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Library search is one of the most commonly used methods for solving the inverse problem in optical
scatterometry. The final measurement accuracy of the conventional library search method highly de-
pends on the grid interval selected for each parameter in the signature library, and the time cost of
the parameter extraction increases dramatically when the grid interval is decreasing. In this paper,
we propose a correction-based library search method to improve the measurement accuracy for a pre-
generated signature library. We derive a formulation to estimate the error between the expected solution
of the inverse problem and the actually searched solution obtained by the conventional library search
method. Then we use the estimate of the error as a correction term to correct the actually searched sol-
ution to improve the measurement accuracy. Experiments performed on a photoresist grating have dem-
onstrated that the proposed correction-based library search method can achieve much more accurate
measurement with negligible computational penalty to the conventional library search method in the
parameter extraction. It has also been observed that the correction-based library search method has
higher measurement accuracy and less time cost than the interpolation-based library search method.
The proposed correction-based library search method is expected to provide a more practical means
to solve the inverse problem in state-of-the-art optical scatterometry. © 2013 Optical Society of America
OCIS codes: (120.0120) Instrumentation, measurement, and metrology; (290.3200) Inverse

scattering; (050.1950) Diffraction gratings; (120.2130) Ellipsometry and polarimetry.
http://dx.doi.org/10.1364/AO.52.006726

1. Introduction

Process control in microelectronic manufacturing re-
quires real-time monitoring techniques. Among the
different techniques, optical scatterometry, some-
times referred to as optical critical dimension
(OCD) metrology, has recently achieved great success
in the monitoring of CD and overlay [1–6]. There are

two main procedures in optical scatterometry.
The first involves the calculation of the theoretical
signature from a diffractive structure using reliable
forward-modeling techniques, such as the rigorous
coupled-wave analysis (RCWA) [7–9], the finite
element method (FEM) [10,11], the boundary
element method (BEM) [12], or the finite-difference
time-domain (FDTD) method [13]. Here the general
term signature contains the scattered light informa-
tion from the diffractive structure, which can be in
the form of reflectance, ellipsometric angles, Stokes
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vector elements, or Mueller matrix elements. The
second procedure involves the reconstruction of the
structural profile from the measured signature,
which is a typical inverse problem with the objective
of finding a profile whose theoretical signature can
best match the measured one.

To solve the inverse problem in optical scatterom-
etry, several methods have been reported in recent
years. Drége et al. presented a linearized method
to obtain surface profile information by the linear-
ized inversion of scatterometric data [14]. The linear-
ized method has its inherent limitation due to the
highly nonlinear relationship between the optical
signature and the profile parameters. Some nonlin-
ear regression techniques, such as the Levenberg–
Marquardt (LM) algorithm and its improved
technique by combining with the artificial neural
network (ANN) [15], have also been proposed.
Although the nonlinear regression techniques can
achieve the expected solution of the inverse problem
if there is convergence, they are usually time-
consuming because the expected solution is achieved
through an iterative procedure that repeatedly re-
quires computation of the forward optical modeling.
This is even worse and unacceptable when dealing
with two-dimensional or more complex structures.
A feasible way to meet the in situ requirement,
known as library search, is to generate a signature
library prior to the measurement and then to search
in the library to find a best match with the measured
signature [16,17]. Although the offline generation of
the signature library is time-consuming, the search
itself during the online measurement can be done
quickly with a global solution guaranteed [18].
Therefore the library search method has been dem-
onstrated to be an effective approach to solve the
inverse problem in optical scatterometry and has
been commonly used in industry [19,20].

