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MISREGISTRATION TARGET BAVING DEVICE-SCALED FEATURES USEFUL
IN MEASURING MISREGISTRATION QF SEMICONDUCTOR DEVICES

REFERENCE TO RELATED APPLICATIONS

{00011  Reference is hereby made to U.S. Provisional Patent Application Serial
No. 63/010,096, filed April 15, 2020 and entitled INDIE OVERLAY TARGETS
FOR ACCURACY AND DEVICE CORRELATION, the disclosure of which is

hereby incorporated by reference and priovity of which is hereby claimed.

[0002]  Reference is also made to the following patents and patent applications of
the Applhicant, which are related to the subject matter of the present application,

the disclosures of which are hereby incorporated by reference:

U.S. Patent No. 7,608,468 entitled APPARATUS AND METHODS FOR
DETERMINING OVERLAY AND USES OF SAME;

U.S. Patent No. 7,804,994 entitled OVERLAY METROLOGY AND
CONTROL METHOD;

U.S. Patent No. 9,927,718 entitled MULTI-LAYER OVERLAY
METROLOGY  TARGET AND COMPLIMENTARY  OVERLAY
METROLOGY MEASUREMENT SYSTEMS;

U.S. Patent No. 10,527,951 entitled COMPOUND IMAGING
METROLOGY TARGETS;

European Patent No, 1,570,232 entitled APPARATUS AND METHODS
FOR DETECTING OVERLAY ERRORS USING SCATTEROMETRY;

PCT Patent Application No. PCT/US2019/026686, filed April 10, 2019
and entitled MOIRE TARGET AND METHOD FOR USING THE SAME IN
MEASURING MISREGISTRATION OF SEMICONDUCTOR DEVICES: and
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PCT Application No. PCT/US2019/035282, filed June 4, 2019 and entitled
MISREGISTRATION MEASUREMENTS USING COMBINED OPTICAL
AND ELECTRON BEAM TECHNCLOGY.

FIELD OF THE INVENTION

{0003]  The present invention relates to measurement of misregistration in the

manufactire of semiconductor devices generally.

BACKGROUND OF THE INVENTION

{0004]  Various methods and systems are known for measurement of

misregistration in the manufacture of semiconductor deviees.

SUMMARY OF THE INVENTION

[00057  The present invention seeks to provide tmproved methods and systems for

measurement of misregistration in the manufacture of semiconductor devices.

[0006]  There is thus provided in aceordance with a preferred embodiment of the
present invention a target for use in the measurement of misregistration between
at least a first layer and a second laver formed on a wafer in the manufacture of
functional semiconductor devices on the wafer, the functional semiconductor
devices including functional device structures (FDSTs), the target including a
plurality of measurement structures (MSTs), the plurality of MSTs being part of
the first layer and the second layer and a plurality of device-like structures
(DLSTs), the phurality of DLSTs being part of at least one of the first layer and
the second layer, the DLSTs sharing at least one characteristic with the FDSTs

and the MSTs not sharing the at least one characteristic with the FDSTs.

{0007}  In accordance with a preferred embodiment of the present invention, the at
least one characteristic includes at least one of a degree of magnitude of a typical

smallest dimension, a shape and a degree of magnitude of packing density.

PCT/US2020/039475
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{0008]  In an embodiment of the present invention, the DLSTs are formed on both
ofthe first laver and the second layer. Preferably, the DLSTs are formed between
the MSTs. In a preferred embodiment of the present invention, wherein a packing

density of the DLSTs is greater than 0.5,

{00091 In accordance with a preferred embodiment of the present invention, the
characteristic is a degree of magnitude of typical smallest dimension and wherein
aratio of atypical smallest dimension of the MSTs to a typical smallest dimension
of the FDSTs is at least 1.7 and a ratio of a typical smallest dimension of the

DLSTs to the typical smallest dimension of the FDSTs is between 0.5 - 1.5.

f0010]  In accordance with a preferred embodiment of the present invention, the
characteristic is a degree of magnitude of packing density and wherein the MSTs
define measurement spaces (MSPs) formed therebetween, the FDSTs define
functional device spaces (FDSPs) formed therebetween and the DLSTs define
device-like spaces (DLSPs) therebetween and wherein a ratio of a typical smallest
dimension of the MSPs to a typical smallest dimeunsion of the FDSPs is at least
1.7 and aratio of a typical smallest dimension of the DLSPs to the typical smallest

dimension of the FDSPs is between 0.5 — 1.5,

[0011}]  In an embodiment of the present invention, the DLSTs are rotated relative

to the MSTs in a plane generally parallel to a plane defined by the first layer.

