
'''S'.MtPb U -AND"METHOD FOR SIMULTANEOUSLY
DETERMINING AN OVERLAY ACCURACY AND PATTERN PLACEMENT
ERROR BACKGROUND OF THE INVENTION 1. TECHNICAL FIELD
The present invention relates to the field of
fabrication of integrated circuits, and, more
particularly, to a method and structures for
estimating an overlay accuracy and a pattern placement
error (PPE) in forming and patterning stacked material
layers used for fabricating microstructural features.
2. BACKGROUND ART The fabrication of microstructures,
such as integrated circuits, requires tiny regions of
precisely controlled size to be formed in a material
layer of an appropriate substrate, such as a silicon
substrate, a siliconon- insulator (SOI) substrate, or
other suitable carrier materials. These tiny regions
of precisely controlled size are generated by
patterning the material layer by performing
photolithography, etch, implantation, deposition,
oxidation processes and the like, wherein, typically,
at least in a certain stage of the patterning process,
a mask layer may be formed over the material layer to
be treated to define these tiny regions. Generally, a
mask layer may consist of or may be formed by means of
a layer of photoresist that is patterned by a
lithographic process. During the lithographic process,
the resist may be spin-coated onto the wafer surface
and then selectively exposed to ultraviolet radiation
through a corresponding lithography mask, such as a
reticle, thereby imaging the reticle pattern into
resist layer to form a latent image therein. After
developing the photoresist, depending on the type of
resist, positive resist or negative resist, the
exposed portions or the non-exposed portions are
removed to form the required pattern in the layer of
photoresist. Since the dimensions of the patterns in
sophisticated integrated circuits are steadily
decreasing, the equipment used for patterning device
features have to meet very stringent requirements with
regard to resolution and overlay accuracy of the
involved fabrication processes. In this respect,
resolution is considered as a measure for specifying
the consistent ability to print minimum size images
under conditions of predefined manufacturing
variations. One important factor in improving the
resolution is represented by the lithographic process,
in which patterns contained in the photomask or
reticle are optically transferred to the substrate via
an optical imaging system. Therefore, great efforts
are made to steadily improve optical properties of the
lithographic system, such as numerical aperture, depth
of focus and wavelength of the light source used. The
quality of the lithographic imagery is extremely
important in creating very small feature sizes. Of at
least comparable importance, however, is the accuracy
with which an image can be positioned on the surface
of the substrate. Typically, microstructures, such as
integrated circuits, are fabricated by sequentially
patterning material layers, wherein features on
successive material layers bear a spatial relationship
to one another. Each 



pattern formed in a subsequent material layer has to
be aligned to a corresponding pattern formed in the
previously patterned material layer within specified
registration tolerances. These registration tolerances
are caused by, for example, a variation of a
photoresist image on the substrate due to
non-uniformities in such parameters as resist
thickness, baking temperature, exposure dose and time
and development conditions.uM j ri bn-TM tb ni tfeS of
the etch processes can also lead to variations of the
etched features. In addition, there exists an
uncertainty in overlaying the image of the pattern of
the current material layer to the etched or otherwise
defined pattern of the previously formed material
layer while photolithographically transferring the
image of the photomask onto the substrate. Several
factors contribute to the ability of the imaging
system to perfectly overlay two layers, such as
imperfections within a set of masks, temperature
differences at the different times of exposure, and a
limited registration capability of the alignment tool.
As a result, the dominant criteria for determining the
minimum feature size that may finally be obtained are
the resolution for creating features in individual
substrate layers and the total overlay error to which
the above explained factors, in particular the
lithographic process, contribute. Therefore, it is
essential to steadily monitor the resolution, i.e.,
the capability of reliably and reproducibly creating
the minimum feature size, also referred to as critical
dimension (CD), within a specific material layer and
to steadily determine the overlay accuracy of patterns
of material layers that have been successively formed
and that have to be aligned to each other. In overlay
metrology, typically two independent structures, that
is one structure in each layer to be printed, are
formed by the specified manufacturing processes and
the displacement between the centers of symmetry is
determined. Frequently, so-called box-in-box marks are
used, which are concentrically patterned in each of
the layers by measuring their displacement in units of
pixels of a charge coupled device (CCD) onto which the
concentric alignment marks are imaged during the
measurement process. For ever-decreasing feature sizes
of microstructures, however, the detection of a
displacement, and thus the quantification of an
overlay error between both overlay marks, on the basis
of edge finding routines may no longer be adequate.
Therefore, recently, so-called advanced imaging
metrology (AIM) marks are increasingly used to enhance
overlay metrology reliability. AIM marks exhibit a
periodic structure, thereby enabling utilization of
highly powerful metrology techniques. Hence, increased
performance of the overlay metrology may be obtained
by using periodic overlay marks. With decreasing
feature sizes, however, a discrepancy between overlay
characteristics within a single die and the
significantly larger structures of the overlay marks,
which are typically located in the scribe line of the
substrate, may be observed, thereby rendering
measurement data obtained from the target in the
scribe line less reliable. One reason for this
discrepancy resides in the fact that the lithography
tool may image fine structures, as are typically found
within the die, such as gate electrodes, shallow
trench isolation (STI) structures and the like, in a
different manner compared to relatively large
structures, which are typically used to 



