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OVERLAY TARGET GEOMETRY FOR MEASURING MULTIPLE PITCHES

PRICRITY
{0001} The present application claims the benefit under 35 U.5.C0 § 11%{e)
of United States Provisional Application Serial Number 61/554,104, filed November
1, 2011, which is incorporated herein by reference.
FIELD OF THE INVENTION

{0002} The present invention is directed generally toward overlay targets for

semiconductor metrology, and more particilarly toward overlay targeis in
semiconductors utitizing multiple pitches,
BACKGROUND QF THE INVENTION

{0003} Fabricating semiconductor devices such as logic and memory devices

typically includes processing a substrate such as a semiconductor wafer using a
large number of semiconductor fabrication processes to form various features and
muttiple levels of the semiconductor devices. For example, lithography is a
semiconductor fabrication process that involves transferring a pattern from a
reticle to a resist arranged on a semiconductor wafer. Additional examples of
semiconductor fabrication processes include, but are not limited to, chemical-
mechanical polishing (CMP)}, etching, deposition, and ion implantation. Multiple
semiconductor devices may be fabricated in an arrangement on a single
semiconductor wafer and then separated into individual semiconductor devices.

{0004} Metrology processes are used at various steps during a semiconductor
manufacturing process to monitor and control one or more semiconductor layer
processes. For example, metrology processes are used to measure one or more
characteristics of a wafer such as dimension {e.g., line width, thickness, elc.} of
features formed on the wafer during a process step, wherein the quality of the
process step can be determined by measuring the one or more characteristics.
One such characteristic includes overlay error. An overlay measurement generally
specifies how accurately a first patterned layer aligns with respect to a second
patterned layer disposed above or below it or how accurately a first pattern aligns
with respect to a second pattern disposed on the same layer. The overlay error is
typically determined with an overlay target having structures formed on one or
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more layers of a work plece {e.g., semiconductor wafer}. The structures may take
the form of gratings, and these gratings may be periodic. {f the two layers or
patterns are properly formed, then the structure on one layer or pattern tends to
be aligned relative to the structure on the other layer or pattern. i the twe layers
or patterns are not properly formed, then the structure on one layer or pattern
tends to be offset or misaligned relative to the structure on the other layer or
pattern. QOverlay error is the misalignment between any of the patterns used at
different stages of semiconductor integrated circuit  manufacturing,
Conventionally, understanding of the variation across die and wafer are limited to
the fixed sampling and hence overlay error is detected only for the known selected
sites.
{0005] FiG. 1 illustrates a typical overlay target of the prior art, FIG. 1
illustrates an overiay target having 180 degree and 30 degree rotational symmetry,
respectively, about a center of symmetry. The target structures 102, 106 of FIG. 1
include pattern elements 104, 108, which are positioned periodically with a fixed
pitch between patterns elements 104, 108 within each target structure 102, 106,
{00061 Moreover, if a measured characteristic, such as overlay error, of the
wafer is unacceptable {e.g., out of a predetermined range for the characteristic),
the measurement of the one or more characteristics may be used to alter one or
more parameters of the process such that additional wafers manufactured by the
process have accepiable characteristics.
{00077 in the case of overlay error, an overlay measurement may be used to
correct a lithography process in order to keep overlay errors within desired timits.
For example, overlay measurements may be fed into an analysis routine that
calculates “correctables” and other statistics, which may be used by the operator
in order to better align the lithography tool used in the wafer processing.
[0008] The measurement of overlay error between successive patterned
layers on a wafer is one of the most critical process control technigues used in the
manufacturing of integrated circuits and devices. Overlay accuracy generally
pertains to the determination of how accurately a first patterned layer aligns with
respect o a second patterned layer disposed above or below it and to the
determination of how accurately a first pattern aligns with respect to a second
2
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pattern disposed on the same layer. Presently, overlay measurements are
performed via test patterns that are printed together with layers of the wafer, The
images of these test patterns are captured via an imaging tool and an analysis
algorithm is used to calculate the relative displacement of the patterns from the
captured images. Such overlay metrology targets {or ‘marks’} generally comprise
features formed in two layers, the features configured to enable measurement of
spatial displacement between features of the layers {l.e., the overlay or
displacement between layers), FIGS. 1A through 2B illustrate typical overlay
targets of the prior art. FIGS. 1A and 1B illustrate overlay targets having 180
degree and 90 degree rotational symmetry, respectively, about a center of
symmetry. Moreover, the target structures of FIG. 1A and 1B include pattern
elements {e.g., 102a through 108b), which are individually invariant {o 90 degree
rotation. Due to the 90 degree invariance of the individual pattern elements the
pattern slements of targets 100 and 101 of FIGS. 1A and 18 are suitable for both X-
overiay and Y-overlay measurements.

[0009] There are, however, a number of disadvantages to using metrology
processes and tools to measure one or more characteristics of a wafer for process
monitoring and control applications. For example, contemporary semiconductor
devices include elements having different center-to-center distances {pitch). An
overtay calibrated to align elements having a certain pitch may be ineffective to
align elements having a different pitch. Using metrology measurements acquired
with an overlay calibrated for a certain pitch may not provide sufficient
information about the characteristicis) of the wafers such that the process can be
accurately monitaored and controlled.

{6010} Consequently, it may be desirable to provide a method and system
which provide alignment information useful for a variety of device pitches,
atlowing for more accurate measurements of a selected wafer to provide adequate
correctable information.

SUMMARY OF THE INVENTION
{0011} Accordingly, the present invention is directed to a novel method and

apparatus for providing alignment information useful for a variety of device
pitches, atlowing for more accurate measurements of a selected wafer to provide
3
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adequate correctable information.
[0012] An overlay target for use in imaging based metrology is disclosed. In
one aspect, the overlay target may include, but is not limited to, a plurality of
target structures, each target structure including a set of three or more pattern
elements, wherein each of the three or more pattern elements are separated by a
non-uniform distance defining two or more different pitches.
[0013] in another aspect, the overlay target may include, but is not limited
to, a plurality of target structures, each target structure including a set of two or
more pattern elements of non-uniform width., Each target structure provides
information pertaining {0 a coverage ratio in a lithographic process.
[0014] fn another aspect, the overlay target may include, but is not limited
to, a plurality of target structures, each target structure including at least two
sets of two or more pattern elements. A first set of pattern elements have
uniform width and define a uniform pitch; a second set of pattern elements have a
different uniform width and define a different uniform pitch.
[0015] in another aspect, the overlay target may include, but is not limited
to, a plurality of target structures, each target structure including at least two
sets of two or more pattern elements. The pattern elements of a first target
structure define a pitch such that the pattern elements of the first target structure
are offset by a non-uniform distance as compared to the pattern elements of a
second target structure.
{6016] Arr apparatus suitable for contrast enhancement of an overlay
metrology target is disclosed. In one aspect, the apparatus may include, but is not
limited to, an illumination source; a first polarizer configured to polarize at least a
portion of light emanating from the itlumination source; a beam splitter configured
to direct a first portion of light processed by the first polarizer along an object
path to a surface of ane or more specimens and a second portion of light processed
by the first polarizer along a reference path; a detector disposed along a primary
optical axis, wherein the detector is configured to collect a portion of light
reflected from the surface of the one or more specimens; and a second polarizer
configured o analyze at least a portion of light reflected from the surface of the
one of more specimens prior to the light impinging on the image plane of the
4
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detector, wherein the first polarizer and the second polarizer are arranged to
minimize the amount of Hight reflected from unpattern portions of the one or more
specimens reaching the detector.
[0017] in another aspect, the apparatus may include, but is not limited to,
an ittumination source; a detector disposed along a primary optical axis, wherein
the detector is configured to collect a portion of light reflected from a surface of
the one or more specimens; an aperture positioned at a pupil plane of an
illumination path, wherein the aperture is configured to select an illumination
angle of illumination emanating from the illumination source, wherein the
fllumination angle is suitable for achieving a selected contrast level at an imaging
plane of the detector; and a first beam splitter configured to direct a first portion
of light transmitted through the aperture along an object path to a surface of one
or more specimens and a second portion of light transmitted through the aperture
atong a reference path.
[0018] A method suitable for using an overlay target to align semiconductor
elements in a semiconductor wafer fabrication process having semiconductor
elements with different pitches. Alignment information between two layers in a
semiconductor fabrication process is derived by detecting patterns elements in a
first layer and pattern elements in a second laver were the pattern elements in the
second layer define non-uniform pitches. Alignment information may be used to
adjust the deposition of semiconductor compaonents.
{6019} it is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the invention claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate an
embodiment of the invention and together with the general description, serve to
explain the principles.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The numerous objects and advantages of the present invention may

be better understood by those skilled in the art by reference to the accompanying
figures in which:
FIG. 1 is a top plan view of an overlay target;
5
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[0021]