{00121  Tn an embodiment of the present invention, each of the MSTs includes a
plurality of segments and a plurality of corresponding segment spaces. Preferably,
a ratio of a typical smallest dimension of the segments to a typical smallest
dimension of the DLSTs is at least 1.1 and a ratio of a typical smallest dimension
of spaces between the segments {0 a typical smallest dimension of spaces between
the DLSPs is at least 1. 1. In a preferred embodiment of the present invention, the
DLUSTs are rotated relative to the segments in a plane generally parallel to a plane

defined by the first layer.

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

target is formed within a die of the wafer, the die including the functional

[
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semiconductor devices. Alternatively, in accordance with a preferred embodiment
of the present invention, the target is formed in a scribe line of the wafer, the scribe

line being generally free of the functional semiconductor deviges.

[0014]  Inapreferred embodiment of the presentinvention, the MSTs are formed

as part of at least one of an advanced imaging metrology in-die (AIMid) target, an
advanced imaging metrology (AIM) target; a Box-in-Box (BiB) target, a blossom
target, a Moiré target, a scatterometry target, an electron beam target, a hybrid
scatierometry-electron beam target, a hybrid imaging-eleciron beam target and a
target useful in the measurement of misregisiration between three or more layers

formed on the wafer.

{00151 There is also provided in accordance with another preferred embodiment

of the present invention a method of measuring misregistration between at least
one first layer and at least one second layer formed on a wafer in the manufacture
of functional semiconductor devices, the functional semiconductor devices
including functional device structures (FDSTs), the method including providing
the wafer on which is formed a target including a plurality of measurement
structures (MSTs), the plurality of MSTs being part of the first laver and the
second layer and a plurality of device-like structures (DLSTs), the plurality of
DLSTs being part of at least one of the first layer and the second layer and the
DLSTs sharing at least one characteristic with the FDSTs and the MSTs not
sharing the characteristic with the FDSTs measuring the target with a
misregistration measurement tool, thereby generating an output signal and
analyzing the output signal, thereby generating a misregistration value between

the lavers of the target.

[0016]  Preferably, the MSTs are resolvable by the misregistration metrology tool

and spaces between the MSTs are resolvable by the misregistration metrology
tool. In an embodiment of the present invention, the DLS8Ts are not resolvable by
the misregistration metrology tool and spaces between the DLSTs are not

resolvable by the misregistration metrology tool.

PCT/US2020/039475
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BRIEF DESCRIPTION OF THE DRAWINGS

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

5 which:

Fig. 1 is a simplified generally top planar illustration of a wafer including

targets of the present invention;

Figs. 2A & 2B are respective simplified generally top planar and enlarged
illustrations of an embodiment of a target of the present invention, Fig. 2B

10 corresponding to area indicated by circle B in Fig. 2A;

Fig. 3 is a simplified generally top planar illustration of an additional

embodiment of a target of the present invention;

Fig. 4 is a simplified generally top planar illustration of another

embodiment of a target of the present invention;

15 Fig. 5 is a simplified generally top planar illustration of a further

embodiment of a target of the present invention;

Fig. 6 15 a simplified generally top planar illusiration of yet an additional

embodiment of a target of the present invention;

Fig. 7 is a simplified generally top planar illustration of yet another

20 embodiment of a target of the present invention; and

Fig. 8 is a simplified generally top planar illustration of a further

embodiment of a target of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

25 {00181  The targets of the present invention, described hereinbelow with reference
to Figs. | — 8, are preferably used in a system and method for measuring

misregistration between different layers of semiconductor devices formed on a

J



10

15

20

25

30

WO 2021/211154

wafer and typically form part of a manufacturing process for semiconductor
devices. The misregistration measured by the system and method described
hereinbelow with reference to Figs. 1 — & may be used to adjust portions of the
manufacturing process for semiconductor devices, such as lithography, to
ameliorate misregistration between various layers of the semiconductor devices

being fabricated:

{0019]  The targets described hereinbelow with reference fo Figs. 1 — 8 include

measurement structures formed with at least two layers of a wafer, preferably
during the formation of semiconductor devices on the wafer. The layers with
which the target is formmed may be mutually adjacent layers, but need not be, and
may be separated by a height ranging from 50 nm to over 10 gm. Any material
between a suitable misregistration tool radiation source and each of the layers is

at least partially transparent to radiation generated by the radiation source:

j0020]  Typically, a misregistration metrology tool measures the targets, described

hereinbelow with reference to Figs. I — 8, and returns a misregistration value for
the target measured. The misregistration value for the target measured is assumed
to be nearly identical to the misregistration of the semiconductor devices formed
on the wafer on which the targets are formed. Thus, the misregistration value for
the target is used to adjust fabrication tools used to form both the targets and the

semiconductor devices, bringing the lavers into closer registration.

