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SYSTEM FOR OPTIMIZING NUMBER OF 
DIES PRODUCED ON A WAFER 

BACKGROUND OF THE INVENTION 

The present invention is directed to fabricating integrated 
circuits on a semiconductor Wafer and, more particularly, to 
methods and systems for optimizing the number of dies that 
can be produced on a particular Wafer. 

In semiconductor design and manufacturing, it is desirable 
to optimize the number of dies that can ?t in a Wafer of a 
particular size or diameter. The number of dies in a Wafer is 
often referred to in the art as dies per Wafer (DPW). For any 
particular Wafer diameter [d, mm] and target die size [S, 
mm2], the number of dies that can be sliced out of the Wafer 
can be estimated by the folloWing expression: 

d 
DPW : dn 

1 5-K] 
Electronic Design Automation (EDA) softWare refers to a 

category of softWare tools used for designing electronic sys 
tems such as integrated circuits. It Would be desirable if EDA 
softWare could optimize the number of dies that can be pro 
duced or fabricated in a particular Wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will hereinafter be described in con 
junction With the following drawing ?gures, Wherein like 
numerals denote like elements, and 

FIG. 1A is a top plan vieW of a Wafer that includes a 
plurality of dies including an exemplary die; 

FIG. 1B is a top plan vieW ofthe exemplary die ofFIG. 1A. 
FIG. 2 is a How chart that illustrates a computer-imple 

mented method for optimizing the number of dies that can be 
fabricated on a Wafer in accordance With an embodiment of 

the present invention; 
FIG. 3 is a How chart that illustrates a die number optimi 

zation (DNO) routine of the computer-implemented method 
of FIG. 2 in accordance With an embodiment of the present 
invention; 

FIGS. 4A and 4B depict a How chart that illustrates a die 
area maximization routine of a die size optimization (DSO) 
routine of the computer-implemented method of FIG. 2 in 
accordance With an embodiment of the present invention; 

FIG. 5 is a How chart that illustrates a second routine of the 
DSO routine of the computer-implemented method of FIG. 2 
in accordance With an embodiment of the present invention; 

FIG. 6 is a How chart that illustrates a third routine of the 
DSO routine of the computer-implemented method of FIG. 2 
in accordance an embodiment of the present invention; 

FIG. 7 is a top plan vieW of a Wafer When a conventional die 
number optimization routine is performed; 

FIG. 8 is a top plan vieW of the Wafer of FIG. 7 When a 
method for optimizing the number of dies is performed in 
accordance With an embodiment of the present invention; 

FIG. 9 is a table illustrating a comparison betWeen a num 
ber of dies per Wafer for the conventional die number optimi 
zation routine and a number of dies per Wafer When the die 
number optimization method in accordance With an embodi 
ment of the present invention is performed; and 

FIG. 10 is a schematic block diagram of a computer system 
for executing the die optimization methods and EDA tools in 
accordance With an embodiment of the present invention. 
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2 
DETAILED DESCRIPTION 

The folloWing detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli 
cation and uses of the invention. Furthermore, there is no 
intention to be bound by any theory presented in the preced 
ing background or the folloWing detailed description. 

FIG. 1A is an exemplary top vieW of a Wafer 100 that 
includes a plurality of dies including a die 140. As used 
herein, the term “Wafer” refers to a thin slice of electronic 
grade semiconductor material, such as a silicon crystal, used 
in the fabrication of “dies” such as integrated circuits and 
other microelectronic devices. As is Well-knoWn in the art, a 
Wafer serves as the substrate that dies are fabricated in and on 
using fabrication processing steps such as doping or ion 
implantation, etching, deposition of various materials, and 
photolithographic patterning. In FIG. 1A each of the dies is 
represented by a tiny rectangle Within a potential fabrication 
area 130 Where dies can be fabricated. The rectangle 140 
represents one particular die. FIG. 1B is an exemplary top 
vieW of the die 140 of FIG. 1A. As used herein, the term “die” 
refers to a small block of semiconducting material, on Which 
a given functional circuit is fabricated. Typically, multiple 
dies are produced in and/or on the Wafer 100. When the Wafer 
100 is cut (or “diced”) into many pieces, each of these pieces 
is called a die. The terms “die”, “microchip”, “chip” and 
“integrated circuit” are used interchangeably herein. 
As illustrated in FIG. 1A, the Wafer 100 has a total Wafer 

area (AWt); hoWever, a portion of the total Wafer area (AM) is 
not used for fabrication of dies, and the term Wafer area (AW) 
is used herein to distinguish betWeen to total Wafer area and 
the potential fabrication area 130 Where potential good dies 
can be fabricated (e.g., Where commercially acceptable or 
viable dies can be fabricated). In other Words, as used herein, 
the term “Wafer area (AW)” refers to the portion of the Wafer 
100 on Which dies can potentially be fabricated (e.g., total 
Wafer area (AWt) excluding the edge band 110 and notch 120 
of the Wafer 100). The edge band 110 of the Wafer 100 refers 
to a band along the outer edge of the Wafer 100 Where dies 
cannot be fabricated; the edge band 110 typically has a sub 
stantially constant edge band Width (Web) except for in the 
region that is commonly referred to as the notch 120. 
As is Well-knoWn in the art, the dies that make up the Wafer 

100 are eventually separated (or “diced”), for example, by 
scribing and breaking, by mechanical saWing (normally With 
a machine called a dicing saW) or by laser cutting. FolloWing 
the dicing process the individual silicon chips are packaged 
(e.g., encapsulated into chip carriers). 
As illustrated in FIG. 1B, the die 140 has a height (y) 

dimension and a Width (x) dimension. As used herein With 
reference to a die, the term “height” refers to a dimension (y) 
of the die that is measured in a plane that is parallel to an upper 
surface of the die, and the term “Width” refers to another 
dimension (x) of the die that is also measured in a plane that 
is parallel to an upper surface of the die, but that is usually 
substantially perpendicular to the dimension (y) of the die. In 
other Words, the die’s height (y) and Width (x) dimensions are 
measured along a surface of the die. Its noted that in FIG. 1B, 
the die’s height (y) and Width (x) dimensions are interchange 
able, and can be sWapped Without changing their meaning. 
The term “dept ” or “thickness” refers to a dimension of the 

die (not illustrated, but into the page on FIG. 1B) that is 
measured in a plane that is substantially perpendicular to the 
height (y) and Width (x) dimensions of the die. 
As used herein, the term “shape” When used With reference 

to a die refers to a speci?c combination of a particular Width 
(x) dimension and a particular height (y) dimension. Its noted 
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that in general a die may have any shape generated by straight 
lines, but that they are typically either substantially rectangu 
lar-shaped or substantially square-shaped. 
As used herein, the term “aspect ratio (x/y)” when used 

with reference to a die refers to a number that is equal to the 
ratio of the die’s width (x) to the die’s height (y). 
As used herein, the term “area” when used with reference 

to a die refers to a product (xy) of the die’s height (y) and the 
die’s width (x). When used with reference to a die, the terms 
“size” and “area” are used interchangeably. As used herein 
the term “target die area (Atmget) can refer to a user or cus 
tomer de?ned die area. 