215 a top plan view of an overlay target,
embodiment of the present invention;

3is a top plan view of an overlay target,
embadiment of the present invention;

4is a top plan view of an overlay target,
embodiment of the present invention;

S5is a top plan view of an overlay target,
embodiment of the present invention;

61is a top plan view of an overlay target,
embodiment of the present invention;

7 is a top plan view of an overlay target,
embaodiment of the present invention;

81is a top plan view of an overlay target,
embodiment of the present invention;

91is a top plan view of an overlay target,

embodiment of the present invention;

101is a top plan view of an overlay target, i

embodiment of the present invention;
111 a top plan view of an overlay target,

embodiment of the present invention;

1215 a top plan view of an overlay target, i

embodiment of the present invention;
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13 &5 a block diagram view of a system suitable contrast enhancement

of a multi-layer overlay metrology target;

14 is a block diagram view of a system suitable contrast enhancement

of a multi-layer overlay metrology target; and

15 5 a flowchart of a method for a method of using an overlay target

according to the present invention to align elements

semiconductor fabrication process.

DETAILED DESCRIPTION OF THE INVENTION

in a

Reference will now be made in detail to the subject matter disclosed,

which is Hllustrated in the accompanying drawings. The scope of the invention is

&
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limited only by the claims; numerous alternatives, modifications and equivalents
are encompassed. For the purpose of clarity, technical material that is known in
the technical fields related to the embodiments has not been described in detail to
avoid unnecessarity obscuring the description.
{0022} Referring generally to FIG. 2 through FIG. 7, an overlay target
suitable for imaging based overlay metrology is described in accordance with the
present disclosure. In a general sense, the overlay targets of the present invention
may be used to determine overlay error between two successive process layers of a
semiconductor wafer. For example, an overlay target may be utilized to measure
the alignment of a first semiconductor layer with respect to a second
semniconductor layer, where the second layer and the first layer are disposed
successively. Additionally, an overlay target may be used {o determine alighment
error between two structures formed on a common semiconductor {ayer via two or
more different processes {e.g., lithographic exposures), For example, an overlay
target may be utilized to measure the alighment of a first pattern with respect to
a second pattern, where the first pattern and the second pattern are successive
patterns formed on the same semiconductor {ayer.
{0023} For instance, in a measurement utilizing two or more overlay targets,
an overlay target may be printed at a specific location on a first wafer tayer and a
second wafer layer, so that when the first and second layers are properly aligned
the pattern elements of the first structure and second structure of the overlay
target also align. When the first and second layers are “mis-registered,™ however,
a relative shift between the pattern elements of the first structure 102 and the
second structure 104 of a given thin overlay mark 100 exists, a shift that can be
measured through a variety of technigues.
{0024] The structures and pattern elements described herein may be
fabricated using any process known in the art suitable for semiconductor wafer
processing, such as, but not limited to, photolithographic, etching, and deposition
techniques.
[0025] FIG. Z illustrates a top plan view of an overlay target 200 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 200 may include two or more
7
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target structures 202, 204, Each of the two or more target structures 202, 204
may be on one or more semiconductor wafer layers. in another aspect of the
target 200, each of the target structures 202, 204 of the overlay target 200
includes two or more pattern elements 206, 208, 210, 212, 214, Note that for the
purposes of this disclosure shading patterns in FIG.2 {and figures throughout this
disclosure) are used to represent the different target sftructures of a target,
wherein pattern elements belonging to the same target structure have the same
shade., The shading patterns displayed in the varipus figures of the present
disclosure should not be interpreted as Umiting as the selected shading pattern is
not representative of a structural aspect of the associated pattern element, but is
merely utilized to represent pattern elements of the same target structure. By
way of example, as shown in FIG. 2, the target 200 may include eight farget
structures 202, 204 (each structure illustrated with a unique shade). Shading
pafterns may represent target structures deposited on different semiconductor
layers. Further, each of the eight target structures 202, 204 of target 200 may
include five pattern elements 206, 208, 210, 212, 214. For instance, as shown in
FIG. 2, a first target structure 202 may include pattern elements 206, 208, 210,
212, 214. More generally, a given target structure 202, 204 of a tarpet 200 may
contain any number of pattern element 206, 208, 210, 212, 214 greater than two.

{0026} in another aspect of a target 200 of the present invention, each of
the targel structures 202, 204 of a target 200 are designed such that the paltern
elements 206, 208, 210, 212, 214 of each target structure 202, 204 define a
pluratity of pitches. A first pattern element 206 and a second pattern element 208
may be separated by a distance; the distance from the center of the first pattems
element 206 to the center of the second pattern element 208 defines a first pitch.
The distance from the center of the second pattern element 208 to the center of a
third patiern element 210 may define a second pitch. The first pitch and the
second pitch may correspond to different pitches of different semiconductor
components on the semiconductor wafer., Targel structures 202, 204 having
pattern elements 206, 208, 210, 212, 214 that define at {east a first pitch and a
second pitch may provide alignment information for semiconductor components

