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(57) Abstract: Embodiments of the invention include a
scatterometry target for use in determining the alignment
between substrate layers. A target arrangement is formed on
a substrate and comprises a plurality of target cells. Each cell
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includes disambiguation features arranged between the cells and
configured to resolve ambiguities caused by the periodic signals
generated by the cells when exposed to the illumination source.
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APPARATUS AND METHODS FOR DETECTING OVERLAY ERRORS
USING SCATTEROMETRY

TECHNICAL FIELD

[0001] The invention described herein relates generally to methods and
apparatus for determining the alignment of overlay structures formed in single or
multiple layers. More particularly, it relates to using improved targets and methods

for determining overlay based on diffraction of radiation interacting with such

structures.
BACKGROUND
[0002] In various manufacturing and production environments, there is a need

to control alignment between various layers of samples, or within particular layers of
such samples. For example, in the semiconductor manufacturing industry, electronic
devices may be produced by fabricating a series of layers on a substrate, some or all
of the layers including various structures. The relative position of such structures
both within particular layers and with respect to structures in other layers is relevant
or even critical to the performance of completed electronic devices.
[0003] The relative position of structures within such a sample is sometimes
called overlay. Various technology and processes for measuring overlay have been
developed and employed with varying degrees of success. More recently, various
efforts have been focused on utilizing radiation scatterometry as a basis for overlay
metrology.
[0004] Certain existing approaches to determining overlay from scatterometry
measurements concentrate on comparison of the measured spectra to calculated
theoretical spectra based on model shape profiles, overlay, and film stack, and
material optical properties (n, k dispersion curves), or comparison to a reference
signal from a calibration wafer. In alternative approaches, various implementations of
sub-optimal multi-cell targets have been employed. However, these approaches have
numerous shortcomings, which the present invention seeks to overcome. The present
invention discloses improved scatterometry overlay (SCOL) target structures and
methods.

SUMMARY OF THE INVENTION

[0005] In accordance with the principles of the present invention, an improved

overlay target arrangement and methods for its fabrication and use are disclosed.



10

15

20

25

30

WO 2007/126559 PCT/US2007/006031

[0006] In general, the present invention is directed toward target arrangements
that include target cells having overlaid tiers of periodic features set with possibly
different pitches.. Further embodiments enhance the target arrangements through the
addition of disambiguation features that enable resolution of ambiguities in the
periodic signals generated by the target cells. Method of using these target
arrangements are also disclosed.

[0007] One embodiment of the invention comprises a target arrangement for
determining overlay alignment. The target arrangement is formed on a substrate to be
inspected such that the arrangement includes at least two layers that are capable of
being illuminated by an illumination source to produce a resulting spectrum (signal).
The target arrangement comprises a plurality of periodic target cells configured such
that each cell has a top layer arranged above a bottom layer. The layers are
configured such that the top layer has periodic features and the bottom layer has
periodic features and such that there is an offset between the top layer and the bottom
layer of the cell. Additionally, the target cells can be configured so that the periodic
features of the top layer have a different pitch than the periodic features of the bottom
layer. The ratio of the periodic features of the top layer to the periodic features of the
bottom layer defines a pitch ratio selected so that the two layer cell, as a whole, is
periodic.

[0008] Also, an inventive target arrangement can include embodiments that
include disambiguation features, which upon illumination and analysis, enable the
resolution of ambiguities in the spectra generated by the periodic target cells.

[0009] In another embodiment, a target arrangement configured similar to the
above embodiments is arranged so that the values of offsets provide improved
accuracy and repeatability of overlay measurements.

[0010] In an additional embodiment, the target cells are configured so that the
periodic features of the top layer have the same pitch as the periodic features of the
bottom layer. In yet another alternative embodiment, the periodic features of the top
layer of a target cell can be arranged to have a different pitch than the periodic
features of the bottom layer of the cell. In such case, the pitch ratio for the cell can be
chosen such that each target cell (comprising the two layers) is periodic.

[0011] In another embodiment, the target arrangement comprises a plurality of
periodic target cells formed on a substrate such that the cells each include at least two

layers that are capable of being illuminated by an illumination source to produce a
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resulting spectrum (signal). The target arrangement comprises a plurality of periodic
target cells configured such that each cell has a top layer arranged above a bottom
layer. The layers are configured such that the top layer has periodic features and the
bottom layer has periodic features and such that there is an offset between the top
layer and the bottom layer of the cell. The values of offsets are chosen for optimized
accuracy and repeatability of the overlay measurement; Additionally, the target cells
are configured so that the periodic features of the top layer have a different pitch than
the periodic features of the bottom layer. The pitch ratio being chosen so that the
complete structure of the two layers is periodic.
[0012] In another embodiment the invention includes a method of determining
overlay error using the aforementioned target arrangements. A substrate is provided
having a target arrangement formed thereon. The target arrangement includes a
plurality of target cells each having first and second layers with a set of periodic
features configured such that the periodic features of the first layer have a different
pitch than the periodic features of the second layer. The target arrangement is also
provided having disambiguation features arranged between the target cells, the
disambiguation features being configured to enable resolution of signal ambiguities
caused by the generation of the spectra during illumination of the cells. The target
cells are illuminated to obtain spectra associated with each of the target cells. Also,
the disambiguation features are illuminated to obtain a signal associated with the
disambiguation features. The spectra information is used to determine the overlay
error between the first and second layers. Any ambiguity in this determination is
resolved by using information obtained from the signal associated with the
disambiguation features.
[0013] Other aspects and advantages of the invention will become apparent
from the following detailed description and ac;companying drawings which illustrate,
by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The following detailed description will be more readily understood in
conjunction with the accompanying drawings, in which:
[0015] Fig. 1 illustrates the relative distribution of designed overlay offsets
Xa» Xb, X, and Xy for corresponding interlayer patterns (overlay targets) A, B, C, and

D according to an embodiment of the present invention.
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[0016] Fig. 2(a) is a side view illustration of a patterned top layer L2 being
offset by an amount +F from a patterned bottom layer L1 in accordance with one
embodiment of the present invention.

[0017] Fig. 2(b) is a side view illustration of a patterned top layer L2 being
offset by an amount -F from a patterned bottom layer L1 in accordance with one
embodiment of the present invention.

[0018] Fig. 2(c) is a side view illustration of a patterned top layer L2 being
offset by an amount +F+f; from a patterned bottom layer L.1 in accordance with one
embodiment of the present invention.

[0019] Fig. 2(d) is a side view illustration of a patterned top layer L2 being
offset by an amount -F+f; from a patterned bottom layer L1 in accordance with one
embodiment of the present invention.

[0020] Fig. 2(e) is a side view illustration of a patterned top layer L2 being
offset by an amount +F+{p+E from a patterned bottom layer L1 in accordance with
one embodiment of the present invention.