As such, a particular die shape will have a particular area 
and a particular aspect ratio. However, a particular die area or 
a die particular aspect ratio can correspond to many different 
die shapes. 

Unfortunately, current EDA software has no automated 
tool that can concurrently and reliably evaluate the number of 
dies that can be fabricated on a particular wafer for a given 
optimiZed die shape for each one of a number of different die 
siZes. Instead, designers have to evaluate how different die 
siZes (areas) impact the number of dies that can be fabricated 
on a particular wafer by randomly evaluating the number of 
dies per wafer that will result for different die siZes (having a 
?xed die shape). In doing so, the designers must compute the 
number of dies per wafer over and over again. This task is a 
very time consuming, inef?cient, error prone, and labor-in 
tensive, and does not automatically optimiZe the number of 
dies per wafer. Consequently, time delays and other ine?i 
ciencies are introduced into the overall manufacturing pro 
cess. To save time and money, it would be desirable to provide 
an EDA software tool that can be used to make such an 
evaluation in an automated manner. For example, it would be 
desirable to provide EDA software that includes a DPW opti 
miZation component or tool that designers can use during 
planning and layout for estimating DPW for a number of 
different die siZes, and that can be used to optimiZe the num 
ber of dies on a wafer by optimiZing die siZe to determine a 
maximum number of dies per wafer. 

In accordance with some of the disclosed embodiments, 
computer-implemented methods and systems are provided 
for die area and die shape co-optimiZation that can be used to 
optimiZe a number of dies that can be fabricated on a particu 
lar wafer. In accordance with some of the disclosed embodi 
ments, computer-implemented methods and systems are also 
provided that can also be used to further optimiZe die siZe and 
number of dies together so that utiliZation of wafer area (AW) 
can be optimiZed. 

FIG. 2 is a ?owchart that illustrates a computer-imple 
mented method 200 for optimiZing a number of dies that can 
be fabricated on a wafer in accordance with some of the 
disclosed embodiments. 
Method 200 begins at 210, when input variables are input. 

As used herein, the term “input variables” can be used to refer 
to user-de?ned die and wafer dimensions. In one embodi 
ment, the input variables can include the die dimensions, 
which can include a minimum die width (xml-n), a minimum 
die height (yml-n), a target aspect ratio, step siZe, and a target 
die area (Amrget), for example, and a wafer area (AW), an edge 
band width (web), and a scribe width (ws) of the scribe lines 
between the dies. The step siZe is used for creation of each 
shape list. The step siZe is used to specify the minimal offset 
between the width (x) and height (y) values in a shape list. 

At 220, a die number optimiZation (DNO) routine 220 is 
executed to determine a maximum number of dies (N max) for 
the target die area (Atmget). As will be described in greater 
detail below with reference to FIG. 3, the DN0 routine 220 
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4 
includes iteratively checking each die shape in a ?rst list of die 
shapes to determine which ones of the die shapes have the 
maximum number of dies (N max) for the target die area 
(Amget). The die shapes have the maximum number of dies 
(Nmax) for the target die area (A t) are added to an initial 
result list. 

At 230, as will be described in greater detail below with 
reference to FIGS. 4-6, a die siZe optimization (DSO) routine 
230 is executed to determine: (a) a list of die shapes having a 
maximum die area (Amax) corresponding to the maximum 
number of dies (Nmax), (b) a ?rst list of optimiZed die shapes, 
which have a maximum area utiliZation (AU), for a decreased 
target die area (Atmget), and (c) a second list of optimiZed die 
shapes, which have a minimum area utiliZation (AU), for an 
increased target die area (Amrget). 
At 240, entries from the init1al result list that was generated 

at 220, and optionally entries in each of the three lists (that 
were generated at 230) are compiled and output as entries in 
a candidate list, for example, on a computer display or other 
medium so that they can be evaluated by a user. Thus, in one 
embodiment, the candidate list includes a plurality of entries 
from (1) the initial result list of die shapes that have the 
maximum number of dies (N max) for the target die area 
(Amget) (that was generated during the DN0 routine at 220), 
(2) the list of die shapes having the maximum die area (Amax) 
corresponding to the maximum number of dies (N max) (that 
was generated during the DSO routine at 230/400), (3) the 
?rst list of optimiZed die shapes (that was generated during 
the DSO routine at 230/500), and (4) the second list of opti 
miZed die shapes (that was generated during the DSO routine 
at 230/ 600). In one exemplary implementation, each entry in 
the candidate list can include, for example, die width (x), die 
height (y), die area (x~y), die aspect ratio (x/y), and die num 
ber (or “number of dies”).An example of such a candidate list 
will be described below with reference to FIG. 9. The candi 
date list allows for a variety of different die shapes to be 
evaluated to determine which one will yield a desired number 
of dies per wafer (e.g., the maximum number of dies (N max) 
on the wafer). 

In some scenarios, the candidate list will have multiple 
entries that all have the same maximum number of dies 
(N max) on the wafer. When there is more than one entry 
having the same maximum number of dies (Nmax) on the 
wafer, at 250, one of the entries from the candidate list can be 
selected automatically by a computer or by a user. In some 
embodiments, the selected entry can be, for example, the 
entry that has the maximum number of dies (Nmax) on the 
wafer, and a desired aspect ratio and/ or desired die shape, etc. 
In addition, in some embodiments, text canbe included on the 
display that indicates a proposed wafer layout corresponding 
to one of the entries from the candidate list. In one implemen 
tation, the proposed wafer layout can include a suggested die 
area (xsys), a suggested die height (x5), a suggested die width 
(ys), a suggested die aspect ratio (xéjys), and the maximum 
number of dies (Nmax). In addition, in some implementations, 
an image that includes a wafer having the proposed wafer 
layout can also be displayed. 

FIG. 3 is a ?owchart that illustrates a die number optimi 
Zation (DNO) routine 220 of the computer-implemented 
method 200 of FIG. 2 in accordance with some of the dis 
closed embodiments. As noted above, the DN0 routine 220 
involves iteratively checking each die shape in the ?rst list of 
die shapes to determine which ones of the die shapes have the 
maximum number of dies (N max) for the target die area 
(Atmget). One exemplary embodiment of the DN0 routine 
will now be described with reference to FIG. 3. 
The DNO routine 220 begins at 310, a ?rst maximum die 

width (xmax) and a ?rst maximum die height (ymax) can be 

ta rge 
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computed. In one embodiment, the ?rst maximum die Width 
(xmax) is computed by dividing the target die area (Atmget) by 
the minimum die Width (xml-n), and the ?rst maximum die 
height (ymax) is computed by dividing the target die area 
(Atmget) by the minimum die height (ymin). 