form overlay marks. This pattern and size dependent
phenomenon of a different degree of overlay is called
pattern placement error (PPE). Consequently, the
pattern placement error has to be quantified in order
to correct the results of the overlay measurements
obtained from the overlay marks within the scribe line
with respect to the contribution to actual
microstructural features within the die. The pattern
placement error can conveniently be measured by
so-called simultaneous AIM overlay marks, as will be
described in more detail with reference to Figures Ia
and Ib. Figure Ia schematically shows a top view of an
overlay measurement structure 100, which may be formed
on a specified substrate portion 101, which is
typically located within a scribe line of any
appropriate'suMra'l;el' eapiig'I l'iii'lrality 'f
dies, within' which actual functional microstructural
features are formed. The overlay measurement structure
100 may be provided in the form of an AIM mark, that
is, the structure 100 may comprise a periodic
structure, which may enable the measurement of an
overlay error in at least two independent directions.
In this example, the structure 100 comprises four
outer periodic structures 10 lo, two of which have
lines and spaces oriented along an x-direction, while
the remaining two periodic structures 101o have lines
and spaces oriented substantially along the
y-direction. Similarly, four inner periodic structures
lOli are provided, wherein two of the inner periodic
structures 10 I i have lines and spaces oriented in
the x-direction and are placed adjacent to the
respectively oriented outer structures 101o. Moreover,
the remaining two inner structures lOli are oriented
along the y-direction and are located adjacent to the
corresponding outer structures 101o. Hereby, the outer
structures lOlo and the inner structures lOli are
formed in different layers so that the combined
overlay measurement structure 100 contains information
on the overlay accuracy of the two layers including
the periodic structures lOlo and 10 Ii, respectively,
with respect to the x- and y- directions. The
structure 100 may be formed according to the following
process flow, wherein it may be assumed that the outer
periodic structure 10 Io may be formed first in a
corresponding device layer, such as a layer receiving
STI trenches. It should be appreciated that the
selection of a respective sequence of material layers
is arbitrary and the principles of the formation of
the structure 100 may correspondingly be applied to
any frontend or back-end process sequence involving a
photolithography step for patterning a further
material layer on top of one or more previous layers.
A pattern according to the outer periodic structures
10 Io may be imaged by photolithography into a
corresponding resist layer that is formed above the
substrate under consideration and also above the
substrate portion 101. Consequently, in any die
regions (not shown), a corresponding pattern for, for
instance, STI trenches may be defined simultaneously
with the outer periodic structures lOlo. After the
development of the resist layer, a corresponding
well-approved sequence of manufacturing steps
including anisotropic etch techniques, deposition
techniques, chemical mechanical polishing (CMP), and
the like may be performed in order to form the
corresponding patterns in the die and also the
periodic structures lOlo. Thereafter, a process
sequence may be performed for forming microstructural
features on the previously 



patterned layer, such as gate electrode structures,
polysilicon lines and the like. Hence, a plurality of
wellestablished oxidation and deposition processes may
be carried out, such as the formation of a thin gate
insulation layer and a subsequent deposition of a gate
electrode material and the like, followed by a further
photolithography process for patterning the structure,
thereby simultaneously forming the periodic inner
structures 10 Ii in the substrate portion 101. As
previously pointed out, the individual lines and
spaces of the inner and outer periodic structures
101i, lOlo may not be formed in accordance with the
same design rules, but may be patterned in accordance
with metrology requirements so as to enhance the
detection of any offset between the inner and outer
periodic structures lOli, lOlo. Thus, the pitch of the
inner and outer periodic structures lOli, 10 Io may be
significantly larger compared to any critical
dimensions of actual device features formed within the
die regions. Consequently, an overlay accuracy with
respect to the x- and y- directions may be estimated
with moderately high precision for the overlay
measurement structure 100 itself, but may not allow a
precise estimation of the overlay accuracy within
actual die regions having formed therein structural
features of significantly less critical dimensions
compared to dimensions in the overlay measurement
structure 100. Therefore, in addition to the overlay
structure 100, the so-called simultaneous AIM overlay
marks are frequentlyuse f in" Milch"'at";Mst 'some
''of the features of the periodic structures contain a
"fine structure" formed in accordance with the
respective design rules for actual device features in
the die regions. In determining the overlay accuracy
of the two different layers represented by the inner
and outer periodic structures 101 i, 101 o, a
metrology tool, such as a tool for obtaining optical
data, is aligned with respect to the structure 100 and
data are obtained from respective working zones HOi,
HOo, which define a respective measurement area in
each of the periodic structures lOli, 101o. For
example, the position of the lines and spaces within
the respective working zone HOi corresponding to an
inner periodic structure 10 Ii may be determined and
may then be compared with the corresponding position
information of lines and spaces determined for the
corresponding outer periodic structure 101o. On the
basis of this information, the required information
with respect to overlay accuracy in the x- and y-
direction may be obtained. Figure Ib schematically
shows a simultaneous AIM overlay measurement structure
150, which may be formed in the substrate portion 101,
in addition to the overlay measurement structure 100.
The simultaneous overlay measurement structure 150 may
comprise inner periodic structures 151i and outer
periodic structures 151o, wherein one of the inner and
outer periodic structures 151i, 151o also include a
fine structure, which in the example shown is
represented by 152 formed in the outer periodic
structures 151o. It should be appreciated that the
inner periodic structures 15 Ii as well as the outer
periodic structures 15 Io are formed within the same
material layer, for instance in the STI layer, as
previously explained. Regarding the formation of the
simultaneous overlay measurement structure 150, the
same criteria apply as previously explained with
reference to the structure 100, except for using a
different lithography mask to provide the fine
structure 152 in one of the 