having at least two different pitches.
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[0027] Similarly, the distance from the center of the third pattern element
210 to the center of a fourth pattern element 212 may define a third pitch, and
the distance from the center of the fourth pattern element 212 to the center of a
fifth pattern element 214 may define a fourth pitch. A target 200 having target
structures 202, 204 with pattern elements 206, 208, 210, 212, 214 defining four
different pitches may provide alignment information for semiconductor
components with four different pitches. One skilled in the art may appreciate that
present invention is not limited o target structures 202, 204 defining four pitches.
{0028} it should be recognized that, as a result of misalignment, pattern
elements of a first target structure 202 and pattern elements of a second target
structure 204 will shift and no longer coincide. It is recognized that this concept
may be extended to all of the sfructures within a given target of the present
invention. [t is the measurement of this shift between various target structures
202, 204 of a target 200 which enables the overlay measurement,
[0029] {t may be appreciated by those skilled in the art that the number of
target structures 202, 204 and the number of pattern elements 206, 208, 210, 212,
214 within the target structures 202, 204 as depicted in FIG. Z do not represent
{imitations, but rather should be interpreted as illustrative in nature.
[0030] Moreover, it may be appreciated by those skilled in the art that the
use of a rectangular target structures 202, 204 and pattern elements 206, 208,
210, 212, 214, as depicted in FIG. 2, is not a timitation and that generally a variety
of mark region shapes {e.g., square, trapezoid, parallelogram, or ellipse) may be
used to characterize the perimeter of an overlay target boundary.
{0031} Generally, the two dimensional shapes of the various pattern
elements 206, 208, 210, 212, 214 of the first target structure 202 and the second
target structure 204 are not limited. As such, the rectangular shape of the pattern
elements, as depicted In FIG. 2, should not be interpreted as a limitation but
merely an illustration.
[C032] in another aspect, as ilustrated in FIG. 2, the target structures 202,
204 and pattern elements 206, 208, 210, 212, 214 of the target 200 may be
replicated symmetrically about a point on a semiconductor wafer.
[0033] fn another aspect, the shapes of the pattern elements 206, 208, 210,
g
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212, 214 within a target structure 202, 204 may be non-uniform {nhot shown),
provided the pattern elements 206, 208, 210, 212, 214 define two or more pitches.
More specifically, a given target structure 202, 204 may contain more than one
pattern element shapes.
{0034} FiG. 3 illustrates a top plan view of an overlay target 300 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 300 may include two or more
target structures 316, 318. Each of the two or more fargef structures 316, 318
may be on one or more semiconductor wafer layers. In another aspect of the
target 300, each of the target structures 316, 318 of the overlay target 300 may
include two or more pattern elements 302, 306, 308, 310, 312, 314, A first target
structure 318 may include a plurality of substantially similar pattern elements 302,
adjacent pattern elements 302 defining substantially similar pitches.
{0035] A second target structure 316 may include a plurality of pattern
elements 306, 320; the plurality of pattern elements 306, 320 organized into a
plurality of pattern element structures 304, 308, 310, 312, 314, Each of the
plurality of pattern element structures 304, 308, 310, 312, 314 may comprise a
plurality of pattern elements 306, 320; each of the plurality of pattern elements
306, 320 for each pattern element structure 304, 308, 310, 312, 314 may define a
pitch. For example, a first pattern element structure 304 may include two pattern
elements 306; the two pattern elements 306 may define a first pitch. The first
pattern element structure 304, including two pattern elements 306 and the
separation between the two pattern elements 306 defining a first pitch, may be
substantially similar in size as compared to a pattern element 302 in the first
target structure 318.
{0036] A second pattern element structure 308 may include three pattern
elements 320; any two adjacent pattern elements 320 may define a second pitch.
The second pattern element structure 308, including three pattern elements 320
and the corresponding separations between the three pattern elements 320
defining a second pitch, may be substantially similar in size as compared to a
pattern element 302 in the first target structure 318.
[0037] Similarty, the second target structure 316 may include a third pattern
10
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structure 310, including four pattern elements, any two adjacent pattern elements
in the fourth pattern structure defining a third pitch. The second target structure
316 may include a fourth pattern structure 312, including five pattern elements,
any two adjacent pattern elements in the fourth pattern structure defining a
fourth pitch. The second target structure 316 may include a fifth pattern
structure 314, including seven pattern elements, any {wo adjacent pattern
elements in the fifth pattern structure defining a fifth pitch. Furthermore, the
distance between any two adjacent pattern element structures 304, 308, 310, 312,
314 may also define a pitch.

{0038} Target structures 316, 318 having pattern element structures 304,
308, 310, 312, 314 that define a plurality of pitches may provide alignment
information for semiconductor components having a plurality of different pitches.
One skilled in the art may appreciate that the present invention is not limited to
pattern element structures 304, 308, 310, 312, 314 having two, three, four, five or
seven pattern elements 306, 320.

[0039] FiG. 4 illustrates a top plan view of an overlay target 400 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. in one aspect, the overlay target 400 may include two or more
target structures 402, 426. Each of the two or more target structures 402, 426
may be on one or more semiconductor wafer layers. In another aspect of the
target 400, each of the target structures 402, 426 of the overlay target 400
includes two or more pattern etements 404, 406, 408, 410, 412, 414. Each of the
target structures 402, 426 of target 400 may include five pattern elements 404,
406, 408, 410, 412, 414. For instance, as shown in FIG. 4, a first target structure
402 may Include pattern elements 404; the pattern elements 404 of the first target
structure 402 may define a first pitch. More generally, a given target structure
402, 426 of a target 400 may contain any number of patiern element 404, 406,
408, 410, 412, 414 greater than two.

[C040] In another aspect of a target 400 of the present invention, one or
more of the target structures 402, 426 of a target 400 may have varying widths as
comparad to other paftern elements 404, 406, 408, 410, 412, 414 in the target

structure 402, 426. For example, a second target structure 426 may include a first
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pattern element 406 and a second pattern element 408, where the first pattern
element 406 has a different width as compared to the second pattern element 408.
Furthermore, the first pattern element 406 and the second pattern element 408
may define a first pitch. The second target structure 426 may include a third
pattern element 410 having a different width as compared to the first pattern
element 406 and the second pattern element 408. The second pattern element
408 and third pattern element 410 may define a second pitch. The second target
structure 426 may include a fourth pattern element 412 having a different width as
compared to the first pattern element 406, the second pattern element 408 and
the third pattern element 410. The third pattern element 410 and fourth pattern
element 412 may define a second pitch.
{0041] it should be recognized that incorporating pattern elements 406, 408,
410, 412, 414 having different widths may allow for measurement of various
coverage ratios in a semiconductor fabrication process.
[0042] it may be appreciated by those skilled in the art that the number of
target structures 402, 426 and the number of pattern elements 404, 406, 408, 410,
412, 414 within the target structures 402, 426 as depicted in FiG. 4 do not
represent limitations, but rather should be interpreted as illustrative in nature.
[0043] Moreover, it may be appreciated by those skilled in the art that the
use of a rectangular target structures 402, 426 and pattern elements 404, 406,
408, 410, 412, 414, as depicted in FIG. 4, is not a limitation and that generally a
variety of mark region shapes {e.g., square, trapezoid, parallelogram, or ellipse}
may be used to characterize the perimeter of an overlay target boundary.
{0044} Generally, the two dimensional shapes of the various pattern
elements 404, 406, 408, 410, 412, 414 of the first target structure 402 and the
second target structure 426 are not limited. As such, the rectangular shape of the
pattern elements, as depicted in FIG. 4, should not be interpreted as a limitation
but merely an illustration.
[C045] In another aspect, as ilustrated in FIG. 4, the target structures 402,
426 and pattern elements 404, 406, 408, 410, 412, 414 of the target 400 may be
replicated symmetrically about a point on a semiconductor wafer.
[0046] fn another aspect, as illustrated in FIG. 4, the target 400 may include
12
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target structures having pattern elements 416, 418, 420, 422, 424 with varying
widths that are not replicated symmetrically about a point on a semiconductor
wafer.
{0047} FiG. 5 illustrates a top plan view of an overlay target 500 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay farget 500 may include two or more
target structures 512, 514. Each of the two or more target structures 512, 514
may be on one or more semiconductor wafer layers. in another aspect of the
target 500, each of the target structures 512, 514 of the overlay target 500
includes two or more pattern elements 502, 504, 506, 508, 510. Further, each of
the eight target structures 512, 514 of target 500 may include five pattern
elements 502, 504, 506, B0§, 510. A given target structure 512, 514 of a target
500 may contain any number of pattern element 502, 504, 506, 508, 510 greater
than twao.
[0048] in another aspect of a target 500 of the present invention, a first
target structure 512 may include pattern elements, each adjacent pattern element
defining a first pitch. A second target structure 514 may include pattern elements
502, 504, 506, 508, 510, each of the pattern elements defining at least a second
pitch. The first pitch and the second pitch be different such that when a pattern
element in the first target structure 512 is aligned with a corresponding pattern
element 502, 584, 506, 508, 510 in the second target structure 514, each of the
remaining target elements 502, 504, 506, 508, 510 in the second target structure
514 are offset from corresponding pattern elements in the first target structure
512 be some knows, variable distance.
[0049] The measurement of the alighment between certain of the pattern
elements 502, 504, 506, 508, 510 of the second target structure 514 as compared
to the first target structure 512, and the distance of offset between carresponding
pattern element is a measure of semiconductor compenent tinearity.
[CO50] i may be appreciated by those skilled in the art that the number of
target structures 512, 514 and the number of pattern elements 502, 504, 506, 508,
510 within the target structures 512, 514 as depicted in FIG. 5 do not represent
limitations, but rather should be interpreted as illustrative in nature.
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[0051] Moreover, it may be appreciated by those skilled in the art that the
use of a rectangular target structures 512, 514 and patiern elements 502, 504,
506, 508, 510, as depicted in FIG. 5, is not a limitation and that generally a variety
of mark region shapes (e.g., square, trapezoid, parallelogram, or ellipse} may be
used to characterize the perimeter of an overlay target boundary.

