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PERIODIC SEMICONDUCTOR DEVICE MISREGISTRATION METROLOGY
SYSTEM AND METHOD

REFERENCE TO RELATED APPLICATIONS

5 {0001} Reference 1s hereby made to the following patents and patent applications
of the Applicant, which are related to the subject matter of the present application,

the disclosures of which are hereby incorporated by reference;

U.S. Patent No. 7,274,814 entitled OVERLAY MARKS, METHODS OF
OVERLAY MARK DESIGN AND METHODS OF OVERLAY
10 MEASUREMENTS;

U.S. Patent No. 9093458 entitled DEVICE CORRELATED
METROLOGY (DCM) FOR OVL WITH EMBEDDED SEM STRUCTURE
OVERLAY TARGETS;

U.S. Patent No. 9,214,317 entitled SYSTEM AND METHOD OF SEM
15 OVERLAY METROLOGY;

U.S. Patent No. 9,476,698 entitled PERIODIC PATTERNS AND
TECHNIQUE TO CONTROL MISALIGNMENT BETWEEN TWO LAYERS,

and
U.S. Published Patent Application No. 201641253450 entitled
20 METROLOGY USING OVERLAY AND YIELD CRITICAL PATTERNS.

FIELD OF THE INVENTION

jonoz} The present invention relates to measurement of misregistration in the

mamufacture of semiconductor devices generally.

e
in

BACKGROUND OF THE INVENTION

10003} Various methods and systems are known for measurement of

misregistration in the manufacture of semiconductor devices.
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SUMMARY OF THE INVENTION

f0004]  The present invention seeks to provide improved methods and systems for

measwrement of misregistration in the manufacture of semiconductor devices.

[0005] There is thus provided in accordance with a preferred embodiment of the

present invention a misregistration metrology method for measurement of
misregistration in the manufacture of multilayered semiconductor devices, the
multilayered semiconductor devices including a first periodic structure having a
first pitch along a first axis, the first periodic structure being formed together with
a first layer of the multilayered semiconductor device, a second periodic structure
having a second pitch along a second axis, the second axis not being parallel 1o
the first axis, the second periodic structure being formed together with the first
layer of the multilayered semiconductor device and a third periodic structure
having a third pitch along a third axis, the third gxis not being parallel to the first
axis and the third axis not being parallel to the second axis, the third periodic
structure being formed together with a second layer of the multilayered
semiconductor device, the third periodic structure and the first and second
periodic structures overlying one another, the misregistration metrology method
including generating a single image of the first periodic structure, the second
periodic structure and third periodic structure, thereby providing an aggregate
signal, extracting a first component from the aggregate signal, the first component
being due to the first periodic structure, extracting a second component from- the
aggregate signal, the second component being due to the second periodic
structure, extracting a third component from the ageregate signal, the third
component being due to the third periodic structure and analyzing the first
component, the second compenent and the third component, thereby to ascertain

misregistration between the first layer and the second layer.

{0006]  In accordance with a preferred embodiment of the present invention, the

single image is generated using a scanning electron microscope using g field of
view having a length and an area. Preferably, the aggregate signal includes

coniributions from all of the area.
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{0007]  Preferably, the extracting of the first component from the aggregate signal
includes considering only a portion of the aggrepate signal that lies along the first
axis. Preferably, the extracting of the second component from the aggregate signal
includes considering only a portion of the aggregate signal that lies along the
second axis. Preferably, the extracting of the third component from the aggregate
signal includes considering only a portion of the aggregate signal that lies along

the third axis.

fO000R}]  In accordance with a preferred embodiment of the present invention the
method also includes generating clean first periodic structure data, generating
clean second periodic structure data and generating clean third periodic structure

data.

[60091  In accordance with a preferred embodiment of the present invention, the
clean first periodic structure data is a function of the first component and the first
pitch. Alternatively, in accordance with a preferred embodiment of the present
invention, the clean first pertodic structure data is a function of the first

component, the first pitch and harmonics of the first pitch.

f0010]  In accordance with a preferred embodiment of the present invention, the
clean second periodic structure data is a function of the second component and the
second pitch. Alternatively, in accordance with a preferred embodiment of the
present invention, the clean second periedic structure data is a function of the

second component, the second pitch and harmonics of the second pitch.