inner and outer periodic structures 15 Ii, 15 lo.
Moreover, an amount of offset between the inner and
outer periodic structures 15 Ii, 15 Io is to be set to
a predefined value, preferably zero, by design,
thereby enabling the determination of any shift of the
fine structure 152, which may also be referred to as a
segmented structure, with respect to the periodic
structures 151i without fine structure, that is, the
non-segmented periodic structure 151 i. As previously
explained, due to the pattern placement error, a
corresponding shift may be detected in the form of an
apparent overlay error, and this measure may be used
for assessing the contribution of the pattern
placement error within a die region to obtain a
measure for correcting the actual overlay error
between two different device layers measured by the
overlay measurement structure 100, as shown in Figure
Ia. Thus, during the measurement of sophisticated
microstructural devices, at least two overlay
measurement structures, such as the structure 100 and
150, have to be provided, wherein, in highly
sophisticated applications, even one simultaneous
overlay measurement structure 150 is provided for each
of the layers of which the overlay accuracy must be
determined. Thus, three overlay measurement
structures, that is, one for overlay, i.e., the
structure 100, and two for the PPE characterization of
two different lithography layers, i.e., the structure
150, may be provided. Figure. Ic schematically
illustrates this situation. Here, the three overlay
structures 100, 150 and 150 are provided, wherein each
of the two structures 150 is formed in a different
layer."iMeW the^eW^inereSsing demand on enhanced
productivity and reduced manufacturing costs, the
dimensions of scribe lines may also be reduced,
thereby significantly restricting the available space
for any measurement areas within the scribe lines. In
view of this situation, there exists a need for an
enhanced technique for determining overlay errors,
while avoiding or at least reducing the effects of one
or more of the problems identified above. DISCLOSURE
OF INVENTION The following presents a simplified
summary of the invention in order to provide a basic
understanding of some aspects of the invention. This
summary is not an exhaustive overview of the
invention. It is not intended to identify key or
critical elements of the invention or to delineate the
scope of the invention. Its sole purpose is to present
some concepts in a simplified form as a prelude to the
more detailed description that is discussed later.
Generally, the present invention is directed to a
technique that enables the evaluation of positional
errors during the formation of microstructural
features, such as integrated circuits and the like,
wherein the amount of space required for providing a
corresponding measurement structure may be reduced
compared to conventional techniques, while at the same
time, in some illustrative embodiments, the amount of
position information obtained during a single
measurement event may be increased. For this purpose,
a stacked measurement structure is provided that
includes periodic portions enabling obtaining
information about inner-layer positioning errors and
inter-layer positioning errors within a predefined
measurement site that may be accessed 



during a single measurement cycle. According to one
illustrative embodiment of the present invention, an
overlay measurement structure comprises a first
periodic structure formed in a first device layer of a
specified measurement site formed on a substrate,
wherein the first periodic structure comprises a first
periodic sub-structure and a second periodic sub
structure. The first and second periodic
sub-structures each include a plurality of first
structure elements of which some comprise a first
segmented portion. Moreover, the overlay measurement
structure comprises a second periodic structure formed
in a second device layer located above the first
device layer, wherein the second periodic structure
comprises a first periodic sub-structure and a second
periodic sub-structure including a plurality of second
structure elements, some of which comprise a second
segmented portion. Moreover, the first and second
periodic structures form a periodic stacked structure
in the specified measurement site. According to
another illustrative embodiment of the present
invention, a method comprises forming a stacked
periodic measurement structure in a predefined
measurement site of a substrate that is usable for the
fabrication of semiconductor devices, wherein the
stacked periodic structure comprises a first segmented
portion and a first non-segmented portion formed in a
first layer, and a second segmented portion and a
second nonsegmented portion formed in a second layer.
The method further comprises obtaining position
information from each of the first and second
segmented and non-segmented portions and determining
an overlay accuracy of structural features formed
above the substrate outside of the predefined
measurement site.According to yet another illustrative
embodiment of the present invention, a method
comprises forming a stacked periodic measurement
structure in a predefined measurement site of a
substrate that is usable for the fabrication of
semiconductor devices. The stacked periodic structure
comprises a first segmented portion and a first
non-segmented portion formed in a first layer and
comprises a second segmented portion and a second
nonsegmented portion formed in a second layer. One of
the segmented and non-segmented portions of the first
or second layers is positioned in a first exposure
field and the other portion is positioned in a second
exposure field overlapping with the first exposure
field during an exposure process for forming the
stacked periodic measurement structure. Moreover, the
method comprises obtaining position information from
each of the first and second segmented and
non-segmented portions and evaluating one of a grid
distortion and overlay accuracy on the basis of the
position information. BRIEF DESCRIPTION OF DRAWINGS
The invention may be understood by reference to the
following description taken in conjunction with the
accompanying drawings, in which like reference
numerals identify like elements, and in which: Figure
Ia schematically shows a top view of a prior art
overlay structure including non-segmented periodic
sub-structures, each of which is formed in a
respective device layer; Figure Ib schematically shows
a top view of a prior art simultaneous overlay
measurement structure 



including segmented and non-segmented sub-structures
formed in a single device layer; Figure Ic
schematically illustrates a top view of a scribe line
including prior art measurement structures for
determining a PPE and an overlay accuracy for two
different device layers; Figure 2a schematically shows
a top view of a measurement structure including
segmented and nonsegmented sub-structures in a stacked
configuration for simultaneously obtaining inner-layer
and inter-layer position information according to one
illustrative embodiment; Figure 2b schematically shows
an enlarged view of a single measurement structure
similar to the structure as shown in Figure 2a;
Figures 2c and 2d schematically show a cross-sectional
view taken along the lines Hc-IIc and Hd-IId of Figure
2b; Figures 2e and 2f schematically show a top view of
a multifunctional measurement structure and
appropriate working zones of a measurement device in
accordance with further illustrative embodiments; and
Figure 2g schematically shows a top view of a
measurement structure, in which at least a portion of
the structure is used for obtaining additional
information, such as positional information on the
basis of crossSedtibnaT'aia'iySis,''iitrtfiatit5i
'about grid distortion between neighboring exposure
fields and the like, according to further illustrative
embodiments of the present invention. While the
invention is susceptible to various modifications and
alternative forms, specific embodiments thereof have
been shown by way of example in the drawings and are
herein described in detail. It should be understood,
however, that the description herein of specific
embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary,
the intention is to cover all modifications,
equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the
appended claims. MODEfS) FOR CARRYING OUT THE
INVENTION Illustrative embodiments of the invention
are described below. In the interest of clarity, not
all features of an actual implementation are described
in this specification. It will of course be
appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions
must be made to achieve the developers' specific
goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, it will be
appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be
a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure. The
present invention will now be described with reference
to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings
for purposes of explanation only and so as to not
obscure the present invention with details that are
well known to those skilled in the art. Nevertheless,
the attached drawings are included to describe and
explain illustrative examples of the present
invention. The words 