[0021]  Reference is now made to Fig. I, which is a simplified generally top -planar

illustration of a wafer including targets of the present invention. It is appreciated
that the generally planar surface shown in Fig. 1 defines an x-y plane, and that all
dimensions described hereinbelow with reference to Fig. 1 are dimensions in a
plane generally parallel to the x-y plane. It is further appreciated that Fig. 1 is not
drawn to scale. It is further appreciated that in a preferred embediment of the
present invention, at least some features shown may be, and typically are, covered

by other structures also formed on the wafer,

[0022 As seen particutarly in Fig. 1, awafer 100 is divided into a plurality of dies

110, which are separated by scribe lines 120, Typically, within dies 110 are

6

PCT/US2020/039475



10

15

20

25

WO 2021/211154

formed full or partial functional semiconductor devices 130, such as, inter alia,
transistors, trace lines, diodes and microelectromechanical systems (MEMS)
devices. Functional semiconductor devices 130 are formed of functional device
structures (FDSTs) 132, FDSTs 132 are characterized by a typical smallest FDST
dimension, Depst, which is typically between 2 nm — 200 nim, and more typically
between 5 nm — 80 nm. FDSTs 132 may be periodic, but need not be. Furthermore,
FDSTs 132 have a typical FDST shape, such as, inter alia, a rectangle, a circle, a

triangle, a cross, a square or a plurality of bars joined together at various angles.

{00231  FDSTs 132 preferably define a plurality of corresponding functional
device spaces (FDSPs) 134. FDSPs 134 are characterized by a typical smallest
FDSP dimension, Dypsp, which 1s typically between 2 nm — 200 nm, and more

typically between 5 nm — 80 nm.

[0024]  Targets 150, which are described in detail hereinbelow with reference to
Figs. 2A — 8, may be formed within either or both of dias 110, which include
functional semiconductor devices 130, and scribe lines 120, which are generally

free of functional semiconductor devices 130.

f0025]  Reference is now made to Figs. 2A — 8, which are simplified generally top
planar illustrations of various embodiments of targets 150. It is appreciated that
the generally planar surfaces shown in Figs. 2A — 8 each define an x-y plane, and
that all dimensions described hereinbelow with reference to Figs. 2A — 8 are
dimensions in a plane generally parallel to the x-y plane. It is further appreciated
that Figs. 2A — 8.are not drawn to scale. It is further appreciated that in a preferred
embodiment of the present invention, at least some features shown may be, and

typically are, covered by other structures also formed on the wafer,

[0026]  Eachoftargets 150 typically has an area between 2,500 um® — 10,000 pm?.
As seen in Figs. 2A — 8, each of targets 150 preferably include a plurslity of
measurement structures (MSTsy 202, MSTs 202 preferably define a plurality of

corresponding measurement spaces (MSPs) 204.

PCT/US2020/039475
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{00271  MSTs 202 include a plurality of first MSTs 210, which are formed as part

of a first layer 212 formed on wafer 100, and a plurality of second MSTs 220,

which are formed as part of a second layer 222 formed on wafer 100. It is

appreciated that first layer 212 defines a plane generally parallel to the x~y plane

5 shown in Figs. 2A — 8. Each of MSTs 202 has a typical smallest MST dimension,
Dast. Preferably, typical smallest MST dimension Diysy is between 10 nm — 1800

nm. The value of typical smallest MST dimension Dyst may be the same for each

of MSTs 202 or different for each of MSTs 202. Preferably, plurality of first MSTs

210 all have the same typical smallest MST dimension Dust value and plurality

10 of second MSTs 220 all have the same typical smallest MST dimension Dusy
value. If typical smallest MST dimension Dysr is not the same for all MSTs 202,

it is understood that the value of typical smallest MST dimension Dusr as

referenced in comparison to other dimensions, such as Drpsr, refers to an average

value of typical smallest MST dimension Dusr.

