 

. are aligned on one straight line in a plan view, and further, the substrate 

contact cell 105 is added. The respective N-wells 111 of the standard 

cells are coupled to form one continuous pattern. In addition, since the 

respective standard cells have different widths, respectively, the standard 

cell anay shown in Fig. 8 has an upper boundary or contour line and a 

lower boundary or contour line, both of which are bumpy or unstraight. 

· In a step 503, the routing of signal lines in each standard cell array 
is carried out in accordance with the circuit connection information 

stored in the circuit connection information file 403. Fig. 9 is a pattern 

diagram of the same portion of the standard cell array when the 
processing of the step 503 is completed. In accordance with the circuit 

connection shown in Fig. 6, the terminal A is connected to the input 

terminal of the low power inverter cell 104 through an interconnection 

line 901 of the first level metal. The output terminal of the· low power 

inverter cell 104 is connected to one input tenninal of the 2-input NAND 
cell 103 through an interconnection line 901 (Al) of the first level metal. 

The terminal B is connected to the other input terminal of the 2-input 

N AND · ceIJ l 03 through an interconnection line 901 of the first level 
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metal. The output tenninal of the 2-input NANO cell 103 is ·connected to 

one input terminal of the 2-input NOR cell 102 through an 

interconnection line 901 (A2) of the first level metal. The output 

terminal of the 2-input NOR cell 102 is connected to the input tenninal of 

the inverter cell 101 through an interconnection line 901 (A3) of the first 

level metal. The output terminal of the inverter cell 101 is connected to 

the terminal D through an interconnection line 901 of the first level 

metal, Thus, if the step 503 is completed, the processing goes to a step 

504. 

In the step 504, a co~tour of wiring areas within the standard cell 

array is extracted, and a power supply line is located at the outside of the 

contour. Referring to Fig. 11 which is a pattern diagram of the same 

portion of the standard cell array when the processing of a step SOS is 

completed, a VDD power supply line 1101 (formed of for example the 

first level metal) is located at an upper outside of the metal signal lines of 

the first level metal within the cell array in the plan view, and a VSS 

power supply line 1102 (fonned of for example the first level metal) is 

located at a lower outside of the metal signal lines of the first level metal 

within the cell array in the plan view. 

Then, the processing goes to the step 505, in which the power 

tenninals of each cell are connected to the power supply.lines. Fig. 10 is 

a flow chart of the details of the processing in the step SOS. In a step 

100 l, one standard cell VDD terminal 118 ·included in the standard cell 

array is extracted. In a step 1002, whether or not the extracted VDD 

terminal 118 ovedaps the VDD power supply line 1101, is discriminated. 

If the extracted VDD terminal 118 overlaps the VDD power supply line 

1101, the processing goes to a step 1004. On the other hand, if the 
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extracted VDD tenninal 118 does not overlap the VDD power supply line 

1 101, the processing goes to a step 1003, in which a power supply line 

formed of a P-type diffused layer 1103 (Fig. 11) for supplying the VDD 

voltage is extended from the VDD terminal 118 towards the VDD power 

supply line 1101, and also the N-well pattern is extended to surround the 

power supply line formed of a P-type diffused layer 1103, so that the 

power supply line formed of the P-type diffused layer 1103 extending 

from the VDD terminal 118 overlaps the VDD power supply line 1101. 

After the step 1003 is completed, the processing goes to the step 1004. 

In the step 1004, a contact pattern 1105 for interconnecting between 

the diffused layer and the first level metal is generated a~d located at an 

overlapping portion between the VDD power supply line 1101 and the 

VDD terminal 118 or at an overlapping portion between the VDD power 

supply line 1101 and the power supply line formed of the P-type diffused 

layer 1103. 

In a next step 1005, whe.ther or not a processing for connecting all 

the VDD terminals 118 to the VDD power supply line 1101 has been 

completed, is discriminated. If the connecting p~ocessing for all the VDD 

terminals 118 has not yet been completed, the processing returns to the 

step 1001. On the other hand, if the connecting processing for all the 

VDD terminals 118 has been completed, the processing goes to the 

connecting processing for the VSS terminals 119. This connecting 

processing for the VSS terminals. 119 is similar to the above mentioned 

connecting processing for the VDD tenninals 118, and thereforet can be 

easily understood from the above description from the steps 1001 to 1 OOS 

by replacing the VDD tenninal 118, the VDD power supply line 1101 and 

the power supply line formed of the P-type diffused layer 1103, with the 
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VSS terminal l 19, the VSS power supply line 1102 and a power supply 

line formed of an N-type diffused layer 1104, respectively. If the 

connecting processing for all the VDD terminals 118 and the VSS 

terminals 119 has been completed, the processing goes to a step 506. 

