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Description

TECHNICAL FIELD

[0001] The described embodiments relate to metrolo-
gy systems and methods, and more particularly to meth-
ods and systems for improved parameter measurement.

BACKGROUND INFORMATION

[0002] Semiconductor devices such as logic and mem-
ory devices are typically fabricated by a sequence of
processing steps applied to a specimen. The various fea-
tures and multiple structural levels of the semiconductor
devices are formed by these processing steps. For ex-
ample, lithography among others is one semiconductor
fabrication process that involves generating a pattern on
a semiconductor wafer. Additional examples of semicon-
ductor fabrication processes include, but are not limited
to, chemical-mechanical polishing, etch, deposition, and
ion implantation. Multiple semiconductor devices may be
fabricated on a single semiconductor wafer and then sep-
arated into individual semiconductor devices.
[0003] Metrology processes are used at various steps
during a semiconductor manufacturing process to detect
defects on wafers to promote higher yield. Optical me-
trology techniques offer the potential for high throughput
without the risk of sample destruction. A number of optical
metrology based techniques including scatterometry and
reflectometry implementations and associated analysis
algorithms are commonly used to characterize critical di-
mensions, film thicknesses, composition and other pa-
rameters of nanoscale structures.
[0004] Traditionally, optical metrology is performed on
targets consisting of thin films and/or repeated periodic
structures. During device fabrication, these films and pe-
riodic structures typically represent the actual device ge-
ometry and material structure or an intermediate design.
As devices (e.g., logic and memory devices) move to-
ward smaller nanometer-scale dimensions, characteri-
zation becomes more difficult. Devices incorporating
complex three-dimensional geometry and materials with
diverse physical properties contribute to characterization
difficulty.
[0005] For example, modern memory structures are
often high-aspect ratio, three-dimensional structures that
make it difficult for optical radiation to penetrate to the
bottom layers. In addition, the increasing number of pa-
rameters required to characterize complex structures
(e.g., FinFETs), leads to increasing parameter correla-
tion. As a result, the measurement model parameters
characterizing the target often cannot be reliably decou-
pled.
[0006] In response to these challenges, more complex
optical tools have been developed. Measurements are
performed over a large ranges of several machine pa-
rameters (e.g., wavelength, azimuth and angle of inci-
dence, etc.), and often simultaneously. As a result, the

measurement time, computation time, and the overall
time to generate reliable results, including measurement
recipes, increases significantly. In addition, the spread-
ing of light intensity over large wavelength ranges de-
creases illumination intensity at any particular wave-
length and increases signal uncertainty of measure-
ments performed at that wavelength.
[0007] In addition, existing model based metrology
methods typically include a series of steps to model and
then measure structure parameters. Typically measure-
ment data is collected (e.g., DOE spectra) from a partic-
ular metrology target. An accurate model of the optical
system, dispersion parameters, and geometric features
is formulated. Film spectra measurements are collected
to determine material dispersions. A parametric geomet-
ric model of the target structure is created along with an
optical model. In addition, simulation approximations
(e.g., slabbing, Rigorous Coupled Wave Analysis
(RCWA), etc.) must be carefully performed to avoid in-
troducing excessively large errors. Discretization and
RCWA parameters are defined. A series of simulations,
analysis, and regressions are performed to refine the ge-
ometric model and determine which model parameters
to float. A library of synthetic spectra is generated. Finally,
measurements are performed using the library and the
geometric model. Each step introduces errors and con-
sumes a significant amount of computational and user
time. Typically, a model building task requires days, or
even weeks, to complete. In addition, the size of the li-
brary and the computation time associated with perform-
ing regression calculations during measurement reduces
the throughput of the measurement system.
[0008] WO2007/092332 discloses an optical metrolo-
gy method for evaluating the uniformity of characteristics
within a semiconductor region having repeating features
such a memory die.
[0009] US2004/267397 describes optical metrology of
structures formed on semiconductor wafer using ma-
chine learning systems.
[0010] Future metrology applications present chal-
lenges for metrology due to increasingly small resolution
requirements, multi-parameter correlation, increasingly
complex geometric structures, and increasing use of
opaque materials. Thus, methods and systems for im-
proved measurements are desired.

SUMMARY

[0011] Methods and systems for creating a measure-
ment model based on measured training data are pre-
sented. The trained measurement model is then used to
calculate process parameter values, structure parameter
values, or both, directly from measured data collected
from other wafers.
[0012] A first aspect of the present invention is recited
in claim 1.
[0013] A second aspect of the present invention is re-
cited in claim 10.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a flowchart illustrative of a method 100 of
building and training a measurement model as de-
scribed herein.
FIG. 2 is a flowchart illustrative of a method 110 of
building and training a measurement model in an-
other example as described herein.
FIG. 3 is a flowchart illustrative of a method 120 of
building and training a measurement model in yet
another example as described herein.
FIG. 4 is a flowchart illustrative of a method 130 of
building and training a measurement model in yet
another example as described herein.
FIG. 5 is a flowchart illustrative of a method 140 of
measuring process parameters, structural parame-
ters, or both, of a semiconductor wafer using a meas-
urement model generated by any of methods 100,
110, 120, and 130.
FIGS. 6A-6B are contour plots illustrative of meas-
urements of exposure dosage and depth of focus,
respectively, of a FEM wafer.
FIGS. 6C-6D are contour plots illustrative of meas-
urements of exposure dosage and depth of focus,
respectively, of a sample wafer.
FIGS. 6E-6F are contour plots illustrative of meas-
urements of exposure dosage and depth of focus,
respectively, of another sample wafer.
FIGS. 7A-7B are contour plots illustrative of meas-
urements of middle critical dimension (MCD) of iso-
lated structures and dense structures, respectively,
across the surface of a focus exposure matrix (FEM)
wafer.
FIGS. 8A-8B are contour plots illustrative of meas-
urements of middle critical dimension (MCD) of iso-
lated structures and dense structures, respectively,
across the surface of a sample wafer.
FIGS. 9A-9B are contour plots illustrative of meas-
urements of depth of focus and exposure dosage,
respectively, across the surface of a FEM wafer.
FIGS. 10A-10B are contour plots illustrative of meas-
urements of depth of focus and exposure dosage,
respectively, across the surface of a sample wafer.
FIG. 11 is a diagram illustrative of a matrix 170 of
principal components maps of spectra collected from
a FEM wafer.
FIG. 12 illustrates a system 300 for measuring char-
acteristics of a specimen in accordance with the ex-
emplary methods presented herein.

DETAILED DESCRIPTION

[0015] Reference will now be made in detail to back-
ground examples and some embodiments of the inven-
tion, examples of which are illustrated in the accompa-
nying drawings.

