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Abstract— This paper reports a new layout modification
tool for the automation of layout modifications to improve
the yield and reliability semiconductor IC layout. The peye
tool combines a polygon library with Perl (Practical Ex-
traction and Reporting Language). This new tool permits
complex layout modification operations to be defined using
the powerful language features of Perl. The peye tool has
been interfaced with a sampling based yield prediction sys-
tem to enable the measurement of the layout modifications
and yield predictions based on these modifications. This
enables the usefulness of a modification to a particular de-
sign to be assessed by sampling before use. Both the sam-
pled measurement and the final modifications to the whole
chip database can be farmed out to a number of networked
computers, enabling the system to assess and apply layout
modifications to large industrial ICs in a reasonable time.
Results of layout modifications are presented.

Keywords—Semiconductor yield, reliability, yield model-
ing, critical area, survey sampling, layout modification, re-
dundant via, wire spreading, track displacement

I. INTRODUCTION
It is well known that IC layout can be made more robust

to defects by making minor changes to the layout [1], [2],
[3], [4]. Such changes include adding extra vias where only
a single via provides a connection between layers, mov-
ing wires so that they are further apart and thickening
thin wires. Other changes that can be made, where there
are manufacturability issues, include increasing the overlap
around vias [5] and lengthening polysilicon transistor gate
extensions. Such changes can have a measurable impact on
the yield of a chip [5] and can help increase reliability [6].

Design Rule Checkers (DRC) tools can be used to per-
form such functions, but these tools have not been primar-
ily designed for this task and can lack some useful geometry
operations, or perform these operations inefficiently. An-
other important difference is that these tools do not have
“nice” language features (control structures, subroutines,
scoped variables, built in data structures, symbolic refer-
ences, objects, packages), that enable the design and re-use
of maintainable code.

This paper presents a layout geometry manipulation tool
peye (Perl eye) that combines the polygon library originally
developed for yield estimator, eye [7], with Perl (Practi-
cal Extraction and Reporting Language). The eye library
was primarily designed to be used in the prediction of IC
yield and for IC layout manipulation, and has a number
of built-in operations designed specifically for these tasks.
New algorithms have been added to address specific layout
modification tasks. Perl is scripting language that includes
a large range of language features designed to make the
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Fig. 1. Via additions and track displacement (wire spreading) of the
original layout

job of programming easy. As a result Perl is widely used
in a number of industries, including IC design, where it is
often used as a glue between various design tools, and in
IC fabrication, where it is used to extract information from
various automatically generated data files and in data base
operations.

Perl provides the ability to link external C/C++ libraries
and routines so that they can be used within a Perl pro-
gram. The combination of Perl and the eye library creates a
powerful new tool that enables geometrical operations to be
combined and implemented as Perl subroutines. These in
turn can be combined to implement complex layout mod-
ification functions. Within peye the layout modification
functions themselves can be made largely design rule in-
dependent, for similar technologies, using data structures
containing the design rules (in Perl hashes or arrays) that
are passed to functions. This permits libraries of routines
to be built that can be used with a range of technologies
and design rule sets.

II. THE PEYE TOOL

The peye tool enables the input of GDSII/CIF mask data
to a Perl program as set of Layer objects. These Layer



objects can be operated on using a range of Boolean, siz-
ing, filter, intersection and move operations, to generate
new layers. These new layers can be output as either a
postscript file for viewing, or as a GDSII/CIF format file.

A simple program is shown below, which reads in a num-
ber of layers from a GDSII file and generates a single new
layer which is plotted along with the layer metal2, if the
layer metal2 exists (not in this case). This small program
shows how Perl hashes (%layertable), lists (@plotlist) and
control structures are used enabled the construction of flex-
ible programs.

