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METHOD OF TRANSLATING A NET 
DESCRIPTION OF AN INTEGRATED CIRCUIT 

DIE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the test 
ing of integrated circuit dies. More speci?cally, but Without 
limitation thereto, the present invention relates to locating 
manufacturing defects in an integrated circuit die by iden 
tifying areas of multiple net failures. 

[0003] 2. Description of Related Art 

[0004] The combination of logic tests for speci?c logic 
paths and computer automated design (CAD) navigation 
tools that can map nets in an integrated circuit die alloWs the 
physical path of a failed net in the die to be displayed and 
plotted after a performance test. The plots from a number of 
tests performed on different dies for identical test paths may 
be combined to produce a stacked map for displaying the 
locations of the highest number of failures to identify 
physical features on the die that are most likely to be the 
cause of the failed nets. 

SUMMARY OF THE INVENTION 

[0005] In one aspect of the present invention, a method of 
representing a net of an integrated circuit die includes steps 
of: 

[0006] (a) receiving as input vertices of a net in an 
integrated circuit die; 

[0007] (b) calculating rounded coordinates having a 
selected resolution for each of the vertices; 

[0008] (c) calculating rounded coordinates having the 
selected resolution along the net betWeen each of the 
vertices; and 

[0009] (d) generating as output the rounded coordi 
nates to represent the net. 

[0010] In another aspect of the present invention, a com 
puter program product for representing a net of an integrated 
circuit die includes: 

[0011] a medium for embodying a computer program 
for input to a computer; and 

[0012] a computer program embodied in the medium 
for causing the computer to perform steps of: 

[0013] (a) receiving as input vertices of a net in an 
integrated circuit die; 

[0014] (b) calculating rounded coordinates having a 
selected resolution for each of the vertices; 

[0015] (c) calculating rounded coordinates having the 
selected resolution along the net betWeen each of the 
vertices; and 

[0016] (d) generating as output the rounded coordi 
nates to represent the net. 

[0017] In a further aspect of the present invention, a 
method of representing a net includes steps of: 

[0018] (a) receiving as input vertices of a net; 
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[0019] (b) selecting a resolution for representing spa 
tial features of the net; 

[0020] (c) calculating rounded coordinates having the 
selected resolution for each of the vertices; 

[0021] (d) calculating rounded coordinates having 
the selected resolution along the net betWeen the 
vertices; and 

[0022] (e) generating as output the rounded coordi 
nates to represent the net. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The present invention is illustrated by Way of 
eXample and not limitation in the accompanying ?gures, in 
Which like references indicate similar elements throughout 
the several vieWs of the draWings, and in Which: 

[0024] FIG. 1 illustrates an eXample of a computer aided 
design (CAD) layout of the prior art; 

[0025] FIG. 2 illustrates a computer display of a higher 
magni?cation of the failed nets in the layout of FIG. 1; 

[0026] FIG. 3 illustrates a computer display of failed nets 
from different die according to the prior art; 

[0027] FIG. 4 illustrates a computer aided design (CAD) 
stacked map of failing nets in multiple dies according to an 
embodiment of the present invention; 

[0028] FIG. 5 illustrates a CAD display of a section of a 
typical net according to the prior art; 

[0029] FIG. 6 illustrates a How chart for a method of 
representing a net of an integrated circuit die according to an 
embodiment of the present invention; 

[0030] FIG. 7 illustrates the net section of FIG. 5 after 
rounding the verteX coordinates according to an embodiment 
of the present invention; 

[0031] FIG. 8 illustrates the net section of FIG. 7 after 
rounding each of the verteX coordinates to a coarser reso 

lution; 
[0032] FIG. 9 illustrates the net section of FIG. 8 after 
calculating rounded coordinates betWeen each of the verti 
ces; and 

[0033] FIG. 10 illustrates a How chart of a method of 
analyZing multiple failed nets from a database generated 
according to the method of FIG. 6. 

[0034] Elements in the ?gures are illustrated for simplicity 
and clarity and have not necessarily been draWn to scale. For 
eXample, the dimensions of some elements in the ?gures 
may be exaggerated relative to other elements to point out 
distinctive features in the illustrated embodiments of the 
present invention. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

[0035] FIG. 1 illustrates an eXample of a computer aided 
design (CAD) layout of the prior art. ShoWn in FIG. 1 are 
failed nets 102 from a selected set of tests performed on one 
die of a production lot of integrated circuit dies. 