[0016] Methods and systems for creating a measure-
ment model based only on measured training data (e.g.,
spectra collected from a Design of Experiments (DOE)
wafer) are presented. The trained measurement model
is then used to calculate process parameter values,
structure parameter values, or both, directly from meas-
ured data (e.g., spectra) collected from other wafers.
[0017] In one aspect, the measurement models de-
scribed herein receive measurement data (e.g., meas-
ured spectra) directly as input and provide process pa-
rameter values, structure parameter values, or both, as
output. By streamlining the modeling process, the pre-
dictive results are improved along with a reduction in
computation and user time.
[0018] In a further aspect, process parameters are di-
rectly measured based on the measurement model cre-
ated from raw measurement data (e.g., spectra) as de-
scribed herein. Thus, a separate model to derive process
parameters from geometric parameters is not required.
Because process variation is captured by the model,
process parameter values are measured even when the
underlying structure topology is changing due to process
variations. This is impossible, or very difficult to model
using existing model based metrology methods.
[0019] Traditionally, model-based semiconductor me-
trology consists of formulating a metrology model that
attempts to predict the measured optical signals based
on a model of the interaction of the measurement target
with the particular metrology system. The target-specific
model includes a parameterization of the structure in
terms of the physical properties of the measurement tar-
get of interest (e.g., film thicknesses, critical dimensions,
refractive indices, grating pitch, etc.). In addition, the
model includes a parameterization of the measurement
tool itself (e.g., wavelengths, angles of incidence, polar-
ization angles, etc.).
[0020] Machine parameters (Pmachine) are parameters
used to characterize the metrology tool itself. Exemplary
machine parameters include angle of incidence (AOI),
analyzer angle (A0), polarizer angle (P0), illumination
wavelength, numerical aperture (NA), etc. Specimen pa-
rameters (Pspecimen) are parameters used to characterize
the geometric and material properties of the specimen.
For a thin film specimen, exemplary specimen parame-
ters include refractive index, dielectric function tensor,
nominal layer thickness of all layers, layer sequence, etc.
[0021] For measurement purposes, the machine pa-
rameters are treated as known, fixed parameters and the
specimen parameters, or a subset of specimen param-
eters, are treated as unknown, floating parameters. The
floating parameters are resolved by a fitting process (e.g.,
regression, library matching, etc.) that produces the best
fit between theoretical predictions and measured data.
The unknown specimen parameters, Pspecimen, are var-
ied and the model output values are calculated until a set
of specimen parameter values are determined that re-
sults in a close match between the model output values
and the measured values.
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[0022] In many cases, the specimen parameters are
highly correlated. This can lead to instability of the me-
trology-based target model. In some cases, this is re-
solved by fixing certain specimen parameters. However,
this often results in significant errors in the estimation of
the remaining parameters. For example, underlying lay-
ers (e.g., oxide base layers of a semiconductor material
stack on a semiconductor wafer) are not uniformly thick
over the surface of a wafer. However, to reduce param-
eter correlation, measurement models are constructed
that treat these layers as having a fixed thickness over
the surface of the wafer. Unfortunately, this may lead to
significant errors in the estimation of other parameters.
[0023] By using raw measurement data (e.g., spectra)
only to create the model of process parameters, geomet-
ric parameters, or both, as described herein, the errors
and approximations associated with traditional model
based metrology methods are reduced. Measurement of
complex three dimensional structures and in-die meas-
urements are enabled without the complexity added by
geometric models and simulations. In some examples,
the model can be created in less than an hour. In addition,
by employing a simplified model, measurement time is
reduced compared to existing model based metrology
methods. In some examples, measurement time is less
than ten milliseconds per measurement site. In contrast,
measurement times using traditional model based me-
trology methods can be greater than one second in some
cases.
[0024] FIG. 1 illustrates a method 100 suitable for im-
plementation by a metrology system such as metrology
system 300 illustrated in FIG. 12 of the present invention.
In one aspect, it is recognized that data processing blocks
of method 100 may be carried out via a pre-programmed
algorithm executed by one or more processors of com-
puting system 330, or any other general purpose com-
puting system. It is recognized herein that the particular
structural aspects of metrology system 300 do not rep-
resent limitations and should be interpreted as illustrative
only.
[0025] In block 101, a first amount of measurement
data associated with measurements of a first plurality of
sites on a surface of a semiconductor wafer is received
by a computing system (e.g., computing system 330).
The measured sites exhibit known variations of at least
one process parameter, structure parameter, or both.
[0026] In some embodiments, process parameter var-
iations are organized in a Design of Experiments (DOE)
pattern on the surface of a semiconductor wafer (e.g.,
DOE wafer). In this manner, the measurement sites in-
terrogate different locations on the wafer surface that cor-
respond with different process parameter values. In one
example, the DOE pattern is a Focus/Exposure Matrix
(FEM) pattern. Typically, a DOE wafer exhibiting a FEM
pattern includes a grid pattern of measurement sites. In
one grid direction (e.g., the x-direction), the exposure
dosage is varied while the depth of focus is held constant.
In the orthogonal grid direction (e.g., the y-direction), the

depth of focus is varied while the exposure dosage is
held constant. In this manner, measurement data collect-
ed from the DOE wafer includes data associated with
known variations in the focus and dosage process pa-
rameters.
[0027] In the aforementioned example, the measure-
ment data is associated with a DOE wafer processed
with known variations in focus and exposure. However,
in general, measurement data associated with any
known variation of process parameters, structural pa-
rameter, or both, may be contemplated.
[0028] In block 102, one or more features are extracted
from the first amount of measurement data. In some ex-
amples, the measurement data is analyzed using Prin-
cipal Components Analysis (PCA), or non-linear PCA, to
extract features that most strongly reflect the variations
in process parameter, structural parameters, or both, that
are present at the different measurement sites. In some
other examples, a signal filtering technique may be ap-
plied to extract signal data that most strongly reflects the
parameter variations present at the different measure-
ment sites. In some other examples, individual signals
that most strongly reflect the parameter variations
present at the different measurement sites may be se-
lected from multiple signals present in the measurement
data. Although, it is preferred to extract features from the
measurement data to reduce the dimension of data sub-
ject to subsequent analysis, it is not strictly necessary.
In this sense, block 102 is optional.
[0029] In block 103, an input-output measurement
model is determined based on features extracted from
the measurement data, or alternatively, directly from the
measurement data. The input-output measurement mod-
el is structured to receive measurement data generated
by a metrology system at one or more measurement
sites, and directly determine process parameter values,
structural parameter values, or both, associated with
each measurement target. In a preferred embodiment,
the input-output measurement model is implemented as
a neural network model. In one example, the number of
nodes of the neural network is selected based on the
features extracted from the measurement data. In other
examples, the input-output measurement model may be
implemented as a polynomial model, a response surface
model, or other types of models.
[0030] In block 104, an expected response model is
generated for each of the parameters that are known to
be varying across the measurement sites where the
measurement data is collected. In general, the expected
response model defines the values of the known, varying
parameters as a function of location on the wafer surface.
In this manner, the expected response model defines the
expected overall shape of the wafer map for a given pa-
rameter.
[0031] In block 105, the input-output measurement
model is trained based on parameter values determined
from the expected response model. In this manner, proc-
ess information embedded in the expected response
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model is used to constrain the input-output model within
the process space. In this manner, the trained input-out-
put measurement model is generated using DOE meas-
urement data and an expected response model. The
model is trained such that its output fits the defined ex-
pected response for all the spectra in the process varia-
tion space defined by the DOE spectra.
[0032] In some examples, one or more process param-
eters are to be measured. In these examples, the expect-
ed response model is based on the known process pa-
rameter values associated with the measured DOE wa-
fer.
[0033] FIG. 2 illustrates a method 110 suitable for im-
plementation by a metrology system such as metrology
system 300 illustrated in FIG. 12 of the present invention
in another example. Method 110 includes like numbered
blocks as described with reference to FIG. 1. As depicted
in FIG. 2, in block 111, known process parameter values
are received by a computing system such as computing
system 330. In some examples, the known process pa-
rameter values are the depth of focus and exposure dose
of a lithography system used to manufacture the DOE
wafer.
[0034] In block 112, computing system 330 determines
an expected response model for each process parame-
ter. In a typical DOE wafer, the focus and exposure are
changed linearly in accordance with the x and y coordi-
nates of the DOE wafer. In some examples, the expected
response shape for a focus parameter on a DOE wafer
is a tilted plane in the x-direction with a zero crossing in
the middle of the wafer. In one example, the expected
response function that determines the focus parameter
value is, focus = a∗x + b, where a and b are coefficients
that realize the best fit to the known focus parameter
values at each measurement site. Similarly, the expected
response shape for an exposure parameter on a DOE
wafer is a tilted plane in the y-direction with a zero cross-
ing in the middle of the wafer. In another example, the
expected response function that determines the expo-
sure parameter value is, exposure = c∗y + d, where c and
d are coefficients that realize the best fit to the known
exposure parameter values at each measurement site.
[0035] In another example, the expected response
model of the DOE wafer is determined by fitting a two
dimensional map function (i.e., {x,y}) to the known values
of focus and exposure at each of the measurement sites.
[0036] In some other examples, one or more structural
parameters are to be measured. For a geometric param-
eter the shape of the wafer map may be more complex,
and often the shape is defined by the process. In some
of these examples, the expected response model is gen-
erated based on the known process parameter values
associated with the measured DOE wafer. FIG. 3 illus-
trates a method 120 suitable for implementation by a me-
trology system such as metrology system 300 illustrated
in FIG. 12 of the present invention in yet another example.
Method 120 includes like numbered blocks as described
with reference to FIG. 1.

