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(57) ABSTRACT 

The present invention relates to a semicustom ASIC, in 
which a plurality of standard cell rows are arranged. The 
standard cell and basic cells used in a gate array are mixedly 
mounted on the same chip. Respective cell rows are com 
posed of a plurality of standard cells with an empty space. 
The basic cells used in the gate array are arranged as dummy 
cells. They are disposed in wiring channel regions between 
the plurality of standard cells or empty spaces between the 
standard cells in a same standard cell row. Only the latter 
may be used if the channelless type standard cells are 
employed. A changing request can be satis?ed by forming 
metal wiring layers on the gate array basic cells when there 
is a necessity of changing circuit design or pattern. Since the 
circuit can be modi?ed without change of gate polysilicon 
regions and source/drain regions underlying the metal wir 
ing layers, design and manufacture can be effected in a short 
period of time. 

65 Claims, 17 Drawing Sheets 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
WITH MIXED GATE ARRAY AND 

STANDARD CELL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

Thepresenl application is a reissue ofapplicalion Ser No. 
08/997,035, ?led Dec. 23, 1997, which issued as US. Pat. 
No. 6,054,872. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an integrated circuit using 

a standard cell design methodology in which gate array basic 
cells are mixedly-mounted on a circuit which is constructed 
by use of the standard cells. 

2. Description of the Prior Art 
A fulcustom IC is suitable for the case where high 

performance ICs are mass-produced, but it has such a 
disadvantage that a period of time required from design 
process to manufacture process is long. On the contrary, a 
semicustom IC is suitable for the case where a user-oriented 
LSI should be developed in a short period of time if patterns 
of the logic cells, etc. are executed according to design 
automation (DA) by using a computer. Sometimes design 
automation by using the computer can be introduced into the 
fulcustom design. In this case, mainly such automation is 
applied to prediction of circuit operation and pattern veri 
?cation. Standardization of design automation has not been 
carried out in other design aspects and therefore the designer 
has proceeded circuit design in an interactive manner with 
manual intervention, i.e., so-called computer-aided design 
approach has been introduced. 

Meanwhile, the semicustom approach is design automa 
tion by use of the computer because design techniques are 
standardized, and the gate array design methodology and the 
standard cell design methodology have been known. 
According to the gate array design methodology, a master 
chip on which basic cells are arranged in a matrix form is 
prepared in advance, then only metal wiring layer design on 
the basic cells is executed, and then the user oriented LSI can 
be developed in a short period of time by laying wiring 
connection of the melt wiring layers. Factors to enable 
development of the gate array in a short period of time are 
(a) the manufacturing step is only a wiring step for the metal 
wiring layer; (b) packaging and evaluation term is short 
since chip siZe, number of pads, etc. are determined previ 
ously; and (c) veri?cation of function can be conducted 
quickly and troubles due to miss can be reduced smaller 
since veri?ed cells are used and LSIs are designed and 
logically veri?ed by means of design automation. 

While, the standard cell design methodology is resemble 
to the gate array design methodology in a respect that the 
integrated circuit to satisfy desired logical functions can be 
achieved by use of a cell library in which information of the 
cells being designed and veri?ed manually or by the com 
puter in advance are stored. However, usually the cells used 
in the standard cell architecture have logical functions like 
a simple logic gate and a ?ip-?op, and in many cases have 
rectangular patterns with a uniform height H and widths W, 
the width W is set to be variable geometrically. As shown in 
FIG. 1, normally the standard cells (SCI, SC2, SC3, SC4, 
SCS, . . . ) 100 are never spread all over the surface of the 
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2 
chip 101. In other words, wiring channel regions in which 
the metal wirings to connect the standard cells 100 are 
formed between device rows on the chip 101. The empty 
space 102 in which no standard cell 100 is arranged still 
remain in each device row as regions in which no functional 
device such as transistor is formed and which is used only 
to form the metal wirings. 