The success of a library search relies heavily on
two essential aspects: the signature library and
the search algorithm. In the past decades, several
library search algorithms such as the linear search,
k-dimensional tree search, and locality-sensitive
hashing have been reported with an emphasis on
matching accurately and rapidly [21–23]. Besides
the library search algorithm itself, the scale of the
signature library is closely related to the final meas-
urement accuracy and the speed of library search.
The scale of a signature library is determined by
the ranges of structural parameters and the associ-
ated grid interval selected for each parameter. The
ranges of structural parameters, typically depending
on the process tolerances, are usually specified at
�10% of their nominal dimensions as a rule of thumb
[16]. One issue in the conventional library search
method is that its measurement accuracy is funda-
mentally limited by the grid interval. In general,
the measurement accuracy of library search can be
improved by decreasing the grid interval. However,
it will take much more time and memory space to
generate and store the signatures, and a too large

signature library will also greatly influence the
speed of library search. Some efforts have been made
to deal with this issue. Ku et al. presented a feature
region algorithm based on sensitivity analysis to
reduce the scale of the signature library [24]. Littau
et al. investigated several techniques to determine
an optimal signature scan path that can also result
in a smaller signature library [25]. In our recent
work, a fitting error interpolation-based library
search method was reported to improve the measure-
ment accuracy for a pregenerated library [26].

In this paper, we propose a correction-based
library search method to improve the measurement
accuracy for a pregenerated signature library. As the
solution of the inverse problem obtained by the con-
ventional library search method is directly searched
among the grid points in the library, there will be a
deterministic error between the expected solution of
the inverse problem and the actually searched solu-
tion obtained by the conventional library search
method due to the limitation of the grid interval.
We derive a formulation to estimate the error based
on the linear model of the theoretical signature of the
diffractive structure. Then we use the estimate of the
error as a correction term to correct the actually
searched solution. The corrected solution will be
much closer to the expected solution and therefore
improves the final measurement accuracy. The key
in the correction-based library search method is
the estimation of the error, which can be conducted
by using the theoretical signatures prestored in
the library. Hence, the time-consuming forward mod-
eling is completely avoided in the correction-based
library search method. It is therefore also expected
that the estimation of the error in the proposed
correction-based library search method will have
no remarkable influence on its time cost in the
parameter extraction.

The remainder of this paper is organized as fol-
lows. Section 2 first briefly introduces the inverse
problem in optical scatterometry and then presents
the correction-based library search method in detail.
Section 3 provides the experimental results to dem-
onstrate the higher accuracy and fast search ability
of the proposed method in comparison with the con-
ventional library search as well as the interpolation-
based library search. Finally, we draw some
conclusions in Section 4.

2. Method

A. Inverse Problem in Optical Scatterometry

Without loss of generality, we denote the structural
parameters under measurement as anM-dimensional
vector x � �x1; x2;…; xM �T, where the superscript “T”
represents the transpose and x1; x2;…; xM can be
the linewidth, line height, and sidewall angle of the
grating sample. The measured signature is given by
an N-dimensional vector y � �y1; y2;…; yN �T, and the
corresponding theoretical signature associated with
x is given by f�x� � �f 1�x�; f 2�x�;…; f N�x��T. The χ2
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function is usually applied to estimate the fitting error
between measured and theoretical signatures, which
is defined by

χ2 �
XN

i�1

wi�yi − f i�x��2; (1)

where the wi are the weighting factors. Usually, if the
variances σ2�yi� are known, the weighting factors are
chosen to bewi � 1∕σ2�yi�. Equation (1) can be written
as a matrix expression with a format similar to Eq. (2)
as presented in Ref. [27]

χ2 � �y − f�x��TW�y − f�x��; (2)

where W is an N ×N diagonal matrix with diagonal
elementswi. The inverse problem in optical scatterom-
etry is typically formulated as a least squares regres-
sion problem such that

x̂ � argmin
x∈Ω

f�y − f�x��TW�y − f�x��g; (3)

where x̂ is the solution of the inverse problem that con-
tains the extracted structural parameters, andΩ is the
associated parameter domain.