Based on the minimum die Width (xml-n), the minimum die 
height (yml-n), the maximum die Width (xmax) and the maxi 
mum die height (ymax), at 320, a ?rst list of die shapes that 
have the target die area (Atmget) can be generated. For 
example, in one embodiment, the ?rst list of die shapes is 
generated by creating a set of values Within the range 
{xml-n . . . xmax} that are bound by the minimum die Width 

(xml-n) and the maximum die Width (xmax) creating another set 
of values With another range {ymin . . . ymax} that are bound by 

the minimum die height (yml-n) and the maximum die height 
(ymax), and then computing different combinations of Widths 
and heights Within these ranges or die shapes that have the 
target die area (Atmget). The number of die shapes in the ?rst 
list can vary depending on the implementation, and any 
degree of granularity for the Width/height combinations that 
is desired can be utiliZed. 

Prior to 325, a “next” die shape in the ?rst list of die shapes 
is selected as the current die shape (to be evaluated). During 
the ?rst iteration of the DN0 routine 220 the current die shape 
is the ?rst die shape in the ?rst list. At 325, a number (Ni) of 
dies for that current die shape (that is presently selected from 
the ?rst list of die shapes) is computed. The computation at 
325 can also be referred to as a potential die per Wafer 
(PDPW) computation routine. 
At 335, it is determined Whether the computed number (Ni) 

of dies for the current die shape is greater than or equal to a 
current maximum die number (Nmax) stored in a result list. 
When the computed number (Ni) of dies for the current die 

shape is determined (at 335) to be equal to the current maxi 
mum die number (Nmax) stored in the result list, then at 340, 
the current die shape, the computed number (Ni) of dies for 
the current die shape, and a current aspect ratio of the current 
die shape can be added to a result list. The DNO routine 220 
then proceeds to 350, Where it is determined Whether all die 
shapes in the ?rst list of die shapes been evaluated. 
By contrast, When the computed number (Ni) of dies for the 

current die shape is determined (at 335) to be greater than the 
current maximum die number (Nmax) stored in the result list, 
then at 345, the result list is cleared of all entries (or reset), and 
the current die shape, the computed number (Ni) of dies for 
the current die shape, and the current aspect ratio of the 
current die shape are added to the result list. The DNO routine 
220 then proceeds to 350, Where it is determined Whether all 
die shapes in the ?rst list of die shapes have been evaluated. 
When the computed number (Ni) of dies for the current die 

shape is determined (at 335) to be less than the current maxi 
mum die number (N max) stored in the result list, then the DN0 
routine 220 proceeds to 350, Where it is determined Whether 
all die shapes in the ?rst list of die shapes have been evaluated. 
When it is determined, at 350, that all die shapes in the ?rst 

list of die shapes have not yet been evaluated, the next die 
shape in the ?rst list is selected as the current die shape, and 
the DN0 routine returns to 325 for another iteration. This 
iterative processing continues until it is determined that all die 
shapes in the ?rst list of die shapes have been evaluated (at 
350) at Which point the DN0 routine 220 proceeds to 355. 
At 355, the result list is recorded as a ?nal result list. The 

?nal result list can include one or more entries, Wherein each 
entry comprises: a particular die shape for that entry, the 
maximum number of dies (N max), and a particular aspect ratio 
for that entry. 
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6 
The DNO routine 220 is complete at 360, and the method 

200 then proceeds to execute the DSO routine 230. As Will be 
explained beloW With reference to FIGS. 4-6, the DSO routine 
230 may include three processes or routines that can be 
executed in parallel in one embodiment. 

FIG. 4 is a ?owchart that illustrates a routine 400 of the die 
siZe optimization (DSO) routine 230 of the computer-imple 
mented method 200 of FIG. 2 in accordance With some of the 
disclosed embodiments. As Will be explained in greater detail 
beloW, the routine 400 determines, While holding the maxi 
mum number of dies (N max) determined during the DN0 
routine 220 at a ?xed number, a list of die shapes having a 
maximum die area (Amax) corresponding to the maximum 
number of dies (Nmax). 

Preliminarily, it is noted that the routine 400 receives at 
least some of the input variables that Were input at 210 of FIG. 
2 (e. g., the minimum die Width (xml-n) and minimum die 
height (yml-n), step siZe (e.g., the minimal offset betWeen the 
Width (x) and height (y) values), target die area (Amgeg), and 
the maximum number of dies (Nmax) speci?ed in ?nal result 
list generated at step 355 of the DN0 routine 220. 
The routine 400 begins at 410, Where a second maximum 

die Width (xmax') and a second maximum die height (ymax') are 
computed based on an upper limit die area (Am), the mini 
mum die Width (xml-n) and the minimum die height (yml-n). In 
one embodiment, the upper limit die area (AM) can be com 
puted based on the target die area (Atmget) by increasing the 
target die area (Atmget) by a ?rst scaling factor (e.g., a number 
greater than one) to an upper limit or “maximum.” For 
example, in one implementation the target die area (Atmget) 
can be multiplied by a ?rst scaling factor of 1.5 to increase the 
target die area (Atmget) by 50%. In one embodiment, the 
second maximum die Width (xmax') is computed by dividing 
the upper limit die area (AM) by the minimum die Width (xml-n) 
and the second maximum die height (ymax') is computed by 
dividing the upper limit die area (AM) by the minimum die 

(ymin)' 
Based on the minimum die Width (xml-n), the minimum die 

height (yml-n), the second maximum die Width (xmax') and the 
second maximum die height (ymax'), at 420, a second list of 
die shapes that have the upper limit die area (AM) is generated. 
For example, in one embodiment, the second list of die shapes 
is generated by creating a set of values Within the range 
{xml-n . . . xmax'} that are bound by the minimum die Width 
(xml-n) and the second maximum die Width (xmax'), creating 
another set of values With another range {yml-n . . . ymax'} that 
are bound by the minimum die height (ymin) and the second 
maximum die height (ymax'), and then computing different 
combinations of Widths and heights Within these ranges or die 
shapes that have the upper limit die area (AMI). The number of 
die shapes in the second list can vary depending on the imple 
mentation, and any degree of granularity for the Width/height 
combinations that is desired can be utiliZed. 
As Will noW be explained With reference to 425 through 

460, the second list of die shapes can then be iteratively 
evaluated to Which one(s) have a maximum die area (Amax) 
that corresponds to the maximum number of dies (N max) that 
Was computed during the DN0 routine 220. 