[0037] As depicted in FIG. 3, in block 121, known proc-
ess parameter values are received by a computing sys-
tem such as computing system 330. In one example, the
known process parameter values are the known focus
and exposure values corresponding with each measure-
ment site.
[0038] In block 122, computing system 330 determines
the expected structural parameter values associated with
each of the known process parameter values at each
measurement site are determined based on a simulation.
For example, a process simulator is employed to define
the expected response of a structural parameter (i.e., a
geometric or material parameter) for a given set of proc-
ess parameter values. An exemplary process simulator
includes the Positive Resist Optical Lithography (PRO-
LITH) simulation software available from KLA-Tencor
Corporation, Milpitas, California (USA). Although this ex-
emplary lithography process model is generated using
PROLITH software, in general, any process modeling
technique or tool may be contemplated within the scope
of this patent document. In some examples, the expected
structural parameter values at each measurement site
are determined based on the corresponding focus and
exposure parameter values corresponding with each
measurement site.
[0039] In block 123, computing system 330 determines
the expected response model of each structural param-
eter. In some examples, the expected response model
is determined by fitting a two dimensional (e.g., {x,y})
map function to the structural parameter values associ-
ated with each measurement site.
[0040] In some other examples, the expected re-
sponse model for a structural parameter is determined
based on features of the measurement data associated
with the DOE wafer. FIG. 4 illustrates a method 130 suit-
able for implementation by a metrology system such as
metrology system 300 illustrated in FIG. 12 of the present
invention in yet another example. Method 130 includes
like numbered blocks as described with reference to FIG.
1.
[0041] As depicted in FIG. 4, in block 131, reference
measurement data associated with measurements of the
structural parameter on the DOE wafer are received, for
example, by computing system 330. The reference
measurement data is derived from measurements of tar-
gets at one or more measurement sites of the DOE wafer
by a reference metrology system such as a Scanning
Electron Microscope (SEM), Tunneling electron Micro-
scope (TEM), Atomic Force Microscope (AFM), or x-ray
measurement system.
[0042] In addition, in block 102, one or more features
(e.g., shape functions) are extracted from the measure-
ment data as described with reference to FIG. 1. In one
example, the first principal component (PC1) of the
measured spectra is used to describe the overall shape
of the response surface associated with a particular
structural parameter (e.g., Middle Critical Dimension
(MCD)).
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[0043] In block 132, computing system 330 calibrates
the shape function(s) extracted from the measurement
data based on the reference measurement data to gen-
erate a calibrated response surface.
[0044] In block 133, computing system 330 determines
the expected response model of each of the known struc-
tural parameters by fitting a two dimensional (e.g., {x,y})
map function to the calibrated response surface. In one
example, the expected response model of the MCD pa-
rameter is: MCD = a01 + a11(y + r0y2) + a21x2, where x
and y are the wafer coordinates and a01, a11, r0, a21
are coefficients that best fit the function to the calibrated
shape function.
[0045] In another aspect, the trained model is em-
ployed as the measurement model for measurement of
other wafers. FIG. 5 illustrates a method 140 suitable for
implementation by a metrology system such as metrol-
ogy system 300 illustrated in FIG. 12 of the present in-
vention. In one aspect, it is recognized that data process-
ing blocks of method 140 may be carried out via a pre-
programmed algorithm executed by one or more proc-
essors of computing system 330, or any other general
purpose computing system. It is recognized herein that
the particular structural aspects of metrology system 300
do not represent limitations and should be interpreted as
illustrative only.
[0046] In block 141, an amount of measurement data
associated with measurements of a second plurality of
sites on a surface of a semiconductor wafer is received
by a computing system (e.g., computing system 330).
[0047] In block 142, one or more features are extracted
from the measurement data. In some examples, the
measurement data is analyzed using Principal Compo-
nents Analysis (PCA), or non-linear PCA, to extract fea-
tures that most strongly reflect the variations in process
parameter, structural parameters, or both, that are
present at the different measurement sites. In some other
examples, a signal filtering technique may be applied to
extract signal data that most strongly reflects the param-
eter variations present at the different measurement
sites. In some other examples, individual signals that
most strongly reflect the parameter variations present at
the different measurement sites may be selected from
multiple signals present in the measurement data. Al-
though, it is preferred to extract features from the meas-
urement data to reduce the dimension of data subject to
subsequent analysis, it is not strictly necessary. In this
sense, block 142 is optional. In addition, it is preferred to
extract features from the measurement data using the
same analysis employed to extract features from the
training data in block 102, as described with reference
to FIGS. 1-4.
[0048] In block 143, at least one process parameter
value, at least one structural parameter value, or both,
associated with each of the second plurality of sites is
determined by computing system 330 based on a fitting
of the second amount of measurement data to the trained
input-output measurement model as described with ref-

erence to FIGS. 1-4, by way of non-limiting example.
[0049] In block 144, the determined parameter values
are stored in a memory. For example, the parameter val-
ues may be stored on-board the measurement system
300, for example, in memory 332, or may be communi-
cated (e.g., via output signal 340) to an external memory
device.
[0050] FIG. 6A is a contour plot 150 illustrative of meas-
urements of exposure dosage across the surface of a
DOE wafer. As illustrated, exposure dosage varies in the
x-direction across the wafer and is constant in the y-di-
rection across the wafer. FIG. 6B is a contour plot 151
illustrative of measurements of lithography depth of focus
across the surface of a DOE wafer. As illustrated, depth
of focus varies in the y-direction across the wafer and is
constant in the x-direction across the wafer.
[0051] The measurement results illustrated in FIGS.
6A and 6B result from measurements (i.e., measured
spectra) collected at multiple measurement sites on a
DOE wafer and processed in accordance with method
140 illustrated in FIG. 5. The underlying dosage and focus
measurement models were developed in accordance
with method 110 and trained with measurement data col-
lected from different measurement sites on the same
DOE wafer.
[0052] FIG. 6C is a contour plot 152 illustrative of meas-
urements of exposure dosage across the surface of a
sample wafer. FIG. 6D is a contour plot 153 illustrative
of measurements of lithography depth of focus across
the surface of the same wafer described with reference
to FIG. 6C.
[0053] The measurement results illustrated in FIGS.
6C and 6D are each derived from measurements (i.e.,
measured spectra) collected at multiple measurement
sites on a wafer, different from the DOE wafer, and proc-
essed in accordance with method 140 illustrated in FIG.
5. The underlying dosage and focus measurement mod-
els were developed in accordance with method 110 and
trained with measurement data collected from different
measurement sites on the DOE wafer described with ref-
erence to FIGS. 6A and 6B.
[0054] FIG. 6E is a contour plot 154 illustrative of meas-
urements of exposure dosage across the surface of yet
another sample wafer. FIG. 6F is a contour plot 155 il-
lustrative of measurements of lithography depth of focus
across the surface of the same wafer described with ref-
erence to FIG. 6E.
[0055] The measurement results illustrated in FIGS.
6E and 6F are derived from measurements (i.e., meas-
ured spectra) collected at multiple measurement sites on
the sample wafer that is different from the DOE wafer,
and processed in accordance with method 140 illustrated
in FIG. 5. The underlying dosage and focus measure-
ment models were developed in accordance with method
110 and trained with measurement data collected from
different measurement sites on the DOE wafer described
with reference to FIGS. 6A and 6B. As illustrated in FIGS.
6C-6F, variations in the value of focus and exposure
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across different wafers having different focus steps are
captured by the measurement model developed in ac-
cordance with method 110.
[0056] FIG. 7A is a contour plot 156 illustrative of meas-
urements of middle critical dimension (MCD) of isolated
structures across the surface of a focus exposure matrix
(FEM) wafer. The exposure dosage varies in the x-direc-
tion across the wafer and the depth of focus varies in the
y-direction across the wafer. As illustrated, the MCD val-
ues vary across the surface of the wafer due to differenc-
es in focus and exposure dosage across the surface of
the wafer. FIG. 7B is a contour plot 157 illustrative of
measurements of middle critical dimension (MCD) of
dense structures across the surface of a focus exposure
matrix (FEM) wafer. The exposure dosage varies in the
x-direction across the wafer and the depth of focus varies
in the y-direction across the wafer. As illustrated, the
MCD values for dense structures also vary across the
surface of the wafer due to differences in focus and ex-
posure dosage across the surface of the wafer, but in a
different manner than isolated structures.
[0057] The measurement results illustrated in FIGS.
7A and 7B result from measurements (i.e., measured
spectra) collected at multiple measurement sites on the
FEM wafer and processed in accordance with method
140 illustrated in FIG. 5. Both the underlying isolated
MCD measurement model and the dense MCD meas-
urement model were developed in accordance with meth-
od 120 and trained with measurement data collected from
different measurement sites on the same FEM wafer.
[0058] FIG. 8A is a contour plot 158 illustrative of meas-
urements of MCD of isolated structures across the sur-
face of a sample wafer. FIG. 8B is a contour plot 159
illustrative of measurements of MCD of dense structures
across the surface of a sample wafer. The sample wafers
were processed at a particular depth of focus and expo-
sure dosage. The particular focus and dosage values
correspond approximately with the focus and dosage val-
ues near the middle of the FEM wafer measured in FIGS.
7A-7B.
[0059] The measurement results illustrated in FIGS.
8A and 8B are derived from measurements (i.e., meas-
ured spectra) collected at multiple measurement sites on
a sample wafer, different from the FEM wafer, and proc-
essed in accordance with method 140 illustrated in FIG.
5. Both the underlying isolated MCD measurement model
and the dense MCD measurement model were devel-
oped in accordance with method 120 and trained with
measurement data collected from different measurement
sites on FEM wafer.
[0060] The measurement results illustrated in FIGS.
6A-6F, 7A-7B, and 8A-8B were derived from different
measurement models, each corresponding to a particu-
lar process or structural parameter (e.g., focus, expo-
sure, and MCD). However, in general, a measurement
model may characterize more than one process param-
eter, structural parameter, or both.
[0061] FIG. 12 illustrates a system 300 for measuring