B. Correction-Based Library Search

The above inverse problem can be solved by applying
different approaches. For convenience, xe is assumed
to be an estimate of the true value of x in a continu-
ous space of solutions of the inverse problem, which
minimizes Eq. (2) and satisfies

χ2min � �y − f�xe��TW�y − f�xe��: (4)

It is noted that xe is also the expected solution of
the inverse problem that we attempt to find. We will
not discuss the various approaches used to achieve
the expected solution xe; what we need to know is
that such a solution exists in reality. We assume that
the actually searched solution obtained by conven-
tional library search method is denoted as xs, which
corresponds to the discrete grid point in the pregen-
erated signature library whose theoretical signature
can best match the measured one. Obviously, xs is
also an estimate of the true value of x, but is in a
discrete space of solutions of the inverse problem.
In addition, the searched solution xs is close to the
expected solution xe. However, due to the limitation
of the grid interval of the library, there will be a
deterministic error Δx between the solutions xs
and xe, which is defined by

Δx � xe − xs: (5)

We assume that the function f�x� is sufficiently
smooth and can be expanded in a Taylor series,
which, truncated to the first order, leads to a linear
model at x � xs:

f�x� � f�xs� � J · �x − xs�; (6)

where J is theN ×M Jacobian matrix with respect to
x, whose elements are given by

�J�ij �
∂f i�x�
∂xj

����
x�xs

: (7)

Let x � xe in Eq. (6), we have

f�xe� � f�xs� � J · �xe − xs� � f�xs� � JΔx: (8)

Inserting Eq. (8) into Eq. (4), we have

χ2min � �y − f�xs� − JΔx�TW�y − f�xs� − JΔx�: (9)

By taking the derivative of both sides of Eq. (9) with
respect to x, we can derive that

~JΔx � W1∕2�y − f�xs��; (10)

where ~J � W1∕2J is called the weighted Jacobian
matrix. According to Eq. (10), we have

Δx � ~J�W1∕2�y − f�xs��; (11)

where ~J� is the Moore–Penrose pseudo-inverse of
matrix ~J, and ~J� � �~JT ~J�−1 ~JT. Equation (11) gives
the estimate of the error Δx between the solutions
xs and xe. It is noted that a similar formula to
Eq. (11) is also presented in Ref. [28] but is derived
in a different approach. We can further use the esti-
mate of the error Δx given by Eq. (11) as a correction
term to correct the searched solution xs and derive
that

xc � xs � ~J�W1∕2�y − f�xs��; (12)

where xc denotes the corrected solution of the inverse
problem. Figure 1 presents a geometrical illustration
of the corrected solution xc given by Eq. (12). As
shown in Fig. 1, the curve around point B can be ap-
proximated by a straight line with slope ~J at x � xs.
The term W1∕2�y − f�xs�� in Eq. (11) denotes the
residual signature between the points A and B. Ac-
cording to the slope ~J as well as the residual signa-
ture W1∕2�y − f�xs��, we can derive the corrected
solution xc given by Eq. (12). As depicted in Fig. 1,
the corrected solution xc will be much closer to the
expected solution xe than the searched solution xs
and therefore improves the accuracy of the solution
of the inverse problem.

According to Eq. (12), we propose a correction-
based library search method to improve the
measurement accuracy for a pregenerated signature
library. The basic procedure of the correction-based
library search is described as follows.
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Step 1: Obtain the searched solution xs of the in-
verse problem in optical scatterometry as described
in Eq. (3) by the conventional library search method.

Step 2: Calculate the estimate of the error Δx
between the searched solution xs and the expected
solution xe according to Eq. (11).

Step 3: Correct the searched solution xs by using
the estimate of the error Δx according to Eq. (12) and
take the corrected solution xc as the final measure-
ment result.