[0021] Fig. 2(f) is a side view illustration of a patterned top layer L2 being
offset by an amount -F+f5+E from a patterned bottom layer L1 in accordance with one
embodiment of the present invention.

[0022] Fig. 2(g) is a simplified flow diagram illustrating an embodiment of
determining overlay error in accordance with the present invention.

[0023] Fig. 2(h) is a set of simplified side view illustrations showing an
example offset and the pitch differentials between a first and second layer of periodic
features of a target cell constructed in accordance with the principles of the present
invention.

[0024) Figs. 3(a) & 3(b) are simplified plan view depictions of SCOL targets
constructed in accordance with the principles of the invention.

[0025] Fig. 4 is a simplified schematic side section view of a portion of the
target depicted in Fig. 4 and constructed in accordance with the principles of the
invention.

[0026] Fig. § is a simplified plan view depiction of a SCOL target constructed
in accordance with the principles of the invention and showing ROI’s.

[0027]) Fig. 6 is a simplified plan view depiction of another SCOL target

embodiment constructed in accordance with the principles of the invention.
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[0028] Fig. 7 depicts a SCOL target such as embodied in Fig. 6 depicting

ROPI’s as used in accordance with the principles of the invention.

'[0029] Fig. 8 is another simplified plan view depiction of a SCOL target

embodiment constructed in accordance with the principles of the invention.
[0030] It is to be understood that in the drawings like reference numerals
designate like structural elements. Also, it is understood that the depictions in the
Figures are not necessarily to scale.

DETAILED DESCRIPTION OF THE INVENTION
[0031] The present invention has been particularly shown and described with
respect to certain embodiments and specific features thereof. The embodiments set
forth hereinbelow are to be taken as illustrative rather than limiting. It should be
readily apparent to those of ordinary skill in the art that various changes and
modifications in form and detail may be made without departing from the spirit and
scope of the invention.
i0032] In general, the present invention encompasses scatterometry targets
and methods for their use in determining overlay alignment errors.
[0033] Aspects of the invention enable optimal scatterometry overlay (SCOL)
target design. A SCOL target commonly consists of two sets of four (4) cells (one set
for each direction). Each cell includes two overlapping gratings generally set in two
overlapping layers. The design (e.g., the pitch and grating configuration) of each set
includes four (4) cells that are identical except for an intentional offset between the
top and bottom gratings of each cell.
(0034] A basic discussion of the principles of SCOL using uniform pitch
targets is explained briefly as follows. A set of four or more scatterometry overlay
targets are formed on a sample, such as a semiconductor device. In a particular
implementation, the targets are used to provide a measure of the placement accuracy
of various structures comprised in the device. In general, placement accuracy is
characterized by measurement of an overlay error between two different layers of the
semiconductor device.
[0035] In one brief example illustration, a set of four targets is provided with
each target having two sets of structures on two different layers which are offset from
each other. The structures define gratings that can be used to determine overlay
alignment. In a specific implementation, an offset may be defined as the sum or the

difference of two separate distances: a first distance F and a second distance f;, with F
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being greater than fp. Denoting the four targets as “target A”, “target B”, “target C”
and “target D”, predetermined offsets for each of these targets may be defined as
follows for an example of one target design:

Xa =+F + f; (for target A),

Xp = -F + fj (for target B),

X =+F - fp (for target C), and

Xa=-F - fy (for target D).
[0036] The offsets for X, through X3 may be any suitable value for practicing
the techniques of the present invention so as to determine overlay. In one example,
Fig. 1 illustrates the distribution of offsets X,, Xp, Xc and Xy along the x-axis. As
shown, the offsets X, and X are both positive with X, being larger than Xc. Offsets
Xp and X4 are both negative with X4 being more negative than Xj.
[0037] The number of targets and the magnitude and sense of their
corresponding offsets may be chosen in any suitable manner so that the techniques of -
the present invention may be practiced to determine overlay error. An illustrative
example set of targets and their corresponding offsets are described below in relation
to Figures 2(a) through 2(f).
[0038] Fig. 2(a) is a side cross-section view illustrating an example patterned
grating in a top layer L2 having an offset F from a patterned grating of a bottom layer
L1. Each layer L1 and L2 is patterned into a set of structures. The structures may
include any suitable feature, such as a line, trench or a contact. The structures may be
designed to be similar to a semiconductor device feature. The structures may also be
formed from a combination of different features. In general these structures are
configured as diffraction gratings. Further, the structures may be located on any layer
of the sample, e.g., either above the top layer of the sample, within any layer of the
sample, or partially or completely within a layer of the sample. In the illustrated
embodiment of Fig. 2(a), layer L1 includes the complete structures 204a-c, while
layer L2 includes the complete structures 202a-c. Construction of scatterometry
overlay targets structures and methods for producing them are described in U.S.
patent application, having application no. 09/833,084, filed 10 April 2001, entitled
“PERIODIC PATTERNS AND TECHNIQUE TO CONTROL MISALIGNMENT?,
by Abdulhalim, et al., which application is herein incorporated by reference in its

entirety.
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[0039] As shown, the structures of the top layer L2 are offset by an amount F
from the structures of the bottom layer L1. The structures of the two offset layers
may be located within adjacent layers or have any suitable number and types of layers
disposed in between the two offset layers. Fig. 2(a) also shows three films T1, T2,
and T3 between patterned layers L1 and L2 and their corresponding structures. To
the extent that any other layers exist between the two layers having the structures,
these other layers exhibit at least a minimum degree of transmission for
electromagnetic radiation to permit propagation of the radiation between the layers.
having the structures.

[0040] Fig. 2(b) is a side view illustration of a patterned top layer L2 being
offset by an amount -F from a patterned bottom layer L1 in accordance with one
embodiment of the present invention. Fig. 2(c) is a side view illustration of a
patterned top layer L2 being offset by an amount +F + f; from a patterned bottom
layer L1 in accordance with one embodiment of the present invention. Fig. 2(d) is a
side view illustration of a patterned top layer L2 being offset by an amount +F+fp
from a patterned bottom layer L1 in accordance with one embodiment of the present
invention. Fig. 2(¢) is a side view illustration of a patterned top layer 1.2 being offset
by an amount +F + f; +E from a patterned bottom layer L1 in accordance with one
embodiment of the present invention. Fig. 2(f) is a side view illustration of a
patterned top layer L2 being offset by an amount -F + {3 +E from a patterned bottom
layer L1 in accordance with one embodiment of the present invention.

[0041] In general, an error offset £ may be determined by analyzing at least
the measured spectra from four or more targets A, B, C, and D each having offsets
between two patterned layers, such as offsets X, through X4. This analysis can be
performed without comparing any of the spectra to a known or reference spectra i.e.,
in the absence of calibration.

[0042] In one approach, the four targets A, B, C, and D are designed to have
offsets X, through X as described above. That is, target A is designed with offset +F
+ fo; target B with offset -F + fj; target C with offset +F - fp; and target D with offset -
F - fo.