characteristics of a specimen in accordance with the ex-
emplary methods presented herein. As shown in FIG.
12, the system 300 may be used to perform spectroscopic
ellipsometry measurements of one or more structures of
a specimen 301. In this aspect, the system 300 may in-
clude a spectroscopic ellipsometer equipped with an il-
luminator 302 and a spectrometer 304. The illuminator
302 of the system 300 is configured to generate and direct
illumination of a selected wavelength range (e.g.,
150-850 nm) to the structure disposed on the surface of
the specimen 301. In turn, the spectrometer 304 is con-
figured to receive illumination reflected from the surface
of the specimen 301. It is further noted that the light
emerging from the illuminator 302 is polarized using a
polarization state generator 307 to produce a polarized
illumination beam 306. The radiation reflected by the
structure disposed on the specimen 301 is passed
through a polarization state analyzer 309 and to the spec-
trometer 304. The radiation received by the spectrometer
304 in the collection beam 308 is analyzed with regard
to polarization state, allowing for spectral analysis by the
spectrometer of radiation passed by the analyzer. These
spectra 311 are passed to the computing system 330 for
analysis of the structure.
[0062] As depicted in FIG. 12, system 300 includes a
single measurement technology (i.e., SE). However, in
general, system 300 may include any number of different
measurement technologies. By way of non-limiting ex-
ample, system 300 may be configured as a spectroscopic
ellipsometer (including Mueller matrix ellipsometry), a
spectroscopic reflectometer, a spectroscopic scatterom-
eter, an overlay scatterometer, an angular resolved beam
profile reflectometer, a polarization resolved beam profile
reflectometer, a beam profile reflectometer, a beam pro-
file ellipsometer, any single or multiple wavelength ellip-
someter, or any combination thereof. Furthermore, in
general, measurement data collected by different meas-
urement technologies and analyzed in accordance with
the methods described herein may be collected from mul-
tiple tools, rather than one tool integrating multiple tech-
nologies.
[0063] In a further embodiment, system 300 may in-
clude one or more computing systems 330 employed to
perform measurements based on measurement models
developed in accordance with the methods described
herein. The one or more computing systems 330 may be
communicatively coupled to the spectrometer 304. In one
aspect, the one or more computing systems 330 are con-
figured to receive measurement data 311 associated with
measurements of the structure of specimen 301.
[0064] It should be recognized that the various steps
described throughout the present disclosure may be car-
ried out by a single computer system 330 or, alternatively,
a multiple computer system 330. Moreover, different sub-
systems of the system 300, such as the spectroscopic
ellipsometer 304, may include a computer system suita-
ble for carrying out at least a portion of the steps de-
scribed herein. Therefore, the aforementioned descrip-

11 12 



EP 2 979 297 B1

8

5

10

15

20

25

30

35

40

45

50

55

tion should not be interpreted as a limitation on the
present invention but merely an illustration. Further, the
one or more computing systems 330 may be configured
to perform any other step(s) of any of the method em-
bodiments described herein.
[0065] In addition, the computer system 330 may be
communicatively coupled to the spectrometer 304 in any
manner known in the art. For example, the one or more
computing systems 330 may be coupled to computing
systems associated with the spectrometer 304. In anoth-
er example, the spectrometer 304 may be controlled di-
rectly by a single computer system coupled to computer
system 330.
[0066] The computer system 330 of the metrology sys-
tem 300 may be configured to receive and/or acquire
data or information from the subsystems of the system
(e.g., spectrometer 304 and the like) by a transmission
medium that may include wireline and/or wireless por-
tions. In this manner, the transmission medium may
serve as a data link between the computer system 330
and other subsystems of the system 300.
[0067] Computer system 330 of the integrated metrol-
ogy system 300 may be configured to receive and/or ac-
quire data or information (e.g., measurement results,
modeling inputs, modeling results, etc.) from other sys-
tems by a transmission medium that may include wireline
and/or wireless portions. In this manner, the transmission
medium may serve as a data link between the computer
system 330 and other systems (e.g., memory on-board
metrology system 300, external memory, reference
measurement source 320, or other external systems).
For example, the computing system 330 may be config-
ured to receive measurement data from a storage medi-
um (i.e., memory 332 or an external memory) via a data
link. For instance, spectral results obtained using spec-
trometer 304 may be stored in a permanent or semi-per-
manent memory device (e.g., memory 332 or an external
memory). In this regard, the spectral results may be im-
ported from on-board memory or from an external mem-
ory system. Moreover, the computer system 330 may
send data to other systems via a transmission medium.
For instance, an integrated measurement model or a
specimen parameter 340 determined by computer sys-
tem 330 may be communicated and stored in an external
memory. In this regard, measurement results may be ex-
ported to another system.
[0068] Computing system 330 may include, but is not
limited to, a personal computer system, mainframe com-
puter system, workstation, image computer, parallel
processor, or any other device known in the art. In gen-
eral, the term "computing system" may be broadly de-
fined to encompass any device having one or more proc-
essors, which execute instructions from a memory me-
dium.
[0069] Program instructions 334 implementing meth-
ods such as those described herein may be transmitted
over a transmission medium such as a wire, cable, or
wireless transmission link. For example, as illustrated in