Prior to 425, a “next” die shape in the second list of die 
shapes is selected as the current die shape (to be evaluated), 
and at 425, a number (Nu) of dies for that current die shape is 
computed. During the ?rst iteration of the DN0 routine 220 
the current die shape is the ?rst die shape in the second list. 
The computation at 425 can also be referred to as a potential 
die per Wafer (PDPW) computation routine. 
At 430, it is determined Whether the computed second 

number (Nu) of dies for the current die shape is equal to the 
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maximum number of dies (Nmax) (i.e., that Was computed 
during the DN0 routine 220). When the computed second 
number (Nu) of dies for the current die shape is determined (at 
430) not to be equal to the maximum number of dies (N max), 
the routine 400 proceeds to 450, Where it is determined 
Whether all die shapes in the second list of die shapes have 
been evaluated. When it is determined at 450 that all die 
shapes in the second list of die shapes have not yet been 
evaluated, the next die shape in the second list of die shapes is 
selected as the current die shape, and the routine 400 returns 
to 425 to begin another iteration. 
When the computed second number (Nu) of dies for the 

current die shape is determined (at 430) to be equal to the 
maximum number of dies (Nmax) (i.e., that Was computed 
during the DN0 routine 220), then the routine 400 proceeds 
to 435, Where it is determined Whether current die area has 
increased in comparison to the target die area (Atmget) When 
using the current die shape. 
When the current die area is determined (at 435) not to have 

increased in comparison to the target die area (Atmget) When 
using the current die shape, then the routine 400 proceeds to 
450, Where it is determined Whether all die shapes in the 
second list of die shapes have been evaluated. 
When the current die area is determined (at 435) to have 

increased in comparison to the target die area (Atmget) When 
using the current die shape, then the routine 400 proceeds to 
440, Where a ?rst result is stored in a list of die shapes having 
a maximum die area (Amax) corresponding to the maximum 
number of dies (N max). The ?rst result is the current die area 
associated With the current die shape. The routine 400 then 
proceeds to 450, Where it is determined Whether die shapes in 
the second list of die shapes have been evaluated. 
When it is eventually determined at 450 that all die shapes 

in the second list of die shapes have been evaluated, the 
routine 400 proceeds to 460, Where the list of die shapes 
having the maximum die area (Amax) is recorded. Each die 
shape in the list of die shapes having the maximum die area 
(Amax) also have the maximum number of dies (N max) that 
Was computed during the DN0 routine 220. 

FIG. 5 is a ?owchart that illustrates a second routine 500 of 
the die siZe optimiZation (DSO) routine 230 of the computer 
implemented method 200 of FIG. 2 in accordance With some 
of the disclosed embodiments. 

Preliminarily, it is noted that the second routine 500 
receives at least some of the input variables that Were input at 
210 of FIG. 2 (e.g., the minimum die Width (xml-n) and mini 
mum die height (ymin), step siZe, target die area (Amrgeg), and 
the maximum number of dies (Nmax) speci?ed in ?nal result 
list generated at step 355 of the DN0 routine 220. 
At 510, the target die area (Atmget) is decreased and a third 

maximum die Width (xmax") and a third maximum die height 
(ymax") are computed. For example, in one embodiment, the 
target die area (Atmget) can be multiplied by a second scaling 
factor (e.g., a number less than one) to compute a decreased 
target die area (Atmget) that Will be referred to beloW as a 
loWer limit die area (AH). For example, in one implementa 
tion, Where the designer decides that the target die area 
(Atmget) should be decreased by 50%, the second scaling 
factor Would be 0.5, Which is the loWer limit or minimum die 
area to be evaluated. Once the loWer limit die area (AH) has 
been computed, the third maximum die Width (xmax") can 
then be computed by dividing the loWer limit die area (AH) by 
the minimum die Width (xmin), and the third maximum die 
height (ymax") can then be computed by dividing the loWer 
limit die area (AH) by the minimum die height (yml-n). 
At 520, a third list of die shapes that have the loWer limit die 

area (AH) is generated based on the minimum die Width 
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(xml-n), the minimum die height (yml-n), the third maximum die 
Width (xmax") and the third maximum die height (ymax"). For 
example, in one embodiment, the third list of die shapes is 
generated by creating a set of values Within the range 
{xmin . . . xmwf} that are bound by the minimum die Width 

(xml-n) and the third maximum die Width (xmax"), creating 
another set of values With another range {yml-n . . . ymax'} that 

are bound by the minimum die height (ymin) and the third 
maximum die height (ymax"), and then computing different 
combinations of Widths and heights Within these ranges or die 
shapes that have the loWer limit die area (AH). The number of 
die shapes in the third list can vary depending on the imple 
mentation, and any degree of granularity for the Width/height 
combinations that is desired can be utiliZed. 
As Will noW be described beloW With reference to 525-560, 

the third list of die shapes that have the loWer limit die area 
(All) can then be evaluated to determine Which ones have the 
maximum area utiliZation (AU) in vieW of the loWer limit die 
area (AH). 

Prior to 525, a “next” die shape in the third list of die shapes 
is selected as the current die shape (to be evaluated), and at 
525, a number (N1) of dies is computed for the current die 
shape. 
At 530, a ?rst area utiliZation value is computed for the 

current die shape, and then at 535, it is determined Whether 
both the ?rst area utiliZation value and the computed number 
(N1) of dies for the current die shape have increased from 
previously stored values. In one exemplary embodiment, the 
area utiliZation value can be computed per equation (1) as 
folloWs: 

ADieNumber Icurrent die number- maximum die numbed AU (1) 
_ ADie Area _ Icurrent die area — target die a.rea| 

When it is determined, at 535, that the ?rst area utiliZation 
value and the computed number (N1) of dies for the current 
die shape have not increased from previously stored values, at 
550, it is determined Whether all die shapes in the third list of 
die shapes have been evaluated. 
When it is determined, at 535, that both the ?rst area 

utiliZation value and the computed number (N1) of dies for the 
current die shape have increased from previously stored val 
ues, then at 540, the current die area associated With the 
current die shape is stored as a second result. Then at 550, it 
is determined Whether all die shapes in the third list of die 
shapes have been evaluated. 
When it is determined at 550 that all die shapes in the third 

list of die shapes have not yet been evaluated, the next die 
shape in the third list is selected as the current die shape and 
another iteration begins at 525. This iterative processing at 
525 through 540 is repeated per FIG. 5 until all die shapes in 
the third list of die shapes have been evaluated. 
When it is determined at 550 that all die shapes in the third 

list of die shapes have been evaluated, at 560, the second 
results that are presently stored are recorded as the ?rst list of 
optimiZed die shapes. This ?rst list of optimiZed die shapes 
are the ones of the third list of die shapes (from 520) that have 
been determined to have the maximum area utiliZation (AU). 