15 f0028]  In one embodiment of the present nvention, MSTs 202 and FDSTs 132
are characterized by different degrees of magnitude of typical smallest dimension,
which characterizes the size scale of the typical smallest dimension of a structure.
In such an embodiment, a ratio of typical smallest MST dimension Dus to typical
smallest FDST dimension, Drpst, is preferably between 1.7 — &, and more

20 preferably between 2 — 4.5, and more preferably between 2.5 — 4 and yet more

preferably between 3 — 3.5,

{00291  Furthermore, MSTs 202 have a typical MST shape, such as, inter alia, a
rectangle, a circle, a triangle, a cross or a square. In one embodiment of the present

invention, typical MST shape and typical FDST shape are different.

25 [0030]  Similarly, MSPs 204 include a plurality of first MSPs 224, which form part
of first layer 212 formed on wafer 100, and a plurality of second MSPs 226, which
form part of second layer 222 formed on wafer 100. Each of MSPs 204 has a
typical smallest MSP diinension, Dwsp. Preferably, Dusp is between 10 nm — 1800
nm. The value of typical smallest MSP dimension Dysp may be the same for each
30 of MSPs 204 or different for each of MSTs 204. Preferably, plurality of first MSPs

224 all have the same typical smallest MSP dimension Duywsp value and plurality
8



10

15

20

25

30

WO 2021/211154

of second MSPs 226 all have the same typical smallest MSP dimension Dusp
value. If typical smallest MSP dimension Dwsp is not the same for all MSPs 204,
it 1s understood that the value of typical smallest MSP dimension Dwse as
referenced in comparison to other dimensions, such as Depsp, refers to an average

value of typical smallest MSP dimension Dusp.

{0031} It is appreciated that typical smallest MST dimension Dust and typical

smallest MSP dimension Dugsp together determine a packing density of MSTs 202,
which characterizes how many MSTs 202 are formed within a given area.
Similarly, typical smallest FDST dimension Drpst and typical smallest FDSP
dimension Depsp together determine a packing density of FDSTs 132, which
characterizes how many FDSTs 132 are formed within a given area. Similarly, a
degree of magnitude of packing density characterizes the size scale of the number

of structures that are formed within a given area

j0032]  In one embodiment of the present invention, MSTs 202 and FDSTs 132

are characterized by different degrees of magnitude of packing density. In such an
embodiment, a ratio of typical smallest MSP dimension Dugsp to typical smallest
FDSP dimension, Drpsp, is preferably between 1.7 — 5, and more preferably
between 2 — 4.5, and more preferably between 2.5 — 4 and vet more preferably

between 3 —3.5.

{0033} 1t is a particular feature of the present invention that within MSPs 204 are

preferably formed a plurality of device-like structures (DLSTs) 230. In one
embodiment of the present invention, as seen particularly in Figs. 4 and 6, DLSTs
230 are formed within first MISPs 224 only. In another embodiment of the present
invention, as seen particularly in Fig. 3, DLSTs 230 are formed within second
MSPs 226 only. In yet another embodiment of the present invention, as seen
particularly in Figs. 2A, 5, 7 and &, DLSTs 230 are formed in both of first MSPs
224 and second MSPs 226. It is appreciated that although particular embodiments
of targets 150 are shown and described herein as including DLSTs 230 formed
within a particular one or both of plurality of MSPs 224 and 226, any embodiment
of target 150 described herein may be formed with DLSTs 230 formed within

MSPs 224 only, within MSPs 226 only or within both of MSPs 224 and 226. Tt is
9
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appreciated that DLSTs 230 may be periodic, but need not be. Tt is additionally
appreciated that DLSTs 230 formed within MSPs 224 need not be identical to
DLSTs 230 formed within MSPs 226.

{0034]  Each of DLSTs 230 has a typical smallest DLST dunension, Dprsrt.

Preferably, typical smallest DLST dimension Dprst is between 2 nm — 200 nm,
and more typically between 5 nm — 80 nm. The value of typical smallest DLST
dimension Dprst may be the same for each of DLSTs 230 or different for each of
DLSTs 230. If typical smallest DLST dimension Dpist is not the same for all
DLSTs 230, it is understood that the value of typical smallest DLST dimension
Dorst as referenced in comparison to other dimensions, such as Dengr, refers to

an average value of typical smallest DLST dimension Dpysy.