The key in the correction-based library search
method is the estimation of the error Δx given by
Eq. (11), which involves the calculation of the Jaco-
bian matrix J as well as the pseudo-inverse of the
weighted Jacobianmatrix ~J�. The elements of matrix
J, which are given by Eq. (7), are estimated in the
correction-based library search method by

∂f i�x�
∂xj

����
x�xs

� f i�xs � δjej� − f i�xs − δjej�
2δj

�O�δ2j �; (13)

where ej is the unit vector in the j-th coordinate di-
rection and δj is the grid interval of the j-th structural
parameter in the library. The theoretical signatures
f�xs � δjej� and f�xs − δjej� in Eq. (13) can be directly
searched among the grid points in the pregenerated
signature library, thus the time-consuming forward
modeling is avoided in the estimation of the error
Δx. The only extra time cost in the correction-based
library search method is introduced by the matrix
multiplication, which is ignorable. Therefore the
proposed correction-based library search method is
expected to achieve more accurate measurement
for a pregenerated signature library without remark-
able influence on the final search speed.

3. Results

A. Measurement Setup

The scatterometric measurement was conducted
on a dual-rotating compensator ellipsometer (RC2

ellipsometer, J. A. Woollam Co.) with in-house
forward-modeling software based on RCWA [7–9].
As schematically shown in Fig. 2, the system configu-
ration of the RC2 ellipsometer in order of light propa-
gation is PCr1SCr2A, where P and A stand for the
fixed polarizer and analyzer, Cr1 and Cr2 refer to
the first and second frequency-coupled rotating com-
pensators, and S stands for the sample. With the
light source used in this ellipsometer, the wave-
lengths available are in the 193–1690 nm range, cov-
ering the spectral range of 250–800 nm used in this
paper. The incidence angle is fixed at 65°, and the
plane of incidence is perpendicular to the grating
lines with the azimuthal angle equal to 0° in the
process of data collection.

As shown in Fig. 3, the investigated sample is a
silicon wafer that contains 35 dies, and each die con-
sists of a photoresist grating array on a bottom anti-
reflective coating (BARC) layer deposited on the
silicon substrate. The profile of the grating structure
is characterized by top critical dimension TCD,
sidewall angle SWA, grating height Hgt1, and period
pitch. The thickness of the BARC layer is denoted as
Hgt2. Nominal dimensions of the grating structure
are TCD � 200 nm; SWA � 90°; Hgt1 � 311 nm;
pitch � 400 nm; andHgt2 � 115 nm. Optical proper-
ties of the BARC layer were determined in advance
before the photoresist layer was coated on it.
Optical properties of silicon substrate were taken
from Ref. [29]. In the selected spectral range of
250–800 nm, optical properties of the photoresist
layer were modeled by the Tauc–Lorentz model
[30] with the nondispersive term ε∞ � 1.3205, the

Fig. 1. Geometrical illustration of the corrected solution xc to the
inverse problem in optical scatterometry.

Fig. 2. Scheme of the dual-rotating compensator ellipsometer.

Fig. 3. Schematic diagram of the silicon wafer and the photore-
sist grating structure.
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Tauc gap energy Eg � 3.9572 eV, the amplitude
ATL � 29.6462 eV, the broadening parameter CTL �
1.4317 eV, and the Lorentz resonant frequency
E0 � 10.0527 eV. In the experiments, structural
parameters of the investigated sample that need to
be extracted include TCD, Hgt1, and SWA, while
the grating period pitch and thickness of the BARC
layer Hgt2 are fixed at their nominal dimensions.

Two signature libraries with different grid inter-
vals for the investigated grating structure were
constructed prior to the measurements. Details of
the constructed signature libraries are listed in
Table 1. The optical signatures of the grating struc-
ture stored in the library are in the forms of Stokes
vector elements, which are defined by S1 � cos 2ψ,
S2 � sin 2ψ cos Δ, and S3 � sin 2ψ sin Δ. Here, ψ
and Δ are the ellipsometric angles. The theoretical
signatures of the grating structure are calculated
in the spectral range of 250–800 nm with an incre-
ment of 2 nm, and in the incidence and azimuthal
angles 65° and 0°, respectively. The number of re-
tained orders in the truncated Fourier series when
applying RCWA to calculate the theoretical signa-
tures is 12. The grating structure is sliced into 15
layers along the vertical direction in the calculation.