[0011]  In accordance with a preferred embodiment of the present invention, the
clean third periodic structure data is a function of the third component and the
third pitch. Alternatively, in accordance with a preferred embodiment of the
present mvention, the clean third periodic structure data s a function of the third

component, the third pitch and harmonics of the third pitch.

[0012]  Preferably, the analyzing the first component, the second component and
the third component, thereby to ascertain misregistration between the first layer

and the second layer includes identifying a first reference location whereat at least

[
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one of maxima and minima of the clean first periodic structure data and the clean
second periodic structure data: intersect, identifving a second reference location
whereat at least one of maxima and minima of the clean third periodic structure
data most closely intersects the first reference location and calculating a difference
between the first reference location and the second reference location, theteby to

ascertain misregistration between the first layer and the second layer.

{00131  In accordance with a preferred embodiment of the present invention, the

second layer also includes a fourth periodic structure having a fourth pitch along
a fourth axis, the fourth axis not being parallel to the first axis, the second axis or
the third axis, a fourth component, being due to the fourth periodic structure, is
extracted from the aggregate signal, clean fourth periodic structure data is
generated from the fourth component and the ascertaining of nusregistration
between the first laver and the second layer includes identifving a first reference
location whereat at least one of maxima and minima of the clean first periodic
structure data and the clean second periodic structure data intersect, identifying a
second reference location, which most closely intersects the first reference
location, whereat at least one of maxima and minima of the clean third periedic
structure data and the clean fourth periodic structure data intersect and calculating
a difference between the first reference location and the second reference location,

thereby to ascertain misregistration between the first layer and the second layer.

j0014]  In accordance with a preferred embodiment of the present invention, the

first pitch, the second pitch and the third pitch are each between 1/1000 — 1/4 of
the length of the field of view of the wafer imaging tool, Altematively, in
accordance with a preferred embodiment of the present invention, the first pitch,
the second pitch and the third pitch are each between 1/500 — 1/20 of the length

of the field of view of the wafer imaging tool.

{0015]  In accordance with a preferred embodiment of the present invention, the

mutltilayered semiconductor device also includes at least a third layer formed
together with at least a third-layer periodic structure having a third-laver pitch
along a third-layer axis, the third-layer axis not being parallel to the first axis, the

third-layer axis not being parallel to the second axis and the third-layer axis not
4
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being parallel to the third axis and wherein the method includes generating a single
image of the third-layer periodic structure and the first and second periodic
structares, thereby providing an aggregate signal, extracting a third-layer
component from the aggregate signal, the third-layer componeunt being due to the
third-layer periodic structure and analyzing the third-layer component, the first
component and the second component, thereby to ascertain misregistration

between the third layer and the first layer.

{0016}  There is also provided in accordance with another preferred embodiment

of the present invention a misregisiration metrology system for measurement of
misregistration in the manufacture of multilayered semiconductor devices, the
multilayered semiconductor devices mchuding a first periodic structure having a
first pitch along a first axis, the first periodic structure being formed together with
a first layer of the multilayered semiconductor device, a second periodic structure
having a second pifch along a second axis, the second axis not being parallel {o
the first axis, the second periodic structure being formed together with the first
layer of the multilayered semiconductor device and a third periodic structure
having a third pitch along a third axis, the third axis not being parallel to the first
axis and the third axis not being parallel to the second axis, the third periodic
structure being formed together with a second layer of the multilayered
semiconductor device, the third periodic structure and the first and second
periodic structures overlying one another, the misregistration metrology system
including a wafer imaging tool operative to generate a single image of the first
periodic structure, the second periodic structure and the third periodic structure,
thereby providing an aggregate signal and a misregistration analyzer operative to
extract a first component from the aggregate signal, the first component being due
to the first periodic structure, exiract a second component from the aggregate
signal, the second component being due to the second periodic structure, extract
a third component from the aggregate signal, the third component being due to the
at third periodic structure and analyze the first component, the second component
and the third component, thereby to ascertain misregistration between the first

layer and the second laver.