In the integrated circuit being constructed by use of such 
standard cells, when design change is needed due to circuit 
change, etc., only the metal wirings may be modi?ed unless 
the number of transistors and the con?guration are still not 
changed, but further transistors must be added newly if extra 
transistors are needed. In this case, design change cannot be 
satis?ed only by changing the metal wirings and thus 
preceding steps rather than the last few wiring steps in the 
fabrication process, i.e., selective ion-implantation steps to 
form diifusion layers of the source/ drain regions constituting 
the transistors, CVD step and RIE step to form the polysili 
con layer, must be changed. Of course, change of the mask 
patterns used in these steps is also added to such change of 
steps. Therefore, if the circuit change with additional 
arrangement of the transistors is demanded, turn around time 
of the LSI using the standard cell approach is extended. 
On the contrary, the gate array design style is a design in 

which a desired circuit is constructed by providing the 
wirings to the basic cells which are arranged regularly and 
?xedly on the matrix. The basic cells used in the gate array 
approach are identical cells which have no logic function by 
themselves, simple logic cells such as simple gates, ?ip-?op, 
etc. which are formed by connecting one or plural basic cells 
simply, and the like. In the integrated circuit using such gate 
array design style, especially the circuit called “as whole 
surface spread-over type”, the uniform transistor array are 
arranged all over the chip surface in advance and then 
various circuits can be constructed with the use of a part of 
the array. In the gate array architecture, like the standard cell 
architecture, the transistors not used also remain as they are. 
Therefore, if the circuit change is demanded, such circuit 
change can be treated only by changing the metal wirings 
while using such unused transistors. In addition, since a 
master-slice prepared previously is used in the gate array 
chip, a term for last few manufacturing steps of metal 
wirings is required, so that the circuit can be developed in a 
short period of time. However, since only the basic cells 
being prepared beforehand can be used upon design of the 
circuit in the gate array design, there has been such a 
disadvantage that a margin in circuit design is limited, for 
example, the siZe of the transistors cannot be reduced 
Memory, CPU core, ALU, A/D converter, D/A converter, 

display, and various I/O circuits are included almost surely 
in the large scale circuit system. And as the circuit scale is 
made huge, the necessity to mount such subsystems on the 
same chip arisen. Hence, recently memory/logic mixedly 
mounting design methodology, analogue/digital mixedly 
mounting design methodology, etc. become important. For 
this reason, there have been developed a composite gate 
array in which memory leased regions are provided in a part 
of the master chip, or “an embedded array” in which 
manufacturing of the substrate and design of the gate array 
portion can be advanced simultaneously by combining a 
logic circuit area consisting of the channelless gate array and 
the large capacity memory or the processor core on the same 
chip. This array is highly observed recently since the inte 
gration density and ?exibility like the standard cell can be 
obtained and the development term can be shortened like the 
gate array. In FIG. 2, a case is shown wherein the channel 
less type gate array region 221 and the channelless type 
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standard cell region 222 together With a megacell 213 and 
megafunctions 211, 212 are formed on the chip 201. The 
“megacell 213” means the cell Which has ?xed layout 
pattern of the cell, and the representative megacell is 
memory such as ROM or RAM, multiplier, etc. Whose 
performance depends on the layout. The “megafunctions 
211, 212” means the circuit Which can be implemented by 
combination of macrocells on the layout though it is treated 
theoretically as a lump of cells, and the representative 
megafunction is ALU, CPU core, etc. Whose chip integration 
degree is affected by connection relationship betWeen the 
megafunction and other blocks. The channelless type gate 
array region 221 is a gate array region in Which the Wiring 
channel region is eliminated, the gate array is spread over 
the Whole logic circuit area 221, and the basic cell can be 
used as either the Wirings or functional block according to 
the demand. The channelless type standard cell region 222 
is a region in Which the Wiring channel region is eliminated 
and the standard cells is spread over the Whole logic circuit 
area 222. 

As stated above, in the integrated circuit using the stan 
dard cell architecture in the prior art, if the circuit change 
With additional arrangement of the transistors is demanded, 
“pre-stage-steps” of all steps to manufacture the integrated 
circuit, Which need a long period of time necessary for 
process such as formation of the source/drain diffusion 
layers or the gate polysilicon layer, must be changed. As a 
result, for example, though the metal Wiring step takes about 
tWo days, normally “pre-stage-steps” including the diffusion 
step applied beloW the metal Wiring layer take more than 
seven days. 

In contrast, in the integrated circuit using the gate array 
architecture in the prior art, since design change can be 
effected only by changing the Wirings, there has been such 
an advantage that the circuit change can be easily carried 
out. Conversely, since the basic cells used are simple, a 
margin in circuit design is loW rather than the standard cell 
layout. For this reason, in the integrated circuit using the 
gate array layout, there have been disadvantages that circuit 
design becomes di?icult and sometimes it becomes dif?cult 
to achieve desired circuit performance. For instance, such a 
disadvantage is caused that, if it is desired to reduce poWer 
consumption in the particular circuit, excessive current are 
passed because the siZes of the transistors are ?xed. 