B. Experimental Results

The photoresist grating structure was measured die
by die by using the RC2 ellipsometer in order to
demonstrate the validity of the proposed correction-
based library search method. We assess the accuracy
of the solution of the inverse problem as described in
Eq. (3) by

εl � jx̂�l� − x�l�0 j; ε̄ � 1
L

XL

l�1

εl; (14)

where εl represents the absolute error for the l-th
test, ε̄ is the mean absolute error for the total number
of L tests, x̂�l� is the vector that consists of the ex-
tracted structural parameters for the l-th test, and
x�l�0 is the vector that consists of the corresponding
reference parameter values for the l-th test. In the
experiments, since the true structural parameter
values associated with the measured signatures
are unknown, we used the structural parameters ex-
tracted by the LM algorithm as the reference param-
eter values to assess the solution accuracy. The LM
algorithm can achieve accurate results if suitable
initial values are provided. In our previous work,
an ANN and LM combined method was proposed

for solving the inverse problem in reflectometry [15].
In the ANN-LM combined method, an initial esti-
mate of the structural parameters is quickly gener-
ated from the measured signature by the ANN,
and then the accurate result is further obtained by
the LM algorithm. It has been demonstrated that
the combined parameter extraction method can
achieve improved performance over the ANN or LM
algorithm alone and can lead to highly accurate
measurement results. In our experiments, we first
used the pregenerated signature library (Library
1#), as depicted in Table 1, as a training set to train
a back-propagation neural network, and then input
the measured signatures into the trained network.
Themapping results of the neural network were then
selected as the initial values of the LM algorithm for
further parameter extraction. Finally, 35 dies of the
grating sample shown in Fig. 3 were measured by us-
ing the critical dimension scanning electron micro-
scope (CD-SEM S-9200, Hitachi), of which two dies
were measured by using the cross-section SEM
(Nova NanoSEM450, FEI). We compared the struc-
tural parameters extracted by the ANN-LM com-
bined method with those measured by SEM, and
good agreements have been observed. It is worth
pointing out that the validity of taking the measure-
ment result of the ANN-LM combined method as the
reference has been also demonstrated in our recent
work [26].

We first applied the conventional library search
method, the proposed correction-based library search
method as well as the interpolation-based library
search method to extract structural parameters from
the measured signatures with Library 1#. In the ap-
plied interpolation-based library search method, the
fitting error between the measured signature and
any theoretical signature that is not prestored in
the library is estimated by interpolating on the
known fitting errors associated with the discrete grid
points [26]. By comparing the interpolated fitting er-
rors, the structural parameters corresponding to the
minimum interpolated fitting error are treated as
the final measurement result. Figure 4 depicts the
absolute errors of the extracted structural parame-
ters TCD, Hgt1, and SWA for each die of the silicon
wafer. The mean absolute error associated with each
structural parameter is shown in the bottom right
corner of Fig. 4. It is observed from Fig. 4 that the
final measurement accuracy is indeed dramatically
improved by using the correction-based library
search method and the interpolation-based library

Table 1. Details of the Signature Libraries Used in the Experiments

Library 1# Library 2#

Parameter
Name

Parameter
Range

Grid
Interval

Library Scale
(No. of Signatures)

Parameter
Range

Grid
Interval

Library Scale
(No. of Signatures)

TCD 160–210 nm 1 nm 51 × 26 × 26 � 34; 476 160–210 nm 3 nm 20 × 9 × 13 � 2340
Hgt1 290–315 nm 1 nm 290–315 nm 3 nm
SWA 85°–90° 0.2° 85°–90° 0.4°
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search method. Moreover, the measurement accu-
racy of the correction-based library search method
is also much higher than that of the interpolation-
based library search method. For example, Table 2
presents the extracted structural parameters for
the No. 16 die of the grating sample shown in Fig. 3.
The last column of Table 2 gives the root-mean-
square error (RMSE) between the measured and
the corresponding calculated Stokes vector elements.
Figure 5 depicts the measured Stokes vector ele-
ments and the fitted Stokes vector elements calcu-
lated from the structural parameters presented in
Table 2 extracted by the conventional library search
method, the interpolation-based library search
method, the correction-based library search method,
and the ANN-LM combined method, respectively. As
shown in Fig. 5(a), the measured and calculated
Stokes vector elements exhibit good agreement over
most of the spectrum except the range from about
750 to 780 nm, where there exists a cusp in the third
calculated Stokes vector element S3. It was found in
our experiments that the cusp was attributed to the
depolarization effect induced by the finite numerical