W
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BRIEF DESCRIPTION OF THE DRAWINGS

{00171 The present invention will be understood and appreciated more fully from
5 the following detailed description, taken in conjunction with the drawings in

which:

Fig. 1 is a simplified schematic illustration of a periodic semiconductor

device misregistration metrology system (PSDMMS);

Figs. 2A, 2B and 2C are simplified pictorial iHlustrations of an embodiment
10 of a multifayered semiconductor device fabricated using a fabrication system
including the PSDMMS of Fig. 1;

Figs. 3A, 3B and 3C are simplified pictorial illustrations of another
embodiment of a multilayered semiconductor device fabricated using a

fabrication system including the PSDMMS of Fig. 1;

15 Figs. 4A & 4B are together a simplified flow chart illustrating a periodic
semiconductor device misregistration metrology method (PSDMMM) useful in

conjunction with the PSDMMS of Fig. 1;

Fig. 5is a simplified pictorial illustration, useful in understanding a portion
of the PSDMMM of Figs. 4A & 4B; and

20 Figs. 6A and 6B are simplified pictorial illustrations, useful in

understanding two embodiments of a portion of the PSDMMM of Figs. 4A - 5.
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DETAH ED DESCRIPTION OF PREFERRED EMBODIMENTS

[0018] It is appreciated that the system and method described hereinbelow with

reference to Figs. 1 — 6B form part of a manufacturing process for semiconductor
devices, and the misregistration measured by the systemr and method deseribed
hereinbelow with reference to Figs. 1 — 6B is used to adjust fabrication processes
of the semiconductor devices to more closely align various layers of the

semiconductor devices being fabricated.

{00191 Reference is now made to Fig. 1, which s a simplified schematic

iltustration of a periodic semiconductor device misregistration metrology system
(PSDMMS) 100, and to Figs. 2A — 2C, which are simplified pictorial illustrations
of an embodiment of a multilayered semiconductor device 102 fabricated using a
fabrication system including PSDMMS 100.

{0020} As seen in Fig. 1, PSDMMS 100 includes a wafer imaging tool 110 and a

misregistration data analyzer 120. In a preferred embodiment of the present
invention, wafer imaging tool 110 is a scanning electron microscope. A typical
scanning electron microscope vseful as wafer imaging ool 110 is an eDR7380T,
commercially available from the KLA Corporation of Milpitas, CA, USA, Ag
described hereinbelow with reference to Figs. 4A — 6B, together with
misregistration data analyzer 120, wafer imaging toel 110 is operative to measure
misregistration between layers formed on a wafer 130, the layers being part of at
least one multilayered semiconductor-device 102 formed thereon. Wafer imaging
tool 110 is characterized by a field of view (FOV), which has a charactetistic
length, typically between 0.1 um — 20 pwm, and more preferably between 0.25 ym

— 10 ym.

[00211 As seen particularly in Figs. 2A — 2C, multilayered semiconductor device

102 includes at least a first periodic structure 142 formed with a first layer 144
and characterized by a first pitch P along a first axis 146. In the embodiment of
the present invention illustrated in Figs. 2A & 2B, first laver 144 also includes a
second periodic structure 148 characterized by a second pitch @ along a second

axis 149. It is a particular feature of the present invention that first axis 146 and

7
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second axis 149 are not parallel 1o one another. Muliilayered semiconductor
device 102 further includes at least a third periodic structure 152 formed with a
second layer 154 and characterized by a third pitch R along a third axis 156. It is
a particular feature of the present invention that third axis 156 is not parallel 1o
either first axis 146 or second axis 149, Third periodic structure 152 at least
partially overlies or underlies first and second periodic structiwes 142 and 148. It
is appreciated that although Fig. 2A shows third periodic structure 152 overlying
first periodic structure 142 and second periodic structure 148, in an allernate
embodiment, first periodic structure 142 and second periodic structure 148 may
overly third periodic stracture 152. First and second layers 144 and 154 may be

adjacent layers, but need not be.

{60221 As noted above, i is a particular feature of the present invention that none

of first axis 146, second axis 149 and third axis 156 are parallel to one another.
Additionally, one or both of first and second layers 144 and 154 may include
additional periodic features (not shown) having a pitch along vet another axis (not

shown).