These problems are caused similarly in the embedded 
array shoWn in FIG. 2. Even the region 222 in Which the 
standard cells are spread all over the logic circuit area and 
the region 221 in Which the gate array is spread all over the 
logic circuit area cannot be escaped from natural perfor 
mances end characteristics of the standard cells and the gate 
array, and therefore they cannot overcome the natural prob 
lems included in the conventional cells at all. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in vieW of 
the above circumstances and it is an object of the present 
invention to provide an integrated circuit using a standard 
cell architecture capable of executing modi?cation of cell 
arrangement, Wirings, and circuit easily on a chip and 
achieving shortening of development period. 

It is a concrete object of the present invention to provide 
an integrated circuit using a standard cell architecture 
capable of executing easily circuit modi?cation such as 
increase/decrease of driving capability of the circuit, 
increase/decrease of poWer consumption, etc. in the circuit 
and being manufactured in a short period of time. 
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4 
In order to achieve the above objects, a ?rst feature of the 

present invention is a semicustom integrated circuit com 
prising a plurality of cell roWs, in each roW a plurality of 
standard cells are arranged, and sate array basic cells formed 
in empty spaces of a predetermined cell roW out of the 
plurality of cell roWs. Where the cell roW is of course 
constructed by arranging a plurality of standard cells With 
the empty space. Respective standard cells are formed on a 
basis of a rectangular pattern reason having a predetermined 
uniform height H and a predetermined Width W. That is, an 
outer shape of the standard cell is the rectangular pattern 
region of (height H)><(Width W). The Width W of the 
rectangular pattern is variable and can take various values. 
It is preferable that the gate array basic cells formed in 
empty spaces of the standard cells are formed on a basis of 
a rectangular pattern having a predetermined Width W and a 
height H substantially identical to that of the standard cells 
since the Wiring can be made easy. The Wording “on a basis 
of a rectangular pattern” means that the outer shape of the 
gate array basic cell takes the rectangular pattern shape of 
(height H)><(Width W) apart from the shapes of transistors, 
etc. in the cell. The gate array basic cell may be formed not 
only in the empty spaces of the standard cells but also the 
Wiring channel regions betWeen the plurality of cell roWs. In 
addition, if an integration degree of LSI chip Will be 
increased, the gate array basic cells may be formed in the 
empty spaces of the standard cells in respective predeter 
mined cell roWs, in the channelless standard cells in Which 
the free areas as the Wiring channel regions betWeen the 
plurality of cell roWs can be removed and respective cell 
roWs are disposed adjacently mutually. 

According to a ?rst feature of the present invention, the 
gate array basic cells are arranged preliminarily in the empty 
spaces in Which the standard cells are not arranged, and then 
the circuit change is made by use of the basic cells When 
demand for circuit change is generated. Therefore, various 
circuit change can be implemented only by changing the 
overlying Wiring patterns With no in?uence on the “under 
lying patterns” of the standard cells, so that turn around time 
can be shortened. In the LSI manufacturing process, since it 
takes a lot of time to form the polysilicon gate regions and 
the source/drain regions beloW the Wiring layers, develop 
ment time of the integrated circuit can be extremely reduced 
by neglecting such change of underlying patterns When the 
design change or speci?cation change occurs. Furthermore, 
intermediate bulfers can be arranged easily by Way of 
combinations of the standard cells and the basic cells to 
increase the driving capability and to suppress the clock 
skeW. In addition, if the standard cells and the basic cells are 
arranged pursuant to the same grid system, or if heights of 
both rectangular patterns are arranged to coincide With each 
other and design speci?cations are arranged to mate With 
each other, mixed standard cell and basic cells layout can be 
facilitated and also constraints in arrangement and routing 
can be relaxed Widely in contrast to the prior art. 
A second feature of the present invention relates to a large 

scale circuit system including memories, CPU core, ALU, 
A/D converter, D/A converter, display, and various I/O 
circuits. In other Words, the second feature of the present 
invention resides in that a logic circuit area (a logic block) 
having mixed standard cell and gate array layout and a 
megacell (and/or a megafunction) are provided on a same 
semiconductor chip (LSI chip). Where the term “megacell” 
means the cell Which has ?xed layout pattern of the cell, and 
the representative megacell is memory such as ROM or 
RAM, multiplier, etc. Whose performance depends on the 
layout. The term “megafunction” means the circuit Which 
















