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MULTI-FUNCTION OVERLAY MARKS FOR
REDUCING NOISE AND EXTRACTING
FOCUS AND CRITICAL DIMENSION
INFORMATION

PRIORITY DATA

[0001] The present application is a utility patent applica-
tion of provisional patent application 62/552,536, filed on
Aug. 31, 2017, entitled “MULTI-FUNCTION OVERLAY
MARKS FOR MEASURING FOCUS AND CRITICAL
DIMENSION (CD) INFORMATION”, the disclosure of
which is incorporated herein in its entirety.

BACKGROUND

[0002] The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances in IC
materials and design have produced generations of ICs
where each generation has smaller and more complex cir-
cuits than the previous generation. However, these advances
have increased the complexity of processing and manufac-
turing ICs and, for these advances to be realized, similar
developments in IC processing and manufacturing are
needed. In the course of integrated circuit evolution, func-
tional density (i.e., the number of interconnected devices per
chip area) has generally increased while geometry size (i.e.,
the smallest component (or line) that can be created using a
fabrication process) has decreased.

[0003] Overlay marks have been used to measure the
overlay or alignment between various layers of an IC.
However, conventional overlay marks still have shortcom-
ings. For example, the measurement accuracy of a conven-
tional overlay mark may be affected by the location of the
overlay mark, such as the pattern density of the IC features
surrounding the overlay mark. As another example, while
conventional overlay marks can be used to measure overlay,
they have not been able to determine focus or critical
dimension (CD) information. Therefore, while existing
overlay marks and have been generally adequate for their
intended purposes, they have not been entirely satisfactory
in every aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is emphasized that, in
accordance with the standard practice in the industry, vari-
ous features are not drawn to scale. In fact, the dimensions
of the various features may be arbitrarily increased or
reduced for clarity of discussion.

[0005] FIG. 1 is a schematic view of a lithography system
constructed in accordance with some embodiments of the
present disclosure.

[0006] FIG. 2 is a sectional view of a EUV mask con-
structed in accordance with some embodiments of the pres-
ent disclosure.

[0007] FIG. 3 illustrates a simplified fragmentary cross-
sectional view of an overlay mark 100 in accordance with
some embodiments of the present disclosure.

[0008] FIGS. 4A-4B illustrate superimposed simplified
fragmentary cross-sectional views of an upper layer 130A
and a lower layer 130B in accordance with some embodi-
ments of the present disclosure.

Feb. 28,2019

[0009] FIG. 5 illustrates a top view of an embodiment of
an overlay mark on a wafer in accordance with some
embodiments of the present disclosure.

[0010] FIG. 6A is a simplified top view of a portion of a
wafer in accordance with some embodiments of the present
disclosure.

[0011] FIG. 6B is a simplified top view of a test line that
is vertically oriented in accordance with some embodiments
of the present disclosure.

[0012] FIG. 6C is a simplified top view of a test line that
is horizontally oriented in accordance with some embodi-
ments of the present disclosure.

[0013] FIGS. 7A-7B each illustrate a cross-sectional pro-
file of a plurality of gratings of an overlay mark

[0014] FIGS. 8-10 illustrates a top view of an embodiment
of an overlay mark on a wafer in accordance with some
embodiments of the present disclosure.

[0015] FIG. 11 illustrates a plurality of overlay marks that
are arranged as an MxN array around a main pattern in
accordance with some embodiments of the present disclo-
sure.

[0016] FIG. 12 illustrates top views of an upper layer and
a lower layer of a component of an overlay mark in
accordance with some embodiments of the present disclo-
sure.

[0017] FIG. 13 illustrates top views of an upper layer and
a lower layer of a component of an overlay mark in
accordance with some embodiments of the present disclo-
sure.

[0018] FIG. 14 illustrates a top view of an overlay mark in
accordance with some embodiments of the present disclo-
sure.

[0019] FIG. 15A illustrates the fragmentary top views of
an upper layer and a lower layer of an FR region of an
overlay mark in accordance with some embodiments of the
present disclosure.

[0020] FIG. 15B illustrates the fragmentary top views of
an upper layer and a lower layer of an FL region of an
overlay mark in accordance with some embodiments of the
present disclosure.

[0021] FIG. 16 illustrates different graphs that correspond
to an overlay mark with sub-patterns and an overlay mark
without sub-patterns, respectively, in accordance with some
embodiments of the present disclosure.

[0022] FIGS. 17A-17B illustrate fragmentary top views of
portions of an overlay mark with sub-patterns in accordance
with some embodiments of the present disclosure.

[0023] FIGS. 18A-18E illustrate the top views of several
example embodiments of sub-patterns in an overlay mark in
accordance with some embodiments of the present disclo-
sure

[0024] FIG. 19 illustrates a graph of critical dimension
(CD) versus focus in accordance with some embodiments of
the present disclosure.

[0025] FIGS. 20A-20B illustrate a combo mark 700 and a
compound mark 701, respectively, in accordance with some
embodiments of the present disclosure.

[0026] FIGS. 21A, 21B, and 21C illustrate the top views
of an overlay mark, in accordance with some embodiments
of the present disclosure.

[0027] FIG. 22 illustrates graphs that indicate the corre-
lation between diffraction light intensity and CD, in accor-
dance with some embodiments of the present disclosure.
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[0028] FIGS. 23-26 are flowcharts that illustrate the pro-
cess flows associated with the overlay marks in accordance
with some embodiments of the present disclosure.

[0029] FIGS. 27-32 illustrate cross-sectional side views of
a device at various stages of fabrication according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0030] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0031] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0032] To ensure accurate alignment (also referred to as
overlay) between the various layers in a fabricated semi-
conductor device, overlay marks (which are different from
alignment marks that are used align a mask with a tool stage
during lithography) are used to measure the alignment
between the layers. However, conventional overlay marks
may have shortcomings. For example, conventional overlay
marks may be prone to being adversely affected by noise. As
another example, conventional overlay marks may not be
capable of extracting focus or critical dimension informa-
tion.

[0033] To overcome the problems discussed above, the
present disclosure provides embodiments of overlay marks
that can reduce noise and also capable of extracting focus
and critical dimension information. The various aspects of
the present disclosure will be discussed below in greater
detail with reference to FIGS. 1-24. First, a EUV lithography
system will be discussed below with reference to FIGS. 1-2
as an example lithography context in which the overlay
mark of the present disclosure may be used, although it is
understood that the overlay mark discussed herein may be
used for other types of non-EUV lithography contexts too.
Next, the details of the overlay mark according to embodi-
ments of the present disclosure are discussed with reference
to FIGS. 3-24.

[0034] FIG. 1 is a schematic view diagram of a EUV
lithography system 10, constructed in accordance with some
embodiments. The EUV lithography system 10 may also be
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generically referred to as a scanner that is configured to
perform lithography exposure processes with respective
radiation source and exposure mode. The EUV lithography
system 10 is designed to expose a photoresist layer by EUV
light or EUV radiation. The photoresist layer is a material
sensitive to the EUV light. The EUV lithography system 10
employs a radiation source 12 to generate EUV light, such
as EUV light having a wavelength ranging between about 1
nm and about 100 nm. In one particular example, the
radiation source 12 generates a EUV light with a wavelength
centered at about 13.5 nm. Accordingly, the radiation source
12 is also referred to as EUV radiation source 12.

[0035] The lithography system 10 also employs an illu-
minator 14. In various embodiments, the illuminator 14
includes various refractive optic components, such as a
single lens or a lens system having multiple lenses (zone
plates) or alternatively reflective optics (for EUV lithogra-
phy system), such as a single mirror or a mirror system
having multiple mirrors in order to direct light from the
radiation source 12 onto a mask stage 16, particularly to a
mask 18 secured on the mask stage 16. In the present
embodiment where the radiation source 12 generates light in
the EUV wavelength range, the illuminator 14 employs
reflective optics. In some embodiments, the illuminator 14
includes a dipole illumination component.

[0036] In some embodiments, the illuminator 14 is oper-
able to configure the mirrors to provide a proper illumination
to the mask 18. In one example, the mirrors of the illumi-
nator 14 are switchable to reflect EUV light to different
illumination positions. In some embodiment, a stage prior to
the illuminator 14 may additionally include other switchable
mirrors that are controllable to direct the EUV light to
different illumination positions with the mirrors of the
illuminator 14. In some embodiments, the illuminator 14 is
configured to provide an on-axis illumination (ONI) to the
mask 18. In an example, a disk illuminator 14 with partial
coherence o being at most 0.3 is employed. In some other
embodiments, the illuminator 14 is configured to provide an
off-axis illumination (OAI) to the mask 18. In an example,
the illuminator 14 is a dipole illuminator. The dipole illu-
minator has a partial coherence o of at most 0.3 in some
embodiments.

[0037] The lithography system 10 also includes a mask
stage 16 configured to secure a mask 18. In some embodi-
ments, the mask stage 16 includes an electrostatic chuck
(e-chuck) to secure the mask 18. This is because gas
molecules absorb EUV light, and the lithography system for
the EUV lithography patterning is maintained in a vacuum
environment to avoid the EUV intensity loss. In the disclo-
sure, the terms of mask, photomask, and reticle are used
interchangeably to refer to the same item.

[0038] In the present embodiment, the lithography system
10 is a EUV lithography system, and the mask 18 is a
reflective mask. One exemplary structure of the mask 18 is
provided for illustration. The mask 18 includes a substrate
with a suitable material, such as a low thermal expansion
material (LTEM) or fused quartz. In various examples, the
LTEM includes TiO2 doped SiO2, or other suitable mate-
rials with low thermal expansion. In some embodiments, the
LTEM includes 5%-20% by weight TiO2 and has a thermal
coeflicient of expansion lower than about 1.0x10-6/° C. For
example, in some embodiments, the TiO2 doped SiO2
material of the LTEM has a coefficient thermal expansion
such that it varies by less than 60 parts-per-billion for every
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1 degree Celsius of temperature change. Of course, other
suitable materials having thermal coefficient of expansion
that is equal to or less than TiO2 doped SiO2 may also be
used.

[0039] The mask 18 also includes a reflective ML depos-
ited on the substrate. The ML includes a plurality of film
pairs, such as molybdenum-silicon (Mo/Si) film pairs (e.g.,
a layer of molybdenum above or below a layer of silicon in
each film pair). Alternatively, the ML may include molyb-
denum-beryllium (Mo/Be) film pairs, or other suitable mate-
rials that are configurable to highly reflect the EUV light.
[0040] The mask 18 may further include a capping layer,
such as ruthenium (Ru), disposed on the ML for protection.
The mask 18 further includes an absorption layer deposited
over the ML. The absorption layer is patterned to define a
layer of an integrated circuit (IC). Alternatively, another
reflective layer may be deposited over the ML and is
patterned to define a layer of an integrated circuit, thereby
forming a EUV phase shift mask.

[0041] The lithography system 10 also includes a projec-
tion optics module (or projection optics box (POB) 20 for
imaging the pattern of the mask 18 on to a target 26 secured
on a substrate stage 28 of the lithography system 10. The
POB 20 has refractive optics (such as for UV lithography
system) or alternatively reflective optics (such as for EUV
lithography system) in various embodiments. The light
directed from the mask 18, diffracted into various diffraction
orders and carrying the image of the pattern defined on the
mask, is collected by the POB 20. The POB 20 may include
a magnification of less than one (thereby the size of the
“image” on a target (such as target 26 discussed below) is
smaller than the size of the corresponding “object” on the
mask). The illuminator 14 and the POB 20 are collectively
referred to as an optical module of the lithography system
10.

[0042] The lithography system 10 also includes a pupil
phase modulator 22 to modulate optical phase of the light
directed from the mask 18 so that the light has a phase
distribution on a projection pupil plane 24. In the optical
module, there is a plane with field distribution correspond-
ing to Fourier Transform of the object (the mask 18 in the
present case). This plane is referred to as projection pupil
plane. The pupil phase modulator 22 provides a mechanism
to modulate the optical phase of the light on the projection
pupil plane 24. In some embodiments, the pupil phase
modulator 22 includes a mechanism to tune the reflective
mirrors of the POB 20 for phase modulation. For example,
the mirrors of the POB 20 are switchable and are controlled
to reflect the EUV light, thereby modulating the phase of the
light through the POB 20.