As· mentioned above, Fig. 11 is the pattern diagram of the same 

portion of the standard cell array when the processing of lhe step :Sos is 
completed. As shown in Fig. 11, the VDD power supply line 1101 and 

the VSS power supply line 1102 are located at the outside of an area in 

which the in-cell wiring lines and the inter·cell connections are located. 

The contact hole 1105 is fonned at the overlapping portion between the 

VDD terminal 118 and the VDD power supply line 1101. In the VDD 

tenninal 118 that does not overlap the VDD power supply line 1101, the 

power supply Jine formed of the P-type diffused layer 1103 iS formed to 

extend from the VDD tcnninal 118 to the VDD power supply line 1101, 

and the contact hole 1105 is formed at the overlapping portion between 

the VDD power supply line 110 l and the power supply line formed of the 

P-type diffused layer 1103 for the purpose for connecting the VDD 

power supply line 1101 to the VDD tenninal 118 that does not overlap 

the VDD power supply line 1101. Similarly, the contact hole 1105 is 

fonned at the overlapping pQrtion between the VSS terminal 119 and the 

VSS power supply line 1102. In the VSS terminal 119 that does not 

overlap the VSS power supply line 1102, the power supply line formed of 

the N-type diffused layer 1104 is fanned to extend from the VSS tenninal 

119 to the VSS power supply line 1102, and the contact hole 1105 is 

formed at the overlapping portion between the VSS power supply line· 
. . 

1102 and the power supply line formed of die N-type diffused layer 1104 
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for the purpose for connecting the VSS power supply line 1102 to the 

VSS. terminal 119 that does not overlap the VSS power supply line 1102. 

In the step 506, whether or not the resistance of the power supply 

line formed of the P-type diffused layer 1103 and the power supply line 

formed of the N-type diffused layer 1104 is in a permitted limit, is 

ascertained. For this purpose, the respective sheet resistance of the P-type 

diffused layer and the N-type diffused layer are read out from the 

parameter file 406, and the resistance value is calculated from the width 

and the length of the diffused layer constituting the power supply line, 

and is compared with a permissible resistance value stored in the 

constrain infonnation film 404. Tf the resistance of all the power supply 

lines formed of the diffused layer is not greater than the permissible 

resistance value, the processing goes to a step 508. If the resistance of at 

least one power supply line fonned of the diffused layer is greater than 

the permissible resistance value, the processing goes to a step 507. 

In the step 507, a re-routing is carried out for making the resistance 

of all the power supply lines formed of the diffused layer .not greater than 

the pennissible resistance value. Fig. 12 is a flow chart of the details of 

the re-routing processing in the step 507. In a step 1201, the signal line 

formed of the first level metal which becomes a bottle neck in reducing 

the resistance of the (first-aimed) power supply line formed of the 

diffused layer not greater than the permissible resistance value, is 

detected. In a succeeding step 1202, the signal line fonned of the first 

Jevel metal becoming the bottle neck is removed, and a through-hole for 

connecting to a second level metal is located at a position to which each 

end o_f the removed signal line was ~onnected. At the same time," the 

corresponding power supply line of the first level metal and the power 

" 

, 
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supply line formed of the diffused layer having the resistance which is 

greater than the pennissible resistance value and which therefore is to be 

reduced by removing the signal line formed of the first level metal~ are 

removed. In a step 1203 _succeeding to the step 1202, the size of the 

power supply line formed of the diffused layer which can be shortened as 

the result of the processing in the step 1202, is estimated, and the 

resistance vaiue of the estimated power supply line is calculated and then 

compared with the pennissible resistance value. If the resistance value is 

greater than the permissible resistance value, the processing returns to the 

step -1201. To the contrary, if the resistance value is not greater than the 

permissible resistance value, the re-routing for the (first·aimed) power 

supply line formed of the diffused layer having the resistance greater than 

the permissible resistance value, is completed, and a similar processing is 

repeated for other power supply lines fonned of the diffused layer having 

the resistance greater than the permissible resistance value. If the re­

routing is completed for all the power supply lines formed of the diffused 

layer having the resistance greater than the permissible resistance value, 

since all the power supply lines fonned of the diffused layer have a 

resistance not greater than the pennissible resistance value, the processing 

goes to a step 508. 