FIG. 6 is a ?owchart that illustrates a third routine 600 of 
the die siZe optimiZation (DSO) routine 230 of the computer 
implemented method 200 of FIG. 2 in accordance With some 
of the disclosed embodiments. 

Preliminarily, it is noted that the third routine 600 receives 
at least some of the input variables that Were input at 210 of 
FIG. 2 (e. g., the minimum die Width (xml-n) and minimum die 



US 8,671,381 B1 
9 

height (yml-n), step size, target die area (Amgeg), the maxi 
mum number of dies (Nmax) speci?ed in ?nal result list gen 
erated at step 355 of the DN0 routine 220, and the second list 
of die shapes that Was generated at step 420 of FIG. 4. 

Prior to 625, a “next” die shape in the second list of die 
shapes is selected as the current die shape (to be evaluated), 
and at 625, a number (Nu') of dies for a current die shape in the 
second list of die shapes is computed. 
At 630, a second area utilization value for the current die 

shape is computed using equation (1) above. 
At 635, it is determined Whether the second area utilization 

value for the current die shape has decreased from previously 
stored values. 
When it is determined, at 635, that the second area utiliza 

tion value for the current die shape has decreased from pre 
viously stored value, at 650, it is determined Whether all die 
shapes in the second list of die shapes have been evaluated. 
When it is determined, at 635, that the second area utiliza 

tion value for the current die shape has decreased from pre 
viously stored values, at 640, the current die area associated 
With the current die shape is stored as a third result, and it is 
determined at 650, Whether all die shapes in the second list of 
die shapes have been evaluated. 
When it is determined (at 650) that all die shapes in the 

second list of die shapes have not yet been evaluated, the next 
die shape in the second list of die shapes is selected as the 
current die shape, and the routine 600 returns to 625 to begin 
another iteration. This iterative processing at 625 through 640 
is repeated per FIG. 6 until all die shapes in the second list of 
die shapes have been evaluated. 
When it is determined (at 650) that all die shapes in the 

second list of die shapes have been evaluated, the third results 
that are presently stored can be recorded at 660, as the second 
list of optimized die shapes. The second list of optimized die 
shapes are the ones of the second list of die shapes (from 420 
of FIG. 4) that have been determined to have the minimum 
area utilization (AU). 

FIG. 7 is an exemplary top vieW of a Wafer 700-A When a 
conventional die number optimization routine is performed. 
The Wafer 700-A includes 3342 dies. 

FIG. 8 is an exemplary top vieW of the same Wafer 700-B of 
FIG. 7 When the method 200 for optimizing a number of dies 
is performed in accordance With some of the disclosed 
embodiments. The Wafer 700-B noW includes 3368 dies, or 
26 additional dies in the same Wafer 700-A. 

FIG. 9 is an exemplary table 900 illustrating a comparison 
betWeen a number of dies per Wafer for the conventional die 
number optimization routine (FIG. 7) and a number of dies 
per Wafer When the method 200 for optimizing a number of 
dies is performed in accordance With some of the disclosed 
embodiments. 
Column 905 of table 900 shoWs various optimization rou 

tines that can be performed to optimize the number of dies on 
a particular Wafer, and roW 955 of table 900 shoWs variables 
that can be computed When each of the different optimization 
routines are performed. Speci?cally, the variables in roW 955 
include die Width (x) dimensions in column 910, die height 
(y) dimensions in column 920, die area (x-y) in column 930, 
die number in column 940, and die aspect ratio (x/y) in 
column 950. The table 900 includes simulation results for a 
conventional die number optimization routine (roW 960), 
simulation results after the DN0 routine 220 is performed 
(roW 970), simulation results after the routine 400 (FIG. 4) of 
the DSO routine 230 is performed (roW 972), simulation 
results after the second routine 500 (FIG. 5) of the DSO 
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routine 230 is performed (roW 974), simulation results after 
the third routine 600 of the DSO routine 230 (FIG. 6) is 
performed (roW 976). 
When the DN0 routine 220 (FIG. 3) is performed (roW 

970), the Width (x) dimension of the dies decreases and the 
height (y) dimension of the dies increases slightly in com 
parison to the values When the conventional die number opti 
mization routine (roW 960) is applied, Whereas the target die 
area (Atmget) remains ?xed (i.e., does not change). As illus 
trated in table 900, the conventional die number optimization 
routine (roW 960) results in having an aspect ratio of 1.1033, 
and 3342 die being ?t into a particular Wafer having a par 
ticular fabrication area. By contrast, after the DN0 routine 
220 is performed (roW 970), 3362 die are ?t into the same 
Wafer With each of the die having as aspect ratio of 1.1 146. As 
such, the simulation results shoW that implementing the DN0 
routine alone increases the number of dies that can be fabri 
cated on the Wafer by 0.598% in comparison to the conven 
tional die number optimization routine (roW 960). 
When the routine 400 of the DSO routine 230 (FIG. 4) is 

performed (roW 972), the Width (x) dimension of the dies 
decreases and the height (y) dimension of the dies increases 
slightly in comparison to the values When the conventional 
die number optimization routine (roW 960) is applied, and the 
die area also increases. As illustrated in table 900, after the 
routine 400 of the DSO routine 230 is performed (roW 972), 
3362 die are ?t into the same Wafer With each of the die having 
as aspect ratio of 1.1 150. As such, the simulation results shoW 
that implementing the DN0 routine along With the routine 
400 of the DSO routine 230 increases the number of dies that 
can be fabricated on the Wafer by 0.598% in comparison to the 
conventional die number optimization routine (roW 960). In 
this particular example, implementing the routine 400 of the 
DSO routine 230 results in a negligible increase in die area 
(0.017%) and aspect ratio, but no increase in die number, With 
respect to the results produced When only the DN0 routine is 
performed. 
When the second routine 500 (FIG. 5) of the DSO routine 

230 is performed (roW 974), the Width (x) dimension of the 
dies decreases and the height (y) dimension of the dies 
increases slightly in comparison to the values When the con 
ventional die number optimization routine (roW 960) is 
applied, While the die area actually decreases. As illustrated in 
table 900, after the second routine 500 of the DSO routine 230 
is performed (roW 974), 3368 die are ?t into the same Wafer 
With each of the die having a larger aspect ratio of 1.1 174. As 
such, the simulation results shoW that implementing the sec 
ond routine 500 of the DSO routine 230 (in conjunction With 
the DN0 routine and the routine 400 of the DSO routine 230) 
the number of dies that can be fabricated on the Wafer can be 
increased by 0.788% in comparison to the conventional die 
number optimization routine (roW 960). 
When the third routine 600 (FIG. 6) of the DSO routine 230 

is performed (roW 976), the Width (x) dimension of the dies 
decreases and the height (y) dimension of the dies increases 
slightly in comparison to the values When the conventional 
die number optimization routine (roW 960) is applied, While 
the die area increases. As illustrated in table 900, after the 
third routine 600 of the DSO routine 230 is performed (roW 
976), 3360 die are ?t into the same Wafer With each of the die 
having a larger aspect ratio of 1.1 158. As such, the simulation 
results shoW that implementing the third routine 600 of the 
DSO routine 230 (in conjunction With the DN0 routine, the 
routine 400 of the DSO routine 230 and the second routine 
500 of the DSO routine 230), the number of dies that can be 
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fabricated on the Wafer can be increased by 0.539% in com 
parison to the conventional die number optimization routine 
(roW 960). 
As such, the various embodiments can alloW for an 

increase in the number of dies that can be fabricated on a 
particular Wafer. 

