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(57) ABSTRACT 

Briefly, in accordance with one embodiment of the inven 
tion, an integrated circuit includes: a gate array architecture. 
The gate array architecture includes a Semiconductor Sub 
Strate having a plurality of N-type diffusion regions and 
P-type diffusion regions. The diffusion regions have partially 
overlying polysilicon landing sites to form N-type and 
P-type transistors. The regions are relatively sized to form 
two distinct transistor Sizes, Smaller N- and P-type transis 
tors and larger N- and P-type transistors. 
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GATE ARRAY ARCHITECTURE 

RELATED APPLICATION 

0001. This patent application is related to concurrently 
filed U.S. patent application Ser. No. , titled “Gate 
Array Architecture,” by Randy J. AkSamit, (attorney docket 
number 042390.P6644), assigned to the assignee of the 
present invention and herein incorporated by reference. 

BACKGROUND 

0002) 1. Field 
0003. The present invention is related to integrated circuit 
chips and, more particularly, to gate array architectures for 
integrated circuit chips. 
0004 2. Background 
0005 Gate array architectures are commonly used for 
many types of integrated circuit designs. In this context, the 
term gate array architecture refers to a repeated pattern of 
transistors embedded in a Semiconductor or Silicon Sub 
Strate. Typically, Such architectures are employed by using a 
“library” that comprises unique metallization patterns to 
create individual cells. Such gate array architectures and 
libraries are commonly employed in connection with com 
puter-aided design (CAD) and/or computer-aided manufac 
turing (CAM) techniques. Employing a gate array architec 
ture Stands in contrast to the custom design of the layout of 
transistors on a Silicon or Semiconductor Substrate, which is 
also accomplished using CAD/CAM techniques. Use of gate 
array architectures offers the advantage of quicker or shorter 
fabrication and throughput time, lower costs and ease in 
making fixes or logic changes after a chip design has already 
been completed. Unfortunately, gate array architectures also 
have a number of Shortcomings that make them leSS attrac 
tive for Some types of applications. Typically, gate arrays or 
gate array architectures are not as dense, have higher power 
consumption, and offer lower performance than custom 
circuits designed using alternative approaches. A need, 
therefore, exists for a gate array architecture that addresses 
at least Some of these limitations. 

SUMMARY 

0006 Briefly, in accordance with one embodiment of the 
invention, an integrated circuit includes: a gate array archi 
tecture. The gate array architecture includes a Semiconduc 
tor Substrate having a plurality of N-type diffusion regions 
and P-type diffusion regions. The diffusion regions have 
partially overlying polysilicon landing sites to form N-type 
and P-type transistors. The regions are relatively sized to 
form two distinct transistor sizes, smaller N- and P-type 
transistors and larger N- and P-type transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The subject matter regarded as the invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of the Specification. The invention, however, 
both as to organization and method of operation, together 
with objects, features, and advantages thereof, may best be 
understood by reference to the following detailed descrip 
tion, when read with the accompanying drawings in which: 
0008 FIG. 1 is a diagram of a plan view of an embodi 
ment of a gate array architecture in accordance with the 
present invention; 
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0009 FIG. 2 is a diagram of a plan view of a typical gate 
array architecture layout; 
0010 FIG. 3 is a diagram of an embodiment of a flip-flop 
implemented using digital logic components and functional 
blocks; 
0011 FIG. 4 is a diagram illustrating in greater detail a 
portion of the diagram illustrated in FIG. 3; 
0012 FIG. 5 is a schematic diagram illustrating a layout 
of metallization for the circuit of FIG. 3 using the embodi 
ment of a gate array architecture of FIG. 1; 
0013 FIG. 6 is table comparing simulated power con 
Sumption between a flip-flop implemented using various 
gate array architectures including an embodiment of a gate 
array architecture in accordance with the present invention; 
and 

0014 FIG. 7 is a schematic diagram illustrating an 
embodiment of an integrated circuit (IC) in accordance with 
the present invention that may be incorporated into a variety 
of possible platforms. 