and phrases used herein should be understood and
interpreted to have a meaning consistent with the
under standing of those words and phrases by those
skilled in the relevant art. No special definition of
a term or phrase, i.e., a definition that is different
from the ordinary and customary meaning as understood
by those skilled in the art, is intended to be implied
by consistent usage of the term or phrase herein. To
the extent that a term or phrase is intended to have a
special meaning, i.e., a meaning other than that
understood by skilled artisans, such a special
definition will be expressly set forth in the
specification in a definitional manner that directly
and unequivocally provides the special definition for
the term or phrase. Generally, the present invention
provides an improved measurement structure with
increased functionality. The improved measurement
structure may provide information on overlay accuracy
and/or pattern placement error and/or grid distortion
and the like in a time-efficient manner, and, in some
embodiments, in a substantially simultaneous manner.
The improved measurement structure may also consume
less space on a substrate. For this purpose, a new
configuration for a measurement structure is provided,
in which at least two periodic patterns are formed in
each device layer to be monitored with respect to
position errors, wherein an overall stacked
configuration is obtained that does not unduly waste
precious substrate space such that, from the
corresponding measurement structure, information on
inner-layer position errors as well as inter-layer
position errors may be extracted in a single
measurement cycle. Hereby, the term "stacked" is to be
understood in relation to the measurement site, that
is, within the measurement site a stacked structure
may include acOnlfgufatirin wmen"two'"slib-structures
are located above each other and may also be laterally
offset to each other. This may be accomplished in that
in each layer a corresponding structure portion is
provided that is formed by relatively large structure
elements, which may also be referred to as
non-segmented structure elements, while the other
portion in the same layer is formed of structure
elements exhibiting a "fine structure," and thus these
structure elements may also be referred to as
segmented structure elements. As previously explained,
the patterning process for forming microstructural
features in two or more subsequent device layers may
significantly depend on pattern density, feature size
and the like, so that a significant discrepancy may be
provided in producing corresponding measurement
results when relatively large structural elements in
specified measurement sites outside of an actual
device region are evaluated with respect to position
errors of features within the actual device region.
Contrary to conventional approaches, in which one or
more measurement structures are provided for
determining an inner-layer position error within each
single device layer, thereby consuming a significant
amount of substrate space, by using the
multifunctional measurement structure of the present
invention, a significantly increased amount of
information may be extracted per unit area.
Additionally, the measurement procedure described
herein may be enhanced so that an increased amount of
information may be obtained substantially
simultaneously. Moreover, according to the inventive
configuration of the measurement structure disclosed
herein, a further enhancement may be obtained 



by using the structure to obtain measurement data by
cross-sectional analysis and/or to determine other
lithography specific positioning errors, such as grid
distortion and the like. With reference to Figures
2a-2e, further illustrative embodiments of the present
invention will now be described in more detail. Figure
2a schematically shows a top view of a device 290,
which may represent a semiconductor device, a
micromechanical device, a micro-optical device, or any
combination thereof, which is formed on the basis of
micromechanical and microelectronic processes. The
device 290 comprises an appropriate substrate, from
which a specified portion 201 may represent a
substrate position that is available for defining
therein measurement sites to provide the possibility
of obtaining information during the manufacturing
process of the device 290. For example, the portion
201 may represent a scribe line of a semiconductor
device, including a plurality of die regions (not
shown), in which specified microstructural features
have been formed. A measurement site 205 may be
defined within the portion 201, wherein the
measurement site 205 may not be bordered by any
physical boundaries but may be defined functionally by
positioning therein a measurement structure 200, which
may be accessed by a specified measurement procedure
in a single sampling process. For example, the
measurement site 205 may be defined substantially by
the dimensions of the measurement structure 200, which
in turn are selected so as to be detectable and
measurable by a single alignment procedure performed
by any appropriate measurement tool. For instance, the
various measurement structures 100, 150 in Figure Ic
typically define three different measurement sites,
since a measurement procedure for obtaining data from
each of the measurement structures may require at
least one alignment procedure and subsequent data
acquisition run for each of the measurement
structures. The measurement structure 200 may
comprise, in one illustrative embodiment, a first
periodic structure 230 formed in a first device layer
and a second periodic structure 260 formed in a second
device layer. The firstp'eri'o'deS's'tMJtuf'e
23(Hnay"iti turn comprise a first periodic
sub-structure or portion 210 and a second periodic
sub-structure or portion 220. Similarly, the second
periodic structure 260 may comprise a first periodic
sub structure or portion 240 and a second periodic
sub-structure or portion 250. The first and second
sub-structures 210, 220 maybe comprised of a plurality
of structure elements 211, 221, some of which maybe
provided in the form of substantially continuous,
i.e., non-segmented elements, while others are
provided in the form of segmented elements. In this
context, a segmented structure element may be
considered as including any pattern that may be
defined by a lateral dimension that is less than a
minimum lateral dimension of a non-segmented element.
For example, in the embodiment shown, the structure
elements 211 may be provided as non-segmented
elements, whereas the structure elements 221 may be
provided as segmented elements having formed therein a
pattern of "lines" and "spaces" wherein the lines and
the spaces may be represented by corresponding regions
of different characteristics, which may not
necessarily include a difference in topology as may be
implied by the 