It is noted that the information included in roWs 970, 972, 
974, 976 of the table 900 is one example of the candidate list 
that could be output at block 240 of FIG. 2; hoWever, its noted 
that there could be multiple entries in any of the roWs 970, 
972, 974, 976 in other examples Where multiple entries result. 

Although the embodiments and implementations are 
described above are illustrated in terms of functional and/or 
logical block components (or modules) and various process 
ing steps, it should be appreciated that such block compo 
nents (or modules) may be realiZed by any number of hard 
Ware, softWare, and/or ?rmWare components con?gured to 
perform the speci?ed functions. As used herein the term 
“component” or “module” can generally refer to a device, a 
circuit, an electrical component, and/or a softWare based 
component forperforming a task. As such, those of skill in the 
art Will appreciate that the various illustrative logical blocks, 
modules, circuits, and algorithm steps described in connec 
tion With the embodiments disclosed herein may be imple 
mented as electronic hardWare, computer softWare, or com 
binations of both. 

For example, the various illustrative logical blocks, mod 
ules, and circuits described in connection With the embodi 
ments disclosed herein may be implemented or performed 
With a general purpose processor, a digital signal processor 
(DSP), an application speci?c integrated circuit (ASIC), a 
?eld programmable gate array (FPGA) or other program 
mable logic device, discrete gate or transistor logic, discrete 
hardWare components, or any combination thereof designed 
to perform the functions described herein. A general-purpose 
processor may be a microprocessor, but in the alternative, the 
processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc 
tion With a DSP core, or any other such con?guration. 

The steps of a method or algorithm described in connection 
With the embodiments disclosed herein may be embodied 
directly in hardWare, in a softWare module executed by a 
processor, or in a combination of the tWo. A softWare module 
may reside in RAM memory, ?ash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium knoWn in the art. An exemplary storage medium is 
coupled to the processor such the processor can read infor 
mation from, and Write information to, the storage medium. 
In the alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside 
in an ASIC. 
One example a computing environment in Which the dis 

closed embodiments may be implemented Will noW be 
described beloW With reference to FIG. 10. 

FIG. 10 illustrates a block diagram of a computer system 
1000 for executing electronic design automation programs in 
accordance With various ones of the disclosed embodiments. 
The computer system 1000 includes a processor 1002, a main 
memory 1004, an interconnect bus 1006, a mass storage 
device 1008, peripheral device(s) 1010, input control 
device(s) 1012, portable storage drive(s) 1014, a graphics 
subsystem 1016, and a display 1018. 
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The processor 1002 may include a single microprocessor 

or a plurality of microprocessors con?gured as a multi-pro 
cessor system. 

The main memory 1004 stores, in part, instructions and 
data to be executed by the processor 1002. The main memory 
1004 preferably includes banks of dynamic random access 
memory (DRAM) as Well as high-speed cache memory. 

For the purpose of simplicity, the components of the com 
puter system 1000 are connected via interconnect bus 1006. 
HoWever, the computer system 1000 may be connected 
through one or more data transport means. For example, the 
processor 1002 and main memory 1004 may be connected via 
a local microprocessor bus and mass storage device 1008, 
peripheral device(s) 1010, portable storage medium drive(s) 
1014, and graphic subsystem 1016 may be connected via one 
or more input/output (I/O) buses. 
Mass storage device 1008, Which may be implemented 

With a magnetic disk drive, an optical disk drive, a solid state 
device, or an attachment to netWork storage, is non-volatile 
storage device for storing data, databases, and instructions, to 
be used by the processor 1002. In a softWare embodiment, 
mass storage device 1008 may store the softWare to load it 
into main memory 1004. 

Portable storage medium drive 1014 operates in conjunc 
tion With a portable non-volatile storage medium such as a 
?oppy disk, a compact disk read only memory (CD-ROM), or 
a digital versatile disk read only memory (DVD-ROM), to 
input and output data and code to and from the computer 
system 1000. In one embodiment, the softWare is stored on 
such a portable medium, and is input to computer system 
1000 via portable storage medium drive 1014. 

Peripheral device(s) 1010 may include any type of com 
puter support device such as an input/ output (I/O) interface, to 
add additional functionality to computer system 1000. For 
example, peripheral device(s) 1010 may include a netWork 
interface card to interface computer system 1000 to a net 
Work. 

Input control device(s) 1012 provide a portion of the user 
interface for the computer system 1000 user. Input control 
device(s) 1012 may include an alphanumeric keypad for 
inputting alphanumeric and other key information; and a 
cursor control device such as a mouse, a track pad or stylus; or 
cursor direction keys. 

In order to display textual and graphical information, com 
puter system 1000 contains graphic subsystem 1014 and out 
put display(s) 1018. Output display 1018 may include a cath 
ode ray tube (CRT) display, liquid crystal display (LCD), 
plasma, or light emitting diode (LED) display, etc. 

Graphic subsystem 1016 receives textual and graphical 
information and processes the information for output to dis 
play 1018. 

In a softWare implementation, the EDA softWare includes a 
plurality of computer executable instructions, to be imple 
mented on a computer system. Prior to loading in the com 
puter system, the EDA softWare may reside as encoded infor 
mation on a computer-readable tangible medium such as a 
magnetic ?oppy disk, a magnetic tape, CD-ROM, DVD 
ROM, ?ash memory, or any other suitable computer readable 
medium. 

In a hardWare implementation, such a system may be 
implemented in any suitable computer based platform knoWn 
in the art. For example, the system may comprise suitable 
storage media and one or more dedicated processors or share 

one or more processors executing/controlling other functions, 
Wherein the employed processor(s) is programmably con?g 
ured With processor instructions for performing the functions 
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described herein. Suitable circuits may also be developed to 
execute certain aspects of these functions. 