In the step 508, interconnections that have not yet been connected -

within the cell array, are generated, and signal lines are connected 

between the standard cell arrays. Thus, the placement and routing 

processing is completed. 

Figs. 13A, 13B, 13C and 13D are layout diagrams illustrating the 

interconnection condition in the standard cell array at various steps in the 

placement and routing process. Fig. l 3A shows a layout diagram when 

" 
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the step 503 shown in Fig. 5 is completed. The standard cell array 

comprises a plurality of function cells 100 having different widths and 

each including a plurality of power supply terminals formed of the 

diffused layer, and at least one input terminal and one output terminal 

fonned of the first level metal, and at least one substrate contact cell 105 

provided for every a predetermined number of function cells. These 

function cells and the at least one substrate contact cell are placed in the 

form of an array in such a manner that the boundary line of the N .. well in 

the respective standard cells are aligned on one straight line in a plan 

view. In addition, interconnections 901 formed of the first level metal 

are placed for the inter-cell connection. Furthermore, an area of the in­

cell wiring and the inter-cell connections (formed of the first level metal) 

within the standard cell array, is confined as an inhibit area 1301 for 

inhibiting placement of the power supply line (formed of the first level 

metal). 

Fig. 13B shows a layout diagram when the step SOS shown in Fig. 5 

is completed. The VDD power supply line 1101 and the VSS power 

supply line 1102 (both of which are formed of the first level metal) ·are 

located at the outside of the inhibit area 1301, and the power supply line 

1103a fonned of the P-type diffused layer is provided. Here, assume that 

the power supply line 1103a formed of the P-type diffused layer bas a 

resistance greater than the pennissible resistance value. 

Fig. 13C shows a layout diagram when the step 1202 shown in Fig. 

12 is completed in the course of the re-routing processing of the step 507. · 

The power supply line 1 103a fonned of the P-type diffused layer and the 

VDD power supply line 1101 are removed, and the intetconnections 90la 

and 901 b of the first level metal which become a bottle neck in reducing 

" 
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the resistance of the power supply line I 103a formed of the P-tYPe 

diffused layer, are removed. · Furthermore, through-holes 1302 are 

located at end positions of the interconnections 90la and 90lb. 

Fig. 130 shows a layout diagram when the step 508 shown in Fig. S 

is completed. The VDD power supply line 1101 is re-placed at the 

outside of a modified inhibit area 1301a, and in place of the removed 

interconnections 90 I a and 901 b of the first level metal, interconnections 

1303 of a second level metal, the through-holes 1302 and the 

interconnections 901 of the first level metal are formed so that the· 

interconnections detour to pass at the outside of the VDD power supply 

line 1101. As a result, a new power supply line 1103b fonned of the P­

type diffused layer can have a reduced length and therefore a reduced 

resistance which is in the pennissible· resistance limit 

The inter-array connection is also executed in the step 508. Fig. 14 

is a pattern diagram when the processing of the step 508 is completed. 

An inter-array connection is fonned by an interconnection line 901 of the 

first level metal extending from the terminal C, a through-hole. 1302 

fonned at an opposite end of the interconnection line 901 for connecting 

between the first level metal and the second level metal, an 

interconnection line 1303 of the second level metal extending from the 

through-hole 1302 to the other input IN2 of the 2-input NOR cell 102, 

and a through hole 1302 formed at the position of the second input IN2 

for connecting between the· first level metal and the second level metal. 

Thus, the terminal C is connected to the other inpu~· IN2 of the 2~input 

NOR cell I 02. 

As mentioned above, by forming the standard ~ell array by using 

the standard- cells in accordance with the present invention, and routing 
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the signal lines and the power supply lines in accordance with the flow 

chart of Fig. 5, it is possible to place and route standard cells having 

different widths with no hindrance, and it is also possible to set the width 

of the power supply line (of metal) to an appropriate width for each 

standard cell array. In addition, the device formation region can be 
utilized as a routing channel. Therefore, a high wiring density can be 

realized 

Referring to Fig. 15, there is shown a flow chart of another 

embodiment of the method in accordance with the present invention for 
placing and routing standard cells. This second embodiment is different 

from the first embodiment in that, before fonning the cell array, cell 
groups each including a p1urality of cells of not greater than a ,, 

predetermined number are fonned, and in each cell group, the inter-cell 

connection and the power supply lines are placed and routed, and 

thereafter, the cell groups are coupled to form a cell array, and inter-
group connection~ are executed. 