{00521 Generally, the two dimensional shapes of the various pattern
elements 502, 504, 506, 508, 510 of the first target structure 512 and the second
target structure 514 are not Hmited. As such, the rectangular shape of the pattern
elements, as depicted n FIG. 5, should not be interpreted as a lmitation but
merely an Hllustration.

[0053] fn another aspect, as illustrated in FIG. 5, the target structures 512,
514 and pattern elemenis 502, 504, 506, 508, 510 of the target 500 may be
replicated symmetrically about a point on a semiconductor wafer.

{0054] in another aspect, the shapes of the pattern elements 502, 504, 506,
508, 510 within a target structure 512, 514 may be non-uniform {not shown). More
specifically, a given target structure 512, 514 may contain more than one pattern
element shapes.

{0055] FIG. 6 illustrates a top plan view of an overlay target 600 suitable for
imaging based metrology, In accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 600 may include two or more
target structures 602, 604, 606, 608, 610, 612, Each of the twn or more {arget
structures 602, 604, 606, 608, 610, 612 may be on ohe semiconductor wafer laver.
In another aspect of the target 600, each of the target structures 602, 604, 606,
608, 610, 612 of the overlay target 600 may include two or more pattern elements.
A first target structure 602 may include three substantially similar paltern
elements, adjacent pattern elements defining a first pitch. A second target
structure 604 may include four pattern elements, adjacent pattern elements
defining a second pitch., Similarly, the overlay target 600 may include additionatl
target structures 606, 608, 610, 612, each including different numbers of pattern
elements, and the pattern elements of each additional target structure 606, 608,
610, 612 defining a different pitch. For example, a third target structure 606 may

include five substantially similar pattern elements, adjacent pattern elements
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defining a third pitch; a fourth target structure 608 may include six pattemn
elements, adjacent pattermn elements defining a fourth pitch; a sixth target
structure 610 may include seven substantially similar pattern elements, adjacent
pattern elements defining a sixth pitch; and a seventh {arget structure 612 may
include eight pattern elements, adjacent pattern elements defining a seventh
pitch.
[0056] Each of the plurality of target structures 602, 604, 606, 608, 610,
612, including associated pattern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 602, 604, 606, 608, 610, 612 in the overlay target 600,
[0057] Target structures 602, 604, 606, 608, 610, 612 having pattern
elements thal define a plurality of pitches may provide alignment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention is not limited to target
structures 602, 604, 606, 608, 610, 612 having three, four, five, six, seven or eight
pattern elements.
{0058} in another aspect, as Hlustrated in FIG. 6, the target structures 602,
604, 606, 608, 610, 612 of the target 600 may be replicated symmetrically about a
point on a semiconductor wafer.
[0059] FiG. 7 iltustrates a top plan view of an overlay target 700 suitable for
imaging based metrology, in accordance with an exemplary embadiment of the
present invention. In one aspect, the overlay target 700 may include two or more
target structures 702, 704, 706, 708, 710, 712, Each of the two or more target
structures 702, 704, 706, 708, 710, 712 may be on one or more semiconductor
wafer layers. For example, a first semiconductor wafer layer may include a
plurality of first layer target structures 702, 706, 710, and a second semiconductor
wafer layer may include a plurality of second layer target structures 704, 708, 712.
In another aspect of the target 700, each of the target structures 702, 704, 706,
708, 710, 712 of the overlay target 700 may include two or more pattern elements.
A first target structure 702 in the first semiconductor wafer layer may include
three substantially similar pattern elements, adjacent pattern slements defining a
first pitch.7 A second target structure 706 in the first semiconductor wafer layer
15
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may include five pattern elements, adjacent pattern elements defining a second
pitch. A third target structure 710 in the first semiconductor wafer layer may
include eight pattern elements, adjacent pattern elements defining a third pitch.
{0060} Similarly, the overlay target 700 may include additional farget
structures 704, 708, 712 in a second semiconductor wafer layer, each including
different numbers of pattern elements, corresponding to a target structure 702,
706, 710 in the first semiconductor wafer layer. For example, a first target
structure 704 in the second semiconductor wafer layer may include three
substantially similar pattern elements, adjacent pattern elements defining a first
pitch; a second target structure 708 in the second semiconductor wafer layer may
include five pattern elements, adjacent pattern elements defining a second pitch;
and a third target structure 712 in the second semiconductor wafer layer may
include eight pattern elements, adjacent pattern elements defining a third pitch.
{0061] Each of the plurality of target structures 702, 704, 706, 708, 710,
712, including associated pattern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 702, 704, 706, 708, 710, 712 in the overlay target 700.
[0062] Target structures 702, 704, 706, 708, 710, 712 having pattern
elements that define a plurality of pitches may provide alignment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention i not Umited to t{arget
structures 702, 704, 706, 708, 710, 712 having three, five or eight pattemn
elements. Furthermore, one skilled in the art may appreciate that target
structures may be placed in separate layers of a semiconductor wafer.
{0063} in another aspect, as Hlustrated in FIG. 7, the target structures 702,
704, 706, 708, 710, 712 of the target 700 may be replicated symmetrically about a
point on a semiconductor wafer.
{0064} FiG. 8 illustrates a top plan view of an overlay target 800 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 800 may include two or more
target structures 80Z, 804, 806, 808, 810, 812, Each of the {wo or more target
structures 802, 804, 806, 808, 810, 812 may be on one or more semiconductor
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wafer layers, For example, a first semiconductor wafer layer may include a
plurality of first layer target structures 802, 806, 810, and a second semiconductor
wafer layer may include a plurality of second layer target structures 804, 808, 812.
In another aspect of the target 800, each of the target structures 802, 804, 806,
808, 810, 812 of the overlay target 800 may include two or more pattern elements.
A first target structure 802 in the first semiconductor wafer layer may include
three substantially similar pattern elements, adjacent pattern elements defining a
first pitch. A second target structure 806 in the first semiconductor wafer layer
may include nine pattern elements organized inte three pattern element
structures of three pattern elements each, adjacent pattern elements of each
pattern element structure defining a second pitch. A third target structure 810 in
the first semiconductor wafer layer may include fifteen pattern elements
organized into three pattern element structures of three pattern elements each,
adjacent pattern elements defining a third pitch. One skilled in the art may
appreciate that number of pattern element structures and the number of pattern
elements in each pattern element structure is merely exemplary, and that other
numbers of pattern element structures and pattern elements in each pattern
element structure may be utilized.

[0065] Similarly, the overlay target 800 may include additional target
structures 804, 808, 812 in a second semiconductor wafer layer, sach including
different numbers of patlern elements, carresponding te a target structure 802,
806, 810 in the first semiconductor wafer layer. For example, a first target
structure 804 in the second semiconductor wafer layer may include three
substantially similar pattern elements, adjacent pattern elements defining a first
pitch; a second target structure 808 in the second semiconductor wafer tayer may
include nine pattern elements organized into three pattern element structures of
three pattern elements each, adjacent pattern elements defining a second pitch;
and a third target structure 812 in the second semiconductor wafer layer may
include fifteen pattern elements organized into three pattern element structures
of three pattern elements each, adiacent pattern elements defining a third pitch.
[0066] Each of the plurality of target structures 802, 804, 806, 808, 810,
812, including associated pattern elements and the separation between pattern
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elements defining a pitch, may be substantially similar i size as compared to
every other target structure 802, 804, 806, 808, 810, 812 in the overlay target 800.
[0067] Target structures 802, B804, 806, 808, 810, 8112 having pattern
elements that define a plurality of pitches may provide alignment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention is not limited to target
structures 802, 804, 806, 808, 810, 812 having three, nine or fifteen pattern
elements. Furthermore, one skilled in the art may appreciate that target
structures may be placed in separate layers of a semiconductor wafer.