[0043] In some embodiments, the pupil phase modulator
22 utilizes a pupil filter placed on the projection pupil plane.
A pupil filter filters out specific spatial frequency compo-
nents of the EUV light from the mask 18. Particularly, the
pupil filter is a phase pupil filter that functions to modulate
phase distribution of the light directed through the POB 20.
However, utilizing a phase pupil filter is limited in some
lithography system (such as an EUV lithography system)
since all materials absorb EUV light.

[0044] As discussed above, the lithography system 10 also
includes the substrate stage 28 to secure a target 26 to be
patterned, such as a semiconductor substrate. In the present
embodiment, the semiconductor substrate is a semiconduc-
tor wafer, such as a silicon wafer or other type of wafer. The
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target 26 is coated with the resist layer sensitive to the
radiation beam, such as EUV light in the present embodi-
ment. Various components including those described above
are integrated together and are operable to perform lithog-
raphy exposing processes. The lithography system 10 may
further include other modules or be integrated with (or be
coupled with) other modules.

[0045] The mask 18 and the method making the same are
further described in accordance with some embodiments. In
some embodiments, the mask fabrication process includes
two operations: a blank mask fabrication process and a mask
patterning process. During the blank mask fabrication pro-
cess, a blank mask is formed by deposing suitable layers
(e.g., reflective multiple layers) on a suitable substrate. The
blank mask is then patterned during the mask patterning
process to achieve a desired design of a layer of an inte-
grated circuit (IC). The patterned mask is then used to
transfer circuit patterns (e.g., the design of a layer of an IC)
onto a semiconductor wafer. The patterns can be transferred
over and over onto multiple wafers through various lithog-
raphy processes. A set of masks is used to construct a
complete IC.

[0046] The mask 18 includes a suitable structure, such as
a binary intensity mask (BIM) and phase-shifting mask
(PSM) in various embodiments. An example BIM includes
absorptive regions (also referred to as opaque regions) and
reflective regions, patterned to define an IC pattern to be
transferred to the target. In the opaque regions, an absorber
is present, and an incident light is almost fully absorbed by
the absorber. In the reflective regions, the absorber is
removed and the incident light is diffracted by a multilayer
(ML). The PSM can be an attenuated PSM (AttPSM) or an
alternating PSM (AItPSM). An exemplary PSM includes a
first reflective layer (such as a reflective ML) and a second
reflective layer patterned according to an IC pattern. In some
examples, an AttPSM usually has a reflectivity of 2%-15%
from its absorber, while an AItPSM usually has a reflectivity
of larger than 50% from its absorber.

[0047] One example of the mask 18 is shown in FIG. 2.
The mask 18 in the illustrated embodiment is a EUV mask,
and includes a substrate 30 made of a LTEM. The LTEM
material may include TiO2 doped SiO2, and/or other low
thermal expansion materials known in the art. In some
embodiments, a conductive layer 32 is additionally disposed
under on the backside of the LTEM substrate 30 for the
electrostatic chucking purpose. In one example, the conduc-
tive layer 32 includes chromium nitride (CrN). In other
embodiments, other suitable compositions are possible, such
as a tantalum-containing material.

[0048] The EUV mask 18 includes a reflective multilayer
(ML) structure 34 disposed over the LTEM substrate 30. The
ML structure 34 may be selected such that it provides a high
reflectivity to a selected radiation type/wavelength. The ML
structure 34 includes a plurality of film pairs, such as Mo/Si
film pairs (e.g., a layer of molybdenum above or below a
layer of silicon in each film pair). Alternatively, the ML
structure 34 may include Mo/Be film pairs, or any materials
with refractive index difference being highly reflective at
EUV wavelengths.

[0049] Still referring to FIG. 2, the EUV mask 18 also
includes a capping layer 36 disposed over the ML structure
34 to prevent oxidation of the ML. In one embodiment, the
capping layer 36 includes silicon with a thickness ranging
from about 4 nm to about 7 nm. The EUV mask 18 may
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further include a buffer layer 38 disposed above the capping
layer 36 to serve as an etching-stop layer in a patterning or
repairing process of an absorption layer, which will be
described later. The buffer layer 38 has different etching
characteristics from the absorption layer disposed there-
above. The buffer layer 38 includes ruthenium (Ru), Ru
compounds such as RuB, RuSi, chromium (Cr), chromium
oxide, and chromium nitride in various examples.

[0050] The EUV mask 18 also includes an absorber layer
40 (also referred to as an absorption layer) formed over the
buffer layer 38. In some embodiments, the absorber layer 40
absorbs the EUV radiation directed onto the mask. In
various embodiments, the absorber layer may be made of
tantalum boron nitride (TaBN), tantalum boron oxide
(TaBO), or chromium (Cr), Radium (Ra), or a suitable oxide
or nitride (or alloy) of one or more of the following
materials: Actium, Radium, Tellurium, Zinc, Copper, and
Aluminum.

[0051] The EUV lithography system discussed above in
FIGS. 1-2 is merely an example lithography system for
which overlay marks can be used. However, the overlay
marks of the present disclosure may be used for other types
of lithography systems too. The overlay marks of the present
disclosure will now be discussed below in more detail.

[0052] FIG. 3 illustrates a simplified fragmentary cross-
sectional side view of an overlay mark 100. The overlay
mark 100 includes an upper layer 100A and a lower layer
100B. In some embodiments, the upper layer 100A includes
a patterned photoresist layer, and the lower layer 100B
includes a patterned material layer on a wafer. In other
embodiments, the upper layer 100A and the lower layer
100B may include different patterned layers on a wafer. It is
understood that the upper layer 100 A may be patterned using
one photomask, and the lower layer 100B may be patterned
using a different photomask.

[0053] The upper layer 100A and the lower layer 100B
each include a plurality of patterned components, also
referred to as gratings. For example, the upper layer 100A
includes a plurality of gratings 110A, and the lower layer
100B includes a plurality of gratings 110B. The gratings
110A and 110B are eclongated features that extend in a
certain direction, for example in a direction orthogonal to the
cross-section in which the cross-sectional view of FIG. 3 is
taken. In some embodiments, the gratings 110A are periodi-
cally distributed, and/or the gratings 110B are periodically
distributed. In other words, the gratings 110A are separated
from one another by a constant spacing, and the gratings
110B are separated from one another by a constant spacing.

[0054] An overlay between the upper layer 100A and the
lower layer 100B may be measured by light diffraction. For
example, in response to incident light projected onto the
overlay mark 100, different orders of diffracted light may be
produced as a result. In FIG. 3, a Oth order diffracted light
is shown as TO, a +1 order diffracted light is shown as I, ,,
and a -1 order diffracted light is shown as I_,. The intensities
of the various diffracted orders of light may be measured by
an optical measurement tool. In some embodiments, the
optical measurement tool includes a scatterometry machine.
In some other embodiments, the optical measurement tool
includes a diffractometry machine. It is understood that the
optical measurement tool may also be configured to generate
the incident light in some embodiments. Based on the
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measured I,, and I_, data, asymmetry information (As)
associated with the overlay mark 100 can be defined as
As=1,,-1_,.

[0055] The asymmetry information is used to determine
overlay. For example, if I_, is greater than I,,, it may
indicate a misalignment between the upper and lower layers
100A and 100B where the upper layer 100A is “shifted to the
left” compared to the lower layer 100B. If I, is greater than
1_,, it may indicate a misalignment between the upper and
lower layers 100A and 100B where the upper layer 100A is
“shifted to the right” compared to the lower layer 100B. If
1,, is equal to I_,, it may represent a substantial alignment
between the upper layer 100A and lower layer 100B. If the
determined overlay does not meet specifications, then the
upper layer 100A may be removed (e.g., via a photoresist
stripping or ashing process), and a new upper layer may be
formed or defined using adjusted parameters (e.g. location of
photomask). The new upper layer may still include a pho-
toresist layer that is patterned by the photomask, for
example. The new upper layer should have better overlay
with the lower layer 100B as a result of the adjusted
parameters.

[0056] Referring now to FIGS. 4A-4B, superimposed sim-
plified fragmentary cross-sectional views of an upper layer
130A and a lower layer 130B are illustrated. The upper layer
130A and the lower layer 130B may be two different layers
of an overlay mark on a photomask. The upper layer 130A
and the lower layer 130B include a plurality of gratings
140A and 140B, respectively. A known bias may be intro-
duced between the upper layer 130A and the lower layer
130B. For example, FIG. 4A shows a known bias —-d
between the upper layer 130A and 130B. In other words, the
gratings 140A in the upper layer 130A may be “shifted to the
left” with respect to the gratings 140B in the lower layer
130B. On the other hand, FIG. 4B shows a known bias +d
between the upper layer 130A and 130B. In other words, the
gratings 140A in the upper layer 130A may be “shifted to the
right” with respect to the gratings 140B in the lower layer
130B. The known biases +d or —-d may be intentionally
configured or implemented as a part of the design of the
photomask.

[0057] As a wafer is fabricated, the actual total shift
between an upper layer and a lower layer includes the known
bias (+d or —d), as well as an overlay (denoted herein as OV
or OVL). The overlay refers to the misalignment between
the upper and lower layers during wafer fabrication, which
is undesirable and should be minimized. Asymmetry is a
function of the shift, and as such it is a function of the
overlay, for example as expressed below: As=K*(OV+d),
where As represents asymmetry, K represents a slope of a
linear function (function of asymmetry and shift), OV rep-
resents overlay, and d represents the known bias. In this
equation, As can be measured (e.g., by measuring the
diffraction of light discussed above with reference to FIG.
3), and d is known. Thus, K and OV are two variables that
can be calculated with two equations. For example, in the
two equations below, As™ and As™ are two different asym-
metry calculations, one made with an overlay mark where
the upper and lower layers have a +d bias, and the other one
made with an overlay mark where the upper and lower layers
have a —d bias. Once the asymmetry information As*? and
As™ is calculated, the overlay OV and K can be calculated
as well.
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As* = K% (OV +d) As™ 4 AsTd
oV =dx| ———
Asd = K«(0OV —d) (As*d - As*d]
(e Ast - As™¢
B 2d
[0058] Referring now to FIG. 5, a top view of an embodi-

ment of an overlay mark 200A on a wafer is illustrated. The
overlay mark 200A may include a plurality of components
or portions, for example four different components 210-211
and 220-221 as shown in FIG. 5. The components 210-211
are aligned with each other, for example in the Y-direction,
and the components 220-221 are aligned with each other, for
example in the Y-direction.

[0059] The components 210-211 each include a plurality
of gratings (e.g., such as gratings 230) that extend in a
Y-direction, and the components 220-221 each include a
plurality of gratings (e.g., such as gratings 231) that extend
in an X-direction that is perpendicular to the Y-direction.
Each of the components 210-211 and 220-221 also includes
an upper layer and a lower layer, similar to the upper and
lower layers 100A and 100B shown in FIG. 3. In each of the
components 210-211 and 220-221 of the overlay mark
200A, the gratings are located in both the upper layer and the
lower layer.

[0060] A known bias is introduced in each of the compo-
nents 210-211 and 220-221. For the component 210, a
known bias +d is introduced in the X-direction—that is, the
gratings in its upper layer are offset from the gratings in its
lower layer by +d in the X-direction. For the component 211,
a known bias —d is introduced in the X-direction—that is,
the gratings in its upper layer are offset from the gratings in
its lower layer by —d in the X-direction. For the component
220, a known bias —d is introduced in the Y-direction—that
is, the gratings in its upper layer are offset from the gratings
in its lower layer by —d in the Y-direction. For the compo-
nent 221, a known bias +d is introduced in the Y-direction—
that is, the gratings in its upper layer are offset from the
gratings in its lower layer by +d in the Y-direction. The
components 210-211 may be used to obtain two asymmetry
measurements (e.g., As and As™?) in the X-direction, so as
to be able to determine the overlay in the X-direction. The
components 220-221 may be used to obtain two asymmetry
measurements (e.g., As™ and As*“) in the Y-direction, so as
to be able to determine the overlay in the Y-direction.