[0043] A incident radiation beam is directed towards each of the four targets
A, B, C, and D to generate four spectra Sa, Sg, Sc, and Sp from the four targets.
Examples of optical systems and methods for measuring scatterométry signals to

determine overlay may be found in (1) U.S. patent application, having Patent No.
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09/849,622, filed 04 May 2001, entitted “METHOD AND SYSTEMS FOR
LITHOGRAPHY PROCESS CONTROL”, by Lakkapragada, Suresh, et al. and (2)
U.S. patent application, having application no. 09/833,084, filed 10 April 2001,
entitted “PERIODIC PATTERNS AND TECHNIQUE TO CONTROL
MISALIGNMENT”, by Abdulhalim, et al. These applications are herein
incorporated by reference in their entirety. This cell configuration is illustrated in Fig.
1. The spectra can be captured, measured, processed, and compared to measure
overlay error. Many approaches can be employed, with one particular approach being
described in detail in U.S. Patent Publication No. US 2004/0233441, filed 23
February 2004, entitled “APPARATUS AND METHOD FOR DETECTING
OVERLAY ERRORS USING SCATTEROMETRY?”, by Walter D. Mieher, et al.,
which application is incorporated by reference in its entirety for all purposes.

[0044] Aspects of the invention can be used to improve the design of the
foregoing. SCOL targets. Embodiments of the invention can be used to optimize the
number of cells in a target and their respective offsets. Other embodiments of the
invention can be used to define a range of pitch relationships that characterize the
relationship between the pitch of the top and bottom gratings where the pitches of the
two layers are not the same. Additionally, values for the intentional offsets (F, f3)
between the gratings for given pair of layers having differing pitches can be
determined. Also, target structures can be enhanced using added elements to reduce
the inherent ambiguity in overlay measurements obtained using SCOL.

[0045] Heretofore, typical SCOL targets used the same pitch for both the top
and bottom gratings, i.e., the pitch of the top and bottom gratings are identical. The
following disclosure specifically identifies some implementation parameters that are
highly suitable for use in accordance with the principles of the invention.

Enhanced Targeting Arrangements

[0046] The inventors contemplate an improved approach for obtaining SCOL
overlay measurements.

[0047] Many extraneous concerns can affect the design of SCOL targets. For
example, the constraints posed by lithography and other semiconductor processes and
architectures may not always permit the pitch of the top and bottom gratings to be the
same. One example of a common situation where this problem occurs involves the
situation where a substrate includes a device pitch that is positioned near the target

and has a pitch that is close to the pitch of the target.
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[0048) Embodiments of the invention include methods and target
arrangements configured to take advantage of specially constructed target cells. Such
cells have alignment features arranged in different layers of the cell. In fnarticular, the
alignment features are embodied in a series of periodically repeating structures that
are constructed so that the pitch of the two layers of repeating features are different.
Some aspects of the invention are directed to defining a set of acceptable pitch
relationships between the layers of a cell and determining corresponding offsets for
such cells. In one embodiment the invention establishes a set of allowed pitch
relationships and the optimal offsets that correspond to the pitch relationships.

[0049] The following paragraph illustrates a few particularized embodiments
for practicing the present invention. In one embodiment, (which can comprise two
sets of four target cells i.e., eight target cells) a particularly suitable set of desirable
offsets for each of the four cells of a target for a given pitch (p) (also referred to as the
spatial periodicity of the target cell) is as follows: for pitch ( p) suitable offsets are

pla+ 1y, —p/4+ f,, p/4—f, and — p/4— f, , where f, is a free parameter in the
range of 0 < f, < p/4. Figs. 3(a) and 3(b) provides examples of simplified schematic

depictions of ‘a pair of four-cell target arrangements suitable for use in some
embodiments of the invention.

[0050] ‘In another embodiment, depicted in Fig. 8, a pair six target cell sets
(i.e., twelve target cells) is shown. For such an embodiment, a suitable set of
desirable offsets for a given pitch (p) is 5p/12, — p/12, p/4, — p/4, p/12 and
—5p/12 for each one of the six cells. The inventors point out that for such targets,
the free parameter is not needed. Fig. 8 provides a simplified schematic depiction of a
six cell target arrangement suitable for use in some embodiments of the invention.
One set of six cells is arranged in each perpendicular axis of the target. In other
embodiments where the layers of the target cells have different pitches for each of the
two layers of features, other offset values are generally employed.

[0051] Due to the periodicity of SCOL signals, the resulting signals produced
by a given overlay scheme is somewhat ambiguous (i.e., a selected set of phase
shifted patterns can look identical to one another). This means that SCOL signal is
generally determinable up to an integer multiple of p/2. In many cases this may not

pose a serious problem. However, in many other cases this ambiguity produces a
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degree of uncertainty that produces an overlay estimate of insufficient accuracy. In
such case the signal ambiguity is unacceptable.
[0052] Thus, in further embodiments, methods and structures are
contemplated to resolve the ambiguous nature of the signals. In one embodiment, this
ambiguity is resolved by adding some box-like structures (sometimes referred to as
(BiB) or box-in-box structures) that can be employed to obtain a rough measurement
of the overlay offset. Although such measurements are less accurate than the periodic
measurements made above, they are generally sufficiently accurate to resolve a P/2
ambiguity in the previously described approach. Some embodiments of the present
invention utilize specific designs for box-like structures to enable the resolution of
such ambiguity.

A General Process For Determining bverlax Error
[0053] The following brief description outlines one embodiment for
determining an overlay alignment error in accordance with the principles of the
invention.
[0054] Referring to the simplified flow diagram 250 illustrated in Fig. 2(g) the
following discussion relates to a method for determining an overlay error between
layers of a sample. A substrate having layers formed thereon is provided (Step 252).
Such substrates are of a type known and used by those of ordinary skill. The substrate
of this embodiment includes a target arrangement formed thereon. The target
arrangement comprising a plurality of target cells constructed such that each cell has a
first and a second layer with a set of periodic features configured such that the
periodic features of the first layer have a different pitch than the periodic features of
the second layer. The layers of the target cells are generally associated with the layers
of the substrate. )
[0055] The target cells are illuminated by an illumination source to obtain
spectra for each of the target cells (Step 254). This illumination of the target cells
produces a number of specira which are distinct and depend on which target cell is
illuminated and the extent of any misalignment in the layers. The spectra are received
by sensors which then provide an associated signal. These signals are processed using
a processor and any overlay error between the first and second layers is determined
using information obtained using the spectra obtained for each of the target cells (Step
256).