{0023} In a preferred embodiment of the present invention, pitches P, Q and R are

all different from one another. In an alternative embodiment of the present
invention, any or all of pitches P, Q and R may have the same value. Preferably,
each of first periodic structure 142, second periodic siructure 148 and third
periodic structure 152 has an area at least as large as the FOV of wafer imaging
tool 110. Preferably, each of pitches P, Q and R are between 1/1000 — 1/4 of the
length of the FOV of wafer imaging tool 110, More preferably, each of pitches P,
Q and R are between 1/500 — 1/20 of the length of the FOV of wafer imaging tool
110, Thus, each of pitches P, Q and R are preferably between | nm — 2500 nim,

and more preferably between 2 nm — 500 nm.

f0024]  As seen in Figs. 3A — 3C, in another preferred embodiment of the present

invention, multilayered semiconductor device 102 includes at least first periodic
structure 142 formed with first laver 144 and characterized by first pitch P along
first axis 146. In the embodiment of the present invention illustrated in Figs. 3A

& 3B, first layer 144 also mcludes second periodic structure 148 characterized by
8
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a pitch Q slong second axis 149, It is a particular feature of the present invention

that first axis 146 and second axis 149 are not parallel to one another.

{00251  In the embodiment shown in Figs. 3A — 3C, multilayered semiconductor

device 102 further includes at teast third periodic structure 152 formed with
second layer 154 and characterized by third pitch R along third axis 156. In the
embodiment of the present invention illustrated in Figs. 3A & 3C, second layer
154 also includes a fourth periodic structure 158 characterized by a pitch S along
a fourth axis 159. It is a particular feature of the present invention that none of
axes 146, 149, 156 and 159 are paralle! to one another. Third periodic structure
152 and fowth periodic structure 158 at least partially overlie or underlie first and
second periodic structures 142 and 148. Tt is appreciated that although Fig. 3A
shows third periodic structure 152 and fourth periodic structure 158 overlying first
periodic structure 142 and second periodic structure 148, in an alternate
embodiment, first periodic structure 142 and second periodic structure 148 may
averly third periodic structure 152 and fourth periodic structure 158. First and

second layers 144 and 154 may be adjacent lavers, but need not be.

{0026} As noted above, it is a particular feature of the present invention that none

of first axis 146, second axis 149, third axis 156 and fourth axis 159 are parallel
to one another. Additionally, one or both of first and second layers 144 and 154
may include additional periodic features (not shown) having a pitch along yet

another axis {not shown).

100271 In a preferred embodiment of the present invention, pitches P, Q, R and S

are all different from one another. Tn an altemative embodiment of the present
invention, any or all of pitches P, Q, R and S may have the same value. Preferably,
each of first periodic structure 142, second periodic structure 148, third periodic
structure 152 and fourth periodic structire 158 has an area at least as large as the
FOV of wafer imaging tool 110. Preferably, each of pitches P, Q, R and S are
between 1/1000 — 1/4 of the length of the FOV of wafer imaging tool 110. More
preferably, each of pitches P, Q, R and S are between 1/500 — 1/20 of the length
of the FOV of wafer imaging tool 110. Thus, each of pitches P, Q, R and S are

PCT/US2019/051209
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preferably between 1 nm — 2500 nm, and more preferably between 2 nm — 500

nm.

{0028} It is appreciated that multilavered semiconductor device 102 as described
hereinabove with reference to Figs. 1 — 3C may also include three or more layers

5 between which misregistration may be measured using the method described
hereinbelow with reference to Figs. 4A — 6B. In a case wherein multilayered
semiconductor device 102 inchides three or more layers for misregistration
measurement, each laver for misregistration measurement includes at least one

perindic structure, and at least one of the layers for misregistration measurement

10 includes at least two periodic structures. Each of the periedic structures is formed
together with a corresponding layer of the semiconductor device wafer whose
misregistration is {0 be measured, and is characterized by a pitch along an axis. In

a preferred embodiment of the present invention, the axes of any twe periodic

structures formed with layers between which misregistration is to be measured are

15 not parallel axes. It'is noted that each of the periodic structures preferably has an
area at least as large as the FOV of wafer imaging tool 110. It is further noted that

each of the periodic structures preferably has at least one pitch being between

11000 — 1/4 of the length of the FOV of wafer imaging tool 116 and more

preferably between 1/500 — 1/20 of the length of the FOV of wafer imaging tool

20 110. Thus, each of the periodic structures preferably has at least one pitch between
I nm — 2500 nm, and more preferably between 2 nm — 500 nm. It is appreciated

that the misregistration of any two layers of such a multilayered semiconductor

device 102 can be measured by system 100 by comparing the misregistration of

the periodic structures on those two layers, as described hereinbelow with

25 reference to Figs. 4A — 6B.