[0036] The graphic representation of failed nets 102 for a 
speci?c die illustrated in FIG. 1 constitutes one of a set of 
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group of nets per die for a Wafer lot or lots tested that may 
be combined or stacked to create a failure density plot. 

[0037] A mathematical description of failed nets, for 
example, the vertex coordinates of the net segments, may be 
advantageously reformatted into a pattern of dot coordinates 
that may readily be manipulated, that is, stacked, to generate 
a net failure density plot such as the one illustrated in FIG. 
1. The density plot may be analyZed and compared to design, 
test, yield analysis, and failure analysis data by commercial 
softWare available from different vendors. 

[0038] In one aspect of the present invention, a method of 
representing a net of an integrated circuit die includes steps 
of: 

[0039] (a) receiving as input vertices of a net in an 
integrated circuit die; 

[0040] (b) calculating rounded coordinates having a 
selected resolution for each of the vertices; 

[0041] (c) calculating rounded coordinates having the 
selected resolution along the net betWeen each of the 
vertices; and 

[0042] (d) generating as output the rounded coordi 
nates to represent the net. 

[0043] FIG. 2 illustrates a computer display of a higher 
magni?cation of the failed nets 102 in the layout of FIG. 1. 

[0044] Typically, the layer in Which each of the nets 102 
is formed is displayed in a different color for each layer. The 
magni?ed image shoWs that a net includes various layer 
segments. Each layer is represented by a unique color. The 
?oorplan data de?nes the vertex coordinates of each polygon 
segment in each net segment in each layer. In accordance 
With various embodiments of the present invention, the layer 
information for each net segment may be retained in the 
reformatting of the vertex coordinates to a dot format, for 
example, for manipulating the failed net data to generate a 
stacked image, or density plot, for one or more separate net 
layers in the integrated circuit design. 

[0045] FIG. 3 illustrates a computer display of failed nets 
from different die according to the prior art. ShoWn in FIG. 
3 are failed nets 302, 304, and 306 and a common area 308. 

[0046] In the example of FIG. 3, the three failed nets 302, 
304, and 306 all intersect in the common area 308, indicating 
that there may be a manufacturing defect occurring at the 
same location in multiple dies in the common area 308. 
Identifying areas in Which a manufacturing defect may occur 
advantageously reduces the time required to discover and 
correct problems in the manufacturing process. 

[0047] FIG. 4 illustrates a computer aided design (CAD) 
stacked map 400 of failing nets in multiple dies according to 
an embodiment of the present invention. ShoWn in FIG. 4 
are high failure density areas 402 in Which the highest 
number of failed nets occur. 

[0048] The high failure density areas 402 are typically 
represented in a color that stands out from colors of the less 
dense areas of failure, similar to the distribution of rainfall 
or temperature in a Weather map. 

[0049] In typical CAD net maps, each net of an integrated 
circuit die is de?ned by a set of vertices, as illustrated in 
FIG. 5. 
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[0050] FIG. 5 illustrates a CAD display 500 of a section 
of a typical net in FIG. 4. ShoWn in FIG. 5 are a net section 
502, vertices 504, and a grid 506. 

[0051] In this example, the net section is routed in multiple 
die layers, indicated in FIG. 5 by the different levels of 
shading. A die layer may be a metal layer, a poly layer, a 
contact layer, a via layer, a Well layer, and so on. Each of the 
vertices 504 is represented as an X-Y coordinate of the net 
section 502 inside the grid 506. The X-Y coordinates of the 
vertices 504 are generally stored in a database for generating 
the CAD net map. Although useful for generating CAD net 
maps, the vertex coordinates are in a format that may not be 
readily accommodated by other softWare. 

[0052] FIG. 6 illustrates a How chart 600 for a method of 
representing a net of an integrated circuit die according to an 
embodiment of the present invention. 

[0053] Step 602 is the entry point of the How chart 600. 

[0054] In step 604, a set of vertices de?ning a net layout 
for an integrated circuit die is received as input, for example, 
from a CAD database as described above With reference to 
FIG. 5. 

[0055] In step 606, the X-Y coordinates of each of the 
vertices 504 are rounded to a selected resolution. For 
example, for a selected resolution of 100 grid units, the 
vertex coordinates (1342, 485) Would be rounded to the 
rounded coordinate (1300, 500). TWo criteria that may be 
used to select the resolution are the total number of dots 
required to represent the failed nets selected for analysis and 
the desired level of detail. 