DETAILED DESCRIPTION 

0015. In the following detailed description, numerous 
Specific details are Set forth in order to provide a thorough 
understanding of the invention. However, it will be under 
stood by those skilled in the art that the present invention 
may be practiced without the Specific details. In other 
instances, well-known methods, procedures, components 
and circuits have not been described in detail So as not to 
obscure the present invention. 
0016 Typically, at least two approaches may be 
employed in the computer-aided design of integrated circuit 
chips. In one approach, each of the cells is individually 
customized and designed using computer-aided design tools 
and the cells are interconnected using automatic placement 
and routing (APR) tools. Another approach that may be 
employed is where the layout of the Silicon or Semiconduc 
tor is determined before the metallization routing is deter 
mined. In this approach, gate array architectures are 
employed in the Silicon or Semiconductor that are Standard 
arrays of transistors that may be designed using the appro 
priate metallization to form many different types of circuits. 
Therefore, while the Silicon is being fabricated in a manu 
facturing facility to produce the gate arrays of transistors in 
the Silicon, the design of the remaining portion of the chip, 
Such as the portion interconnecting the transistors, continues 
to occur. This Second approach, although resulting in a leSS 
customized chip, has the advantage of Shorter turn around 
time in terms of chip production because, while portions of 
the chip are being manufactured, the remaining portion of 
the chip is still being designed. Thus, the overall time to 
design and manufacture the chip is reduced. For the gate 
array approach, the chip design, as with the customized or, 
as it is Sometimes referred to, the Standard cell approach, 
Once the gate array cells are appropriately designed, again, 
an APR tool is employed to interconnect the metallization of 
the different cells. 

0017 Traditional gate array architectures employ what is 
commonly referred to as a "Sea of transistors' or a "Sea of 
gates' architecture. This means that the gate array base 
comprises a regularly repeating pattern of individual or 



US 2002/0074570 A1 

group transistors. Having a large number of generic transis 
tors is desirable So that any one of a large number of possible 
logic functions may be implemented by customizing the 
metallization above the array. A drawback of this approach 
is that by offering only a simple, generic transistor pattern, 
resulting logic implementation is Suboptimal in terms of 
certain technical issues, Such as density, power and/or per 
formance. 