terms lines and spaces. For convenience, these terms
may be used throughout the specification, however,
without intending to restrict the present invention to
the literal meaning of lines and spaces. Moreover, the
term "segmented" may also include any type of
patterning within each segmented portion, wherein
patterning may refer to any type of geometric
configuration involving lateral dimensions that are
less than the lateral dimensions of non-segmented
elements, such as the elements 211. Thus, the
segmented elements 221 may also include vias, line
segments and the like as may be considered appropriate
for creating a pattern density and a feature size as
may also be encountered in actual device regions
within the device 290. Therefore, in some illustrative
embodiments, the segmented circuit elements 221 may be
segmented on the basis of lateral sizes that are
comparable to any design feature sizes of the specific
device layer, in which the periodic structure 230 is
formed. Similarly, the periodic sub-structures 240 and
250 may be comprised of structure elements 241, 251,
respectively, some of which may be provided in the
form of segmented elements, while others may be
provided as non-segmented elements. Regarding the type
of "segmentation," as well as any lateral dimensions,
the same criteria apply as discussed above. It should
be appreciated that in some embodiments the segmented
elements 241 may differ from the segmented elements
221 in that the type of segmentation and/or the
lateral dimensions of the segmentation may be
different. In this case, each type of segmented
element 221, 241 may be appropriately adapted to the
design rule specifics of the corresponding layer so
that inner-layer position information, such as
information on the pattern placement error in each
individual layer, may be obtained more precisely.
Moreover, in some embodiments, the sub-structures 210,
220, 240, 250 may each comprise a combination of
segmented and non-segmented structure elements.
Furthermore, the number of structural elements in each
of the sub-structures 210, 220, 240, 250 may vary
depending on the design and device requirements,
wherein advantageously at least three or more
structure elements per sub-structure may be provided.
Moreover, as shown in some illustrative embodiments,
the first and second sub-structures 210, 220
comprising the first periodic structure 230 may be
positioned such that the first periodic sub-structure
240 of the second periodic structure 260 is laterally
disposed therebetween. In other illustrative
embodiments, the first and second sub-structures 210,
220 may be positioned adjacent to each other and
similarly the first and second sub-structures 240, 250
may be located adjacent to each other. TheftieMtfeS ri
' flxuetife'' 200""isf' designed to provide
inner-layer position information and inter-layer
position information with respect to at least one
predefined direction, which, in the embodiment shown,
may be the ydirection. In this respect, an inner-layer
position information may be considered as any
displacement of the first and second sub-structures
210, 220, or portions thereof, with respect to each
other while an inter-layer position information may be
considered as any information describing a relative
displacement of one or more of the First and second
sub-structures 210, 220, or portions thereof, with
respect to one or more of the sub-structures 240, 250,
or portions thereof. For example, the relative
displacement between the periodic sub-structure 210
and the 



periodic sub-structure 250 may be considered as an
overlay error between the respective device layers
corresponding to the overlay error as measured in the
conventional measurement structure 100 described with
reference to Figure Ia. An example for an inner-layer
position information may be a relative displacement,
for instance described by the pattern placement error,
between the sub-structure 210 and 220, which
corresponds to the inner-layer positioning error
obtained by the simultaneous overlay measurement
structure 150 described with reference to Figure Ib.
Moreover, as is shown in Figure 2a, a plurality of
measurement structures 200 may be provided so as to
provide an enhanced measurement accuracy and also
provide the possibility of determining position
information with respect to at least one further
predefined direction, such as the x- direction. Figure
2b schematically shows the measurement structure 200
in an enlarged view according to further illustrative
embodiments of the present invention. In some
embodiments, the segmented elements 241 and 221 may be
selected differently. A plurality of exemplary
segmentations 242a, 242b, 242c, 222a, 222b, 222c is
illustrated and should not be considered as
limitations of the present invention unless otherwise
stated in the claims. For instance, one of the
segmentations 242a, 242b, 242c may be used in the
sub-structure 240 and one of the segmentations 222a,
222b, 222c may be used for the sub-structure 220. As
previously stated, segmented structure elements, such
as the elements 221 or 241, having one or more
segmentations 222a, 222b, 222c, 242a, 242b, 242c may
also be provided in one or both of the sub-structures
210 and 250. It should further be appreciated that the
size and shape of the structure elements 211, 241,
221, 251 may be selected in any appropriate manner as
long as the predefined periodicity, that is, a
substantial identical repetition of a plurality of
structure elements along one predetermined direction,
is obtained. That is, the size and shape of the
individual structure elements 211, 241, 221, 251 may
be rectangular (as shown), squared, T-shaped, L-shaped
and the like, wherein the overall dimensions may be
selected so as to obtain the required position
information, preferably by optical detection
techniques, such as microscopy and the like. On the
other hand, the segmentation or fine structure of the
elements 241, 221 may be selected in accordance with
design rules of actual device features in order to
provide meaningful information on the influence of the
pattern density and/or feature size on the overlay
accuracy. In some embodiments, as will be explained
later on, some of the structure elements of an
underlying layer, such as the elements 211 or 241 in
Figure 2b, may be, at least partially, "overwritten"
by some of the structural elements 241 or 251, which
may enable a precise analysis by cross-sectional
analysis, for instance by electron microscopy, x-ray
microscopy and the like, when an overwritten portion
is prepared as a cross-sectional sample. Figure 2c
schematically shows a cross-sectional view of the
measurement structure 200 of Figure 2b according to
the section Hc shown in Figure 2a. A first device
layer 202 is formed above the substrate portionZOrari
iiiayinclu'a TOe Sf periodic structure 230, i.e., the
structure elements 211 and 221, for instance in the
form of trenches filled with a specific material, such
as silicon dioxide, silicon nitride and the like, if
the first 