In a step 1501, circuit connection information is inputted. Then, in 
a step I 502, cells are provisionally placed to fonn a provisional cell. 
array. In a step 1503, the provisional cell array is divided into a plurality 

of cell groups each consisting of not greater than a predetermined number 

of cells located adjacent one another in the same provisional cell array. 
At this time, it is possible to modify the circuit connection information in 
accordance with to the cell groups thus obtained, and to store the · 
modified circuit connection information in the circuit connection 
infonnation file 403. 

Thereafter, the processing goes into a step 1504, in which one cell 

group is extracted. Then, in a step 1505, the standard cells included in 



30 

the extracted cell group are read out from the cell libracy 402, and placed 

on the basis of a provisional placement information. In addition, at least 

one substrate contact cell is added. and the inter-cell connection is 

executed. 

Next, the processing goes into a step 1506. in which a power supply 

line inhibit area surrounded by an imaginary line along the contour of an 

area of signal lines within the cell group is extracted, and then, stored in 

the constraint infonnation file. In a step 1507, an optimum width of a 

power supply line (formed of metal) is calculated on. the basis of the 

information stored in the constraint infonnation file 404 and the 

parameter file 406, to generate a power supply line at the outside of the 

inhibit area. The power supply line may extend in a straight line but may 

be bent to extend along the contour of the inhibit area. 

Thereafter, the processing goes into a step 1508, ~ which the 

power supply tenninals of the standard cells included in the cell group are 

connected to the power supply lines. When the power supply terminal 

overlaps the power supply line, a contact hole is generated at an 

overlapping position between the power supply line and the power supply 

terminal. If the power supply tenninal does not overlap the power supply 

line (formed of metal), a power supply line of a diffused layer is extended 

from ·the power supply terminal to overlap the power supply line (fonned 

of metal), and a contact ·hole is generated at an overlapping position 

between the power supply line (fonned of metal) and the power supply 

line of the diffused layer. 

In a step 1509, whether or not the resistance value of the power 

supply line of the diffused layer extending from the power supply 

tenninal is in a permissible limit, is discriminated. If the resistance is 

' 
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greater than a pennissible value. the processing goes into a step 1510, in 

which a processing similar to the flow chart shown in Fig. 12 is executed 

for re-routing. If the step 1510 is completed, the processing returns to 

the step 1505. When the resistance of all the power supply lines of the 

diffused layer is in the permissible limit, namely, not greater than the 

permissible value, it is considered that the . placement and routing 

processing for the cell group concerned has been completed, and the 

processing goes into a step 1511. 

In the step 1511, whether or not the placement and routing 

processing for all the cell groups has been completed,- is discriminated. If 

rhe placement and routing processing for all the cell groups has not yet 

been completed, the processing returns to the step 1504. On the other 

hand, if the placement and routing processing for all the cell groups has 

been completed, the processing goes into a step 1512. 

In the step 1512, the provisionally placed cells in the provisional 

cell array are replaced with the cell groups processed mentioned above. 

In a next step 1513. the power supply lines are connected between the cell 

groups. Thereafter, in a step 1514, interconnections that have not yet 

been connected within the cell array, are generated, and signal lines are 

connected between the standard cell arrays. Thus, the placement and 

routing processing· ls completed. 

Figs. 16A, 16B and 16C are layout diagrams of various. cell groups. 

Each of the cell -groups shown in Figs. 16A, 16B and 16C includes a 

plurality of function cells 100 and one substrate contact cell I 05 which 

are closely placed in such a manner that the boundary line of the N-well 

in the respective standard cells are aligned on one straight line in a plan 

view. An inhibit area 1301 is confined to·surround a wiring area of the 
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signal lines within the cell group, and the VDD power suppJy line 1101 

and the VSS power supply line 1102 are placed to extend along the 

outside of the inhibit area 1301. Fig. 16D is a layout diagram of the 

standard cell array obtained by coupling the cell groups shown in Figs. 

16A, 16B and 16C. 