{0068] in another aspect, as illustrated in FIG. 8, the target structures 802,
804, 806, B08, 810, 812 of the target 800 may be replicated symmetrically about a
point on a semiconductor wafer.

{0069} FIG. 9 illustrates a top plan view of an overlay target 900 suitable for
imaging based metrology, in accordance with an exemplary embodiment of the
present invention. in one aspect, the overlay target 900 may include two or more
target structures 902, 904, 906, 908, 910, 912. Each of the two or more target
structures 902, 904, 906, 908, 910, 912 may be on one or more semicanductor
wafer lavers. For example, a first semiconductor wafer layer may include a
plurality of first layer target structures 902, 906, 910, and a second semiconductor
wafer layer may include a plurality of second layer target structures 904, 908, 912,
In another aspect of the target 900, each of the target structures 902, 904, 906,
908, 910, 912 of the averlay target 900 may include two or more pattern elements.
A first target structure 902 in the first semiconductor wafer layver may include
three substantially similar pattern elements, adjacent pattern elements defining a
first pitch. A second target structure 906 in the first semiconductor wafer layer
may include nine pattern elements organized inte three pattern element
structures of three pattemn elements each, adjacent pattern elements of each
pattern element structure defining a second pitch. A third target structure 910 in
the first semiconductor wafer layer may include fifteen pattern elements
organized into three pattern element structures of three pattern elements each,
adjacent pattern elements defining a third pitch. One skilled in the art may
appreciate that number of pattern element structures and the number of pattern
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elements in each pattern element structure is merely exemplary, and that other
numbers of pattern element structures and pattern elements in each pattern
element structure may be utilized.
{0070} Similarly, the overlay target 900 may include additional farget
structures 904, 908, 912 i a second semiconductor wafer layer, each including
different numbers of pattern elements, corresponding to a target structure 902,
906, 910 in the first semiconductor wafer layer. For example, a first target
structure 904 in the second semiconductor wafer layer may include three
substantially similar pattern elements, adjacent pattern elements defining a first
pitch; a second target structure 908 in the second semiconductor wafer layer may
include nine pattern elements organized into three pattern element structures of
three pattern elements each, adjacent pattern elements defining a second pitch;
and a third target structure 912 in the second semiconductor wafer layer may
include fifteen pattern elements organized into three pattern element structures
of three pattern elements each, adjacent pattern elements defining a third pitch.
{0071} Target structures 904, 908, 912 in a second semiconductor wafer
layer may be oriented with opposite directional interest as compared to target
structures 902, 906, 910 in a first semiconductor wafer layer. For example,
pattern elements comprising the target structures 904, 908, 912 in the second
semiconductor wafer layer may be oriented orthogonally to similar pattern
elements comprising the target structures 902, 306, 910 in the first semiconductor
wafer layer.
[0072] Each of the plurality of target structures 902, 904, %06, 908, 910,
912, including associated pattern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 902, 904, 906, 908, 910, 912 in the overlay target 900,
[0073] Target structures 902, 904, 906, 908, 910, 912 having pattern
elements that define a plurality of pitches may provide alignment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention is not limited to target
structures 902, 904, 906, 908, 910, 912 having three, nine or fifteen pattern
elements. Furthermore, one skilled in the art may appreciate that target
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structures may be placed in separate layers of a semiconductor wafer.
[0074] in another aspect, as illustrated in FIG, 9, the target structures 902,
904, 906, 308, 910, 912 of the target 900 may be replicated symmetrically about a
point on a semiconductor wafer,
[0075] FIG. 10 itlustrates a top plan view of an overlay target 1000 suitable
for imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 1000 may include two or more
target structures 1002, 1004, 1006, 1008. Each of the f{wo or more target
structures 1002, 1004, 1006, 1008 may be on one or more semiconductor wafer
layers. For example, a first semiconductor wafer layer may include a plurality of
first tayer target structures 1002, 1006, and a second semiconductor wafer layer
may include a plurality of second layer target structures 1004, 1008. in ancther
aspect of the target 1000, each of the target structures 1002, 1004, 1006, 1008 of
the overlay target 1000 may include two or more pattern elements. A first target
structure 1002 in the first semiconductor wafer layer may include six pattern
elements organized into three pattern element structures of three pattern
elements each, adjacent pattern elements defining a first pitch. A second target
structure 1006 in the first semiconductor wafer {ayer may include nine pattern
elements organized into three pattern element structures of three pattern
elements each, adjacent patiern elements of each pattern element structure
defining a second pitch. One skilled in the art may appreciate that number of
pattern element structures and the number of pattern elements in each pattern
element structure is merely exemplary, and that other numbers of pattern
element structures and patlern elements in each pattern element structure may
be utilized.
{0076} Similarly, the overlay target 1000 may include additional target
structures 1004, 1008 in a second semiconductor wafer layer, each including
different numbers of pattern elements, corresponding to a target structure 1002,
1006 in the first semiconductor wafer layer. For example, a first target structure
1004 in the second semiconductor wafer layer may include six pattern elements
organized into three patiern element structures of three pattern elements each,
adjacent pattern elements defining a first pitch; a second target structure 1008 in
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the second semiconductor wafer layer may include nine pattern elements
organized into three pattern element structures of three pattern elements each,
adjacent pattern elements defining a second pitch.
{0077} Fach of the plurality of target structures 1002, 1004, 1006, 1008,
including associated pattern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 1002, 1004, 1006, 1008 in the overlay target 1000.
[0078] Target structures 1002, 1004, 1006, 1008 having pattern elements
that define a plurality of pitches may provide alignment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention is not limited to target
structures 1002, 1004, 1006, 1008 having six or nine pattern elements.
Furthermore, one skilled in the art may appreciate that target structures may be
placed in separate layers of a semiconductor wafer,
[0079] in another aspect, as illustrated in FIG. 10, the target structures
1002, 1004, 1006, 1008 of the target 1000 may be replicated symmetrically about a
point on a semiconductor wafer.
{0080} FIG. 11 illustrates a top plan view of an overlay target 1100 suitable
for imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 1100 may include two or more
target structures 1102, 1104, 1106, 1108. Each of the two or more target
structures 1102, 1104, 1106, 1108 may be on one or more semiconductor wafer
layers. For example, a first semiconductor wafer layer may include a plurality of
first layer target structures 1102, 1106, and a second semiconductor wafer layer
may include a plurality of second layer target structures 1104, 1108, In another
aspect of the target 1100, each of the targetl structures 1102, 1104, 1106, 1108 of
the overlay target 1100 may include two or more pattern elements. A first target
structure 1102 in the first semiconductor wafer layer may include six pattern
elements organized into three pattern element structures of three pattern
elements each, adiacent pattern elements defining a first pitch. A second target
structure 1106 in the first semiconductor wafer layer may include nine pattern
elements organized into three pattern element structures of three pattern
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elements each, adjacent pattern elements of each pattern element structure
defining a second pitch. One skilled in the art may appreciate that number of
pattern element structures and the number of pattern elements in each pattern
element structure is merely exemplary, and that other numbers of pattern
element structures and pattern elements in each pattern element structure may
be ufilized.
{0081} Similarly, the overtay target 1100 may include additional target
structures 1104, 1108 in a second semiconductor wafer layer, each including
different numbers of pattern elements, corresponding to a target structure 1102,
1106 in the first semiconductor wafer layer, For example, a first target structure
1104 in the second semiconductor wafer layer may include six pattern elements
organized into three pattern element structures of three pattern elements each,
adjacent pattern elements defining a first pitch; a second target structure 1108 in
the second semiconductor wafer layer may include nine pattern elements
organized into three pattern element structures of three pattern elements each,
adjacent pattern elements defining a second pitch.
{0082} Target structures 1104, 1108 in a second semiconductor wafer {ayer
may be oriented with opposite directional interest as compared to target
structures 1102, 1106 in a first semiconductor wafer laver. For example, pattern
elements comprising the target structures 1104, 1108 in the second semiconductor
wafer layer may be oriented orthogonaily to similar pattern elements comprising
the target structures 1102, 1106 in the first semiconductor wafer layer,
[0083] Each of the plurality of target structures 1102, 1104, 1106, 1108,
including associated pattern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 1102, 1104, 1106, 1108 in the overlay target 1100,
[0084] Target structures 1102, 1104, 1106, 1108 having pattern elements
that define a plurality of pitches may provide alisnment information for
semiconductor components having a plurality of different pitches. One skilled in
the art may appreciate that the present invention is not limited to target
structures 1102, 1104, 1106, 1108 bhaving six or nine pattern elements.
Furthermore, one skilled in the art may appreciate that target structures may be
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placed in separate layers of a semiconductor wafer.
{00851 in another aspect, as illustrated in FIG. 11, the target structures
1102, 1104, 1106, 1108 of the target 1100 may be replicated symmetrically about a
point on a semiconductor wafer.
{0086} FIG. 12 illustrates a top plan view of an overlay target 1200 suitable
for imaging based metrology, in accordance with an exemplary embodiment of the
present invention. In one aspect, the overlay target 1200 may include two or more
target structures 1202, 1204, 1206, 1208. Each of the two or more target
structures 1202, 1204, 1206, 1208 may be on one semiconductor wafer layer. In
another aspect of the target 1200, each of the target structures 1202, 1204, 1206,
1208 of the overlay target 1200 may include two or more pattern elements. A first
target structure 1202 may include three substantially similar pattern elements,
adjacent pattern elements defining a first pitch. A second target structure 1204
may include six pattern elements organized into three pattern element structures
of two pattern elements each, adjacent pattern elements of each pattern element
structure defining a second pitch. A third target structure 1206 may include nine
pattern elements organized into three pattern element structures of three pattern
elements each, adjacent pattern elements defining a third pitch. A fourth target
structure 1208 may include fifteen patfern elements organized into three pattern
element structures of five pattern elements each, adjacent pattern elements
defining a fourth pitch. One skilled in the art may appreciate that number of
pattern element structures and the number of pattern elements in each pattern
element structure is merely exemplary, and that other numbers of pattern
element structures and patlern elements in each pattern element structure may
be utilized.
{0087] Each of the plurality of target structures 1202, 1204, 1206, 1208,
including associated patiern elements and the separation between pattern
elements defining a pitch, may be substantially similar in size as compared to
every other target structure 1202, 1204, 1206, 1208 in the overlay target 1200,
[0088] Target structures 1202, 1204, 1206, 1208 having pattern elements
that define a plurality of pitches may provide alignment information for
semniconductor components having a plurality of different pitches. One skilled in
23