device layer 202 represents a shallow trench isolation
(STI) layer of a silicon based integrated circuit. In
other examples, the first device layer 202 may
represent a metallization layer, in which the
structure elements 2 11, 221 may represent
metal-filled lines or other regions. Above the first
device layer 202 is formed a second device layer 203,
which may include the second periodic structure 260,
i.e., the structure elements 241 and 251. In the
former example of an STI layer, the structure elements
241, 251 may be formed for instance of a resist
pattern formed above a gate electrode material layer,
a patterned layer stack including polysilicon and the
like. For example, in sophisticated integrated
circuits, critical dimensions, i.e., dimensions in the
STI layer receiving gate electrodes, may be 50 nm or
even less, so that overlay accuracy may significantly
depend on the feature sizes due to increased pattern
placement errors. Consequently, in sophisticated
applications, the structure elements 241 and/or 221
may include a segmentation (not shown in the
cross-sectional view of Figure 2c) involving
dimensions comparable to the critical dimensions
encountered in the respective device layers 202, 203.
Figure 2d schematically shows a cross-sectional view
according to the section H d depicted in Figure 2a. In
this example, each of the individual structure
elements 221 and 241 may comprise three "sub-elements"
221s and 241s, respectively, which may represent the
corresponding segmentation used in the sub-structures
220 and 240 (Figure 2a). The measurement structure 200
may be formed in accordance with well-established
process techniques used for the fabrication of actual
microstructural features, such as circuit elements of
integrated circuits. During this well-established
process flow, a correspondingly designed photomask is
provided including a corresponding pattern for the
measurement structure 200 or a plurality thereof, as
is for instance shown in Figure 2a, so as to locate
the structure 200 or any number of combinations
thereof with appropriately selected different
orientations in the predefined substrate portion 201.
That is, during a first manufacturing sequence, the
first device layer 202 may be formed, for instance by
using photolithography, etch techniques, deposition
techniques, implantation techniques, planarization
techniques and the like, and, thereafter, the second
device layer 203 may be formed, wherein a
photolithography step is to be performed, thereby
aligning the microstructural features and also the
features of the measurement structure 200, i.e., the
second periodic structure 260 (Figure 2a) to the first
periodic structure 230. Thereafter, the device 290 may
be subjected to a measurement procedure as will be
described in more detail with reference to Figure 2e.
Figure 2e schematically shows a top view of the device
290 during a measurement process for obtaining
position information from the measurement structure
200. Similar to the measurement procedure on the basis
of working zones of a corresponding measurement
device, such as a microscope and the like, a first or
inner working zone 270 and a second or outer working
zone 280 may be defined if a measurement device is
used that may provide two working zones only, as is
typically the case in prior art techniques. The
capability of the 



measurement device may be taken into consideration
when designing the measurement structure 200 so that
an overlap of the inner and outer working zones 270,
280 during measurement may be effectively suppressed
and the corresponding working zones may be placed so
as to obtain position information from the respective
twoperiodic!1 With a corresponding adjustment of the
measurement device and/or appropriate design of the
individual sub-structures 210, 240, 220, 250, the
first and second working zones 270, 280 may be
commonly placed sequentially on the respective two of
the periodic sub-structures to thereby obtain position
information indicating the relative positioning of the
corresponding sub-structures. Consequently, the
following measurements may sequentially be performed:
(1) the working zone 270 above sub-structure 210 and
the working zone 280 above the sub-structure 240 -
resulting in inner-layer position information, for
instance PPE, of the first device layer 202; (2) the
working zone 270 above the sub-structure 240 and the
working zone 280 above the sub-structure 250
-resulting in an inner-layer position information of
the second device layer 203, such as PPE; (3) the
working zone 270 above the sub-structure 210 and the
working zone 280 above the sub-structure 250
-resulting in an inter-layer position information,
that is, overlay information between non-segmented
sub-structures; (4) the working zone 270 above the
sub-structure 240 and the working zone 280 above the
sub-structure 220 - resulting in an inter-layer
position information, that is, overlay information
with respect to segmented sub-structures; (5) the
working zone 270 above the sub-structure 210 and the
working zone 280 above the sub-structure 240 -
resulting in an inter-layer position information of
the type non-segmented versus segmented; and (6) the
working zone 270 above the sub-structure 220 and the
working zone 280 above the sub-structure 250
-resulting in an inter-layer position information of
the type segmented versus non-segmented. Consequently,
inner-layer and inter-layer position information may
be obtained by the structure 200, wherein, depending
on process strategy, all of the information obtained
may be used in assessing the overlay accuracy of the
device 290, or only a portion of the information may
be obtained and/or evaluated, thereby reducing
measurement time. According to a further illustrative
embodiment, the measurement process is adapted to
enhance data acquisition. To this end, the working
zones 270, 280 may each be divided into two respective
sub-zones, indicated as 270a, 270b for the working
zone 270 and 280a, 280b for the working zone 280, as
is exemplarily shown for one of the structures 200 in
Figure 2e. In this embodiment, measurement data may be
obtained from the sub-structures 210, 220, 240, 250
simultaneously. In this case, the corresponding
measurement algorithms for the extraction and
calculation of position errors from the corresponding
image contents of the working zones 270a, 270b, 280a,
280b may be applied to all possible combinations, or
to any desired combinations, in parallel and
independently from each other. Consequently, up to six
independent measurement data may be obtained
simultaneously, similarly to the case above: (1)
working sub-zones 270a and 270b -inner-layer
information of 