Fig. 17 is a pattern diagram of one cell group when the processing 

of the step 1508 is completed. The power supply line inhibit area 1301 

(surrounded by a thick solid line in Fig. 17) is confined to surround the 

internal wiring area. The VDD power supply line 1101 is placed in a 

bent form lo extend along the upper outside of the inhibit area 1301 in a 

plan view, and the VSS power supply line 1102 is placed in a bent foon to 

extend along the lower outside of the inhibit area 1301 in a plan view. 

Because of the bent power supply lines, a further high wiring density can 

be realized, and also, the power supply line formed of the diffused layer 

for connecting between the power supply terminal and the power supply 

line (formed of metal) can be shortened in comparison with the pattem 

diagram shown in Fig. 11. Therefore, the number of the power_.supply 

lines fonned of the diffused layer having the re~istance greater than the 

permissible value, which are detected in the step 1509, can be reduced, 

with the result that efficiency of the placement and routing can be 

elevated. 

As mentioned above, by fonning the standard cell array by using 

the standud cells in accofdance with the present invention, and routing 

the signal lines and.the power supply lines in ·accordance with the present 

invention, it is possible to place and route standard cells having different 

widths with no hindrance, and it is also possible to utilize the device 

formation region between the power supply line and the wiring area 
, 
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within the cell, as a routing channel. As a result, a high wiring density 

can be realized. In addition, it is possible to set the width of the power 

supply line (of metal) to an appropriate width for each standard cell 

array. 

The invention has thus been shown and described with reference to 

the specific embodiments. However, it should be noted that the present 

invention is in no way limited to the details of the illustrated structures 

but changes and modifications may be made within the scope of the 

appended claims. 

, . 
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Claims: 

1. A standard cell comprising a power supply terminal of a diffused 

layer, an input terminal of a first level metal and an output terminal of 

said first level metal. 

2. A standard cell claimed in Claim 1, further comprising a function 

circuit including at least one P-channel transistor and at least one N­

channel transistor; a first power supply terminal for supplying a first 

power supply voltage to said at least one P-channel t~nsistor, a second 

power supply terminal for supplying a second power supply voltage to 

said at least one N-channel transistor, and an input tenninal and an output 

terminal for said function circuit, wherein said first power supply 

terminal is provided at a P-type diffused layer of said at least one P­

channel transistor supplied with said first ·power supply voltage, and said 

second power supply terminal is provided at an N-typ~ diffused layer of 

said at least one N-channel transistor supplied with said second power 

supply voltage,· and wherein said input terminal of said first level metal 

and said output terminal of said first level metal constitute said input 

terminal and said output terminal for said function circuit, respectively. 

3. A standard cell array including a plurality of standard cells formed 

011 a semiconductor substrate and located in the fonn of an array, each of 

said standard cells comprising a power supply terminal of a diffused 

layer, an input terminal of a first level metal and an output terminal of 

said first level metal, wherein said plurality of standard cells are located 

in such a manner that respective well boundary lines within said standard 

cells are aJigned on one straight line, anq a substrate contact cell for 
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connecting a first power supply voltage and a second power supply 

voltage to said semiconductor substrate and a well formed in said 

semiconductor substrate, respectively, is inserted into said standard cell 

array at predetermined intervals, at least one for a predetermined number 

of standard cells. 

4. A standard cell placement and routing processing system 

comprising a library file which stores information of various standard 

cells each of which comprises a power supply terminal of a diffused 

layer, an input terminal of a first level metal and an output terminal of 

said first level metal, a Circuit connection information file which stores 

circuit connection information of an LSI to be developed, a constraint 

information file which stores constraint information concerning the 

placement and the routing, a parameter file which stores parameter 

information including a power supply voltage and an. operating frequency 

of said LSI to be developed and a sheet resistance of said diffused layer, a 

placement and routing system for executing the placement and the routing · 

of standard cells selected in accordance with the circuit connection 

information from said circuit connection information file, by utilizing 

information from said library file, said constraint information file and 

said parameter file, and an input/output and display apparatus for 

displaying a history and a result of the placement and the routing ·and for 

externally inputting a control command to control said placement and 

routing system. 