10



10

15

20

25

30

WO 2007/126559 PCT/US2007/006031

[0056] For some embodiments this is the end of the process. Due to the
nature of the fo;egoing Steps 542-256 and the periodic nature in the signal obtained,
there can be some ambiguity in the results and a certain indeterminacy in the degree
of overlay error can result. The following optional process steps can be used to
clarify the resulting ambiguities and in some embodiments this may be a desirable
result.
[0057]) In such embodiments, Step 252 includes providing a target
arrangement that further includes disambiguation features arranged between the target
cells, the disambiguation features configured to enable signal ambiguities caused by
the generation of the periodic signal to be resolved. Although, the accuracy
obtainable with the disambiguation features alone is quite a bit less than that
obtainable within the target cells described above, it is generally enough to resolve the
periodic ambiguity inherent in the target cells.
[0058] Step 258 includes illuminating the disambiguation features with the
illumination source to obtain a signal associated with the disambiguation features.
Generally, this signal is an image signal. In Step 259 the ambiguity is resolved by a
comparison of disambiguation signals to determine the extent of the overlay error. In
one example, a disambiguation feature can be imaged and then measurements taken
as the feature is rotated about an axis of symmetry and then a rough estimate of
overlay error determined.
[0059] Certain particular aspects of the above description are described in
detail in the following paragraphs.

SCOL targets having two different values of the pitch

[0060] Embodiments "of the invention can include SCOL targets having
different grating pitches for the top and bottom gratings. The differing grating pitch
values for the bottom and top gratings pitch can be defined as, p, and p,,
respectively. The relationship between the pitch values are selected to enable the
resulting scatterometry signal to remain periodic as a function of the overlay.

[0061] In one embodiment, such a-periodic function can be obtained where
there is a specific predetermined relationship between the pitches of the layers.  This

relationship can be satisfied by the following condition: »,p, =#n,p, and where the

relationship p,/p, defines a rational number. In such case, values for “n> are

selected as integer values (such as in an example embodiment where p, and p, are
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given as integers values, for example, in nanometers). Thus, both », and »n, comprise
integer values. The values for “n,” are also selected so that they satisfy the
relationship n p, =n,p,.

[0062] In other words, the relationship pi/p> = ny/n, is selected to be a rational
number. In one embodiment, n, and n, are selected as “Minimal Integers” that
satisfy the relation P =n,p, =n,p,, where P is defined as the “spatial periodicity” of
the combined structure of the two gratings (or the cell associated with the two
gratings) also referred to as the periodicity of the cell.

[0063] Generally, the periodicity of any scatterometry signal is not equal to
“spatial periodicity” P of the combined structure of the two gratings.

[0064] The following case illustrates a method of determining p. The example
begins with pitch values (e.g., p;, p2). The bottom grating has a pitch of 200 nm
(nanometers) and the top grating has a pitch of 300 nm. To satisfy the condition
m p, = n,p, the following are true. Where p; = 200 nm and p, = 300 nm then n; can
equal 3 and n; can equal 2 and thereby satisfy the condition. Also, the following
condition is to be satisfied P=np, =n,p, to define a spatial periodicity P.
Accordingly, the spatial periodicity P of the target (or cell) is 600nm. Additionally,
the Greatest Common Divisor (GCD) of p, and p, is 100 nm (100 being the greatest
divisor common to 200 and 300). Generally, this GCD defines the periodicity of the
signal p as 100nm. .

[0065]) Thus, using the information of paragraphs [0037] and [0064] above,
the optimal values of the intentional offsets of the 4 cells of the target are p/4+ f,,

-p/4+1,, p/4-f, and — p/4— f,, where p=GCD(p,, p,) and where f; is less
than p/4 . In the preceding case p=(GCD)=100 nm. Therefore p/4 = 25 nm and fj

should be chosen as some value less than 25 nm. This is depicted in the simplified
diagram of Fig. 2(h) which shows two layers of periodic features 261, 262 arranged in
different layers of a substrate. The spacing between the features of a first layer 261 of
periodic features defines the pitch p; for the first layer. Similarly, the spacing
between the features of a second layer 262 of periodic features defines the pitch p, for
a second layer on the target. In this depiction the pitch p; for the first layer is greater
than the pitch p, for the second layer. Additionally, a portion of the offset F is

depicted. This value F is measured for example from the centerline of a feature in the
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first layer to the centerline of a feature in the second layer. Additionally, the other
portion of the offset f is shown as added to (or subtracted from) F. The offsets in the
present invention are determined as above (+F+fp, +F-f;, -F+fo, -F-fz) and used to
define a set of cells defining a targeting arrangement. Generally, this means eight
cells per arrangement, four for each direction (of which the directions are
perpendicular to each other).

[0066] The effectiveness of this approach is enhanced in embodiments having
a sufficiently large cell size. The spatial periodicity P of the cell plays a role here.
Additionally, a large number of spatial periods P should be contained in the
illumination spot directed onto the target. In preferred embodiments, a cell size of
about 15P or greater is generally preferred. Such a cell size can be used to in order to
avoid finite size effects and poor repeatability. In another embodiment, each cell is at
least 202 across (“across™ in this context means in the direction perpendicular to the
length of the features forming the cell.)

[0067] Referring to Step 252 of the flow diagram (Fig. 2(g)), a method
embodiment for determining overlay in accordance with one embodiment of the
present invention can include the following. A first set of target cells includes four
targets A, B, C, and D which are designed to have offsets X, through X4. The target
offsets are, for each target respectively, Xa = p/4+/f,, Xo = ~p/d+ f,, Xc =

pl/4—f, and X4 = — p/4 — f, , where spatial periodicity value for the resultant target
signal (S,) = p = GCD(p,, p, ) and where fj is less than p/4 .

[0068] In Step 254, an incident radiation beam is directed towards each of the
four targets A, B, C, and D to generate four spectra Sa, Sg, Sc, and Sp from the four
targets in which can be measured. The spectra generation operations may be carried
out sequentially or simultaneously depending on the measurement system’s
capabilities. The incident beam may be any suitable form of electromagnetic
radiation, such as laser or broadband radiation. Examples of optical systems and
methods for measuring scatterometry signalS to determine overlay rr;ay be found in
(1) U.S. patent application, having Patent No. 09/849,622, filed 04 May 2001, entitled
“METHOD AND SYSTEMS FOR LITHOGRAPHY PROCESS CONTROL”, by
Lakkapragada, Suresh, et al. and (2) U.S. patent application, having application no.
09/833,084, filed 10 April 2001, entitled “PERIODIC PATTERNS AND
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TECHNIQUE TO CONTROL MISALIGNMENT”, by Abdulhalim, et al. These
applications are herein incorporated by reference in their entirety.

[0069] Many embodiments of suitable measurement systems and their use for
determining overlay error are further described in detail in the applications
incorporated above. But, in short, the spectra are measured and processed to obtain
overlay error information (Step 256). The inventors contemplate that in various
embodiments of the present invention, the spectra S,, Sp, Sc, and Sp (and any
additional spectra that may be present) could include any type of spectroscopic
ellipsometry or reflectometry signals, including: tan(¥), cos(A), Rs, Rp, R, a
(spectroscopic ellipsometry “alpha” signal), B (spectroscopic ellipsometry “beta”
signal),((Rs-Rp)/(Rs+Rp)), etc.