WO 2013/067064 PCT/US2012/062877

the art may appreciate that the present invention is not limited to target
structures 1202, 1204, 1206, 1208 having three, six, nine or fifteen pattern
elements.
{0089] in another aspect, as illustrated in FIG. 12, the target structures
1202, 1204, 1206, 1208 of the target 1200 may be replicated symmetrically about a
point on a semiconductor wafer.
{00901} Referring now to FIG. 13, the system 1300 suitable for contrast
enhancement of an overlay metrology target may include an illumination source
1302, an aperture 1304, a beam splitter 1308, and a detector 1310 configured to
receive light reflected from one or more specimens 1314 {e.g., one or more wafers
of a wafer lot).
{0091] The illumination source 1302 of the system 1300 may include any
llumination source known in the art. In one embodiment, the illumination source
1302 may include a broadband light source {e.g., white lght souwrce). For
examptle, the illumination source 1302 may include, but is not limited to, a
halogen light source (HLS). For instance, the halogen light source may include, but
is not limited to, a tungsten based halogen lamp. In another example, the
Hllumination source 1302 may include a Xenon arc lamp.
[0092] in another aspect of the present invention, the beam splitter 1308 of
the system 1300 may split the light beam emanating from an illumination source
1382, after passing through the aperture, into two paths: an object path 1312 and
a reference path 1313, In this sense, the object path 1312 and the reference path
113 of the system 100 may form a portion of a two beam interference optical
system. For example, the beam splitter 1308 may direct a first portion of the
beam of light from the illumination path 1315 along the object path 1312, while
allowing a second portion of the beam of lght from the illumination path 1315 to
be transmitted along the reference path 1313, Mare specifically, the beam splitter
1308 may direct a portion of the light emanating from the illumination source
1302, after passing through the aperture 1304, to the surface of the specimen 1314
{e.g., via object path 1312} disposed on the specimen stage 131318, Moreover,
the beam splitter 1308 may transmit a second portion of the light emanating from
the Hlumination source 1302 to the components of the reference path 1313. For
24



WO 2013/067064 PCT/US2012/062877

instance, the beam splitter 1308 may transmit a portion of light from the
fllumination path 1315 along the reference path 1313 to a reference mirror {not
shown). It should be recognized by those skilled in the art that any beam splitter
known in the art is suitable for implementation as the beam splitter 1308 of the
present invention.
[0093] it should be apparent to those skilled in the art that the reference
path 1313 may include, but is not limited to, a reference mirror, a reference
objective, and a shutter configured to selectively block the reference path 1313,
in a general sense, a two-beam interference optical system may be configured as a
Linnik interferometer.
[0094] fn another embodiment, the system 1300 may include a main
objective lens 1309. The main objective lens 1309 may aid in directing light along
the object path 1312 to the surface of the specimen 1314 disposed on the
specimen stage 131318, For example, the beam splitter 1308 may direct a portion
of the tight beam 1315 emanating from the flumination source 1302, after passing
through the aperture 1304, along the object path 1312. Following the splitting
process by the beam splitter 1308, the main objective lens 1309 may focus light
from the object path 1312, which is collinear with the primary optical axis 1307,
onto the swrface of the specimen 1314, In a general sense, any objective lens
known in the art may be suitable for implementation as the main objective lens
1389 of the present invention.
[0095] Further, a portion of the light impinging on the surface of the
specimen 1314 may be reflected by the specimen 1314 and directed along the
primary optical axis 1307 via the objective 1309 and the beam splitter 1308 toward
the detector 1310. It should be further recognized that intermediate oplics
devices such as intermediate lenses, additional beam splitters {e.g., a beam
splitter configured to split off a portion of light to a focusing system), and imaging
lenses 1106 may be placed between the objective 1309 and the imaging plane of
the detector 1310,
[0096] in another aspect of the present invention, the detector 1310 of the
system 1300 may be disposed along the primary eptical axis 1307 of the system
1300, 1In this regard, the camera 1310 may be arranged to collect imagery data
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from the surface of the specimen 1314, For example, in a general sense, after
reflecting from the swrface of the specimen 1314, light may travel along the
primary optical axis 1307 to the image plane of the detector 1310 via the main
objective 1309 and the beam splitter 1308. 1t is recognized that any detector
systemn known in the art is suitable for implementation in the present invention.
For example, the detector 1310 may include a charge coupled device {CCD} based
camera system. By way of another example, the detector 1310 may include a time
delay integration (TDI}-CCD based camera system. In a further aspect, the
detector 1310 may be communicatively coupled with a computer system {(nhot
shown}. In this regard, digitized imagery data may be transmitied from the
detector 1310 to the computer system via a signal, such as a wireline signal {e.g.,
copper line, fiber optic cable, and the like} or a wireless signal (e.g., wireless RF
signal).
{00971 While the above description describes the detector 110 as being
located along the primary optical axis 1307 of the system 1300, this characteristic
should not be interpreted as a requirement. it is contemplated herein that the
detector 1310 may reside along an additional optical axis of the system 1300. For
example, in a general sense, one or more additional beam splitters may be utilized
to divert a portion of light reflected from the surface of the specimen 1314 and
traveling along the object path 1312 onto an additional optical axis, which non-
parallel {o the object path 1312, The camera 1310 may be arranged such that
light traveling along the additional optical axis impinges the image plane of the
camera 1310,
{0098} in one aspect of the present invention the aperture 1304 may be
position at a pupil plane of the llumination path 1315, In this regard, the aperture
1304 may be configured to have a well-defined shape in order to select a
predetermined illumination angle of the illumination emanating from the
illumination source 1302. The illumination angle is selected so as to achieve a
setected contrast tevel at an imaging plane of the detector 1310,
[0099] In one embodiment, the aperture may have a geometric shape or a
combination of geometric shapes. For example, the aperture may have an “X”
shape or a “cross” shape. In another example, the aperture may have a ring
26