FIG. 12, program instructions 334 stored in memory 332
are transmitted to processor 331 over bus 333. Program
instructions 334 are stored in a computer readable me-
dium (e.g., memory 332). Exemplary computer-readable
media include read-only memory, a random access
memory, a magnetic or optical disk, or a magnetic tape.
[0070] In a further aspect, measurement data from
multiple targets is collected for model building, training,
and measurement. In some examples, the use of meas-
urement data associated with multiple targets eliminates,
or significantly reduces, the effect of under layers in the
measurement result. In one example, measurement sig-
nals from two targets are subtracted to eliminate, or sig-
nificantly reduce, the effect of under layers in each meas-
urement result. The use of measurement data associated
with multiple targets increases the sample and process
information embedded in the model. In particular, the use
of training data that includes measurements of multiple,
different targets at one or more measurement sites en-
ables more accurate measurements.
[0071] In one example, a measurement model is cre-
ated from spectral measurements of a FEM wafer for
both isolated and dense targets. The measurement mod-
el is then trained based on the spectral measurement
data and an expected response model for focus, expo-
sure, MCD for an isolated target, and MCD for a dense
target, respectively. The resulting trained measurement
models are subsequently employed to calculate focus,
exposure, and MCD for both isolated and dense targets
on sample wafers. In this manner, each parameter has
its own trained model that calculates the parameter value
from the measured spectra (or extracted features) asso-
ciated with both isolated and dense targets.
[0072] FIGS. 9A-9B and 10A-10B illustrate measure-
ment results for focus and exposure for FEM and CDU
wafers with under layer gratings.
[0073] FIG. 9A is a contour plot 161 illustrative of meas-
urements of depth of focus across the surface of a FEM
wafer. In this example, focus varies in the x-direction
across the wafer and is constant in the y-direction across
the wafer. FIG. 9B is a contour plot 162 illustrative of
measurements of exposure dosage across the surface
of the FEM wafer. As illustrated, dosage varies in the y-
direction across the wafer and is constant in the x-direc-
tion across the wafer.
[0074] The measurement results illustrated in FIGS.
9A and 9B result from measurements (i.e., measured
spectra) collected at multiple measurement sites on the
FEM wafer and processed in accordance with method
140 illustrated in FIG. 5. The underlying dosage and focus
measurement models were developed in accordance
with method 110 and trained with measurement data col-
lected from different measurement sites on the same
DOE wafer.
[0075] FIG. 10A is a contour plot 163 illustrative of
measurements of depth of focus across the surface of a
sample wafer. FIG. 10B is a contour plot 164 illustrative
of measurements of exposure dosage across the surface
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of the same wafer described with reference to FIG. 10A.
The sample wafers were processed at a particular depth
of focus and exposure dosage. The particular focus and
dosage values correspond approximately with the focus
and dosage values near the middle of the FEM wafer
measured in FIGS. 9A-9B. As a result, it is expected that
the focus and exposure measurement results illustrated
in FIGS. 10A-10B, respectively, show minimal variation
in focus and exposure over the wafer surface.
[0076] The measurement results illustrated in FIGS.
10A and 10B are derived from measurements (i.e., meas-
ured spectra) collected at multiple measurement sites on
a wafer, different from the FEM wafer, and processed in
accordance with method 140 illustrated in FIG. 5. The
underlying dosage and focus measurement models were
developed in accordance with method 110 and trained
with measurement data collected from different meas-
urement sites on the DOE wafer described with reference
to FIGS. 9A and 9B.
[0077] FIG. 11 illustrates a matrix 170 of principal com-
ponents maps of spectra collected from a FEM wafer. As
illustrated, the first few principal components roughly re-
flect the global focus and exposure patterns created by
the Focus and Exposure Matrix (i.e., variation in one di-
rection, constant in the orthogonal direction, and vice-
versa). Principal component maps higher than seven ex-
hibit a noisy pattern associated with random under layer
variations, line edge roughness, or other types of noise.
In this example, it is preferred to utilize only the first seven
principal components to train the focus and exposure
models. In this manner, principal components that pri-
marily reflect noise are truncated for purposes of model
building, and subsequent measurement analysis.
[0078] In another further aspect, measurement data
derived from measurements performed by a combination
of multiple, different measurement techniques is collect-
ed for model building, training, and measurement. The
use of measurement data associated with multiple, dif-
ferent measurement techniques increases the sample
and process information embedded in the model and en-
ables more accurate measurements. Measurement data
may be derived from measurements performed by any
combination of multiple, different measurement tech-
niques. In this manner, different measurement sites may
be measured by multiple, different measurement tech-
niques to enhance the measurement information availa-
ble for characterization of the semiconductor structures.
[0079] In general, any measurement technique, or
combination of two or more measurement techniques
may be contemplated within the scope of this patent doc-
ument. Exemplary measurement techniques include, but
are not limited to spectroscopic ellipsometry, including
Mueller matrix ellipsometry, spectroscopic reflectometry,
spectroscopic scatterometry, scatterometry overlay,
beam profile reflectometry, both angle-resolved and po-
larization-resolved, beam profile ellipsometry, single or
multiple discrete wavelength ellipsometry, transmission
small angle x-ray scatterometer (TSAXS), small angle x-

ray scattering (SAXS), grazing incidence small angle x-
ray scattering (GISAXS), wide angle x-ray scattering
(WAXS), x-ray reflectivity (XRR), x-ray diffraction (XRD),
grazing incidence x-ray diffraction (GIXRD), high resolu-
tion x-ray diffraction (HRXRD), x-ray photoelectron spec-
troscopy (XPS), x-ray fluorescence (XRF), grazing inci-
dence x-ray fluorescence (GIXRF), x-ray tomography,
and x-ray ellipsometry. In general, any metrology tech-
nique applicable to the characterization of semiconductor
structures, including image based metrology techniques,
may be contemplated.
[0080] In some examples, the model building, training,
and measurement methods described herein are imple-
mented as an element of a SpectraShape® optical criti-
cal-dimension metrology system available from KLA-
Tencor Corporation, Milpitas, California, USA. In this
manner, the model is created and ready for use imme-
diately after the DOE wafer spectra are collected by the
system.
[0081] In some other examples, the model building and
training methods described herein are implemented off-
line, for example, by a computing system implementing
AcuShape® software available from KLA-Tencor Corpo-
ration, Milpitas, California, USA. The resulting, trained
model may be incorporated as an element of an AcuSh-
ape® library that is accessible by a metrology system
performing measurements.
[0082] Although several examples are described here-
inbefore with reference to a lithography process model
and associated focus and exposure metrologies, the
methods and systems described herein may involve oth-
er process models (e.g., etch or deposition processing),
and other metrologies (e.g., etch and deposition metrol-
ogies). The methods and systems described herein may
also involve other reference metrology technologies (e.g.
SEM, TEM, AFM, X-ray). Moreover, the methods and
systems described herein are discussed with reference
to optical metrology systems (e.g., spectroscopic ellip-
someters, reflectometers, BPR systems, etc.), but can
be also applied to other model-based metrologies (e.g.,
overlay, CD-SAXS, XRR, etc.).
[0083] In yet another aspect, the measurement model
results described herein are used to provide active feed-
back to a process tool (e.g., lithography tool, etch tool,
deposition tool, etc.). For example, values of the depth
and focus parameters determined using the methods de-
scribed herein can be communicated to a lithography tool
to adjust the lithography system to achieve a desired out-
put. In a similar way etch parameters (e.g., etch time,
diffusivity, etc.) or deposition parameters (e.g., time, con-
centration, etc.) may be included in a measurement mod-
el to provide active feedback to etch tools or deposition
tools, respectively.
[0084] In general, the systems and methods described
herein can be implemented as part of the process of pre-
paring a measurement model for off-line or on-tool meas-
urement. In addition, both measurement models and any
reparameterized measurement model may describe one
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or more target structures and measurement sites.
[0085] As described herein, the term "critical dimen-
sion" includes any critical dimension of a structure (e.g.,
bottom critical dimension, middle critical dimension, top
critical dimension, sidewall angle, grating height, etc.), a
critical dimension between any two or more structures
(e.g., distance between two structures), and a displace-
ment between two or more structures (e.g., overlay dis-
placement between overlaying grating structures, etc.).
Structures may include three dimensional structures,
patterned structures, overlay structures, etc.
[0086] As described herein, the term "critical dimen-
sion application" or "critical dimension measurement ap-
plication" includes any critical dimension measurement.
[0087] As described herein, the term "metrology sys-
tem" includes any system employed at least in part to
characterize a specimen in any aspect, including meas-
urement applications such as critical dimension metrol-
ogy, overlay metrology, focus/dosage metrology, and
composition metrology. However, such terms of art do
not limit the scope of the term "metrology system" as
described herein. In addition, the metrology system 100
may be configured for measurement of patterned wafers
and/or unpatterned wafers. The metrology system may
be configured as a LED inspection tool, edge inspection
tool, backside inspection tool, macro-inspection tool, or
multi-mode inspection tool (involving data from one or
more platforms simultaneously), and any other metrology
or inspection tool that benefits from the calibration of sys-
tem parameters based on critical dimension data.
[0088] Various embodiments are described herein for
a semiconductor processing system (e.g., an inspection
system or a lithography system) that may be used for
processing a specimen. The term "specimen" is used
herein to refer to a wafer, a reticle, or any other sample
that may be processed (e.g., printed or inspected for de-
fects) by means known in the art.
[0089] As used herein, the term "wafer" generally re-
fers to substrates formed of a semiconductor or non-sem-
iconductor material. Examples include, but are not limited
to, monocrystalline silicon, gallium arsenide, and indium
phosphide. Such substrates may be commonly found
and/or processed in semiconductor fabrication facilities.
In some cases, a wafer may include only the substrate
(i.e., bare wafer). Alternatively, a wafer may include one
or more layers of different materials formed upon a sub-
strate. One or more layers formed on a wafer may be
"patterned" or "unpatterned." For example, a wafer may
include a plurality of dies having repeatable pattern fea-
tures.
[0090] A "reticle" may be a reticle at any stage of a
reticle fabrication process, or a completed reticle that
may or may not be released for use in a semiconductor
fabrication facility. A reticle, or a "mask," is generally de-
fined as a substantially transparent substrate having sub-
stantially opaque regions formed thereon and configured
in a pattern. The substrate may include, for example, a
glass material such as amorphous SiO2. A reticle may

