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Abstract: Optimization of lithographic process plays a pivotal role
in modern fabrication. Many parameters are engaged in optimizing
optical systems used in lithographic process. In this paper, we show
with a fixed rule for resolution enhancement techniques (RETs) we have
an optimum value for image quality by definition of figure of merit
(FOM). We find out how we are close to replicate a desired target
mask on photoresist and derive an analytical formula for FOM versus
numerical aperture (NA). The effect of variation in NA on quality of
image that will be on photoresist is also shown.
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1 Introduction

Fast progress in semiconductor technology leads to fast growth in fabrica-
tion complexities. This causes an enormous need for resolution enhancement
techniques (RETs) and optimization in layout and mask [1]. Many variables
are effective in optical lithography like critical dimension and numerical aper-
ture (NA). In this paper, we show that for a fixed rule of RETs there is an
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optimum value for NA to replicate a desired target mask on the photoresist.
This value can be found by defining the Figure of Merit (FOM) and by this
we can find a dependency between NA and FOM. For this purpose we use a
figure of merit defined in [2]. The definition is based on extra and deficient
energy that the photoresist receives and the desired energy of target. We
derive an expression for FOM versus NA and show that it has an optimum
value at which the image quality has the least sensitivity to NA variation.

Fig. 1. (a) Shape of the mask used in simulation for both
CD = 65 nm and 45 nm, (b) Rules of Resolution
enhancement techniques for SRAFs and OPC.
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2 Definition of FOM

Figure of merit is a gauge to express the quality of aerial image and has a
wide variety of definitions [2], but we will use the definition given in [2]. By
some image processing we calculate the extra energy (EE), deficient energy
(DE), and target energy (TE). By Equation (1) we have the FOM.

FOM =
DE + EE

TE
. (1)

where DE is lack of energy that the target receives, EE is extra energy that
the target receives, and TE is the desired energy that the target must receive.
Lower FOM means better result by this definition.

3 Simulation

Many parameters participate in optical lithographic systems among them
numerical aperture and critical dimension (CD) are considered for obtaining

Fig. 2. (a) FOM vs. NA for CD = 65 nm, (b) FOM vs.
NA for CD = 45 nm.
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the optimum result.
In our simulation we used an elbow and a contact hole for mask as shown

in Fig. 1 (a). The reason is that these shapes have many complexities that
can be found in a general mask like line-end-shortening, edge rounding [3],
and contact hole problems. Rules for resolution enhancement techniques are
shown in Fig. 1 (b).

We used a threshold energy resist model which is one of the resist thresh-
old models based on aerial image used for fast and simple process proximity
correction [4].

The specifications of the simulation for CD = 65 nm and 45 nm are given
in Table I (a).

4 Results

The simulation results are in Fig. 2 (a) for CD = 65 nm and in Fig. 2 (b) for
CD = 45 nm. The FOM (Analytical) results are obtained from the approxi-
mation given below (Equation (2)) while FOM (Analytical) ones are accurate
results obtained from image processing.

It is obvious that for each CD we have an optimum value of FOM. By
deriving the formula and finding the minimum point we will find the optimum
value of NA. At this point FOM has the minimum sensitivity to variation
of NA. By changing the rules of RETs we can set the optimum value of NA
to desired one. The second order polynomial approximation used to fit the
curve in Equation (2).

FOM = a ∗ (NA)2 + b ∗ (NA) + c. (2)

Table I. (a) The specifications of the simulation for CD =
65 nm and 45 nm, (b) Factors of FOM equation,
MPE of equation, and optimum value of NA, (c)
Comparison of execution time between two ap-
proaches.
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where a, b, and c are constant factors and NA is the numerical aperture. In
Table I (b) the factors of formula, mean percent error (MPE) of the formula,
and optimum value of NA are shown.

This method will improve the time needed for finding the FOM of an
integrated circuit because it does not require image processing. In Table I (c)
there is a time comparison between our approach and the method of [2] in
the basis of their duration of execution as the unit time.

5 Conclusion

Many parameters affect the quality of aerial image on the photoresist which
is expressed by FOM. Among them NA has a critical role. Our work shows
that for a fixed set of rules of RETs the FOM versus NA has an optimum
point and at this point FOM has the minimum sensitivity to NA variation.
Our approach to find the FOM is faster than that of [2] especially for a
complex integrated circuit and the error is still very low. In large ICs we
should do more image processing which take lots of time but using a formula
will decrease the execution time.
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