[0061] According to the various aspects of the present
disclosure, regions 240 of the overlay mark 200A are located
in a region with a lower pattern density than regions 250 of
the overlay mark 200A. In some embodiments, the lower
pattern density region may include an edge of an IC, or an
edge of a test line. For example, referring now to FIGS. 6A,
6B, and 6C, which illustrate some example situations where
different pattern densities may exist. In more detail, FIG. 6A
is a simplified top view of a portion of a wafer 270 (e.g., an
IC chip on the wafer), FIG. 6B is a simplified top view of a
test line 271 that is vertically oriented (oriented in the
Y-direction), and FIG. 6C is a simplified top view of a test
line 272 that is horizontally oriented (oriented in the X-di-
rection). For the portion of the wafer 270 in FIG. 6A, its
edge regions (such as edge regions 280-281) may have a
lower pattern density than the rest of the portion of the wafer
270. Similarly, for the test lines 271-272, their edge regions
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(such as edge regions 282 and 283) may have a lower pattern
density than the rest of the test lines too.

[0062] The differences in pattern density may lead to
different profiles for patterned features, such as the gratings
in an overlay mark. An example of the different grating
profiles as a result of the pattern density difference is shown
in FIGS. 7A-7B. In more detail, FIG. 7A illustrates a
cross-sectional profile of a plurality of gratings 300-303 of
an overlay mark, and FIG. 7B illustrates a cross-sectional
profile of a plurality of gratings 310-313 of an overlay mark.
The gratings 300-303 and 310-313 may be embodiments of
the gratings 230 or 231 discussed above with reference to
FIG. 5. The gratings 300-303 and 310-313 are illustrated as
“trenches” herein, but it is understood that they may be
“islands” in other embodiments.

[0063] In FIG. 7A, the regions of the wafer (or test line)
in which the gratings 300-303 are located may have rela-
tively similar pattern densities. As such, the gratings 300-
303 all have similar cross-sectional side view profiles, for
example with respect to their shapes, widths, or heights. In
comparison, in FIG. 7B, the regions of the wafer (or test
line) in which the gratings 310-313 are located may have
different pattern densities. For example, the region of the
wafer (or test line) in which the grating 310 is located may
have a lower pattern density than the regions of the wafer (or
test line) in which the gratings 311-313 are located. This may
occur when the grating 310 is located close to an edge of the
wafer or test line, such as in the regions 280-283 in FIGS.
6A-6C. As a result, the cross-sectional side view profile of
the grating 310 is different than the cross-sectional side view
profile of the gratings 311-313. Some of these differences
may involve differences in shape (e.g., more or less trap-
ezoidal), or width and/or height of the gratings. The differ-
ences in the gratings 311-313 (due to pattern density differ-
ences) may lead to unwanted noise, which could adversely
impact the overlay measurement accuracies.

[0064] Referring back to FIG. 5, in order to suppress or
minimize the effects of this noise (caused by differences in
pattern density) discussed above, the present disclosure
specifically arranges the components 210-211 and 220-221
of the overlay mark 200A in a novel configuration. For
example, since the regions 240 have lower pattern densities
than the regions 250, the overlay mark 200A is arranged
such that the components 210-211 each have a border (e.g.,
the left border) that is located in the regions 240, where these
borders are aligned with each other. Stated differently, the
components 210-211 are respectively arranged in the “top
left” and “bottom left” corners of the overlay mark 200A in
FIG. 5, and the components 220-221 are respectively
arranged in the “top right” and “bottom right” corners of the
overlay mark 200A in FIG. 5. Note that the components
210-211 each have gratings that are oriented to extend in the
Y-direction, with known biases +d and —d in the X-direction,
respectively, whereas the components 220-221 each have
gratings that are oriented to extend in the X-direction, with
known biases +d and —d in the Y-direction.

[0065] The configuration of the components 210-211 and
220-221 shown in FIG. 5 minimizes the noise discussed
above. Since the components 210-211 each have gratings
(e.g., the leftmost gratings) in the region 240 that has the
lower pattern density, the components 210-211 will each
have gratings in similar positions therein that have distorted
cross-sectional profiles (compared to the gratings in the rest
of the components 210-211). As such, the components
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210-211 will still have similar cross-sectional profiles as
each other, since they each have one or more gratings that
are distorted as a result of being located in a low-pattern-
density region. As discussed above, the overlay in the
X-direction may be calculated using the components 210-
211 of the overlay mark 200A. In that case, the noise created
as a result of the distorted gratings in the low-pattern-density
regions 240 may be canceled, since the components 210 and
211 each have the distorted gratings in the same or similar
locations therein. Thus, the overlay mark 200A can achieve
better overlay measurement accuracy than conventional
overlay marks.

[0066] FIGS. 8-10 illustrate top views of other embodi-
ments of overlay marks, which are illustrated as overlay
marks 200B, 200C, and 200D on a wafer, respectively.
These embodiments of the overlay marks 200B, 200C, and
200D are similar in some aspects to the embodiment of the
overlay mark 200A shown in FIG. 5. Thus, for reasons of
consistency and clarity, similar elements will be labeled the
same in FIGS. 5 and 8-10. For example, the overlay marks
200A, 200B, 200C, and 200D each include components
210-211 with gratings that extend in the Y-direction, but
with +d and —d biases in the X-direction, respectively. The
overlay marks 200A, 200B, 200C, and 200D also each
include components 220-221 with gratings that extend in the
X-direction, but with +d and -d biases in the Y-direction,
respectively. Furthermore, reference numerals 240 are also
used to designate regions with a low pattern density (e.g.,
compared to the regions 250), and reference numerals 250
are also used to designate regions with a high pattern density
(e.g., compared with the regions 240).

[0067] Inthe embodiment shown in FIG. 8, the component
221 is implemented in the “top left” corner of the overlay
mark 200B, the component 220 is implemented in the
“bottom left” corner of the overlay mark 200B, the compo-
nent 211 is implemented in the “top right” corner of the
overlay mark 200B, and the component 210 is implemented
in the “bottom right” corner of the overlay mark 200B. As
such, the components 210-211 are aligned in the Y-direction,
and the components 220-221 are aligned in the Y-direction.
[0068] Though the locations of the components 210-211
and 220-221 are different compared to the overlay mark
200A, both the overlay marks 200A and 200B implement
two components adjacent to each other in the Y-direction
(such as components 210-211 being adjacent to each other,
or components 220-221 being adjacent to each other), where
the adjacently-located components each have gratings that
extend in the same direction, be it the X-direction (e.g.,
components 220-221) or the Y-direction (e.g., components
210-211).

[0069] Inthe embodiment shown in FIG. 9, the component
211 is implemented in the “top left” corner of the overlay
mark 200C, the component 221 is implemented in the
“bottom left” corner of the overlay mark 200C, the compo-
nent 210 is implemented in the “top right” corner of the
overlay mark 200C, and the component 220 is implemented
in the “bottom right” corner of the overlay mark 200C. As
such, the components 210-211 are aligned in the X-direc-
tion, and the components 220-221 are aligned in the X-di-
rection.

[0070] Also different from the overlay marks 200A and
200B are the locations of the low pattern density regions 240
and the high pattern density regions 250 of the overlay mark
200C. As shown in FIG. 9, the topmost (in the Y-direction)
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borders of the components 210-211 are located in the low
pattern density regions 240, and the bottommost (in the
Y-direction) borers of the components 210-211—which are
shared borders with the components 221-220, respec-
tively—are located in the pattern density region 250, which
do not have low pattern density. For example, the regions
240 may be at or near an edge of an IC chip, or at or near
an edge of a test line. Because of the specific configuration
shown in FIG. 9, the noise introduced by the low pattern
density regions 240 impact the components 210-211 simi-
larly, and thus the noise may be canceled out when the
overlay calculations are done.

[0071] In the embodiment shown in FIG. 10, the compo-
nent 221 is implemented in the “top left” corner of the
overlay mark 200D, the component 211 is implemented in
the “bottom left” corner of the overlay mark 200D, the
component 220 is implemented in the “top right” corner of
the overlay mark 200D, and the component 210 is imple-
mented in the “bottom right” corner of the overlay mark
200D. As such, the components 210-211 are aligned in the
X-direction, and the components 220-221 are aligned in the
X-direction.

[0072] The locations of the regions 240-250 are similar as
in FIG. 9. Note that both the overlay marks 200C and 200D
implement two components adjacent to each other in the
X-direction (such as components 210-211 being adjacent to
each other, or components 220-221 being adjacent to each
other), where the adjacently-located components each have
gratings that extend in the same direction, be it the X-di-
rection (e.g., components 220-221) or the Y-direction (e.g.,
components 210-211).

[0073] Itis understood that additional embodiments of the
overlay mark are also possible. For example, in an alterna-
tive embodiment, the overlay mark may be arranged simi-
larly as the overlay mark of 200A, but with the positions of
the components 220 and 221 swapped. As another example,
in an alternative embodiment, the overlay mark may be
arranged similarly as the overlay mark of 200A, but with the
positions of the components 210 and 211 swapped. Regard-
less of the particular embodiment, the overlay mark of the
present disclosure can achieve better overlay measurement
performance, as the arrangement discussed above allows the
noise caused by the pattern density differences to be can-
celed or substantially reduced.

[0074] Referring now to FIG. 11, a plurality of overlay
marks 400 can be arranged as an MxN array around a main
pattern 405 on a wafer according to various aspects of the
present disclosure. M represents the number of rows in the
array, and N represents the number of columns in the array.
In some embodiments, a main pattern 405 may be a portion
of an IC, which includes patterns corresponding to active
regions, source/drains, interconnect elements, etc. The main
pattern 405 may include regions with poor pattern density
uniformity, for example, regions with much greater pattern
densities than other regions. The main pattern 405 may also
include regions of bad CD uniformity, for example, regions
with greater CD differences.

[0075] The MxN array of overlay marks 400 may include
a plurality of overlay marks, such as the eight overlay marks
400A-400H illustrated in FIG. 11. At least some of these
overlay marks 400A-400H may include multiple compo-
nents that are similar to the components 410-411 and/or
420-421 discussed above. For example, the overlay marks
400A, 400B, 400C, and 400D are disposed on 4 different
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sides (e.g., top, bottom, left, and right) of the main pattern
405. The overlay marks 400A-400D each include a compo-
nent 410 similar to the component 210 discussed above, a
component 411 similar to the component 211 discussed
above, a component 420 similar to the component 220
discussed above, and a component 421 similar to the com-
ponent 221 discussed above. For example, each of these
components 410-411 and 420-421 may include an upper
layer and a lower layer, where a bias of +d or a bias of -d
exists between the upper and lower layers. Again, in some
embodiments, the upper layer may include a patterned
photoresist layer while the lower layer may include a
patterned material layer on a substrate. In other embodi-
ments, the upper layer and the lower layer may include
different patterned layers on a substrate. Similar to the
components 210-211 and 220-221, the components 410-411
are configured to measure the X-direction overlay, and the
components 420-421 are configured to measure the Y-direc-
tion overlay.

[0076] For reasons similar to those discussed above with
reference to FIGS. 5 and 8-10, the components in the overlay
marks 400A-400B (which each face the X-direction borders
of the main pattern 405) are configured such that the two
components 420-421 (for measuring Y-directional overlay)
are arranged adjacent to one another in the X-direction, and
the two components 410-411 (for measuring X-directional
overlay) are arranged adjacent to one another in the X-di-
rection. As discussed above, this type of arrangement
ensures that whatever noise that may come in at the hori-
zontal edges of the overlay marks 400A-400B (the edges
that face the “top” and “bottom” borders of the main pattern
405) will be reduced or canceled, when overlay is being
measured using asymmetry information regarding diffracted
light intensity.

[0077] Also for reasons similar to those discussed above
with reference to FIGS. 5 and 8-10, the components in the
overlay marks 400C-400D (which each face the Y-direction
borders of the main pattern 405) are configured such that the
two components 420-421 (for measuring Y-directional over-
lay) are arranged adjacent to one another in the Y-direction,
and the two components 410-411 (for measuring X-direc-
tional overlay) are arranged adjacent to one another in the
Y-direction. Again, this type of arrangement ensures that
whatever noise that may come in at the vertical edges of the
overlay marks 400C-400D (the edges that face the “left” and
“right” borders of the main pattern 405) will be reduced or
canceled, when overlay is being measured using asymmetry
information regarding diffracted light intensity.

[0078] Whereas the overlay marks 400A-400D are each
disposed adjacent to a respective border of the main pattern
405, the overlay marks 400E-400H are each disposed diago-
nally adjacent to a respective corner of the main pattern 405.
For example, the overlay mark 400E is disposed diagonally
adjacent to the “top left” corner of the main pattern 405, the
overlay mark 400F is disposed diagonally adjacent to the
“top right” corner of the main pattern 405, the overlay mark
400G is disposed diagonally adjacent to the “bottom left”
corner of the main pattern 405, and the overlay mark 400H
is disposed diagonally adjacent to the “bottom right” corner
of the main pattern 405.