0.018 More recent examples of gate array architectures 
attempt to address this problem by using a complex base 
Structure comprising many different sizes and configurations 
of transistors. While this may achieve improved results in 
terms of density, for example, it may also restrict both 
synthesis and layout flexibility because the CAD/CAM tools 
are restricted to using exactly this predetermined mix of 
different base sites. Furthermore, as shall be explained in 
more detail hereinafter, Such configurations result in unde 
Sirable amounts of power consumption compared with 
embodiments in accordance with the present invention. 
0.019 Layout of the metallization and vias is typically 
performed using computer-aided design and computer-aided 
manufacturing tools. Typically, these tools execute on a 
System, Such as a computer or Similar computing platform, 
in which the circuit designer or other technical perSonnel 
design logic cells. Once the logic cells are designed, CAD/ 
CAM tools are then further employed to automatically place 
and route interconnections between these cells in order to 
produce the layout for the overall integrated circuit chip. AS 
previously indicated, the Systems or tools employed to 
perform this operation are often referred to as automatic 
placement and routing or APR systems or tools. A tape is 
usually produced that contains a data Set and/or other 
electronically Stored information which is used by equip 
ment employed to process the Silicon, and directs the opera 
tions of the equipment to produce the chip. Additional 
information about Such design techniques is provided, for 
example, in “CMOS Design Methods” Chapter 6 of Prin 
ciples of CMOS VLSI Design. A Systems Perspective, writ 
ten by Neil Weste and Kamran Eshraghian, available from 
Addison-Wesley Publishing Company, 1993, 2" Edition. 
0020 FIG. 3 is a diagram illustrating an embodiment of 
a flip-flop implemented using functional block elements, 
Such as multiplexors and inverters. For example, flip-flop 
300 includes multiplexors 310 and 340 and inverters 320, 
330, 350,360, 370, 410 and 420. As illustrated, this imple 
mentation includes a data input port 315, a clock signal input 
port 415 and an output signal port 355. Of course, output 
signal port 355 provides “Q bar” (QB), which is an inverted 
output signal produced by the flip-flop. Alternatively or in 
addition, the output signal Q could be provided. 
0021. In this embodiment the clock signal that is applied 
to the input port is applied to internal clock buffer circuits 
that are implemented as inverters 410 and 420. An issue that 
arises when implementing a flip-flop using a gate array, Such 
as a traditional gate array architecture, is the overall power 
consumption that results from charging a capacitive load, 
Such as a load associated with internal clock buffers 410 and 
420. For example, as shall be explained in more detail 
hereinafter, if these internal clock buffers were implemented 
using Smaller transistors, this would result in a lower power 
consumption, as is generally desirable. Of course, the dif 
ficulty is accomplishing this using a “Sea of transistors' 
traditional gate array architecture. 
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0022. An embodiment of a gate array architecture, such 
as the embodiment illustrated in FIG. 2, complements a 
traditional "Sea of transistors' gate array with Small transis 
tors, Such as on the order of one-third the size of full-sized 
transistors, in this particular embodiment, for example. This 
allows the creation of integrated circuit chips with a lower 
overall power consumption without the additional design 
overhead associated with customized circuitry, as previously 
described. The functional hardware configuration to imple 
ment the internal clockbuffering for Sequential cells, Such as 
clock buffering circuits 410 and 420, is illustrated in FIG. 3 
and in greater detail in FIG. 4 
0023 The energy employed to charge a capacitive load is 
given by equation 1 below. 

0024 where E is energy, C is capacitance, and V is 
Voltage. 

0025. From this equation, it is apparent that a reduction 
in the individual capacitive load reduces the energy con 
Sumed by the same factor, thus resulting in a lower overall 
consumption. From examining FIG. 4, it may be inferred 
that the power Saving per cell is realized from the lower 
input capacitance on CLK, CLK and CLK", resulting in a 
lower Switching power per cell. 

0026 FIG. 2 is a plan diagram illustrating an embodi 
ment of a layout of a gate array architecture in accordance 
with the present invention. This particular gate array archi 
tecture includes a capacitance improved layout. Therefore, 
each row of “regular” or full sized transistors, the larger 
transistorS is this embodiment, is complemented with row of 
“Small' transistors, the Smaller transistors in this embodi 
ment, which may be used for clock buffering and to create 
logic gates that will consume less power compared with full 
or regular sized transistors. Therefore, in this particular 
embodiment, two separate and distinct sizes of transistors 
are employed So that the Smaller of the two may be applied 
to operations that typically consume significant or greater 
amounts of power. 