[0070] Spectrum Sg (-p/4+fp) can then be subtracted from spectrum Sy
(+p/4+fp), and spectrum Sp (-p/4-fp) can then be subtracted from spectrum Sc (+-p/4-
Jo) to form two associated difference spectra D; and D,. Next, a difference spectrum
property Prop, is obtained from the difference spectra D) and a difference spectrum
property Prop; is obtained from the difference spectrum D,. The difference spectra
properties Prop; and Prop, are generally obtained from any suitable comparable
characteristics of the obtained difference spectra D; and D,. The difference spectra
properties Prop; and Prop, may also each simply be a point on the each difference
spectra Dy or D, at a particular wavelength. By way of other examples, difference
spectra properties Prop; and Prop, may be the result of an integration or averaging of
the difference signal, equal the average of the SE alpha signal, equal a weighted
average which accounts for instrument sensitivity, noise or signal sensitivity to
overlay, or many other parameters. As is known to those having ordinary skill in the
art, the comparison spectra can be obtained and processed using many different
methods.

[0071] After difference spectra properties Prop, and Prop, are obtained, the
magnitude and direction of an overlay error E can then be calculated directly from the
difference spectra properties Prop; and Prop;. In one embodiment, a linear
approximation can be performed based on the difference spectra properties Prop, and
Prop; to determine the overlay error E, while in another technique the difference
spectra properties Prop; and Prop, can be used to approximate a sine wave function or

other periodic function which is then used to determine the overlay error E. For

14



10

15

20

25

30

WO 2007/126559 PCT/US2007/006031

example, linear regression techniques can be used. In another example, the overlay
result may be obtained by a statistical calculation (e.g. averaging or weighted
averaging) of overlay results obtained from properties of multiple wavelengths or
multiple wavelength ranges.

[0072] Many suitable processes for determining the error E in overlay
alignment are detailed in the incorporated references and related applications and
need not be described here. The targets may be used to determine overlay of
structures located at least partially in more than one layer, but could also be used to
determine overlay of structures located substantially in a single layer.

[0073] Additional optional features used to resolve signal ambiguity as
indicated on Fig. 2(g)(e.g., 258, 259) are discussed in the following paragraphs.

The SCOL ambiguity problem

[0074] Such techniques as described above are useful and accurate for a

determination of an overlay error. However, as also mentioned briefly above, the
periodicity of SCOL signals commonly leads to an ambiguity of n-p/2 in the

overlay, where # has an integer value, The inventors address this issue by adding
disambiguation features to enhance the SCOL target. Such disambiguation features
enable coarse measurements of overlay offset.  Such coarse measurements are
enabled by adding disambiguation target structures in the two layers and using, for
example, a box-in-box type algorithm to generate a coarse measurement of the
overlay error to clarify the ambiguity in the cell measurements.

{0075} Thus, such added featuwres provide a disambiguation quality for the
target arrangement. In general, these disambiguation features need only provide a
coarse alignment and be arranged symmetrically about an axis of symmetry for the
target (by symmetric, the inventors mean that the target should be symmetric if the
target is rotated through 180°). In one implementation the added target structures can
be large bar-like structures. The bar can comprise raised structures or trenches. Any
large easily imageable structure will suffice. Two examples of structures which can
be used for this purpose are shown in the target arrangements shown in Figures 3(a)
and 3(b).

[6076] Fig. 3(a) depicts a target 300 having two sets 310, 320 of four cells
each (311a, 311b, 311c, & 311d and 321a, 321b, 321c¢, & 321d, respectively). It is of
course noted that the features of each set (e.g., 311a, 311b, 31lc, & 311d) are
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perpendicular to the features of the other set (e.g., 321a, 321b, 321c, & 321d).
Although each of the cells are depicted as being square, this need not be the case.
Also, as depicted, the cells of each set are grouped together next to one another. The
inventors point out that this need not be the case. The cells are sized as explained
above. In this example, cell 311b extends about 20P in a direction perpendicular to
the direction the features extend.

[0077] To resolve ambiguity in the periodic spectra signals obtained by
illuminating the target cells (e.g., 311b), a set of disambiguation features are added to
the target. The disambiguation features can comprise a set of coarse overlay features
arranged symmetrically about an axis of symmetry 301. A first set 330 of coarse
overlay “bars” is arranged in one of the layers (for example, the same layer as the
bottom features of the cells), while a second set 332 of coarse overlay “bars” is
arranged in the other one of the layers. Such structures should be sized so that they
can be optically resolved with an imaging system used with the apparatus. The idea
being that the features are large enough to be optically resolvable with a common
imaging systemn thereby enabling easy and efficient navigation to the relevant sites
(one example of a suitable navigation optical system can be included on a SCOL
system of the present invention). Also, coarse overlay measurements made in
accordance with the principles of the invention generally need not be more accurate
than slightly less than p/4 (where p = GCD (p;,p2) for the cell) or in some cases p/12.
Generally, this means that the coarse overlay measurements need only be accurate to
about 10 — 20 nanometers to satisfy the accuracy requisite to resolve the ambiguity
generated by the cells. The bars (330, 332) are generally sized and positioned in the
space available. In the depicted implementations the bars are located between the
cells and at the outer edge of the target. Such positioning is convenient and does not
waste additional space. As mentioned above, the only true requirement as to the size
of the bars is that they be large enough to be optically resolved with the imaging
system conducting the measurements. Bars on the order of about 0.5 p (micrometers)
to about 1 p are easily suitable for the purposes of the invention. However, both
bigger and smaller dimensions for the bars are contemplated by the inventors.

[0078] Fig. 3(b) depicts an alternative target 340 embodiment also having two
sets 350, 360 of four cells each (351a, 351b, 351¢c, & 351d and 361a, 361b, 361c, &
361d, respectively). As before, the features of each set of cells are perpendicular to

the features of the other set of cells. Again a set of disambiguation features is added

16



10

15

20

25

30

WO 2007/126559 PCT/US2007/006031

to the target. As before the disambiguation features can comprise coarse overlay
features arranged symmetrically about an axis of symmetry 341. As depicted here, a
first set 370a, 370b of coarse overlay “bars” is arranged in one of the layers. Also, a
second set 372 of coarse overlay “bars” is arranged in the other of the layers. In this
embodiment, the second set 372 of coarse overlay is in a “domino”-type configuration
with one of the bars bisecting the cells of the target. As before, the disambiguation
features should be sized so that they can be optically resolved with the imaging
system used. The bars are generally sized as described in Fig. 3(b).