Peye permits the generation of complex functions that
can be used to create and modify IC layout layers. An
example of these functions is given in figure 3. The dis-
placement functions shown in figure 3 are part of the im-
plementation of horizontal and vertical wire spreading or
track displacement (shown in figure 1). The displace_layer
function generates two new layers that define the cuts to
the existing track and the new material to add, in order
to generate the displaced tracks. The modifications are
applied to the track layer within the peye program to en-
able further operations on this layer. The two layers that
define the differences are saved for later use (mask out-
put/plotting). In general differences to modified layers are
saved rather than the changed layer itself. This permits
application of modifications to selected areas of the de-
sign rather than the whole design. These changes can be
optionally applied when masks are generated, using sim-
ply Boolean operations (or, andnot), or when additional
layout processing is undertaken. Further more, having the
changes immediately available makes it easier to determine
if changes have been made and the amount and extent of
these changes. Another reason is that the differences gener-
ally require significantly less file space than a new modified
layer. This can be an important consideration as the modi-
fications are normally applied to a flat layout (the majority
of changes are applied to routing) which would result in
large amounts of layout if the whole of each modified layer
was stored. Thus the increase in GDSII size is directly
related to the number of modifications that are made.

III. MEASURING THE IMPACT OF CHANGES

In principle measuring the impact on yield can be
achieved using the standard yield prediction methods of
critical area analysis [8], [9], [10], [11], via counts etc. The
yield calculated for the original layout can be simply com-
pared to the calculated yield of the modified layout. How-
ever generating the new modified layout can be time con-
suming and the extraction of metrics for yield analysis,
where the whole layout is analyzed, can also be time con-
suming. The preferred method is to use a sampled measure-
ment of the layout[12], [13]. The same sampling procedure
is used on both the original and modified layout, with ex-
actly the same regions of the chip used as samples in both
measurements. Only the samples selected are used to gen-
erate the yield prediction and hence only those regions need
to modified and analyzed to compare the yield of a modi-
fied chip layout. This means that only a small fraction of

a chip layout need be modified, not the whole layout. The
sampling method greatly reduces the time required to ana-
lyze the impact on a layout of a set of applied modification.
This is particularly useful where the set of modifications to
be applied is undecided. A number of different sets of mod-
ifications can be applied and the results compared, without
the need to modify the whole layout database, permitting
a wider analysis and optimization than might otherwise be
possible. Alternatively, where a design is already in pro-
duction, a search can be conducted for modifications that
maximise the yield improvement and minimise the cost of
producing new masks.

The EYES (Edinburgh Yield Estimator Sampling) [14],
[15] is a software tool for generating critical areas and other
metrics of IC layout. It is used in industry to estimate chip
yields both preproduction [16] and to compare end of line
yields [17]. The EYES system has been modified to permit
samples of IC layout to be preprocessed before being passed
to the measurement routines. The generated samples are
first passed to a peye program which applies the required
modifications, or optionally samples are farmed out to a
number of networked hosts and processed there by a peye
program. These modified samples are then measured and
compared with the original layout sample results.
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Fig. 4. EYES system diagram for farmed or single process layout
modification measurement and mask generation.

A similar process is used when generating mask data.
The layout is divided into regions, rather than samples,
with each region processed either on the same host or
farmed out to another host. The peye program/s gener-
ate mask data. The CIF! files generated on multiple hosts
are combined to form a single GDSII file by a simple Perl
program, that oconcatates the generated data onto the ex-
isting GDSII creating a new “root” cell that includes an
instance of the original root cell. This ensures that the
original design data can be recovered from the modified
file.

LCIF is a simple text format that is easily manipulated



%layer_table= ("L1", active,# gds layer 1 to be called $active

n"Lon, POly,
"L3", metall); # etc.,

# gds layer 2 to be called $poly

# load the defined layers from the file (compressed by gzip)

load_layers("myfile.gds.gz",\%layer_table);

$trangate=And ($poly,$active); # generate a new layer

if (defined $metal2) { # sometimes we load a $metal2 as well

$metal2->{color}="Blue"; # ps plot color

push(@plotlist,$metal2); # add this to the plotlist

}

$trangate->{color}="Red";# ps plot color
push(@plotlist,$trangate) ;# add to list

plotps("file.ps",\@plotlist); # plot to file.ps

Fig. 2. Small peye script showing use of Perl features.