5. A standard cell placement and routing method for executing a 

placement and routing of standard cells by using a standard cell placement 

~ . . · .. 
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and routing processing system which comprises a library file which stores 

information of various standard cells each of which comprises a power 

supply terminal of a diffused layer, an input terminal of a first level metal 

and an output terminal of said first level metal, a circuit connection 

information file which stores circuit connection information of an LSI to 

be developed, a constraint information file which stores constraint 

information con~erning the placement and the routing, a parameter file 

which stores parameter information including a power supply voltage and 

an operating frequency of said LSI to be developed and a sheet resistance 

of said diffused layer, a placement and routing system for executing the 

placement and the routing of standard cells selected in accordance with 

the. circuit connection information from said circuit connection 

information file,. by utilizing information from said library file, said 

constraint information file and said parameter file~ and an input/output 

and display apparatus for displaying a history and ·a result of the 

placement and the routing and for externally inputting a control command 

to control said placement and routing system, 

the method comprising: 

a first step of reading. out said circuit connection informa~on from 

said circuit connection information file; 

· a second step of reading out from said cell library file, standard 

cells corresponding to the read-out circuit connection information, and 

locating the read-out standard cells into a plurality of standard cell arrays, 

each of said plurality of standard cell arrays including at· "ieast one 

substrate contact cell inserted for every a predetermined number of 

standards cells, and said standard cells included in each of said plurality of 

standard cell arrays being arranged in such a manner that res~ctive well 
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boundary lines within the standard cells in each standard cell array are 

aligned on one straight line in a plan view; 

a third step of routing signal lines between the standard cells 

included in said standard cell array, in accordance with said circuit 

connection information; 

a fourth step of extracting a contour of a wiring area of said signal · 

lines within said standard cell array, and placing a power supply line at 

the outside of said wiring area; 

a fifth step of forming a contact hole at an overlapping portion 

betw~en said power supply line and said power supply terminal of said 

diffused layer within said standard cell in said standard cell array, or 

alternatively, extending a power supply line of said diffused layer from 

said power supply termfual to said power supply line when said power 

supply terminal does not overlap said power supply line, and then. 

forming a contact hole at an overlapping porti~n between ·said power 

supply line and said power supply line of said diffused layer; 

a six.th step of discriminating whether or not the resistance of said 

power supply line of said diffused layer is not greater than a 

predetermined resistance value stored in said constraint information file; 

a seventh step of re-routing said signal lines between said standard 

cells when it is discriminated in said sixth step that the resistance of said 

power supply. line of said diffused layer is greater than said 

predet.ermined resistance value, and then, returning to said fourth step~ 

and 

an eighth step of routing a not-connected interconnection in said 

standard cell array and signal lines between said standard cell arrays when 

it is discdminated in said sixth step that the resistance of said power 
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supply line of said diffused layer is not greater than said predetermined 

resistance value. 

6. A method claimed in Claim S wherein said second step includes: 

a first sub-step of reading out from said cell library file, said 

standard cells corresponding to the read-out circuit connection 

information! and locating said read-out standard cells into a plurality of· 

standard cell arrays in such a manner that respective well boundary lines 

within the standard cells in each standard cell array are aligned on one 

straight line in a plan view; 

a· second sub-step of inserting said at least one substrate contact cell 

for every a predetermined number of standards cells in each standard cell 

array, to complete said plurality of standard cell arrays; 

a third sub-step of calculating a power supply line width on the 

basis of information including the numbe(' of the standard cells and the 

kinds of the standard cells included said standard cell array, said power 

supply voltage, and said operating frequency; 

a fourth sub-step of calculating the width of a routing channel 

required from said power supply line width, the number of signal lines, 

and signal paths; and 

. a fifth sub-step of discriminating whether or not the routing is 

possible, with reference to a chip size stored in said constraint 

information file, and returning to said first .sub-step when the routing is 

not possible, and on the other hand, completing said second step when the 

routing is possible. 

7. A method claimed in Claim 5 wherein said fifth step includes~ 
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a first sub-step of extracting said power supply terminals of said 

standard cells included in said standard cell array; 

a second sub-step of discriminating whether or not the extracted 

power supply terminal overlaps said power supply line; 

a third sub-step of extending said power supply line of said diffused 

layer from said extracted power supply temiinal to said power supply line 

when said extracted power supply terminal does not overlap said power 

supply line, so that said power supply line of said diffused layer overlaps 

said power supply line; and 

a fourth sub-step of forming a contact hole at an overlapping 

portion between said extracted power supply terminal· and said power 

supply line when it is discriminated in said second sub-step that said 

extracted power supply terminal overlaps said power supply line, or 

alternatively at an overlapping portion between said power supply line 

and said power supply line of said diffused _layer when it is discriminated 

in said second sub-step that said extracted power supply tenninal does not 

overlap said power supply line. 