[60351  In a preferred embodiment of the present invention, DLSTs 230 and

FDSTs 132 are characterized by the same degree of magnitude of typical smallest
dimension, which characterizes the size scale of the typical smallest dimension of
a structure. In such an embodiment, a ratio of typical smallest DLST dimension
Doprst to typical smallest FDST dimension, Dpepsr. 1s preferably between 0.5 — 1.5,
and more preferably between 0.6 — 1.4, and more preferably between 0.7 — 1.3,
and more preferably between 0.8 — 1.2, and yet more preferably between 0.9 —

i1,

{00361  Furthermore, DLSTs 230 have a typical DLST shape, such as, inter alia, a

rectangle, a circle, a triangle, a cross or a square. In a preferred embodiment of the
present invention, the typical DLST shape is particularly similar to the tvpical
FDST shape. Thus, for example, if FDSTs 132 have a generally circular FDST
shape, then in a preferred embodiment of the present invention, DLSTs 230 have
a generally circular DLST shape. Similatly, if, for example, FDSTs 132 have an
FDST shape that resembles a letter E, then i a preferred embodiment of the

present invention, DLSTs 236 have a DLST shape that resembles a letter E.

{0037]  In apreferred embodiment of the present invention, as seen particularly in

Figs. 4 and 7, DLSTs 230 are rotated relative to MSTs 202 in a plane generally

parallel to the plane defined by first layer 212, Thus, in such an embodiment,

10
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DLSTs 230 are rotated relative to MSTs 202 in the x-y plane shown in Figs. 2A —
8. It is appreciated that although only embodiments of targets 150 shown in Figs.
4 and 7 are shown and described herein as including DLSTs 230 which are rotated
relative to MSTs 202 in a plane generally parallel to the x-y plane, any
embodiment of target 150 described herein may be formed with DLSTs 230 which
arg rotated relative to MSTs 202 in a plane generally parallel to the x-v plane.
Similarly, any embodiment of target 150 described herein, including those
embodiments shown in Figs. 4 and 7, may be formed with DLSTs 230 which are

not rotated relative to MSTs 202 in a plane generally parallel to the x-y plane.

[0038]  DLSTs 230 preferably define a plurality of corresponding device-like

spaces {DL.SPs) 240. Each of DLSPs 240 has a typical smallest DLSP dimension
Dy se. Preferably, typical smallest DLSP dimension Dprsp is between 2 nm — 200
nm, and more typically between 5 nm — 80 am. The value of typical smallest
DLSP dimension Dprsp may be the same for each of DLSPs 240 or different for
each of DLSPs 240, If typical smallest DLST dimension Dpsp is not the same for
all DLSPs 240, it is understood that the value of typical smallest DLSP dimension
Dprsp as referenced in cornparison to other dimensions, such as Depsp, refers to

an average value of typical smallest DLSP dimension Dpusp.

f0039] Tt is appreciated that typical smallest DLST dimension Dprst and typical

smallest DLSP dimension Dprse together determine a packing density of DLSTs
230, which characterizes how many DLSTs 230 are formed within a given area.

Preferably, the packing density of DLSTs 230 is greater than (0.5.

{00401 In a preferred embodiment of the present invention, DLSTs 230 and

FDSTs 132 are characterized by the same degree of magnitude of packing density,
In such an embodiment, a ratio of typical smallest DLSP dimension Dprsp to
typical smallest FDSP dimension, Drpse, is preferably between 0.5 - 1.5, and
maore preferably between 0.6 — 1.4, and more preferably between 0.7 — 1.3, and
more preferably between 0.8 — 1.2, and yet more preferably between 0.9 — 1.1.
Thus, the degree of magnitude of packing density of DLSTs 230 is generally the

same as the degree of magnitude of packing density of FDSTs 132,

11
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{0041]  In one embediment of the present invention, as seen particularly in Figs.

6, 7 and 8, each of MSTs 202 is a generally unitary element. In another
embodiment of the present invention, as seen particularly in Figs. 2B, 3 and 3,
each of MSTs 202 is formed of a plurality of segments 252. Segments 252
preferably define a plurality of corresponding segment spaces 254. Furthermore,
as seen particularly in Fig. 4, some of MSTs 202 may be generally unitary while
other of MSTs 202 may be formed of segments 252. It is appreciated thatalthough
particular embodiments of targets 150 are shown and described herein as having
unitary MSTs 202, particular embodiments of targets 150 are shown as and
deseribed herein as including segments 252 and a particular embodiment of target
150 is shown as including both unitary MSTs 202 and segments 232, any
embodiment of target 150 described herein may be formed with unitary MSTs

202, segments 252, or a combination of unitary MSTs 202 and segments 252.