A. Cost Benefit Analyzes

The process of modifying a large design with the aim of
improving its yield and/or reliability should only be un-
dertaken where there is a benefit. One of the advantages
of the sampling method using with peye is that it permits
an estimate of the change in yield and reliability[18] before
the process of modifying the complete database. After es-
timates of yield improvements have been obtained it is pos-
sible calculate the impact of the yield improvement process
taking into account the cost of processing the changes using
peye, the cost associated with LVS and DRC on the mod-
ified database and possibly the cost on new masks (where
a chip is already in production). A further consideration
might also be any delay that the modification and checking
process adds to manufacture of first silicon.

It is clear that for some design that are only produced
in low volume that the gains will not be out weighted by
the costs and inconvenience. However for chips that are
destined for large volume or are already in production in
volume the benefits of even a small increase in yield can
represent considerable cost savings.

IV. LAYyouT MODIFICATIONS

There are a large range of layout modifications that can
be used to increase chip yield and reliability. Many such
modifications are minor. The yield/reliability improvement
associated with such changes is often process and chip de-
pendant. These changes can be associated with processing
issues or random defects. For example via overlap can be
a problem where a design has been scaled and insufficient
overlap is left around vias [5]. Presented below are layout
changes primarily intended to reduce the susceptibility of
layout to random defects, addition of vias and track dis-
placements.

A. Addition of Redundant Vias

Within an IC layout there are often many instances
where an extra via or contact could be introduced to “part-
ner” a single non-redundant via. This is particularly true
of routing where many tracks have sufficient space avail-
able for an extra via. This extra via enables a single via
failure to be tolerated. This assumes that via failure is an
isolated random event that does not impact the partnering
via. This is not always the case, for example if the via is
in a sparsely routed area other techniques to increase via
density may also be required. The process of adding extra
vias by hand is very time consuming and for large complex
designs an automated solution is desirable.

The process of partnering non-redundant vias uses the
built in peye non redundant function,

$nrvia2=non_redundant ($metal2,$metall, $via2);

This function takes three layers as arguments. The first
two are the conductor layers and the third is the via layer.
The non_redundant operation defines non redundant vias
as those that connect two polygons, one from each of the
two conductor layers that are not connected by any other
via. That is it identifies those vias that join a unique pair of
polygons, one from each layer. Once these non redundant
vias are identified a series of sizing, intersection, Boolean,
and move operations are use to generate a new via and
associated conductor layers [3].

The via addition procedure is structured so that vias can
be restricted to be place on only one of the conductor layers
(eg., metal2), so that only the other conductor layer (eg.,
metald) and the via layer are modified (assuming no extra
overlap of the via is required). This restricted modification
might be used where the cost of modifying more than two
masks was not cost effective. The via placement can also be
restricted to placement on either of the existing conductor
layers (on track placement). On track placement minimize
the addition of extra conductor material, which may be



sub displace_layer_vert {
displace_layer(@_, 0);
}

sub displace_layer_horz {
displace_layer(@_, 1);
}

sub displace_layer {
my $self=shift; # "object" calling this sub
my $layerl=shift; # symbolic reference to layer
my $pins=shift; # anchor points -- "ends" of wire that are fixed
my $horz=shift; # horizontal (1) else vertical diplacement

my $numdisplace=2; # number of iterations to try

my $generated=new eye::Layer();# used to accumulated layer additions
my $removed=new eye::Layer();# used to accumulated layer subtractions

my $ruleref = $self->ruleref();# design rules for this operation

for(my $i = 0 ; $i < $numdisplace; $i++) {
if ($horz==1) { # perform track moves where possible
($thecut,$extralayer)=displacewire_horz($$layerl,$pins, $ruleref);
} else {
($thecut,$extralayer)=displacewire_vert ($$layerl,$pins, $ruleref);
}
last if (empty($thecut));#if no displacements done-- don’t try again

#update layer for other operatiomns
$$layeri=Andnot ($$layerl,$thecut); # subtract cut material
$$layer1=0r($$layerl, $extralayer); # added new material

# now create/update layers to be saved -- difference from original

# add new extra and subtract any cut to give layout generated
$generated=Andnot (Or ($generated, $extralayer) ,$thecut) ;

# add new cut and subtract any new extra to give layout removed
$removed=0r (Andnot ($removed, $generated) , $thecut) ;

print "displace horz $layerl $i\n" if ($message && $horz);
print "displace vert $layerl $i\n" if($message && !$horz);
}