[0079] Due to the diagonal locations of the overlay marks
400A-400D, their components are configured differently.
For example, the overlay marks 400E-400H also include
components 410-411 that are similar to the components
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210-211 discussed above. However, the components 410-
411 are diagonally disposed with respect to each other, rather
than being disposed immediately adjacent to one another in
the X-direction or in the Y-direction. In addition, the overlay
marks 400E-400H each include components 430A-430B, as
well as components 470A-470B.

[0080] The components 430A-430B are configured to
measure overlay in the Y-direction, and as such they each
include gratings that extend in the X-direction. In this
manner, the components 430A-430B collectively serve a
function that is similar to the component 420 (or component
421). In other words, the components 430A-430B are simi-
lar to the component 420 being divided into two portions,
where the divided left portion resembles the component
430A, and the divided right portion resembles the compo-
nent 430B. However, unlike the component 420—where a
constant bias d (be it plus or minus) exists in the Y-direction
between its upper and lower layers—the gratings in the
components 470A and 470B have different biases. In some
embodiments, the upper layer may include a patterned
photoresist layer while the lower layer may include a
patterned material layer on a substrate. In other embodi-
ments, the upper layer and the lower layer may include
different patterned layers on a substrate.

[0081] For example, referring to FIG. 12, top views of the
upper layer and the lower layer of the components 430A-
430B are illustrated separately according to embodiments of
the present disclosure. The components 430A and 430B
share a border 440 that extends in the Y-direction. This
border 440 may be conceptual and not visible in the actual
overlay mark. In other words, the border 440 merely denotes
what would have been the demarcation line between the
components 430A and 430B.

[0082] In the illustrated embodiment, the horizontally-
oriented gratings in the component 430A are biased with +d,
meaning that the gratings between the upper layer and the
lower layer of the component 430A are shifted in the
Y-direction by a distance +d. Meanwhile, the horizontally-
oriented gratings in the component 430B are biased with —d,
meaning that the gratings between the upper layer and the
lower layer of the component 430B are shifted in the
Y-direction by a distance —d. In the illustrated embodiment,
the different biases between the components 430A and 430B
are reflected as a shifting of the gratings in the upper layer,
but the gratings in the lower layer of the components 430A
and 430B remain un-shifted. However, this is merely an
example. In other embodiments, the gratings in the upper
layer may be un-shifted, while the gratings in the lower layer
are shifted by +d and -d for the components 430 A and 4308,
respectively.

[0083] Referring back to FIG. 11, the components 470A-
470B are also configured to measure overlay in the Y-di-
rection, and as such they each include gratings that extend
in the X-direction. In this manner, the components 470A-
470B collectively serve a function that is similar to the
component 420 (or the component 421). In other words, the
components 470A-470B are similar to the component 420
being diagonally divided into two portions, where one
diagonal portion (shaped as a right triangle) resembles the
component 470A, and the opposite diagonal portion (shaped
as another right triangle) resembles the component 470B.
However, unlike the component 420—where a constant bias
d (be it plus or minus) exists in the Y-direction between its
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upper and lower layers—the gratings in the components
470A and 470B have different biases.

[0084] For example, referring to FIG. 13, top views of the
upper layer and the lower layer of the components 470A-
470B are illustrated separately according to embodiments of
the present disclosure. The components 470A and 470B
share a border 480 that extends diagonally in both the
X-direction and the Y-direction. This border 480 may be
conceptual and not visible in the actual overlay mark. In
other words, the border 480 merely denotes what would
have been the demarcation line between the components
470A and 470B.

[0085] Note that since the components 470A-470B are
shaped similar to triangles, the gratings located in each of
the components 470A-470B have uneven lengths in the
X-direction. In the illustrated embodiment, the horizontally-
oriented gratings in the component 470 A are biased with +d,
meaning that the gratings between the upper layer and the
lower layer of the component 470A are shifted in the
Y-direction by a distance +d. Meanwhile, the horizontally-
oriented gratings in the component 470B are biased with —d,
meaning that the gratings between the upper layer and the
lower layer of the component 470B are shifted in the
Y-direction by a distance —d. In the illustrated embodiment,
the different biases between the components 470A and 4708
are reflected as a shifting of the gratings in the upper layer,
but the gratings in the lower layer of the components 470A
and 470B remain un-shifted. However, this is merely an
example. In other embodiments, the gratings in the upper
layer may be un-shifted, while the gratings in the lower layer
are shifted by +d and -d for the components 470A and 4708,
respectively. It is also understood that although the compo-
nents 470A and 470B are implemented in each of the overlay
marks 400E, 400F, 400G, and 400H, they may be rotated in
different directions in different overlay marks.

[0086] For reasons similar to those discussed above, the
configuration of the components 430A-430B and 470A-
470B also suppresses noise caused by the main pattern 405°s
pattern density issues. For example, the configuration of the
components 430A-430B and 470A-470B allows the gratings
for measuring the same direction’s overlay to be located at
similar distances to the main pattern 405. Thus, even if the
main pattern 405’s pattern density (or CD uniformity) issues
cause noise that may come in at the borders of the overlay
marks 400E-400H, the noise will be substantially reduced.

[0087] In the embodiment shown in FIGS. 11-13. The
divided components (e.g., components 430A-430B and
470A-470B) in the overlay marks have gratings that extend
in the X-direction, so that they are configured to measure the
Y-directional overlay. However, this is merely an example.
It is also understood that in some other embodiments, the
divided components may have gratings that extend in the
Y-direction, so that they are configured to measure the
X-directional overlay. It is also understood that the configu-
ration of the MxN array of overlay marks 400 herein is not
limited to the eight overlay marks 400A-400H discussed
above. In other embodiments, additional overlay marks
similar to those discussed above may be implemented in
each row and/or each column of the array.

[0088] FIG. 14 illustrates a top view of an overlay mark
500 according to another embodiment of the present disclo-
sure. The overlay mark 500 can be used to not only measure
overlay, but also focus information, for example a focus that
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leads to an optimal critical dimension (CD) for semicon-
ductor features on a wafer, as discussed in more detail below.
[0089] As is shown in FIG. 14, the overlay mark 500 may
include components 510-511 that are used to measure an
X-directional overlay, similar to the components 210-211
discussed above. The overlay mark 500 may also include
components 520-521 that are used to measure a Y-direc-
tional overlay, similar to the components 220-221 discussed
above. The component 510 is arranged at the “top left”
corner of the overlay mark 500, the component 511 is
arranged at the “bottom right” corner of the overlay mark
500, the component 520 is arranged at the “top right” corner
of'the overlay mark 500, and the component 521 is arranged
at the “bottom left” corner of the overlay mark 500. As such,
the component 510 is located directly adjacent to the com-
ponents 520-521 (and the same is true for the component
511), and the components 510 and 511 are also located
diagonally adjacent to one another. However, it is under-
stood that the arrangement of the components 510-511 and
520-521 shown in FIG. 14 is merely an example, and that
they may be arranged differently in other embodiments, for
example similar to the embodiments shown in FIGS. 5 and
8-10.

[0090] It is also understood that the components 510-511
and 520-521 may each have a built-in bias with respect to its
upper layer and lower layer, similar to the overlay marks
discussed above with reference to FIGS. 5 and 8-10. For
example, the component 510 may have a +d bias between its
upper and lower layers in the X-direction, the component
511 may have a —d bias between its upper and lower layers
in the X-direction, the component 520 may have a —d bias
between its upper and lower layers in the Y-direction, and
the component 521 may have a +d bias between its upper
and lower layers in the Y-direction. Again, in some embodi-
ments, the upper layer may include a patterned photoresist
layer while the lower layer may include a patterned material
layer on a substrate. In other embodiments, the upper layer
and the lower layer may include different patterned layers on
a substrate.

[0091] As shown in FIG. 14, each of the components
510-511 and 520-521 is divided into a region FR and a
region FL, where the regions FR and FL each include one or
more sub-patterns (discussed below in more detail below).
In the illustrated embodiment, the FR regions in the com-
ponents 510 and 511 are oriented perpendicular to the FR
regions in the components 520-521. Likewise, the FL
regions in the components 510 and 511 are oriented perpen-
dicular to the FL regions in the components 520-521. The
details of the region FR and the region FL is illustrated in
FIGS. 15A-15B as examples. Specifically, FIG. 15A illus-
trates the fragmentary top views of an upper layer and a
lower layer of the region FR (e.g., the region FR from the
component 520), and FIG. 15B illustrates the fragmentary
top views of an upper layer and a lower layer of the region
FL (e.g., the region FL from the component 520).

[0092] Referring to FIG. 15A, the upper layer of the
region FR includes a plurality of elongated gratings 530 and
a plurality of sub-patterns 540. The elongated gratings may
extend in the X-direction or in the Y-direction, depending on
component of the overlay mark 500 in which they are
located. In the illustrated embodiment, the gratings 530
located in the components 510-511 (for measuring X-direc-
tion overlay) extend in the Y-direction, and the gratings 530
located in the components 520-521 (for measuring Y-direc-
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tion overlay) extend in the X-direction. For example, the
gratings 530 in the FR region of the component 510 are
perpendicular to the gratings 530 in the FR region of the
component 520.

[0093] The sub-patterns 540 include patterns that are
significantly smaller than the gratings 530 in size. In some
embodiments, the difference in size between each of the
gratings 530 and each of the sub-patterns 540 is at least one
order of magnitude (e.g., x10). The sub-patterns 540 are
added to obtain focus information, as discussed in more
detail below. In the embodiment illustrated in FIG. 15A, the
sub-patterns 540 are divided into several subsets, where the
sub-patterns 540 in each subset are arranged as a “column”
that is located to the “right” (in the X-direction) of a
respective one of the vertically-oriented gratings 530. It is
understood that, for the FR region located in the components
520 or 521, the gratings 530 would be rotated 90 degrees so
as to extend in the X-direction, and the sub-patterns 540
would be divided into subsets where each subset is arranged
as a “row” that is located to the “top” or “bottom” (in the
Y-direction) of a respective one of the horizontally-oriented
gratings 530 in that case.

[0094] Still referring to FIG. 15A, the lower layer of the
region FR includes a plurality of elongated gratings 550. The
gratings 550 extend in the same direction in which the
gratings 530 extend (e.g., the Y-direction in the components
510-511 and the X-direction in the components 520-521).
However, there are no sub-patterns in the lower layer in this
embodiment. It is understood, however, that in some other
embodiments, the sub-patterns 540 may be located in the
lower layer instead of the upper layer.

[0095] Referring now to FIG. 15B, the region FL shares
many similarities with the region FR. For example, both the
regions FR and FL include an upper layer and a lower layer.
A plurality of elongated gratings 530 are implemented in the
upper layer, and a plurality of elongated gratings 550 are
implemented in the lower layer. In addition, for both the
regions FR and FL, one of the layers (e.g., the upper layer
herein) includes a plurality of sub-patterns 540, but the other
layer (e.g., the lower layer herein) does not. Unlike the
region FR, however, the sub-patterns 540 are located to the
“left” (in the X-direction) of the gratings 530. Had the region
FR been implemented in the components 520-521 (e.g., for
measuring the Y-direction overlay), the sub-patterns 540
would be located to the “bottom” or “top” (in the Y-direc-
tion) of the gratings 530. In this manner, the regions FR and
FL are symmetrical to one another.