{00421  In some embodiments of the present invention, as seen particularly in Fig.

3, DLSTs 230 are formed 1n segment spaces 254,

{0043}  Each of segments 252 has a typical smallest segment dimension, Dsga.

Preferably, tvpical smallest segment dimension Dsgg 1s between 10 nm — 300 nim,
and more typically between 50 am — 100 am. The value of typical smallest
segment dimension Dspe may be the same for each of segments 252 or different
for each of segments 252 If typical smallest segmeni dimension Dszc is not the
same for all segments 252, it is understood that the value of typical smallest
segment dimension Dsgo as referenced in comparison to other dimensions, such
as Dnrgr. refers to an average value of typical smallest segment dimension Dsra.
Preferably, a ratio of typical smallest segment dimension Dsro to typical smallest

DLST dimension, Dprgsr, is at least 1.1, and more preferably at least 2.

[0044]  Furthermore, segiments 252 have a typical segment shape, such as, inter

alia, arectangle, a circle, a triangle, a cross or a square. In a preferred embodiment
of the present invention, the typical segment shape is particutarly different than
the typical DLST shape. More particularly, in such a preferred embodiment of the
present invention, a suitable misregistration tool used to measure target 150 can

readily discern between the typical DLST shape and the typical segment shape.
12
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The suitable misregistration measurement tool, may be embodied as, for example,
ant Archer™ 750, an ATL™ [00 or an eDR7380™, all of which are commercially

available from KLA Corporation of Milpitas, CA, USA.

{00451 Thus, for example, if DLSTs 230 have a generally circular DLST shape,

then in a preferred embodiment of the present invention, segments 252 preferably
have a segment shape other than a circle, such as a square, as seen in Fig. 3.
Simtlarly, if, for example, DLSTs 230 have a generally rectangular DLST shape,
then in a preferred embodiment of the present invention, segmenis 252 have a
segment shape that is not rectangular; for example, segments 252 may have a

segment shape that 1s generally triangular.

{00461  In a preferred embodiment of the present invention, as seen particularly in

Fig. 4, DLSTs 230 are rotated relative to segments 252 in-a plane generally parallel
to the plane defined by first layer 212. Thus, DLSTs 230 are rotated relative to
segments 252 in a plane generally parallel to the x-y plane shown in Figs. 2A — 8.
It is appreciated that although only the embodiment of target 150 shown in Fig. 4
is shown and described herein as including DLSTs 230 which are rotated relative
to segments 252 in a plane generally parallel to the x-y plane, any embodiment of
target 150 described herein may be formed with DLSTs 230 which are rotated
relative to segments 252 in a plane generally parallel to the x-y plane. Similarly,
any embodiment of target 150 described herein, including the embodiment shown
in Fig. 4, may be formed with DLSTs 230 which are not rotated relative to

segments 252 in a plane generally parallel to the x-y plane.

{00471  Preferably, each of segment spaces 254 has a typical smallest segment

space dimension Dggasp. Preferably, typical smallest segment space dimension
Dsrose is between 10 nm — 300 nm, and more typically between 50 nm — 100 nm.
The value of typical smallest segment space dimension Dgspase may be the same
for each of segment spaces 254 or different for each of segment spaces 254. If
typical smallest segment space dintenision Dsrosp 18 not the same for all segment
spaces 254, it is understood that the value of typical smallest segment space
dimension Dsrasp as referenced in comparison {o other dimensions, such as Dprsp,

refers to an average value of typical smallest segment space dimension Dsgcse.
i

W,
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Preferably, a ratio of typical smallest segment space dimension Dsposp to typical

smallest DLSP dimension, Doisp, is at least 1.1, and more preferably at least 2.

{00481  In a preferred embodiment of the present invention, MSTs 202 and MSPs
204 are resolvable by the suitable misregistration measurement {ool, while DLSTs
230, DLSPs 240, segments 252 and segment spaces 254 may not be resolvable by
the suitable nusregistration measurement tool. The suitable misregistration
measurement tool, may be embodied as, for example, an Archer™ 750, an ATL™
100 or an eDR7380™ all of which are commercially available from KLA

Corporation of Milpitas, CA, USA.