$generated->{cifname}=$ruleref->{generated_name};# assign cif name
$removed->{cifname}=$ruleref->{removed_name};

$self->returnlayers([$generated,$removed]); # used later

}

sub displacewire_horz {

Fig. 3. Peye subroutines used in displacement of layout tracks (wire spreading). The generated layers are the differences required to
implement the displacements using a layer to be added to, and layer to be subtracted from, the original layer.



important if intra level shorts are predicted to cause a high
level of faults. The placement strategy which obtains the
highest number of additional vias attempts to place vias on
track first and if this cannot be achieved attempts to place
the via off the existing metal tracks beside the existing via
(off track). These via placement types are shown in figure
1.

A.1 Results

Four industrial designs have been analyzed. These use
a 0.4pum CMOS technology with chip sizes ranging from
0.6cm? to 3.4cm?. All contain varying amounts of stan-
dard cells, routing and RAM. Results are presented for via
additions in table I, generated by sampling.

The via addition results show that commonly more than
50% of non redundant vias can be partnered with a new
via. Chip 2 is different for the other 3 chips in that vial and
via4 are resistant to via additions. Chip2 is mostly a very
dense regular design in which vial is very dense with few
opportunities for additional vial. Interestingly, the via2
level of the same design can have nearly all (98%) of the
original non redundant vias converted to redundant vias.

The sampling method permits the visualization of the
amount and position of original non-redundant vias and
results of adding vias. Figure 5 shows two maps of Chip
1 vias, before and after via additions. These show that
areas of dense via2 of Chip 1 are not impacted as much be
additional vias as there is insufficient space to add many
more vias.

B. Metal Displacements

Wire displacements can be used to reduce the critical
area of a layout. That is they can reduce the probability
that a defect falling on the chip will cause a fault. This
can be shown graphically using a fault probability map.
Fault maps indicate regions of a layout which are most
sensitive to defects. A map is generated by plotting critical
area regions, colored with an intensity proportional to the
number of defects, found in the fabrication process, of the
size associated with the critical area. This size distribution
is normally assumed to be of the form m—s— [19].

The fault maps shown in figure 6 shows the change in
critical area and hence the change in fault probability as a
result of displacing metal tracks. The amount of “critical
area” is reduced at the displacement site. This is due to
the fact that smaller defects (darkest critical area) can no
longer cause a fault at the displacement site and larger
defects are less likely to cause a fault.

The displacement operation implemented in peye is more
complex than the via addition procedure. Displacements
are applied by cutting sections from existing tracks and
adding new metal geometry, slightly extended and dis-
placed, to replace the removed track. The algorithm iden-
tifies suitable track lengths and implements the changes
using a combination of intersection, Boolean, filtering and
move operations. The powerful language features of Perl
make this implementation significantly easier than might
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Fig. 6. Fault maps for an original layout and the same layout with
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otherwise be the case. The top level displacement func-
tions are shown in figure 3.

B.1 Results

Again, the same four industrial designs have been an-
alyzed for metal displacements using sampling. Figure 7
shows results from Chip 1 (500 MB GDSII 0.4uym CMOS
technology industrial design). Displacements have been ap-
plied to the metal2,3,4 and metal5. Metall was not mod-
ified because the design rules are more complicated. The
layout was modified by displacing metal tracks away from
neighboring tracks. Two iterations of this displacement
technique were used, that is displaced tracks can them-
selves be displaced, as shown by the horizontal displace-
ment in figure 1. The result for this chip show a significant
reduction in the probability of shorts (4%-12%) for the
metal2-5 layers. These figures were obtained using a sam-
pled extraction, using the same sample regions for both
before and after the modifications.