0027. An integrated circuit including a metallization 
layer formed for a gate array architecture embodiment in 
accordance with the present invention includes the benefits 
previously described of a traditional gate array architecture 
approach, however, without the larger power consumption 
typically associated with the traditional gate array architec 
ture approach. AS previously described, the nature of a 
traditional gate array architecture is to provide a Sea of 
generic transistors which are then interconnected with met 
allization to implement a given logic function. This 
approach allows quick development times that, however, 
typically result in greater power consumption due to the 
presence of full size transistors for clock buffering, for 
example. This higher power consumption of a traditional 
gate array design may become a Significant contributor to 
the cost of a part as densities of integrated circuits increase 
and it becomes more difficult, therefore, and more costly to 
dissipate heat in Such an environment. The capacitive load 
reduced gate array architecture of this embodiment, previ 
ously described, also uses an array of regular or full sized 
transistors; however, to achieve better power consumption, 
the regular sized transistors are complemented with rows of 
“small” devices which may then be configured as the 
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internal clock buffer for the cell, as previously described. 
Therefore, this particular embodiment has the benefits of a 
traditional gate array architecture with the additional benefit 
of low power consumption. 
0028. The table illustrated in FIG. 5 compares the simu 
lated power consumption resulting in Switching the clock 
Signal applied to the input port of a flip-flop using a variety 
of gate array architecture techniques. Techniques that are 
compared include the embodiment illustrated in FIG. 2, the 
embodiment illustrated in FIG. 1, and a technique used in a 
commercially available product produced by Silicon Archi 
tects (SiArc), of Palo Alto, Calif., known as Cell-Based 
Array (CBA). As illustrated, the embodiment illustrated in 
FIG. 2 produces the lowest power consumption among 
these approaches, although, it is expected that a customized 
cell may be designed to reduce power consumption further. 
Another reason the approach in this particular embodiment 
is particularly desirable is that flip-flops typically are a 
Significant proportion of the functional blockS employed in 
typical integrated circuit (IC) chips. For example, typically, 
approximately 20 percent or more of total cells of a digital 
IC may be flip-flops, which may use 50 percent or more of 
the total cell area of the IC. 

0029. The embodiment of a gate array architecture illus 
trated in FIG. 2 includes a semiconductor Substrate having 
a plurality of N-type diffusion regions and P-type diffusion 
regions. Furthermore, as illustrated in FIG. 2, these diffu 
Sion regions have partially overlaying polysilicon landing 
types to form N-type and P-type transistors. The regions are 
relatively-sized to form two distinct transistor sizes in this 
particular embodiment, Smaller N-type and P-type transis 
tors and larger N-type and P-type transistors. In the embodi 
ment illustrated in FIG. 1, the Successive rows of Small 
diffusion regions, two in this embodiment, are followed by 
Successive rows of regular or full-sized diffusion regions, 
two in this embodiment. The immediately successive rows 
in the two differently sized-regions in this particular embodi 
ment have opposite polarity. Furthermore, as illustrated, the 
polysilicon landing sites from these Smaller and larger 
regions are not connected or coupled. FIG. 5 illustrates a 
layout for metallization to implement the circuit shown in 
FIG. 3 using the embodiment shown in FIG. 1, although, of 
course, the invention is not limited in Scope to this particular 
layout or to the embodiment illustrated in FIG. 1. As 
illustrated, ovals denote connections between layers, Squares 
denote Vias, thick black lines denote the metal one layer 
interconnect, and the thin black lines denote the metal two 
layer interconnect. 
0030 Although the invention is not limited in scope in 
this respect, the relative capacitance of the larger and Smaller 
relatively sized transistors for the embodiment illustrated in 
FIG. 2 is on the order of one-third, that is, the Small 
transistors have approximately one-third the capacitance of 
the full or regular-sized transistors, corresponding to the 
relative transistor size. AS previously indicated, once the 
gate array architecture is formed in Silicon, an interconnect 
is formed overlying the gate array architecture. For an 
integrated circuit implementing the circuit illustrated in 
FIG. 3, the interconnect formed is adapted to connect the 
transistors of the gate array architecture to form a flip-flop. 
Furthermore, for the embodiment illustrated in FIG. 1, the 
interconnect is further adapted to connect the transistors of 
the gate array architecture So that the internal clock buffers 
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of the flip-flop, such as those illustrated in FIG. 4 for this 
particular embodiment, for example, are formed from the 
Smaller transistors. 