[0079] A small portion 373 of one of the targets 340 is illustrated in simplified
side sectional view in Fig. 4. Which shows the features and pitch p; of periodic
features 401 comprising a portion of a lower layer of cell 361d. And also, the
features and pitch p; of periodic features 402 comprising a portion of an upper layer
of cell 361d. Also, shown is a portion of the coarse disambiguation feature (bar) 372
which in this depiction is shown in the upper layer.

[0080] Figure 5 provides a brief illustration of one embodiment used to
disambiguate SCOL measurements with coarse disambiguation features. Fig. 5
depicts a target S00 embodiment also having sets of target cells 501 arranged as
discussed in previously described embodiments. A set of disambiguation features is
added to the target (510, 520). Here, each of the disambiguation features comprise
coarse overlay features arranged symmetrically about center of symmetry 502. In
this case, such symmetry means that the disambiguation features can be rotated 180
degrees about the center of symmetry 502 and maintain the same pattern and
orientation.  As depicted here, a first set 510 of coarse overlay “bars” is arranged in
one of the layers. Also, a second set 520 of coarse overlay “bars” is arranged in
another layer.

[0081]} The following describes one example for using the coarse overlay to
obtain a measurement in.the X-direction. Using an imaging tool the coarse overlay
“bars” 510, 520 are imaged using a sensor (for example a CCD array). Regions of
interest (ROI) are the defined for the two layers. The two ROIs correspond to
portions of the overlay “bars” 510, 520. For example, ROI (defined by the dotted
line) 521 corresponds to the second set 520 of coarse overlay “bars”. And another
ROI (defined by the dotted/dashed line) 511 corresponds to the left hand portion of
the first set 510 of coarse overlay “bars”. Whereas, ROl (defined by the
dotted/dashed line) 512 corresponds to the right hand portion of the first set 510 of
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coarse overlay “bars”. The bars are illuminated by the inspection tool and scattered
light signals are received at the sensor.  The received signals are then processed for
each ROIL. For example, the signals can be received by a CCD sensor, and then each
CCD pixel is processed in a summing operation for each ROI (projection operation)
to obtain a one dimensional measurement for each ROI. This results in three one-
dimensional projected signals (one for each ROI 511, 512, 521).

[0082] The projected signals are used to find the position of the center of
symmetry for each set of coarse overlay bars for each layer. The center of the
symmetry for the outer portions of the coarse overlay bars 510 is found from the
projected signals obtained from the outer ROI’s (511, 512), while the center of
symmetry of the inner coarse overlay bar 520 is found from the projected signal
obtained from the inner ROI 521. Commonly used algorithms known to those having
ordinary skill in the art can be used to find the centers of symmetry based on the
signals obtained. In one embodiment, the signals are processed using standard
correlation algorithms. A degree of alignment .between the two layers can be
determined, for example, by comparing the distance between the determined centers
of symmetry for the inner coarse overlay bar 520 and outer coarse overlay bars 510.
[0083] In forgoing embodiment there is some degree of optical cross talk
between the coarse overlay structures and the neighboring structures (in particular, the
neighboring cells and also adjacent periodic device structures that can also be formed
on the substrate. The presence of these periodic structures can strongly affect the
measurement of these signals and in particular can affect the accuracy of the coarse
overlay measurements in an unpredictable way. The following paragraphs alternate
approaches affected less by this phenomena.

[0084] While the forgoing embodiments are suitable for many applications,
another approach may be used that addresses some of the limitations and sources of
error that may occur in the prior embodiments. For example, the foregoing method as
implemented assumes certain perfect symmetry for the received signals. For
example, in the depicted operation, the first set 510 of coarse overlay bars is generally
assumed to produce a signal symmetric as reflected about a Y-axis for the target.
Any asymmetry in this signal will bias the coarse overlay measurement. A méjor
source of such asymmetry is the optical interaction of the bar 510 with its
surroundings. In the case of a SCOL target, the surroundings include gratings on the
right and left hand sides of the bar (501), which differ from each other. Additionally,
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the semiconductor pattern itself (which is formed around the target) introduces bias in
the symmetry which is difﬁcult'to accurately compensate for.

[0085] A standard overlay algorithm can be used to reduce the ambiguity of
such signals but the inventors believe additional accuracy can be obtained using the
features of the following further described embodiments. The previously discussed
approaches involve finding the center of symmetry of each of the coarse overlay
structures along their narrow sides.

[0086] However, beyond these implementations the inventors have
constructed additional embodiments capable of increased clarity of measurement.
[0087) Again, since the environment of each of these structures (bars) is
different on each of the two sides, its center of symmetry can be biased by many
nanometers. For example, a bar between two cells of an overlay‘target is affected by
cross talk induced by its proximity to the two cells. Since the two cells are different
(they have different offsets), their asymmetric cross talk with the bar can affect the
signal in a matter that appears to shift the center of symmetry of the bar. In one
approach, this problem can be avoided by increasing the distance between the coarse
overlay structures and their surroundings to several microns. However, this solution
comes at the expense of significantly increasing target size. Given the extreme
premium placed on space in a semiconductor die this is not a preferred solution to the
problem. .

[00838) The inventors posit that it is possible and advantageous to find the
center of symmetry of the coarse overlay structures along their wide sides as well as
the narrow sides. This offers the ability to determine these measurements at an
orientation of 90° from the measurements on the narrow sides. This offers an
opportunity to reduce the cross-talk from adjacent periodic features without a
significant increase in target size.

[0089] Referring to Fig. 6, the inventors describe one embodiment 600 of a
target that can achieve reduced cross-talk from adjacent features without sacrificing
additional space. As depicted here, a first set 601 of coarse overlay “bars” is arranged
in one of the layers. Also, a second set 602 of coarse overlay “bars™ is arranged in the
other of the layers. In this embodiment, the coarse overlay bars are smaller (shorter)
than those previously disclosed. In particular, all sides of the bars are exposed to

allow each edge to be imaged and used for disambiguation.
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[0090) These structures still have significant cross talk with the SCOL cells.
Worse still, this cross talk distorts the optical signal to the extent that it can appear to
the shift the centers of symmetry for the target. For example, the centers of symmetry
of horizontal bars are shifted almost only in the vertical direction, whereas the centers
of symmetry of vertical bars are shifted almost only in the horizontal direction. The
measurement consists of finding the centers of symmetry of horizontal structures
along the horizontal direction and of the vertical structures along the vertical
direction. Since the positions of these centers of symmetry are not significantly
affected by the cross talk effect, the bias in their positions should be small, and the
inventors can take advantage of the fact that such a measurement would have an
accuracy to within about 10 — 20 nanometers, good enough to achieve the requisite
accuracy needed in the coarse overlay measurement.