The results for all the chips analyzed are shown below.
The percentage change in each of the fault mechanisms is
given along with the Reduction Weight. This is the relative
importance of the change with respect to the other metal
layer faults. For example in Chip 1 it is clear that metal3
has a higher overall number of faults. A 12% reduction in



Redundant Via Additions

Chip 1 Via Statistics
via 1 via 2 via 3 via 4
original total vias | 3,278K+/- 88K 2,332K+/- 65K 2,747K +/- 129K | 2,718K +/- 126K
original non redundant vias | 1,135K +/- 30K 866K +/- 16K 328K +/- 9K 93K +/- 3K
peye added redundant vias 490K +/- 14K 550K +/- 10K 208K +/- 5K 53K +/- 2K
(%) 43% 64% 63% 57%
Chip 2 Via Statistics
via 1 via 2 via 3 via 4
original total vias | 25,130K+/- 406K | 16,912K+/- 257K | 15,114K +/- 275K | 3,960K +/- 267K
original non redundant vias | 19,545K +/- 247K | 13,091K +/- 180K | 9,696K +/- 137K 174K +/- 70K
peye added redundant vias 167K +/- 14K 12,794K +/- 161K | 6,390K +/- 82K 0K +/- 0K
(%) 1% 98% 66% 0%
Chip 3 Via Statistics
via 1 via 2 via 3 via 4
original total vias 3,228K+/- 70K 2,467K+/- 52K 1,499K +/- 57K 1,368K +/- 73K
original non redundant vias | 1,264K +/- 19K 1,180K +/- 15K 432K +/- 10K 123K +/- 2K
peye added redundant vias 765K +/- 10K 820K +/- 11K 235K +/- 6K 80K +/- 2K
(%) 61% 69% 54% 65%
Chip 4 Via Statistics
via 1 via 2 via 3 via 4
original total vias 3,682K+/- 67K 3,164K+/- 65K 1,688K +/- 63K 1045K +/- 43K
original non redundant vias 1,820K +/- 26K 1,630K +/- 20K 615K +/- 9K 134K +/- 3K
peye added redundant vias 703K +/- 10K 893K +/- 13K 367K +/- TK 56K +/- 2K
(%) 39% 55% 60% 42%
TABLE I
VIA 1-4 STATISTICS FOR VIA ADDITIONS TO REDUCE THE NUMBER OF NON REDUNDANT VIAS.
Chip 1 Chip 1
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Fig. 5. Maps (generated by sampling) of original on redundant via2 and remaining non redundant vias after via additions
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Fig. 7. Metal 2-5 fault curves, showing reductions in faults as a result of layout modifications — Metal2 8.5%, Metal3 12%, Metald 12.2%,

Metal5 4.2% (assuming a defect size distribution of the form

metal3 faults has a greater impact on the total number of
faults than a 12.2% reduction in metal4 faults. In fact the
metal3 change represents 44% of the total fault reduction
obtainable by displacing metals 2-5.

The results given in table IT indicate that displacements
are dependant on the chip layout. Chip 2 (which is large
and dense) shows only relatively small change to faults
overall, with only metal3 impacted in a significant way.
Where as the other chips indicate “reasonable” changes in
all metal layers. The weighted change shows that a good
majority (75%) of the change effect can usually be obtained
from displacement of one or two layers.

B.2 Displacement Maps

The sampling procedure generates a number of data
points over the chip that can be plotted to visualize where
changes have been made. Figure 8 shows the metal 3 re-
sults generated by sampling the layout of chip 1. These
maps show where metal3 displacements horizontal and ver-
tical have occurred. It can be seen that there are signifi-
cantly fewer vertical displacements. This implies that most
metal3 displacements are horizontal and that that much of
the computational effort to generate vertical displacements
will be wasted.

A comparison of the sampled horizontal displacements
measurements with the results for the whole chip (divided
into sections), shown in figure 9, indicates good agreement
for both the horizontal and vertical displacements.

V. REQUIRED RESOURCES

The use of the sampling procedure makes the determina-
tion of which of the modifications can be usefully applied

Detect 567
Defect Size3 /"

to a particular chip layout significantly less resource inten-
sive than measuring the modifications applied to the whole
layout. For the examples given here, all the metal displace-
ments and via additions and associated measurements were
carried out together in the same run. The time taken for
Chips 1-4 was 2.3, 4.1, 3.2, 2.9 CPU hours using a 750MHz
PIIT Linux Laptop. The memory requirement is not large
(say 128MB) — sampling does not require the whole layout
to present in memory.