[0056] The total number of dots may be an issue for ?le 
manipulation and may be limited by computer resources, for 
example, storage capacity, CPU speed available to calculate 
the dots, and softWare limitations on the siZe of the input 
data ?le. 

[0057] The level of detail is determined by the magni? 
cation of the net failure density plot. For example, a loW 
resolution may be used to generate a density plot similar to 
that of FIG. 4, then the dots may be recalculated in a smaller 
area With a ?ner resolution to generate a net failure plot 
similar to that of FIG. 2. This approach may be advanta 
geous if computer resources are limited, hoWever, a ?ner 
resolution is generally preferable. By Way of example, the 
?nest resolution may be half the Width of the narroWest trace 
in the net segment as shoWn in FIG. 7 so that the net 
segment is completely de?ned in all applications. 

[0058] FIG. 7 illustrates the net section of FIG. 5 after 
rounding each of the vertex coordinates according to an 
embodiment of the present invention. ShoWn in FIG. 7 are 
a net section 502 and rounded coordinates 702. 

[0059] In FIG. 7, each of the vertex coordinates 504 in 
FIG. 5 is translated into a rounded coordinate 702. The 
rounded coordinates 702 are shoWn as dots to indicate that 
the corresponding vertex coordinate 504 is Within a radius of 
the selected resolution from the rounded coordinate 702. For 
example, the vertex coordinate (1342, 485) translated to the 
rounded coordinate (1300, 500) With a selected resolution of 
100 is located Within a circle having a radius of 100 around 
the point (1300, 500). In the same manner, the vertex 
coordinates for each net in the CAD representation may be 
translated into rounded coordinates. 



US 2005/0055656 A1 

[0060] Depending on the values of the vertex coordinates 
and the selected resolution, it is possible that tWo closely 
spaced vertices may be rounded or mapped to the same dot. 
Consequently, there may be a loWer number of dots that 
have to be stored and processed, and the reduced number of 
dots may not all be equidistant from the original vertex 
coordinates. 

[0061] FIG. 8 illustrates the net section of FIG. 7 after 
rounding each of the vertex coordinates to a coarser reso 
lution. ShoWn in FIG. 8 are a net section 502 and rounded 
coordinates 802. 

[0062] As the resolution of the rounded coordinates is 
decreased, the dot siZe of the rounded coordinates 802 
increases, and may include neighboring vertices in the net 
section 502. For example, at a resolution of 50 grid units, the 
vertices (1342, 485) and (1364, 485) may both be repre 
sented by a single dot having a radius of 50 grid units at 
(1350, 500). 
[0063] In step 608, rounded coordinates are calculated 
betWeen each of the vertices as shoWn in FIG. 9. 

[0064] FIG. 9 illustrates the net section of FIG. 8 after 
calculating rounded coordinates betWeen each of the verti 
ces. ShoWn in FIG. 9 are a net section 502 and rounded 
coordinates 802 and 902. 

[0065] After calculating the rounded coordinates 802 for 
the vertices, each net segment is ?lled in to cover the entire 
length of the net so that every vertex in the net is connected 
by the rounded coordinates 902. The coarser the resolution 
selected to calculate the rounded coordinates 802 and 902, 
the feWer rounded coordinates required to describe the net. 
HoWever, selecting too coarse a resolution may not reveal 
spatial details of the net structure that could be signi?cant in 
analyZing causes of failure in the die. The spatial features of 
the causes of failure being analyZed therefore guide the 
selection of the dot resolution. 

[0066] In step 610, the rounded coordinates 802 and 902 
are generated as output in a list to represent the net. The 
rounded coordinates 802 and 902 may also be stored in a 
database for analysis and display by commercially available 
softWare from various vendors. 

[0067] Step 612 is the exit point of the How chart 600. 

[0068] A database of rounded coordinates may be gener 
ated according to the method of representing a net of an 
integrated circuit die described above for each net in mul 
tiple dies to assist in identifying causes of net failure as 
folloWs. 

[0069] FIG. 10 illustrates a How chart 1000 of a method 
of analyZing multiple failed nets from a database generated 
according to the method of FIG. 6. 

[0070] Step 1002 is the entry point of the How chart 1000. 

[0071] In step 1004, lists of rounded coordinates for 
multiple failed nets in one or more integrated circuit dies is 
received as input. 

