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ASSESSING PRINTABILITY OF A
VERY-LARGE-SCALE INTEGRATION
DESIGN

that occur during printing. This fact, in conjunction With the
large number of existing rules, creates a situation Where rules
can be partially redundant and overly restrictive.
4. The number of rules makes tracing of the dependencies

BACKGROUND

betWeen the neW rules and the existing ones very hard.
5. The process is not scalable to neW technology nodes: it is
not obvious if and Which of the old rules should hold in the
neW technology node, and neW rules must be added via labor

The instant application claims priority from European
PatentApplication No. 101708840 ?led on Jul. 27, 2010 With

the European Patent Of?ce.
The present disclosure generally relates to the ?eld of

expensive non-automated error analysis, and rule design.
Thus, according to the limitations of the existing solution
shortly discussed above, there is a need for replacing the

very-large-scale integration design process, and speci?cally
to the assessment of the printability of a layout.

inef?cient set of design rules With a neW printability check

Design Rule Check (DRC) is the ?rst step in the modern

process able to produce fast, accurate, autonomous printabil

very-large-scale integration (VLSI) design process and it uses

ity prediction for lithography, preferably in neW technology

a large set of rules to eliminate non-printable design patterns
from a layout. The DRC applies a set of heuristic design rules

nodes (eg 22 nm, 15 nm).

that preclude certain design patterns from the design space,
and the design rules separate the VLSI design process from

BRIEF SUMMARY

the manufacturing process. The DRC creation process is a

legacy of pre-100 nm VLSI design era, When a relatively
small and simple set of rules could be folloWed by the layout

According to a ?rst aspect, the disclosure is embodied as a
20

comprises:

designers, effectively reducing the risk of loW manufacturing
yield. Even after substantial extension of the rule set for the
sub-100 nm technology nodes, the DRC strategy does not

provide satisfactory yield during manufacturability and the

method of assessing printability of a very-large-scale integra
tion design for creating an integrated circuit. The method

25

a. during a training phase:
i. generating a training set of very-large-scale integration
design shapes representative of a population of very

large-scale integration design shapes;

design must be revisited multiple times before it reaches

production stage.

ii. obtaining a set of mathematical representations of

At the same time, the requirements resulting from the
optical properties of the printing process drive the rapid esca

iii. identifying at least tWo classes of physical events caus

lation of the number and complexity of the DCR rules.

respective shapes in the training set;
30

Indeed, creating DRC rules requires a labor-intensive, col
laborative effort at the early stage of each technology node. In
spite of that effort, the archaic principles driving the creation
and use of DRC in combination With the groWing complexity
of the job at hand cause that i) DRC check pronounces as

ally linked to the printability for the very-large-scale
integration design shapes, each of the classes being asso
ciated to a respective level of printability;
iv. labeling each mathematical representation of the set
according to one of the identi?ed classes, based on a

35

lithography model;

printable patterns that do not print reliably, and ii) patterns

v. selecting a probabilistic model function maximiZing a

that are valuable from the design perspective and print cor
rectly are erroneously banned by the DRC process. In other
terms, false positive and false negative can result of the DRC

probability of a class, given the set of mathematical

representations;

In order to bypass these problems, solutions have been

b. and during a testing phase:
i. providing a very-large-scale integration design shape to
be tested;

developed. For instance, it has been proposed to drastically

ii. testing the provided very-large-scale integration design

process.

40

shape by

reduce the number of patterns in order to restrict the design
space to those shapes and constructs that are guaranteed to be

printable. A similar approach, Which postulates radical layout

1. obtaining a mathematical representation of the pro
45

vided very-large-scale integration design shape;
2. computing estimates of posterior probabilities for

regularization for 32 nm technology node, is referred to as

prescriptive layout design. In other approach, a semi-auto

each of the identi?ed classes, given the obtained

matic generation of neW DRC rules (referred to as DRC Plus)
has been proposed. The DRC Plus rules are created through
identi?cation of classes of design patterns that are likely to

mathematical representation;
3. identifying the class With the highest estimate of pos
50

cause printability errors. Those patterns are forbidden and

terior probabilities obtained; and
iii. labeling the provided very-large-scale including at least

removed from the design space, Which is a conceptually simi

one memory drive and a processor drive integration

lar to the prescriptive design principle. HoWever, the applica

design shape according to the identi?ed class, Wherein a

tion of the DRC Plus may still eliminate perfectly printable

computer system is con?gured to perform one or more
said ?rst set and second set of steps.
In embodiments, the method may comprise one or more of

patterns.
HoWever, DRC has several drawbacks: DRC is sloW, labor

intensive, ad-hoc, inaccurate and excessively restrictive.
More precisely, the current DRC process suffers from the

folloWing problems:
1. The process is generating a very large number of rules,
Which also tend to be excessively conservative to avoid yield

60

the folloWing features:
1. At both the training and testing phases, a step of obtain
ing a mathematical representation comprises transform
ing a very-large-scale integration design shape into spa

tial-frequency domain;

problems in manufacturing.