{0049]  Target 150 is designed to be measured using the suitable misregistration
measurement tool, thereby generating an output signal, and analyzing the output
signal preferably generates a misregistration value between layers 212 and 214 of
target 150. The misregistration value between lavers 212 and 214 of target 150 is
preferably used as a misregistration valug between corresponding layers 212 and
214 of at least some of functional semiconductor devices 130, and 1s preferably
used to adjust portions of the manufacturing process for functional semiconductor
device 130, such as lithography, to ameliorate misregisiration between lavers 212
and 214.

{0050]  Preferably, as compared o conventional targets, the inclusion of DLSTs
230 1 target 150 improves the similarity of the physical misregistration between
layers with which target 150 is formed and the physical misregistration between
corresponding layers with which functional semiconductor devices 130 are
formed. Furthermore, the inclusion of DLSTs 230 in target 150 preferably
improves the accuracy of the misregistration value output upon the measurement
thereof, as compared to conventional targets. Thus, the misregistration vahie
measured between first layer 212 and second layer 214 of target 150 is particularly
well-suited for use as the misregistration value between corresponding layers of

functional semiconductor devices 130 and the adjustment thereof.

{00511  More particularly, the fabrication steps by which DLSTs 230 are formed

are essentially identical to the fabrication steps by which FDSTs 132 are formed:

14
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Such fabrication steps may include, inter alia, etching, deposition, and
planarization processes. Since target 150 and functional semiconductor devices
130 undergo essentially tdentical fabrication steps, including any processing
errors included therein, the misregistration between lavers with which target 150
is formed is particularly similar to the misregistration between corresponding
layers with which functional semiconductor devices 130 are formed. Thus, the
misregistration value measured between first layer 212 and second layer 214 of
target 150 is particularly well-suited for use as the misregisiration value between
corresponding layers of functional semiconductor devices 130 and the adjustment

thereof.

{00521  In a preferred embodiment of the present invention, multiple targets 150

are formed on wafer 100. In one embodiment of the present invention, some of
targets 150 on a wafer, typically a design-of-experiment (DOE) wafer, atre
fabricated using parameters of a fabrication tool that intentionally vary from
parameters of the fabrication tool used to fabricate other targets 150 on the DOE
wafer. For example, some of targets 150 on the DOE differ from each other in at
least one of typical smallest MST dimension Dusr, typical smallest MSP
dimension Dusp, typical smallest DLST dimension Dprsy, typical smallest DLSP
dimension Doursp, typical smallest segment dimension Dsgs, typical smallest
segment space dimension Dsgase, typical MST shape, typical DLST shape, typical
segment shape, an MST orientation in a plane generally parallel to the x-y plane,
a DLST orientation 1 a plane generally parallel to the x-y plane or a segment
orientation in a plane generally parallel to the x-y plane. Thus, suitable
measwrement of misregistration between first layer 212 and second laver 214 of
various targets 150 on the DOE wafer provides data correlated to fabrication
process variations, and thus allows a user to better adjust the parameters of

fabrication tools used to form the DOE wafer.

[00353] Additionally, it is appreciated that the inclusion of DLSTs 230 in target

150 generates misregistration data output that may vary in a meaningful manner
as a function of measurement parameters used by the suitable misregistration

measurement tool, such as wavelength of incident radiation. Thus, the
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misregistration value provided upon measuring misregistration between first layer
212 and second layer 214 of target 150 is particularly robust relative to the
misregistration value provided upon measuring misregistration between layers of
conventional targets, and is thus particularly well-suited for use as the actual
misregistration value between corresponding lavers of functional semiconductor

devices 130 and the adjustment thereof,

{0054]  Additionally, the inclusion of DLSTs 230 in target 150 preferably

increases the manutacturing yield both of fumctional semiconductor devices 130
and targets 150 formed on wafer 100, as compared to the manufacturing yield of
functional semiconductor devices 130 formed together with conventional targets.
More particularly, the inclusion of DLSTs 230 in target 150 reduces mis-maitch
between dimensions and pitches associated with target 150 and those associated
with functional semiconductor devices 130. The reduced dimension and pitch
mismatch improve complex fabrication design, such as optical proximity
correction (OPC). Thus, functional semiconductor devices 130 and targets 150
formed on wafer 100 preferably both have an improved manufacturing yield as
compared to the manufacturing yield of functional semiconductor devices 130

formed together with conventional targets.

f0055]  As seen particularly in Figs. 2A & 2B, target 150 may be embodied as an

advanced imaging metrology (AIM) target, which is similar to targets described
in US. Patent No. 10,527,951 and entitled COMPOUND IMAGING
METROLOGY TARGETS. When target 150 is embodied as an AIM target, target
features 202 together form an ATM target, and device-like features 230 are formed

in spaces 214 and 224 typically present in such g conventional ATM target.