[0096] The presence of the sub-patterns 540 in the regions
FR or FL affects the diffraction intensity signal, such that a
“side lobe” is manifested. This is illustrated in FIG. 16,
which includes a graph 570 and a graph 571 that correspond
to an overlay mark with the sub-patterns (such as the
sub-patterns 540) and an overlay mark without the sub-
patterns, respectively. In more detail, graph 570 and graph
571 each include an X-axis that represents a shift in position,
which may include overlay and the built-in bias between an
upper layer and a lower layer. Graph 570 and graph 571 also
each include a Y-axis that represents a diffraction light
intensity, which may correspond to the asymmetry between
the +1% order diffracted light and the —1* order diffracted
light. For example, the asymmetry may include the asym-
metry information (denoted as As=I, ,-1_,) discussed above.
[0097] Thus, the graphs 570 and 571 illustrate how the
diffraction light intensity (e.g., As=I,,-1_|) varies as a
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function of a positional shift (which includes the overlay)
between an upper layer and a lower layer of an overlay mark
with the sub-patterns and an overlay mark without the
sub-patterns, respectively. However, the presence of the
sub-patterns (such as the sub-patterns 540 in FIGS. 15A-
15B) leads to side-lobes in the graph 570, for example
side-lobes 580 and 581. The side-lobes 580 and 581 mani-
fest themselves as a “bump” or “protrusion” in what should
otherwise be a smooth curve for the graph 570. In other
words, the graph 570 would substantially resemble the graph
571, had the sub-patterns 540 not been implemented.
[0098] In some embodiments, the side-lobe 580 may be
caused by the sub-patterns 540 from the region FR, and the
side-lobe 581 may be caused by the sub-patterns 540 from
the region FL. The side-lobes 580-581 are associated with
focus information (focus of the exposure in a lithography
process), and as such they may be used to determine what
the optimal focus is for achieving good critical dimension.
Since the side-lobes 580-581 are symmetrical with each
other, they can be canceled out for purposes of determining
overlay. In this manner, the overlay mark (such as the
overlay mark 500) of the present disclosure may be used to
obtain both overlay and focus information.

[0099] FIGS. 17A-17B illustrate fragmentary top views of
portions of an overlay mark with sub-patterns according to
embodiments of the present disclosure. Various parameters
that may define the sub-patterns (e.g., the number and
position of the sub-patterns) are also visually illustrated in
FIGS. 17A-17B. In FIG. 17A, a plurality of rectangular
sub-patterns 540 are implemented adjacent to the gratings
530. The number of the sub-patterns 540 is denoted by a
parameter N, where N>=1.

[0100] The sub-patterns may also be implemented around
the gratings 530 in more than one direction. For example, as
shown in FIG. 17B, one or more sub-patterns 540A may be
arranged to the “left” side of the grating 530. The parameter
Nv>=1 indicates that there are 1 or more of the sub-patterns
540A in this region. The sub-patterns may be arranged as a
single column/row, or an array with multiple columns and/or
multiple rows. The parameter I, represents a distance
between the grating 530 and the nearest one of the sub-
patterns 540A. The parameter P, represents a pitch (e.g., a
sum of a dimension of one of the sub-patterns and a distance
between of two of the adjacent sub-patterns 540A) of the
sub-patterns 540A in the Y-direction. The parameter P ,
represents another pitch of the sub-patterns in the X-direc-
tion, for example when there two or more columns (columns
that extend in the Y-direction) of the sub-patterns 540A. The
parameter P, is measured in the Y-direction, while the
parameter P, is measured in the X-direction.

[0101] Another group of the sub-patterns 540B are located
“directly above” the grating 530 in the Y-direction. The
parameter Nhh>=0 means that the number of the sub-
patterns 540B in the “region above” the grating 530 may be
1 or more (if Nhh>0), or none at all (if Nhh=0). The
parameter 1, represents a distance between the grating 530
and the nearest one of the sub-patterns 540B. The parameter
P,, represents a pitch of the sub-patterns 540B in the
Y-direction.

[0102] Another group of the sub-patterns 540C are located
“directly below” the grating 530 in the Y-direction. The
parameter Nh1>=0 means that the number of the sub-patterns
540C in the “region below” the grating 530 may be 1 or
more (if NhI>0), or none at all (if Nhl=0). The parameter I,
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represents a distance between the grating 530 and the nearest
one of the sub-patterns 540C. The parameter P,, represents
a pitch of the sub-patterns 540C in the Y-direction.

[0103] Another group of the sub-patterns 540D are located
“diagonally above” the grating 530 in the X-direction and in
the Y-direction. The parameter Nch>=0 means that the
number of the sub-patterns 540D in the “region diagonally
above” the grating 530 may be 1 or more (if Nch>0), or none
at all (if Nch=0). The parameter I, represents a diagonal
distance between the grating 530 and the nearest one of the
sub-patterns 540D in the X and Y directions. The parameter
P_, represents a diagonal pitch of the sub-patterns 540D in
the X and Y directions. An angle 6, represents the diagonal
angle of the sub-patterns 540D.

[0104] Another group of the sub-patterns 540F are located
“diagonally below” the grating 530 in the X-direction and in
the Y-direction. The parameter Ncl>=0 means that the
number of the sub-patterns 540F in the “region diagonally
below” the grating 530 may be 1 or more (if NcI>0), or none
at all (if Ncl=0). The parameter 1, represents a diagonal
distance between the grating 530 and the nearest one of the
sub-patterns 540E in the X and Y directions. The parameter
P_, represents a diagonal pitch of the sub-patterns 540E in
the X and Y directions. An angle 0, represents the diagonal
angle of the sub-patterns 540E.

[0105] The configuration of the sub-patterns 540A-540F
may be used to fine tune a lithography process window, for
example the focus or exposure dose. The configuration of
the sub-patterns 540A-540F may also be used to adjust the
side-lobe effect discussed above and/or modify a Bossung
curve discussed below.

[0106] Although the embodiments discussed above have
shown the sub-patterns 540 as having somewhat rectangular
top-view shapes, other designs are possible for the sub
patterns. For example, referring to FIGS. 18A-18E, the top
views of several example embodiments of the sub-patterns
are illustrated.

[0107] In the embodiment shown in FIG. 18A, sub-pat-
terns 540F are implemented adjacent to the gratings 530. In
this embodiment, the sub-patterns 540F include five poly-
gons. Each polygon has three or more sides (i.e., n>=3,
where n is the side of the polygon). The number of sides of
the polygon may be configured to adjust the side-lobe effect
produced by the gratings diffraction. With different poly-
gons, the overlay mark will produce slightly different depth
of focus (DOF).

[0108] In the embodiment shown in FIG. 18B, sub-pat-
terns 540G are implemented adjacent to the gratings 530. In
this embodiment, the sub-patterns 540G include four circles
or circular-shaped patterns. The sub-patterns 540G may also
be referred to as point symmetry sub-patterns. The number,
size, and/or location of the circular shaped sub-patterns
540G may be configured to adjust the side-lobe effect
smoothly.

[0109] In the embodiment shown in FIG. 18C, sub-pat-
terns 540H are implemented adjacent to the gratings 530. In
this embodiment, the sub-patterns 540H include five ellipse-
like patterns. The sub-patterns 540H may also be referred to
as axis symmetry sub-patterns. The number, size, and/or
location of the ellipse-like sub-patterns 5S40H may also be
configured to adjust the side-lobe effect smoothly.

[0110] In the embodiment shown in FIG. 18D, sub-pat-
terns 5401 are implemented adjacent to the gratings 530. In
this embodiment, the sub-patterns 5401 are shaped as
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“lines”, having top view shapes that are similar to the
gratings 530. One or more of the “line-like” sub-patterns
5401 may be implemented on either side of the grating 530.
Parameters such as horizontal/vertical dimensions of each
sub-pattern 5401, a spacing between the grating 530 and the
nearest sub-pattern 5401, and/or a pitch of the sub-patterns
5401 may be configured to adjust the side-lobe effect.
[0111] In the embodiment shown in FIG. 18E, combina-
tions of different types of sub-patterns may be implemented
adjacent to the gratings 530. For example, the line-like
sub-patterns 5401 may be implemented adjacent to the
gratings 530, and the rectangular sub-patterns 540A may be
implemented adjacent to the line-like sub-patterns 5401. In
other embodiments, the sub-patterns 540A, 540F, 540G,
540H, 5401 may be mixed into various different combina-
tions and sub-combinations. In addition, any one of the
shapes of the sub-patterns discussed herein may be used to
implement the sub-patterns 540B-E that are disposed on
different directions of the grating 530, as shown in FIG. 17B.
[0112] It is also understood that the shapes and profiles of
the gratings and sub-patterns discussed above in the present
disclosure may represent the design on a photomask. How-
ever, once these patterns are patterned onto a wafer, they
may lose their resemblance to their original designs, due to
optical effects. For example, patterns having rectangular or
polygonal original designs may have more rounded or at
least non-straight edges once they are patterned onto a wafer.
Nonetheless, they may still cause the side-lobes discussed
above, which will allow the overlay marks herein to be used
to determine both overlay and focus.

[0113] Referring back to FIG. 14, the components 510-511
are each used to measure the X-direction overlay, and the
components 520-521 are each used to measure Y-direction
overlay. As such, the regions FR and FL in the components
510-511 are disposed adjacent to one another in the Y-di-
rection, and the regions FR and FL in the components
520-521 are disposed adjacent to one another in the X-di-
rection. Stated differently, for the components 510-511, the
regions FR and FL share a border that extends in the
X-direction, whereas for the components 520-521, the
regions FR and FL share a border that extends in the
Y-direction.

[0114] The region FR or the region FL in each of the
components 510-511 or 520-521 may be configured to
include the sub-patterns discussed above in FIGS. 15A-15B,
17A-17B, or 18A-18E. Since the overlay measurement in
the X-direction does not interfere with the overlay measure-
ment in the Y-direction (and vice versa), the regions FR and
FL in the components 510-511 may include different sub-
patterns (or have different sub-pattern designs) than the
regions FR and FL in the components 520-521, for example
with respect to the sub-pattern’s shape, size, number, and/or
location.

[0115] Since the overlay mark 500 includes regions FR
and FL for each of the components 510-511 and 520-521, the
overlay mark allows more overlay measurements to be
made. For example, using the overlay calculation equations
discussed above with reference to FIG. 4, an overlay may be
measured for the region FR, which may be expressed as
OVL-FR herein, while another overlay may be measured for
the region FL, which may be expressed as OVL-FL herein.
The OVL-FR and OVL-FL correspond to overlay in the
same direction. For example, OVL-FR and OVL-FL could
be overlay in the X-direction overlay if the regions FR and
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FL. are implemented in the components 510-511 of the
overlay mark 500, or OVL-FR and OVL-FL could be
overlay in the Y-direction overlay if the regions FR and FL.
are implemented in the components 520-521 of the overlay
mark 500.

[0116] The overlay mark 500 can improve overlay mea-
surement accuracy, since each component 510-511 and
520-521 of the overlay mark 500 can obtain two overlay
measurements (for a total of 8 overlay measurements for
each overlay mark 500), whereas overlay marks without the
regions FR and FL typically make one overlay measurement
per component (for a total of 4 overlay measurements for
each overlay mark). In some embodiments, the overlay data
OVL-FR and OVL-FL may be summed and then divided by
2 to obtain an average overlay, for each of the components
510-511 and 520-521. In other words, an average overlay
measurement may be calculated as OVL=(OVL-FR+OVL-
FL)2.

[0117] Due to the implementation of the sub-patterns—
which cause the side-lobes 580-581 shown in FIG. 16—fo-
cus is also correlated with overlay according to various
aspects of the present disclosure. For example, focus may be
correlated with a difference between the overlay obtained
via the region FR (e.g., OVL-FR) and the overlay obtained
via the region FL (e.g., OVL-FL). Mathematically, this may
be expressed as follows:

Focus «(OVL-Fr-OVL-F;)

[0118] In some embodiments, the correlative relationship
between focus and overlay may be approximated by a linear
equation, such as Focus=a*OVL+b, where a and b are
constants. In other embodiments, the correlative relationship
between focus and overlay may be expressed as a higher
order equation (such as one that includes a polynomial).
Regardless of the equation used to approximate the correla-
tive relationship between focus and overlay, it is understood
that once enough overlay samples are collected, the con-
stants (such as a and b) in the equation may be solved. With
this equation at hand, focus may be determined once overlay
data is measured.

[0119] FIG. 19 illustrates a graph 600 of critical dimension
(CD) versus focus. For example, the X-axis of the graph 600
represents focus (e.g., focus length of an exposure process),
and the Y-axis of the graph 600 represents the measured CD.
In more detail, one or more test wafers may be used to
produce the graph 600. A plurality of overlay marks similar
to the overlay marks 500 may be implemented on the one or
more test wafers. The focus (and/or exposure dose) that were
used to fabricate these overlay marks may vary somewhat
from one another. As discussed above, focus is correlated
with overlay. Thus, the focus data associated with these
different overlay marks on the wafer can be determined after
the overlay data is obtained (e.g., via asymmetry light
diffraction intensity as discussed above). The CD is mea-
sured corresponding to each sample data of focus.