be disposed above a resist-covered wafer during an ex-
posure step of a lithography process such that the pattern
on the reticle may be transferred to the resist.
[0091] One or more layers formed on a wafer may be
patterned or unpatterned. For example, a wafer may in-
clude a plurality of dies, each having repeatable pattern
features. Formation and processing of such layers of ma-
terial may ultimately result in completed devices. Many
different types of devices may be formed on a wafer, and
the term wafer as used herein is intended to encompass
a wafer on which any type of device known in the art is
being fabricated.
[0092] In one or more exemplary embodiments, the
functions described may be implemented in hardware,
software, firmware, or any combination thereof. If imple-
mented in software, the functions may be stored on or
transmitted over as one or more instructions or code on
a computer-readable medium. Computer-readable me-
dia includes both computer storage media and commu-
nication media including any medium that facilitates
transfer of a computer program from one place to anoth-
er. A storage media may be any available media that can
be accessed by a general purpose or special purpose
computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, mag-
netic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store de-
sired program code means in the form of instructions or
data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-pur-
pose or special-purpose processor. Also, any connection
is properly termed a computer-readable medium. For ex-
ample, if the software is transmitted from a website, serv-
er, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, ra-
dio, and microwave are included in the definition of me-
dium. Disk and disc, as used herein, includes compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above should
also be included within the scope of computer-readable
media.
[0093] Although certain specific embodiments are de-
scribed above for instructional purposes, the teachings
of this patent document have general applicability and
are not limited to the specific embodiments described
above. The invention is as defined in the appended
claims

Claims

1. A method (100) comprising:
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receiving a first amount of measurement data
associated with measurements of a first plurality
of sites on a surface of a semiconductor wafer
with known variations of at least one process
parameter, structure parameter, or both (101),
wherein the first amount of measurement data
is derived from measurements performed by at
least one metrology technique;
determining an expected response model of
each of the at least one known process param-
eters, structure parameters, or both (104);
determining an input-output measurement mod-
el based at least in part on the first amount of
measurement data (103) ;
training the input-output measurement model
based on parameter values determined from the
expected response model (105);
using the trained input-output measurement
model to calculate process parameter values,
structure paramter values, or both, directly from
measurement data collected from other wafers;
and
communicating an indication of the at least one
process parameter value, the at least one struc-
tural parameter value, or both, to a semiconduc-
tor fabrication tool that causes the semiconduc-
tor fabrication tool to adjust one or more param-
eters of a fabrication process of the semicon-
ductor fabrication tool to achieve a desired out-
put from the fabrication tool.

2. The method of Claim 1, further comprising:

receiving a second amount of measurement da-
ta associated with measurements of a second
plurality of sites using the first metrology tech-
nique (141);
determining at least one process parameter val-
ue, at least one structural parameter value, or
both, associated with each of the second plural-
ity of sites based on a fitting of the second
amount of measurement data to the trained in-
put-output measurement model(143); and
storing any of the at least one process parameter
value, the at least one structural parameter val-
ue, or both, in a memory (144).

3. The method of Claim 1, wherein the first amount of
measurement data is associated with measure-
ments of a first plurality of sites with known variations
of focus and exposure dosage over the surface of
the semiconductor wafer.

4. The method of Claim 1, further comprising:
extracting one or more features of the first amount
of measurement data by reducing a dimension of the
first amount of measurement data, and wherein the
determining the input-output measurement model is

based at least in part on the one or more features.

5. The method of Claim 4, wherein the reducing the
dimension of the first amount of measurement data
involves any of a principal components analysis, a
non-linear principal components analysis, a selec-
tion of individual signals from the first amount of
measurement data, and a filtering of the first amount
of measurement data.

6. The method of Claim 1, wherein the expected re-
sponse model is a wafer map model, and wherein
the determining the wafer map model involves fitting
a two dimensional map function to the known proc-
ess parameters, structure parameters, or both, as-
sociated with the first plurality of sites.

7. The method of Claim 1, further comprising:
determining the at least one known structure param-
eter based at least in part on a simulation of a process
performed on the semiconductor wafer.

8. The method of Claim 1, further comprising:
determining the at least one known structure param-
eter based at least in part on an amount of reference
measurement data associated with the at least one
known structure parameter.

9. The method of Claim 1, wherein the first amount of
measurement data includes measurement signals
associated with more than one

(a) target feature at any of the first plurality of
sites; or
(b)metrology technique.

10. A system (300) comprising:

a metrology tool including an illumination source
(302) and a detector (304) configured to perform
measurements of a target structure (301); and
a computing system (330) configured to:

receive a first amount of measurement data
from the metrology tool, the first amount of
data associated with measurements of a
first plurality of sites on a surface of a sem-
iconductor wafer with known variations of
at least one process parameter, structure
parameter, or both;
determine an expected response model of
each of the at least one known process pa-
rameters, structure parameters, or both;
determine an input-output measurement
model based at least in part on the first
amount of measurement data;

train the input-output measurement model

19 20 



EP 2 979 297 B1

12

5

10

15

20

25

30

35

40

45

50

55

based on parameter values determined from the
expected response model;
use the trained input-output measurement mod-
el to calculate process parameter values, struc-
ture paramter values, or both, directly from
measurement data collected from other wafers;
communicate an indication of the at least one
process parameter value, the at least one struc-
tural parameter value, or both, to a semiconduc-
tor fabrication tool that causes the semiconduc-
tor fabrication tool to adjust one or more param-
eters of a fabrication process of the semicon-
ductor fabrication tool to achieve a desired out-
put from the fabrication tool.

11. The system of Claim 10, wherein the computing sys-
tem is further configured to:

receive a second amount of measurement data
associated with measurements of a second plu-
rality of sites;
determine at least one process parameter value,
at least one structural parameter value, or both,
associated with each of the second plurality of
sites based on a fitting of the second amount of
measurement data to the trained input-output
measurement model; and
store any of the at least one process parameter
value, the at least one structural parameter val-
ue, or both, in a memory.

12. The system of Claim 10, wherein the computing sys-
tem is further configured to:
extract one or more features of the first amount of
measurement data by reducing a dimension of the
first amount of measurement data, and wherein the
determining the input-output measurement model is
based at least in part on the one or more features.

13. The system of Claim 12, wherein the reducing the
dimension of the first amount of measurement data
involves any of a principal components analysis, a
non-linear principal components analysis, a selec-
tion of individual signals from the first amount of
measurement data, and a filtering of the first amount
of measurement data.

14. The system of Claim 10, wherein the expected re-
sponse model is a wafer map model, and wherein
the determining the wafer map model involves fitting
a two dimensional map function to the known proc-
ess parameters, structure parameters, or both, as-
sociated with the first plurality of sites.

15. The system of Claim 10, wherein the first amount of
measurement data includes measurement signals
associated with more than one

(a) target feature at any of the first plurality of
sites; or
(b) metrology technique.