2. A mathematical representation is a ?xed-length vector

2. The complexity and the number of the DRC rules make
it a nontransparent, restrictive and suboptimal tool, Which

3. The probabilistic model function is selected according to

prohibits many shapes that actually can be printed.
3. The rules are frequently linked to particular printing

problems encountered rather than to the physical phenomena

representation;
a probably approximately correct learning algorithm;
4. A ?rst class is associated to a level of printability corre

sponding to a printable very-large-scale integration
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level of printability corresponding to a non-printable

(3) identifying the class With the highest estimate of posterior
probabilities obtained. The testing phase further comprises

very-large-scale integration design shape;

iii) labeling the provided very-large-scale integration design

design shape, and a second class is associated to a to

shape according to the identi?ed class.
The training phase is a learning process Wherein training

5. The training set of very-large-scale integration design
shapes comprises at least one very-large-scale integra
tion design shape violating a predetermined design rule;

design shapes (e.g. training patterns) are assigned ground
truth class labels. Especially, the classi?cation of the VLSI
design patterns is performed based on physical events caus

6. The predetermined design rule is selected so that said at

least one very-large-scale integration design shape is
erroneously identi?ed as violating the predetermined

ally linked to the printability for the VLSI design patterns. By
de?nition, the causality is a form of dependence relationship

design rule;

betWeen tWo events, one of Which, referred to as the effect, is
a consequence of the other event, the cause. In the context of
the present disclosure, the causal link is identi?ed betWeen an

7. The testing phase is carried out While creating the inte

grated circuit;
8. The testing phase is carried out once the integrated
circuit is created.
According to another aspect, the disclosure is embodied as
a system for creating an integrated circuit using very-large

event of appearance of a particular design pattern in a given

pattern, and physical phenomena that lead to the given pattern
being printable or not printable. During the lithographic pro
cess of an integrated circuit, a series of physical phenomena

scale integration design, the system comprising means for
implementing the steps of the method of the disclosure.
According to another aspect, the disclosure is embodied as
a computer program, stored on a computer readable medium,

20

for assessing printability of a very-large-scale integration
design for creating an integrated circuit, comprising code

grated circuit or effects of chemical products over the mask

layout. These physical phenomena are deterministic in the

means for causing a computer to take the steps of the method
of the disclosure.

sense there is no randomness regarding the fact they Will
25

happen; hoWever, their manifestation is stochastic since it is
too complex a task to predict When they Will occur based on

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

?rst-principle analysis. The disclosure relies on modeling the

manifestations of these physical phenomena for identifying
classes of printability of design patterns. In particular, the

A process and a system embodying the disclosure Will noW

be described, by Way of non-limiting example, and in refer

(also referred to as physical events) happen and impact on the
printability of design shapes on the integrated circuit. For
instance, these of physical phenomena may be related to the
light propagation over the mask layout for etching the inte

30

printability of a design pattern is assessed by means of proba

ence to the accompanying draWings, Where:
FIG. 1 is an example of aVLSI design cycle as knoWn in the

bilistic model function Which maximiZes a probability of a

art;

ity predicting classi?er (P2C) relying on physical events
causally linked to the printability of design shapes during the

class. Thus, the disclosure proposes a model-based printabil

FIG. 2 is an example of a VLSI design cycle according to
35

the disclosure;
FIG. 4 is a ?owchart depicting an embodiment of a method

integrated circuit using a VLSI design process. The designer

of assessing printability of a VLSI design according to the
disclosure; and
FIG. 5 is a block diagram of computer hardWare according

training phase.
Referring to FIG. 1, an example of a VLSI design cycle as
knoWn in the art is depicted. The designer designs 100 an

FIG. 3 depicts an example of entire design space;

40

to an embodiment of the present disclosure.

draWs the physical layout of the integrated circuit so that a
mask layout is provided and used to de?ne patterns on
objects. The mask is used in a lithographic system to de?ne
patterns on semiconductor Wafers to manufacture the inte

grated circuit. In practice, the physical layout is divided into

DETAILED DESCRIPTION

The disclosure is directed to a method of assessing print

45

ability of a very-large-scale integration (VLSI) design for
creating an integrated circuit. The method comprises tWo

phases, a training phase and a testing phase. The training
phase comprises i) generating a training set of very-large
scale integration design shapes representative of a population

50

of very-large-scale integration design shapes, ii) obtaining a
set of mathematical representations of respective shapes in
the training set, iii) identifying at least tWo classes of physical
events causally linked to the printability for the very-large
scale integration design shapes, each of the classes being
associated to a respective level of printability, iv) labeling
each mathematical representation of the set according to one
of the identi?ed classes, based on a lithography model, and v)
selecting a probabilistic model function maximiZing a prob
ability of a class, given the set of mathematical representa

55

pattern tiles, each pattern tile having a ?xed-siZe WindoW in
the layout. The pattern tile can be of arbitrary shape and siZe,
and these may be layer-dependent. The placement of a pattern
tile in the layout layer and its siZe determine the tiles design
pattern. A design pattern is any tWo -dimensional arrangement

of design shapes Within a particular pattern tile. Preferably,
the design pattern is a rectilinear polygon. Design shapes are
any tWo-dimensional shape that is part of the layout. The term
includes shapes draWn by the user, and also sub-resolution
assist features (SRAF).
Once the design is achieved, a design rule check (DRC)
110 procedure is carried out. A set ofdesign rules is applied to
a design pattern and identi?es features (e. g. the design
shapes) of the design pattern that violate the applied rules. In
practice, a rule relates to a geometric measurement in the
space of draWn features. As an example, a rule may de?ne a

60

minimum spacing value betWeen tWo features. As another

tions. The testing phase comprises i) providing a very-large
scale integration design shape to be tested, ii) testing the

example, a rule may de?ne a minimum Width value for a
feature. As another example, a rule may de?ne a minimum

provided very-large-scale integration design shape by (l)

area of a feature.

obtaining a mathematical representation of the provided

very-large-scale integration design shape, (2) computing esti

As a result of the DRC procedure, a simulation of the
65

printability of the design patterns is performed 120 so as to

mates of posterior probabilities for each of the identi?ed

avoid production yields problems. A pattern tile, a design

classes, given the obtained mathematical representation, and

pattern is referred to as printable