WO 2013/067064 PCT/US2012/062877

shape. It is further recognized herein that these shapes may be achieved via
diffractive optical elements.
[00100] fn another embodiment, the illumination path may include a plurality
of apertures. In this regard, one of the plurality of aperfures may be selected
during recipe training in order to optimize the contrast level for a specific stack
and target design. It is recognized herein that this may be done utilizing a trial
and error method. In another embodiment, the aperture 1304 may include a
tunable aperture. For example, the aperture 1304 may consist of a tunable
aperture that may be programmed by a user in order to produce a plurality of
setectable lumination structures. in this regard, a programmed tunable aperture
may be tuned in a manner to optimize the contrast for a specific stack or target
design. For instance, the tunable aperture may include, but is not limited to, a
micro mirror array.
{00101} Referring now to FIG. 14, the system 1400 suitable for contrast
enhancement of a muiti-layer overlay metrology target may include an illumination
source 1402, a first polarizer 1404, a beam splitter 1406, a second polarizer
13131408 and a detector 1410 configured to receive light reflected from one or
more specimens 1412 {e.g., one or more wafers of a wafer {ot}.
[00102] ft is recognized hergin that the Hllumination source 1402, the beam
splitter 1406, the detector of 1410, the specimen stage 1414, and the reference
path 1416 are similar {o the llumination source 1302, the beam splitter 1308, the
detector of 1310, the specimen stage 131318, and the reference path of 1313 of
the system 1300 depicted in FIG, 13. A3 such, the description of the system 1300
in FiIG. 13 should be interpreted to extend to the system 1400 in FiG. 14 except
where otherwise noted.
{00103} in one aspect, the first polarizer 1404 is arranged to polarize light
emanating from the itlumination source 1402. For example, the first polarizer
1404 may be disposed along an illumination path 1405 such that light emanating
from the itlumination source 1402 may be polarized by the first polarizer 1404,
[00104] In another aspect, the second polarizer 13131408 may be arranged to
serve as an analyzer for light reflected from the specimen 1402, In this regard,
the first polarizer 1404 and the second polarizer 13131408 may configured be such
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that the amount of lght reflected from unpatterned parts of the specimen 1412 or
from periodic unresolved patterns of the specimen 1412 that reaches the imaging
plane of the detector 1410 is minimized. In one embodiment, the first polarizer
1404 and the second polarizer 13131408 may both include linear polarizers. In the
case of linear polarizers, the first polarizer 1404 and the second polarizer
13131408 may be arranged such that their polarizing axes are substantially
perpendicular to one another. As a result of this configuration, the majority of
reflected light reaching the imaging plane of the detector 1410 consists of light
reflected from patterns of the specimen resolved by the metrology tool, enhancing
the contrast significantly. In further ancther, the first polarizer 1404 may include
a polarizer configured to transmit only radially polarized light, while the second
polarizer is configured o transmit only azimuthally polarized light.
{00105} it should be further recognized that the signal from unpatterned
portions of the specimen 1412 may be minimized in a variety of other manners.
For example, it is recognized herein that a combination of wave-plates and
polarizers may be implemented to achieve the results illustrated above. For
instance, a first polarizer 1404 and first quarter-wave plate {not shown) oriented
at 45 degrees with respect to the first polarizer may be positioned in the
itlumination path 1405, while a second polarizer 13131408 and a second quarter-
wave plate {not shown) oriented at 45 degree with respect to the second polarizer
may be positioned along the imaging path 1409. Those skilled i the art will
recoghize that this arrangement may lead to a minimization of the amount light
reflected from unpatterned portions of the specimen 1412 which reaches the
imaging plane of the detector 1410.
[G0106] i is further recognized that any cambination of polarizers and wave-
plates {e.g., half-wave plate) which creates the cross-polarization effect as
described above may be suitable for implementation in the present invention.
{00107} FIG. 15 illustrates a flowchart of a method for aligning semiconductor
components in a semiconductor fabrication process for semiconductor components
having a plurality of pitches. An apparatus such as those depicted in FIG. 13 and
FIG., 14 may detect 1500 a first layer metrology target in a semiconductor wafer
layer. The first layer metrology target may be formed in the first semiconductor
28



WO 2013/067064 PCT/US2012/062877

wafer layer through photolithographic processes, deposition, or any other means
known in the art. An apparatus such as those depicted in FIG. 13 and FIG. 14 may
detect 1502 a second {ayer metrology target in a semiconductor wafer layer where
the second layer metrology target comprises at {east one target structure defining
a plurality of pitches such as the target structures depicted in FIG. 2 - FIG. 7.
Furthermore, the secaond layer metrology target may comprise farget structures
with pattern elements having variant widths or pattern elements configured to be
offset from other pattern elements by a known distance.
{00108} A semiconductor fabrication processing device may receive
information from the apparatus detecting 1500, 1502 the first layer metrology
target and second layer metrology target, and derive 1504 alignment information
pertaining fo the first semiconductor wafer layer and second semiconductor wafer
layer.  Alignment information may include the relative positions of target
structures defining different pitches. Alignment information for different pitches
may be advantageous for aligning semiconductor components in two semiconductor
wafer layers where certain semiconductor components have different pitches as
compared to other semiconductor components. Alignment information may also
include coverage ratios for different semiconductor wafer layers and
semiconductor component tinearity.
[00109] The semiconductor fabrication processing device may derive 1506 an
aligrment correction based on the alignment information to properly position
semiconductor components across two or more semiconductor wafer layers.
Alternatively, the semiconductor fabrication processing device may determine that
semiconductor components are excessively misaligned, and that a semiconductor
wafer may not be useable.
{00110} it is believed that the present invention and many of its attendant
advantages will be understood by the foregoing description, and it will be apparent
that various changes may be made in the form, construction, and arrangement of
the components thereof without departing from the scope and spirit of the
invention or without sacrificing all of its material advantages. The form herein
before described being merely an explanatory embodiment thereof, it is the
intention of the following claims to encompass and include such changes.
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What is claimed is:

Clatim 1. A semiconductor wafer comprising:
a first layer metrology target, the first layer metrology target comprising a
plurality of first layer pattern elements; and
a second layer metrology target, the second layer metrology target
comprising a plurality of second layer pattern elements, the plurality of
second layer pattern elements confivured with at least two different
pitches,
wherein:
the first layer metrology target and the second layer metrology target
are configured to align relative to each other such that one or more
features embedded in the first layer may be aligned relative to one or
more features embedded in the second layer during a semiconductor
fabrication process;

the first {ayer metrology target and the second layer metrology target
are configured to measure at least one of overlay, coverage ratic and
linearity.