8. A method claimed in Claim 5 wherein said seventh step includes: 

a first sub-step of detecting a signal line which becomes a hindrance 

in reducing the resistance of said power supply line formed of said 

diffused layer to not greater than said predetermined resistance value; 

a second sub-step of removing said signal line which ~ecomes said 

hindrance," and providing a through-hole for connecting between said first 

level metal and a second level metal at an end position to which the 

·removed signal line was connected; and 
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a third sub-step of discriminating whether or not the resistance of 

said power supply line formed of said diffused layer shortened as the 

result of the removal of said signal line is not greater than said 

predetermined resistance value, and returning to said first su~-step when 

the resistance is greater than said predetermined resistance value, or 

alternatively completing said seventh step when the resistance is ·not 

greater than said predetermined resistance value. 

9. A standard cell placement and routing ~ethod for executing a 

placement and routing of standard cells by using a standard cell pl~cement 

and routing processing system which comprises a library file which stores 

information of various standard cells each· of which comprises a power 

supply terminal of a diffused layer, an input tenninal of a first level metal 

and an output .terminal of said first level metal, a circuit connection 

information file which stores circuit connection information of an LSI to 

be developed, a constraint information file which stores constraint 

information concerning the placement and the routing, a parameter file 

which stores parameter informati?n including a power supply vol~age and 

an operating frequency of said Lsl to be developed and a sheet resistance 

of said diffused layer, a placement and routing system for executing the 

placement and the routing of standard cells selected in accordance with 

the circuit connection information from said circuit connection 

information file, by utilizing information from said library file, said 

constraint information file and said parameter file, and an input/output 

and display apparatus for displaying a history and a result of the 

placement and the routing and for ex.tex:nally inputting a control command 

to control said placement and routing system, 
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the method comprising: 

a first step of reading out said circuit connection information from 

said circuit connection information file; 

a second step of reading out from said cell library fi_le, standard 

cells corresponding to the read-out circuit connection information, and 

provisionally locating the read-out standard cells into a plurality of 

provisional standard cell arrays; 

a third step of dividing said provisional standard cell array into a 

plurality of cell groups each including not greater than a predetemtlned 

number of standard cells which are located adjacent to one another; 

a fourth step of selecting one cell group .to be processed, from said 

plurality of cell groups~ 

a fifth step of routing sig11al lines between s~d standard cells within 

said one selected cell group, in accordance with the circuit connection 

infonnation from said circuit connection infonnation file; 

a sixth step of extracting a contour of a wiring area of said signal 

lines within said one selected cell group, to register a power supply line 

inhibit area in said constraint information file~ 

a seventh step of placing a power supply line along the outside of 

said power supply line inhibit area within said one selected cell group; 

an eighth step of forming a contact hole at an overlapping portion 

between said power supply line and said power supply terminal of said 

diffused layer within said standard cell in said one selected cell group, or 

alternatively, extending a power supply line of said diffused layer from 

said power supply terminal to said power supply line ·When said pow.er 

supply terminal does not overlap said power supply line, and then, 
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forming a contact hole at an overlapping portion between said power 

supply line and said power supply line of said diffused layer; 

a ninth step of discriminating whether or not the resistance of said 

power supply line of said diffused layer is not gre~ter than a 

predetennined resistance value stored in said constraint information file; 

a tenth step of re-routing said signal lines between said standard 

cells when it is discriminated in said ninth step that the resistance of said 

power supply line of said diffused layer is greater than said 

predetennined resistance value, and then, returning to said fifth step; 

an eleventh step of discriminating whether or not the processing for 

all the cell groups has been completed, when it is discriminated in said 

ninth step that the resistance of said power supply line of said diffused 

layer is not greater than said predetermined resistance value, and then, 

returning to said fourth step when the processing for all the cell groups 

has not yet been completed; 

a twelfth step of replacing said provisional standard cell array 

composed of the provisionally located standard cells, with correspo~ding 

cell groups processed above, when it is discriminated in said eleventh step 

that the processing for all the cell groups has been completed;· 

a thirteenth step of interconnecting respective power supply lines of 

said cell groups processed· above to form a· power supply line for said 

standard cell array; and 

a fourteenth step of routing a not-connected interconnection in said 

standard cell array and signal lines between said standard cell arrays. 