aperture (NA) of the focusing lens in the RC2 ellips-
ometer. We also found that there was an offset of
about 2.8° in the azimuthal angle. The depolariza-
tion effect induced by the NA and the offset in the
azimuthal angle were demonstrated to induce fitting
errors between the measured and calculated Stokes
vector elements while having negligible impacts on
the final extracted structural parameters. In addi-
tion, although it is not so obvious in Fig. 5(a), it in-
deed can be observed from Fig. 5(b) and Table 2 that
the ANN-LM combined method achieves the lowest
fitting error, the proposed correction-based library
search method almost has the same fitting perfor-
mance to the ANN-LM combined method, and both
of them outperform the interpolation-based library
search method and the conventional library search
method. This experimental observation confirms
again that more accurate measurement can be
achieved for a pregenerated signature library by ap-
plying the proposed correction-based library search
method.

The time cost of the conventional library
search method, the interpolation-based library search
method, and the correction-based library search
method in the parameter extraction with Library
1# was also examined in the experiments. Compared
to the conventional library searchmethod, whose time
cost of the parameter extraction is concentrated on
the library search itself, the interpolation-based
library search method needs extra time on the
multi-interpolation on the fitting errors as well as
the related search operations, and the correction-
based library search method needs extra time to cal-
culate the correction term. Figure 6 depicts the time
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Fig. 4. Absolute errors of the structural parameters TCD, Hgt1, and SWA obtained with Library 1# by the conventional library search
method, the interpolation-based library search method, and the correction-based library search method. The mean absolute errors of the
extracted structural parameters for the 35 dies of the investigated silicon wafer are shown in the bottom right corner.

Table 2. Comparison of the Structural Parameters Extracted by the
Conventional Library Search Method, the Interpolation-Based

Library Search Method, the Correction-Based Library
Search Method, and the ANN-LM Combined Method

Algorithm TCD (nm) Hgt1 �nm� SWA (degree) RMSE

Conventional 164 299 88.8 1.84756
Interpolation 164.500 298.645 88.875 1.84220
Correction 165.198 298.514 88.998 1.84075
ANN-LM 165.208 298.496 88.996 1.84074
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cost for the 35 dies of the silicon wafer on a 3.64 GHz
Xeon workstation (HP Z800). The mean time cost for
the 35 dies is 0.534 s by the conventional library
search method, 1.179 s by the interpolation-based li-
brary search method, and 0.536 s by the correction-
based library search method, respectively. Figure 6
implies that the extra time spent on calculating the
correction term in the correction-based library search

method is less than 0.002 s, while the extra time spent
on interpolating fitting errors in the interpolation-
based library search method is about 0.645 s. Thus,
as shown in Fig. 6, the time cost of the proposed cor-
rection-based library search method in the parameter
extraction is much less than that of the interpolation-
based library search method and is almost identical to
that of the conventional library search method. We
can therefore further conclude that the correction-
based library search method has better performances
than the interpolation-based library search method
and can achieve a much higher measurement accu-
racy for a pregenerated signature library without re-
markable influence on the final search speed. It is also
worthwhile to point out that the high search speed
characteristic of the correction-based library search
method is of great importance for real-time process
control in microelectronic manufacturing.