The time and memory resources to apply the selected
modifications to the whole layout of a large industrial de-
sign can be large. If layout modifications were to be ap-
plied to whole chip in a single run, rather than sections, the
memory requirement would be rather large (in the order of
several GB). The memory resource requirement can be re-
duced by processing the design in sections. Generation of
mask data for the whole of Chip 1 to implement metal2—5
displacements and the via2-5 addition was performed on
a network of Sun Ultra 5s (450Mz) taking 8 hours in real
time (92 CPU hours) to complete. The layout was auto-
matically farmed out in sections (4096) to 15 of the lightest
loaded in a farm of some 50 Sun Ultra 5s. The same job
was completed in 32 CPU hours on a 750MHz PIII Lap-
top. As the layout is divided into sections the total memory
requirement is low (256 MB would normally be sufficient).

The efficiency of the process can be improved further by
using the sampled information to direct determine which
sections of layout should be processed. Figure 10 show the
sections of layout that are considered, on the basis of a
sampled measurement, to be suitable to for the for hor-
izontal and vertical displacement modifications. For the
both metal 3 displacements on Chip 1 a reduction of 42%



| Metal Displacement Fault Reduction |

Chip 1
Metal 2 | Metal 3 | Metal 4 | Metal 5
Change 8.5% 12.0% 12.2% 4.2%
Reduction Weight 0.30 0.44 0.24 0.01
Chip 2
Metal 2 | Metal 3 | Metal 4 | Metal 5
Change 0.0% 5.9% 0.1% 0.0%
Weighted Change 0.01 0.93 0.06 0.00
Chip 3
Metal 2 | Metal 3 | Metal 4 | Metal 5
Change 7.2% 11.2% 13.3% 5.7%
Weighted Change 0.20 0.37 0.41 0.02
Chip 4
Metal 2 | Metal 3 | Metal 4 | Metal 5
Change 4.9% 8.0% 6.7% 3.1%
Weighted Change 0.26 0.37 0.34 0.03
TABLE T

METAL 2-5 REDUCTIONS IN FAULTS AS A RESULT OF MINOR METAL DISPLACEMENTS.

Chip 1 (Sampled) Chip 1 (Sampled)
Me‘tal 3 Horizont‘al Displacem‘ent M‘etal 3 Vertica‘l Displacemept
3
: |..:. - £ - L
1
=
L 4
!- J-.I 7
L
— e A n
I I I
2 0 2
X (mm)
[ TS
1
Relative Density Relative Density

Fig. 8. Maps of sampled metal 3 horizontal and vertical displacement modification
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Fig. 9. Maps of metal 3 horizontal and vertical displacement modification

in the execution time was obtained by using the sample
data to direct the modifications. This resulted in a 4% re-
duction in the amount of track displaced. Modifications on
other chips have shown even larger reductions in compu-
tation time (up to 80%) with only minor reductions in the
number of modifications.

VI. CONCLUSIONS

A new layout modification tool, peye, has been reported.
This tool combines IC layout functions, from the eye tool
library, with Perl. This tool enables complex layout mod-
ification algorithms to be built, with the aid of Perls wide
range of language features. These algorithms can be imple-
mented in a largely design rule independent way, enabling
a library of layout modification procedures to be developed
that are re-usable and easily maintained.

The “best” layout modifications to apply to a chip layout
are dependant on the existing chip layout and the fabrica-
tion process. The impact of a set of layout modifications
can be determined by applying the modifications to sam-
ples of the chip layout, rather than the whole layout. The
results from these samples can be used to define the modi-
fications to be applied to the whole chip. Peye can be used
with the EYES tool to generate sampled predictions of lay-
out modifications. The sampled results have also been used
to determine where within a chip modifications should be
applied, reducing the amount of “wasted” computation.

The peye tool has been used to implement complex lay-
out modifications on large industrial designs in a timely
manner by splitting the task of modification over a num-
ber of hosts and combining the results. Results presented

suggest that the modifications implemented using peye are
able to significantly reduce the number of faults as a caused
by shorting defects, by as much as 12% in some cases, and
can often reduce the number of non redundant vias by more
than 50%.
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