the first device layer 202; (2) working sub-zones 280a
and 280b -inner-layer information of the second device
layer 203; (3) working sub-zones 270a and 280a -
overlay error information of the type
non-segmentedsegmented; (4) working sub-zones 270b and
280b - overlay error information of the type
segmented-nonsegmented; (5) working sub-zones 270a and
280b - overlay error information of the type
non-segmented-nonsegmented; and (6) working sub-zones
280a and 270b - overlay error information of the type
segmentedsegmented.'Be'rMiding'O'h"rdqutferhents, the
corresponding measurement data may be obtained and may
be assessed and combined in any way so as to evaluate
the overlay accuracy. Consequently, an increased
amount of information may be extracted from the
measurement structure 200 compared to the conventional
technique as is shown in Figure Ic, since there only
inner-layer information of the first and the second
device layers as well as inner-layer error information
of the type non-segmented-non-segmented may be
obtained per each measurement event. Moreover,
depending on the size of the measurement structure
200, an increased amount of information may be
obtained from a significantly reduced floor space of
the device 290 compared to a conventional technique.
It should be appreciated that the size of the
individual structure elements 211, 241, 221 and 251
may be appropriately selected so as to enable a
respective definition of working zones 270 and 280
and, if desired, the corresponding sub-zones, which
may result in a somewhat enlarged overall area
corresponding to a single one of the structures 100,
150 shown in Figure Ic, while nevertheless a
significant reduction in consumed floor space is
achieved. In other embodiments, a similar size as for
one of the structures 100, 150 may be used for the
four structures 200 as shown in Figure 2a or Figure
2e. Figure 2f schematically illustrates the structure
200 according to a further illustrative embodiment, in
which the first and second periodic structures 230 and
260 are arranged in a side-by -side configuration
without being interleaved. The respective working
zones 270 and 280 are correspondingly divided into
appropriate subzones 270a, 270b and 280a, 280b. Figure
2g schematically shows the structure 200 according to
further illustrative embodiments of the present
invention, in which an enhanced functionality of the
structure 200 may be obtained. In one embodiment, the
structure 200 may be designed such that at least one
of the periodic sub-structures is formed in a third
device layer. For instance, in the example shown, the
sub-structures 210 and 220 may be formed in a first
device layer, such as the layer 202, as previously
explained, and the sub-structure 240 may be formed in
a second device layer, such as the layer 203, as
previously discussed, while the sub-structure 250, now
referred to as 250a, may be formed in a third device
layer, which may be located below or above or between
the first and second device layers. Consequently,
using the measurement technique involving working
sub-zones, i.e., the sub-zones 270a, 270b, 280a, 280b,
the following measurement data may be obtained
simultaneously from the measurement structure 200: (1)
working sub-zones 270a and 270b -inner-layer position
information of the first layer; (2) working sub-zones
280a and 280b-overlay information of the second and
third layer; (3) working sub-zones 



270a and 280a - overlay information of the first and
second layer of the type non-segmented-segmented; (4)
working sub-zones 270b and 280b - overlay information
of the first and third layer of the type segmentednon-
segmented; (5) working sub-zones 270a and 280b -
overlay information of the first and third layer of
the type non-segmented-non-segmented; and (6) working
sub-zones 270b and 280a - overlay information of the
second and first layer of the type
segmented-segmented. Consequently, an enhanced
functionality is obtained which may allow the
observation of overlay accuracy with respect to an
enhanced "span" while nevertheless requiring a
significantly reduced amount of floor space and, if
simultaneous measurement techniques are used, with a
significantly reduced amount ofmeasurement"'tirner'
ifs&oum'be appreciated that there are other
combinations with respect to placing one or more of
the sub-structures within the third device layer. In a
further illustrative embodiment, the measurement
structure 200 may be located within the substrate
portion 201 such that two portions or sub-structures,
formed in the same device layer, are located in
adjacent overlapping exposure fields, indicated as
exposure field 206 and 207 in Figure 2e. That is, the
sub-structures 210 and 220, formed in a single device
layer, may be formed in the exposure field 206,
wherein one of the structures, such as the structure
220, is also positioned within the exposure field 207.
In other embodiments (not shown), the measurement
structure 200 may be designed such that any overlay
area of the exposure field 206 and 207 is located, for
instance, between the structures 240 and 220, thereby
ensuring that the sub-structure 210 is only formed
within the exposure field 206, while the sub-structure
220, formed in the same layer, is formed by the
exposure field 207 only. In any case, valuable
information, for instance with respect to the grid
distortion and the like, may be obtained, wherein this
information may be available at the same time, as the
measurement technique as described with reference to
Figure 2e on the basis of split sub-zones is used. In
still a further illustrative embodiment, the
measurement structure 200 may be designed such that
one of the sub-structures, for instance the
sub-structure 250a, represents an overlap region of
the measurement structure 200, that is, a specific
sub-structure (not shown) may be additionally formed
in the first layer and may be subsequently
"overwritten" by a corresponding sub-structure of the
second layer, thereby forming the overlap region 250a.
In this case, the same amount of information may be
obtained as previously described, while, additionally,
position information is "conserved" in the overlap
region 250a, which may be extracted at a later stage,
for instance by cross-sectional analysis using
electron microscopy, x-ray microscopy and the like. To
this end, a corresponding section sample may be
prepared in the overlap region 250a, for instance by
focused ion beam (FIB) techniques. In this way,
information having an enhanced degree of accuracy may
be obtained due to the high resolution of the involved
measurement techniques, thereby providing the
possibility of obtaining "calibration" or "reference"
data which may be used for scaling or normalizing
measurement data received by optical techniques. For
example, instead of using a non-segmented overlay
portion as indicated in Figure 2g, for 