Claim 2. The semiconductor wafer of Claim 1, wherein:

a first pattern element of the plurality of second layer pattern elements and
a second pattern element of the plurality of second layer pattern
elements define a first pitch corresponding to a pitch of at least a first
integrated circuit component on the semiconductor wafer;

the second pattern element of the plurality of second layer pattern
elements and a third pattern element of the plurality of second layer
pattern elements define a second pitch corresponding to a pitch of at
least a second integrated circuit component on the semiconductor
wafer;

the first pitch is configured to facilitate fabrication of at least the first
integrated circuit component; and
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the second pitch is configured to facilitate fabrication of at least the second
integrated circudt component.

Claim 3. The semiconductor wafer of Claim 1, wherein the first layer metrology
target comprises a plurality of first layer pattern elements, the plurality of first
layer pattern elements configured with a fixed pitch between adjacent first
layer patfern elements.

Claim 4. The semiconductor wafer of Claim 3, wherein:

the plurality of second layer pattern elements are configured with
diminishing pitch between adjacent second layer pattern elements; and

each of the plurality of second layer patiern elements is configured to be
offset from a corresponding first {ayer pattern element by a different,
known distance,

Claim 5. The semiconductor wafer of Claim 1, wherein;

the first layer metrology target comprises a plurality of first layer pattern
elements, the plurality of first layer pattern elements configured with at
{east twao different pitches; and

each of the plurality of second layer pattern elements is configured to be
align with a corresponding first layer pattern element,

Claim 6. The semiconductor wafer of Claim 1, wherein the plurality of second
layer pattern elements is further configured with at least two different
coverage ratios,

Claim 7. The semiconductor wafer of Claim 1, whereim:

a first pattern element and a second pattern element of the plurality of
second layer pattern elements are configured to define a first pitch and
are each configured with a first coverage ratio such that the first pattemn
element and the second pattern element define a first average coverage
ratio;

a third pattern element, a fourth pattern element and a fifth pattern
element of the plurality of second layer pattern elements are configured
to define a second pitch and are sach configured with a second coverage

ratio such that the third pattern slement, the fourth pattern element
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and the fifth pattern element define a second average coverage ratio;
and
the first average coverage ratio is substantially similar to the second

average coverage ratio.

Claim 8. A semiconductor fabrication apparatus comprising:
A Processor;
a metrology target sensing device connected to the processor;
memory connected to the processor; and
computer executable program code stored in the memory,
wherein the computer executable program code is configured to:
detect a first layer metrology target comprising a plurality of first layer
metrology pattern elements;

detect a second layer metrology target comprising a plurality of second
layer metrology pattern elements, the plurality of second layer
metrology pattern elements configured with at least two different
pitches; and

derive alighment information pertaining to two or more integrated
circuit components in a first layer on a semiconductor wafer relative
{0 two or more integrated circuit components in a second layer on a
semiconductor water based on at teast one of an overlay, a coverage
ratio and a linearity between the plurality of first layer metrology
pattern elements and the plurality of second layer metrology pattern
elements.

Ciaim 9. The semiconductor fabrication of Claim 8, wherein:

a first pattern element of the plurality of second layer pattern elements and
a second pattern element of the plurality of second layer pattern
elements define a first pitch corresponding to a pitch of at least a first
integrated circudt component on the semiconductor wafer;

the second pattern element of the plurality of second layer pattern
elements and a third pattern element of the plurality of second layer
pattern elements define a second pitch corresponding to a pitch of at
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least a second integrated circuit component on the semiconductor
wafer;

the first pitch is configured to facilitate fabrication of at least the first
integrated circuit component; and

the second pitch is configured to facilitate fabrication of at least the second
integrated circuit component.

Claim 10. The semiconductor fabrication of Claim 8, wherein the first layer
mefrology target comprises a plurality of first layer pattern elements, the
plurality of first tayer pattern elements configured with a fixed pitch between
adjacent first layer pattern elements.

Ciaim 11. The semiconductor fabrication of Claim 10, wherein:

the plurality of second layer paftern elements are configured with
diminishing pitch between adjacent second layer pattern elements; and

each of the plurality of second layer patiern elements is configured to be
offset from a corresponding first {ayer pattern element by a different,
known distance.

Claim 12, The semiconductor fabrication of Claim 8, wherein:

the first layer metrology target comprises a plurality of first laver pattern
elements, the plurality of first layer pattern elements configured with at
least two different pitches; and

gach of the plurality of second laver pattern elements is configured to be
align with a corresponding first laver pattern element.

Claim 13, The semiconductor fabrication of Claim 8§, wherein the plurality of
second layer pattern elements is further configured with at least two different
coverage ratios,

Claim 14. The semiconductor fabrication of Claim 8, wherein:

a first pattern element and a second pattern element of the plurality of
second layer pattern elements are configured to define a first pitch and
are each configured with a first coverage ratio such that the first pattern
element and the second pattern element define a first average coverage

ratio;
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a third pattern element, a fourth pattern element and a fifth pattern
element of the plurality of second layer pattern elements are configured
to define a second pitch and are each configured with a second coverage
ratio such that the third pattern element, the fourth pattern element
and the fifth pattern element define a second average coverage ratio;
and

the first average coverage ratio is substantially similar to the second

average coverage ratio,

Claim 15. A method for aligning elements in separate semiconductor layers,
comprising:

detecting a first tayer metrology target comprising a plurality of first layer
metrology pattern elements;

detecting a second layer metrology target comprising a plurality of second
tayer metrology pattern elements, the plurality of second layer
metrology pattern elements configured with at least two different
pitches; and

deriving atignment information pertaining to two or more integrated circuit
components in a first layer on a semiconductor wafer relative to two or
more integrated circuit components in a second layer on a
semniconductor wafer based on at least one of an overlay, a coverage
ratioc and a linearity between the plurality of first layer metrology
pattern elements and the plurality of second layer metrology pattern
elements.

Claim 16. The method of Claim 15, wherein:

a first pattern element of the plurality of second layer pattern elements and
a second pattern element of the plurality of second layer pattern
elements define a first pitch corresponding to a pitch of at least a first
integrated circudt component on the semiconductor wafer;

the second pattern element of the plurality of second layer pattern
elements and a third pattern element of the plurality of second layer
pattern elements define a second pitch corresponding to a pitch of at
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least a second integrated circuit component on the semiconductor
wafer;

the first pitch is configured to facilitate fabrication of at least the first
integrated circuit component; and

the second pitch is configured to facilitate fabrication of at least the second
integrated circuit component.

Claim 17. The method of Claim 15, wherein the first layer metrology target
comprises a plurality of first layer pattern elements, the plurality of first layer
pattern elements configured with a fixed pitch between adjacent first {ayer
pattern elements.

Ciaim 18. The method of Claim 17, wherein:

the plurality of second layer paftern elements are configured with
diminishing pitch between adjacent second layer pattern elements; and

each of the plurality of second layer patiern elements is configured to be
offset from a corresponding first {ayer pattern element by a different,
known distance.

Claim 19, The method of Claim 15, wherein:

the first layer metrology target comprises a plurality of first laver pattern
elements, the plurality of first layer pattern elements configured with at
least two different pitches; and

gach of the plurality of second laver pattern elements is configured to be
align with a corresponding first laver pattern element.

Claim 20, The method of Claim 153, wherein the plurality of second layer pattern
elements is further configured with at least two different coverage ratios.

Claim 21, The method of Claim 15, wherein:

a first pattern element and a second pattern element of the plurality of
second layer pattern elements are configured to define a first pitch and
are each configured with a first coverage ratio such that the first pattern
element and the second pattern element define a first average coverage
ratio;

a third pattern element, a fourth pattern element and a fifth pattern
element of the plurality of second layer pattern elements are configured
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to define a second pitch and are each configured with a second coverage
ratic such that the third pattern slement, the fourth pattern element
and the fifth pattern element define a second average coverage ratio;
and

the first average coverage ratio is substantially similar to the second

average coverage ratio.
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