In one embodiment, a computer-implemented method is 
provided for optimizing a number of dies that can be fabri 
cated on a Wafer. In accordance With the computer-imple 
mented method, input variables can be received that include: 
a minimum die Width (xml-n), a minimum die height (yml-n), a 
target aspect ratio, a target die area (Amrget), a Wafer area 
(AW), an edge band Width (Web), and a scribe Width (WS). In 
some embodiments of the computer-implemented method, a 
?rst maximum die Width (xmax) and a ?rst maximum die 
height (ymax) can be computed, and the ?rst list of die shapes 
that have the target die area (Atmget) can be generated based 
on the minimum die Width (xmin), the minimum die height 
(yml-n), the maximum die Width (xmax) and the maximum die 
height (ymax). 
As part of the computer-implemented method, a die num 

ber optimiZation (DNO) routine can be executed to determine 
a maximum number of dies (Nmax) for the target die area 
(Atmget). During the DN0 routine each die shape in a ?rst list 
of die shapes can be iteratively checked to determine Which 
ones of the die shapes have the maximum number of dies 
(Nmax) for the target die area (Atmget), and an initial result list 
of die shapes that have the maximum number of dies (N max) 
for the target die area (Atmget) can be generated. 

For example, in one implementation of the DN0 routine of 
the computer-implemented method, each die shape in the ?rst 
list of die shapes can be iteratively checked to determine 
Which ones of the die shapes have the maximum number of 
dies (Nmax) for the target die area (Atmget) by (a) selecting a 
next die shape from the ?rst list of die shapes as a current die 
shape, and computing a ?rst number (Ni) of dies for the 
current die shape from the ?rst list of die shapes, and then at 
step (b) determining Whether the computed number (Ni) of 
dies for the current die shape is greater than or equal to a 
current maximum die number (Nmax) stored in a result list. 
When the computed ?rst number (Ni) of dies for the current 
die shape is equal to the current maximum die number (N max) 
stored in the result list, then at step (c) adding the computed 
?rst number (Ni) of dies for the current die shape, the current 
die shape and a current aspect ratio of the current die shape to 
the result list, and then (e) determining Whether all die shapes 
in the ?rst list of die shapes have been evaluated. When the 
computed ?rst number (Ni) of dies for the current die shape is 
greater than the current maximum die number (Nmax) stored 
in the result list, then at step (d) the result list is cleared and the 
computed ?rst number (Ni) of dies for the current die shape, 
the current die shape and the current aspect ratio of the current 
die shape are added to the result list, and then at step (e) it can 
be determined Whether all die shapes in the ?rst list of die 
shapes have been evaluated. 
When the computed ?rst number (Ni) of dies for the current 

die shape is not greater than the current maximum die number 
(Nmax) stored in the result list, then at step (e) it can be 
determined Whether all die shapes in the ?rst list of die shapes 
have been evaluated, and When it is determined that all die 
shapes in the ?rst list of die shapes have not yet been evaluated 
at step (e), steps (a) through (e) can be iteratively repeated. By 
contrast, When it is determined that all die shapes in the ?rst 
list of die shapes have been evaluated at step (e), the result list 
can be recorded as a ?nal result list. The ?nal result list 
comprises a plurality of entries, Wherein each entry com 
prises: a particular die shape for that entry, the maximum 
number of dies (Nmax), and a particular aspect ratio for that 
entry. The aspect ratio of each entry in the ?nal result list is 
different. 
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In some embodiments, the computer-implemented method 

can also include executing a die siZe optimiZation (DSO) 
routine to determine (1) a list of die shapes having a maxi 
mum die area (Amax) corresponding to the maximum number 
of dies (Nmax), (2) a ?rst list of optimiZed die shapes, Which 
have a maximum area utiliZation (AU), for a decreased target 
die area (Atmget), and (3) a second list of optimiZed die 
shapes, Which have a minimum area utiliZation (AU), for an 
increased target die area (Amrget). 

In some implementations, the DSO routine comprises a 
?rst DSO routine, a second DSO routine and a third DSO 
routine. 

During the ?rst DSO routine, the maximum die area (Amax) 
corresponding to the maximum number of dies (N max) is 
determined While holding the maximum number of dies 
(N max) determined during the DN0 routine at a ?xed number. 
During the ?rst DSO routine, the target die area (Amrget) can 
be multiplied by a ?rst scaling factor to compute an upper 
limit die area (AMI) based on the target die area (Atmget), and 
then, based on the upper limit die area (Am), the minimum die 
Width (xml-n) and the minimum die height (yml-n), a second 
maximum die Width (xmax') and a second maximum die height 
(ymax') can be computed. Based on the minimum die Width 
(xml-n), the minimum die height (yml-n), the second maximum 
die Width (xmax') and the second maximum die height (ymax'), 
a second list of die shapes can be generated that have an upper 
limit die area (Am). The ?rst DSO routine can then include 
steps (f) through (i). At step (f) a next die shape from the 
second list of die shapes canbe selected as a current die shape, 
and a second number (Nu) of dies for that current die shape 
can be computed. At step (g) it can then be determined 
Whether the computed second number (Nu) of dies for the 
current die shape is equal to the maximum number of dies 
(N max) that Was computed during the DN0 routine. 
When the computed second number (Nu) of dies for the 

current die shape is determined to be not equal to the maxi 
mum number of dies (Nmax) that Was computed during the 
DN0 routine, at step (i) it can be determined Whether all die 
shapes in the second list of die shapes have been evaluated. 
When the computed second number (Nu) of dies for the 
current die shape is determined to be equal to the maximum 
number of dies (N max) that Was computed during the DN0 
routine, then at step (h) it can be determined Whether current 
die area has increased in comparison to the target die area 
(Atmget) When using the current die shape. When the current 
die area is determined not to have increased in comparison to 
the target die area (Atmget) (When using the current die shape), 
then at step (i) it can be determined Whether all die shapes in 
the second list of die shapes have been evaluated. When the 
current die area is determined to have increased in compari 
son to the target die area (Atmget) (When using the current die 
shape), then at step (i) the current die shape can be stored as 
a ?rst result in the list of die shapes having the maximum die 
area (Amax) and corresponding to the maximum number of 
dies (N max). Then at step (i) it can be determined Whether all 
die shapes in the second list of die shapes have been evalu 
ated. 
Whenever it is determined at step (i) that all die shapes in 

the second list of die shapes have not yet been evaluated, steps 
(f) through (i) are iteratively repeated for a next die shape 
from the second list of die shapes (that can be selected as a 
“neW” current die shape). When it is determined at step (i) that 
all die shapes in the second list of die shapes have been 
evaluated, the list of die shapes having the maximum die area 
(Amax) that corresponds to the maximum number of dies 
(N max) computed during the DN0 routine can be recorded. 