[0056]  As seen particularly in Fig. 3, target 150 may be embodied as an AIM in-

die (AIMid) target, which is similar to targets described in U.S. Patent No.
10,527,951 and entitled COMPOUND IMAGING METROLOGY TARGETS.
When target 150 is embodied as an AIMid target, target features 202 together form
an AIMid target, and device-like features 230 are formed in spaces 214 and 224

typically present it such a conventional AIMid target.
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{0057}  Asseen patticularly in Fig. 4, target 150 may be embodied as a box-in-box

(BiB) target, which is similar to targets described in U.S. Patent No, 7,804,994
annd entitled OVERLAY METROLOGY AND CONTROL METHOD. When
target 150 is embodied as a BiB target, target features 202 together form a BiB
target, and device-like features 230 are formed in spaces 214 and 224 typically

present in such a conventional BiB target.

{00581  As seen particularly in Fig. 5, target 150 may be embodied as a blossom

or a micro-blossom target, which is similar to targets described in C. P. Augschuitt,
I Morningstar, W. Muth, I. Schaeider, R. 1. Yerdon, L. A. Binns, N, P. Smith,
"Multilayer overlay metrology,” Proc. SPIE 6152, Metrology, Inspection, and
Process Control for Microlithography XX, 615210 (24 March 2006). When target
150 iz embodied as a blossom or a micro-blossom target, target features 202
together form a blossom or a micro-blossom target, and device-like features 230
are formed in spaces 214 and 224 typically present in such a conventional blossom

or micro-blossom target,

f0059]  As seen particularly in Fig. 6, target 150 may be embodied as a Moiré

target, which is similar to targets described in PCT Patent Application No.
PCT/US2019/026686, filed April 10, 2019 and entitled MOIRE TARGET AND
METHOD FOR USING THE SAME IN MEASURING MISREGISTRATION
OF SEMICONDUCTOR DEVICES. When target 150 is embodied as a Moiré
target, target features 202 together form a Moiré target, and device-like features
230 are formed in spaces 214 and 224 typically present in such a conventional

Moiré target.

{0060}  As seen particularly in Fig. 7, target 150 may be embodied as a

scatterometry target, which is simtlar to targets described in European Patent No.
1,570,232, entitled APPARATUS AND METHODS FOR DETECTING
OVERLAY ERRORS USING SCATTEROMETRY. When target 130 is
embodied as a scatterometry target, target features 202 together form: a
scatterometry target, and device-like features 230 are formed in spaces 214 and

224 typically present in such a conventional scatterometry target.
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[0061]  Asseen particularly in Fig. 8, target 150 may be embodied as an electron-

beam target, which is similar to targets described in U.S. Patent No. 7,608,468
entitled APPARATUS AND METHODS FOR DETERMINING OVERLAY
AND USES OF SAME. When target 150 is embodied as an electron-beam target,
target features 202 together forn an electron-beam target, and device-like features
230 are formed in spaces 214 and 224 typically present in such a conventional

electron-beam target.

f0062] It is appreciated that target 150 may additionally be embodied as a target

other than those shown in Figs. 2A — 8. Tn such a case, target features 202 together
form the target of the additional embodiment, and device-like features 230 are
formed in spaces 214 and 224 typically present in such a conventional target as is
used in the additional embodiment. Such a target may mclude, inter alia, a hybrid
imaging-electron beam target and a hybrid scatterometry electron-beam target,
similar {o targets described in PCT Application No. PCT/US2019/035282, filed
June 4, 2019 and entitled MISREGISTRATION MEASUREMENTS USING
COMBINED OPTICAL AND ELECTRON BEAM TECHNOLOGY, and a
target useful in the measurement of misregistration between three or more layers
formed on waler 100, similar to targets described in U.S. Patent No. 9,927,718
entitled MULTI-LAYER OVERLAY METROLOGY TARGET AND
COMPLIMENTARY  OVERLAY  METROLOGY  MEASUREMENT
SYSTEMS.

{00631 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 ast.
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