0031 AS previously suggested, this particular embodi 
ment may be repeated throughout an integrated circuit chip 
and employed to implement a variety of functional elements 
for the Overall chip. Such an integrated circuit chip employ 
ing this particular embodiment of a gate array architecture, 
may typically be included on a motherboard that is incor 
porated in a personal computer, Such as a lap top or desktop 
computer, although the invention is not limited in Scope in 
this respect. Likewise, it might be employed in a commu 
nication device, Such as a pager or cell phone, or, alterna 
tively, in a computer peripheral, just to provide a few 
additional examples. For example, FIG. 7 is a schematic 
diagram illustrating an embodiment 710 of an IC in accor 
dance with the present invention. AS illustrated, embodiment 
710 is incorporated in unit 700, that may comprise a 
computer, a computer peripheral, a communication device, 
or another platform that may employ Such an embodiment. 
0032. The invention, of course, is not limited in scope to 
a particular technique for fabricating an integrated circuit 
chip that includes an embodiment of a gate array architec 
ture in accordance with the present invention. However, 
typically, a Silicon or Semiconductor Substrate is processed 
to form a gate array architecture of transistors in the Sub 
Strate prior to the formation of the metallization intercon 
nect. AS previously described, this is one of the advantages 
of employing a gate array architecture. A variety of tech 
niques for processing a Silicon or Semiconductor Substrate to 
form the gate array architecture may be employed. Further 
more, typically the polysilicon landing sites are formed as 
part of the gate array architecture, for the embodiment 
illustrated in FIG. 1, for example. Once the gate array 
architecture has been fabricated, a metallization interconnect 
may be formed overlying the gate array architecture. Addi 
tional background information about Semiconductor manu 
facturing technology is provided, for example, in “CMOS 
Processing Technology,” Chapter 3 of the aforementioned 
Principles of CMOS VLSI Design by N. Weste and K. 
Eshraghian. 
0033. Another advantage of this particular embodiment 
of a gate array architecture in accordance with the present 
invention, as previously described, is that it may be stored as 
a data file, for example. Where the gate array architecture is 
employed in this fashion, an article, Such as a Storage 
medium comprising, for example, a disk or hard drive, may 
have instructions Stored thereon. The instructions, when 
executed, Such as by a computer or Similar computing 
platform, result in the capability being available to design 
the layout of an integrated circuit chip for fabrication. In this 
particular embodiment, of course, the integrated circuit chip 
includes a gate array architecture having relatively sized 
regions to form two distinct sizes of transistors, Smaller N 
and P-type transistors and larger N- and P-type transistors. 
The additional features previously described may also be 
designed with this capability. 
0034. While certain features of the invention have been 
illustrated as described herein, many modifications, Substi 
tutions, changes and equivalents will now occur to those 
skilled in the art. It is, therefore, to be understood that the 
appended claims are intended to cover all Such modifications 
and changes as fall within the true Spirit of the invention. 
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1. An integrated circuit comprising: a gate array architec 
ture, 

Said gate array architecture including a Semiconductor 
Substrate having a plurality of N-type diffusion regions 
and P-type diffusion regions, Said diffusion regions 
having partially overlying polysilicon landing sites to 
form N-type and P-type transistors; 

wherein the regions are relatively-sized to form two 
distinct transistor sizes, Smaller N- and P-type transis 
tors and larger N- and P-type transistors. 

2. The integrated circuit of claim 1, wherein the ratio 
between the two distinct transistor sizes is on the order of 
one-third. 

3. The integrated circuit of claim 2, wherein the ratio 
between the capacitance of the larger and Smaller relatively 
sized transistorS is on the order of one-third. 

4. The integrated circuit of claim 1, wherein Said partially 
overlying polysilicon landings for the Smaller and larger 
transistors are not connected. 

5. The integrated circuit of claim 4, and further compris 
ing an interconnect Overlying Said gate array architecture; 

the interconnect being adapted to connect the transistors 
of the gate array architecture to form a flip-flop. 

6. The integrated circuit of claim 5, wherein the intercon 
nect is further adapted to connect the transistors of the gate 
array architecture so that the internal clock buffers of the 
flip-flop are formed from the smaller transistors. 