[0072] In step 1006, the lists of rounded coordinates for 
the multiple failed nets may be ?ltered according to Well 
knoWn techniques, for example, to isolate a speci?c net, a 
die layer, die area, Wafer, and so on to assist in identifying 
causes of net failure. 
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[0073] In step 1008, the ?ltered or un?ltered rounded 
coordinates are counted or stacked for each possible rounded 
coordinate value to ?nd the number of times a net failure 
occurs in the same location. For example, if four of the 
rounded coordinate lists included the rounded coordinate 
value (1300, 400), then the count corresponding to the 
rounded coordinate value (1300, 400) Would equal four. If 
tWo of the rounded coordinate lists included the rounded 
coordinate value (1400, 400), then the count corresponding 
to the rounded coordinate value (1400, 400) Would equal 
tWo, and so on. 

[0074] In step 1010, a density plot of the rounded coor 
dinate values is generated according to Well-known tech 
niques, for example, using color to indicate the count value 
for each of the rounded coordinates mapped in an X-Y plot, 
also referred to as a scatter plot or an image plot. Adefective 
area of a die may be revealed in the density plot as a 
“hot-spot” of color indicating a common area of the die in 
Which a high number of net failures occur. In the same 
manner, density plots of various parameters of integrated 
circuit nets may be summed over identical rounded coordi 
nates in multiple nets and plotted as a function of the 
rounded coordinates to practice various embodiments of the 
present invention Within the scope of the appended claims. 

[0075] Step 1012 is the exit point of the How chart 1000. 

[0076] Although the method of the present invention illus 
trated by the ?oWchart descriptions above are described and 
shoWn With reference to speci?c steps performed in a 
speci?c order, these steps may be combined, sub-divided, or 
reordered Without departing from the scope of the claims. 
Unless speci?cally indicated herein, the order and grouping 
of steps is not a limitation of the present invention. 

[0077] The steps described above With regard to the How 
charts described above may also be implemented by instruc 
tions performed on a computer according to Well-known 
computer programming techniques. 

[0078] In another aspect of the present invention, a com 
puter program product for mapping logic failures in an 
integrated circuit die includes: 

[0079] a medium for embodying a computer program 
for input to a computer; and 

[0080] a computer program embodied in the medium 
for causing the computer to perform steps of: 

[0081] (a) receiving as input vertices of a net in an 
integrated circuit die; 

[0082] (b) calculating rounded coordinates having a 
selected resolution for each of the vertices; 

[0083] (c) calculating rounded coordinates having the 
selected resolution along the net betWeen each of the 
vertices; and 

[0084] (d) generating as output the rounded coordi 
nates to represent the net. 

[0085] In alternative embodiments of the present inven 
tion, other physical features may be manipulated and dis 
played, for example, a cluster of dense net segments in 
metal-2 rather than only failed nets. Also, a net as de?ned in 
the context of the present invention may be any routing of 
polygons and is not necessarily limited to integrated circuits. 
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For example, traffic routes used for transportation, networks 
used for communications, and even anatomical features may 
be represented and analyzed in accordance With various 
embodiments of the present invention Within the scope of 
the appended claims. 

[0086] In a further aspect of the present invention, a 
method of representing a net includes steps of: 

[0087] (a) receiving as input vertices of a net; 

[0088] (b) selecting a resolution for representing spa 
tial features of the net; 

[0089] (c) calculating rounded coordinates having the 
selected resolution for each of the vertices; 

[0090] (d) calculating rounded coordinates having 
the selected resolution along the net betWeen the 
vertices; and 

[0091] (e) generating as output the rounded coordi 
nates to represent the net. 

[0092] While the invention herein disclosed has been 
described by means of speci?c embodiments and applica 
tions thereof, numerous modi?cations and variations could 
be made thereto by those skilled in the art Without departing 
from the scope of the invention set forth in the folloWing 
claims. 

1. A method comprising steps of: 

(a) receiving as input vertices of each of a plurality of nets 
in an integrated circuit die; 

(b) selecting a resolution from a plurality of resolutions 
for rounding coordinates of the vertices according to a 
desired level of detail for a net failure density plot; 

(c) calculating the rounded coordinates of the vertices 
according to the selected resolution for each of the 
plurality of nets; 

(d) calculating rounded coordinates having the selected 
resolution to ?ll in each of the plurality of nets betWeen 
the vertices; and 

(e) generating as output the rounded coordinates of the 
vertices and the rounded coordinates betWeen the ver 
tices to represent each of the plurality of nets. 