Patentansprüche

1. Verfahren (100), umfassend:

Empfangen einer ersten Menge an Messdaten,
die mit Messungen einer ersten Vielzahl von
Stellen an einer Oberfläche eines Halbleiterwa-
fers mit bekannten Variationen mindestens ei-
nes Prozessparameters, Strukturparameters
oder beider verknüpft ist (101), wobei die erste
Menge an Messdaten von Messungen abgelei-
tet wird, die durch mindestens eine Metrologie-
technik durchgeführt werden;
Bestimmen eines erwarteten Antwortmodells je-
des der mindestens einen bekannten Prozes-
sparameter, Strukturparameter oder beider
(104);
Bestimmen eines Eingangs-/Ausgangsmes-
sungsmodells zumindest teilweise auf Grundla-
ge der ersten Menge an Messdaten (103);
Trainieren des Eingangs-/Ausgangsmessungs-
modells auf Grundlage von Parameterwerten,
die aus dem erwarteten Antwortmodell be-
stimmt werden (105);
Verwenden des trainierten Eingangs-/Aus-
gangsmessungsmodells, um Prozessparame-
terwerte, Strukturparameterwerte oder beide di-
rekt aus Messdaten, die von anderen Wafern
gesammelt werden, zu berechnen; und
Kommunizieren einer Angabe des mindestens
einen Prozessparameterwerts, des mindestens
einen Strukturparameterwerts oder beider an
ein Halbleiterfertigungswerkzeug, die das Halb-
leiterfertigungswerkzeug veranlasst, einen oder
mehrere Parameter eines Fertigungsprozesses
des Halbleiterfertigungswerkzeugs einzustel-
len, um ein gewünschtes Ergebnis von dem Fer-
tigungswerkzeug zu erzielen.

2. Verfahren nach Anspruch 1, ferner umfassend:

Empfangen einer zweiten Menge an Messda-
ten, die mit Messungen einer zweiten Vielzahl
von Stellen verknüpft ist, unter Verwendung der
ersten Metrologietechnik (141);
Bestimmen mindestens eines Prozessorpara-
meterwerts, mindestens eines Strukturparame-
terwerts oder beider, die mit jeder der zweiten
Vielzahl von Stellen verknüpft sind, auf Grund-
lage einer Anpassung der zweiten Menge an
Messdaten an das trainierte Eingangs-/Aus-
gangsmessungsmodell (143); und
Speichern eines beliebigen des mindestens ei-
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nen Prozessparameterwerts, des mindestens
einen Strukturparameterwerts oder beider in ei-
nem Speicher (144).

3. Verfahren nach Anspruch 1, wobei die erste Menge
an Messdaten mit Messungen einer ersten Vielzahl
von Stellen mit bekannten Variationen bei Fokus und
Belichtungsdosis über der Oberfläche des Halblei-
terwafers verknüpft ist.

4. Verfahren nach Anspruch 1, ferner umfassend:
Extrahieren eines oder mehrerer Merkmale der ers-
ten Menge an Messdaten durch Reduzieren einer
Größenordnung der ersten Menge an Messdaten,
und wobei das Bestimmen des Eingangs-/Aus-
gangsmessungsmodells zumindest teilweise auf
dem einen oder den mehreren Merkmalen basiert.

5. Verfahren nach Anspruch 4, wobei das Reduzieren
der Größenordnung der ersten Menge an Messda-
ten ein(e) beliebige(s) von einer Hauptkomponen-
tenanalyse, einer nichtlinearen Hauptkomponenten-
analyse, einer Auswahl von einzelnen Signalen aus
der ersten Menge an Messdaten und einem Filtern
der ersten Menge an Messdaten einschließt.

6. Verfahren nach Anspruch 1, wobei das erwartete
Antwortmodell ein Wafermapmodell ist und wobei
das Bestimmen des Wafermapmodells Anpassen ei-
ner zweidimensionalen Mapfunktion an die bekann-
ten Prozessparameter, Strukturparameter oder bei-
de einschließt, die mit der ersten Vielzahl von Stellen
verknüpft sind.

7. Verfahren nach Anspruch 1, ferner umfassend:
Bestimmen des mindestens einen bekannten Struk-
turparameters zumindest teilweise auf Grundlage ei-
ner Simulation eines an dem Halbleiterwafer durch-
geführten Prozesses.

8. Verfahren nach Anspruch 1, ferner umfassend:
Bestimmen des mindestens einen bekannten Struk-
turparameters zumindest teilweise auf Grundlage ei-
ner Menge an Referenzmessdaten, die mit dem min-
destens einen bekannten Strukturparameter ver-
knüpft ist.

9. Verfahren nach Anspruch 1, wobei die erste Menge
an Messdaten Messignale beinhaltet, die mit mehr
als einem

(a) Zielmerkmal an einer beliebigen der ersten
Vielzahl von Stellen; oder
(b) Metrologietechnik verknüpft sind.

10. System (300), umfassend:

ein Metrologiewerkzeug, das eine Beleuch-

tungsquelle (302) und einen Detektor (304), der
zum Durchführen von Messungen an einer Ziel-
struktur (301) konfiguriert ist, beinhaltet; und
ein Rechensystem (330), das zu Folgendem
konfiguriert ist:

Empfangen einer ersten Menge an Mess-
daten von dem Metrologiewerkzeug, wobei
die erste Menge an Messdaten mit Messun-
gen einer ersten Vielzahl von Stellen an ei-
ner Oberfläche eines Halbleiterwafers mit
bekannten Variationen mindestens eines
Prozessparameters, Strukturparameters
oder beider verknüpft ist;
Bestimmen eines erwarteten Antwortmo-
dells jedes der mindestens einen bekann-
ten Prozessparameter, Strukturparameter
oder beider;
Bestimmen eines Eingangs-/Ausgangs-
messungsmodells zumindest teilweise auf
Grundlage der ersten Menge an Messda-
ten;
Trainieren des Eingangs-/Ausgangsmes-
sungsmodells auf Grundlage von Parame-
terwerten, die aus dem erwarteten Antwort-
modell bestimmt werden;
Verwenden des trainierten Eingangs-/Aus-
gangsmessungsmodells, um Prozesspara-
meterwerte, Strukturparameterwerte oder
beide direkt aus Messdaten, die von ande-
ren Wafern gesammelt werden, zu berech-
nen;
Kommunizieren einer Angabe des mindes-
tens einen Prozessparameterwerts, des
mindestens einen Strukturparameterwerts
oder beider an ein Halbleiterfertigungs-
werkzeug, die das Halbleiterfertigungs-
werkzeug veranlasst, einen oder mehrere
Parameter eines Fertigungsprozesses des
Halbleiterfertigungswerkzeugs einzustel-
len, um ein gewünschtes Ergebnis von dem
Fertigungswerkzeug zu erzielen.

11. System nach Anspruch 10, wobei das Rechensys-
tem ferner zu Folgendem konfiguriert ist:

Empfangen einer zweiten Menge an Messda-
ten, die mit Messungen einer zweiten Vielzahl
von Stellen verknüpft ist;
Bestimmen mindestens eines Prozessorpara-
meterwerts, mindestens eines Strukturparame-
terwerts oder beider, die mit jeder der zweiten
Vielzahl von Stellen verknüpft sind, auf Grund-
lage einer Anpassung der zweiten Menge an
Messdaten an das trainierte Eingangs-/Aus-
gangsmessungsmodell; und
Speichern eines beliebigen des mindestens ei-
nen Prozessparameterwerts, des mindestens
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einen Strukturparameterwerts oder beider in ei-
nem Speicher.

12. System nach Anspruch 10, wobei das Rechensys-
tem ferner zu Folgendem konfiguriert ist:
Extrahieren eines oder mehrerer Merkmale der ers-
ten Menge an Messdaten durch Reduzieren einer
Größenordnung der ersten Menge an Messdaten,
und wobei das Bestimmen des Eingangs-/Aus-
gangsmessungsmodells zumindest teilweise auf
dem einen oder den mehreren Merkmalen basiert.

13. System nach Anspruch 12, wobei das Reduzieren
der Größenordnung der ersten Menge an Messda-
ten ein(e) beliebige(s) von einer Hauptkomponen-
tenanalyse, einer nichtlinearen Hauptkomponenten-
analyse, einer Auswahl von einzelnen Signalen aus
der ersten Menge an Messdaten und einem Filtern
der ersten Menge an Messdaten einschließt.

14. System nach Anspruch 10, wobei das erwartete Ant-
wortmodell ein Wafermapmodell ist und wobei das
Bestimmen des Wafermapmodells Anpassen einer
zweidimensionalen Mapfunktion an die bekannten
Prozessparameter, Strukturparameter oder beide
einschließt, die mit der ersten Vielzahl von Stellen
verknüpft sind.