[0091] In this embodiment, the coarse overlay measurement is done similarly
to that disclosed in the previous embodiment. waever, the asymmetry induced by
the surroundings is significantly reduced. Fig. 7 depicts a target 700 embodiment
having sets of target cells (701, 702 and so one) arranged as discussed in previously
described embodiments. The disambiguation features (703, 706, and so on) are
shortened not extending beyond the edges of the target cells. Sets of disambiguation
features are added to the target. Here the disambiguation features comprise coarse
overlay features arranged symmetrically about an axis of symmetry 712. As depicted
here, a first set 710 of coarse overlay bars is arranged in one of the layers (these are
depicted in the cross-hashed boxes 710). Also, a second set 711 of coarse overlay
bars is arranged in another layer (these are depicted in the speckle-filled boxes 711).
[0092] The following describes one example for using the coarse overlay to
obtain a measurement in the X-direction. Using an imaging tool the coarse overlay
bars are imaged using a sensor. ROI’s are the defined for the two layers. For
example, here two ROIs 704a, 704b correspond to portions of the overlay “bars” 703,
703’ (defined by the dashed/dotted line 704a, 704b). And, two other ROIs 705a, 705b
correspond to portions of additional overlay bars 706, 706’ (defined by the
dashed/dotted line 705a, 705b) formed in another layer. As before, the bars are
illuminated by the inspection tool and scattered light signals are received at the
sensor. The received signals are then processed for each ROI. For example, a

summing operation for each ROI (projection operation) to obtain a one dimensional
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measurement for each ROI (704a, 704b, 705a, 705b). This results in four one-
dimensional projected signals.

[0093] The projected signals are used to find the position of the center of
symmetry for each set of coarse overlay bars for each layer. The center of the
symmetry for the coarse overlay bars 703, 703’ is found from the projected signals
obtained from the ROI’s (704a, 704b), while the center of symmetry of the other
coarse overlay bars 706, 706’ is found from the projected signal obtained from the
ROI’s (705a, 705b). As before, commonly used algorithms known to those having
ordinary skill in the art can be used to find the centers of symmetry based on the
signals obtained. In one embodiment, the signals are processed using standard
correlation algorithms. A degree of alighment between the two layers can be
determined by comparing the positions of the determined centers of symmetry for
each set of measurements.

[0094] As shown in Fig. 7, the reason for this improvement in accuracy is that
the different gratings (target cells 701, 702, for example) in the vicinity of the affected
ROI (in this example 703) are located above and below the affected ROI rather than
to the left and right. Since the gratings (target cells) are configured to be
homogeneous along the X-direction they do not induce asymmetry in the signals
along the X-direction. This improves the symmetry of the signals considerably and
gives rise to a more accurate coarse overlay measurement.

[6095] Of course a similar consideration applies to coarse overlay
measurements in the Y-direction. In this case the signals are projected in the
perpendicular direction giving rise to a one-dimensional signal which depends only on
the Y-coordinate. In such analysis and measurement, a first target the surroundings of
the ROI’s are different gratings at the top and bottom of the ROI’s which induce
asymmetry in the Y-direction. In a second target, the gratings would-now be to the
left and right of the ROI’s and therefore not induce asymmetry along that direction.
[0096] The inventors take this opportunity to point out that many other
different target arrangements can be constructed an employed in accordance with the
principles of the invention. For example, six cell targets (a set of six cells) can be
used to achieve metrology measurements in accordance with the principles of the
invention. For example, Fig. 8 depicts a simplified implementation of a six-cell
target. The inventors note that such a six-cell target can be used together with another

six-cell target to form a larger twelve-cell target, much in the same manner that the
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two (2) four-cell targets can be employed to form an eight cell target arrangement.
One embodiment of such an implementation is what is depicted in Fig. 8.

[0097] In the embodiment depicted in Fig. 8, a pair of six-cell sets are
configured to form a twelve cell target. Much the same as the previously described
embodiments a set of cells is described hereinbelow. Fig. 8 depicts an target 800
embodiment also having two sets 810, 820 of six cells each (811a, 811b, 811c¢, 8114,
81le & 811f and 821a, 821b, 821c, 821d, 821e & 821f, respectively). As described
with respect to the eight cell arrangements, the features of each set of cells are
perpendicular to the features of the other set of cells (i.e., set 810 is perpendicular to
set 820). Again a set of disambiguation features can be added to the target. As before
the disambiguation features can comprise coarse overlay features arranged
symmetrically about an axis of symmetry 830. As depicted here, a first set 840a,
840b of coarse overlay “bars” is arranged in one of the layers. Also, a second set 850
of coarse overlay “bars” is arranged in the other of the layers. In this embodiment, the
second set 850 of coarse overlay is in a “domino”-type configuration with one of the
bars bisecting the cells of the target. As before, the disambiguation features should be
sized so that they can be optically resolved with the imaging system used. The bars
are generally sized as described elsewhere herein.

[0098] In this depicted embodiment, which can comprises two sets of six cells
arranged in two perpendicularly oriented sets, a suitable set of desirable offsets for
the cells (for a given pitch p) is 5p/12, — p/12, p/4, — p/4, p/12 and —5p/12.
As indicated above, for such a twelve target layout, no free parameter is required. In
other embodiments where the layers of the target cells have different pitches for each
of the two layers of features, other offset values are generally employed.

[0099] The present invention has been particularly shown and described with
respect to certain preferred embodiments and specific features thereof, However, it
should be noted that the above-described embodiments are intended to describe the
principles of the invention, not limit its scope. Therefore, as is readily apparent to
those of ordinary skill in the art, various changes and modifications in form and detail
may be made without departing from the spirit and scope of the invention as set forth
in the appended claims. Other embodiments and variations to the depicted
embodiments will be apparent to those skilled in the art and may be made without

departing from the spirit and scope of the invention as defined in the following
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claims. In particular, it is contemplated by the inventors that many different
arrangements and configurations can be established for constructing overlay targets
configured in accordance with the principles of the invention. Although only a few
configurations are expressly disclosed herein, it should be appreciated by anyone
having ordinary skill in the art that, using the teachings disclosed herein, many
different target configurations can be implemented and still fall within the scope of
the claims. Further, reference in the claims to an element in the singular is not
intended to mean “one and only one” unless explicitly stated, but rather, “one or
more”. Furthermore, the embodiments illustratively disclosed herein can be practiced

without any element which is not specifically disclosed herein.
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CLAIMS
We claim:
1. A target arrangement for determining overlay ‘alignment on a substrate, the

target arrangement comprising:

a substrate having at least two layers formed thereon; and

a target arrangement formed on the substrate, the target arrangement
comprising a plurality of periodic target cells configured such that each cell has a top
layer arranged above a bottom layer and configured such that the top layer has
periodic features and the bottom layer has periodic features and such that there is a
predetermined offset between the periodic features of the top layer and the periodic
features of the bottom layer of the cell.
2. The target arrangement recited in Claim 1 wherein the target cells are
configured so that the periodic features of the top layer have a different pitch than the
periodic features of the bottom layer wherein the relationship between the pitches is
arranged to generate a periodic signal for the target when the target cell is exposed to
an illumination source.
3. The target arrangement recited in Claim 1 wherein the target cells are
configured so that the periodic features of the top layer have the same pitch as the
periodic features of the bottom layer.
4. The target arrangement recited in Claim 1 further including a set of
disambiguation features configured to resolve alignment ambiguities in the periodic
signal generated by the illuminated target cell.
5. The target arrangement of Claim 4 wherein each disambiguation feature has
two at least two perpendicular edges.
6. The target arrangement of Claim 1 wherein the plurality of periodic target
cells include a first set of periodic target cells arranged so that the periodic features of
the top and bottom layers of the first set of periodic target cells are oriented in a first
direction.
7. The target arrangement of Claim 6 wherein the first set of periodic target cells
arranged so that the periodic features enable the targeting arrangement to determine

overlay error in first direction.
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8. The target arrangement of Claim 6 further including disambiguation features
arranged between the taréet cells, the disambiguation features configured to resolve
signal ambiguities caused by the generation of the periodic signal when the target
arrangement is exposed to the illumination sotirce.

9, The target arrangement of Claim 6 wherein the periodic features of the top
layer of the target cells have a first pitch p; and an associated value n; and the
periodic features of the bottom layer have a second pitch p, and an associated value n;
wherein the relationship between the pitches is defined by the relationship mipy = napa,
and wherein a spatial periodicity (P) is defined for the target cell in accordance with
the relation n;p; = nop, = P and wherein the pitches are selected so that the fraction
p\/pz is a rational number.

10. The target arrangement of Claim 9 wherein the predetermined offset between
the periodic features of the bottom layer and the periodic features of the top layer is

associated with the greatest common divisor of the values for p; and p,.

11. The target arrangement of Claim 9 wherein the target cells have a size
dimension of at least fifteen times the spatial periodicity (P) for the cell.

12. The target arrangement of Claim 6 wherein the target arrangement further
includes a second set of periodic target cells having a second plurality of target cells
configured such that each cell of the second set has two layers of periodic features, a
top layer arranged above a bottom layer, both arranged with periodic features oriented
in a second direction and configured so that the periodic features of the top layer and
bottom layers of the second set have different pitches from each other and wherein the
relationship between the pitches is arranged to generate a signal when the second set
is exposed to the illumination source.

13.  The target arrangement of Claim 12 wherein the second set of periodic target
cells arranged so that the periodic features enable the targeting arrangement fo
determine overlay error in 2 second direction perpendicular to the first direction.

14. The target arrangement of Claim 12 further including at least two
disambiguation features arranged between the periodic target cells and configured to
resolve signal ambiguities caused by the generation of signal when the target

arrangement is exposed to the illumination source.
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15.  The target arrangement of Claim 14 wherein the target arrangement has a
center of symmetry and the at least two disambiguation features are such configured
such that the disambiguation features are capable of being symmetrically rotated 180
degrees about axis of symmetry.
16. The target arrangement of Claim 15 wherein,

the first set of periodic target cells of the target arrangement are arranged on
the substrate in a two by two arrangement of four target cells; and

the second set of periodic target cells of the target arrangement are arranged
on the substrate and positioned adjacent to the first set in another two by two
arrangement of four target cells; and

the at least two disambiguation features are arranged so that,

a first disambiguation feature comprises a cross-shaped feature
arranged between the four target cells of the first set of periodic features and
constructed so that it resides in one of the top or bottom layers;

a second disambiguation feature comprises a cross-shaped feature
arranged between the four target cells of the second set of periodic features
and constructed so that it resides in same layer as the first disambiguation
feature; and

a third disambiguation feature constructed so that it resides in the other
of the top or bottom layers, and that includes an outer section that extends
around four sides of the target arrangement encompassing the first and second
disambiguation features and that includes an inner section that passes between
the first and second sets of disambiguation features.

17. The target arrangement of Claim 15 wherein each disambiguation feature has
two at least two perpendicular edges.

18. The target arrangement of Claim 17 wherein each disambiguation feature is
positioned in its entirety in a space between two adjacent target cells.

19. The target arrangement of Claim 18 wherein each disambiguation feature is
rectangular in shape.

20. The target arrangement of Claim 1 wherein the plurality of periodic target

cells includes,
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a first set of periodic target cells arranged so that the periodic features of the
top and bottom layers of the first set of periodic target cells are oriented in a first
configuration and arranged to enable the targeting arrangement to determine overlay
error in a first direction;

a second set of periodic target cells arranged so that the periodic features of
the top and bottom layers of the second set of periodic target cells are oriented in a
second configuration that is perpendicular to the first configuration and arranged to
enable the targeting arrangement to determine overlay error in a second direction that
is perpendicular to the first direction; and

disambiguation features arranged between the periodic target cells, the
disambiguation features configured to resolve signal ambiguities caused by the
generation of the periodic signal when the target arrangement is exposed to the
illumination source.

21, The target arrangement of Claim 31 wherein,

the first set of periodic target cells includes six target cells; and

the second set of periodic target cells includes six target cells.
22. The target arrangement of Claim 20 wherein,

the first set of periodic target cells includes four target cells; and

the second set of periodic target cells includes four target cells.

23. A method for determining an overlay error between layers of a sample, the
method comprising:

providing a substrate having a target arrangement formed therecon, the target
arrangement comprising a plurality of target cells constructed such that each cell has a
first and a second layer, each layer with a set of periodic features configured such that
the periodic features of the first layer have an offset relative to the periodic features of
the second layer;

providing an illumination source capable of illuminating the target
arrangement to produce a periodic signal;

navigating the substrate to an appropriate location so that portions of the target
arrangement can be illuminated by the illumination source;

illuminating the target cells with the illumination source to obtain a signal for

each of the target cells; and
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determining any overlay error between the first and second layers using
information obtained from the signal obtained for each of the target cells.

24. The method of Claim 23, wherein the providing of the substrate having a
target arrangement includes providing a target arrangement constructed such that the
periodic features of the first layer have a different pitch than the periodic features of
the second layer.

25.  The method of Claim 23, wherein, providing the targeting arrangement further
includes providing a targeting arrangement having a first set of target cells having
periodic features oriented in a first direction and a second set of target cells having
periodic features oriented in a second direction and wherein the periodic features of
both sets of target cells are configured so that said first and second layers each have a
different pitch, wherein the relationship between the pitches is arranged to generate a
periodic signal the target cells are exposed to an illumination source.

26. The method of Claim 23 wherein,

providing the targeting arrangement further includes providing a targeting
arrangement having disambiguation features arranged between the target cells, the
disambiguation features configured to enable signal ambiguities caused by the
generation of the periodic signal to be resolved;

illuminating disambiguation features with the illumination source to obtain a
signal associated with the disambiguation features; and

resolving an ambiguity in the determination of the overlay error by using

information obtained from the signal associated with the disambiguation features.
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