100291 Reference is now made to Figs. 4A & 4B, which are together a simplified
flow chart illustrating a periodic semiconductor device misregisiration metrology
method (PSDMMM) 200 useful by PSDMMS 100, and to Fig. 5, which is a
simplified pictorial illustration of a portion of PSDMMM 200.

30 100301 As seen in Fig. 4A, at a first step 202, a wafer, including at Jeast one

muldtilayered semiconductor device 102 formed thereon, is provided. Wafer
10
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imaging tool 110 images the wafer, generating a single image, thereby providing
aggregate signal 204, Aggregate signal 204 mncludes components being due to
each of first periodic structure 142, second periodic structure 148 and third
periodic structure 152, 1t is appreciated that aggregate signal 204 illustrated in Fig.
4 shows a simplified representation of gray level vs. position for an image of
semiconductor device 102 taken with wafer imaging tool 110. In a preferred
embodiment of the present invention, aggregate signal 204 includes contributions

from all of the area of the FOV of wafer imaging tool 110.

[0031]  Asseen in Figs. 4A & 5, at a next step 212, misregistration data analyzer

£2¢ extracts raw data 214 due to first periedic structure 142 from aggregate signal
204 generated at step 202. It is appreciated that raw data 214 is extracted from
aggregate signal 204 by considering only the component of aggregate signal 204

that lies along axis 146.

10032} At a next step 222, misregistration data analyzer 120 cleans raw data 214,

generating clean first periodic structure data 224. Clean {first periodie structure
data 224 preferably includes a linear combination of a set of periodic functions,
such as sinusoidal functions, preferably one periodic function for each harmonic
considered, along with an offset. The periodic function for each harmonic includes
information relating to pitch P, as well as a weighting factor and a phase shift. The
offset, weighting factor and phase shifi are preferably fitted to raw data 214 using

a least square error minimization method.

100331 In a preferred embodiment of the present invention, clean: first periodic

structure data 224 is represented by equation 1:
: My o 27
16 = e+ Bl aresin (k2 + @) (Eq. 1)

where fi(x} is clean first periodic structure data 224, ¢; is the offset; £ is an index
indicating a harmonic considered, #; 15 the total number of harmonics considered,
arr is the weighting factor, P; is pitch P, x is the linear position in the profile and

@1k is the phase shift.

11
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{0034} Since pitch P along axis 146 of first periodic structure 142 is known,
misregistration data analyzer 120 generates clean first periodic structure data 224
by removing components from vaw data 214 that don’t correspond fo the
periodicity of pitch P ot pitch P and at least one of its upper harmonics. Such
componenis may be due to, for example, other features of multilayered

semiconductor device 102 that lig either fully or partially along axis 146.

{00351 Atanext step 232, misregistration data analyzer 120 extracts raw data due
to second periodic structure 148 from aggregate signal 204 generated at step 202.
1t is appreciated that the raw data due to second periodic structure 148 is extracted
from agpregate signal 204 by considering only the component of aggregate signal

204 that lies along axis 149,

{6036} At a next step 242, misregistration data analyzer 120 cleans the raw data
due to second periodic structure 148, generating clean second periodic structure
data. Clean second periodic structure data preferably includes a linear
combination of a set of periodic functions, such as sinasoidal functions, preferably
one periodic function for each harmonic considered, along with an offset. The
periodic function for each harmonic includes information relating to pitch Q, as
well as a weighting factor and a phase shift. The offset, weighting factor and phase
shift are preferably fitted to raw data due to second periodic structure 148 using a

least square error minimization method.

[0037} in a preferred embodiment of the present mvention, the clean second

periodic structure data is represented by equation 2:
< TN ‘ 2
Llxy=c + E;;:} Qi ST (k P_zx + ‘Pz,k) (Eq.2)

where f2(x) is the clean second periodic structure data, ¢z is the offset, £ is an index
indicating a harmonic considered, n2 is the total number of hanmonics considered,
ask is the weighting factor, P: is pitch Q of second periodic structure 148, x is the

linear position in the profile and g2 is the phase shift.