15. System nach Anspruch 10, wobei die erste Menge
an Messdaten Messignale beinhaltet, die mit mehr
als einem

(a) Zielmerkmal an einer beliebigen der ersten
Vielzahl von Stellen; oder
(b) Metrologietechnik verknüpft sind.

Revendications

1. Procédé (100) comprenant :

la réception d’une première quantité de données
de mesure associées à des mesures d’une pre-
mière pluralité de sites sur une surface d’une
tranche de semi-conducteur avec des variations
connues d’au moins un paramètre de traite-
ment, un paramètre de structure, ou les deux
(101), dans lequel la première quantité de don-
nées de mesure est dérivée de mesures effec-
tuées par au moins une technique de
métrologie ;
la détermination d’un modèle de réponse atten-
due de chacun des au moins un paramètres de
traitement connus, paramètres de structure, ou
des deux (104) ;
la détermination d’un modèle de mesure d’en-
trée-sortie sur la base au moins en partie de la
première quantité de données de mesure (103) ;

l’apprentissage du modèle de mesure d’entrée-
sortie sur la base de valeurs de paramètre dé-
terminées à partir du modèle de réponse atten-
due (105) ;
l’utilisation du modèle de mesure d’entrée-sortie
appris pour calculer des valeurs de paramètre
de traitement, des valeurs de paramètre de
structure, ou les deux, directement à partir de
données de mesure collectées à partir d’autres
tranches ; et
la communication d’une indication de l’au moins
une valeur de paramètre de traitement, de l’au
moins une valeur de paramètre de structure, ou
des deux, à un outil de fabrication de semi-con-
ducteur qui amène l’outil de fabrication de semi-
conducteur à régler un ou plusieurs paramètres
d’un processus de fabrication de l’outil de fabri-
cation de semi-conducteur pour obtenir une sor-
tie souhaitée de l’outil de fabrication.

2. Procédé selon la revendication 1, comprenant en
outre :

la réception d’une seconde quantité de données
de mesure associées à des mesures d’une se-
conde pluralité de sites à l’aide de la première
technique de métrologie (141) ;
la détermination d’au moins une valeur de pa-
ramètre de traitement, d’au moins une valeur de
paramètre de structure, ou des deux, asso-
ciée(s) à chacun de la seconde pluralité de sites
sur la base d’un ajustement de la seconde quan-
tité de données de mesure au modèle de me-
sure d’entrée-sortie appris (143) ; et
le stockage de l’une quelconque de l’au moins
une valeur de paramètre de traitement, de l’au
moins une valeur de paramètre de structure, ou
des deux, dans une mémoire (144).

3. Procédé selon la revendication 1, dans lequel la pre-
mière quantité de données de mesure est associée
à des mesures d’une première pluralité de sites avec
des variations connues de focalisation et de dosage
d’exposition sur la surface de la tranche de semi-
conducteur.

4. Procédé selon la revendication 1, comprenant en
outre :
l’extraction d’une ou de plusieurs caractéristiques de
la première quantité de données de mesure en ré-
duisant une dimension de la première quantité de
données de mesure, et dans lequel la détermination
du modèle de mesure d’entrée-sortie est basée au
moins en partie sur les une ou plusieurs caractéris-
tiques.

5. Procédé selon la revendication 4, dans lequel la ré-
duction de la dimension de la première quantité de
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données de mesure implique l’une quelconque par-
mi une analyse de composantes principales, une
analyse des composantes principales non linéaires,
une sélection de signaux individuels à partir de la
première quantité de données de mesure et un fil-
trage de la première quantité de données de mesure.

6. Procédé selon la revendication 1, dans lequel le mo-
dèle de réponse attendue est un modèle de carte de
tranche, et dans lequel la détermination du modèle
de carte de tranche implique l’ajustement d’une fonc-
tion de carte bidimensionnelle aux paramètres de
traitement connus, aux paramètres de structure, ou
aux deux, associés à la première pluralité de sites.

7. Procédé selon la revendication 1, comprenant en
outre :
la détermination de l’au moins un paramètre de
structure connu sur la base au moins en partie d’une
simulation d’un processus exécuté sur la tranche de
semi-conducteur.

8. Procédé selon la revendication 1, comprenant en
outre :
la détermination de l’au moins un paramètre de
structure connu sur la base au moins en partie d’une
quantité de données de mesure de référence asso-
ciées à l’au moins un paramètre de structure connu.

9. Procédé selon la revendication 1, dans lequel la pre-
mière quantité de données de mesure comporte des
signaux de mesure associés à plus d’une

(a) caractéristique cible au niveau de l’un quel-
conque de la première pluralité de sites ; ou
(b) technique de métrologie.

10. Système (300) comprenant :

un outil de métrologie comportant une source
d’éclairage (302) et un détecteur (304) configuré
pour effectuer des mesures d’une structure cible
(301) ; et
un système informatique (330) configuré pour :

recevoir une première quantité de données
de mesure de l’outil de métrologie, la pre-
mière quantité de données étant associées
aux mesures d’une première pluralité de si-
tes sur une surface d’une tranche de semi-
conducteur avec des variations connues
d’au moins un paramètre de traitement, un
paramètre de structure, ou les deux ;
déterminer un modèle de réponse attendue
de chacun des au moins un paramètres de
traitement connus, paramètres de structu-
re, ou des deux ;
déterminer un modèle de mesure d’entrée-

sortie sur la base au moins en partie de la
première quantité de données de mesure ;
apprendre le modèle de mesure d’entrée-
sortie sur la base de valeurs de paramètre
déterminées à partir du modèle de réponse
attendue ;
utiliser le modèle de mesure d’entrée-sortie
appris pour calculer des valeurs de para-
mètre de traitement, des valeurs de para-
mètre de structure, ou les deux, directement
à partir de données de mesure collectées à
partir d’autres tranches ; communiquer une
indication de l’au moins une valeur de pa-
ramètre de traitement, l’au moins une valeur
de paramètre de structure, ou des deux, à
un outil de fabrication de semi-conducteur
qui amène l’outil de fabrication de semi-con-
ducteur à ajuster un ou plusieurs paramè-
tres d’un processus de fabrication de l’outil
de fabrication de semi-conducteur pour ob-
tenir une sortie souhaitée de l’outil de fabri-
cation.

11. Système selon la revendication 10, dans lequel le
système informatique est en outre configuré pour :

recevoir une seconde quantité de données de
mesure associées aux mesures d’une seconde
pluralité de sites ;
déterminer au moins une valeur de paramètre
de traitement, au moins une valeur de paramètre
de structure, ou les deux, associée(s) à chacun
de la seconde pluralité de sites sur la base d’un
ajustement de la seconde quantité de données
de mesure au modèle de mesure d’entrée-sortie
appris ; et
stocker l’une quelconque de l’au moins une va-
leur de paramètre de traitement, l’au moins une
valeur de paramètre de structure, ou les deux,
dans une mémoire.

12. Système selon la revendication 10, dans lequel le
système informatique est en outre configuré pour :
extraire une ou plusieurs caractéristiques de la pre-
mière quantité de données de mesure en réduisant
une dimension de la première quantité de données
de mesure, et dans lequel la détermination du mo-
dèle de mesure d’entrée-sortie est basée au moins
en partie sur une ou plusieurs caractéristiques.

13. Système selon la revendication 12, dans lequel la
réduction de la dimension de la première quantité
de données de mesure implique l’une quelconque
parmi une analyse de composantes principales, une
analyse de composantes principales non linéaires,
une sélection de signaux individuels à partir de la
première quantité de données de mesure et un fil-
trage de la première quantité de données de mesure.
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14. Système selon la revendication 10, dans lequel le
modèle de réponse attendue est un modèle de carte
de tranche, et dans lequel la détermination du mo-
dèle de carte de tranche implique l’ajustement d’une
fonction de carte bidimensionnelle aux paramètres
de traitement connus, aux paramètres de structure,
ou aux deux, associés à la première pluralité de sites.

15. Système selon la revendication 10, dans lequel la
première quantité de données de mesure comporte
des signaux de mesure associés à plus d’une

(a) caractéristique cible au niveau de l’un quel-
conque de la première pluralité de sites ; ou
(b) technique de métrologie.
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