7. The integrated circuit of claim 6, wherein Said gate 
array architecture is repeated in Said integrated circuit. 

8. The integrated circuit of claim 6, wherein said inte 
grated circuit is incorporated in a communications device. 

9. The integrated circuit of claim 6, wherein said inte 
grated circuit is attached to a motherboard. 

10. The integrated circuit of claim 9, wherein said inte 
grated circuit is in incorporated in a personal computer. 

11. The integrated circuit of claim 10, wherein said 
personal computer comprises one of a laptop and a desktop 
computer. 

12. The integrated circuit of claim 1, wherein Successive 
rows of Small diffusion regions are followed by Successive 
rows of regular-sized diffusion regions, 

wherein immediately Successive rows within Similarly 
sized diffusion regions have opposite polarity. 

13. A method of fabricating an integrated circuit chip 
comprising: 

processing a Semiconductor Substrate to form a gate array 
architecture of transistors in the Substrate, the gate array 
architecture comprising a plurality of N-type diffusion 
regions and P-type diffusion regions, Said diffusion 
regions having partially overlying polysilicon landing 
sites to form N-type and P-type transistors; 

wherein the regions are relatively-sized to form two 
distinct transistor sizes, Smaller N- and P-type transis 
tors and larger N- and P-type transistors. 

14. The method of claim 13, wherein said semiconductor 
Substrate comprises a Silicon Substrate. 
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15. The method of claim 14, wherein processing said 
Silicon Substrate to form a gate array architecture comprises: 

forming Said partially overlying polysilicon landings So 
that Said landings for the Smaller and larger transistors 
are not connected. 

16. The method of claim 15, wherein the ratio between the 
two distinct transistor Sizes is on the order of one-third. 

17. The method of claim 16, wherein the ratio between the 
capacitance of the larger and Smaller relatively sized tran 
sistors is on the order of one-third. 

18. The method of claim 15, and further comprising: 
forming a metallization interconnect overlying Said gate 

array architecture. 
19. The method of claim 18, wherein forming a metalli 

Zation interconnect comprises forming a metallization inter 
connect that connects the transistors of the gate array 
architecture to form a flip-flop. 

20. The method of claim 19, wherein forming a metalli 
Zation interconnect comprises forming an interconnect that 
connects the transistors of the gate array architecture So that 
the internal clock buffers of the flip-flop are formed from the 
Smaller transistors. 

21. An article comprising: a Storage medium, Said Storage 
medium having instructions Stored thereon, Said instruc 
tions, when executed, resulting in the capability to design 
the layout of an integrated circuit chip for fabrication, the 
integrated circuit chip including a gate array architecture, the 
gate array architecture comprising a plurality of N-type 
diffusion regions and P-type diffusion regions; said diffusion 
regions having partially overlying polysilicon landing Sites 
to form N-type and P-type transistors; 

wherein the regions are relatively-sized to form two 
distinct transistor sizes, Smaller N- and P-type transis 
tors and larger N- and P-type transistors. 

22. The article of claim 21, wherein Said instructions, 
when executed, result in the capability to design the layout 
of the gate array architecture, wherein the ratio between the 
two distinct transistor Sizes is on the order of one-third. 

23. The article of claim 22, wherein said instructions, 
when executed, result in the capability to design the layout 
of the gate array architecture, wherein Said partially over 
lying polysilicon landings for the Smaller and larger tran 
Sistors are not connected. 

24. The article of claim 23, wherein said instructions, 
when executed, result in the capability to design the layout 
of a metallization interconnect Overlying Said gate array 
architecture. 

25. The article of claim 24, wherein said instructions, 
when executed, result in the capability to design the layout 
of a metallization interconnect Overlying Said gate array 
architecture, wherein Said metallization interconnect 
couples the transistors of the gate array architecture to form 
a flip-flop. 

26. The article of claim 25, wherein said instructions, 
when executed, result in the capability to design the layout 
of a metallization interconnect Overlying Said gate array 
architecture that connects the transistors of the gate array 
architecture so that the internal clock buffers of the flip-flop 
are formed from the Smaller transistors. 