12
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{0038} Since pitch Q along axis 149 of second periodic structure 148 is known,
misregistration data analyzer 120 generates the clean second periodic structure
data by removing components from the raw data due to second periodic structure
that don’t correspond to the periodicity of pitch Q or pitch Q and at least one of
its upper harmonics. Such conponents may be due to, for examnple, other features
of multilayered semiconductor device 102 that lie either fully or partially along

axis 149.

{0039} At anext step 252, misregistration data analyzer 120 exiracts raw data due
to third periodic structure 152 from aggregate signal 204 generated at step 202. It
is appreciated that the raw data due to third periodic structure 152 is extracted
from aggregate signal 204 by considering only the component of aggregate signal

204 that lies along axis 156.

{00401 At a next step 262, misregistration data analyzer 120 cleans the raw data
generated at step 252, generating clean third periodic structure data corresponding
to the raw data generated at step 252. The clean second periodic structure data
corresponding to the raw data generated at step 252 preferably includes a linear
combination of a set of periodic functions, such as sinusoidal functions, preferably
one periodic function for each harmonic considered, along with an offset. The
periodic function for each hanmonic includes information relating to pitch R, as
well as a weighting tactor and a phase shifi. The offset, weighting factor and phase
shift are preferably fitted to the raw data generated at step 252 using a least square

error minimization method.

{00411 In a preferred embodiment of the present invention, the clean third
periodic structure data corresponding to the raw data generated at step 252 is

represented by-equation 3:
- -y . 2 A
fs) = 5 + ity agsin (K22 + @30 (Eq. 3)

where f3(x) i3 the clean third periodic structure data cormresponding to the raw data

generated at step 252, c¢s is the offset, £ is an index indicating a harmonic

bont
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considered, #s is the total number of harmonics considered, as is the weighting

factor, Pz ispitch R, x is the linear position in the profile and s« is the phase shift.

{00421 Since pitch R along axis 156 of third periodic structure 152 is known,

misregistration data analyzer 120 generates the clean second periodic structure
data corresponding to the raw data generated at step 252 by removing components
from the raw data generated at step 252 that don’t correspond to the periodicity of
pitch R or pitch R and at least one of its upper harmonics. Such components may
be due to, for example, other features of multilayered semiconductor device 102

that lie either fully or partially along axis 1356.

{0043} At a next step 272, a determination is made whether or not to exiract

additional data due to one or more additional periodic structures formed with
either layer 144 or 154 from aggregate signal 204 generated at step 202. If
additional data due to one or more additional periodic structures formed with
either layer 144 or 154 is to be exiracted, at a next step 282, misregistration data
analyzer 120 proceeds to extract additional raw data from aggregate signal 204 by
considering only the component of aggregate signal 204 that les along an axis
along which the currently considered additional periodic structure exhibits

periodicity.

{00441 Also at step 282, musregistration data analyzer 120 cleans the additional

raw data extracted at step 282, generating additional clean periodic structure data.
The additional clean periodic structure data preferably includes 3 linear
combination of a set of periodic functions, such as sinuseidal functions, preferably
one periodic function for each harmonic considered, along with an offset. The
periodic function for each harmonic includes information relating to the pitch of
the currently considered additional periodic structure, as well as a weighting factor
anda phase shift. The offset, weighting factor and phase shift are preferably fitted
to the additional raw dala generated at step 282 using a least square error

minimization method.

{0045} In a preferred embodiment of the present invention, the additional clean

periodic structure data is represented by equation 4:

14
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fa(x)y=c, + 224:1 @4z SiD (ki—’:x + <p4,k) (Eq. 4)

where fux) is the additional clean periodic structure data, ¢y is the offset, & is an
index indicating a harmonic considered, #s is the total number of harmonics
considered, a4« 1s the weighting factor, P« is the pitch of the currently considered
additional periodic structure, x is the linear position in the profile and @ay is the

phase shift.

{0046} Since pitch P of the currently considered additional periodic structure is
known, misregistration data analyzer 120 generates the additional clean second
periodic structure data by removing components from the additional raw data
generated at step 282 that don’t correspond to the periodicity of the pitch of the
currently considered additional periodic structure or the pitch of the currently
considered additional periodic structure and at least one of its upper harmonics.
Such components may be due to, for example, other features of multilayered
semiconductor device 102 that lie either fully or partially along the axis along

which the currently considered additional periodic structure exhibits periodicity.