US 8,671,381 B1 
15 

During the second DSO routine the target die area (Amrget) 
can be decreased to generate a decreased target die area 
(Atmget), and the ?rst list of optimized die shapes, Which have 
the maximum area utilization (AU), for the decreased target 
die area (Atmget) can then be determined. 

For example, in one embodiment, the target die area 
(Atmget) can be multiplied by a second scaling factor to com 
pute loWer limit die area (All) based on the target die area 
(Atmget), and then a third maximum die Width (xmax") and a 
third maximum die height (ymwQ') can be computed based on 
the loWer limit die area (AH), the minimum die Width (xml-n) 
and the minimum die height (yml-n). A third list of die shapes 
that have the loWer limit die area (AH) can then be generated 
based on the minimum die Width (xmin), the minimum die 
height (yml-n), the third maximum die Width (xmwQ') and the 
third maximum die height (ymax"). 

The ?rst list of optimiZed die shapes, Which have the maxi 
mum area utiliZation (AU), for the decreased target die area 
(Atmget) can then be determined by performing steps (k) 
through (0) as folloWs. At step (k), a next die shape from the 
third list of die shapes can be selected as a current die shape, 
and a third number (N l) of dies for the current die shape (in the 
third list of die shapes) can be computed. At step (1) a ?rst area 
utiliZation value for the current die shape can be computed, 
and then at step (m) it can be determined Whether the ?rst area 
utiliZation value or the computed third number (N1) of dies for 
the current die shape has increased from previously stored 
values (if any have been stored). When it is determined, at step 
(m), that neither the ?rst area utiliZation value nor the com 
puted third number (N l) of dies for the current die shape has 
increased from previously stored values, it can be determined 
at step (0) Whether all die shapes in the third list of die shapes 
have been evaluated. By contrast, When it is determined, at 
step (m), that either the ?rst area utiliZation value or the 
computed third number (N1) of dies for the current die shape 
has increased from previously stored values, then at step (n) 
the current die area associated With the current die shape can 
be stored as a second result. It can then be determined at step 
(0) Whether all die shapes in the third list of die shapes have 
been evaluated. When it is determined at step (0) that all die 
shapes in the third list of die shapes have not yet been evalu 
ated, steps (k) through (n) can be iteratively repeated. By 
contrast, When it is determined at step (0) that all die shapes in 
the third list of die shapes have been evaluated, the second 
results that are presently stored as can be stored as the ?rst list 
of optimiZed die shapes. The die shapes in the ?rst list of 
optimiZed die shapes have the maximum area utiliZation (AU) 
for the decreased target die area (Atmget). 

During the third DSO routine steps (p) through (t) can be 
iteratively performed. At step (p) a next die shape from the 
second list of die shapes canbe selected as a current die shape, 
and a fourth number (Nu') of dies for the current die shape 
(from the second list of die shapes) can be computed. At step 
(q) a second area utiliZation value for the current die shape is 
computed, and at step (r) it can be determined Whether the 
second area utiliZation value for the current die shape has 
decreased from a previously stored value (if any is/ are 
stored). When it is determined, at step (r), that the second area 
utiliZation value for the current die shape has not decreased 
from the previously stored value, then at step (t) it can be 
determined Whether all die shapes in the second list of die 
shapes have been evaluated. When it is determined at step (r) 
that all die shapes in the second list of die shapes have not yet 
been evaluated steps (p) through (t), can be iteratively 
repeated. By contrast, When it is determined, at step (r), that 
the second area utiliZation value for the current die shape has 
decreased from the previously stored value, then at step (s) the 
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current die area associated With the current die shape can be 
stored as a third result. Then, at step (t), it can be determined 
Whether all die shapes in the second list of die shapes have 
been evaluated. When it is determined at step (t) that all die 
shapes in the second list of die shapes have been evaluated, 
the third results that are presently stored can be recorded as 
the second list of optimiZed die shapes, Which have the mini 
mum area utiliZation (AU), for the increased target die area 

(AW) 
In some embodiments, a candidate list can be output. The 

candidate list can include one or more entries that can include, 
for example, die shapes from the initial result list that have the 
maximum number of dies (N max) for the target die area 
(Amget), die shapes from the list of die shapes having the 
maximum die area (Amax) corresponding to the maximum 
number of dies (Nmax), the optimiZed die shapes from the ?rst 
list of optimiZed die shapes, and the optimiZed die shapes 
from the second list of optimiZed die shapes. One of the 
entries from the candidate list that Will result in the maximum 
number of dies (N max) on the Wafer can be selected automati 
cally as part of the computer implemented method, or by a 
user Who inspects the candidate list. 

In some embodiments, information that is generated as part 
of the computer-implemented method can be displayed, for 
example, on a graphical user interface. This information can 
include text that indicates a proposed Wafer layout corre 
sponding to one of the entries from the candidate list, and/or 
an image that includes a Wafer having the proposed Wafer 
layout. Text that indicates the proposed Wafer layout can 
include, for example, a suggested die area (xsys), a suggested 
die height (x5), a suggested die Width (ys), a suggested die 
aspect ratio (xS/yS), and the maximum number of dies (Nmax). 
The computer-implemented methods that are described 

above for optimiZing the number of dies that can be fabricated 
on a Wafer can be implemented in a computer program prod 
uct for use With a computer. The computer program product 
comprises a non-transitory computer-readable storage 
medium comprising computer-executable instructions stored 
thereon for optimiZing the number of dies that can be fabri 
cated on the Wafer. In such implementations, the computer 
executable instructions can perform any combination of the 
various steps described herein. 
The computer-implemented methods and computer pro 

gram products that are described above can be implemented 
as part of a system for performing electronic design automa 
tion tasks including optimiZing the number of dies that can be 
fabricated on a Wafer. In this case, the system comprises a 
computer processor, a storage memory coupled to the com 
puter processor, an input apparatus for inputting input vari 
ables and a computer program that includes softWare modules 
including softWare modules that are designed to perform the 
computer-executable instructions that are described above. 

For instance, the computer program can includes, in one 
implementation, a ?rst module con?gured to compute a ?rst 
maximum die Width (xmax) and a ?rst maximum die height 
(ymax to generate a ?rst list of die shapes that have the target 
die area (Atmget), based on the minimum die Width (xml-n), the 
minimum die height (yml-n), the maximum die Width (xmax) 
and the maximum die height (ymax), to determine a maximum 
number of dies (Nmax) for the target die area (Amrget) by 
iteratively checking each die shape in a ?rst list of die shapes 
to determine Which ones of the die shapes have the maximum 
number of dies (Nmax) for the target die area (Atmget), and to 
generate an initial result list of die shapes that have the maxi 
mum number of dies (Nmax) for the target die area (Atmget); 
and a second module con?gured to determine (1) a list of die 
shapes having a maximum die area (Amax) corresponding to 