The proposed correction-based library search
method and the interpolation-based library search
method were applied to extract structural parame-
ters from the measured signatures with Library 2#
in order to further examine their performances with
a smaller signature library. The conventional library
search method was also applied, but with Library 1#,
in order to make a comparison. The absolute errors
and the corresponding mean absolute errors of the
extracted structural parameters TCD, SWA, and
Hgt1 for the 35 dies of the silicon wafer are presented
in Fig. 7. As shown in Figs. 4 and 7, the measurement
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accuracy of the conventional library search method
remains unchanged since it was applied to extract
structural parameters from the same measured sig-
natures with the same signature library (Library 1#)
in the former and latter processes of parameter ex-
traction. As can be observed from Fig. 7, the final
measurement accuracy is still improved by using
the correction-based library search method and the
interpolation-based library search method even with
a smaller signature library. A comparison between
Figs. 4 and 7 also reveals that the measurement
accuracy of both the correction-based library search
method and the interpolation-based library search
method decreases with the increase of the grid inter-
val of the library. This is because the grid interval
is closely related to the accuracy of the calculation
of the correction term in the correction-based
library search method and the accuracy of the
multi-interpolation on the fitting errors in the inter-
polation-based library search method. With the
increase of the grid interval of the library, the accu-
racy of the calculation of the correction term and the
multi-interpolation on the fitting errors will de-
crease. However, we can observe from Fig. 7 that
the accuracy of the proposed correction-based library
search method is still much higher than that of the
interpolation-based library search method. It might
be because the gradient-based correction term in the
correction-based library search method is muchmore
accurate than the interpolation on fitting errors in
the interpolation-based library search method, espe-
cially if the grid interval of the library is sparse. It is
also noted from Fig. 7 that the correction-based
library search method with a smaller signature

library (i.e., Library 2#) can still achieve much higher
measurement accuracy than the conventional library
search method with a larger signature library (i.e.,
Library 1#) does. It implies that we can use the
correction-based library search method to achieve
the required measurement accuracy with a much
smaller signature library. Thus the burden of library
construction can be greatly relieved.

In this section, the validity of the proposed
correction-based library search method was exam-
ined in detail through experiments performed on a
photoresist grating sample with a pitch of 400 nm
and nominal critical dimension of 200 nm. Compared
with today’s technology node, the values of the criti-
cal dimension and pitch of the investigated grating
sample may seem too large. In addition, the number
of floating parameters and the scale of the signature
libraries in the process of parameter extraction may
seem fairly small. It is worth pointing out that the
correction-based library search is sample indepen-
dent and can be easily extended without any change
to more complex nanostructures with more undeter-
mined structural parameters. Because the number of
floating measurands M is always less than the num-
ber of spectral points N, the time complexity in cal-
culating the correction term given by Eq. (11) will be
always less than O�N3�, which is ignorable even
when the number of floating measurands increase.
One issue that needs to be discussed is the time cost
in obtaining the searched solution xs of the inverse
problem in the first step of the correction-based
library search method when the library contains
millions of signatures. Obviously, the time cost in
obtaining the searched solution xs will take longer
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when the scale of the signature library becomes
larger. Several library search algorithms have been
reported with an emphasis on the speed and accu-
racy of the matching result in the past decades
[21–23]. Detailed description of these algorithms is
beyond the scope of this paper, one can consult the
corresponding references for more details. Anyway,
it is expected that the proposed correction-based
library search method will provide a useful and
practical means for solving the inverse problem in
state-of-the-art optical scatterometry.

4. Conclusions

In this paper, a correction-based library search is
proposed to improve the measurement accuracy in
optical scatterometry. Experiments performed on a
photoresist grating sample have demonstrated that
the proposed correction-based library search method
can be applied to solve the inverse problem with
much higher accuracy than the conventional library
search method and the interpolation-based library
search method. As the computational penalty of the
error estimation is negligible, and no interpolation is
introduced, the efficiency of the correction-based
library search method is as high as the conventional
library search method. The experimental results also
show that the proposed method can achieve a more
accurate measurement even with a smaller signa-
ture library than the conventional library search
method with a larger signature library. The signifi-
cant improvement in accuracy enables us to achieve
more accurate measurements and less time con-
sumption at the same time by applying the
correction-based library search method with a small
signature library.
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