[0120] Note that the graph 600 includes a curve 610 and
a curve 620. These curves are referred to as “Bossung
curves.” The curve 610 corresponds to the measurements
obtained via the components 510 and/or 511, whereas the
curve 620 corresponds to the measurements obtained via the
components 520 and/or 521. The curves 610 and 620 are
displaced from one another in terms of focus. This displace-
ment may be intentionally implemented by configuring the
sub-patterns on the components 510-511 to be different from
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the patterns on the components 520-521, for example the
size of the patterns or the density of the patterns. Since each
unique design/arrangement of the sub-patterns corresponds
to a unique curve, it follows that the differences between the
component 510/511 and the component 520/521 (e.g., in
terms of their sub-patterns) lead to the separation of the
curves 610 and 620 in FIG. 19.

[0121] As shown in FIG. 19, the curves 610 and 620 may
intersect at an intersection point 640. According to various
aspects of the present disclosure, the focus corresponding to
the intersection point 640 may represent an optimal focus.
One reason for the intersection point 640 being the optimal
focus is that, the intersection point 640 represents a focus
that would simultaneously optimize the CD for both the
curve 610 and the curve 620. Again, the curves 610 and 620
are obtained using the components 510 and 511 that measure
the X-direction overlay and the Y-direction overlay, respec-
tively. Therefore, optimizing the CD corresponding to both
curves 610 and 620 represents the best CD uniformity
performance for features on the wafer in both the X and Y
directions. An optimal focus range 650 may also be obtained
by expanding the optimal focus from the intersection point
640 in either direction along the X-axis in FIG. 19, until the
focus values that correspond to the greatest CD values in the
curves 610 and 620 are reached, respectively. This optimal
focus range 650 may be used in future semiconductor
fabrication to achieve optimized CD performance (e.g., with
respect to CD uniformity).

[0122] FIGS. 20A-20B illustrate a combo mark 700 and a
compound mark 701 according to embodiments of the
present disclosure, respectively. The combo mark 700 and
the compound mark 701 are different embodiments of an
overlay mark. They may each be similar to the overlay mark
500 discussed above with reference to F1IG. 14. However, the
combo mark 700 and the compound mark 701 may each
pertain to 3 or more layers. For example, the combo mark
700 and the compound mark 701 may each include four
components A, A', and B, B', which may be similar to the
components 510-511 and 520-521 discussed above. The
difference between the components A and A' is that the
component A corresponds to a +d shift/bias between its
upper and lower layers, whereas the component A' corre-
sponds to a —d shift/bias between its upper and lower layers.
Similarly, the difference between the components B and B'
is that the component B corresponds to a +d shift/bias
between its upper and lower layers, whereas the component
B' corresponds to a —d shift/bias between its upper and lower
layers.

[0123] For the combo mark 700, the components A and A'
are each configured to measure the overlay between a MD
(e.g., Metal-zero) layer and a polysilicon layer. Since the
alignment in the X-direction is of importance between the
MD layer and the polysilicon layer, but their alignment in
the Y-direction is not of concern, the components A and A’
are each configured to measure the overlay in the X-direc-
tion, but not in the Y-direction. Meanwhile, the components
B and B' are configured to measure the overlay between the
MD layer and an OD (active region) layer. Since the
alignment in the Y-direction is of importance between the
MD layer and the active region OD, but their alignment in
the X-direction is not of concern, the components B and B'
are configured to measure the overlay in the Y-direction, but
not in the X-direction.
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[0124] The compound mark 701 shares many similarities
with the combo mark 700, but with some minor differences.
One difference is that the components A and A' in the
compound mark 701 are configured to measure the overlay
between a current layer and a pre-layer (e.g., below the
current layer), and the components B and B' in the com-
pound mark 701 are configured to measure the overlay
between a current layer and a post-layer (e.g., above the
current layer). The current layer, the pre-layer, and/or the
post-layer discussed herein is not limited to the metal-zero
layer, the polysilicon layer, or the active region OD layer,
and they may be any layer in semiconductor fabrication.
[0125] It is also understood that the components A, A', B,
and B' of the compound mark 701 are not restricted to
measure overlay in just one direction. For example, two
different embodiments of the compound mark 701 may both
be implemented on a single wafer. In a first embodiment of
the compound mark 701, its components A and A' are each
configured to measure the X-direction overlay, while its
components B and B' are each configured to measure the
Y-direction overlay. In a second embodiment of the com-
pound mark 701, its components A and A' are each config-
ured to measure the Y-direction overlay, while its compo-
nents B and B' are each configured to measure the
X-direction overlay. As such, a plurality of compound marks
701 may be used to measure both the X-direction overlay
and the Y-direction overlay between a current layer, a
pre-layer below the current layer, and a post-layer above the
current layer.

[0126] In addition to determining focus information, the
overlay marks herein can also be used to determine CD
information according to various aspects of the present
disclosure. For example, referring now to FIGS. 21A-21C,
an overlay mark 800 is illustrated. The overlay mark 800 is
similar to the overlay mark 500 discussed above with
reference to FIG. 14, as the overlay mark 800 also includes
four components 810-811 and 820-821, which are similar to
the components 510-511 and 520-521 of the overlay mark
500. Each of the components 810-811 and 820-821 also
includes an FR region and a FL region, again similar to the
FR and FL regions of the overlay mark 500 discussed above.
[0127] In the illustrated embodiment herein, FIG. 21A
illustrates the top view of the configuration of the overlay
mark 800 (e.g., with respect to its components 810-811 and
820-821, as well the FR and FL regions therein), FIG. 21B
illustrates the top view of one of the layers of the component
810 (including its gratings 830 and sub-patterns 840), and
FIG. 21C illustrates the top view of one of the layers of the
component 820 (including its gratings 831 and sub-patterns
840) in the component 820. As discussed above, each of the
components 810 and 820 may include an upper layer and a
lower layer, where a bias/shift of +d or —d exists between the
upper and lower layers. The sub-patterns 840 may be in one
of the layers, but not necessarily in the other layer. In the
embodiment shown in FIGS. 21B and 21C, the upper layers
are illustrated for the components 810 and 820, and the
sub-patterns 540 are located in the upper layers. However, it
is understood that the sub-patterns 540 may be implemented
in the lower layers in another embodiment.

[0128] As shown in FIG. 21A, the component 810 is
perpendicularly oriented with respect to the component 820.
This is illustrated in more detail in FIGS. 21B and 21C. For
example, as shown in FIG. 21B that corresponds to the
component 810, the gratings 830 each extend in the Y-di-
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rection, and the sub-patterns 840 are arranged into different
columns that also each extend in the Y-direction. Mean-
while, as shown in FIG. 21C that corresponds to the com-
ponent 820, the gratings 831 each extend in the X-direction,
and the sub-patterns 840 are arranged into different row that
also each extend in the Y-direction.

[0129] As discussed above, in order to best extract focus
information from the overlay mark 800, the sub-patterns 840
in FIG. 21B may be configured differently than the sub-
patterns 840 in FIG. 21C, for example with respect to their
numbers, shapes, sizes, etc. In addition, since the overlay
mark 800 is used to extract CD information, the gratings 830
in FIG. 21B are configured differently than the gratings 831
in FIG. 21C as well. For example, the gratings 830 in FIG.
21B each have a width 835 measured in the X-direction, and
the gratings 831 in FIG. 21C each have a width 836
measured in the Y-direction, where the width 835 is not
equal to the width 836. In some embodiments, the width 835
may be substantially smaller than the width 836, for example
at least 25% smaller in some embodiments, or at least 50%
smaller in other embodiments. In other words, the gratings
831 in the component 820 are substantially “fatter” than the
gratings 830 in the component 810. The difference in grating
widths 835-836 between the gratings 830 and 831 means
that the components 810 and 820 of the overlay mark 800
have different critical dimensions (CDs). In other words, the
same overlay mark 800 may be configured such that differ-
ent CDs exist.

[0130] While not specifically illustrated for reasons of
simplicity, it is understood that the above discussions may
also apply to the components 811 and 821. In other words,
the component 811 may be substantially similar to the
component 810, except that its upper and lower layers are
shifted/biased in a different direction than the component
810. Likewise, the component 821 may be substantially
similar to the component 820, except that its upper and
lower layers are shifted/biased in a different direction than
the component 820. As such, the component 821 may also
have substantially “fatter” gratings than the component 811
(or than the component 810). Furthermore, it some other
embodiments, the components 811 and 821 may also be
configured such that their gratings may have different widths
than the gratings 830 and 831 discussed above.

[0131] The difference in the grating sizes between the
various components of the overlay mark 800 allows for the
extraction of CD information. This is illustrated in FIG. 22,
which shows a graph 910 and a graph 920. The graph 910
has an X-axis that represents the critical dimension (CD), as
well as a Y-axis that represents diffraction intensity (I). The
graph 910 contains a plot 930 that illustrates a relationship
between the CD and diffraction intensity, i.e., how they each
vary in relation with one another. The graph 920 has an
X-axis that represents the critical dimension (CD), as well as
a Y-axis that represents a derivative of diffraction intensity
vs CD (dI/dCD). The graph 920 contains a plot 940 that
illustrates a relationship between the CD and dI/dCD, i.e.,
how they each vary in relation with one another. In other
words, the plot 940 may be a derivative of the plot 930, or
stated differently, the plot 930 is an integral of the plot 940.
It is understood that the plots 930 and 940 illustrated herein
are merely for illustrative purposes, and that they may not be
100% mathematically accurate as drawn, or necessarily
reflect the true behavior of the underlying variables that they
represent.
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[0132] As discussed above, the overlay mark 800 is con-
figured to have different CDs (e.g., widths of the gratings for
the various components of the overlay mark 800). The
diffraction light intensity may be measured for each of the
components of the overlay mark 800, and that yields to
different points on the plot 930. It is understood that expo-
sure energy is directly correlated with the diffraction light
intensity. Thus, as exposure energy is varied, that may
further change the relationship between the diffraction light
intensity and CD, which may correspond to different points
on the plot 930. This may be repeated for one or more
overlay marks similar to the overlay mark 800 in order to
gather a plurality of measurements. In some embodiments,
the plot 940 is obtained first, for example by measuring CD
and diffraction light intensity information using an SEM
(scanning electron microscope) tool or an overlay measure-
ment tool, and then the plot 930 is derived by taking an
integral of the plot 940.

[0133] With the plot 930 available, CD predictions can be
made. For example, the plots 930 and 940 may be generated
or derived using one or more overlay marks 800 on a test
wafer. After the plots 930 and 940 are made available, the
CDs of features on subsequently fabricated wafers may be
predicted by measuring the diffraction light intensity, for
example using overlay marks on the subsequently fabricated
wafers. Since the relationship between the diffraction light
intensity and the CD is now known (e.g., based on the plot
930), the CD may be determined via the measurement of the
diffraction light intensity. Accordingly, the overlay marks
discussed herein can be used to not only measure overlay
(which is the primary function of conventional overlay
marks), but also to measure focus information, as well as
critical dimension (CD) information.

[0134] FIG. 23 illustrates a flowchart of a method 1000 of
measuring focus using an overlay mark of the present
disclosure. The overlay mark may be the overlay marks
200A-200D, 400A-400F, 500, 700-701, or 800 discussed
above. The method 1000 includes a step 1010 and a step
1020, in which a diffraction light intensity is measured, for
example in a manner similar to that discussed above with
reference to FIG. 3. In both the steps 1010 and 1020, the
diffraction light intensity is measured for the +1 order
diffracted light (e.g., I,,) and the -1 order diffracted light
(e.g., 1.;). However, in step 1010, the diffraction light
intensity is measured for a shift of +d between the upper and
lower layers (e.g., as discussed above with reference to FIG.
4B), whereas in step 1020, the diffraction light intensity is
measured for a shift of —-d between the upper and lower
layers (e.g., as discussed above with reference to FIG. 4A).
For example, the step 1010 may be performed using the
components of the overlay mark that have a +d bias between
its upper and lower layers, as in the case for components 210
or 221 of the overlay mark 200A of FIG. 5, whereas the step
1020 may be performed using the components of the overlay
mark that have a —d bias between its upper and lower layers,
as in the case for components 220 or 211 of the overlay mark
200A of FIG. 5.