2. The method of claim 1 Wherein step (d) comprises 
incrementing an X-coordinate or a Y-coordinate of each of 
the rounded coordinates of the vertices by the selected 
resolution to generate the rounded coordinates betWeen the 
vertices. 

3. The method of claim 2 further comprising a step of 
translating coordinates of multiple vertices located Within a 
radius corresponding to the selected resolution to the same 
rounded coordinate. 

4. The method of claim 2 further comprising a step of 
entering the rounded coordinates representing the net into a 
database including at least one of a Wafer lot identi?cation, 
a Wafer identi?cation, a die indenti?cation, and a layer 
identi?cation. 

5. The method of claim 1 further comprising a step of 
?nding a defect on the integrated circuit die by associating 
a rounded coordinate that occurs more than a selected 
number of times in a plurality of failed nets With a location 
of the defect. 
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6. The method of claim 1 further comprising a step of 
?nding a number of times each rounded coordinate occurs in 
a plurality of failed nets. 

7. The method of claim 6 further comprising a step of 
generating the net failure density plot to display the number 
of times each rounded coordinate occurs in the plurality of 
failed nets. 

8. The method of claim 7 further comprising a step of 
associating a color With the number of times each rounded 
coordinate occurs in the plurality of failed nets. 

9. The method of claim 7 further comprising a step of 
?ltering the plurality of failed nets to isolate at least one of 
a Wafer lot, a Wafer, a die, an area, and a layer. 

10. The method of claim 1 further comprising a step of 
generating a plot of a value of a net parameter as a function 
of the rounded coordinates summed over identical rounded 
coordinates in each of the plurality of nets. 

11. A computer program product comprising: 

a medium for embodying a computer program for input to 
a computer; and 

a computer program embodied in the medium for causing 
the computer to perform steps of: 

(a) receiving as input vertices of each of a plurality of nets 
in an integrated circuit die; 

(b) selecting a resolution from a plurality of resolutions 
for rounding coordinates of the vertices according to a 
desired level of detail for a net failure density plot of 
the integrated circuit die; 

(c) calculating the rounded coordinates of the vertices 
according to the selected resolution for each of the 
plurality of nets; 

(d) calculating rounded coordinates having the selected 
resolution to ?ll in each of the plurality of nets betWeen 
the vertices; and 

(e) generating as output the rounded coordinates of the 
vertices and the rounded coordinates betWeen the ver 
tices to represent each of the plurality of nets. 

12. The computer program product of claim 11 Wherein 
step (c) comprises incrementing an X-coordinate or a Y-co 
ordinate of each of the rounded coordinates of the vertices 
by the selected resolution to generate the rounded coordi 
nates betWeen the vertices. 

13. The computer program product of claim 11 further 
comprising a step of translating coordinates of multiple 
vertices located Within a radius corresponding to the selected 
resolution to the same rounded coordinate. 

14. The computer program product of claim 11 further 
comprising a step of entering the rounded coordinates rep 
resenting the net into a database including at least one of a 
Wafer lot identi?cation, a Wafer identi?cation, a die identi 
?cation, and a layer indenti?cation. 

15. The computer program product of claim 11 further 
comprising a step of ?nding a defect on the integrated circuit 
die by associating a rounded coordinate that occurs more 
than a selected number of times in a plurality of failed nets 
With a location of the defect. 

16. The computer program product of claim 11 further 
comprising a step of ?ltering the plurality of failed nets to 
isolate at least one of a Wafer lot, a Wafer, a die, an area, and 
a layer. 
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17. The computer program product of claim 11 further 
comprising a step of ?nding a number of times each rounded 
coordinate occurs in a plurality of failed nets. 

18. The computer program product of claim 17 further 
comprising a step of generating the net failure density plot 
to display the number of times each rounded coordinate 
occurs in the plurality of failed nets. 

19. The computer program product of claim 18 further 
comprising a step of associating a color With the number of 
times each rounded coordinate occurs in the plurality of 
failed nets. 

Mar. 10, 2005 

20. The computer program product of claim 11 further 
comprising a step of generating a density plot of a net 
parameter as a function of the rounded coordinates summed 
over identical rounded coordinates in multiple nets. 

21. (canceled) 
22. The computer program product of claim 11 Wherein 

the net failure density plot includes color for revealing a 
defective area of the integrated circuit die in Which multiple 
net failures occur. 