instance, the sub-structure 220 may be overwritten by
a corresponding segmented sub-structure, such as the
structure 240 formed in the second layer, thereby
providing enhanced information with respect to overlay
accuracy on the basis of critical dimensions, which
may then be used in correspondingly calibrating and
evaluating the measurement data obtained by the
non-destructive techniques. As a result, the present
invention provides an enhanced technique for obtaining
efficient information with reduced measurement time
and/or reduced floor space required in scribe line
areas of microstructural devices in that a measurement
structure includes periodic portions formed in
different device layers in such a way that inner-layer
information as well as inter-layer information may be
obtained from the measurement structure in a single
measurement site. Moreover, in some embodiments, the
measurement procedure may be adapted such that
inner-layer information and inter-layer information
may be obtained simultaneously, thereby significantly
enhancing the measurement process, while at the same
time the accuracy of the interpretation of measurement
data may be enhanced. Moreover, enhanced functionality
of the measurement structure compared"to ' b ti fl al
overlay and PPE structures is achieved, since
additional information such as cross-sectional
analysis measurement data, grid distortion data and
the like may be obtained along with overlay and PPE
data. The particular embodiments disclosed above are
illustrative only, as the invention may be modified
and practiced in different but equivalent manners
apparent to those skilled in the art having the
benefit of the teachings herein. For example, the
process steps set forth above may be performed in a
different order. Furthermore, no limitations are
intended to the details of construction or design
herein shown, other than as described in the claims
below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified
and all such variations are considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the claims
below.CLAIMS WHAT IS CLAIMED: 1. An overlay
measurement structure, comprising: a first periodic
structure (230) formed in a first device layer of a
specified measurement site formed on a substrate, said
first periodic structure (230) comprising a first
periodic sub-structure (210) and a second periodic
sub-structure (220), the first and second periodic
sub-structures in said first periodic structure (230)
each including a plurality of first structure elements
(211, 221), some of the first structure elements
comprising a first segmented portion; and a second
periodic structure (260) formed in a second device
layer located above said first device layer, said
second periodic structure comprising a first periodic
sub-structure (240) and a second periodic
sub-structure (250), the first and second
sub-structures in said second periodic structure (260)
each including a plurality of second structure
elements (241, 251), some of the second structure
elements comprising a second segmented portion, said
first and second 



periodic structures (230, 260) forming a periodic
stacked structure in said specified measurement site.
2. The overlay measurement structure of claim 1,
wherein said first and second periodic structures
(230, 260) are oriented to each other so as to provide
position information about a relative displacement
with respect to at least one predefined direction. 3.
The overlay measurement structure of claim 2, wherein
said first and second periodic sub structures (211,
221) of the first periodic structure (230) are
oriented to each other so as to provide position
information about a relative displacement with respect
to said at least one predefined direction. 4. The
overlay measurement structure of claim 3, wherein said
first and second periodic sub structures (241, 251) of
the second periodic structure (260) are oriented to
each other so as to provide position information about
a relative displacement with respect to said at least
one predefined direction. 5. The overlay measurement
structure of claim 3 or 4, wherein said first periodic
sub-structure (210) of the first periodic structure
(230) is located adjacent to said first periodic
sub-structure (241) of the second periodic structure
(260). 6. The overlay measurement structure of claim
1, wherein each of the first structure elements of the
first periodic sub-structure (210) of the first
periodic structure (230) comprises said first
segmented portion. 7. The overlay measurement
structure of claim 6, wherein each of the first
structure elements of the second periodic
sub-structure (220) of the first periodic structure
(230) is non-segmented.g, : THeroVerlayiheasurement
structure of claim 6, wherein each of the second
structure elements of the first periodic sub-structure
(240) of the second periodic structure (260) comprises
said second segmented portion. 9. The overlay
measurement structure of claim 8, wherein each of the
second structure elements of the second periodic
sub-structure (250) of the second periodic structure
(260) is non-segmented. 10. The overlay measurement
structure of claim 1, further comprising an overlap
region, in which a portion of the first periodic
structure (230) and the second periodic structure
(260) overlap with each other. 11. The overlay
measurement structure of claim 1, further comprising a
third periodic structure formed in a third device
layer located above said substrate to form a layer
stack with said first and second device layers, said
third periodic structure comprising a plurality of
third structure elements and being oriented so as to
provide position information about a relative
displacement with respect to the first and second
periodic structures for at least one predefined
direction. 12. A method, comprising: forming a stacked
periodic measurement structure in a predefined
measurement site of a substrate 



usable for fabricating semiconductor devices, said
stacked periodic structure comprising a first
segmented portion and a first non-segmented portion
formed in a first layer, and a second segmented
portion and a second non-segmented portion formed in a
second layer; obtaining position information from each
of the first and second segmented and non-segmented
portions; and determining an overlay accuracy of
structural features formed above said substrate
outside of said predefined measurement site based upon
said obtained position information. 13. The method of
claim 12, wherein obtaining position information from
each of the first and second segmented and
non-segmented portions comprises sampling said first
and second segmented and nonsegmented portions with a
specified working zone to obtain respective sets of
measurement data from within respective working zones.
14. The method of claim 13, wherein determining said
overlay accuracy comprises evaluating measurement data
obtained from the first segmented portion and
measurement data obtained from the first nonsegmented
portion to determine a pattern placement error in said
first layer. 15. The method of claim 13, wherein
determining said overlay accuracy comprises evaluating
measurement data obtained from the second segmented
portion and measurement data obtained from the second
non-segmented portion to determine a pattern placement
error in said second layer. '6'."1" THe^methM 'of
claim 13, wherein determining said overlay accuracy
comprises evaluating measurement data obtained from at
least one of the first segmented and non-segmented
portions and measurement data obtained from at least
one of the second segmented and non-segmented portions
to determine an overlay error between the first layer
and the second layer. 17. The method of claim 12,
wherein forming said stacked periodic structure
comprises forming an overlap region in said
measurement site, at least one of the first segmented
and non-segmented portions overlapping with at least
one of the second segmented and non-segmented portions
in said overlap region. 