[0135] The method 1000 includes steps 1030 and 1040, in
which asymmetry information is obtained. The step 1030 is
performed after the step 1010, where the +1 order and -1
order diffraction light intensity (measured using the shift +d)
are used to calculate the asymmetry in the case of a shift of
+d, which is expressed as As*?=I, -1_,. The step 1040 is
performed after the step 1020, where the +1 order and -1
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order diffraction light intensity (measured using the shift —d)
are used to calculate the asymmetry in the case of a shift of
—d, which is expressed as As™=I,,-I_,.

[0136] The method 1000 then proceeds to step 1050, in
which overlay is calculated based on the asymmetry infor-
mation obtained in steps 1030 and 1040. In an embodiment,
the overlay is calculated using the following equation:

Ast + As™¢
OVL=dx

Astd — As™¢

where OVL represents the calculated overlay, and d repre-
sents the magnitude of the shift or bias between the upper
and lower layers of the overlay mark.

[0137] The method 1000 then proceeds to step 1060, in
which the overlay is obtained for both the FR region and the
FL region. As discussed above, the overlay marks 500 or 800
each have a plurality of components, where each component
has an FR region and an FL region that is symmetrical to the
FR region (see FIGS. 15A-15B, for example). The overlay
for the FR region may be measured in accordance to steps
1010-1050 discussed above, and then the same procedure is
repeated for the FL region. The overlay corresponding to the
FR region may be represented in FIG. 23 as OVL-F,, and
the overlay corresponding to the FL region may be repre-
sented in FIG. 23 as OVL-F;. Thus, at the end of step 1060,
two overlay measurements are obtained: one for the FR
region, and the other one for the FL region.

[0138] The method 1000 then proceeds to step 1070, in
which the two overlay measurements OVL-F and OVL-F,
are averaged together to obtain a more accurate overlay. The
step 1070 also extracts focus information from the two
overlay measurements OVL-F, and OVL-F;. As discussed
above with reference to FIG. 16, focus is also correlated with
a difference between the FR region overlay and the FL
region overlay, and it can be mathematically expressed as:

Focusoc (OVL-Fr—-OVL-F;)

[0139] In this manner, the overlay marks of the present
disclosure can be used not to only measure overlay, they can
also be used to extract focus information by performing the
steps 1010-1070 of FIG. 23.

[0140] FIG. 24 is a flowchart of a method 1500 of using
an overlay mark in accordance with some embodiments of
the present disclosure.

[0141] The method 1500 includes a step 1510 of measur-
ing a diffraction light intensity via an overlay mark. The
overlay mark includes an upper layer and a lower layer that
is shifted with respect to the upper layer.

[0142] The method 1500 includes a step 1520 of deter-
mining, based on the measured diffraction light intensity,
asymmetry information associated with the overlay mark.
[0143] The method 1500 includes a step 1530 of calcu-
lating, based on the determined asymmetry information, an
overlay associated with the overlay mark.

[0144] The method 1500 includes a step 1540 of perform-
ing at least one of the following: extracting, based on the
calculated overlay, a focus information of an exposure
process; or extracting, based on the diffraction light inten-
sity, a critical dimension information associated with a
wafer.

[0145] In some embodiments, the extracting of the focus
information comprises determining an optimal focus range
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for performing the exposure process. In some embodiments,
the extracting of the critical dimension information com-
prises determining a relationship between a diffraction light
intensity and critical dimension. In some embodiments, the
steps 1510-1540 are performed on a test wafer, rather than
on a production wafer.

[0146] It is understood that additional processes may be
performed before, during, or after the steps 1510-1540 of the
method 1500. For example, the method 1500 may include a
step of fabricating the overlay mark (or a plurality of similar
overlay marks) on a wafer, such as a test wafer. The overlay
mark may be fabricated before the step 1510 of measuring
the diffraction light intensity. For reasons of simplicity,
additional steps are not discussed herein in detail.

[0147] FIG. 25 is a flowchart illustrating a method 1600 of
semiconductor fabrication according to aspects of the pres-
ent disclosure. The method 1600 includes a step 1610 of
patterning a first overlay mark on a wafer. The first overlay
mark includes: a first component located in a first region of
the first overlay mark, wherein the first component includes
a plurality of gratings that extend in a first direction; a
second component located in a second region of the first
overlay mark, wherein the second component includes a
plurality of gratings that extend in the first direction; a third
component located in a third region of the first overlay mark,
wherein the third component includes a plurality of gratings
that extend in a second direction different from the first
direction; and a fourth component located in a fourth region
of the first overlay mark, wherein the fourth component
includes a plurality of gratings that extend in the second
direction; wherein: the first region is aligned with the second
region; and the third region is aligned with the fourth region.
The method 1600 further includes a step 1620 of performing
one or more semiconductor manufacturing processes using
the first overlay mark.

[0148] In some embodiments, the first component, the
second component, the third component, and the fourth
component each include an upper layer in which a first
subset of the gratings are located and a lower layer in which
a second subset of the gratings are located.

[0149] In some embodiments, for the first component, the
first subset of the gratings are shifted with respect to the
second subset of the gratings by a distance +d in the second
direction; for the second component, the first subset of the
gratings are shifted with respect to the second subset of the
gratings by a distance —d in the second direction; for the
third component, the first subset of the gratings are shifted
with respect to the second subset of the gratings by a
distance —d in the first direction; and for the fourth compo-
nent, the first subset of the gratings are shifted with respect
to the second subset of the gratings by a distance +d in the
first direction.

[0150] In some embodiments, the first region, the second
region, the third region, and the fourth region correspond to
four corner regions of a square.

[0151] In some embodiments, at least a portion of the first
overlay mark is located adjacent to an edge of an integrated
circuit chip or an edge of a test line.

[0152] In some embodiments, the first overlay mark is a
part of an apparatus that further includes a pattern that
includes at least a portion of an integrated circuit chip,
wherein the first overlay mark is disposed adjacent to a
border of the pattern. In some embodiments, the apparatus
further includes a second overlay mark that is disposed
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adjacent to a corner of the pattern, wherein the second
overlay mark is configured differently from the first overlay
mark. In some embodiments, the second overlay mark
includes: a first component located in a first region of the
second overlay mark, wherein the first component includes
a plurality of gratings that extend in the first direction; a
second component located in a second region of the second
overlay mark, wherein the second component includes a
plurality of gratings that extend in the first direction, and
wherein the first region and the second region are diagonally
disposed with respect to one another; a third component and
a fourth component collectively located in a third region of
the second overlay mark and share a border that extends in
the first direction, wherein the third component and the
fourth component each include a plurality of gratings that
extend in the second direction; and a fifth component and a
sixth component collectively located in a fourth region of
the second overlay mark and share a border that extends
diagonally in both the first direction and the first direction,
wherein the third region and the fourth region are diagonally
disposed with respect to one another, and wherein the fifth
component and the sixth component each include a plurality
of gratings that extend in the second direction. In some
embodiments, the third component, the fourth component,
the fifth component, and the sixth component each include
an upper layer in which a first subset of the gratings are
located and a lower layer in which a second subset of the
gratings are located; for the third component, the first subset
of the gratings are shifted with respect to the second subset
of the gratings by a distance +d in the first direction; for the
fourth component, the first subset of the gratings are shifted
with respect to the second subset of the gratings by a
distance —d in the first direction; for the fifth component, the
first subset of the gratings are shifted with respect to the
second subset of the gratings by a distance +d in the first
direction; and for the sixth component, the first subset of the
gratings are shifted with respect to the second subset of the
gratings by a distance —d in the first direction.

[0153] It is understood that additional processes may be
performed before, during, or after the steps 1610-1620 of the
method 1600. For reasons of simplicity, additional steps are
not discussed herein in detail.

[0154] FIG. 26 is a flowchart illustrating a method 1700 of
semiconductor fabrication according to aspects of the pres-
ent disclosure. The method 1700 includes a step 1710 of
patterning an overlay mark on a wafer. The overlay mark
includes: a plurality of first gratings disposed in a first layer
of the overlay mark; a plurality of second gratings disposed
in a second layer of the overlay mark, wherein one of the
first layer and the second layer includes an upper layer, and
another one of the first layer and the second layer includes
a lower layer disposed below the upper layer; and a plurality
of sub-patterns disposed in the first layer, but not in the
second layer, wherein a size of each of the first gratings is
at least an order of magnitude larger than each of the
sub-patterns. The method 1700 further includes a step 1720
of performing one or more semiconductor manufacturing
processes using the overlay mark.

[0155] In some embodiments, the first gratings and the
second gratings each extend in a first direction; and the first
gratings are shifted with respect to the second gratings in a
second direction that is different from the first direction.
[0156] Insome embodiments, the first gratings, the second
gratings, and the sub-patterns are located in a first region of
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the overlay mark; and the overlay mark includes a second
region that is symmetrical to the first region. In some
embodiments, the overlay mark include a first component
and a second component; the first region and the second
region are included in both the first component and the
second component; the first region in the first component is
oriented perpendicularly to the first region in the second
component; and the second region in the first component is
oriented perpendicularly to the second region in the second
component. In some embodiments, the first component is
configured to measure an X-direction overlay between a first
layer and a second layer of a semiconductor device; and the
second component is configured to measure a Y-direction
overlay between the first layer and a third layer of the
semiconductor device. In some embodiments, the sub-pat-
terns in the first component are configured differently from
the sub-patterns in the second component. In some embodi-
ments, the first gratings in the first component and the first
gratings in the second component have different widths.
[0157] In some embodiments, the sub-patterns are
arranged into a row or a column that extends in a same
direction as each of the first gratings.

[0158] In some embodiments, the sub-patterns include at
least a first subset of sub-patterns and a second subset of
sub-patterns; and the sub-patterns in the first subset have
different top view profiles than the sub-patterns in the second
subset.

[0159] It is understood that additional processes may be
performed before, during, or after the steps 1710-1720 of the
method 1700. For reasons of simplicity, additional steps are
not discussed herein in detail.

[0160] FIGS. 27-32 illustrate diagrammatic cross-sec-
tional side views of a device 2000 at different stages of
fabrication according to embodiments of the present disclo-
sure. The device 2000 may include an overlay mark accord-
ing to the various aspects of the present disclosure discussed
above. Referring now to FIG. 27, a wafer 2100 is provided.
For example, the wafer 2100 may include a silicon substrate
in some embodiments, or it may include another semicon-
ductor or dielectric material in other embodiments. A layer
2110 is formed over the wafer 2100. The layer 2110 includes
a material that can be patterned, for example a dielectric
material or a metal material. A patterned layer 2120 is then
formed over the layer 2110. In some embodiments, the
patterned layer 2120 is a patterned photoresist layer, which
may be patterned by a first photomask. In other words, the
patterned layer 2120 is defined by a first photomask.
[0161] Referring now to FIG. 28, an etching process is
performed to the device 2000 using the patterned photoresist
layer 2120 as a mask. As a result of the etching process, the
layer 2110 is etched to assume the top view pattern/shape of
the patterned photoresist layer 2120. The patterned layer
2110 may serve as the lower layer of the various overlay
mark of the present disclosure discussed above.

[0162] Referring now to FIG. 29, a layer 2150 is formed
in the openings defined by the patterned layer 2110. A
polishing process such as a chemical mechanical polishing
(CMP) process is then performed to planarize the upper
surfaces of the patterned layer 2110 and the layer 2150. The
layer 2150 includes a different material from the layer 2110.
[0163] Referring now to FIG. 30, a layer 2210 is formed
over the planarized upper surfaces of the layers 2110 and
2150. The layer 2210 includes a material that can be
patterned, for example a dielectric material or a metal
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material. A patterned layer 2220 is then formed over the
layer 2210. In some embodiments, the patterned layer 2220
is a patterned photoresist layer, which may be patterned by
a second photomask different from the first photomask (used
to pattern the layer 2110). In other words, the patterned layer
2220 is defined by a second photomask. In some embodi-
ments, the patterned layer 2220 may correspond to the upper
layer 100A discussed above with reference to FIG. 3. For
example, the patterned layer 2220 may be used to measure
overlay with the layer 2110, and if the measured overlay is
not satisfactory, then the patterned layer 2210 may be
removed and replaced by another patterned layer to improve
overlay.