{00471 Following step 282, PSDMMM 200 returns to step 272 and determines
whether or not to extract additional data due to another periodic structure formed
together with either layer 144 or 154 from aggregate signal 204 generated at step
202. If additional data due to another periodic structure is not to be extracted, ata
next step 292, misregistration between layers 144 and 154 of muliilayered
semiconductor device 102 is calculated, as described hereinbelow with reference
to Figs. 6A & 6B.

{0048} Reference is now made to Figs. 6A & 6B, which are simplified pictorial
lustrations of different embodiments of step 292 of PSDMMM 200,

100491 As seen in Fig. 6A, when first layer 144 inchides first periodic structure
142 and second periodic structure 148, and second laver 154 includes third
periodic structure 152, at step 292, misregistration data analyzer 120 identifies a
first reference location 314 at the intersection of the maxima or minima of clean

first periodic structure data 224 generated at step 222, shown by reference number
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318, and the maxima or minima of clean second periodic structure data generated
at step 242, shown by reference number 320. Also at step 292, misregistration data
antalyzer 120 identifies a second reference location 334 whereat the maxima or
minima of the clean third periodic structure data generated at step 262, shown by
reference nwmber 338, most closely intersect first reference location 314,
Misregisiration data analyzer 120 then calculates a distance 340 between first
reference location 314 and second reference location 334, and reports distance
340 as the misregistration in one dimension between first layer 144 and second

layer 154 of multilayered semiconductor device 102,

{00501 As seen in Fig. 6B, when first layer 144 includes first periodie structure

142 and second periodic structure 148, and second layer 154 includes third
periodic structure 152 and fourth periodic structure 158, at step 292,
misregistration data analyzer 120 identifies a first reference location 354 at the
intersection of the maxima or minima of clean first periodic structure data 224
generated at step 222, shown by reference number 358, and the maxima or minima
of clean second periodic structure data generated at step 242, shown by reference
number 360. Alse at step 292, misregistration data analyzer 120 identifies a
second reference location 374 closest to first reference location 354 whereat the
maxima or minimg of the clean third periodic structure data generated at step 262,
shown by reference mumber 376, and the maxima or minima of additional clean
periodic structure data generated at step 282, shown by reference number 378,
intersect. Misregistration data analyzer 120 then calculates a distance 380 between
first reference location 354 and second reference location 374, and reports
distance 380 as the misregistration in two dimensions between first layer 144 and

second layer 154 of multitayered semiconductlor device 102.

{00511 Similarly, when at least one of first and second layers 144 and 154 include

at least three periodic structures, at step 292, nusregistration data analyzer 120
identifies a first reference location at the intersection of the maxima or minima of
all clean periodic structure data due to periodic structures on first layer 144
intersect. Also at step 292, misregisiration data analyzer 120 identifies a second

reference location closest to first reference location at the intersection of the

PCT/US2019/051209
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maxima or minima of all clean periodic structure data due to periodic structures
on second layer 154 intersect. Misregistration data analyzer 120 then calculates a
distance between the first reference location and the second reference location,
and reports the distance as the misregistration in two dimensions between first

layer 144 and second layer 154 of multilayered semiconductor device 102,

{00521 In one embodiment of the present invention, PSDMMM 200, as described

hereinabove with reference to Figs. 4A — 6B, i3 modified to measure
misregistration between a third layer and at least one of first layer 144 and second
layer 154 of multilayered semiconductor device 102, In such an embodimient,
PSDMMM 200 generates a single imnage of at least one periodic structure formed
with the third layer along with at least one of first periodic structure 142, second
periodic structure 148 and third periodic structure 1352, thereby providing an
aggregate signal. PSDMMM 200 also extracts and cleans a component from the
aggregate signal due to the periodic structure formed with the third layer, and the
generated clean data corresponding to the periodic structure formed with the third
layer and at least one of first periodic structure 142, second periodic structure 148
and third pertodic structure 152 to ascertain misregistration between the third layer

and at least one of first layer 144 and second layer 154,

{00531 It will be appreciated by persons skilled in the art that the present invention

is not limited to what has been particularly shown and described hereinabove. The
scope of the present invention includes. both combinations and subcombinations
of various features described hereinabove as well as modifications thereof, all of

which are not in the prior art.
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