[0164] Referring now to FIG. 31, an etching process is
performed to the device 2000 using the patterned photoresist
layer 2220 as a mask. As a result of the etching process, the
layer 2210 is etched to assume the top view pattern/shape of
the patterned photoresist layer 2220. The patterned layer
2210 may serve as the upper layer of the various overlay
mark of the present disclosure discussed above. The pat-
terned layer 2210 and the patterned layer 2110 may also be
used similar to the upper and lower layers in FIG. 3 to
measure overlay.

[0165] Referring now to FIG. 32, a layer 2250 is formed
in the openings defined by the patterned layer 2210. A
polishing process such as a CMP process is then performed
to planarize the upper surfaces of the patterned layer 2210
and the layer 2250. The layer 2250 includes a different
material from the layer 2210. In some embodiments, the
layers 2150 and 2250 have the same material composition.
[0166] As this point, a dual-layered overlay mark is
formed. Again, the upper layer of the overlay mark is
represented by the layer 2210, while the lower layer of the
overlay mark is represented by the layer 2110. It is under-
stood, however, that the overlay mark shown in FIG. 32 is
simplified for ease of understanding. The layers 2210 and
2110 may each include a plurality of patterns arranged in the
manner described above with reference to FIGS. 3-21, as
well having a bias (e.g., +d or -d) in a given direction, as
discussed above. In addition, it is understood that other
functional circuit components (e.g., metal lines or vias) may
be patterned in the same layers as in the layers 2210 and
2110 of the overlay mark. The overlay measured between
the layers 2210 and 2110 may indicate a degree of alignment
between the functional circuit components.

[0167] The overlay marks discussed herein may remain
even after all the fabrication processes have been performed,
and the wafer has been diced and packaged into a plurality
of IC chips. In other words, the overlay marks of the present
disclosure may appear or be detected in an IC chip.

[0168] In semiconductor fabrication, the overlay marks of
the present disclosure may be used to measure the alignment
between different layers. The degree of alignment between
the upper and lower layers of the overlay mark represents the
alignment between other patterns formed in the same layers
as the upper and lower layers of the overlay mark, respec-
tively. In some embodiments, the diffracted light intensities
of'the gratings in an overlay mark may be used to calculated
the asymmetry information in order to calculate the align-
ment or overlay, for example in a manner similar to that
discussed above with reference to FIG. 3.

[0169] It is understood that while the overlay marks dis-
cussed above may be used in EUV lithography processes to
measure alignment between different layers in some
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embodiments, they are not limited to EUV lithography and
may be used in non-EUV lithography in other embodiments.
[0170] Based on the above discussions, it can be seen that
the present disclosure offers advantages over conventional
methods. It is understood, however, that other embodiments
may offer additional advantages, and not all advantages are
necessarily disclosed herein, and that no particular advan-
tage is required for all embodiments. One advantage is that
the overlay marks of the present disclosure allow for more
accurate overlay measurements to be made. For example,
the configuration of the overlay marks discussed above in
association with FIGS. 5-13 can reduce the effects of noise
generated as a result of poor pattern density uniformity.
Another advantage is that the overlay marks of the present
disclosure allow for the extraction of focus information. For
example, sub-patterns (e.g., the sub-patterns shown in FIGS.
15A-15B, 17A-17B, and 18A-18E) are added to overlay
marks, which lead to the side lobes discussed above in FIG.
16. The side lobes allow focus information to be extracted
while not affecting overlay measurements. An optimal focus
range may be determined, for example as discussed above
with reference to FIG. 19. Yet another advantage is that the
overlay marks of the present disclosure allows for the
extraction of critical dimension (CD) information. For
example, as discussed above with reference to FIGS. 21A-
21C, the components of the overlay mark are configured to
have different grating widths (i.e., different critical dimen-
sions) to extract critical dimension information. In some
embodiments, the extracted critical dimension information
may include a relationship between critical dimension and
diffraction light intensity (or exposure energy).

[0171] One embodiment of the present disclosure pertains
to an apparatus. The apparatus includes an overlay mark.
The overlay mark includes: a first component located in a
first region of the first overlay mark, wherein the first
component includes a plurality of gratings that extend in a
first direction; a second component located in a second
region of the first overlay mark, wherein the second com-
ponent includes a plurality of gratings that extend in the first
direction; a third component located in a third region of the
first overlay mark, wherein the third component includes a
plurality of gratings that extend in a second direction dif-
ferent from the first direction; and a fourth component
located in a fourth region of the first overlay mark, wherein
the fourth component includes a plurality of gratings that
extend in the second direction. The first region is aligned
with the second region. The third region is aligned with the
fourth region.

[0172] Another embodiment of the present disclosure per-
tains to a method of fabricating a semiconductor device. An
overlay mark is patterned on a wafer. The overlay mark
includes: a plurality of first gratings disposed in a first layer
of the overlay mark; a plurality of second gratings disposed
in a second layer of the overlay mark, wherein one of the
first layer and the second layer includes an upper layer, and
another one of the first layer and the second layer includes
a lower layer disposed below the upper layer; and a plurality
of sub-patterns disposed in the first layer, but not in the
second layer, wherein a size of each of the first gratings is
at least an order of magnitude larger than each of the
sub-patterns; and performing one or more semiconductor
fabrication processes using the overlay mark.

[0173] Yet another embodiment of the present disclosure
pertains to a method. The method includes: measuring a
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diffraction light intensity via an overlay mark, wherein the
overlay mark includes an upper layer and a lower layer that
is shifted with respect to the upper layer; determining, based
on the measured diffraction light intensity, asymmetry infor-
mation associated with the overlay mark; calculating, based
on the determined asymmetry information, an overlay asso-
ciated with the overlay mark; and performing at least one of
the following: extracting, based on the calculated overlay, a
focus information of an exposure process; or extracting,
based on the diffraction light intensity, a critical dimension
information associated with a wafer.

[0174] The foregoing has outlined features of several
embodiments so that those skilled in the art may better
understand the detailed description that follows. Those
skilled in the art should appreciate that they may readily use
the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the
embodiments introduced herein. Those skilled in the art
should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure,
and that they may make various changes, substitutions and
alterations herein without departing from the spirit and
scope of the present disclosure.

What is claimed is:

1. An apparatus, comprising:

a first overlay mark that includes:

a first component located in a first region of the first
overlay mark, wherein the first component includes
a plurality of gratings that extend in a first direction;

a second component located in a second region of the
first overlay mark, wherein the second component
includes a plurality of gratings that extend in the first
direction;

a third component located in a third region of the first
overlay mark, wherein the third component includes
a plurality of gratings that extend in a second direc-
tion different from the first direction; and

a fourth component located in a fourth region of the
first overlay mark, wherein the fourth component
includes a plurality of gratings that extend in the
second direction;

wherein:

the first region is aligned with the second region; and

the third region is aligned with the fourth region.

2. The apparatus of claim 1, wherein the first component,
the second component, the third component, and the fourth
component each include an upper layer in which a first
subset of the gratings are located and a lower layer in which
a second subset of the gratings are located.

3. The apparatus of claim 2, wherein:

for the first component, the first subset of the gratings are

shifted with respect to the second subset of the gratings
by a distance +d in the second direction;

for the second component, the first subset of the gratings

are shifted with respect to the second subset of the
gratings by a distance —d in the second direction;

for the third component, the first subset of the gratings are

shifted with respect to the second subset of the gratings
by a distance -d in the first direction; and

for the fourth component, the first subset of the gratings

are shifted with respect to the second subset of the
gratings by a distance +d in the first direction.
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4. The apparatus of claim 1, wherein the first region, the
second region, the third region, and the fourth region cor-
respond to four corner regions of a square.

5. The apparatus of claim 1, wherein at least a portion of
the first overlay mark is located adjacent to an edge of an
integrated circuit chip or an edge of a test line.

6. The apparatus of claim 1, further comprising:

a pattern that includes at least a portion of an integrated
circuit chip, wherein the first overlay mark is disposed
adjacent to a border of the pattern; and

a second overlay mark that is disposed adjacent to a
corner of the pattern, wherein the second overlay mark
is configured differently from the first overlay mark.

7. The apparatus of claim 6, wherein the second overlay
mark includes:

a first component located in a first region of the second
overlay mark, wherein the first component includes a
plurality of gratings that extend in the first direction;

a second component located in a second region of the
second overlay mark, wherein the second component
includes a plurality of gratings that extend in the first
direction, and wherein the first region and the second
region are diagonally disposed with respect to one
another;

a third component and a fourth component collectively
located in a third region of the second overlay mark and
share a border that extends in the first direction,
wherein the third component and the fourth component
each include a plurality of gratings that extend in the
second direction; and

a fifth component and a sixth component collectively
located in a fourth region of the second overlay mark
and share a border that extends diagonally in both the
first direction and the first direction, wherein the third
region and the fourth region are diagonally disposed
with respect to one another, and wherein the fifth
component and the sixth component each include a
plurality of gratings that extend in the second direction.

8. The apparatus of claim 7, wherein:

the third component, the fourth component, the fifth
component, and the sixth component each include an
upper layer in which a first subset of the gratings are
located and a lower layer in which a second subset of
the gratings are located;

for the third component, the first subset of the gratings are
shifted with respect to the second subset of the gratings
by a distance +d in the first direction;

for the fourth component, the first subset of the gratings
are shifted with respect to the second subset of the
gratings by a distance —d in the first direction;

for the fifth component, the first subset of the gratings are
shifted with respect to the second subset of the gratings
by a distance +d in the first direction; and

for the sixth component, the first subset of the gratings are
shifted with respect to the second subset of the gratings
by a distance -d in the first direction.

9. A method of fabricating a semiconductor device, com-

prising:

patterning an overlay mark on a wafer, wherein the
overlay mark includes:
aplurality of first gratings disposed in a first layer of the

overlay mark;
aplurality of second gratings disposed in a second layer
of the overlay mark, wherein one of the first layer
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and the second layer includes an upper layer, and
another one of the first layer and the second layer
includes a lower layer disposed below the upper
layer; and

aplurality of sub-patterns disposed in the first layer, but
not in the second layer, wherein a size of each of the
first gratings is at least an order of magnitude larger
than each of the sub-patterns; and

performing one or more semiconductor fabrication pro-

cesses using the overlay mark.

10. The method of claim 9, wherein:

the first gratings and the second gratings each extend in a

first direction; and

the first gratings are shifted with respect to the second

gratings in a second direction that is different from the
first direction.

11. The method of claim 9, wherein:

the first gratings, the second gratings, and the sub-patterns

are located in a first region of the overlay mark; and
the overlay mark includes a second region that is sym-
metrical to the first region.

12. The method of claim 11, wherein:

the overlay mark include a first component and a second

component;

the first region and the second region are included in both

the first component and the second component;

the first region in the first component is oriented perpen-

dicularly to the first region in the second component;
and

the second region in the first component is oriented

perpendicularly to the second region in the second
component.
13. The method of claim 12, wherein:
the first component is configured to measure an X-direc-
tion overlay between a first layer and a second layer of
a semiconductor device; and

the second component is configured to measure a Y-di-
rection overlay between the first layer and a third layer
of the semiconductor device.

14. The method of claim 13, wherein the sub-patterns in
the first component are configured differently from the
sub-patterns in the second component.

15. The method of claim 12, wherein the first gratings in
the first component and the first gratings in the second
component have different widths.

16. The method of claim 9, wherein the sub-patterns are
arranged into a row or a column that extends in a same
direction as each of the first gratings.

17. The method of claim 9, wherein:

the sub-patterns include at least a first subset of sub-

patterns and a second subset of sub-patterns; and

the sub-patterns in the first subset have different top view

profiles than the sub-patterns in the second subset.

18. A method, comprising:

measuring a diffraction light intensity via an overlay

mark, wherein the overlay mark includes an upper layer
and a lower layer that is shifted with respect to the
upper layer;

determining, based on the measured diffraction light

intensity, asymmetry information associated with the
overlay mark;
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calculating, based on the determined asymmetry informa-
tion, an overlay associated with the overlay mark; and
performing at least one of the following:
extracting, based on the calculated overlay, a focus
information of an exposure process; or
extracting, based on the diffraction light intensity, a
critical dimension information associated with a
wafer.

19. The method of claim 18, wherein the extracting of the
focus information comprises determining an optimal focus
range for performing the exposure process.

20. The method of claim 18, wherein the extracting of the
critical dimension information comprises determining a
relationship between a diffraction light intensity and critical
dimension.



